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ABSTRACT

KEYW ORD

Purpose: The purpose of this study is to investigate and analyze the renewable energy systems’ maximum X 20| X|

capacity and service-supply ratio on residential buildings which are recently built. In order to implement the
obligatory renewable energy service supply ratio, energy efficient and cost effective renewable systems are

AR O L4 K|
olLix x(Hg

suggested. Method: First, the renewable energy systems applicable on residential buildings were investigated  Zero Energy

through literature reviews. Second, energy reduction ratio of primary energy consumption was calculated by =~ Renewable Energy

using ECO2. Third, the maximum capacity and the initial cost of them were analyzed using drawings of the ~ Energy Service-Supply Ratio
residential buildings and regulations on the renewable energy systems. Lastly, the cost-performance index was

developed to determine the priority of renewable systems for selection. Result: With renewable system A CCEPTANCE INEO
cost-performance index (RCPI), it is suggested to use mini-PV, PV, BIPV, Solar thermal(ST), and earth energy ~ Received Feb 8, 2018

system(EES) in order. Without RCPI and with only mandatory supply-ratio, it is suggested to use ST, mini-PV,

Final revision received Mar 15, 2018

BIPV, PV, and EES in order. Since service supply ratio depends on building’s site area, shape, orientation, andso ~ Accepted Mar 20, 2018
on, these case studies of this current study can install the systems with supply ratio from 37% to 130%. It is
suggested to consider the cost and energy reduction with RCPI and with only service supply ratio when the

renewable systems are design.
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Renewable Energy

- Literature review

- Investigation
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Case Studies

- Introduction

- Energy analysis (ECO2)
- —

Installation Ratio & Cost
- Maximum capacity
- Initial cost analysis
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Fig. 1. Flow of research methodology
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Table 1. Applicable renewable energy systems on multi-family
residential buildings by literature review

Authors Renewable energy systems

Photovoltaic system(PV),
Solar thermal system(ST), Geothermal
energy system(GES)[10]

PV, ST, GES
PV, ST, GES, Wind
PV, ST, GES, Fuel Cell System(FCS)

Ki-Tae Kim et al. [6]

Min-Hee Chung et al. [7]
Seung-Hyo Bacek et al.[§]

Soo-Jin Lee et al.[9]

@ vy EgS

MEAE 20124 49 97 St Zol7]" AAL F5tHA
o 3 SR e Y GAE S

Ao A= Al Yol 71 gl A=A 9 250W%

F/‘]:_J oy gloFg WA AES AASHE T [11]. dutdoz 5
% oy TZtel| A AASH= Zio] ol g ololAl 55 o)4 Aehel
FAAAAE, 4710 TEFANLA 287 288 A7
RS A8k Ak a5kl

i G

EI‘.

I‘

= OT
@ =% *éﬂ EHOJ%
o] A7) fEAA

2 AHAT] TS AlLlotal &4
Aol T10%E AR 7Vt HA o7 7S}, WHso] 71
2 AAZTE = oF30° o]7] & [12,13], 2 Aol A Ef
FF AXZ e = 30" 2 SH

® BIPV(Building—Integrated Photovoltaic)

BIPVE HH o] A 2] A-8ot= AL R 7ot A e =
90° olH, E, 5, A YA BIPVAAHS A835l= A

o= Bpge,
@ ey
4 47 BFYT FAG Ao TGO, Sy
o1FNTUY TS AH ot A0 st
©® A%
ARA 50%E ] AFsHAOR APyt HHA

25m' &5 ARTE AHEsheh.

A

Hl&

S A
_‘
=

H=
HlE R Ao 4

22, ARANIA §F A4 D JRAx
gﬁ@ A Aol gt 2
T AEE50] QAN A A

Tl

[aystol

A
A g3t

o

53571

l

w8 e
HeA =MAZE A7)zl ofshel AR 2] A H]&
AL, 2, SRR TR 9lon] B AT i g
ZAAES] 79 20159 2%5E 20234 10%717] T 194 =
Fste] olmm 0w AAT AL AT 5] AAul &L AA
RO A3919] A5 2 300 e [15], @ Ak
SSlol A AHE ol A BE5AEe 230kWh/miy= Hs}gon],
R,
AR A] BT AR glelu 2] el o)y
Hlopg gm0 AT, Thelofl U A A el B 5 o] ZutA)



o .

Py

40|

2

—a .
[

Ofot

TH

A7 A AFgslT Qlong T2 o o] Z2r17} d gsic},

3. ECO2& 0|82 o|Ux| 22 &4

3.1 O E e

AR S EFTFEHE Ao A

o|-gst] AU A a&SH IT
1A ol | 2] o 7 2] 1] o%

TTe AT AE /‘1

Agslel 14994 2

ins
I
-0,
rz

;1 mlo

r>~

A 47he] 272 2
Asha, Aol
b g} 270
AT, A £,
z%%E;ﬂéﬂﬂ@ﬂ

HN
ol
=)

o

LS

fol o mu N
)

L ol oo N ot 4 o o
B

w2 8o 2
2o

3.2. Yz [r 4 2A

4Me] 2R FEFH] U] mtersts] $3)
ECO2z 2 ARSI ECO2= H5E9] ovxas
=38 Wrety] Qs 12 SO 137903 DIN V 185995
Az gEglon, & Bt 7| olEE g o ® A& ¢
d oz a7 9 A A ol e A% S, A
SR AY 12 A 4 2 F(kWh/n'.y)2 AFERT oy
A 2o, I, 39, £, 27 | A = 25k, A
d des Brhek] sl w412, dirlol, A2
, L%P%BH ]/\Eﬂ uh:ﬂ—7]7]’ %H}HHH/\]AEN ]7]2
7t ot % LA E o] Qe [16]. ECO2E S 54 ofif 7]

=90
o o=

by
Al A
Tl

Ao -

H_Tl_
o o
1748
a4

Table 2. Case studies and input data for energy analysis
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S-residential building

G-residential building C-residential building

E S

K-residential building

S

Plan = s
*Q;ﬂTil
Completion date Oct. 2016 Feb. 2016 May 2018 Jun. 2017
Location Nowon-Gu Gandong-Gu Guro-Gu Guro-Gu
Site area(m’) 1,366 1,373 2.070 3,321
Gross floor area(m’) 1,924 4,055 7,709 10,072
Units 48 76 39 138
Insulation Wall 150 120 150 120
(0.27W/mK) Roof 250 160 185 210
thickness (mm) "o 240 210 130 140
layers Slow-e+6(Ar)+5 5+12(Air)+5 Slow-e+12(Ar)+5 S+12(Air)+5
. (mm) Slow-e+6(Ar)+5 5+12(Air)+5 S+12(Air)+5 S+12(Air)+5
Window Unvalne
(W/mK) 0.9 (Frame:PL) 1.2 (Frame:PL) 1.3 (Frame:PL) 0.99 (Frame:PL)
Door E{A‘/V/ﬂ% 133 18 18 18
Boiler 16,000 kcal/h (88%) 16,000 keal/h (91%) 20,000 kcal/h(91%) 16,000 keal/h (91%)

Lighting (W/m’) 6.7

7.8

10 6.2

Renewable energy

PV (34.7m" / 6kW)
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Fig.2. Primary energy consumption of case studies using ECO2

Table 3. Solar radiation by using green home program

. Building Energy Green Home Performance
dReenst; Efficiency Rating Evaluation Program
a 1 Primary Total Solar
comp energy Ratin Saving solar radiation
lex consumption g ratio radiation /area
(kWh/m'K) (GJ) MJ/m’)
S 180 2 30.6 142 127
K 196 3 24.5 85 51
G 133 1 32.4 127 70
C 154 2 27.1 198 49
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Table 4. Capacity of mini-PV by residential complex

Residential Units mini PV
complex
S A8 Over 5" floor -
(4-stories) All 12.00 kW
K 2 Over 5" floor 475 kW
(5-stories) All 19.00 kW
G 39 Over 5" floor 8.25 kW
(10-stories) All 9.75 kW
C - 138 Over 5" floor 7.25 kW
(5-stories) All 34.5 kW
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Table 5. Capacity of PV and ST by residential complex

Residential Roof area PV ST
complex X 0.7 (AKW=7m’)
S 280.5m° 40.1kW 280.5m°
K 176.11m° 25.2kW 176.11m°
G 215.42m° 30.8kW 215.42m°
C 894.0m’ 127.7kW 894.0m"
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Table 6. Capacity of GES by residential complex

Residential Site area GES

complex X 0.5 (4RT/25m’)
S 683.0m* 109.3 RT
K 686.5m’ 109.8 RT
G 1,035.0m* 165.6 RT
C 1,660.5m’ 265.7 RT
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Table 7. Capacity of BIPV by residential complex

Residential BIPV Capacity (KW)
complex Orientation /Area (lkWt=le )
Southeast / 158m’ 15.8
S Southwest / 140m* 14.0
East / 193m’ 19.3
South / 266 26.6
K East / 227 27.7
West / 293 29.3
G Southeast / 301 m’ 30.1
Southwest / 311m* 31.1
Southeast / 522m’ 522
C Southwest / 470m’ 470
East / 330m’ 330
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Table 8. Cost by renewable energy systems

Systems Cost(KRW)

mini-PV 660,000/unit

Fixed installation 4,972,000/kW

v BIPV 9,553,000/kW
ST Twin-glass evacuated tube 1,012,000/m*
EES Closed loop 1,260,000/kW
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Table 9. Initial cost and RCPI about renewable energy by residental buildings
S K G C
36 Energy 26 Energy e Energy e Energy
Initial s Initial 2 Initial 5 Initial 2
cost SAvI8. | RCPI | cost Savii8. | RCPI | cost Savi8 . | RCPI cost saviie. | RCPI
(KRw) | Wb/ (KRw) | W/ (KRw) | Wm (KRw) | KW/
mini-PV 32M 18.1 0.57 50M 19.0 0.38 26M 9.0 0.35 9IM 143 0.16
PV 199M 743 0.37 125M 31.0 0.25 153M 35.2 0.23 635M 65.0 0.10
ST 284M 16.2 0.06 178M 16.5 0.09 218M 23.5 0.11 905M 13.6 0.02
GES 484M 13.0 0.03 487 38.6 0.08 734M 19.2 0.03 1,177TM 9.8 0.01
BIPV-East 151M 26.7 0.18 217M 254 0.12 - - - 315M 184 0.06
BIPV-SE 184M 39.1 0.21 - - - 288M 37.7 0.13 499M 24.2 0.05
BIPV-South - - - 254M 36.6 0.14 - - - - - -
BIPV-SW 134M 26.2 0.20 - - - 297TM 359 0.12 449M 24.2 0.05
BIPV-West - - - 280M 293 0.10 - - - - - -
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Table 10. Renewable system and cost by considering of RCPI and
supply ratio  (GFA: Gross floor area)

Resid | Renewable | By consideration of | By consideration of
egtial Ene:gy & | RCPI supply ratio
-Com
plex | G000 kRW) | 5% 10% 5% 10%
S System | mini-Pv | PV gy ST
Cost/GFA 14.5 40.0 13.8 27.7
mini-PV | mini-PV
K System PV PV ST ST
Cost/GFA 16.0 43.1 13.7 27.4
. mini-PV
System rm%l\-]PV PV ST ST
G BIPV
Cost/GFA 23.9 45.6 13.7 27.4
c System mini-py | MBEPV gy ST
Cost/GFA 19.0 46.0 13.7 27.4
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