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ABSTRACT KEY WORD

Purpose: A strategy of PV module and apartment complex placement was proposed for achieving a practical ENYEZ2ES
electricity generation and designing zero energy apartment complex. Method: Several research conditions ﬁliojjx |
proposed in previous studies were applied as they were in this study such as research site, a unit plan, the primary SETS
energy demand for the unit, and the minimum insolation to collect the PV installation cost within an economic  py module
period (economic insolation). Louver integrated PV modules(LIPV) and window integrated PV modules(WIPV)  Zero Energy
were applied in this study and the values analysed in the previous study were applied for the energy self-sufficiency ~ APartment Complex
ratio analysis. With apartment placement alternatives, LIPV and WIPV was placed only in the area with the
economic insolation part of the apartment envelop. Result: Of the plans, the plan III with the minimal distance ACCEPTANCE INFO
between buildings according to the law could have 32.4% of all households with PV installation available, and the ~ Received Nov. 16, 2020
total energy self-sufficiency ratio was calculated as 50.7%. The plan I, which was proposed by computer simulation Ezigfgs'ggcreﬁ'vzeg z%ec. 9,2020
tool and modified, could have 63.9% of all households with PV installation available, and the total energy self- Y
sufficiency ratio was calculated as 74.6%. The plan II with the minimum distance between buildings according to
the law and the same household number as plan I could have 40.2% of all households with PV installation available,
and the total energy self-sufficiency ratio was calculated as 62.8%.

(© 2020. KIEAE all rights reserved.

1 M2 50, 20309 Bl AHH S00mole] BE AEEE Shofl
o1 @l Y, 5% 8 A5 TEFES 39 34
LL @79 WA 2 =4 FPRES WAL AR RE 20% AR ANES FHY 5
FUS) A% 2 ALY A 22 ez o Azeldn AL AT AFLA B A S0 2 wlE S By
AFE O AEE) BAT AANHE Aasfotn geyn T ATOE oS SAS 258 w0 sl w2el S s
DAPNIAE Bl NIALRFS Apstoh gy wET RS AUSRAGES DA AL WAL S
o wei{l], o] AR UAREE 2 92| s aze Ol HE 50 e 1EUAY AEPLAGPV AE2
NIAEESE U5 LAZAIAAEE 9% 712 e gz TEAFE DY S0l AaHom wad
AIAAEE A5 Aalokict. olo e, g age gy VP EAS ARG Sk RS Gcleiehs A 4
AT 1151 A] £ 850l g 1AolU Al Al vl 20 2 A8 5ol ol A AR AL 2 Aol 1Y
ol4po] olofele] ol oA A Bolat e, o] oA AR go] T ACTE HOITE 5 AP ASE Fof Hiopy g Aol &
20901 4071 W Aol A 553 A5 g2 He A snf o BN B 52 wlshed Harbsel S5 ol R fefer
UAAGE] 100% o4 o 155¢ A= Bc2) BIPVE 7l ofiop W el e 15011 A ZIefe 5 5
20004978 2024874 ARA 10000 o1g FAFFe] O ET AT QA ALBRES st S A5
el AZONI A ASE 5o] et thpgolck of Almefuin A EEe] A WA} S 2
AFE AT UL 20059 o1 FE 04 ol FrFAons  TERSEEFH AN JAAUE PYE AP A 2w
o) mR AL ARV FHAAY Y BB A5 B4
o . N s Sig A4 BAHET o] 54 Aolck 2 A9 ApolA e

http://dx.doi.org/10.12813/kieae.2020.20.6.113

(©2020. Korea Institute of Ecological Architecture and Environment all rights reserved. 773


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2020.20.6.113&domain=http://kieae.kr/&uri_scheme=http:&cm_version=v1.5

r
N
£
ﬁ
rIJEE
ru
=2
i
X
N
'@
M
o
El
HT
>.
ru|0
40
ol
N
P
re
-4

LIPVE Zro] A A]5}= A o] x]-

Sheet.

F4 Q7 2 AR HY AN AT B2A2E A
g5tol S| Al B2 3157} RS AAHL A
& e RN NS Y I A Eoky AFNAER T
2l oA ere] ST AYES BASH,

2 Q78 Soto] YOI E 24 Aast {AT 429 AYE
& NET 5 QAR FEFE WAZ AT 712 A=E A
At gt

Es5to] A5t o
2% Hu= 25%— 47HE 900A =

@“Zl‘ﬂﬁgl gt A7 2 & DA 7| olst AAA A
712, 500k Wh/nt yrH FAZL HE 2 e TF A Sl
g2 gttt o, A GAL7)E7Fe] FA= Al 7]EE gAY
o] T2l Buildit Z2 I4[7]2.2 A&t th(Fig. 3.).

@ 7]% A= 85m EFgloln], ECO29]| oJa AAte 558 13}

2] A Q7S 93 3kWh/m*o] AT},

@ Ao A== HFERES AP R 517] 9ol
At oz w259tk Fig. 2.). ECO22 ARXTE 1470%F 2]5of A
AAYE= AL 1,736,378kWh/yrolch.

©® AAR QA 715 Al BEY] 38 9 HAEAS &
sto] A FSE AAL AE ATt M) 88.5%9] LSS 714

A ALR FAEHAH.
L
N XBED ]
Rm2 Rm2
2
Rm1 % % Rm1
Living Rm Rm3 Rmé4. Rm4 Rm3 Living Rm
X X

Fig. 1. Zero-Energy Apartment unit plan[5]

Flg 2 Perspectlve view of PVs lnstalled in Roof[4]
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Table 1. Power generation of LWIPV for a day in April[5] Table 2. Specification of bifacial PV modules for experiments[6]
Power generation Power generation Bifacial PV module
Sy ey Tl LLALE Rated power (Pmax)(W) 310+3%
(Whiday) (Wh/day)
e 952 62 " Rated current (Imax) (A) 9.23
LIPV 1229.75 1229.75 Rated voltage (Vmax) (V) 359
*FWIPVALIPVHWIPY 2730.45 Short circuit current (Isc)(A) 9.77£3%
* Fig. 4. Open circuit voltage (Voc)(V) 39.97+3%
** Fig. 5. Efficiency (%) 18.8
Module size (mm) 1650 x 990
Solar cell type Single Crystal
Cell’s number (EA) 60
Table 3. Power generation of 1ni PV according to the direction
(calculated using ECO2)
South East West
— wipv LIPV (KWh/yr) (KWh/yr) (KWh/yr)
0° 169
(a) Photo (b) Plan 45° 187 153 140
3(\;2) 90° 124 101 90
250 East+West(90°) 191 174%*
* The efficiency of eastern part of LIPV is 83% of western part
ol YUY RE°| FHol Ao Hlsf o 70~80% A& Hol=
e A eokA] ¢h2 glolth. A3 A AxH6]of w2t o A
5 83%= 7MY A5 1 AL 174kWh/yrm' = AL
— WPV — PV — sum - 5, AAze 9 2 99 2E ] F40% w2 e AT
(C) Power generations 2> 9lt},
Fig. 4. LWIPV Installation [5] O]'EH ﬂ]ﬂ'oﬂ/ﬂ %4\— 9,1—'7:\—0] ;g_%]_ 1,63 (Table 2.)9/] WIPV Z;Q'Jﬂ'
LIPV 142 293 LWIPVE=ECO2 T2 102 1 AP
A TI5.STRWh/yre 4r8 4 Qlok, $He] 58 A5te} LIPV
O ZHARE A3 WIPVE] B&A5}21.2%5 125Hd LWIPV Iset
2 2 602.97kWh/yro] Hglg Aitet= 2oz 7T & .
O "a&AsHE 1A ede ¢
(124*2 + 191)*1.63= 715.57(kWh/yr)
QLIPV 310 a&5 1T 3¢
(124*2 +174)*1.63= 687.86(kWh/yr)
@ LIPV £ 9] g87 WIPV G&43512 18 3¢
2, (124*2*0.79 + 174)*1.63= 602.97(kWh/yr)
21 s S SnE A AT e 124 3080] thepo] Aol SAlsH Y2 dle]
B Q7o) 488 fpRREL o8] A AT SAGAY ol menl o 114] 3055E T A WA g Ao B
o] g Bgoltt. o g2 542 Table 2.9F 2t A=) T 9ck. BiFe] Aol whet LIPV ] FZo] 91218 WIPVe] 7
Azofv 2] AFE JASA 1A 283 ALLS 9As) AHEH - 9F 134] 3085 € 28219 Jofs whE o2 EAdrt
+ ECO2 Z2 T30 A4tEY A% R HiAd Yy Zad
191kWh/yrmt (FREEE, 54 FU/NDE AT 4+ e 2o 2.2. WIPVE LIPVE] 294 2-E-
2 Aol d A T 2E 124k Whiyr it 2o 54% 52 4 2 AL 49 AFBINA B48 dF 85w £1) BAY
A4S BOlE 710 2 AXFETHTable 3) dbay TEFY §3E R LWIPVE WAsHc,
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Table 4. Plan alternatives for analyses -?49»]' e 37H9/] ?J'oﬂ 76]7\1]751?:_]/\]'%]:% 7]'11% A l?__ﬂoﬂlﬂ-
- LWIPVE szt & 22 29 &5 245k
Building
Number of . Number of
Distance between
floors buildings households
3. AEE 24 21
Plan 1 12F~25F Simulation 1164
Plan II 12F~25F 0.4H 1164 A7} AAYEE 2= 9l 1xboll] A ABATEE 5,105k Wh/yrs Ao
Plan 111 248 0.4H 2304 Yagh 12bof 2485 10,263k Wh/yre] oF 41.16%°]% |go]
e kA R S e ] A AYAket 12kl 2| A4k 1,023,223k Wh/yr& Z3tsto] 163
24F
y 7 Az A] A2 1532 24T & A= E 101.7%).
o Eraaaaaralaaal
o T P T 2 5o A ATEE 1A ATre 2 AT 4= Sl AFHE2 Plan
e | BT s [} 119] 79 42.8%3-13@ Plan I119] 7% 34.6% $It}. o]+ Plan
mmﬁﬂ 24F
Lo | | R LIE T} Plan 7} AT 98%, % 4= 60% B2 d]4 ©= Ajo] 2
= Prectecere| [T ERELope!
T | Rt | et T e
(@)Plan I (b)Plan II (¢)Plan Il Table 5., 6.-= Plan I, II, TI19] A4t AMFE HojF= Ao,
Table 5. An analysis of Plan 1 ,II
12F Buildings 16F Buildings 20F Buildings 24F Buildings 25F Buildings Total
(A) Total Households(EA) 144 192 240 288 300 1164
(B) Total P.ER(kWh/yr) 1,477,872 1,970,496 2,463,120 2,955,744 3,078,900 11,946,132
(C) PV Households(EA) 144 120 144 180 156 744
Plan 1
(D) LWIPV P.E.P(kWh/yr) 735,144 612,620 735,144 918,931 796,407 3,798,246
(E) Total P.E.P(kWh/yr) 1,758,367 1,635,843 1,758,367 1,942,154 1,819,630 8,914,361
(F) Energy S.R 119.0% 83.0% 71.4% 65.7% 59.1% 74.6%
(A) Total Households(EA) 144 192 240 288 300 1164
(B) Total P.ER(kWh/yr) 1,477,872 1,970,496 2,463,120 2,955,744 3,078,900 11,946,132
(C) PV Houscholds(EA) 144 72 84 96 72 468
Plan II
(D) LWIPV P.E.P(kWh/yr) 735,144 367,572 428,834 490,096 367,572 2,389,219
(E) Total P.E.P(kWh/yr) 1,758,367 1,390,795 1,452,057 1,513,319 1,390,795 7,505,334
(F) Energy S.R 119% 70.6% 59.0% 51.2% 45.2% 62.8%
(A) The number of households
(B) Primary energy requirement for 100% energy self-sufficiency of (A)
(C) The number of households with insolation over 500kWh/m' yr
(D) Primary energy production of LWIPVs of the buildings
(E) Primary energy production of LWIPVs and roof PVs of the buildings
(F) Energy self-sufficiency rate of the buildings
Table 6. An analysis of Plan Il
24F Buildings o
) 24F Buildings Total
(A) Total Households(EA) 288 2016 2,304
(B) Total P.ER(KWhyr) 2,955,744 20,690,208 23,645,952
(C) PV Houscholds(EA) 307 439 746
Plan III
(D) LWIPV P.E.P(kWh/yr) 1,567,287 2,241,170 3,808,457
(E) Total P.E.P(kWh/yr) 2,590,510 9,403,728 11,994,238
(F) Energy SR 87.6% 45.5% 50.7%
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