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Development of Cylinder-Shaped Photovoltaics Designed for Agriphotovoltaics Applications
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Abstract:

In Japan, the decrease in suitable flat PVs installations is causing environment destruction
due to deforestation and landscape destruction due to overdevelopment. The potential for the
introduction of PVs on cultivated land, vinyl houses/glasshouses, arable fields and abandoned
land is estimated to be 436 GW, which is expected to become a new location for PVs
installations. In contrast, when flat PVs are installed on top of crops, there is concern that the
lack of light below the PVs could lead to lower crop yields. In this study, cylindrical PVs and
flat PVs were installed on top of crops, and the potential of cylindrical PVs for
agriphotovoltaics applications was assessed by comparing the yield of crops grown under the
PVs and the quantity of electricity generated by the PVs.
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a)Cylindrical PVs
Fig.1 Landscape with PVs on top of crops.

b) Flat PVs
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a) Rounding a PV sheet
into a cylindrical shape

b) Insertinga PV sheet
into a glass tube
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Fig.2 Fabrication Procedure for Cylindrical PV.

¢) Sealing each end
of a glass tube
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a)Cylindrical PV b)Flat PV

Fig.3 PV fabricated for testing.

Table 1 Power properties of each PV

Cylindrical PV Flat PV
Voc(V) 65.8 72.8
Isc(A) 0.79 0.59
Vpm(V) 51.6 54.5
Ipm(A) 0.60 0.49
Pmax(W) 325 26.7
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Cylindrical PVs
Installation house

Flat PVs
Installation house

b) Reference house

without PVs

a) Cylindrical PVs house

c) Flat PVs house

Fig.5 Constructed Agriphotovoltaics facilities.
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Cultivation beds used to measw

Fig.6 Arrangement of growing beds used in studies.
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N\
Bok choy(36 plants per bed)

Fig.7 Location and quantity of Bok choy cultivated
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8 modules of Flat PVs connected in parallel

Fig.8 Methods for evaluating the quantity of electricity generated by
PVs.



3. EBHBERBLUBER

3.1 REYIDINFES

Table2 (2, KEGEMATRET Y 7 OF 0 ks
ST, 123 TEEIZ W TCIE, REEIEEEA 550~
600 B CINHERTRE CH » 7228, B 4 fEHIZOW
T, FEEIRE 994 B CONEL 727, 4 fER D
B =T ARNEREISIRIZ 2902 CTH 7203, T
OB EFREITL 15~25CTH Y |, 35C4
25 EAEBEMIHI SND 720 Y, Fig9 o@b, Fu7
VI B T CEOEIIEIR) & FEIE 5 B kb
ERBEI NI,

Table 2 Cultivation conditions without PVs in a greenhouse

Total
) . Avg. Total
Times  Period.  Days Solar
Temp. Temp. o
Radiation
17 Dec -
1 9.9 584 89.3
13 Feb.
27 Feb -
2 39 14.0 545 123.1
6 Apr.
27 May - .
3 25 22.8 570 61.1
20 June.
6 Jul— .
34 29.2 994 79.5
8 Aug.

*Shading curtains were used only in buildings without PVs
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Fig.9 Bok choy with deformed leaves.
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Fig.10 Average indoor temperatures.
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Fig.11 Average indoor relative humidity.
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Fig.12 Cumulative solar radiation ratio based on uninstalled

Greenhouses.
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Fig.13 Trends in solar radiation on a daily basis.
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a) Folded up
Fig.14 Situation with shading curtains.

b) Extension
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Fig.15 Average weight of Bok choy.
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Fig.16  Average weight per total solar radiation of Bok choy based on
greenhouses without PVs.
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Fig.17 Comparison of coefficients of variation.
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Fig.18 Daily electricity generated from 12 July to 15 August.

=
o~

=
[« ¥

generation(kWh)

Comulative electricity

o N B O ©

7/8 7/18 7/28 8/7 8/17

—e—Cylindrical PVs —0O-Flat PVs

Fig.19 Total electricity generated between 12 July and 15 August.
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Fig.20 Daily electricity generated between cylindrical PVs and Flat

PVs on 28 July.
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Fig.21 Total electricity generated between 26 July and 15 August.
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Fig.22 Daily electricity generated by cylindrical PVs at different

installation sites on 28 July.
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