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Abstract

A floating photovoltaic power system is a power generation system that floats on the surface of
water. Owing to its floating characteristics, the structure moves as the water level changes. In
this study, we investigated whether the changes in water level affect the amount of power
generated by the floating photovoltaic power system. We selected floating solar power plants
that are currently in operation and analyzed the annual/monthly utilization rates. Our results
confirmed that the utilization rate of the floating photovoltaic power system installed in areas
with marked changes in water level is the lowest. In addition, correlation analysis of
environmental factors that affect power generation such as solar radiation, temperature,
humidity, wind speed, and water level confirmed that changes in water level resulted in decrease
in power generation.
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Fig. 1 Floating PV installation capacity and number by location (Author’s summary)

Installation Capacity by Location (kW, %)

Etc, 8,310 kW, 5%
Dam, 47,167 kW, 26%

Pumping-up
Power Plant Site,
4,445 kKW, 2%

Retarding Basin,
18,688 kW, 1%

Number of Installations by Location (Number,%o)

Dam, 6, 7%
Etc, 6, 7%

W

Reservoir, 76, 84%

Table 1 Floating PV Installation Status (Unit : kW, As of 2022.01, Author’s summary)

Pumping-up Power Plant

Site, 1, 1%

Retarding
Basin, 1, 1%

Pumping-up

. Dam Power Plant Site Retarding Basin Reservoir Etc Total
Number Number Number Number Number Number
(Capacity) (Capacity) (Capacity) (Capacity) (Capacity) (Capacity)
2013 2 (596.16) 1(998.28) 3 (1,594.44)
2014 1(99.2) 3(874.8) 4(974)
2015 6 (9672.88) 6(9,672.88)
2016 1 (2,004.48) 3 (1957.44) 1 (1836) 5(5,797.92)
2017 11(10,462.04) 1(1,171.8) 12 (11,633.84)
2018 1(2,994.84) 1 (18,688.32) 20 (32,071.16) 3 (4,304.34) 25 (58,058.66)
2019 2(954.72) 2 (954.72)
2020 7 (6,826.27) 7 (6,826.27)
2021 1(41,472) 1 (4,444.65) 19 (39,162.18) 21 (85,078.83)
2022 5(2,786.94) 5(2,786.94)
Total 6 (47,166.68) 1 (4,444.65) 1(18,688.32) 76 (104,768.43) 6(8,310.42) 90 (183,378.5)

* A dam is a structure built across a river to block the flow of a river or to change the direction and slow it down. In this paper,
it is used in a narrow sense to refer only to ‘Large Dam’. (Large Dam standard : More than 15 m high, 10 - 15 m in height
and more than 2000 m in length, or More than 3 million m® water storage capacity - source : http://www.kncold.or.kr/

ds2_2.html)

AR Aol H-R SR AL 2 4] Bl whet 24 FAAL ot 221 4 Glofol s,
oIt 5o O 43 R Al S gdo] F4:5h H=S DA Stolok ek, Selutete] it we

PR A Y02 i 2917 H3 40 ~ 50 m ek T oIk ThEA 5 44 WEEo] 4 2 e

Journal of the Korean Solar Energy Society Vol. 42, No. 2, 2022 15



el ] =2l

=
(@]

N
rlr
7S
o
i)
ﬂl{
fu)
3+
o
“?
e
o,
)

Table 2 Soyang River Dam Highest Water Level/Lowest Water Level®

Item Water Level Note
Highest Water Level (H1, H.-W.L) 198 EL.m Plan Flood Level
Lowest Water Level (H2, L.W.L) 150 EL.m -
Water Level Difference (H1 —H2) 48 m Maximum Water Level Change
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Safety is secured if the distance between blocks is H

>

VZH(140% of H)

Possibility of movement'
according to water level
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Fig. 2 Schematic diagram of module movement according to water level change®
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Table 3 Floating PV utilization rate analysis site
. . Installed Module Angle of Year of

Item Installation Location . . . .
Capacity Capacity  Inclination Installation

Retarding Basin ~ Gunsan 000 Retarding Basin surface of the 18,688.32 kW 360 W 150 2018

FPV water
00 Reservoir FPV  Gunsan 00 Reservoir surface of the water 99 kW 330 W 15° 2017
00 Dam FPV Jecheon 00 Dam surface of the water 2,994.84 kW 350 W 15° 2017

Ol 8BS Holt WM} 24412 5t S QEIRS whe] W} AR Aee] Hlgolat & 4= lrt.
oFR A Anle] 19 7FEH] &R B 4= 9lon], BAGVA] tig o8BS of Ao Aptsigct

= (o) A A = (k Wh)
TEEC) = T EF G (1 ) < £FLF ()

[c] fus

x 100

BRG] o]l tigh 20194 I7H L9 o] 852 Table 49} 2t}

Table 4 Comparison of monthly utilization rate of Floating PV

Retarding Basin FPV Reservoir FPV Dam FPV
(18,688.32 kW) (99 kW) (2,994.84 kW)
ftem M(C);letr}:gal:iz‘:er Utilizaf)ion Rate M(ég[:izaﬂ(;‘:er Utilizazion Rate Mz?et:gal;(;:er Utiliza‘;ion Rate
(MWh) o (cWh) o (kWh) o

2019.01 1,682.94 12.10 8,640 11.73 302,229 13.56
2019.02 1,790.78 14.26 9,370 14.08 315,984 15.70
2019.03 2,536.67 18.24 12,820 17.41 356,414 16.00
2019.04 2,581.22 19.18 12,873 18.06 381,360 17.69
2019.05 3,248.93 23.37 16,824 22.84 475,970 21.36
2019.06 2,804.49 20.84 14,026 19.68 410,776 19.05
2019.07 2,397.24 17.24 11,817 16.04 299,102 13.42
2019.08 2,703.15 19.44 13,644 18.52 374,841 16.82
2019.09 1,918.04 14.25 9,897 13.88 296,400 13.75
2019.10 2,156.71 15.51 11,015 14.95 326,167 14.64
2019.11 1,652.61 12.28 8,417 11.81 263,505 12.22
2019.12 1,368.12 9.84 7,199 9.77 226,828 10.18

Total 26,840.90 16.40 136,542 15.74 4,029,576 15.36

Ak, 5915 Qs R4 SAEIIS] A7 ol B(16.407%)°] 71 2 R0
L sl 2] Afele Bk izt o] §-8e] 0.66%p (16.40% - 15.74%), 1.04%p
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Table 5 Difference in monthly utilization rate of Floating PV in the analysis site

Retarding Basin FPV Reservoir FPV Dam FPV o .

ftem (18,688.32 kW) (99 kW) (2,994.84 kW) Utilization Rate Difference

Utilization Rate (%, A)  Utilization Rate (%, B)  Utilization Rate (%, C) (ap, A-B/AC)

2019.01 12.10 11.73 13.56 0.37/-1.46
2019.02 14.26 14.08 15.70 0.18/-1.44
2019.03 18.24 17.41 16.00 0.83/2.24
2019.04 19.18 18.06 17.69 1.12/1.49
2019.05 23.37 22.84 21.36 0.53/2.01
2019.06 20.84 19.68 19.05 1.16/1.79
2019.07 17.24 16.04 13.42 1.20/3.82
2019.08 19.44 18.52 16.82 0.92/2.62
2019.09 14.25 13.88 13.75 0.37/0.50
2019.10 15.51 14.95 14.64 0.56/0.87
2019.11 12.28 11.81 12.22 0.47/0.06
2019.12 9.84 9.77 10.18 0.07/0.34
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* Power : Power Generation, WL : Water Level, Rad : Radiation, Tm : Module Temperature, Ta : Atmospheric Temperature,
WS : Wind Speed, RH : Relative Humidity
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Fig. 4 Dispersion and correlation coefficient : Between environmental variables and solar output

Table 6 Power generation & environmental factors Correlation Coefficient

Item Power WL Rad Tm Ta WS RH
Power  1.00000000 -0.3357524 0.93308849 0.45018338 0.33967454 0.05545656  -0.53963618
I WL -0.33575235 | 1.00000000 | -0.43277711  0.56889382  -0.72997131  -0.19579795  0.09766121
Rad 0.93308849 -0.4327771 1.00000000 0.56889382 0.45551981 0.04207442  -0.45966318
Tm 0.45018338 -0.7503186 0.56889382 1.00000000 0.98883295 0.03287542 0.11178223
Ta 0.33967454 -0.7299713 0.45551981 0.98883295 1.00000000 0.04398324 0.19191344
WS 0.05545656 -0.1957979 0.04207442 0.03287542 0.04398324 1.00000000  -0.42140199
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