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Fig. 1 Reflection spectrum and transmission spectrum
of the filter film
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Tab. 1 Reflectance and transmittance of the filter film

for light of various wavelength

‘ 400~ 500~ 620~ 780~ 350~

% Bt /nm
499 619 779 1200 1200
e E/%  91.26 1144  89.72 1523  41.55
HEHOEE/Y% 856 8510 10.21  81.61  56.36
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Fig. 2 Schematic diagram of the principle of agro-photovoltaic

system using filter film and light reflection
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Tab. 2 Hourly inclination of PV arrays during the daytime of vernal equinox, summer solstice, autumnal equinox and winter solstice

)

_— HFHGBH21H) HZEGH21H) B9 H 23 H) K FE(12A22H)

KMAmEM  FEsm  KRME&EMA MEFIMA O RESEMA MHAmMA KMA&EM A
4:00~5:00 0.0 90.0 0.8 89.6 0.0 90.0 0.0 90.0
5:00~6:00 0.0 90.0 6.6 86.7 0.0 90.0 0.0 90.0
6:00~7:00 3.7 88.2 17.3 81.4 5.1 87.4 0.0 90.0
7:00~8:00 13.0 83.5 28.5 75.7 15.6 82.2 1.7 89.1
8:00~9:00 24.0 78.0 40.0 70.0 26.5 76.7 8.0 86.0
9:00~10:00 34.2 72.9 51.4 64.3 36.3 71.8 16.1 82.0
10:00~11:00 42.7 68.6 62.2 58.9 44.3 67.9 22.2 78.9
11:00~12:00 48.5 65.8 70.8 54.6 49.1 65.4 25.8 77.1
12:00~13:00 50.2 64.9 73.3 53.4 49.7 65.2 26.5 76.7
13:00~14:00 474 66.3 67.3 56.3 45.8 67.1 24.2 77.9
14:00~15:00 40.8 69.6 57.4 61.3 38.5 70.7 19.1 80.4
15:00~16:00 31.7 74.1 46.2 66.9 29.0 75.5 11.8 84.1
16:00~17:00 21.3 79.3 34.8 72.6 18.4 80.8 3.9 88.0
17:00~18:00 10.1 85.0 23.4 78.3 7.1 86.4 0.0 90.0
18:00~19:00 2.3 88.9 12.3 83.9 0.8 89.6 0.0 90.0
19:00~20:00 0.0 90.0 3.6 88.2 0.0 90.0 0.0 90.0
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Fig. 5 Illumination on the ground between the arrays

i 5(a) s 24 A5 A A Y b 1 S IR 5 s T
SN, b T 42 B Y O BR RS 43 ok B BHOG EHE BR A T
B, 22 W YR 2 S 1 B Yt e i i Y B AT — S B8 25 4
5 3T B A O AN 5 RS TRD R E R O R O
PR A2 2% T VA S 08 G B DRI [ 47 T T 7Ol
ML ROk B F BH % B 4 B, G0 B 5 AU Ok .
X H—4F e 24 753 H T E b 5t i KPR R B ) R
A1) [i) Hi YT S B i (P& 5(b)), 1 8 6 AN S 5 7 1 o
R 4 %) 6] 1 H 3495 B8 & 2.92 kWh/m”®, [ & 5 ff) B4
B (8] b H 24 0% B & 2.30 kWh/m?, 5 & e & 5
27.26% .
2.3 BAEFMEAIERATARAXEINTIE XL BH G

A6 F AN H I 85 Bk 7 Hb T % BE R i A VR )
WO LN R AL AR K B 2 o B PV syst
THE RN J5 B 0 & v B R AN B 6 i 7 58 2ok X 24
A1 H LA T B Y PR B S 2 A A A E
A 2 (B G T A BT 2 O B R R L R R RS
[ A0 A 7 B T kR o R R SR B R [ AR
W 11 2 oL B LA P i O B O B v 2500 A A . % 24
AR HEBEERTEY, URRSFE RN 2ZES
9 00 o I U8 O B R B AR G A 6 ELRM B 5 AT LA H
1% 1.90 kWh/KkWp, [& 2 6 #  BF B 2 % B 0T DLk
F 3.57 kWh/kWp, i # HJ5 # 1% 46.68% . AH b T [
SE AR 5 [ B L I A S B RR T R AR e 28R T I
P R HLATE AR DR T 2 AR A (PR L0 £ 15 Y R A 4
T T B A B TARIEY A K

B G RE e RS

o 0 BT e 0
=
_25 . o1-30 %
3 .Q o _40 9'/
j: 4l ° ® . k{:%
B ° ° ° 1-50 ey ==
<. ‘ . B &
=3[ 160 b =
g, * il wE
i | 1-80 =
Rl @i
1-90 =

0 -100

0 2 4 6 8 10121416 18 2022 24
iiRas
Ele WMAMKEMNREMENSLRREENTLL
Fig. 6 Comparison of PV power generation per unit
installed capacity of two kinds of PV arrays

3 #ig
D) A SCRTE T — Rl BT 84 5 A6 BAEAR T L AR
AR 2 A 2 i 9 i ' 22 2 I AR R A [ R 1Y

11 )2 Si0, B A 11 2 Ti0, 5 (8] b HE 5 #1577 5 5 K
B4 LT MG WG, 15 1k HoAh I BE RSO , MR AR VE W'



55 33

A% s 45 R T U DTG BRI S DY AR T 40 2 4 Ol A Jy W T B A A 131

VR T 865 Al G 7 BT o ARE K BH e B2 A 5
I3 B AR BB A 6T AR L 1050 5 R O A B A i —
AR A, DT B PR HE A 2 T ' I R S YO
A e HE AP B iy HE 20 7 T s A T TR e S R
U I, 5 ¢ IR 3] 14 27 () M i iy A AR 9, 3
I T 4O B LR R DG B Y 33,4300

2) MAE 4 2 H 9:00~15:00 J7 F [8] FAS 6 4 f) S
W, AT BE S BET, IR PVsyst &R g 1 H 5153
FR T U8 OG AN B AR F A AR L A 7 4 4 1) (6] s i
ol W B LT S 7 7 B v 27.26 00, E RS i 35 U038
AW SR A5 1, DT A ke A ' B AR X0 v 35 s T
e B9 A4 A 9 5 DI AR AL APF #9) 2R D' 23 BE 8 i ) A

2 % X W

(L] i 2 I RO b e R KR St A ], B2 38 &
i, 2016, 5: 113.
(2] s B, R . 3R [ Ot HAMOR 1 K J& B 5 0] kK 2

W

A3 7). KFHRE, 2015(11):63—65.
(6] FE, £, &AW . Al KGR G 7k R A Uitk st
e (0], KIfE, 2018(12): 67—69, 76.
(7] 5% 4 Je . Wb At b X 4O oAb o TREAFSE (D] fR e - A2k
M K%, 2016.
(BIWLIE %, WEAF, MM, &5 . AR B ol 52 51 43 #r (7). KB
fi£, 2016(2): 13, 34— 36.
(9] Bhkng, skARE, dk& . e Al ™k & ARG T]. B A&
W RHE, 2019(14): 238, 240.
[10] gt Al + G AR 7 r sl 9 AR AL B TR AT 1), B A 5
B, 2019(11): 89—90.
(11T BRI , AT+ 07, XVB&TT, 5% . 20, W 0UH 8 8 6 XA 4
A KR [T]. A 2R B4R, 2016, 52(12): 1909—1914.
(12] skir B, sREU, ka0, 55 B TR OG A /E - A9 K 6
Ty B R R B [T]. BRI TR 24, 2018, 29(4): 17—21.
[13] Enami Y, Yuan B, Tanaka M, et al. Electro-optic polymer/
TiO, multilayer slot waveguide modulators [J]. Applied
Physics Letters, 2012, 101(12): 3335.

(145K, T4t, 244, % . TiO./SIO, 94 K £ 2 Bt 2% i bk
WrEE[T]. 2041, 2007, 28(2): 12— 14.

[15] MK, ZEA], KM, 5 W6 I8 £ 2 ) fe W1 35t
Brrki il I]. RimF AR, 2017, 46(8): 170—175.

[16] 3k T . TiO,/& & R ¥) 2 )2 Bt % R #E i BF 52 (D] K
Jit: RJEBE TR A%, 2012,
Zhang Xue. Study on the optical properties of TiO,/metal

i, 2018, No.583(10): 13.

(313K /MAT, #E A, XA . e AR A iy & R AL L (7], 22 Bk
WA 2015,43(19): 229—231.
Zhang Xiaohang, Cui Shoufu, Liu Fuping. Development
survey of photovoltaic agriculture [J]. Journal of Anhui
Agricultural Sciences, 2015, 43(19): 229—231.

(4]0 52, TR 52, R 2R YDA AR AL 100 MW p &6 B A
KT HMFE[T]. T hE, 2017(3).

(51RO, M T, 3k SChs . R [ 4548 R O6 AR IR 2 28 5 30 i 0 e

(dioxide) multilayer films [D]. Taiyuan: Taiyuan University
of Technology, 2012.

Principle and modeling analysis of an agro—photovoltaic system using filter film and light reflection

Hou Mengjing" *
(1. Center for Green Energy and Architecture of China Energy Investment Corporation, Beijing, 102211, China;
2. National Institute of Clean-and-Low-Carbon Energy, Beijing, 102211, China)

Abstract: As a new energy application form that organically combines photovoltaic (PV) power generation and agricultural production,
agro -photovoltaic integrating system has important ecological benefits and economic potential. However, suffering for the problem of
photovoltaic modules and crop lighting distribution, it is difficult to apply it widely. In this regard, a new type of agro photovoltaic system
was designed. A multilayer film filter comprising of 11 layers of SiO, film and 11 layers of TiO, film was coated on the surface of
photovoltaic modules to separate the red and blue light required for crop photosynthesis from solar spectrum. Through real -time
adjustment of the inclination of the PV array, the reflected light kept illuminating the ground, while other wavelengths of light passed
through the filter film and illuminated the solar cell, leading to generation of photovoltaic power. The PV modules arrangement and
spacing of the PV array was designed, and the power generation of the PV array and the ground illumination between the arrays were
calculated with PVsyst software modelling. The calculation results showed that although its power generation was lower than the
conventional fixed inclination square array, the ground illumination between the arrays had increased by 27.26% , which helped to
increase the yield of crops, thereby increasing the comprehensive benefits of the agro-photovoltaic projects.

Keywords: agro-photovoltaic; PV array; multilayer film filter; PVsyst software modelling



