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www.ise.fraunhofer.de
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Prof. Adolf Goetzberger Source: Goetzberger und Zastrow (1981)
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HFTU— 1 - BEEEHERIPY

A Cultivatable agricultural areas | |
Ay Uncultivatable agricultural areas
hs Clearance height below 2.10 m

ha Clearance height above 2.10 m

1 Examples of solar modules
2
3

Mounting structure
Examples of crops
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A Cultivatable agricultural areas
Ay Uncultivatable agricultural areas

hy Clearance height below 210 m
ha Clearance height above 2.10 m
1 Examples of solar modules
2 Mounting structure
3 Examples of crops
v = | FONA
FH S S NTERNAL o [ I s Z Frau nhoft?:;

BEERKBAREDRE  FA4Y
K4 *JDINERH& SPEC 91434 M 5 DEE & E£i%

TOTX(IHEEN. BERERNEE. EHA2)WIRERICELETER  EENRNLDT D LRV

HE9DIED

o BAAREIRILF—E

- BEREHCHIDEUDEREHRR (—KrE&OZAFDIN SPECIC K B1thithis & D& T85%)
« BREKB/CHEBRMADR

REEDERNFFOEM

20
7 Fraunhofer



REKGARBEORE 15207

'I'\ <3 U R—/\— “Sistemi AGRO-FOTOVOLTAICI”

o AU DOBEEATRRIRILFT—HEHEDRER
ANIE Rinnovabili
Italia Solare
Elettricita Futura
o 2022FF3RFEIT
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LETTRICITA s ITALIA
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BEIKBAEEDHA K54 >: «linee Guida in materia di Impianti Agrivoltaici»

s 4DOMMFHENSHEDT—F>TT)IL—T .
BEVY—F - BEREFDES (CREA)
TrRILF—#iEstt (GSE)
e, TRILF— ERnIRe/0 BT (CBI 9 S ETIHES (ENEA)
IHIIF—SZAF LU —FkRA &%t (RSE)
o BRI - TRILF— - Z2RERE(“Ministerio dell’Ambiente e della Sicurezza Energetica”, MITE)
CKBDI—FTo4R—>3>
o 2022FF6H(CFIT
c BERJIEREARBNREESRTLDES IS —HA (39R—->)

* https://www.mase.gov.it/notizie/impianti-agri-voltaici-pubblicate-le-linee-guida#
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EERBKEGHAEENDHA K54 > : «linee Guida in materia di Impianti Agrivoltaici» (MITE guidelines)
5 DDEMHDES:

BHA: BEEHERBENMMERNICHRESNLET T2 THDIE (1BER - ZMBIZRM)

> BBDS 5L EE70% TREREINITON TS &

> LAOR (HHIEHIELAER, BEMAM(CHIDREED 1—)LDLE) ZEAR40%(CHIR

Ef B: EREAXBARESRXTLAOERICL D TENERFNOEE(CHENRZEIZSIT L
> RFREHEEREANGAREOMGMET T VY

> XERTTFESNSREEEYOMEZTHR T S &

> RBEEIRETHEEEDODABARES AT LAD60%
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ﬁ_}%ﬂkﬂ%ﬁ'ﬁ%%’.@ HA K54 > : «linee Guida in materia di Impianti Agrivoltaici»

EH C: BHEERMOEBRNRAEEZERIDCHODOERNVI1—>3> (Bl : BRAEZ 1))
394 TDED 1 —ILEFIDXR (BHCZERBIZIDEI1T1E3)

> A7 1 D LEER2. 1A — ML EDEE(C. BEC—MET DR THRESNIZED

> FA7T 2. FEOIEIC. HFED MRV TRESNIZED

> 947 3 FEDIEIC. HDIEE—MMEIT D TEBE(CHBSINTLED

Type 1 Type 2 Type 3

a’ # ‘l ., u' — i‘. — E‘E ' 4' I “G
M e e m

Source: Alessandra Scognamiglio, ENEA
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BEMKBAEKENDHA K54 : «linee Guida in materia di Impianti Agrivoltaici»

E D: BIFMA\DOREVDEIK, BEEEOEZIIUITSIAFTA
EH#E: (DICNNXT) HBEXEOREDHSIE SUREEDIREZREEICTDIEZI IS TS RXT A

> AB IEREKBHNREB(CDHEINIRNETHD
> ABCD (3FCENERRE KBHRE(CHIBINDINETHD
> ABCDENDEHLAPNRREINE DI Z = (T B IO DRIERMA & 70D

i-pnrr/
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« 2021£F(C3DD RFIA> M EFET

o« WMEEIRYVYU— https://librairie.ademe.fr/energies-renouvelables-reseaux-et-stockage/4992-caracteriser-les-
projets-photovoltaiques-sur-terrains-agricoles-et-l-agrivoltaisme.html
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Guideline: https://www.ise.fraunhofer.de/en/publications/studies/agrivoltaics-opportunities-for-

agriculture-and-the-energy-transition.html

Homepage Fraunhofer ISE:
https://www.ise.fraunhofer.de/de/geschaeftsfelder/photovoltaik/photovoltaische-module-und-

kraftwerke/integrierte-pv/agri-photovoltaik.html#tabpanel-1

Community Homepage Agrivoltaics: https://agri-pv.org/de/

Registration Newsletter Agri-PV: https://agri-pv.org/de/presse/newsletter/

Lecture Series every Thursday 1pm, registration: https://agri-
pv.org/de/community/veranstaltungen/

AgriVoltaics2023 in Daegu, Korea (12-14 April): https://www.agrivoltaics-conference.org/

% Fraunhofer
ISE

AGRIVOLTAICS:

OPPORTUNITIES FOR AGRICULTURE
AND THE ENERGY TRANSITION
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Contact

Max Trommsdorff
Group Agrivoltaics

Email: max.trommsdorff@ise.fraunhofer.de

Fraunhofer Institute for Solar Energy Systems ISE
Heidenhofstr. 2, 79110 Freiburg, Germany

www.ise.fraunhofer.de

WWw.agri-pv.org

BERBHP3EBBKEBAATLET T ) r— 3 VOFHE
Hernandez et al. (2019) 7 7O —F

c Arure
EERaREL TS sustainability
Techno-ecological synergies of solar energy for
global sustainability
Rebecca R. Hernandez 024 Alona Armstrong®®, Jennifer Burney 7, Greer Ryan®,
Kara Moore-O'Leary®, Ibrahima Diédhlou’, Steven M. Grodsky, Leslie Saul henz?,
Rob Davis", Jordan Macknick", Dustin Mulvaney &, Garvin A. Heath's, Shane B, Easter®,
Madison K. Hoffacker'**, Michael F. Allen™" and Daniel M, Kamman & 2@
@ Air poliution reduction @#,O& ‘: :;’g;‘x'::y @EOQ : @ Habitat for species @09 ﬁ"'«' Pollination @E(}Q
ﬁmmalwaﬂara EWOO : %&ma sCc9 . ;:";";:“’”’““‘3 gCP @wm;mmm@(}o
i i Human health s
Biological control @09 : @ Fuel diversily Eog ! and well-being 3 @ i mmﬂm @EOQ
ans, Carbon ation 4 |
@2;/} am;lor:;w SCE '. mﬁ.;m eCce . @ L i EO'Q ! @ Water-use cficiency 3 HEE O @
= M . reliabil Y - —a Y
) ommeromen O | (F) S, BOR | (D) I SHOR | (L) waenam SOQ
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Hernandez et al. (2019)(D 7 7 0 —F

Solar anargy lechno-acological synangy Recipiant Paotential fech: ological
system (no. of
oUlCOmas) el 7 Fat P, P TS T TR
RO @EPRESEHIWDRT ~@WE
{1} Utlization of degradad and contaminated (R e
o _luntl fursqlar_:rglgy_ ga_nala!.im Land (8) : | i | | : 1
(2) Solar enargy generation couplsd wilh
ical andior pollinator habiat =" (131
(3} Co-locatedhybrid renswabls
Sy Land (8)
o '.‘?!W"]B". o s il
(5) Aprivaltaie systems (PV co-located with 0y
erop production) i s W
{6} Fang systams and i 3()
animal-solar energy sysiems.
Food ()
{B) Floatovoltaics and solar waler canals Water {11)
{8) Solar enargy desalinalion and . T
water trastment Water (8]
{10) Liikzation of surfaces within the buill
environment for solar energy [excl, rooftops)  BUlll-up (10}
(11) Rootlop surfaces for solar enargy Buill-up {10}
12) S heat ing i d
12 hoc:l::sjsr harvesting for cooling an: g e
{13] Solar anergy and energy siorage Vanous (10}
(14) PV on transportation vehicles Various [7)
(15) Solar co&sm. drylng systems., and oo A
passhe solar gieanholises Vet N i
18 PV with rai ] Various (7}
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OPEN POND
Bl R EEE R
CLOSED POND
W'J BRI HAYING CROP ROTATION SPECIALTY CROPS
BT
BUL M USE OF LARGE PROTECTED FLOATING PV
MACHINERY CULTIVATION AQUACULTURE
CEREALS, OIL ORCHARDING, ‘
* Considered to be agrivoltaics only in a broader definition
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= DIN SPEC%Z. BEZITOEM(CEERAINETN?

= RIBEOHECDVWTOMRFTIERE ?

= BEKZSIEANTCRRBTOXRGHARBCEREAGLEREICDNT?
= BREKBARETODI U NS DEMSHRIEMR

40
Z Fraunhofer
ISE

BEEMKGAREOHE BK
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Rt 25 > 45— R:

- Standard JIS C 8955:2017 “ K&t )7L 1 AT REERE L AE"

- BARERGFERES CRBEZANEIE I DERNEZERIZIS)

o BENQSA—FCE NI, R CHEMINERECEET D/ (SA—FDHNSIRD

s RVEE(CH T DBEDEMHNETHD

o DIRTE. NIREREKGAEREFIELEDOWURIN TH DT
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Link: 100939011.pdf (nedo.go.jp)
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Pas de panneaux pholovollalques
au sol sur les terrains cultivables
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Contents lists available at ScienceDirect
Renewable bnergy

Renewable Energy

journal homepage: www.elsevier.com/locate/renene

Combining solar photovoltaic panels and food crops for optimising land use:
Towards new agrivoltaic schemes
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Issues to be addressed regarding agrivoltaics
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Issues to be addressed regarding agrivoltaics in Japan

HADEEZEKRGAREEICE I SR NIRRT

1. KBAREERAREREEZTDLIC. BERRRIRIILF—FRIENICHERIES
AVt RAEEEL, TNEBERIET IBERDRK

Form a consensus to dramatically expand renewable energy, with a focus on solar and
wind power, and shape policies to realize this goal.

2. KEEXEEOCRNEEDIUMTEMEZERHITOIIENEETHIHELDTOY
TP REEDLIITHEL TP
How to build a consensus on the importance of using farmland for solar and wind power
siting

3. EBXEFREERR. BEXHNA. BRAFE. BUBRGEMEREKIBAHE
BENEYFRISNTOEHENG, EQKIIHEMEETTAT HH
How to build a social consensus on the reality that agrivoltaic is viewed as "foreign
substances" by those involved in agriculture (farmers, agricultural organizations, policy
makers, politicians, etc.)?

4. HELORGNLGEZIHIFERNL BEELER. MIHKICETIEREK
BEARBLLGDED. EDFIIIRMLGHIEICEZ THLH, FIT—FEH
ERALB0NNEREDRELIZDONT
How can we change the current regulatory obstacles into a supportive system that
contributes to agriculture, farmers, and the community? In particular, it may be necessary to
revise the standards for temporary farmland conversion and 80% yield standards.



Agrivoltaics in Japan

BADEREKGARE

Brief history of agrivoltaics in Japan 240 ¢ 5 800-1,000 MW 3474 1000

E 800 £
- - 5 3000 0 o
2003 | Dr. Akira Nagashima proposed the < (< 0.2 % of total PV) g73 600 o
concept and its patent of “solar sharing” | % 2000 400 g
(agrivoltaics) REWEEDA =T FT | S 1000 000 &
[ >
. . . . . < o
2004 Japan s first angVEO"iaIC far—rPa:I ChE)a 2 2013 2014 2015 2016 2017 2018 2019 2020
prefecture FERICHIDEERY—F— = Year
2005 Dr NagaShIma made a free release Of Source: Rural I?evelopment Bureau, Minjstry of Agriculture, Forestlry and Fisheries (2022). Results of permissions
patents of his “solar sharing” s o G o nousin RoukeloiryolatachipdTemogatud ot -

2011 Fukushima Daiichi Nuclear Plant Disaster
Feed-in tariff Law (act in 2012)
EEE—RREWLFITEA

2013 | Ministry of Agriculture announced the
administrative directive for agrivoltaics
(temporary land conversion every 3
years) BKENERHKENHEEIZET
DB E(—HRIIFIL—I)

2018 | Ministry of Agriculture revised the
directive for agrivoltaics so as to include
10 years rule (—EBIC10EREZEDD)

Agrivoltaics in Japan
BARDEEREKEGEEE

Scale of agrivoltaics in Japan  Crops grown in agrivoltaic farms in Japan

70

65 % Crop classification %
60 Vegetables 35%
mioga ginger (10%), fuki
Ornamental plants 30%
50 .
Japanese cleyera, or alike
40 Fruit tree 14%
citrus, blueberry, persimmon,
grape
30 . Others 12%
24 %
mushrooms, pasture
20 Land use crops 9%
rice, wheat, soybean, buckwheat
10
4% 5 o 39 Flowers " 0(();
ily, pansy 0)
0 m EH =
Source: Rural Development Bureau, Ministry of Agriculture, Forestry and
< 01 01 _ 03 03 _ 05 05 _ 1 > 1 ha Fisheries (2020). Installation of agrivoltaic systems (as of the end of FY2020).

https://lwww.maff.go.jp/j/nousin/noukei/totiriyo/attach/pdf/einogata-2.pdf

Source: Rural Development Bureau, Ministry of Agriculture, Forestry and
Fisheries, Current status of agrivoltaic facilities, Tokyo, 2018.




KEAFEE-RAOFE(+FZEM) /Solar, Wind and Battery

GW  End of 2022 Somr PV | | IRENA's prospect for 2050 |
000 (Source) REN21 Global Status 1210 GW __Cjeneration (TWh/a) Capacity (GW)
) R ; ( — 0 20000
/L o - .
| o
Wind A 30000 10000 7§
Nuke 943 GW o 2545 %
]@ 378 GW [ o

— 10000
Ve / Offshore
| Wind 0

200 / -
/ 60 GW o 2000 ﬁ";::g“ 2050 08 PEN{E::IBSE

_— 0al I Muciesr Soar PV NN Geathermal

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 e . FETI . L. a1 o rr—
Cost declining of Solar and Wind | Cost declining of Battery
Lewvelfiz=ecd cosf of eleciricibty $7.523
o_as $5.000
ey
Lo I T ]
0= $2.000
o 0.0
‘_‘—‘E- Solar PV $1.000
— 0.5 .
— o_220D $500
= o J:;:\\/
= o.AS
Offshore Wind 3271
L B L T !\QD = K (K #2) Hannah Ritchie “The price of batteries has declined by $181
Q S g = 97% in the last three decades” Our World in Data, June 04, 2021
B Fossil costband s Wind onshore
o oxs )
O O hoh
= '

BAROKBAREBFEVINHAREIGLIZA. Chh o ENEZITEDOTHDE

Japan's solar power generation is the world's third largest so far, but the challenge is how much to increase it in the future.

PV Future Target
d >
Sk ) o 2020 = 2030
S, . (source) METI, 2022123 26l
L o 600
‘/(/) u o
% N 400
KN h
T " )“H' 200
)(6 = = =
= CN US JP GE IN AU IT KR VT ES 0 .
N | China us GE JP
GW PV market declining (FIT approved PV) ¥/kWh | PV cost comparison
- i1 = <50kW mmsokwomw 40 ¥/kWh
2MW< —F|T 35 o (Source) METI, 2021410848
20 30
25 40
15 .
10 10.0 15 3 Japan
0 e
3.3 2 4 5 10 /\\ 8 5P2|I
— %-5HMy
I . I Zi I 0_8 0_8 0 World 202;13;*;5
FY 2012 FY 2013 FY 2014 FY 2015 FY2016 FY2017 FY 2018 FY 2019 FY 2020 FY 2021 © 2013 201420142015201520162v 10401 ‘01520182019201920202020-2 )"_‘

1H 1H 2H 1H 2H 1H 2H 1H 1H 2H 1H 2H 1H 2H | H
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>3 )LIEELY / High solar potential on farmland

KEGHERE DB ENRRL
Solar PV location priority

1. Buildings, houses and factories(&#. ¥ E. T15)
Already developed land for no-use or dual use (&

Solar Potential
1985 TWh+more

Further

373.4

590.9

3,000
#@EEFaﬁ%:tﬂ’ﬂﬁif—li EFIA)
Parking space, niche, borders, roadside, railroad
side (BIEi5 —vF RF EB-KER)
2,500 v’ Agricultural land (no/low productivity) (FiBE-£%  Potential
DB E )
= v Agricultural land dual use (Eth®2E F| )
; v Artificial water surfaces (dam, pond) (AIK@E) 11.1
[—2,000 3. Relatively low environmental impact are
~ v Inland sea except nature reserved (A7K)
_..? v Artificial forests for development use (BifF&#s
&) E D A IFHF)
..’81'500 X Nature preservation area (B # R #ithis)
ﬁ Total EL supply
1001TWh(2020)
1,000
500

(source)OMinistry of Environment (March 2022)

366

Offshore Solar PV  Veritical PV

1% Open feild

19% Rice feild (H[E) 20 A
=7
30% Farmland (i) A% <
= 7
#y ¥
21% devastated % L
farmland (FLBE 2 1h) n

18% Other buildings

12% House
5% Existing

HEliEEYITRaR DG / Regulatory issues and other soft-cost

— B 2 Hh s FH (3/104F)

Temporary Agricultural Land
Conversion

IR= E#E(80%LL L)
Yield criteria (80% or more)
BHOREZE R

Need for permission by each
local agricultural Commission

=W R ETRE

Higher risk & cost
» Finance risk (&£
> Delay and long

duration risk (B&!)z%)

> Development risk
FRY)

» Poor/negative

understanding for

PV Construction cost (10¥/W)

agrivoltaics (&Y

-

-7
A OABTEERER)

)

(B

BERMBELTERELREA

To be defined as “agricultural
equipment” and no need for
agricultural land conversion

IRE EEMN ST EEA

From Yield criteria to Technical
Standards

EREZESFFAIMLELHFIN

From agricultural commission
permission to a notification
System

25

pev. ®; Hardware

20

= Construction work

(Source) METI. 20214108298
5 I
0
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2020- 75 VAD—RIZANF—HERICHD 384 (Hhir%) !

Nuclear
40,0

i;i-;fdrclpcrwer
24
Biofuels 1,3
Heat pumps 1,3
Wind power 1,6

Natural gas
15,8

Non-renewable waste Coal
0,8 25
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https://www.gouvernement.fr/conseil-des-ministres/compte-rendu-du-conseil-des-ministres-26-09-2022#fdaea8ad-4235-4ace-8632-e9c37fc79326-2
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https://www.consilium.europa.eu/en/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/
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15 GW0 IZiEL CTWE T, L7223 -> T,

IS VRIIBITREREKGAREE !

EAT=—

AXE

NFRERHRFAET 5 LIFABTT,

In-HE%

Anouk Bassou - IBIE T RJLEF—BUERFERT

BIKES

ERT 5720

#OHE - 2023F2 ARE

o, 75 v ADKG

LlIvwz, 2050 FEFTICH— RV =ma—F IR ERKTIEILEVITTVADIFNLF —
K IC B W, BFAEMMEAR S Lo aEE o, EMEARHEIZ. 6 o EPR-

2s D7 v 77 LDORGE. 8 HD EPR-2 DB

AT 7= EORIE Z R L. REE

RIEERITOERRHL TS, FAONEICET SESR 111X, 2023 F 1 A 24 HIC

FBECcH

Lt frbh, £ 2 ERES

THREINBTFETT,

77 VACEBITLEBRBRKBNREE : HEOKRIN

HE s B

¥9. 77 VRICETLERBRMKREFEED

L7~

EE, 2o 10 FTHEFICHEL, KEL

UTFoFRE, 77 v ZAOoEMTHEN I T2 KIGERETIN. 3 X UOGFO7ny =7
FOWLK OO RLTWwEY, 2O7—2I%, 2021 5 7 H» 5D ADEME Of#&
[ Characterising solar PV projects on agricultural land and agrivoltaism | I[CX % b DT

T,

FHEHELRIE | Tudzs M ERE TaYz s | Fudz s FER
HEE Bt
0.1MWp (E2> 5 0.1MWp % K3 ~11 000 AN
- . OHiIBE*Z 5 270l #
AsEBRABLRERE g | OTRER oo
namARH) 500m2 D [HifE 23 4
R/ AN C:N
KBARBEEEMELE~—7 v P4 | 3.4 MWD 0.3~10ha. T > 66 H7ov=a (£
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https://www.statistiques.developpement-durable.gouv.fr/tableau-de-bord-solaire-photovoltaique-deuxieme-trimestre-2022-0
https://www.senat.fr/leg/tas22-040.html
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https://www.bmwk.de/Redaktion/DE/Downloads/E/gemeinsam-fuer-die-energiewende.pdf?__blob=publicationFile&v=8
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! Renewable Energy Agency (2022) - Survey: Desire for security of supply spurs acceptance of renewables

[German]: https://www.unendlich-viel-energie.de/presse/pressemitteilungen/umfrage-wunsch-nach-
versorgungssicherheit- befluegelt-akzeptanz-von-erneuerbaren-energien

2 Fraunhofer Institute for Solar Energy Systems ISE (2023) - Net Electricity Generation in Germany in 2022: Significant
Increase in Generation from Wind and PV: https://www.ise.fraunhofer.de/en/press-media/press-releases/2023/net-
electricity-generation-in-germany-in-2022-significant-increase-in-generation-from-wind-and-pv.html

3 German Environment Agency (2022) - More green power and more renewable heat in 2022

[German]: https://www.umweltbundesamt.de/themen/mehr-gruener-strom-mehr-erneuerbare-waerme-im-jahr

4 German Federal Government (2022) - More energy from renewable sources [German]:
https://www.bundesregierung.de/breg-de/themen/klimaschutz/energiewende- beschleunigen-2040310

5> § 2 Renewable Energy Sources Act 2023

[German]: https://www.gesetze-im-internet.de/eeg_2014/__ 2.html

5 Renewable Energy Sources Act 2023 [German]: https://www.clearingstelle-eeg- kwkg.de/sites/default/files/2022-
11/EEG-230201-221008-web_0.pdf

7 Federal Ministry for Economic Affairs and Climate Action (2022) - Bundesrat adopts Energy Security of Supply Act

3.0: https://www.bmwk.de/Redaktion/EN/Pressemitteilungen/2022/10/20221007-bundesrat-adopts-energy-security-of-
supply-act-30.html .

8 German Farmers’ Association (2022) - Agrivoltaics: better opportunities for smaller installations and highly structured
systems

[German]:
https://www.bauernverband.de/fileadmin/user_upload/dbv/pressemitteilungen/2022/KW_21_bis_KW_40/KW_41/Positi
onspapier_Agri-Photovoltaik-_DBV__Fraunhofer_ISE_und_Hochschule_Kehl.pdf .

° § 1a Renewable Energy Sources Act 2023 [German]: https://www.gesetze-im-internet.de/eeg_2014/_ 1a.html
10 § 37 Renewable Energy Sources Act 2023 [German]: https://www.gesetze-im- internet.de/eeg_2014/ 37.html

11 German Federal Government (2022) - More wind energy for Germany [German]:

https://www.bundesregierung.de/breg-de/themen/klimaschutz/wind-an-land- gesetz-2052764

12 German Federal Government (2022) - More wind energy for Germany [German]:
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