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ABSTRACT: Solar energy is one of the renewable energy sources. It can respond to expanding energy demand. A solar cell module is
designed to have a durability that can be developed over a long period of 25 years to be installed outdoors and perform like a stable power
supply. We need Standard Test Condition (STC)-based power output data before and after testing to measure the power output of existing
modules. The modules are shown to reduce power output by comparing data before and after outdoor experiments regardless of whether
they are indoor or outdoor. It is easy to compare the power output quantities through the module simulator in the indoor. However, it
takes a lot of testing time and costs to compare the power output on outdoor in the case of a high number of modules and distance from
the module simulator. It can save time and costs if we can check the power output using the data in outdoor. We have used the long-term
outdoor test to find the elements out that corresponds to the reductions in power output quantities. We have conducted research that
matched the actual and the tests.
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Nomenclature als: normalized temperature coefficient for I, 1/°C
almp: normalized temperature coefficient for I, 1/°C
L.: short-circuit current. A BVoco: temperature coefficient for module Vi at a 1000 W/m®
SCe £
Lo o

Lyp: current at the maximum-power point, A irradiance level, V/°C
Voo open-circuit voltage, V mf3V,.: coefficient providing the irradiance dependence for the

oc- t)
Vip: Voltage at maximum-power point, V V.. temperature coefficient, typically assumed to be

mp- 4

o

Py power at maximum-power point, W zero, V/°C
Irr: irradiance. W/m?> BVimpo: temperature coefficient for module Vi, at a 1000 W/m®

irradiance level, V/°C
k: Boltzmann’s constant, 1.38066¢-23, J/K
q: elementary charge, 1.60218E-19, C

Temp.: temperature, °C
Twm: module temperature, °C
N;: number of cells in series in a module’s cell-string
T.: cell temperature inside module, °C
T,: reference cell temperature, typically 25°C Subscript
E,: reference solar irradiance, typically 1000 W/m?
6(T.): ‘thermal voltage’ per cell at temperature T.. For diode FF: fill factor
factor of unity (n=1) and a cell temperature of 25°C STC: standard test condition

I-V curve: current-voltage curve
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Fig. 1. World total solar PV market scenarios
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Fig. 2. -V and P-V Curves of a Photovoltaic Device®

Fig. 3. Outdoor exposed PV panel
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Table 1. Change of current value according to irradiation

Irr [W/m?] Imp [A]
2016-06-01 06:43:20 100 0.443
2016-06-01 07:13:20 200 1.053
2016-06-01 07:40:20 300 1.888
2016-06-01 08:06:10 400 2.747
2016-06-01 08:33:00 500 3.655
2016-06-01 09:00:30 600 4.492
2016-06-01 09:29:20 700 5.333
2016-06-01 10:05:00 800 6.171
2016-06-01 10:46:30 900 6.999

Table 2. Isc, Imp variation in irradiation 1000 W/m? in April,
July, and October

Irr [W/m?] Isc [A] Imp [A]
2016-04-15 12:05:40 1000 8.739 7.989
2016-04-16 12:19:50 1000 8.815 8.048
2016-04-17 11:50:10 1000 8.811 8.011
2016-07-07 12:16:50 1000 8.123 7.377
2016-07-24 12:01:00 1000 8.717 7.864
2016-07-28 12:15:00 1000 8.643 7.88
2016-10-21 12:39:20 1000 8.872 8.039
2016-10-22 12:23:40 1000 8.747 8.003
2016-10-23 12:13:20 1000 8.843 8.078
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Fig. 4. Isc, Imp variation in irradiation 1000 W/m? in April, July,
and October
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Table 3. Vo, Vmp variation in irradiation 1000 W/m? in April,
July, and October
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Table 4. Vo, Vi calibration value

Voe [V] Vinp [V]

Tm [C] | Practice | Theory | Practice | Theory
2?12?6271;;5 448 | 4225 | 4157 | 3294 | 3272
2?;?1' gfg;G 432 | 4177 | 4182 | 3238 | 33.00
2(1)11%8%7 434 | 4193 | 4179 | 3264 | 3297
2?;?1' 2:75'87 443 | 4186 | 4165 | 3274 | 32.81
2(1)12?6?:7654 59.7 3923 | 3918 | 2973 | 30.14
2?;?1' 2:70'58 424 | 4153 | 4195 | 321 33.14
2?;?3:;:02'51 432 | 4122 | 4182 | 321 33.00
2(1)12?2-;%2 35.3 4204 | 4309 | 3337 | 3437
2?;?1' ;:02'(2)3 38 4215 | 4266 | 3292 | 3391

Voe, Vimp Variation in irradiation 1000 W/m?
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Fig. 5. Vo, Vmp variation in irradiation 1000 W/m? in April, July,

and October

Table 5. Module output data before and after outdoor testing

Degradation

Degradation

Module | Voe [V | Vi [V] amount of Ppax| rate of Prax
Before 44.78 36.23
After 44.68 36.07 2.677 0.886%

oF WA FollA vlaE oF
Fol vAIsHA W27he A & 4 AAehFig.

L) B Voogho] B2 Vi gh0] FAS 474 Poleiet

2
BAYolel9] o 7 Bele s
AR mES 20 HlAE
of syl 71gre] sleto] ehgti 212 A5
BEERNEE

AlEdolE &=

R EELE ST

o2, o= 71 7

2ol o).
314 2Helo] 7Rs51eh Vo Aol Vit
2o shefo] Lpehie}
14101 5] AJ2TI9] Vi O S

9] glo|5& gt vl wg o

-

.

o4 9lek

[ 2~
2e %57k

o3&k
=

TUHE she T4 gl A= o2t EYsiets

14-16
% Qlepe,

ot

3.8 E

ey e A 28 Ao 4] k) B2k el
24 vo]E|ghe 714 1 SfelsHs S e VR0 2 Al
Sehe 28 ey gl 49t 2w e waph
o] ZAE sHAIRt o= 0] EAS & 7 F-E0] Hetol 7}
ST, BB A 7] X B9 mE B4
gt & W AE Ax|oHH EAIEA] Gh=tt o|u] EHF2d Al

] 1=

SR EBEERECE T 1S
) 9L Elo] 7R Stehs 212 o 4 Qlelh B mU e A
Bl 0] LETHE AT AIYS BIsle] Hlolel S Hejs)
A B /bR AR 2 5k ek b5 Ao] Gtk 2o
% qlgik AR A9 Makshs 450 ofZo] whs- ofel
& $4o0] glo] YubA 0 2 Abgo] B Rs AR AgTe] A9

o250 7R3t Hito]7)o] 715AdS BelsISic

B o712 FalA w4 velol 4 B A xgo]
79 o] £ 512t 81l 34 9tk
14 5o Zejalers sholsly] laAs ud
o)o] wES Adjs) A mE £ Z4o] 7153t

BB F ohA] A BT X171 ul g2
] :

T

N

o, 2
¥0
|
o
rr s

S
L
o o r
o

f
2oz A

N
‘e
4> w2

o

s 2

T
5z

o

mlo r_>fl.

iy B
b
=3

BZ% N

= 9\
EEL
oN 2 o [0 ofN mZ

fo mv o HI Lo Q9
o

e gy

A

o |

i

K

)

.

it

H

°

a

ot

>,

[>

T

©

.l

__);1_‘,‘

2

me

>,

P

oX,
n L9 e
B
o
B
% —=
(g
o JF

m 0
J i .
5 S
= o
2 &

( ol
g
o &

=)
az flo
@ g g
o
g
o Lo
a2 =
o X
o r_v_‘
fe f{> J

ol

POV
517
O
rr
oX,
_1 |
<
J a
rO
o
N
o
ol
o
2
s
i)
S
O
e
=2
2
op
o
N
I
o

olet.
g W Sleke Htol Fagh Qlxjol g Wi 3
7 SRFEITHS Y, o2 BekaE 4 gl Al
Moz A shere) o9 5%
ShE7bA) 4PN 5 Gl WorE
FYpo] P A0 R AR ELY.

ol

7|

AT AAEYAAHMOTIE) 2} Ao 4171657
AKETEP)S] A 91& wo} 43 A7 341 chNo. 2018
3010014320).



Y.R. Lee et al./ Current Photovoltaic Research 7(3) 71-75 (2019) 75

References

1. Global Market Outlook For Solar Power, 2018-2022.

10.

11.

12.

. King, D.L., Boyson, W.E., and Kratochvil, J.A., “Photovoltaic

Array Performance Model,” Sandia National Laboratories.

. Kim, J.-Y., et al., “Environmental Assessment in the Siting of

Solar and Wind Power Plants,” Vol. 12, pp. 141-147, 2011.

. http://www.enertopianews.co.kr/news/articleView.html?

idxno=5788

. TechNavio, Global Solar PV Systems Market, 2017.
. King, D., Kratochvil, J., and W. Boyson, “Measuring Solar

Spectral and Angle-of-Incidence Effects on PV Modules and
Solar Irradiance Sensors,” 26th IEEE PV Specialists Conference,
pp. 1113-1116, 1997.

. Open Data Portal, New and renewable energy construction and

information of development2018.6.30.), 2018.

. King D. and Eckert, P., “Characterizing (Rating) Performance

of Large PV Arrays for All Operating Conditions,” 25th IEEE
PV Specialists Conference, pp. 1385-1388, 1996.

. Jones-Albertus, R. et al., “Technology advances needed for

photovoltaic to achieve widespread grid price parity”, Prog.
Photovolt: Res. Appl. Vol. 24, pp. 1272-1283, 2016.
Hocaoglu F. O. et al., “Comparison of experimentally obtained
1-V curves of different PV modules,” 2018.

King, D., Kratochvil, J., and Boyson, W., “Temperature Coef-
ficients for PV Modules and Arrays: Measurement Methods,
Difficulties, and Results,” 26th IEEE PV Specialists Conference,
pp. 1183-1186, 1997.

King, D., Kratochvil, J., and Boyson, W., “Field Experience
with a New Performance Characterization Procedure for Photo-

13.

14.

15.

16.

17.

18.

19.

voltaic Arrays,” 2nd World Conference on PV Solar Energy
Conversion, Vienna, pp. 1947-1952, 1998.

Whitaker, C., Townsend, T., Newmiller, J., King, D., Boyson,
W., Kratochvil, J., Collier, D., and Osborn, D., “Application
and Validation of a New PV Performance Characterization
Method,” 26th IEEE PV Specialists Conference, pp. 1253-1256,
1997.

Kroposki, B., Marion, W., King, D., Boyson, W., and Kratochvil,
J., “Comparison of Module Performance Characterization
Methods,” 28th IEEE PV Specialists Conference, pp. 1407-
1411, 2000.

Fanney, A. H,, et al., “Short-Term Characterization of Building
Integrated Photovoltaic Modules”, Proceedings of Solar Forum
2002, Reno, NV, June 15-19, 2002.

King, D., Hund, T., Boyson, W., and Kratochvil, J., “Experi-
mental Optimization of the Performance and Reliability of
Stand-Alone Photovoltaic Systems,” 29th IEEE PV Specialists
Conference, 2002.

King, D., Boyson, W., and Kratochvil, J., “Analysis of Factors
Influencing the Annual Energy Production of Photovoltaic
Systems,” 29th IEEE PV Specialists Conference, 2002.

Park, Y.N., Jang, G.S., Ko, S.W., Kang, G., So, J., Jung, Y.,
Ju, Y., Hwang, H., and Song, H., “The Study of Method about
the Multi-channel Simultaneous Measurement for Measuring
the I-V Curve of Photovoltaic Array,” J. of the Korean Solar
Energy Society, Vol. 37, No. 4, pp. 22-33, 2017.

Setiawan, E.A., Setiawan, A., and Siregar, D., “Analysis on
Solar Performance and PV-inverter Configuration for Tropical
Region”, J. of Thermal Engineering, Vol. 3, No. 3, pp. 1259-
1270, 2017.





