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Abstract In this study we investigated the effect of a floating photovoltaic (FPV) system in Cheongpung
Lake on water quality. The FPV with a tilt angle of 33° covered ca. 0.04% of surface area (97 km?) of Chungju
Lake. The water qualities of the whole lake before and after installation of FPV were first compared. DO,
BOD, TOC, and Chl-a of the whole lake were increased, while conductivity decreased after installation period
at the significance level of 0.05. This change was probably due to the increased influx of nutrients by 40%
resulting from increased precipitation during the same period. We also measured water quality parameters
on May and Nov. 2017 at the FPV center (FPVC) and nearby control sites, and compared water quality. The
result showed that the FPVC and nearby sites were not significantly different (p>0.05), demonstrating that
the FPV does not cause a decline of water quality. The water temperature, light intensity, and phytoplankton
community were also measured. The water temperature was not different between the sites, while the light
intensity decreased to 27~50%. Despite reduced light intensity at FPVC, the phytoplankton standing crops and
the number of species were not significantly different (p>0.05). However, in the early November samples,
standing crops was significantly higher in FPVC than control with periphytic diatoms belonging to Aulacoseira
genus being dominant. This may be due to the temporal water body behavior or local retention of current by
FPV system. This study may provide a measure of future installation of a FPV system.
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o] AR Bg A= NAH FF o FARSH
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tH(KEA, 2019). 2017'd ‘2|20l A] 3020 oA T
9} A Ao R] o] K &FA] (Renewable Portfolio Standard)
Ty S22 gHgFgo] AAANYA B AT H|Fo
&Aooz =713 Ao Z JAETH(Lee and Cho, 2018).
g A Ao wat S FF (Overland
photovoltaic)¥} 4=AFe %FF (Floating photovoltaic) &2
= 4 Uth(Sahu er al., 2016). ST THAL A
of W AFA, AMFH ZdFo] Tkt i, HAH F
o] tiFgof wat I diete R ¥ 9 AR LGS
A E S| FEUL itk AR FE
AR T A B T
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Jo|t}. 2007
Z EA
HQl, F=, F=
t}(Liu et al., 2018).
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(b)

Fig. 1. Sampling and floating photovoltaic system (FPV)-installed sites in the Chungju Lake. (a) sampling sites, CJ1, 2, 3, and FPV installed
site and (b) picture of FPV and sampling sites: FPVC, FPV center; 2 L, sampling site double (2X) as far away as the length of longer
side of the rectangular floating photovoltaic; and control, sampling site quadruple (4X) as far away as the length of longer side of the
rectangular floating photovoltaic.

2 ATE FF AT A0 B o] Do AXE SOLATUS ZER A5 (97km?) 9] 0.04%E 2
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HoA 28] 0.5km, 2L)2}F 48] (2F 1 km, control) ©|Z XA
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o se3t 5% PEE et 24
52 RAE 94 2R 2AT S AE 22 (water
temperature logger, HOBO® Water Temp Pro v2)& o]&
Stol SR 24A7E A4 2AZ ARG 2AF 4
2 3%,02m,04m,06m,0.8m,1m,1.5m,2m,3m,5
m,6m,7m,8m,9m, 10mZ P} =22 AE FPVCO

FAER AA|ste] dSsien, dj27<¢ controlo A=

. ?:IOEI'I_'IL . 7IOOEIA . JI%A-I

0z

(==} [ =
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ARE o]L35te] thFA A4 (Shannon and Wiener, 1949),
TS5 = R4 (Pielou, 1966), FH = X4 (Margalef, 1958),
LA = A4 (McNaughton, 1967)2 AAS Tt
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Fig. 3. Box plots of water quality parameters of three sites at Chungju Lake during the investigation period. The box plots corresponding
to the period before the installation of floating photovoltaic system were displayed as filled, while those for after the installation of

FPV were displayed unfilled.

%, Chl-a 22 %94?2
BOD, TOC, Chl-a &

o] &3t} ol& a! l
AoR FET £ 9
2005). AR FE A
< 7153 A vj&) A

Ztol 7k Yebs T (p<0.05). DO,
=278t vty 797]1%EE—
717k9] Zrapeg Zpolof 719l
TtE T (Fig. 2a) (Kwak
d Zot 17269 mme] 7F4EF
2‘5_ %J_‘ 2394 4mm—4 A S

J‘éH %éféi(’ﬂ +2) Z*XM 44
F Yol Skt =d 2 2%17& o}
A7) G2 FY AZ59 Chl-ad % 719 9
o] I¥AF %%l o7 7|08 7hHsAdo] AL AR J*EP
Hoh(Fig. 2b). FY A EI)E RYYSATE B 0 5
FFTH ifr—oll‘/]-(Kwak, 2005). & Ao} mpz7ER| =
Rho (2014)7} FH3E o2 EFFAAH Y FHS
FASAYAR (2012~2013)F Faste] AT A

FTHY AHEF A3 A FAU l 20184 5¢ 43
ZAHE3E 2y 2 24 AHE CODE 2.5~34mgL™
2,BODE 08~15mgL'2,SSE 1.0~38mgL™'& %
AtE|o] AR FAI ] 3t A2 99 E 2
o] gl Ao E Hlth(Table 2). 3] A YT A4
o] H|FFHEY CI1,2,3 Al AHY FE A7l 42 A=
o HluPS o FYu|g Zpol7h ok H7]= ofHrt
(Table 2). A E g A| 2] &9 291 20173 12¥€9] &
A3 =4 A2E 248 EW, A Y 5718 s=E
Yell& CODE 25~28mgL™'2, BODE 1.3~1.6mg
L2, BeBEA(SS)E 2.6~44mg L2 SAEFT A
A B GFEY Al A- vlgf tha B2 A= AR
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Table 2. Comparison of water quality parameters between FPV installed area and other sites.

May 2017 November 2017
Parameter

FPVC* 2L° Ctrl° I cl2e cr3f FPVC 2L Ctrl CI Ccl2 CJ3
COD (mgL™) 2.8 26 34 5.86 2.76 26 2.8 25 25 246 35 23
BOD (mgL™) 12 1 15 1.13 1.56 1.76 13 1.4 1.6 1.16 09 133
SS(mgL™) 22 38 1.8 1 1.86 0.93 26 44 3.6 22 423 0.6
TOC (mgL™) 0.5 1.6 1.6 1.93 1.13 123 2 2 2 2.16 173 2.16
TN (mgL™) 1.7 1.64 144 231 211 222 2.12 224 221 23 227 229
TP(mgL™") 001 0.02 0.03 0 001 0 001 001 0.01 0.01 0.02 0.01
Chl-a (mgm™) ND 25 ND 0.36 1.53 123 4 4 4 336 26 2.66

“Center of the floating photovoltaic; ®Sampling site double as far away as the length of longer side of the rectangular floating photovoltaic;
“Sampling site quadruple as far away as the length of longer side of the rectangular floating photovoltaic floating photovoltaic; dChungjau

dam 1; ‘Chungju dam 2; fChungju dam
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Fig. 4. Water temperature profile of control (a) and FPVC (b) sites as a function of depth during the investigation period. The data is pre-
sented according to the sampling date: September (®), October (®), and 1% (A), 2™ (#), and 3" (X ) sampling in November 2018.
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Table 3. Dominant phytoplankton species as function of depth at the control and FPV installed.
Sampling round
1 ond 3
Site Control FPVC Control FPVC Control FPVC
(40 species) (45 species) (60 species) (60 species) (24 species) (28 species)
Depth  Dominant Standing Dominant Sta‘ndmg Dominant Standing Dominant Standing Dominant Stefndmg Dominant Sta‘ndmg
(m) species crop_ species crop_ species -1 species P, species oop species crop_|
(cellsL™) (cellsL™) (cellsL™) (cellsL™) (cellsL™) (cellsL™)
0 Aphanocapsa 18.125 Aphanocapsa 24314 Aulacoseira 116478 LyngbyaA 662295 Lyngbya' 30467 Aulacoseira 440,502
sp. sp. granulata confervoides confervoides granulata
05 Mzcro.cysns 5713 Aphanocapsa 3258 Coenocqccus 83,692 Aulacoseira 44,704 Aftlacosetra 31.880 Aulacoseira 1.157.143
aeruginosa sp. planctonicus granulata granulata granulata
1 flphanocapsa 6.183 throogoccus 2777 Ad.t%'r?cystts 100,513 Aulacoseira 53251 Aulacoseira 31.407 Aulacoseira 1916.145
sp. limneticus viridis granulata granulata granulata
2 Mzcru'cysnx 589 Mzcrogystzs 4574 Aulacoseira 61,642 Cryptomonas 59016 Aulacoseira 16,687 Aulacoseira 973364
aeruginosa aeruginosa granulata ovata granulata granulata
4 Aphanocapsa 1648 Aphanocapsa 3127 Fragtllarlfz 106479 Microcystis 187.500 Aulacoseira 13,780 Aulacoseira 41373
sp. sp. crotonensis flos-aquae granulata granulata
6 Aphanocapsa 9363 Stephano_alitscus 730 Fragtllarlfz 46702 Fraglllartg 60.145 Aulacoseira 41,068 Aulacoseira 41,029
sp. hantzschii crotonensis crotonensis granulata granulata
4|h Slh
Site Control FPVC Control FPVC
(27 species) (25 species) (32 species) (29 species)
i Standin . Standin . Standin
Depth  Dominant Standing Dominant € Dominant ®  Dominant ¢
(m) species CroP,] species crop species crop species crop
(cells L) (cellsL™") (cellsL™" (cellsL™")
; \0SCi L Aph
0 Osczglazorza 8912 Aulacoseira 7,609 yngbya' 7.990 phanocapsa 1,449
curviceps granulata Confervo[dgs sp.
05 Aulacoseira 11230 Aulacoseira 2660 Cryptomonas 2424 yngbya ] 4305
granulata granulata ovata confervoides
i Crypt g Lyngb:
| Awlacoseira o)y Lyngbya 35y CTPIOMONAs o sgy  HYNSOYA 4420
granulata confervoides ovata confervoides
ir Crypt Oscillatori
2 Aphanocapsa 3.846 Aulacoseira 7075 ryptomonas 2564 SCl‘ atoria 2.346
sp. granulata ovata curviceps
4 Aulacoseira 3235 Osci{latoria 3761 Cryptomonas 2567 OSct{latorza 2439
granulata curviceps ovata curviceps
6 Aulacoseira 3.702 Aulacoseira 6763 Aphanocapsa 1768 Cryptomonas 1435
granulata granulata sp. ovata
o A0 0 515 2 [} s
2 ugrh 228 AR WE gt WaksAT S4E DL wped FPVCS BET BE 24 3m7kd 24
FF Al ot AF F wARgT Y & Aol A Al o|F gutstA Fastych Y E S “W/\l Ao 9
9 g Ziii Uehdth & AME] o3 QA 59 ABEJE BFLS JIROE 247~40% FE A& A
ASHE QU8 S S8 GAH OIHA YT BH 02 ehton M4 £4¥ FFL AEO2 AEHo
5‘1—‘,{111]—(Lee and Lee, 2003). ¢ 0.5%2] S33A 49| ok 2 27~50%2] ALansE Hok E3] FPVSY AL o
HAS AR st WA FAHGE AL B ff 2 27 e AFadrt 259 A9 24 80% (5ZhellAl F
Q7o) BB AY WP TH 004%9] B W P 96% QFHE RAT S ImrbA £ 24 M B
Huk AR)57] wRo 410 T3S AetetH £ Fa 2 o2 Ho|t} s5mo|FRE FAoZ A GG

7b (ot B Ao] Bhgsiet.

52kl 23 %

Bk 2AF AIE Fig. 59 AA8HH

SAE Beth ST TAAAY £4E FE AR

= ¢ A

14 o]7]% SRk 33°9] AAAS 7HA BB

12}, 23}, 43} ZAF A] Auba o 2 FpVCe] 4% 3w} o
ZEh A Uehd vk, 3339} 5319 A$ FPVCOA
038 fzxFETY 2 FE7t FEEHEY ol 5%
A|7E] Zpol (£ 1hn)R Q% & Fof w2 7)¢ls Aoz
Helth =4 F= WS o2 AP A¢ FE B2

H & SOLATUS ZE-& 24~50%2] AFays Holch
g 4= Qo

279 FPVCY Fdefits A&t 21 2442 14
18.1 mmday '€} 18.1 mmday ™', 22} 24.6 mm day '$} 22.8

mm day ', 3%} 7.3 mm day '®} 9.7 mmday”', 4} 5 mm
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shaded (FPVS) as red circle and blue triangle.

Table 4. Ecological indices of phytoplanktons at the control and

FPV installed sites.
Sampling round

Station Index
1st 2nd 3rd 4th 5th
Diversity 0.92 1.2 083 096 1.02
Control Evenness 0.58 067 059 066 0.68
Richness 3.31 4.07 1.88 232 279
Dominance 0.55 041 0.6 042 043
Diversity 0.99 1.15 07 096 107
FPVC E\./enness 0.6 0.65 048 069 0.73
Richness 3.61 398 1.7 207 255
Dominance 0.51 0.39 0.71 0.44 0.35

day'®} 54mmday”’, 52} 5.1 mmday '€} 10.6mmday ' ©]
ok St digt SPEE THA 23, pghol 0.8035
2 {3t =20 A Aozt gl

A T THAIE ] Qg 279 3] HE &
0}571 A& fze FPVC & XA A48 25 2

ZAYsLgTh 24 ATE Tables 33 4, Fig.6°]

Hejstol. A4
% o] glon F=o| AFa AT 2}o]E Kol
ekt gebd B 79 2R 24 Ha 3
o 0 Ao e S Aol £
o A9 1A 40, 2404 605, I 245, 4%
N4 27%, sAelH 32%0] ekgTh. SHEL 13ho] 4
Aphanocapsa sp., 2&}F, 3&}F, 4x}o| A Aulacoseira granulata,
5z} A Lynbya confervoidesZ WEFHTEH. FPVCOlA &= 1
oAl 457, 23HolA 60%, 304l 287, 4xholl 4] 25 %
saplA 20%0] ekttt S AL 1A EZOIA
Aphanocapsa sp., 2R A L. confervoides, 3R} 42} o] A
A. granulata, SR} X Lynbya confervoides® WEFTE 4=
A AEFS AHEY 1304 29 FPVC 25+ &
ZolA 7 wskoH, 2&o A= 2= 0.5me 4m
oA AL Hxg Hd dAEFS Eel B FPVCE #
oA dEFFo] 7HE =t 339 BS 2o B
FPVCOAM £& dEFS BE<=t #2771 diede &
A5kt 4z2to) A 2o AL 05molA o dEF
2 BT FPVCOAE 1 m%} 2mol|A EFo] 714 &
Ath A A2 B9 53 2AF FollA 32E A&k

3

)23k OFAMS B AT 33} 2AFS] AL FPVCO|A] A
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B 79 33 2ASk fARSH 799 B¢ wiAgTER
o} G Ao) A Chl-a®t G2EQ 27} thh E9raq
M sk AME o7 PR S Yo A R
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Ao B&AA F25F2 Aulacoseira granulata7t
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2HY J4 AT AYDR $Y B4 53 A5
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