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Agrophotovoltaic (APV) system is an integrated system producing crops as well as solar energy. Because crop production
underneath Photovoltaic (PV) modules requires delicate management of crops, smart farming equipment such as real-time remote
monitoring sensors (e.g., soil moisture sensors) and micro-climate monitoring sensors (e.g., thermometers and irradiance sensors)
is installed in the APV system. This study aims at introducing a decision support system (DSS) for smart farming in an APV
system. The proposed DSS is devised to provide a mobile application service, satellite image processing, real-time data monitoring,
and performance estimation. Particularly, the real-time monitoring data is used as an input of the DSS system for performance
estimation of an APV system in terms of production yields of crops and monetary benefit so that a data-driven function is
implemented in the proposed system. The proposed DSS is validated with field data collected from an actual APV system at
the Jeollanamdo Agricultural Research and Extension Services in South Korea. As a result, farmers and engineers enable to
efficiently produce solar energy without causing harmful impact on regular crop production underneath PV modules. In addition,
the proposed system will contribute to enhancement of the smart farming technology in the field of agriculture.
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<Figure 1> Agrophotovoltaic System [10]
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<Figure 2> The Decision Support System Framework for
an APV system
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<Figure 5> Optimization of the Best Design of an APV
System
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41 MY wHY o5 29 4

ol

g e 152 20201 62 13U5FEH B 10 204

A AA 2 A5 dolE (HZE A)S 2l4)¢]
7o BES B9 BHY oS ghe vaste WAeR
71383} tH<Figure 7> 33). <Figure 7>°1412] Sample ID
AHE <Table 1>3} 7t}

Electricity Generation
(kWh/ha/day)
’?
os 3¢
L]

g . .
[ : 200 00 300 400 e 500 600 700 800

Sample ID (No.)

©Model ©Observation

<Figure 7> Model and Observation Result of the
Electricity Generation from the APV System

<Table 1> Sample ID information

Sample ID (No.) | Solar panel type | Shading ratio (%)
1~130 Monofacial 21.3%
131~260 Monofacial 25.6%
261~390 Monofacial 32.0%
391~520 Bifacial 21.3%
521~650 Bifacial 25.6%
651~780 Bifacial 32.0%
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<Figure 8> Model and Observation Result of the Corn Yield



A Decision Support System for Smart Farming in Agrophotovoltaic Systems 185

B 2 (5)8 d8atel d53 du kot 1 A}
el BEo] ARAFRY)E 86.03% % o] AFHA 9l
B AS A% 5 Aol
43 &4 21t

QoA 5T daks 7P A S A% G
B Alge] o] oS Ata R ottt 334 AFe
dho} ko] Bl s o] A s} kg Ao FF
7t AP BEd s T gl A S A

of 3 ®Wo|tt,

ol Alatell AHgH A= Fvj7HA L 20201 715 SMP
$0.07/kWh[14]°] 3L, REC $0.11/kWh[15]e]t}. 3l &4
& ) AL $2.74/kg[12] 22 AAFakdTh

I A3 AR w9719 8 HEd Al
A S5 AAE ) 7P 2 o)L JHATEE AlA
gl 2712 <Figure 9>ol|A] Bo] njg} o] SMPRHS: #]
dats 495 natls v GuE HdS Algato]
Hd o] 2FE&S 213% 2 Xk Aola, SMPS REC
g W Adste 495 Ldais e ¢dE Ads

gato] Aol AFgEd 32.0% 2 A AoR et

E 10.00
5.00
0.00

Monofacial Monofacial Monofacial —Bifacial Bifacial Bifacial
(21.3%)  (25.6%)  (32%) (21.3%)  (25.6%)  (32%)

u SMP case SMP + REC case

<Figure 9> Estimated Profit from the APV System

SMPRF A Y8t S0l A 2 ALt o] o)} e i)
olo]S Bl ZHzt 8115929 4.136HE =, 25 A
Abolejo]l He wuf o]jrr} of 2w & AL & F AUtk
U R, SMPSF RECE A A Ydte A -g-olA <& A4k
ooz} A Fuf o]og HlusH 747t 811529}
2751422, A8 svf ojfo] Hz A4k o

| H} oF
39 o] 2 AS & F Ak 5, SMPYF Al k= Ay
25 Ak o]elo] Al~Ele] F ol F S XL,
SMP¢} RECE 7 st AolAe @8 dvf o]
o] A|wle] F Folof & S It o] W vt
744 wigltel whe} JGEd Bgd A" A o F2
AAl Wstd davt S-S on|gitt olol], FEd HY

e
<
ot 2
>,

> ol 32 >

I

—
rlr
[>
=)
m
o i
=
il
Mo
T
o
2
o
ot
ofo
ol
o2
[~ of

o2

)
)
e
Mo
of

o M
o
ot
lo,
>~
>
)
=~
N

K o £

o >

N
=
1
T
ol
e

o &g

off
0, ool
ful
oo
ol
>,
[
o
i ﬂllo
i
o
o,

Ho
o2

QLH
I
o K> O o% ofh

o off
to 2
(e}

i

o

>

[>

fuiit}

1o

o

off

[o

>
i
rlr
.0
o

o

>

N
k1
=2
2
off
oY, [

égé
o

1o o o
e

o
=
I
rll
=2

i

oo
> ok

o »n

N

(
=

w2 fd
f
‘O,
1o
I r
o
N,
il
N
ox Ho X M

o,
> g

>

>
oA
N

N

ro,

fd

iy

=2

X

%

oft

off

o

N,

=2

of I L Q i
off 1E r

I, o

Of
o

> o ot flo ol o

o off ot
e
R
ol
ol
47
o
=)
10

2
1
ox,
>~
>,
of
i)

0%

o

oz 2 X do | et oao £
2

% ol o2 o oX, M
I
e <IN lgﬁ

=

o,
>
[
uiit)
[o
f
%
off
2
ro
i
B
>
[>
o
2
B
i
2
il
rlo

% ¢ N o
) © o oft
O o2

o N2 o2
X, K3) rfo o

o > > M

[

o

ooy

o

=)

[m

M

2

S

A

)

o (o]

S
P

>
ol > rz mx

),E@

A

o ox
>
o
>

2

e
4
rlr

B
dlo

2%
m
rlo
ol
oo

>
i)
=2,
>
Lo,
o K
o2
o
g
il
0%

Rl
[
)
Wl
) O}‘N
ox =
b
)
tfa
off = % g
Foox i &

[‘_BL’
B
>

[

o o
, o
oo

Acknowledgement

This work was supported by the National Research
Foundation of Korea(NRF) grant funded by the Korea gov-
ernment(MSIT) (No.2021R1F1A1045855)

References

[1] Adebayo, S., Ogunti, E. O., Akingbade, F. K., and



186 Youngjin Kim - Junyong So - Yeongjae On - Jaeyoon Lee - Sojung Kim

Oladimeji, O., A review of decision support system using
mobile applications in the provision of day to day in-
formation about farm status for improved crop yield,
Periodicals of Engineering and Natural Sciences (PEN),
2018, Vol. 6, No. 2, pp. §9-99.

[2] Benis, K., Reinhart, C., and Ferrdo, P., Development
of a simulation-based decision support workflow for the
implementation of Building-Integrated Agriculture (BIA)
in urban contexts, Journal of Cleaner Production, 2017,
147, pp. 589-602.

[3] Economic Reform Research Institute, International trends
related to sustainability and climate change disclosure
and suggestions for domestic introduction, Issue &
Analysis, 2022, Vol. 2022, No. 2, pp. 1-30.

[4] Goetzberger, A. and Zastrow, A. On the coexistence
of solar-energy conversion and plant cultivation,
International Journal of Solar Energy, 1982, Vol. 1,
No. I, pp. 55-69.

[5] Han, T.J. and Oh, S.J., A Survey of Decision Support
System for Agriculture, The Korea Academia-Industrial
Cooperation Society Fall Conference 2014, Jeju-do,
Korea, 2014, pp. 677-679.

[6] Hassanpour Adeh, E., Selker, J.S., Higgins, C.W.,
Remarkable agrivoltaic influence on soil moisture, micro-
meteorology and water-use efficiency, PLoS One, 2018,
Vol. 13, No. 11, pp. e0203256.

[7] Jeong, J.H., Current Status and Prospects of Solar Power
Generation System for Farming, Bulletin of the Korea
Photovoltaic Society, 2020, Vol. 6, No. 2, pp. 25-33.

[8] Kim, J.Y., Song, J.J., and Lee, J.E., Environmental
Assessment in the Siting of Solar and Wind Power Plants,
Journal of the Korean Society for Environmental
Technology, 2011, Vol. 12, No. 2, pp. 141-147.

[9] Kim, S.J. and Kim, S.M., Performance Estimation
Modeling via Machine Learning of an Agrophotovoltaic
System in South Korea, Energies, 2021, Vol. 14, No.
20, p. 6724.

[10] Kim, S.J., Kim, S.M., and Yoon, C.Y., A study on the
Efficient Structure of Korean Farming Solar System,

2021 Korean Institute of Industrial Engineers Fall
Conference, 2021, Seoul, Korea, pp. 957-966.

[11] Kim, S.J., Kim, S.M., and Yoon, C.Y., An efficient
structure of an agrophotovoltaic system in a temperate
climate region, Agronomy, 2021, Vol. 11, No. 8§, pp.
1584.

[12] Kim, S.J., Kim, Y.J., On, Y.J,, So, J.Y., Lee, D.B., and
Lee, G.E., Simulation-Based Design of an Agrophoto-
voltaic System for Smart Farming, Korean Society of
Industrial and Systems Engineering Spring Conference
2022, Jeju-do, Korea, 2022, p. 282.

[13] Korea Agro-Fisheries & Food Trade Co. Sales Price
of Agricultural Products, https://www .kamis.or.kr/cus-
tomer/main/main.do.

[14] Korea Electric Power Corporation, A price of the System
Marginal Price, https://home.kepco.co.kr/kepco/CO/D/
E/CODEPP002/list.do.

[15] Korea Power Exchange, A price of the Renewable Energy
Certificate, https://onerec.kmos.kr/portal/index.do.

[16] Ministry of Trade, Industry and Energy, The 3020
Renewable Energy Policy, 2017, https://e-policy.or.kt/
policy/04.php.

[17] Park, J.U., Ahn, H.H., and Lee, B.K., The Agriculture
Decision-making System (ADS) based on Deep Learning
for improving crop productivity, Journal of the Korea
Institute of Information and Communication Engineering,
2018, Vol. 11, No. 5, pp. 521-530.

[18] Zhai, Z., Martinez, J. F., Beltran, V., and Martinez, N.
L., Decision support systems for agriculture 4.0:Survey
and challenges, Computers and Electronics in Agricul-
ture, 2020, 170, p. 105256.

ORCID

Youngjin Kim | https://orcid.org/0000-0001-9222-4789
| https://orcid.org/0000-0003-0666-7116
| https://orcid.org/0000-0003-4602-6620
| https://orcid.org/0000-0003-4456-2809

| https://orcid.org/0000-0001-7744-0686

Junyong So
Yeongjae On
Jaeyoon Lee
Sojung Kim



