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Abstract

As the solar energy market grows, the need to investigate the potential of photovoltaic system is
being highlighted. However, due to the lack of plain field, the system on top of buildings is
being exploited. This paper analyzes the potential to install PV systems on the rooftops. First of
all, with the aid of a photovoltaic system simulation software, buildings were designed in a
specific area based on the architectural data. And then, with the same software, the potential to
install photovoltaic system was explored by placing PV modules on the buildings’ rooftops. The
installation potential was calculated and simulated with consideration for obstacles on the
rooftops. The parameters are composed of available area for system installation, area utilization
rate, PV system power capacity, operation yield hour per day and performance ratio. In the
simulation, 5 sites were analyzed based on their architectural data. In the end, reliable data that
can be utilized were collected for the potential to install the system with the photovoltaic system
simulation software.

Keywords: B3P A AH] AlEd| o] A Eof(Photovoltaic System Simulation Software),
7A%E dlo]E(Architectural Data), X A= (Installation Potential), & ©]-&E(Area
Utlllzatlon Rate), 44 571 715 A1 ZH(Operation Yield hour per day), 3-5H|(Performance
Ratio)
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LY Roof drawing]

5(;“/0 ! 0 Ermr

Application of meteorological data

Meteorological
o monitoring

L Meteonorm 7.2}

Perform 3D CAD in Solar Pro

p
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|‘DL
4
[nsmlhtlcn of PV module on the roof

oy Width [mm] 1972
Size Length [mm] 992

Depth [inm] 40

Rated power [W] 315

Calculate installation potential

Savailable
= Smﬂl X Nyvagale X cos (o) [m?]

' alable
y S nul:mm -y = % 100 [%]

O =— [h/d]

@ PR =

x 100 [%]
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Fig. 1 Analysis process of installation potential of PV systems
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(a) Architectural map of K university

Fig. 2 Panorama views of verification sites
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Fig. 2 Panorama views of verification sites (continued)
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(a) Pyranometer (b) Thermometer

Fig. 3 Meteorological monitoring system at K university

Table 1 Sensor specifications of the meteorological monitoring system

Sensitivity 10 pV/(W/m?)
Pyranometer . )
Measuring range 0~2000 W/m
Accuracy + 0.15°C + 0.1% of measurement
Thermometer )
Measuring range -40°C ~ 80°C
HEEH A, oA, 7IE 224, AL 10X Meteonorm 7.2(1991-2010) A2.2 E3) 44
Bt AeEH dx Hd 712 H-8519t Fg. 4= Meteonorm AOIEE YERHH tj3E7]13(Typical

Meteological Year, TMY) Zkm2A] 4 @3F uljd o] 795 Hwste] Zh 4o atel 7F 7P7ke 2ol g2
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Fig. 4 Meteonorm meteological data from Meteotest
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(@) Gabied roof

y

(b) Hip roof (c) Shed roof

Fig. 5 Roof styles of Solar Pro software

@ Obstacle @ Unavailable area
(a) Building construction process

® Roof

(b) Building construction result

Fig. 6 Implementation process of 3D CAD work

A1 Q1 EIH-2 Solar Pro 2 1ol ZA5& HlolH Y-S EH O 2 HolA i Ueid A= 54 &
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2.4 12 34 £ 213 2lo]| EfYUR| 2= HIR| 30
Solar Pro®] 3D CAD 7|5 ol-&slo] T3t 732l ejdd 2] BEs wiAlst3irt. & dAtoflA 283t H
FHA] BEL oA Bgtle SR BER Table 29F 22 AlkS 7HItt,

Table 2 PV module specification using in the simulation

Width [mm] 1,972
Size Length [mm] 992
Depth [mm] 40
Rated power [W] 315
The number of cells [EA] 72
Cell type Polycrystalline
Voc [V] 453
STC Isc [A] 9.02
(Standard Test Condition) Vo [V] 373
(1,000 W/m?, 25°C, AM 1.5) Lpp [A] 8.45
Propp [W] 315
P [%/°C] -0.41
Temperature coefficient V [%/°C] -0.31
1[%/°C] +0.055

g AA] A" 4] A] Building @419 73 oz mE ] AN a)-2 A(D), (2P ol Akt &- 5
(6 =0) A ARBs o, S HiztEA sto] 19 A= A% S8l E=E 54] 09:00~15:005
7102 ALY, W91zl SJal A EleFA] g TH-ggo] 'HAoRA] g o Ast o, HiFA] BE
S} H7bo] olot A oo Wit ot & &4 2 A3lolqirt. Fig. 7- Building 419
e i S 1=

House 34]9] 73-¢- HlFAA] 5 218 Aol 950l w+dstA] viA]stSin). ¢ 71s Sote] & =
2ollA A7t 715 Solar ProollA] AT < BjFAA] BES HiXISISIT

Fig. 2(a) 1381 723} Zo] 2]-8-2] FE|7F Arch(oFA) Q1 -2l BjeFA] B-& HiX] A House 4175
Qg HkA 0 2 2|2 FEjlo] ghseo] FU5lA LAd51e.0m, Fig. 2(a) 149 71E-2] AQol= Falerg]els A4

o] E4J& pefoto] eiofdR] RES HeEo =2 HiEtHA ot ST A2 AR =2 Adstdrt
a=90° — 8 1)

B=90" — L+ )
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Fig. 7 Example of PV module installation on the rooftop of the building

AT 9 s 5 TRt A RS Fl AlEdlold AvE R4S
7] T2 o] AR BN 2| 018 71 A Saiabe), B2 0188 (n )= AT o8 71

TR 2 FUet AlAEE 7o 2 9 4350 AR 49 57t 7HsA ]7L}(Yf)lﬂl /35 4] (Perfor—
mance Ratio, PR)E AFJsI3It. €Y 571 7FeAIRES S B8t A4t A ARl F 28 HeEsollA 44 &
e Uae o], A5 Hle A olvA] div] 9 o v #]9] vle= UEhd Zolt}. Google A%=E Fof 43
S &, B, A g 7t A 9ofl A Solar Proof|A A-88t & AlEo]A 7]5= E5te] 4d 571 7HsAl
7} A 1S A0 A](5), (6)7°f] o5 At

AEdH oA Al A-g3E QIHEE &8 97%9] o gy 5 Alol(Maximum Power Point Tracking,
MPPT) 71'50] QloH, SHFR IHE= 2t 429 HIdA AR gl o] A= Tl oI+
ElE 71gsteint.

Savailable [mZ] = Smodule X Navailable X COS(a) (3)
S, oui
77[%]: aSalable % 100 (4)

roof
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E,, [kWh/d
v, lhja) = T ©
Yy [h/d]
PR[%] = H eWh/m/d] % 100 ©
Gi,ref [kW/mQ]
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Fig. 8 Overview of PV module installation at K university
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Table 3 Simulation results of installation potential of PV system at K university

Building 0Sroot [M7]  Savaitavte [M] 17 [%] P, [kW] Y; [bvd] PR [%]
@ 2" Dormitory 1,349.49 210.91 15.63 42.53 3.56 74.61
@ Composite Education 1,983.48 498.67 25.14 93.56 3.41 76.10
©) A dong 1,272.81 1,163.02 91.37 187.43 2.74 67.15
@ B dong 1,476.56 1,139.56 77.18 183.65 3.02 74.05
® C dong 1,265.09 766.22 60.57 123.48 2.93 71.72
® D dong 1,138.09 684.13 60.11 110.25 3.05 74.84
@ E dong 2,130.91 371.83 17.45 74.97 3.66 76.69
G dong 1,067.12 688.59 64.53 110.88 3.25 79.30
® P dong 827.83 156.23 18.87 31.50 3.72 77.96
University-Industry Convergence HQ  3,686.40 549.93 14.92 110.88 2.76 57.86
@ Administration 1,016.14 189.04 18.60 38.12 3.80 79.63
® Business Incubator Center 814.80 657.29 80.67 105.84 2.77 67.79
® GYM 2,134.78 2,054.04 96.22 330.75 2.98 73.91
Parking Tower 2,542.09 867.08 34.11 174.83 2.83 76.17
Total capacity or average value 22,705.59 9,996.54 48.24 1,718.67 3.18 73.41

Fig. 9 A detailed view of the rooftop of University-Industry Convergence HQ
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A Ao}, A ofutE 2] ¢ 571 AR B%7} Building B4]2] AE0]™, Fig. 10(b)e} Zo] ZF A& S0l A
G, 7IAAE 5O AfF0l TART ST FH EFIA] Hae Hle] 1R]o et S35l s 2ol
ZHEAste] A 57t 7Fs ATl G Bhett wEbA] Ut 2143 E iR aAARle] I

57t 7FEAI 3.5 [h/d] Rk WA S5 I
53t Table 49F o] A oftES] sjograsAglo] HJEH AESE-A] 7T Hat A8 AR
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E
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(a) Overview of PV module installation at A apartment (b) Obstacle at A apartment

Fig. 10 Analysis of installation potential of PV system at A apartment

Table 4 Simulation results of installation potential of PV system at A apartment

Building Sroot [M’] Savailable [M°] n [%] P, [kW] Y [h/d] PR [%]

@ 301 dong 455.15 117.17 25.74 23.63 2.59 71.17
@ 302 dong 619.70 164.04 26.47 33.08 2.66 72.97
® 303 dong 834.80 240.60 28.82 48.51 2.75 75.53
@ 304 dong 619.70 164.04 26.47 33.08 2.67 73.36
® 305 dong 604.11 149.98 24.83 30.24 2.81 77.24
Total capacity or average value  3,133.46 835.83 26.47 168.54 2.70 74.05

3.3 QI2|240 AQIEHR| ERSYLUTIAIARY 3| AR £A
Fig, 11:2 Solar Prooi/] QU5}A] 57 Hllei] Qo] efeleg | gk 471 245010, Table St
X S AV ALEElo VA NS Bofck RN AR/ IR 229 %39 Building B AR 12

Y} Fig. 5(a)2F 22 Gabled 2V FE2] 3-8 A20] FHebd o= =i It Building B2412] =2 Bl &

Fig. 11 Overview of PV module installation at Namdong national industrial park

40

Journal of the Korean Solar Energy Society Vol. 39, No. 3, 2019



A|HE UZZ HO[ES ST EQZLUAILH H2| A LFo

=3 [

i

B QI AIDI 9|

502 4| Bl B 7 290 MgelA] S ol Ajele ol HiIho 2] o] sk gk 2 A
gi5o] X5t Gabled 216 Feo] R} | o}g-8o] WA AEESSICT webA Table 591 1, 31 719 a2
Building 34] 7180| oJafl B} ZAEHT} LR B4 o] g-5o] AEE )

Table 5 Simulation results of installation potential of PV system at Part of Incheon namdong national industrial park

Building Sroof[M’]  Saatable [M’] n [%] P, [kW] Y¢ [h/d] PR [%]
) A' company 1,762.95 1,181.06 66.99 192.78 2.54 78.77
) B' company 1,437.58 1,159.62 80.66 187.43 2.45 76.83
® C' company 3,025.35 2,127.36 70.32 348.08 2.57 79.02
@ D' company 1,881.18 1,554.76 82.65 251.37 2.53 78.78
Total capacity or average value 8,107.06 6,022.80 75.16 979.66 2.52 78.35
ESE QA EE=7 TRl Table 59 22 B AR 2 |llo] SAJ= QIR A] 71 Bt A

< AGH057.02kWh/ B & 71302 2071771 1S9 A8 4 Gl AR IS 4 12 A0 SIstrt

3.4 22|42 B OHIE EfFZUTAIAH M| 22 24

J

Fig. 12(a)= B ofatE || BN A —S /3%t B5o|m, Table 62 Solar ProE &3l 430 A&
A A7LE Yepfct B oftE 0] A9 57]) AE 57} Gabled FAlo]e). 5EA| Fig, 12(b)e} 2ol AL LA
2'g 7Pzt ol BjekdR] mE-S AR 4= Qs HAo] 2ol whati] WA o] §-Bo| Wit 43.42%= &
A= lom, gl 2] BE x| Al 215 AR Bieo] s dskA| B A% 24 Building FA191 A o ER
ot A A A

E3F, Table 63 o] B ofafE] Bjd i Ade 4o}
(241,03 kWh/9)& 71Z0 & 647F77} 12 B9F ARg S 4= 9=

(a) Overview of PV module installation at B apartment (b) Unavailable area at B apartment

Fig. 12 Analysis of installation potential of PV system at B apartment
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Table 6 Simulation results of installation potential of PV system at B apartment

Building Swoof[M] Saaitable [M°] n [%] P, [kW] Y [tvd] PR [%]

@ 101 dong 540.30 219.10 40.55 35.28 2.46 74.58
@ 102 dong 540.30 250.40 46.34 40.32 2.50 75.00
® 103 dong 260.90 117.37 44.99 18.90 2.46 73.50
@ 104 dong 810.45 356.03 43.93 57.33 2.51 76.18
® 105 dong 810.45 334.51 41.28 53.87 247 74.18
Total capacity or average value  2,962.40 1,277.41 43.42 205.70 2.48 74.69

3.5 T0[R|%H2| C OFIIE EfQUBUTAIAL M3| 2z 24

Fig. 13(a)= Solar Pro& o|-85to] C offEof| BjFAA] H-g2 45k B5o|™, Table 72 Bl LA~
g A7) A A 13 Aol Atolrt. C ofafE ] A9 TRE 37 718 RF7t Gabled FA0]H,
Fig. 13(b)e} o] & 724 28 7P3Atofl ejda] BEs AT 4= ole WAlo] sgafolrt. B ot
BT} 45 24 Hzo] ] Ao WA o] 50| Wt 36.09%= B ol ERT} B WA AREE|QITh

EE, C offE«] Table 73 2-2 e Ado] WA HAYRE Fr|A] 7 Bt 2 AR
21377 kWh/ D& 71202 477H7F AR = Sl S e 5 12 A0 = oVttt

= - - LA ]

(a) Overview of PV module installation at C apartment (b) Unavailable area at C apartment

Fig. 13 Analysis of installation potential of PV system at C apartment

Table 7 Simulation results of installation potential of photovoltaic system at C apartment

Building Sroof [M’] Savailable [M’] n [%] P, [kW] Ye[h/d] PR [%]

@ 301 dong 891.52 266.05 29.84 42.84 2.76 75.89
@ 302 dong 505.54 203.45 40.24 32.76 2.72 74.15
® 303 dong 778.47 297.35 38.20 47.88 2.69 73.98
Total capacity or average value  2,175.53 766.85 36.09 123.48 2.72 74.67
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Table 8 Parameters of the building with the highest installation potential

Building n [%] P, [kW] Ye[h/d] PR [%]
GYM 96.22 330.75 2.98 73.91

C' company 70.32 348.08 2.57 79.02
Administration 18.60 38.12 3.80 79.63

Table 9 Parameters of the building with the lowest installation potential

Building n [%] P, [kW] Ye[h/d] PR [%]
University-Industry Convergence HQ 14.92 110.88 2.76 57.86
103 dong 44.99 18.90 2.46 73.50

B' company 80.66 187.43 2.45 76.83
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