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Abstract

Nowadays, domestic photovoltaic system market has been expanded and the governmental
dissemination policy has been continued. There is only PV system output performance analysis
which is called Performance Ratio(PR) analysis. However, there exists many parameters that
can affect PV system output. This papers shows the PV system energy performance analysis
using meteorological monitoring data. The meteorological monitoring system was installed in
the H university and we analyzed the PV system which installed in the H university. We also
investigated other three PV systems which located less than 3 kilometers from H university. We
evaluated total 4 PV systems through the field survey data, design drawing data and power
generation data. Finally, we compared the actual measuring data with the simulation data using

a OPEN ACCESS PVSYST software.
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Fig. 1 Meteorological monitoring system and target PV system locations
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Fig. 2 HUniversity meteorological monitoring system (solar pyranometer, weather vane and anemometer, thermo-hygrometer,
data collecting device)

Table 1 H University meteorological monitoring information

Item Pyranometer
Sensitivity 10 pV/A(W/m?)
Measuring range 0~2000 W/m*
Item Weather vane
Sensitivity 1% of reading (10 to 55 m/s)
Measuring range 0~75 m/s
Item Anemometer
Maximum wind speed 75 m/s
Measuring range 360° mechanical angle
Item Thermometer
Accuracy +0.15°C £ 0.1% of measurement
Measuring range -40°C~80°C
Item Hygrometer
Accuracy +2%RH (10~90%RH)
Measuring range 0~100%RH
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Table 2 Module and inverter information of 4 sites
(a) H University
Module item Content Unit Inverter item Content Unit
Type Polycrystalline - MPPT voltage range 100~400 Vdc
Voc Vmp 453 37.3 v DC Maximum voltage 500 Vdc
Isc Imp 9.02 8.45 A Maximum current 90 A
Temperature loss -0.41 %/°C Rated power 3.1 kW
Array amount 10 modules  AC Maximum efficiency 97.21 %
Module efficiency 16.1 % Euro efficiency 96.76 %
(b) A center
Module Item Content Unit Inverter Item Content Unit
Type Polycrystalline - MPPT voltage range 460~850 Vdc
Voc Vmp 37.1 30.1 v DC Maximum voltage 1000 Vdc
Isc Imp 8.84 8.32 A Maximum current 383 A
Temperature loss -0.36 %/°C Rated power 17 kW
Array amount 132 modules  AC Maximum efficiency 98.2 %
Module efficiency 15.62 % Euro efficiency 97.8 %
(c) B center
Module Item Content Unit Inverter Item Content Unit
Type Polycrystalline - MPPT voltage range 200~820 Vdc
Voc Vmp 37.08 30.08 v DC Maximum voltage 820 Vdc
Isc Imp 8.96 8.33 A Maximum current 90 A
Temperature loss -0.5 %/°C Rated power 30 kW
Array amount 120 modules  AC Maximum efficiency 98.0 %
Module efficiency 15.62 % Euro efficiency 96.03 %
(d) C center
Module Item Content Unit Inverter Item Content Unit
Type Polycrystalline - MPPT voltage range 600~880 Vdc
Voc Vmp 45.7 36.6 v DC Maximum voltage 880 Vdc
Isc Imp 8.91 8.46 A Maximum current - A
Temperature loss -0.45 %/°C Rated power 24 kW
Array amount 65 modules  AC Maximum efficiency 98.15 %
Module efficiency 15.88 % Euro efficiency 98 %
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Table 3 PV array tilt and azimuth of 4 sites

H University A center B center D center
Capacity 3.15kW Capacity 33 kW Capacity 30 kW Capacity 20 kW
Tilt 25° Tilt 30° Tilt 15° Tilt 7°,17°

azimuth 0°(due south) azimuth  37°(southwest)  azimuth 0°(due south) azimuth  35°(southeast)
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Fig. 4 PV system energy flow and loss diagram
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(d) C center

Fig. 5 PV system sun path diagram (Continued)

Horizon lina diewieg - Legal Time Harizon e demwing - Legal Time Harlzon lise drawing - Legal Time Herizon live drawing - Logal Tisa
e o 15 e Plase: 1 37 ssraam 3 Plan: 5k 127, st

(@) H University (b) A center (c) B center

Fig. 6 Far shadings analysis view

Q137°, @ 7l o= BRI tholo| 13 & AFESlnh. Holfshw= 1 &= Qlof shdr|et 547 4=
7ol A=) 2 ol| et o] WA A AlE] 2t BAlEl = A& o] 357 LE7EA] dA=] G0l thet 9
= 7V A7 vt} CAlEl= 517] 9E3t 5471 & Aol 972 2ol et Jake] HAyght.

Fig. 62 AFEST e HIA ol o] 2388 PVsyst T2 171 =it oot tha o] wlet ef g Al &
glo] ZAEFAS o S Al 360719 Moz BEAEH, PVsyst T2 TalofA] 7] -39 &4o] Ak

oz ARt

332742 39 &4

Fig. 7:& B A] AAEHS 7508 334 Helg-g FAsIgirh B ke zto] Wol|A| &
A&l $FF ofelole} FE ofelo] Atelel] Z=A T ER| 9 4= e of|o]et ofo] Tl ErleixlE 11
AEuERe o Sl BRI 2R BATE 2F CAlE oot 2712] 29 ¥3e Ue CAlHE Bolea 4t
STt ofzflolell S0l Azka uf B e ztol met AANH LZ7F0] HIE-& “Shading Factor tables & 271 =
ATERI.

o

inss

(@) H University (b) A center (c) B center (d) Ccenter

Fig. 7 3-D drawing analysis view

Journal of the Korean Solar Energy Society Vol. 38, No. 4, 2018 19



el ] =2l

3.4 YA T &4

Eg ezl B o] YAFzo] 00 wf tio] Bifd RE freE FISHAN, Bied Ee] el
QU0 Z71elE BE f2lo] whgo] Z7lele] WAel £40lck PVsyst TR TRolAE ASHRAE
TAM Model, Physical Model, Sandia IAM Model©] 31t} AlE=]|o]A 7ol A= ASHRAE TAM Model-= At
faleit?.

1
Lo = bo( cosf 1) @

(22 ot 67} HEo]H, PVsyst T 7oA 2 0.05, 0.04 5= 71Egt o= AlQtRItt, 6= et
ofeflo]oll Al Aol o] A 24 Fig. 83 4(3) 22 =T 4= Sl

A

ol

‘I AJ. =

ﬂz },,_ B,
Vo - “a

s "
i
H

A
III.lll \ ;
Incidence angle | . ) — N
- T s P - _—\ '\_ ot
Fig. 8 The angle between the sun and the array'¥
cosf = cospBcos (¢, — ¢,.)sin X + sinBcos ¥ 3

35YzZ4 &4
PV ofellol= 73 el] ufe} AL, mE<) e Aol sl AgolLt Fil Factord] S-4o] sl &
5] A2} e GAAL 118G 3L Ak

=210 i o o=
Fig. 99] () Q273 o] 250 T8-S 25 B2 Uehfglh. 28 27 Gl B8] gashs
22 ST 5 . (b 2P ] BEC) ELE BEC YR HE 4T 82 ekl e 28
O

Fig. 102 Single—diode model¢] 57} gz o|ch. Bg A|ZARS] oA EoA & 4= Q= FFAIAZ A
(Vmp,Imp), (voc,o), (O,Isc)% Single—diode mOdel'% }-\—}(4)'\’(5) Oﬂ Zﬂl%}\] ]Dﬂ 37 H_Q] Ho]- Xg ]_g
A AEE HPER AREI) e o] nE Ggo] At

20

Journal of the Korean Solar Energy Society Vol. 38, No. 4, 2018



714 2172 PUIER] CIOJEIS 0183t EfRRLRAIAL) B2z 4

25 r r T r r
20t .
TS %
; //l
:
£l g
= Relative efficiency loss
by respect to STC
1000 Wim2, Eff = 18.30 %
L Cells temp. = 10 °C 800 Wim2, 0.3 % i
Cells temp. = 25 °C 800 Wim2, 0.3 %
Cells temp. = 40 °C 400 Wim2, -0.3 %
—— Celstemp. = 55°C 200 Wim2, 2.5 %
Cells temp. = 70 °C
0 | | | |
0 200 400 500 200 1000
Incident global [VW/m?]
(a) Efficiency versus irradiance by temperature curve
20 . | . | . | . | .
13} .
14} §
£ 1} .
£
= 1} .
)
= Relative efficiency loss
sk by respect to STC i
Cells temp. = 40 °C, Incident Irrad. = 1000 Wm=1000 Wim2, Eff = 15.50 %
Al Shunt res. = 400 Ohm 800 Wim2, 4.0 % 4
—— Serie res. = 0.200 Ohm 600 Wim2, 7.6 %
n Serie res. = 0.400 Ohm 400 Wi 10 4 % |
. c
Serie res. = 0,600 Ohm 00 Wime, Lo
= Serie res. = 0.800 Ohm . . .
0 ——;ﬁmg—rm_ =
0 : LTI 600 800 1000

Incident global [VW/m?]

(b) Efficiency versus irradiance by internal series resistance curve

Fig. 9 Irradiance loss in PVsyst

PV cell V+l*Rs | Use (load)

S rd |
| !
' 1
Photocurrent Diode 1
1
N !
loh I
1
1
1

1 Li

I,
1

Fig. 10 Equivalent circuit of the single-diode model'?

Journal of the Korean Solar Energy Society Vol. 38, No. 4, 2018



@)
5)
ot

7|

o

=

Faiman module temperature model

orth Table 4= 24 of

E|QeH. whebA] PVsyst &2 7302
o

o
oYo

—

|

=

Slo

Tt 21(6)

eF

ERERES

T

—

o

SH71 4

6

=

RUET A2EoA F452 RHgEA]

oo,

)

&

(=]

o
=t

5

F

of

=

2

FREHIO A
3.6

e}

Kl

]

o
N

T

Uo

©)

C center
25

oo,

(s

B center
25

A center
30

SPA|RE A B

6

i

oF

o]

H University
29

o g 57

U, + U, < WS

aEPOA <1 - nm)

[W/n’]
Uo

T, +
3.7 Of2{|o] OjA0H3|

Lo mlamfR] S FAHE nih A E39] 1%~2%F 712k ez 47

Table 4 U parameter setting value per PV system

<
OH

all

3.8 OIHEf
1HE 0]

—

5.0 O
==

ek

aat Zd

20A §

o

T

LT

Journal of the Korean Solar Energy Society Vol. 38, No. 4, 2018

=

=1
T

o

°

o=

[elfe]
—

=

ek

gof }IeE 7]

22



Il etg

Table 5 PV system inverter efficiency

ZLEY HIO|EE OIS et EHF AL 2

[%] H University A center B center C center
Maximum Efficiency 97.21 98.2 98 98.51
Euro Efficiency 96.76 97.8 96.03 98
3942 24
DC HE £47FAC HE £ sz 28e] 44 =98 71E0 s 429 F7]sh dolg 47l
o} A(N~B)= A= &4 HlE& AFE Alo]oh Table 62 74 Ol HIFPTAA AR E A= &4 Bles A
sfairt
R, X I,
Rratio = 2 (7)
R(”"I’(I,’y >< [SC
Vi
Rypyay = 2 (at STC) ®
I
mpp
Table 6 DC and AC line impedance loss ratios
At STC[%] H University A center B center C center
DC cable loss 0.56 0.8 1.2 0.8
AC cable loss 0.36 0.5 0.2 0.6
4, EfSEUHALH Hs 24
4.1 EQSYUIAIALY PR 24
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L. = Collection Loss = Y, — Ya
L = System Loss = Ya — Yt

Y = Produced useful energy (inverter output)
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Table 7 Daily equivalent operating time and loss
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[kWh/kWp/d] H University A center B center C center
Nomalized production 4.14 4.09 3.82 3.85
Array losses 0.5 0.44 0.67 0.6
System losses 0.15 0.11 0.19 0.1
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Fig. 12 Comparison of Yy, L, and L. by site
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Table 8 Average PR and detail loss

PR loss[%)] H University A center B center C center
Transposition +11.2 +7.8 +8.6 +5.7
Far shadings -3.0 -0.4 -0.4 -1.5
Near shadings -0.1 -0.1 2.1 -1.7
IAM factor -1.6 -2.7 2.7 2.7
Irradiance level -0.3 -0.7 22 -0.8
Temperature -4.8 -4 -5.5 -5.2
Mismatch -1.1 -1.1 -1.1 -1.1
Ohmic -0.6 -1.3 -1.4 -1.4
Inverter efficiency =32 22 -4.5 -2.1
Final yield[%] 86.5 88.1 81.7 84.6

4.2 ZH|EHR AlEo] AP Hlw
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Heljetar 714 &7 Al259] 717 Hell w2 2719] g i Ldle] e PVsyst Z2 IR0 A&

A2 Blasteint. B I Adu] o] AFE A o] Aot oS gt A
Al 7Xe 2lelE g]lsto] o= gl dieh AF2 2 o = ARgF= A(13)9] FetAlE2*HRoot Mean
Square Error; RMSE), 41(14)%] Hwdt|#A}(Mean Absolute Deviation; MAD)E o]-85to] E45}ct,

RMSESF MADE 7 #2k=.0] Aefjz{Ql 2po]]l ate] of tehd wf ARgeiet.
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RMSE = % (13)
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Fig. 13 Daily equivalent operation time comparison graph
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Fig. 14 Comparsion of monthly power generation and error factor

MAD =

Z|x11 x22|

ni=

(14)

Journal of the Korean Solar Energy Society Vol. 38, No. 4, 2018

27



el ] =2l

1714 x1= S7H Ao, xp= AA Frelr.

gFo] 3 kWel Hefighr o] RMSESF MADE 0.4 kWh, 0.31 kWh, -&5F0] 33 kWel A4IE o] RMSES}
MAD= 6.78 kWh, 4.87 kWh, 22Fo] 30 kW< BAIE]=7.05 kWh, 5.11 kWh, 8501 20.15 kW< CAlE| =
7.21 kWh, 5.35 kWh& AF=59/ch Table 9= & Bt 1 kWp 3 RMSEZH} MADZES YERQIc. Hejjst
W] RMSE= 0.13 [kWh/kWp/day], MAD:= 0.1 [kWh/kWp/dayl 24 43L2] EjdhAA| A8 ZAckhat
Sl Al Eglo] A Bdekt AA| Bhdeko] dalsh= AXE Holal Qlrt o]ojA AATH, BATH, CATH &
Qa}go] F7ole AoR EAE .

Table 9 RMSE, MAD for equivalent operation time

[kWh/kWp/d] H University A center B center C center
RMSE 0.13 0.21 0.24 0.36
MAD 0.1 0.15 0.17 0.27
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