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Abstract

In this study, the measurement data from the photovoltaic demonstration site and the sensing
data from solar radiation and temperature sensors are used to propose a method for analyzing
photovoltaic output and a method for tracking it. For photovoltaic output analysis, the
theoretical output and profile of the photovoltaic are derived based on the installation and
history data. Using the proposed temperature coefficient, the theoretical calculation result of the
photovoltaic output is supplemented with the expected output optimized for the site. For
photovoltaic output tracking, the current photovoltaic output is tracked based on the amount of
solar radiation and temperature sensor data. The site-optimized radiation and weather
coefficients are derived from historical data, and the photovoltaic output is tracked by applying
each coefficient to the sensing data for a certain time period. The proposed methods are
designed and verified based on the survey data from a demonstration site established at
Chonnam National University, Yongbong-dong, Gwangju.

Keywords: = #|*(Temperature coefficient), A A|<~(Radiation coefficient), &2 -
] (Output analysis), =3 52 (Output tracking), B 3 &4 A| A El(Photovoltaic system),
] AlS4=(Weather coefficient)
715 Y ofo] 4

m 120209 64 1955 sfid L7kA] o] o

PA.,m’ PB.m’ PGm’ PD.,m’ PE'+F.1n: A? B’ C’ D’ E + F Z—;I—%Eq m(?‘i] (?:—]'Z—]—- }?'3]—%—%]:

I A Bl EEoks 'l GARE [/m’]

1o - B9S2 (Collector)oll Bl EfFe] LAt oot ol AI7] [w/m?]

Journal of the Korean Solar Energy Society Vol. 44, No. 2, 2024 37



el ] =2l

Iye . ZIAFH(Direct beam radiation) [ W/m?]
Ine : AR Diffuse radiation) [ W/m?]
Inc - BEARZ(Reflected radiation) [ 197/m?]

3 : BiFe] A= ZHAltitude angle) [degree]

iz g Y] B2 (Azimuth angle) [degree]
> D Hid o] 2EZK(Tlt angle) [degree]

C - th7] Eat Al4=(Sky diffuse factor)

HJ

p : 2|3 HHARE(Albedo)

n 1Y 199 g d7iAe] o

pre DEIRE EEYY o]2A Q1 i 2= (kW]

Proea - HIFE THALY A S=[kW]

Npy  HlRg 250 A4 &8 a8 (Photovoltaic efficiency)
Neomo - 202 H8E A2 9] 298] W2l G-8(Conversion efficiency)

Pyt e MRS e d Zle i Aeh SW]

max

T Dol o HA &[]
Typeys -2t Alp(Temperature coefficient)
Pou AA| E==HKW]

R

sensor

Repr DA Al(Radiation coefficient)

. AAFF A=2K(Radiation sensing) [ W/m?]
Wepers - S A Weather coefficient)

C

LME

i

o] Aol 2] A vl BES D] i) ekl 9 et e A oA o] e A
FES T3] Sk U, SR o5 910] of8] eES 2 Wi Aol A o] et 22 5
o Qe AEe] BT 271, Mot 9 Fui4o] QP k2, e A W Au] 71Rs} So] EA A

SHA| et o2 WAIeH] 18l Alsell AR Ao A Lol thet A 3 =] WebEat o5 sl &

Felolgte .
A A 5 e B AIshe e RS Fao] Aiglo] 42 AE Hele] @Agict, 2

b QIt, AR5 AR 2209 EHet 2 F 8 2o meh S| s Hheshe el T

[}
25 SIR o) A= eete ZH dulE ] oAl EHETL el T2 JEiE HLIoE . Bl i Adu)

38

Journal of the Korean Solar Energy Society Vol. 44, No. 2, 2024



M2 COIES BEE BT W AIAR] 221 24 2 23 Wy _ 2 0|

o] 452 WIS SI5t A o] 212 Felafo] T BEEAWY, 24 Mulo] AR Zeiael 21stelA) o
of £ 9 QAL B 0} oZ5ti Be] 9Iat Q7S] Salolgtl . sAet 7] oot
oieo]H, QESH0] T2 HolE 5 ol Hlo]ElS @ 75H HIHEL 2 o2 0 xjo] dhet et W as)
At A T BAS 8 75p] o], ]2 HleleE Tto s iy dule) S S

=
A7 AT 4= QLo A REo] vl Agolu oleE o A 5 HIRIA] @ o it &8
VA AL A ¢ Qlet. SHAIEE ) @ Qlof vkt efeg v

3

Q1 E2lo] 'WAYSHA] Qi o] & A4 o 7 THtsy] offir}. IR Ea AARM IS AlS S2 AlA

202049 695 H 20239 59712 €] A5 glo]E] 9} 20201 1095E] 20211 197k 0] AL 2 25 AA] H]

2.1 METhistn EfE U AJO|E

st ] g W At E=Fig. 1(a) ~ (DeF 2ol HA U 6719] 215 2/l 24 675.4 kW FE
2 PEE A om, ZH g Aol EQ] Ak, 91k, w912, 2] 2te] ot A4] A H = Table 13} ). st
W A2 Well 121 2 B S-S AIH 0 2 AR Aot §1k ks 7™, 9122 B 2 i 2139
ZolE 9 &0l 1ajx]o] Building A ~ D7} K 32 ZHeth PV A2 im A0] m|ihg six| 2] (e
S e gho] 28| Sick. Hjekd mE} QIHE o]l TAste] A A = Table 291 Lt ik BE-2 oflY
] 918k §-80] 16% o)do] 1 ©] BE A 37V, ©] BE AF 8.5 AS ZH= 315} Q.Plus L-G4.1 335 W
do] ARGl oH, QIHEl= g5l met HE A2 4= Q= Al B8 95% oV, 84 380 V, DGE
maximum power point (MPP) A} 570 ~ 800 V2] 60 kW 34 &2 o] 285 SMA STP 60-107} <1

A= At

N

H

Journal of the Korean Solar Energy Society Vol. 44, No. 2, 2024 39



el ] =2l

_ﬂqw o e T

(e) Building E (f) Building F

Fig. 1 PV generation sites of chonnam national university

Table 1 PV module installation information of each PV generation site

Site Longitude [°] Latitude [°] Azimuth [°] Installation Angle [°]
Building A 35.1783 126.9110 203.8 14
Building B 35.1782 126.9092 204.9 14
Building C 35.1797 1269115 204.8 14
Building D 35.1786 126.9091 204.9 14
Building E 35.1780 126.9069 178.9 14
Building F 35.1780 126.9069 178.9 14

Table 2 Rated capacity installation information of each PV generation site

Sie . Information of PV Module Rated Capacity T
Serial Parallel Total (kW]
Building A 18 42 756 253.3 5
Building B 18 16 288 96.5 2
Building C 18 20 360 120.6 2
Building D 18 10 180 60.3 1
Building E 18 10 180 60.3 1
Building F 18 14 242 84.4 2
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Fig. 2 Daily output data of each building in CNU PV site from June 2020 to May 2023
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Fig. 3 Normalized daily output data of CNU PV site from June 2020 to May 2023
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Fig. 4 lllustrating the PV collector®
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Table 3 PV output analysis result based on theoretical output of CNU PV site from June 2020 to May 2023

Daily real output / daily theoretical output [%o]

Date 0~10 10~20 20~30 30~40 40~50 50~60 60~70 70~80 80~90 90~100 Total
Summer, 2020 to 2022 7 27 31 23 44 55 53 57 42 6 345
Fall, 2020 to 2022 1 8 10 6 7 10 12 18 47 64 183
Winter, 2020 to 2022 13 17 10 15 27 18 24 24 48 73 269
Spring, 2021 to 2023 5 23 15 10 19 15 20 38 81 50 276
Total 26 75 66 54 97 98 109 137 218 193 1073

2% 7% 6% 5% 9% 9% 10%  13% 20%  18%  100%

Table 4 PV output analysis result based on expected output of CNU PV site from June 2020 to May 2023

Daily real output / daily expected output [%]

Date 0~10 10~20 20~30 30~40 40~50 50~60 60~70 70~80 80~90 90~100 Total
Summer, 2020 to 2022 4 21 29 21 19 40 46 35 46 84 345
Fall, 2020 to 2022 1 3 12 7 6 7 12 11 20 104 183
Winter, 2020 to 2022 14 15 11 17 25 21 22 24 39 81 269
Spring, 2021 to 2023 4 22 14 8 15 15 14 19 33 132 276
Total 23 61 66 53 65 83 94 89 138 401 1073

2% 6% 6% 5% 6% 8% 9% 8% 13%  37%  100%
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Table 5 Ratio of real output to expected output and radiation coefficient in CNU PV site from January 2021

Hour Content Date
12 13 14 15 16 17
10h Real/expected output 63% 69% 79% 34% 33% 85%
Radiation coeff. X X 0.1576 X X 0.1513
i Real/expected output 85% 78% 87% 59% 73% 94%
Radiation coeff. 0.1494 0.1478 0.1543 X 0.1573 0.1556
2h Real/expected output 91% 84% 90% 55% 84% 98%
Radiation coeff. 0.1520 0.1467 0.1501 X 0.1501 0.1519
5k Real/expected output 93% 85% 90% 45% 40% 99%
Radiation coeff. 0.1540 0.1466 0.1475 X X 0.1451
14k Real/expected output 64% 83% 87% 34% 54% 69%
Radiation coeff. X 0.1475 0.1461 X X X
- Real/expected output 45% 75% 81% 26% 54% 91%
Radiation coeff. X 0.1529 0.1470 X X 0.1470
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Table 6 Radiation and weather coefficient in CNU PV site from January 2021

Hour Content Date
12 13 14 15 16 17
Radiation 144 345 367 185 178 418
10k Weather coeff. 0.89 1.00 1.05 0.91 0.92 1.01
Radiation 486 454 484 351 440 526
th Weather coeff. 1.00 0.99 1.03 0.96 0.96 1.03
Radiation 514 507 534 363 527 591
1zh Weather coeff. 1.05 0.98 1.00 0.91 0.96 1.00
Radiation 500 482 512 292 250 581
13h Weather coeff. 1.04 0.98 0.98 0.87 0.90 0.96
Radiation 394 390 417 186 214 313
14h Weather coeff. 1.00 0.98 0.98 0.85 0.82 1.05
Radiation 171 238 270 105 210 325
1>h Weather coeff. 0.84 1.02 0.98 0.80 0.85 0.94
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Table 7 Inconsistency case of weather history provided by the Meteorological Administration and self-weather judgment
based on the ratio of real output to expected output

Content Inconsistency case
Weather history Mostly Cloudy Mostly Cloudy Mostly Cloudy Mostly Cloudy Sunny Sunny
Real/expected output 77% 76% 79% 84% 64% 69%

Self-weather judgment ~ Little cloudy  Little cloudy  Littlecloudy  Little cloudy  Partly Cloudy Partly Cloudy

Table 8 Weather coefficient in CNU PV site from January 2021

Radiation range
Weather coeff.

10h 11h 12h 13h 14h 15h

0.8 [Overcast] ~ 105 ~120 ~135 ~135 ~135 ~ 105
0.85 [Mostly cloudy] 105~ 175 120 ~ 200 135~225 135~225 135~225 105~ 175
0.9 [Partly cloudy] 175 ~245 200 ~ 280 225 ~315 225~315 225 ~315 175 ~245
0.95 [Little cloudy] 245 ~315 280 ~ 360 315 ~405 315 ~405 315 ~405 245~ 315

1 [Sunny] 315~ 360 ~ 405 ~ 405 ~ 405 ~ 315~
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