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ABSTRACT

KEYWORD

Purpose: Photovoltaic System (PV System) is considered an essential element for zero-energy buildings. In this ~ EH Q& LA AH

study, the possibility of zero-energy buildings was examined by installing a PV system in multi-residential
buildings. The purpose of this study is to analyze the economic feasibility according to the energy independence

AH =20l H3|

ru =

rate through the construction cost of the installed PV system. Method: The research method is carried out by  photovoltaic System
dividing into 5 stages. 1) Select the target building and set the production amount according to the PV system scale ~ Zero-Energy

and energy independence rate of multi-residential buildings. 2) Plan to install the PV system on the roof and Multi-Residential Houses
elevation in consideration of design and productivity. 3) Calculate the PV system installation capacity of the roof

and elevation according to the energy independence rate. 4) Calculate the PV system quantity and constructioncost ACCEPTANCE INFO
for each roof and elevation. 5) Analyze economic feasibility through cost-benefit analysis and payback period ~ Received Nov. 4, 2020

analysis of installed the PV system. Result: The results of analysis of building floor scale, energy independence and
economic feasibility of PV system in multi-residential buildings were synthesized. It was analyzed that within the

Final revision received Dec. 4, 2020
Accepted Dec. 9, 2020

25-year recovery period, zero-energy 1 grade level could have 10 —story, 2™ grade could have 12-story, and 3™
grade could have 17-story. In addition, in terms of economical efficiency, a 20-story 4™ grade level, which has a
payback period of less than 14 years with PV system installed on the roof alone, is optimal.

(© 2020. KIEAE all rights reserved.
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PEC(kWh/m*) : Primary energy consumption
FA(nt) : Floor area with expansion
UN : The number of units

CFE : Primary energy conversion factor for electric energy
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Table 1. Target buildings and target energy requirement

Target buildings Target energy requirement
Multi-Residen| . “"8Y | 7pp Energy
Category tial Houses independence ; Requirement
rate (KWh/m'yr)
Floor 10~20 100% 1 149,280~298,560
Units by floor 4 80% 2 119,424~238,848
Units 40~80 60% 3 89,568~179,136
Private area 84m’ 40% 4 59,712~119,424
Common area 110m’ 20% 5 29,856~59,712
Table 2. Input data of ECO2 program
Items Value
— Wall 0.15
-Value -
(W/mi-K) Window 0.9
Bottom 0.15
ACHS50 - 2.59
Heat Becov()ery 70%
Heat Recovery Efficiency(%)
Ventilation Unit Power(W) 50
Air flow rate(m'/h) 150
. Boiler Efficiency 91%
Heating
Fuel Type Natural Gas
Lighting - 8W/m’
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Table 3. PV system energy generation by direction
Category South ‘ East West

Roof Horizontal 169

00! S
(Wh/myr) 45. 187 153 140
Vertical 124 101 90
Elevation Both side ) 191
(kKWh/m’ yr) vertical
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Energy Requirements(

Fig. 2. BRPV energy requirements by energy independence rate
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Fig. 4. Energy independence rate and ZEB grade
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Table 4. Specification of PV modules for experiments
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Category PV module a0
Rated power (Pmax)(W) 365 &
Rated current (Imax) (A) 9.18 E
Rated voltage (Vmax) (V) 39.76 £ a0
Short circuit current (Isc)(A) 9.72 B 30
Open circuit voltage (Voc)(V) 47.72 ;
Efficiency (%) 18.66 o 0
20F 19F 1BF 17 16F 15F 14F 13F 12F 11F 10F
Module size (mm) 1972x992 Cometrit o o by it o
Solar cell type Aiko Solar ] B ) , )
Sl s (A 7 Fig. 5. Additional construction cost by units
Table 5. Photovoltaic system construction cost
Floor 20F 19F 18F 17F 16F 15F 14F 13F 12F 11F 10F
Energy BRPV 134,723 | 134,723 | 134,723 | 134,723 | 134,723 | 134,723 | 134,723 | 134,723 | 134,723 | 134,723 | 134,723
production BRPV+LIPV 28,770 | 26,528 | 24,660 | 22418 | 20,176 18,308 16,440 14,198 12,330 10,088 8,220
(kWh/yr) Sum 163,493 | 161,251 | 159,383 | 157,141 | 154,899 | 153,031 | 151,163 | 148,921 | 147,053 | 144,811 | 142,943
Energy BRPV 45.12 47.50 50.14 53.09 56.41 60.17 64.46 69.42 75.21 82.04 90.25
independence BRPV+LIPV 9.64 9.35 9.18 8.83 8.45 8.18 7.87 7.32 6.88 6.14 5.51
rate (%) Sum 54.76 56.85 59.32 61.92 64.85 68.34 72.33 76.74 82.09 88.19 95.75
Construction BRPV 288,178 | 288,178 | 288,178 | 288,178 | 288,178 | 288,178 | 288,178 | 288,178 | 288,178 | 288,178 | 288,178
cost BRPV+LIPV 283,855 | 268,774 | 254,698 | 239,617 | 223,646 | 209,570 | 194,844 | 179,775 | 165,698 | 157,935 | 133,945
(1,000won) Sum 572,033 | 556,952 | 542,876 | 527,795 | 511,824 | 497,748 | 483,022 | 467,953 | 453,876 | 446,113 | 422,123
Construction BRPV 3,602 3,791 4,002 4,237 4,502 4,802 5,146 5,541 6,003 6,549 7,204
cost by unit BRPV+LIPV 3,548 3,536 3,537 3,523 3,494 3,492 3,479 3,457 3,452 3,589 3,348
(1,000won) Sum 7,150 7,327 7,539 7,760 7,996 8,294 8,625 8,998 9,455 10,138 10,552
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Table 6. Photovoltaic system economic analysis
Floor 20 19 18 17 16 15 14 13 12 11 10
Construction BRPV 3,602 3,791 4,002 4237 4,502 4,802 5,146 5,541 6,003 6,549 7204
cost by unit | o pviLIPY | 7050 | 7327 | 7539 | 7760 | 7996 | 8294 | 8625 | 8998 | 9455 | 10138 | 10.552
(1,000won)
Values BRPV 261 269 278 288 298 311 325 342 361 384 411
(1,000won) | BRPV+LIPV | 293 300 308 318 327 339 352 367 384 404 430
NPV BRPV 3,873 4,001 4,128 4272 4,428 4,619 4,825 5,078 5,363 5,697 6,108
(1,000won) | BRPVHLIPV | 4,350 4,460 4,571 4,715 4,855 5,030 4,825 5,443 5,697 5,996 6377
B/C BRPV 1.08 1.06 1.03 1.01 0.98 0.96 0.94 0.92 0.89 0.87 0.85
BRPV+LIPV | 0.61 0.61 0.61 0.61 0.61 0.61 0.56 0.60 0.60 0.59 0.60
Payback BRPV 13.79 14.05 1438 14.71 15.08 15.42 15.81 16.18 16.60 17.05 17.49
(year) BRPV+LIPV | 2437 2436 24.46 24.41 24.42 24.45 24.49 24.52 24.61 25.07 24.54
41 e} B
: A H PV A A"l wh2 Hel 242 AFEH g A5 J1ofA] ¢t
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Table 7. NPV analysis

Category BRPV(20F~10F) BRPV-+LIPV(20F~10F)
Initial cost 3,602,225~7,204,450 7,150,413~10,553,086
Project life 25 year 25 year

Discount rate 4.5% 4.5%

Values 261,240~411,960 293,400~430,080

Table 8. ZEB grade, floor, payback by priority

7ZEB Payback
Priori PV system Floor
z i grade (vear)
BRPV+LIPV 1 10 25
Energy
independence BRPV+LIPV 2 12 25
rate priority
BRPV+LIPV 3 17 25
Economic BRPV 4 20 14
priority
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2 ATl FE Y AE R AF8] A Badon 05
Slof st AmolUA A%E AFS 98 AUE D4 w2 1E
2 PV ALEE AL, AAH] 81471 7P AR glela PV
BES WS AUEL THT 5 A TM5AS Bt
At

TSl 240} ol W BAR] A4 W AA BAS Edtol
AYES SASHE ot 24 APER A=A U5 5ol
7P tiohe ANSIE.om 1 ATk ofdfet 2t

(1) Ui i8] T2 B3 e A4 29 4 4
F2 4w F3} Ao BRPV A28 A7 A 10~11% 253,
12715% 35, 15-20% 453 $22 95 4 S Aoz B
49l

% BRPVO} 917 A& 35 Sl YHioll LIPV Al
2 A 10~12% 253, 13~18% 353, 19~205% 453
FES IET S AoR EAEGI.

(2) 15%~20% 759 7 28] BRPV A|lAH AAgto 2 &
A7 455 ol o] 7t ACr #AHGoH
10~123 TR A= F7FLIPV A 28E A2 A 1543 5%

3 7HsE Ao R EA

(3) FAHH] BAAw} 250 BRPV AA] A] At G <F 360~720
ghelo] FAH] WSk, JHof LIPVAA] Al Al & oF 715~
1,0559F10] 7} AR 7F HAohE A 0 &2 A E Qi)

(4) A4 BA AT} 2120k BRPV A|AES A3 17~20%
RO Ao %7] ExpH|Lo] AA7}X] B} =11, vl B Ao
A 1001 = Aol Qs AR BAE G on, 1% RPVE}

A
S

% LIPVE 473 29 FA4815:71710] 244 0 2 oo B &)
I 25 515 5T A0 BAH,
(5) A%E 7, oI ARE L AAN BN 24 A0S

209 25, A 1539 29 105 72, 2539 3912

5,353 49 175 7271 259 ol PV A1251¢] 47
o] 8157} 7P @ A0 BA |t B3 6] §515 SR

# LIPV A2 = Alelstal, 2-e7F BRPVE A2t 3971 205 +F
R0l 455 $22] 438 FHo] /Psato] 149 ool £Apu17}
s)50] A2 ola BeE:

o £ QAL AN A 243 713 340 9
02 7] AT EO PV A 2H Aol chet et
sto] 9 2L TP 22 AV . %
| ThE % e PV 2T ol Ao 4 AEES
@ 37189 16 a4 9 29RAE 1T A £ 497t
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