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ABSTRACT

KEYW ORD

Purpose: Currently, various simulation programs around the world are being developed in connection with the EH“*"—*“*.‘JEEJ%‘

analysis of photovoltaic systems. Accurate interpretation of simulation programs requires understanding of the
differences and characteristics between the programs. Therefore, this study selects solar power analysis program

used in Korea and analyzes its characteristics. Method: In this study, PVsyst, Solar Pro, and SAM are selected as the  photovoltaic Software
photovoltaic simulation program widely used in Korea, and the characteristics and differences of the program are  Estimation method
analyzed. Although the analysis algorithms vary depending on the analysis method, this study aims to campare the PVsyst

solar radiation model of slope which is closely related to photovoltaic power generation, photovoltaic module

SAM
Solar pro

modeling, and temperature model of solar cell which is closely related to power generation efficiency. In addition,

the program analyzed the accuracy of the actual generation amount and the predicted value by analyzing the ACCEPTANCE INFO
difference. Result: Each program differed in the accuracy implementation depending on the understanding of the  Received Dec. 4, 2019

system. In order to derive an accurate estimated value of the photovoltaic system, it is necessary to select a program ~ Final revision received Dec. 12, 2019

suitable for the purpose of the estimation considering the characteristics of each program.
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2.1. PVsyst

PVsysti= 19921 A 914 Alda} distol A 7idd Z2agos
718 2 eiE A g old 22 F shuelw. 20119
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2.3. System Advisor Model(SAM)

SAM-2 20074 1]=-2] National Renewable Energy Laboratory
(NRED)OIA 7 Aol AN 20 S422 98 o4
4 2ol tH7]. SAM2 |, HiY <, 8 5 ot A
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Table 1. Transposition model by simulation programs

Model Diffuse iradiance model Program
1+
Isotropic I ( %SB ) SAM
Li—1,  cosd Li—1\  1+cosp PVsyst
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I,—1I 1
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2 I )
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Perez 1{1[ 5 (1*F1)+Fla—2+Fssm,8 SAM
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Table 2. Module models by simulation programs

Program Module Model
PVsyst « Standard one-diode model
Solar Pro | - Standard one-diode model
« Simple efficiency module model
SAM . CEC. module model
- Sandia PV array performance model
« Single-diode model

=
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Standard one—diode model®l| 4] PVRE 2]

AEdEd ARe 71REU,), 9
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Ale UrE}‘)r 16], 21 0] A5 L5 475kl ARgSEAL Sl H]
A A2l dafiAles 712 Bdi] fAde] ot HF &4
(recombmation current losses)2 12{5to] AFE ALHgiet
V+ IR,
I=1,—Llexp{C(V+IR)}—1] — Tm (A'5)
_ q
€= D,k T,
I, - Photovoltaic current
I, :Diode saturation current
R, : Series resistance
R, : Shunt resistance
q  Elementary charge
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% Boltzmann constant E,  : Effective irradiance on the module surface
T, : Module temperature V.. Open circuit voltage
D, : Diode ideality factor Ve.rer- Reference open circuit voltage
Simple efficiency model-& T2 R do] H|s| A= Goz]7] s : number of cells in series
uh A2 A skl AT B2 2 olnh JHmsa B, ‘open circuit voltage temperature coefficient
£ 2% A4(temperature coefficient at maximum power), H2], Viup  * Voltage at the maximum power point
AqAe A AAc BEo] 4 U 58 5 0e 2 o), Viup,res- Reference max power voltage
C,, Gy coefficients relating Vmp to G
G=G,+f,(G,+G,) (21 6) B, - temperature coefficient
y P,, Maximum power point
p.ref
m/) = G77mAm “14(’)69 (TL - 25) A
3. HEHAY 25
f4  Diffuse utilization factor N BAFEEO M o] & 0ol o= AT
, , . i FHA o] o 2] it BEo] Gaof o) 2=, =
7,, - Module’s conversion efficiency at STC =

A, : Module area
Ymp,rer - Maximum power temperature coefficient

T,  Cell temperature

Sandia PV array performance model 9|4
Fgst7] Sloted R AFEH RUEHT
O = AZHE ggof ofjt it AL ‘qu'[lﬂ.
2a2 5 AIE AJHM BE AlY o Feh Rt
ol A Alxte 4071€] A5 BRE 517] HZe] databasetfiol
A2do] opd ThE A|AFIS] 282 of#lg 4= QI Sandia
database= A= AlF-& L3 HAH Y A2, CIS, CdTe, HIT
S et Hhap o] 9le REo] ZdH o] 3ot CEC modelolut
simple efficiency model 2t} A Z & 4=Fof| 4| ¢] vhut RE9] A5
= H J=sH ehd & Sl

GF,+f,(G,+G,)

rH‘.

T

>_\i

5 A
& T
o A
=T

30 I mel X o

rroox

Isc = Isc.refFl 1000 (/51 8)
X [1+ag ., (T, —25)]
Imp m/)nf(CE +CE2)[1+a5(;yef<T 25)} (/*q 9)
Ve = Vioerroy T84T In(E,)+ B,.(T,—25) (A 10)
Vi = Viprer T Co84 T.In(E,)
2 (A 11)
+Cys[4T,In(E) |*+8,,,(T.—25)
Pm[) = Vmﬁ [mp (/’\JI 12)
I, : Short circuit current
I, ,.; - Reference short circuit current
fq  tFraction of diffuse irradiance used by module
@, ,or - Normalized short circuit current temperature
coefficient
I,, - Current at the maximum power point

L, ,cr+ Reference max power current

Gy, Gy coefficients relating Imp to G
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=9 a2 HgAA 9 2o up2t 2A FEpA A ot B FHA
O] 2hw 7|, AAME, 18| F&0f ofsf A gk =t

PVsyst+= Faiman module temperature model®] 7]%35to] (4
13)3} Zro] BiFA A9 =5 AFEdteh "R S] 94 AT

O]}\]—_\J—O = ?l’c?l- %7]25 B:‘lﬁ]-g]_ /dlg] ./_'\__9_ ’ET:]/\POﬂ _045H ﬁlﬂﬂ]:]-
RE Fre2 7| 2YUC R 0.97 AAEo] glom wEo] Ha
Alo] whet GG A7 bt o] Rell2 o RYlvb=ge B
50 542 Teleln 9k
a(1=7py)

T.=T, +GWW (4 13)

T, : Cell temperature (C)

T, : Ambient air temperature (C)

@  The adsorption coefficient of the module (default:

0.9)
G,,.* The irradiance incident on the plane of the module or

array (W/m?)

7py - The efficiency of the PV module

U, : The constant heat transfer component (W/m?K)
U, : The convective heat transfer component (W/m?’K)
V., : Wind speed (m/s)

Solar Pro= HFho] -7 whet (4] 14)€} (4] 15)0]) ofsf Al o] 2

£ ArEdtt} vhehE 118 §1S ff= Sandia module temperature
model& 7|22 §F Zlo]t}, Solar Prodf| A& At E SIHS 2%
Zpo]7F A sHA] ethal 7RSI

T - b T + bZGmc + b3 (4 14)

T.= G, " v T, (4 15)

by  Air temperature regression coefficient

b, Irradiance Regression Coefficient

b, * Constant

a, b : Temperature coefficient by structure and mounting
type
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BT B AEEL 7|0l B e A £ Tl slepaan 2Te) AR o) AT Aol BAE
Sotalet Y B mEel A9 AMHOR ICARN A eq ay o2 garere] vlms AXSAC RUE g A
MG R ARALS (4] 16)3 (4] 17)3} 2 e Q8 Bl HA6150 5, 7% Sarol g L3 02
Table 3. Cell temperature models @/}?ﬂ% ]Oﬂ-q Eﬁobq X]E H;q O‘|.o:]1—/} 3}7‘1 _9_,31:_ 250W= ﬁH
Module model Temperature model g 7, L75kWa oz dastelon] AFdAY o 445t
Simple efficiency + Sandia AAE A 2RO AJE ARFE Table 4.9F 2o}, HUE -2 189 12
ocT 9~ 199 119, 142 LAk

CEC with database parameters
+ Heat transfer

CEC with user-specified

« NOCT
parameters
Sandia « Sandia
T, =G, """+ T, (4] 16)
T =T +—2 AT (4117
¢ m 1000

T,,: module back temperature
a, b, AT : Temperature coefficient by structure and
mounting type

NOCT model2 5% A&-F2EZ(NOCT, normal operating

cell temperature)$1 800W/m?, 4 1m/s &% 20T 249
E9 2L E AHgote] Ao 25 (4] 18)1 Zo] 4F&3it, o],
NOCT+= BEg9] 4] 4o utet B},
T.=7,+ 8”“ (TNOCT adj —20)
(A 18)
7 9.5
x(1—)Xx —
Ta 5.7+3.8Vy aj

Tnoct,aqj - The NOCT adjusted for mounting stand-
off type depends on the Mounting standoff
option

7 : Transmittance coefficient of the module

\% - Wind speed adjusted for height above the ground

w,adj

depends on the Array height

Neises[18]of &J5f] AItH A 2.2 BIPVAH
AETE A S I gy Hx, i, &

Heat transfer2 &2

Aol #a dHsHA

Fig. 1. The PV system being monitored

Table 4. PV system specification
Parameter

Specification

Site location Dongjak-gu, Seoul

Type of installation Rooftop installation(elevated)

Orientation & tilt angle South, 35°

Module type Multi-crystalline silicon

Module size 1640 mm x 992 mm X 40 mm

Number of Cell 60
Number of modules 7
Maximum power 250 W
Vo 377V
Le 8.70 A
Vinax 305 V
Timax 8.20 A

Type of PV system Grid connected

Efficiency of module at STC 15.64%

Efficiency of inverter(EU) 96%

5 B AT E DT eI, olol] ) s 2
= Jgstnt. usl At Al 72, ofFo] 7 4.2 FRQ A5 ASUTe] vnw
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EEAEITE A 02 BIPVA G| IHE BE0 25 4SS £ Qloto] 7k 2 IR A AlFsts Hdr] S olHE Aol

t}. Heat transfer 32 FORTRAN code2 2HJ =912 Neises t}, 715 do| g = BAdolEl Q] F# tlo]E 2 2t H ghojmZ A

o] =& 5 HolA BAl codeE &9 4 . Zgkko] Zpo) 7L A & Qlvk. 55| S dl5ake] Atol7t g
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Table 5. The comparison of measured value and estimated value

PVsyst Solar Pro SAM
Measured N . Esti
Month | value Es‘t::?:ed Difference Es:lal“e Difference wlueed Difference
6o | @ e | @ | g | @

—

143.7 | 147.8 2.9 147.2 2.4 150.4 4.7

2 159.2 | 154.7 -2.8 162.4 2.0 167.1 49
3 1835 | 1799 -2.0 190.9 4.0 192.1 4.7
4 1935 | 186.9 -3.4 197.8 2.2 207.9 74
5 2546 | 1846 | -275 193.0 | -242 192.0 | -24.6
6 2042 | 1586 | -223 165.6 | -189 181.9 | -10.9
7 153.7| 1175 | -23.6 130.2 | -153 136.7 | -11.1
8 181.9 | 1364 | -25.0 1473 | -19.0 143.9 | -20.9
9 158.8 | 153.5 -3.3 161.9 2.0 1488 | -6.3
10 1752 | 1744 -0.5 172.2 -1.7 156.5 | -10.7

—
—

143.0 | 1276 | -10.8 128.0 | -10.5 1321 | -7.6
12 1446 | 1214 | -16.0 1240 | -142 1159 | -19.9
Total | 2,095.9 | 1,843.3 | -12.1 |1,920.3 -84 (19253 | -8.1

1Az Zol 2] b2 A53k 2,096 kWh, SAM 1,925kWh,
Solar Pro 1,920kWh, PVsyst 1,843kWh.o 2 Wbt 3712 =2
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