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Assessment of Rooftop Photovoltaic Potential in the Pukyong National

University for Establishing a Green Campus

Jinyoung Song and Yosoon Choi*

Abstract : This paper presents a case study to assess the potentid of rooftop photovoltaic(PV) systems for
establishing a green campus in the Pukyong National University. 3D building models were created to andyze
the effect of cast shadows among buildings. Base on the shadow andyss, non-shaded rooftop aress on 11 buildings
for ingtaling the PV arrays were quantitetively evaluated. Grid-connected PV systems were designed that can
maximize the eectric power production between 9 AM and 4 PM throughout the year. Energy simulations using
weather data and the NREL's SAM program were performed to caculate the electric power productions from
rooftop PV systems on the 11 buildings. As a result, annua solar power production was estimated as 652,708
kWh. Economic andysis showed that the PV systems can provide economic benefits when the electricity price
increases up to 222 KRW/kW.
Key words : Photovoltaic system, Energy simulaion, 3D model, Green campus, Renewable energy
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1984), PVFROM(Menicucci, 1986), 4-paamgter array pafor-
mance model (Townsend, 1989), PVSY ST(Mermoud, 1995),
PVSIM(King et d., 1996), Sandia PV array performance
model (King et d., 2004), 5-parameter array performance
model(DeSoto et a., 2006), SAM(Gilman et al., 2008)).
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Cooler Planet(http://solar.coolerplanet.com), RoofRay
(http://ww.roofray.com), In My Back Y ard(http://www.
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Fig. 1. Schematic of a typical grid-connected PV system.
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Fig. 2. Schematic of a solar cell, module and array.
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Fig. 3. Aeria view of the study area. 11 buildings (1-11) were selected for assessing the potential of rooftop PV systems.
The building names and their annual electrica demands are presented in Table 1.
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Table 1. Tota rooftop areas and annual electrical demands of the 11 buildings selected in the study area

No. Building name Building use  Rooftop area (m?)  Annual electrical demand (kWh)
1 Nuri building Education 1,836 763,808
2 Library academic information hall Education 5,499 2,079,175
3 Gaon building Support 580 401,810
4 Chungmu building Education 2,236 847,540
5 Natural sciences 1 building Education 4,393 1,301,965
6 Environment research center Research 1,291 1,134,515
7 Business school building Education 1,410 298,610
8 Hoyeon building Education 1,722 351,070
9 Natural sciences 2 building Research 1,366 722,985
10 Cooperative |aboratory center Education 612 272,770
11 Institute of oceanography Research 1,356 729,110
2 22,301 8,903,358
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Fig. 4. Overdl procedures to assess the potentia of
rooftop PV systems in the study area
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Fig. 5. Example of (a) the blue prints and (b) 3-dimensional

building model.
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Fig. 6. (8) Shadow analysis using 3D building models and
the Google SketchUp program. (b) Identification of the
non-shaded areas on the building rooftop. (c) Installation
of PV arrays on the non-shaded rooftop area

Fig. 7. Views of the building group A(a) and B(b).

A49¢8 A3



«
N
o

O

dztol ofsf WHAYshe TRAbeh A A8
5 wgaw aYA} FEE W] Ak g
BolA= &4 Wtez Qs sk 194
T AHER Qs wAsks 1947 $HEA
131 717 ok odefoll i) At webd g BO| 7
§ L A9t Blueh uf g AMEER QIRE A
B A oA oldlols AN 4 = 4 WA
t] 27 Z4Ech 28 A, Bol| tial] dEAel
V4 4gstel A 319 Rl z,vg 3
BAS A AT, 1F AdAE AR 4]
3 oA ofdlols xS 4 ow S
10% 743t o, 115 BojA= oF 20% 7435t
webA I A HESC] theiAe Aol gt v
Agk % Qe opas) o) ol A 098
sto] HEAH o= efof WA A2l A8 efopax
HEo 5 A5, 15 B deEsol WA=
HHATZ 0.8 ARESHTE

EjopdA] LEQ| MX7bEL BoF Yol SEow A}
T 5 YRS A2 fmel BAslA sk Aol &
A olciChiras, 2010). & A-fFolxl= FAHA 9] 9=
%1 355 ejstel X Awg Abgeta, 4A W
dapo R AL ASAAT ey A AL
AR SN BoFAel ] AR EE AR ARS
W5 AR HEE AWEZE asith 2 AolA
= A EAS 117i5le] BP Solare] SB4000US 240 V
QIHEIE A5}t http://www.sol arel ectricsupply.comy
pdf/Sunny%20Boy/SB3000US-4000US.pdf).

(@) Aedlold: AAE EH°m 97 A AE o 2 HE
7103 2= 9l A YAEES oj=3l7] 9ste] n)= Al
A oA A - 4of| A 7H“Hf} SAM Z=Ilof| 7]/447
EHloF dAF W= AE52) BP Solar BjFdA] 2E 2 <l
HE Y] 5 5SS dEste] AledeldS sttt
SAM Zz g0 gjof ubd AJEgo] S 93t thek
g b Hdls Alggith 2 dAtoss AlAF o=
7P 9] AMgEl= Sandia BjFIA] HE(King et d.,
2004)7} Sandia QI#E] Zg(King et d., 2007)& AL
sto] Algg o] S 4=85t3lt). 8FF 5 09:00-16:00 7|
b Bt B EE Y g A SRR AlE ol st
Ao, Agdold F 7Tk 1deR Hsisirk

(5) BAE A &4 HgE A AIAFY =9
W2 A A BIE B 915te] 4] (1) o] g3te]
& BA7AE AL

o J

1 T o
B
Em:-:
it

o
o

Llr_ﬁ
:

o
oo R

.
=
#ol

rEmzlﬂr

mlﬂ:—ﬂJ

1 1+r)

@

LA A L6 533 A

2 -

B

>

8

o)

4714 NPV & @A7HA(), N Biefd 2 Al
Blo] 29717H(), G e kb Al2EloA AT
= A AYFE A7IeaS LEsto] ARt A=(l)
o)) AZF A& GA W ul ()] A, re
271 A58, Cot Bl B 2wl 2T A
U 58 e 27 SAEE)E uigth A
B 297N S B oFAA] mEe] QubHel
aEste] & 17do® AR, B7F ASE()
EAA oA FAISH= 20121F 5490 4H|RHETFR|S
(http://iwww.index.go.knN & 7|02 25%= 7145}H0]
wag Saslsict

—r* = T .

0

i

O

efFRA] ofgo]o] HA7bs FoE HyHor Hrt
3l7] 98 A= ok 1Tt /B W 129 21U
71Eo 82 A 4n|7F we A7H09:00-16:00) 54+ 30
2 AR aYA} $A41E SsHIckFigs. 8a8e). E
3 ZAEHRZ 09:00-16:00 7|7 B9F 1A} 2AYEHA]
Fe S 49 HAEGAA ool HA7ks
o] WAL KAt Table 2). ALY 117 A&
o] &4 & WA 22301 M’ F 14,403 m7} A%
0
[e)

09:00-16:00 <k 1 =po] Agro @ 9lal a-go] Aat
glo] Befd T Al2EE 2T o Qs AR 24

ek AL RS s S @ el disl Google
SketchUp JE:L%@ 0]|-85}o] BP Solar SX3195 EjjoF
AX] BES st HHX]?SP Az}t 117) AL = 3,967
7he] ek W REZ AT 4 Aok dEE i“Oﬂ
= viAE 5= Qe PR ZEY = FEE
YAt HAEA] ke 9AF 9dode] WA o uleﬂw
(Table 2). Teju} 2T} fARE <4 Fejs 71 2
=59 Afole #HEHA ofFlelE oY .j__ri 2
2 gloid AdiHes o g B nES WA
sk Aee B7RslkFg. 8)
S AdEES] AA ?ﬂﬂﬂl et 117 A=
S A, B 1E0o2 RS, HHASLE F-8st Ay 7F
73_% = /\-lxlEJ EHokx—];(] Eg-A == 73766} /\ 0104
Q(Table 2). 17} A5 &2l Ax)E A wEg9
% 3,33570o|H, AEHR2LX A7l 13o] 5797)
2 7%} WL 7k 797ll: 7 ASiTh AlE o]
A Fof ubd dege —Efdf& A3 117 AEeRY
A7k 652,708kWhe] A =lo] AJAkE 2= gl Hoa o
SEACE AFA S YoflA 714 * 277} YA 2EY
ABHe FYa) A v AEd Az wd
AeeFe] zpol= AXdE HFARA HEQ] 9] Zpolof

_I)l

14 o

¢



|
mt)
)
i)
[>
N
o
tlo
4
&
-z
ol
5
)
=1
J
o
£
og
i
by

W AlzEle] AN B 375

Fig. 8. Results from shadow analysis at the winter solstice: (a) 9:00 AM, (b) 12:30 PM, and (c) 4:00 PM. (d) 3D model
of PV arrays installed on the building rooftop.

Table 2. Results from shadow analysis, system design and energy simulation for 11 buildings

Rooftop area  Non-shaded rooftop Number of PV Building Reduced number Annual electricity

No. (m?) area (m?) modules group  of PV modules production (KWhyear)

1 1,836 744 89 A 80 14,954

2 5,499 1,420 502 B 401 78,730

3 580 638 82 A 79 14,177

4 2,236 2,680 368 B 294 57,867

5 4,393 2,327 724 B 579 113,773

6 1,291 1,207 330 A 297 58,259

7 1,410 986 406 A 365 71,655

8 1,722 1,303 562 A 505 99,201

9 1,366 1,364 424 B 339 66,526

10 612 392 128 A 115 22,445

11 1,356 1,342 352 B 281 55,121

> 22,301 14,403 3,967 3,335 652,708
g gk ch fraction, %) & EA5IAtHFig. 9). Ao A A&

AEEE dAlEE Azl deekTable 2)2 2009 oA et deo] 28%7kA] gloFy vhd AlaHlo
W, 20109 7|55 7k M2 Anjs(Table o= o =RE HE5E 5 Qe Zom BAESITh dxhwd A
ol ZF AEER Fadh ABS &4 Hod Hd Als ERke] 7P W Ao R SEQY Adnkst 13he] 7
d 5918 B olL Auzix] 2T 4= QA (solar < solar fraction Zfo] oF 9%E A AR E¢=Y], o]
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Fig. 9. Annual solar fraction calculated at each building.
The building names and their annual electrical demands
are presented in Table 1.

Table 3. Costs for the PV system at each building
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he Ao Bk el a A7)ase] 222 Ykw
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Fig. 10. Monthly solar fraction calculated at the Business
school building.

No Module Cost  Inverter Cost Balance-of-System Installation Cost Indirect Cost Ma(i)r?teerna;?:r; io o
(KRW) (KRW) Cost (KRW) (KRW) (KRW) (KRWiyear)
1 30,870,090 7,156,800 2,385,600 3,067,200 3,067,200 4,844,728
2 21,371,568 4,771,200 2,385,600 3,067,200 3,067,200 3,581,840
3 83,111,748 19,084,800 2,385,600 3,067,200 3,067,200 11,790,615
4 117,544,050 28,627,200 2,385,600 3,067,200 3,067,200 16,368,624
5 125,855,310 28,627,200 2,385,600 3,067,200 3,067,200 17,473,668
6 132,979,095 33,398,400 2,385,600 3,067,200 3,067,200 18,420,773
7 125,855,310 28,627,200 2,385,600 3,067,200 3,067,200 17,473,668
8 62,927,442 14,313,600 2,385,600 3,067,200 3,067,200 9,106,975
9 138,915,405 31,012,800 2,385,600 3,067,200 3,067,200 19,210,044
10 41,555,874 9,542,400 2,385,600 3,067,200 3,067,200 6,265,480
11 84,299,010 19,084,800 2,385,600 3,067,200 3,067,200 11,948,448
> 965,284,902 224,246,400 26,241,600 33,739,200 33,739,200 136,484,863
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Fig. 11. Net Present Value (NPV) of rooftop photovoltaic
systems according to different electricity prices.
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