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Abstract

In this study, reflecting long-term climate characteristics, we analyzed electricity generation and
generation characteristics of 3kWp PV system, which was semi-integrated with air duct behind.
Using PVsyst as a simulation analysis tool, we inputted "National reference standard weather
data" of 16 regions as a typical climatic data. The result is summarized as follows: First, the
national average annual electricity generation was 1,312 kWh/kWp (StDev, 0= 71). It was most
abundant in Mokpo with 1,434 kWh/kWp, which was average 21% greater than the lowest with
1,165 kWh/kWp in Seoul and 1,197 kWh/kWp in Jeju. National average daily generating time
based on STC was 3.6 hours (0=0.43), and that of Mokpo and Seoul was 3.9 and 3.2 hours
respectively. Second, Jeju showed the great difference of annual monthly generation by month
(annual average = 99.7 kWh/kWp, 0 =25.5), while Jinju showed the smallest difference (annual
average = 115.5 kWh/kWp, 0 = 10.6). Generation in Jeju was at the largest in April with 132.2
kWh/kWp, which was 2.3 times greater than the lowest 55.2 kWh/kWp in January. However,
generation in Jinju was at the largest in March with 129.3 kWh/kWp, which was only 1.3 times
greater than the lowest 101.1 kWh/kWp in June. Third, the annual average PR was the highest in
Incheon with 85.8% and the lowest in Jeju with 83.2%. PR of Mokpo was 84.3%, which was
lower than that of national average.

Keywords: *3-5H](Perfornance Ratio), B g7 A| A =l(Photovoltaic System), TMY (Typical
Meteorological Year), TRY(Test Reference Year)
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2016\ 71, 8 Adxd=2) A L7 tjH] Al I A S St DS 2 =L 29.3%, F= 24.7%, B
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Q. b ) et A AR AXAS AR 20173 71F A AR 62%(F W]
65%)7 470 A (A, A5, A5, Sl FFE glet. olejet AX RS A5 SIsiE 2194 o
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2.1 714t|0[E

7V Ee "IN AR Y] AR ol 7MY Satt AARIAIEA, 71E9 A Mo R QIgt
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(Test Reference Year) 9| 7VdAta = 425k, A, HisE, 35 59 117 713845 2ottt @
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2~ MeteotestAt] 714 2T E Lol thafet Fef(TMY2, TMY3, TRY 5)2] 714 dlol81 S Algstal Sl
ZAAIA| 8,00071 oo 714 T=4-01 5 710 A4 A] 914 S8 E 7N o & oF MYt mdle RS 0]9]9]
2ol gt 7140 lE1E S e 4= Q= A o] e, “I R BT PHolH e 4 9 JHo| AF:
o} AL E ot o 2 74 jrlsto] =717t 31ttt Hlo[HE on|etH gt 2| 71a AT AR el
ZZFAAE of| A TMY H]o[E] A4t HxpAfof whet 23t 71|l Blolet. @A) fh=ol | 2] 7| &t Lt k=
BENSTATAL] A7PFZREAE Aol EAA 167] 2| el] thaf whazsta ek,

Table 12 Z =] BiFFIAA AR 43587 AlE gl ol AR 7VdHIolB1E g7t Zoltt. 2008
o]% F 15719] Aol A S=rEfoll v 1eks] 9 IWEC 2.00] 2} 174, Meteonorm 371, 713742 EAAE =
Jelolg 2710] ARBSIL oM U] 8702 E47F F7|%Z] ookt 2017958 IR wrRE R

Hlolel" o] 3% 485 AR} gl Aow et

O

d

O

Journal of the Korean Solar Energy Society Vol. 39, No. 2, 2019 35



el ] =2l

Table 1 Weather data types

KSES IWEC 2.0 Meteonorm Mete.or.ologpal Unmarked Total
administration
114) 17) 33,15,16) 23,17) 818-25) 15

Table 2+= A= 1671 A1 A7F A & DA tiet w7tz a7 1dH 018" & Meteonorm H B
offz|ste] “tietil=aEr gl e o 212t Hlw et Aot} “wrRtEREEIIHolH E 7Eos o 1,
7P Hhe QALERS Holk 2|98 B 1490 kWhrt H9eH, 7P A8 429 1,196 kWhET} 24% o]
A =7 Vet I3 Meteonorm¥H H] w3 o] —11.0% (A1F) ~ 11.9% (D)7HA] S4=0H, “dighd
ZEZ7E01E of] BsAE 2.3% () ~ 8.5% (HIH1) Z7 151t

2 AollA= 2 A HFFIHEALS B4 St BV tER U] 167] A1) tigt "=713t

ZREF7VIHCEE 283

Table 2 Annual total sorlar radiation on a horizontal surface

Gwang Gang- Dae Dae Mok Won In Jeon . Chung Chun- Seo
Busan Jeju

Seoul . . . . .
ju  neung gue jeon  po ju  cheon ju ju  cheon

Jinju Po
Y hang

National reference
standard data 1,196 1,387 1,304 1,308 1,409 1,490 1,370 1,321 1,348 1,286 1,309 1,310 1,315 1,376 1,387 1,382

(kWh/m’a)
Mete"“"im 1,185 1,418 1,298 1343 1344 1,429 1345 1244 1,187 1,388 1,453 1274 1230 1,228 1,366 1,345
(kWh/m~a)
KSES
1,156 1,329 1,277 1 1,32 1,2
(kWhinta) 56 1,3 277 1,367 ,325 233

to Meteonorm
relative error (%)
to KSES relative
error (%)

22 04 27 46 41 18 59 119 -79 -11.0 27 64 107 15 27

33 42 23 29 33 8.5

2.2 QM=

& Ao SRR AA AR B =R 2918 AMEE st LRt PVsystS ARESHIT PVsyst
= 2912 AdEE eskaea] AR s AL AA B 2 2r o 2 S efst TV m e el
FEE, AHE 5 a0 dit dlolEHlolAE AlE Sl Alrt. AT AAIF eI 531F, DC 1= 9AIY
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Ao 2 RPHEASS BA519Ict Tables 33} 4= B dl o] gl Edt QW E] o] AlRS ZF2) Let

ot R EL Ao 7 JATEL 18.10%, QIHES] AC HRHE-8-2 96.5%= Z¥2} A AsHAct.

A LEe] A FHE Fig. 13 2ol T 30° BAA &0l 7HHE AXstal B ias Sid 9

7159 Ell(Semi—integrated with air duct behind) = A7t 5G] fl= A L= 71590, Fig, 2+

2

Lt
wo] ofeflo] THE ekl Ao 522, 283 Belo] ABAAE Rz Pl
Table 3 Specifications of photovoltaic module
Item Content Unit
Nominal Power (at STC) 300 Wp
Solar cell type Mono-crystalline
Isc 9.690 A
Voc 39.80 A%
Impp 9.210 A
Vmpp 32.61 \Y
Module size 1.661 m’
Module amount 10 Sheet
Array nom. Power 3 kWp
Nominal efficiency of module 18.10 %
Table 4 Specifications of solar inverter
Item Content Unit
Minimum Mpp voltage 175 v
. Nominal MPP voltage 400 v
Input side(DC) .
Maximum MPP voltage 480 A"
Absolute max. PV voltage 600 A"
Grid voltage 208 \"
Nominal AC power 3.3 kW
Output side(AC) Masximum efficiency 97.20 %
Euro efficiency 96.50 %
Frequency 60 Hz
Fig. 1 Semi-integrated with air duct behind
Journal of the Korean Solar Energy Society Vol. 39, No. 2, 2019 37
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Solar array(1.5kW) #1
(300Wp * 5 Serial)

-— L nverter skw

Solar array(1.5kW) #2
[j
LOAD

(300Wp * 5 Serial)
Solar power junction box

AC grid

Fig. 2 Solar cell array diagram

Fig. 32 HAmdo] o] 88kWp) A7t Wgre vt Zolct. H=te] AWy a2 1,312
kWh/kWp (B2H2E, 0 =717t =31em, o] 7hed| 7MY B2 WA= 7153 Zike 1,434 kWh/kWp=,
7P Ao AL D AT 1,165 kWh/kWp2t 1,197 kWh/kWp Rt Bt 21% oA} =7 Ll 3, A1
glo]Ad 29| ejFd BE 0% GAbHo] Bi= Az AR B39t A-8o] 247} 1,682 kWh/m’e} 1,349
kWh/m’2 et A9] GARE 24.7% 2o]7h dhAYs1ed. 0w, AAledo] dhiage] Z|uf2l 99lo] Hi= 28
& 4= Qleh

1,600

1,400
1,200
1,000
800
600
400
200

Power generation (kWh)

res q > ¥ D
S P
0‘0

Fig. 3 Annual PV power generation
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kWh/kWp, 6=25.5)2 2|7 55.2 kWh(1'g)olA 1 132.2 kWh/kWp (422 2.38] o] Zfo7} LAs}
k. ol Biall A(ABPH = 115.5 kWh/kWp, 0=10.62 2]#] 101.1 kWh/kWp (6)oflA 211 129.3
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Fig. 4 Monthly PV power generation

Table 5= ¥ B+ 4 whdzRe FZFA)PZ7A(Standard Test Condition, STC) 2] Azt 2 A(1)S &

7| A HAR B RES] 3 B AILE A FH 5ol wet ol 4= Qlrt tiRE
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Table 5 Monthly average daily power generation hours

Region Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Average SD

Seoul 27 32 37 39 37 34 25 33 35 32 28 25 32 047

Gwangju 29 41 45 50 46 35 31 35 33 42 34 31 38 064

Gangneung 34 39 40 42 43 37 30 3.1 32 36 34 36 36 041

Dacgu 3.1 39 39 43 40 37 31 31 30 34 31 31 35 043

Dagjeon 3.1 42 42 45 44 39 33 35 40 39 33 31 38 048

Mokpo 3.1 3.7 45 45 45 38 40 43 43 43 32 30 39 053

Busan 3.6 42 37 43 40 37 36 35 33 38 32 36 37 032

Daily power  wonu 30 37 37 44 43 39 32 33 36 37 27 29 35 051
generat(f)n hours Incheon 3.0 38 45 44 43 39 33 33 33 39 29 31 36 054
Jeonju 28 32 37 44 36 35 32 34 33 37 30 28 34 044

Jeju 18 26 35 44 38 36 39 40 37 36 27 18 33 082

Chungiu 3.1 38 37 41 44 37 31 33 37 38 28 27 35 049

Chuncheon 2.8 3.5 39 43 42 40 34 32 35 36 29 25 35 055

Seosan 2.9 40 44 45 42 38 33 35 38 40 29 31 37 054

Jinju 39 44 42 43 37 34 33 34 34 40 36 41 38 037

Pohang 33 41 40 41 46 37 35 37 31 38 36 33 37 041

Average (h) 30 38 40 44 42 37 33 35 35 38 31 30 36 043

3.3PR &4

A54] (Performance Rotio, ©]5} PR)+= ZEFA|EZA(Standard Test Condition, STC)2] o= H¥Ed=ko]
oot AA| Pdwre] Bl = A o=, ejega A Ag 35k B2k w7t e Fig. 5= A1 A8 PR
& Rk Aok AT PRO] 7H &2 A9 o 85.8%7F HGlor, TAge] 7V g Bixs
84.3%% A= Wt 84.9% (0=0.57)° HIsl thax WA Lrebgdet. ?bE A7 ebdsko] 718 A2 M= B AlF
L jza0] Hu 2 Ho| 1 9tk A120] 85.6%2 =0 222 Kol uhd A2 83 292 714 U LRt

Fig. 6= 2| AW+ PR &A/35-S 7413 Zlofth of 74 PR A2 AR 4 AG &4 (IAM

il

factor loss), @27 £ (Irradiance level loss), 244 (Temperature loss), 2&%4 £ (Module quality
loss), of@lo] F4¢ <4 (Array mismatch loss), @4 £4(Ohmic wiring loss), Q1HE 25 &4
(Inverter operation loss) 50 & TEETP?, 2ri2o] 714 2 70 2 Uehton] QA 47414 241, ¢
HE 2F5 &4, ofglo] Bt &4, AxAE &4, Al &4 (Ohmic wiring loss) 52 <=0] =i} o
714 0] 7 2P WA A Erfubs B U 2] AR AR o =2 AR A 0= YT A
St AFL] RLEAo] ZVZ —4.7%8) - 6.84%= Z1&39t T 2|9 9] PR E4Jo] o] 2 sf Aok AL &
= Sk
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(1) 7=t Ao W2 1,312 kWh/kWp (FEEHAL, 0 =717} =3lem, o] 7ked| 7P W e
71538 B 1,434 kWh/kWp=, 7F A& A& 2 Al59] 1,165 kWh/kWpet 1,197 kWh/kWpkE.
T} W 21% oV = epdth. EFAARA 02 SHibE At AW Y T2 3,643t (0 =

0.4390] Fg0, 2 8 AR AL 7h7} 39417k} 32417-0 2 LRk

(2) g ] w7 2 A2 AFA (38wt = 99. 7Tk Wh/kWp, ¢ =25.5)% 19 £|#] 55.2

kWh/kWpellA 49 2|17 132.2 kWh/kWp= 2.38) o}de] Zjol7} sl om, X5 (AB8+=115.5
kWh/kWp, 6=10.6)-2 69 217 101.1 kWh/kWpollA] 39 231 129.3 kWh/kWpz 1 B}7} 1,34
olspr} sjo] @zt 48 ol 7Ky FAG A o2 e,

(3) AWt PRO| 7P il W2 A2 22} QI Al 85.8%7 83.2%7 | 3LoH, 'l 7H B

%7

& e 20189 AAEIA AR Aoz =ofux]7 =B 7HI(KETEP) & 2|t ot 4343t &

1A Y THN0.20182010600110).
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