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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 potential of rooftop photovoltaic(PV) systems for 
establishing a green campus in the Pukyong National University. 3D building models were created to analyze 
the effect of cast shadows among buildings. Base on the shadow analysis, non-shaded rooftop areas on 11 buildings 
for installing the PV arrays were quantitatively evaluated. Grid-connected PV systems were designed that can 
maximize the electric 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 calculate the electric power productions from 
rooftop PV systems on the 11 buildings. As a result, annual solar power production was estimated as 652,708 
kWh. Economic analysis showed that the PV systems can provide economic benefits when the electricity price 
increases up to 222 KRW/kW.
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Fig. 1. Schematic of a typical grid-connected PV system.
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( , OLCEL-II(Hoover, 1980), PV F-Chart(Clark et al., 
1984), PVFROM(Menicucci, 1986), 4-parameter array perfor-
mance model(Townsend, 1989), PVSYST(Mermoud, 1995), 
PVSIM(King et al., 1996), Sandia PV array performance 
model(King et al., 2004), 5-parameter array performance 
model(DeSoto et al., 2006), SAM(Gilman et al., 2008)). 
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PV Analyst(Choi et al., 2011) (Geographic 
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Fig. 2. Schematic of a solar cell, module and array.

Fig. 3. Aerial 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 electrical demands are presented in Table 1.
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Table 1. Total rooftop areas and annual electrical demands of the 11 buildings selected in the study area

No. Building name Building use Rooftop area (m2) 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 laboratory center Education 612 272,770 

11 Institute of oceanography Research 1,356 729,110 

22,301 8,903,358 

Fig. 4. Overall procedures to assess the potential of 
rooftop PV systems in the study area.

Fig. 5. Example of (a) the blue prints and (b) 3-dimensional 
building model.

11
5

(Fig. 4).
(1) 3 :

.

(Dunlop, 2009). 
11

.

. ,

(CAD ) Google SketchUp(http://sketchup.google.com) 
3

(Fig. 5). 3



49 3

373

Fig. 6. (a) 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).
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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

No. Rooftop area
(m2)

Non-shaded rooftop 
area (m2)

Number of PV 
modules

Building 
group

Reduced number 
of PV modules

Annual electricity 
production (kWh/year)

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
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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.

Fig. 10. Monthly solar fraction calculated at the Business 
school building. 

Table 3. Costs for the PV system at each building

No. Module Cost 
(KRW)

Inverter Cost 
(KRW)

Balance-of-System 
Cost (KRW)

Installation Cost 
(KRW)

Indirect Cost 
(KRW)

Operation &  
Maintenance Cost 

(KRW/year)

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  

.
11 solar fraction 7%
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Fig. 11. Net Present Value (NPV) of rooftop photovoltaic 
systems according to different electricity prices. 
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