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The Comparative Analysis of Energy Performance According to the shapes of Apartment Unit Plans
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Purpose: Recently, the width of apartment unit plans tend to increase for business purpose and users’ preference. This ChO| A Y

study evaluates the energy performance according to the increase of the width of collective housing and provides basic

UIERNE=ES,

data for development of energy saving unit plans. Methods: This study was carried out as follows. First, the

characteristics of the DesignBuilder program used in the simulation are analyzed. Second, 2Bay, 3Bay and 4Bay unit

DesignBuilder
Apartment

plans were sclected as evaluation models, and the variables of the input model were summarized. Third, energy ;i plan

performance of evaluation models in case of placing in the center and side of block plan was evaluated and the results  Energy Performance

were analyzed. Results: The difference in heating energy performance between the central unit plans and side unit plans

was small, but the cooling energy load increased significantly as the width increases. The heating energy load of theside ACCEPTANCE INFO

unit plans are larger than that of the central unit plans, but the cooling energy load is smaller.
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A AARG o2 AA o A] 2H|F F AEFERY o | 2] AH|=F
2 18%E Aot AR Yeidti(1]. S A& Sk IE 9
U2 4H|ERS 7] BB 549, AFQ] BB 369, Z3
10%=2 FA F-g2o] ¢ W2 H-&E 2|}, E§, FA F2o
A FFFE0] 53%, FEFE 0] 32%9] oA 4HFHS LtER o]
TETE Y oq7] AHlEF Aol tig tidlo] @ Eo] ZH A
7F o] s x]o] 211 9]

otmE ] FH-2 I3 At AZ ot B FdS Aol A
O] HH Zo] Frlot= AFE Hof, A= 2Bay BHO]
UA G @A = 3BaySt 4Bay BHO| 2 FFE L ek A
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Sol 24 2 4o WAL 2o Solu AxAF-#] 24 5 AT
B7jo] GAse 2 oA Het & 4 UAT, 91710l Fohe
AEANHY F7hE o) B 0 B Febh FhEE A &
THE Upehdeh, whebA] £ A7 255 0] gAY AY 9] 5
7l W2 o U A] 452 Bleko], P U A WerHel 35

A AL At 712 ARE AASHALAL

1.2, A9 3y 9 H9

2 =52 ofntE SeA| ] MH & st mhE i, W 2,
7, @710 9] Azt AHAT 12} v 2] AQ-S HARel
2] (DesignBuilder) T2 1310 2 AlEH oA 5ttt B/ 2dd
2 @ = 357 F5A ol oste] Wol AFgE o] A= A&
WA 84m' HH ol disl S5 Ao &4E 715& A-8-5to] HEeld
A35& v 24 shgleh £ A4 thad 22 1 yS o
£

A, Algdloldo] AMg = gAY 220 545 2
A5kt

E4, gy T2 7] o3t Prp BdF 2Bay, 3Bay,
4Bay FEf O] AT WS 4 md= s, 48 nd
o] =9 A MesS Aestalh

AR, ¥ 84 2Bay, 3Bay, 4Bay BR8] 59 Aol 2 A
toll AT 299 o1 H%5-E Bk shol Ak g vl 2A

stet.
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2.1, Aa+ &

& 7Y oA a& Frreh wedet A
ol Azt 434 % E’r%’%ﬂtﬂ B A
vz s ”47P6}
2d|o]do] 13
£ 75 Wl A YAl e v 2] S 245

s71, AAL8], Aut0le €AE, VA, LAR &

of & Mxl de& BAsHAL, #5210, A4S
Y 24 59 oA 452 B7etH.

01%94 = A A% 55 T 5 FEH e A
2T 240l F= o] FolFor, ontE F5& 45t
712 A aadd S o] B Fefol uhE ofvA] s 240l
FE5H(Table 1), m2bA, 2 =&l Ae 52 Algeold e vzt
Y 2O Z-gste] FAAHe] B FEjol wE oA
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Table 1. Precedent research

Author Research

Energy performance evaluation according to unit

Kim, Chang-Sung shapes using ECO2

Difference in energy demands of the housing
Sung, Jea-Eun, units in tower shape apartment

et.al 1 Improve the less energy efficient housing units in
tower shape apartment

Kwon, Kyung-Woo, | Heating energy consumption by heating condition
et.al 3 of adjacent household

Suh, Hye-Soo, Energy Simulation Results and Actual Energy
et.all Consumption on super high-rise apartment

Jang, Young-Hye, Heating Energy Consumption in the Apartment
et.al 5 Complex

Kim, Soo-Jeong,

ot al 2 Saving Elements of Heating Load

Kim, Min-Kyu, Insulation Performance of Building Envelope in
et.al 2 Regional and Building Form

Yoon, Jong-Ho, Energy Performance Evaluation of Window
et.al 3 System with the Balcony Types

Kim, Shin-Hye, Energy performance evaluation of standard type

et.al2 and enlarged type

2.2, gAY 230 e

t] 2ol o (DesignBuilder) T2 7132 Energy Plus -2l 4]
S AlEFo]ld T2 T3-S 7|9t 2 ASHRAE 90.13 LEED 4
olf = HAlATH12]. HAIE = BAE 7|9l Energy
PlusE A1ZH2 0 & Rddo] 7oA, ) 712 o] 712 |&
gy} B e o] AN 23 o] 715 Slth= o] Fo] Qitt fxjeldly 2
JE CFD, vl§ 4%, LEEDYZ, 25} 5 7152 A3 e &
wpo] N B0l Mol Bag ke 4 212 o} o] 7%
saict.

1) Activity
Activityol A= 2k 37| Lol WA 7142 2k

filo

S A
488 5 gk
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Fig. 1. Input example of DesignBuilder program

General, All Gains, AF9] A7 diAteg 2 ARAIZHE AA 5t
Occupancy, AH- 4] 9 71 A& 59 4] B9 Other Gains,
7+ 37+ QFAEE AAshE DHW, Wi A4 2xot 317
59 24 9 HH A4S 355k= Environmental control2 257
o] ot

2) Construction & Openings

Construction2 IJA/HZA g4 2 ¥ 28 vieh utelAd 2 7Y
ARE QH5}1 Openings= 3 U &, Aok A}, 7k A 52]

B4 A5 A9 3 9 5o F2AE A5t AR mdof 4
5 o] vehdt

3) Lighting

Lighting A11io} 9]0 29€ Eatghch, 290) 277
52 e, e £ A4 Tselet, 2o e A5 Ao %
SEFTEEREY

4) HVAC

HVACE 7Hekeh 12 REQL AMASH 918 mE 2 X 753}
e Al A" Y] 292 8 & 4 gtk Air Loop, Water Loop,
Condenser Loop, DHW Loop, VRF Loop, Chiller Heat Recovery
Loop 27 419, chafat | ~RES AT S4ale] 214
h.

3. o|ux] 85 E7IE 2T oY LUHIE

31 B7had 99 9@ gz

55 T T A Zof Hate] mhE oy x| a2 ke
7] 3] A8 WA 84m' YHE 2Bay, 3Bay, 4Baye] 7Y 33
HAANE Bt d 2 *“4’6}‘%} 2Bay O] MW £293m
3Bay 2 12.2m, 4Bay 2@ 14.6m & AXTE it 9)7] ¢t Hal=
Ao e oy aa-g B7istr] ffsiM B7rRE ] YA = &
= A Aldiet At S eE &F Zoflrt 213 Alth7E = = Al
o SFAAHE AAste 67110 Rl Al ol sHelrt & A+
of -85 dHrdo ¢4 /faet 8 HpE Table 2. of Let
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AR UAELLAN 29 F724Y 18 2948 D BRE
E9L 44 obstE W] 448 G 45 A ERE Fudte] Fo ey L | | [k
—- — . . 2.
2 B9 @ 45e AMtete] 2 92 Bdo] AgsakTable WK | m | nik W WK
). 2 insulation 0.023 | 0.125 | 5.434
. 3 gypsum board 0.18 ]0.0095| 0.052
Table 2. Summary of input models Exterﬁor
wal .
Region Central region indoor heat - - 0.11
transfer resistance
area of unit plans 84’
unit plans of 2bay, 3bay and 4bay shapes outdoor heat ) } 0.043
shapes of unit plans that balconies were converted to living transfer resistance
areas 1 concrete 1.6 02 | 0.125
ceiling height 2.4m i
heating system individual heating Inf;;ﬁa 2 insulation 0.038 | 0.09 | 2368 | 0.24
boiler capacity and efficiency 25kW/91% 3 board 018 |00125| 0.069
lighting density 10W/nt EYpstin boan : : :
lighting schedule 18~23 PM indoor heat i i 01l
hot water schedule 24 hours, 4 persons transfer resistance ’
oo 24 hours, pressure rise of fan 100(Pa),
ventilation fan offici 70% outdoor heat ) } 0.043
an cthiciency /97 Structure transfer resistance ’
infiltration 0.7(heated area), 2.0(unheated area ) in contact
location of unit plans unﬁgg:ed 1 concrete 1.6 0.2 0.125 3.39
2Bay 3Bay 4Bay space indoor heat ) } 011
transfer resistance :
@: _I.ZD M] %% E% : low-¢ pair glass
Exterior VmmGGmmt12Ai| - - ; 1.0
Shapes of unit plans r+5mm)
2Bay 3Bay e low-e pair glass
g 22mm(Smm-+6Air - - - 1.5
] Eﬂ; +5mm)
l
— |

— |

TCon: Thermal Conductance, Thic: Thickness, TRes: Thermal Resistance,
TTra: Thermal Transmittance

Table 4. Heat loss area of input models (unit: )

Building components 2Bay 3Bay 4Bay
widthxdeep: 9.3x11.7 m widthxdeep:: 12.2x11.0m widthxdeep:: 14.6x9.6m front 5.71 9.19 14.00
window rear 0.54 2.32 2.64
3.2, B9AD B Fefo] o oy 4 W sbtotal | 625 | 1151 | 1664
_ o front 6.49 11.67 13.49
olute 2% B 5% Arst & Aol 912 Bt Bl ; R
g rear 14.72 15.7 18.30
A9 F5 9] o) A& FAE Table 4.9 oleh. central unit
i 7152; Oq 042? 146 25 5 31; E11 Simt 4B] Uﬁ?fj; Ueht ple - |sdewall e
2 HAo
° ; K ‘j Ay DL, SPay L1 T, Ahay AR exterior sub total | 21.21 29.97 34.98
4Bay B % WA o] /4 Walch. 4 ANl 915 HAAL 2Bay wall T o 1o b
21.21m,% 3Bay 29.97 m,? 4Bay 34.98 m? 2 4Bay T ] & WA o]
n y g y . y 20 R i heated area sideunit | rear | 1472 | 1570 | 18.30
71 A, & Ad o] o7 WHA-L 2Bay 40.87m* 3Bay 47.41 m* plans | gide wall| 19.66 | 20.04 | 24.23
4Bay 56.02 m* 2 4Bay B 2| H2o] 7} Wekth, subtotal | 4087 | 4741 | 56.02
3Bay W3 4BayQ| 3¢ S0 2+ 1.7, 10.38m° HA 0] wall | 6451 | 4943 | 57.51
AN o] W37kt Aol AAIRE, 2Bay BH-2 23} A of Lo parts in_clfntact door 737 | 528 | 741
_ wit
%ﬂ@' 21 ;l-%l:]- unheated space window 5.18 3.09 392

subtotal | 77.07 | 87.73 | 68.83

Table 3. Thermal performance of structural components . -
partsin feentral unit| .| 1966 | 2915 | 3134
TCon | Thic TRes | TTra contact plans ’ ’ :

Building components ; with - -

Wm-K m -k /W |W/m'-K };e;;tgg 511(3116 ag;nt wall ) 117 1038
outdoor heat 0.043 B :

) transfer resistance B . : Unheated window 7.16 4.33 5.61
Extetlor 0.17 s exterior wall 2424 | 2152 | 2053
! concrete L6 1 02 1 0125 Area of input models 10117 | 11291 | 117.88
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4. THelMIcH BH Hejol mE oHx| H5 Bt

4.1. R 17 oA 287 Akt

oA Fefol w2 i, W, 29, F9, @]elu A 9] Azt
S HAT 12} ol UA] 4R F(KWh/m'yr)& tAeIde T2
#o g AE 0|5}l Table 5.9 et Bt Aatof 25}
W, 670 B7tmE o] A7 AT 14 o1y A] A7 121.19
n'~139.23 kWh/m'yr& Wetdie] 2016\ 84n HAH 555
Blo] AZF AATY 12} o v2] A7 FAUR] 146.4 kWh/
m'yr oF F 2ol ISt 13]. o] et Aol & Ao H4H o
ek dA71%0] 2016 7]=E ot 38tE917] wolet gt
=t

Table 5. Primary energy consumption of input models(kWh/m"yr)

primary energy consumption for certification

Area Hot

] Heating | Cooling | Lighting water Ventilation| Total

2Bay| 101.17 | 28.62 | 17.75 | 39.16 |35.01 | 0.65 |121.19

central
unit |3Bay| 112.91 | 30.02 | 22.30 | 40.94 |36.71 | 0.73 | 130.70
plans

4Bay| 117.88 | 30.58 | 27.14 | 41.61 |37.70| 0.76 |137.78

2Bay| 101.17 | 32.08 | 17.18 | 38.61 |34.52| 0.63 |123.02

side
unit |3Bay| 112.91 | 33.13 | 21.86 | 40.94 |36.68 | 0.73 |133.34
plans

4Bay| 117.88 | 32.99 | 26.69 | 41.61 |37.20| 0.74 |139.23

4.2. B9 FHO| e BT 13 oA 227 Hw

1) 2 Bay ¥4

Z Aot = Aol 91213 2Bay FH o] i ik Rolol
A7 9l ARG 12} i 2] A% HwsHlh S At 1
2p oY 2] 4 Q%L 46.37kWh/m*yr, & A= 49.26kWh/m"yr
2 AitE] o], & A7t 4 At E ot 6.23% Bttt ol & Tt
Wik BRo 2 e W R, e FF Al 28.64kWh/
m'yr, 2 At} 32.08kWh/m"yr& AAtE]o] 2 At)7} o At 5
o 12.09%9] B2 202 Yepgt o, Wito] Aeol= 4 A
L 17.75kWh/m'yr, Z At 17.18kWh/m'"-yr& AAtE] o] Z Aj
7t F% Al Bt 3.21% 22 Ao 2 yehdthFig. 2.).

==Heating === Cooling Total

o
(=)

49.26

* YR)
Y
o
g
&
[
-]

32.08

PRIMARY ENERGY
CONSUMPTION

(KWH/rm
(]
o

17.18

L]
(=)

10
Central unit plans Side unit plans

Fig. 2. Primary heating and cooling energy consumption of 2Bay unit
plans
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2) 3 Bay B9

3Bay B - 13} ol 2] &9 72 F AT 52.32kWh/
m'yr, Z Ath 54.99kWh/m"-yr2 A4tE o] & Altj7t S Al &
o 5.10% B3ttt o] & W} o 2 vpro] B Hibo] A9
298 At} 30.02kWh/miyr, Z At 33.13kWh/mi-yr Ueht &
A7t 4 AHED 10.37% =2 AL 2 A4TE ek Yare] 74
= Z4 Al 22.30kWh/m'-yr, Z Al 21.86kWh/m*-yr2 A4
o} = Atz 9 Ald) B}t 1.99% 22 Ao 2 Yehytth(Fig.
3).

==Heating <= Cooling Total
60
.
Oz 50 52.32 5499
] 'Q_E
z 40
e 33.13
>S5 30.02
c2f30
=ox
£°7 20 =
10

Side unit plans
Fig. 3. Primary heating and cooling energy consumption of 3Bay plans

Central unit plans

3) 4 Bay B9

4Bay B o] Y 12} o 2] £ Q72 5 ATh 57.72kWh/
m'yr, 2 Al 59.68kWh/m"yrz A4tE] o] 2 Alt)7} FoF Al &
ot 3.40% okt o5 Wiy Wi REO R Uiro] HWEEH,
ko] A9 2ok Alth 30.58kWh/m*yr, Z Althe 32.99kWh/
m'yr2 AATE o] Z At|7F 5 Al 2ot 7.87% =2 3 LER
oy, Wikl A¢ Fo4 Adie 27.14kWh/m'yr, & Azt
26.69kWh/m'-yr2 ALtElo] & Al G A Bk 1.64% 27
UERRcHFig. 4.).

==Heating === Cocling Tatal

(=2
o

57.72 59.68

- YR)
o
o

'
o

30.58

(KWH/{w
©
o

PRIMARY ENERGY
CONSUMPTION

N
o

-
o

Side unit plans
Fig. 4. Primary heating and cooling energy consumption of 4Bay plans

Central unit plans

43, Ald Ao o2 @ 1%} oA AasF ALt

1) @3 12 o vz 293 A4t

A mdlo] A7 qoIHA T Wt 12} o7 287 AL
5to] Table 6.9 WEFHSITE FF Alch o] 917F T 9] A -y
12F o9z 2972 2Bay BW 46.37kWh/m'"yr, 3Bay B
52.32kWh/m'-yr, 4Bay 57.72kWh/m'"-yr Z-& UER 2L, 2 AT
o] A7t &9 WA Wk 13} oyx] £Q%FS 2Bay HH
49.26kWh/m'-yr, 3Bay B 54.99kWh/m'"yr, 4Bay 59.68kWh/

- [
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Table 6. Primary energy consumption and change rate of plans in case of
heating and cooling(kWh/m’-yr)

primary energy consumption of central unit plans
heating cooling total
2 Bay 28.62 | 100 % | 17.75 | 100 % | 46.37 | 100 %
3 Bay 30.02 {104.9 %| 2230 |125.6 %| 52.32 (112.8 %
4 Bay 30.58 [106.9 %| 27.14 |152.9 %| 57.72 (1245 %
primary energy consumption of side unit plans
heating cooling total
2 Bay 32.08 | 100 % | 17.18 | 100 % | 49.26 | 100 %
3 Bay 33.13 {103.3 %| 21.86 |127.2 %| 54.99 [111.6 %
4 Bay 32.99 {1029 %| 26.69 |155.6 %| 59.68 (1212 %
2) T AH BT 17 oA 227 Hw
TY A Bt d Fe7ho] A7t e H AT Wk 13} oy
AN

H-2 2Bay HH

2.82%, 24.47%°) Z7}s}o], AT AW Zo| Hol
HFELE O] 13} o1 2] A Q8Fo] Z7)etE Ao 2 A4t
ol & i gl it o 2 vpiro] A tei R, o] 12} oY
A A Q32 2Bay B Ho|| H]5]| 3Bay 4.89%, 4Bay 6.86% Z7I5HS
1, o] 12} oy 2] A2 2Bay Wl v 3Bay 25.61%,
4Bay 52.86% %7}ttt

A £9%& v s EH (Fig. 5.), 3Bay, 4Bay BH
]_

==Heating == Cooling Total

60
3 57.72
E 50
2 52.32
2
‘g = 46.37
8> 40
s 30.58
- 30,02 .
=30 28.62 = =714
E = % =230
% 20 7.75
0©
o

10

2Bav
Fig. 5. Primary energy consumption of central unit plans(heating
and cooling)

3Bav 4Bav

3) & Aldio] W 14 oA e Hl
= Ad) Brred *quu A7 AT P 17 o | ]
A9 vus|HH(Fig. 6.), 2Bay HHol| Hl5| 3Bay HHS
11.63%, 4Bay BH 21.15% Z7}sh= A0 =2 A= glthFig. 3.).
olE gl Yo 2 thipo] RAG R, kel 12} oy A] A9
& 2Bayoll Wl 3Bay= 3.28% S7FR.0H, 4Bay+= 2.84% 57t
o}oq HstEo] 2.7 obgkeh WHro] 124 v 2] A QL 2BayE 7]
%02 3Bay: 27.20%, 4Bay= 55.35% A Z7ksHgirh

ool A et Zol, F Atiet = Aefe] A = ste] uh of
U s vlastgle o, S olvAl 452 2BayBHel 7

451 Yebgon, 3Baye} 4Bay2] Ato]7} nlujgt Ao = i}

©Copyright Korea Institute of Ecological Architecture and Environment

wict W o i 2] 452 2Bay, 3Bay, 4Bay =2 w389 2}
ol% teryelet.
==Heating === Cocling Total

60
= 59.68
=
E 50 54.99
=] 49.26
‘g _
3% 40
% 33.13 32.99
5 a0
g%
-
<
= 20
o
o

10

2Bav 3Bay 4Bay
Fig. 6. Primary heating and cooling energy

consumption of side unit plans
44, F%

Vel - SN 1R, 3 Akl chat = Ahe] 3y
12} of| 2] & Q%2 2Bay, 3Bay, 4Bay 2 AW Eo] Z7}glo] whet

= A7t 4 A2 ZF 2+ 6.23%, 5.10%, 3.40% Z7}Yst e
(Table 7.).

o] & Whiut YHf B R o 2 1peo] Hlws i, wie] 7 fof=
2Bay, Bay, 4Bay® AW ZHo| F7I5te| wet & Aldizp Z+ 7
12.09%, 10.37%, 7.87% T2 &% At ot 13} o 2] A& Q50|
Z7retd o, Wike] 3¢9 2Bay, Bay, 4Bay2 AW Zo] 7}
Stof| et = A= 2+ 2 3.21%, 1.99%, 1.64% S+ At B ot 2+
253t

ol2fgt A= & A7t S A Bk 7o Hsh= WA o] &
oFA 71 @/Fol et watE o, &g Aol mokA W dl= &
2lstA]gt A 9 2712 5719 9= Apdete] Wil &5
Athe 22199 A Ae} A2 _reH{14].

Table 7. Comparativeness of energy consumption according to shapes of unit
plans (%)

Heating Cooling Total
Central Side Central Side Central Side
unit unit unit unit unit unit
plans plans plans plans plans plans
2Bay 100 112.09 100 96.79 100 106.23
3Bay 100 110.37 100 98.01 100 105.10
4Bay 100 107.87 100 98.36 100 103.40
5.2 2
2 =l Bt oy def ol el 35 A4
S 918 BAA B oA T2 19 HAAAHE A stel Bl
o] Ad & F7hef e o] 5 Brietit. & =&l 2
38 aokshd bt 2
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(1) &1 At o] &]n] B WAL A W2 0] -9 2Bay 6.25nf,
3Bay 11.51nr, 4Bay 16,642 A7 =|o] 4Bay Hwo] 714 Woka
TY Al et & A7t 5 DstAl 28 = et HA HA2 S Al
©] 79 2Bay 21.21m* 3Bay 29.97 m* 4Bay 34.98 m* & A A = 3
1, Z Aldi= 2Bay 40.87m?* 3Bay 47.41 m* 4Bay 56.02 m* & A
A=of 4Bay HH O] HA| 4 WA o] 7 Wt

(2) T AR o] A7 S Bkl 13 |2 a7
ko] A9 3Bay, 4Bay HWo] 2Bay B B35 ZF ZF 4.89%,
6.86% S7Fot AL, Bo] Z-¢-olli= 3Bay, 4Bay BHo] 2Bay HH
off Hlaf 25.61%, 52.86% S7Fst3Att. mhebAl A2 0 == 3Bay,
4Bay o] 2Bay Bl Hlsl 22} 12.82%, 24.47%°] 57}k
.

()5 Al o] AT FAHAT -
o] 7% 3Bay, 4Bay ¥ 0| 2Bay 3
7Vt a, Wie] 7 9-ofl= 3Bay, 4Bay Y o] 2Bay B H| H]of
27.20%, 55.35% 7¥otdth. wetA A2 0 & = 3Bay, 4Bay ¥
o] 2Bay B sl 2t} 11.63%, 21.15%2] 5 7Fstdtt.

(4) T Aol tigt 5 At o] ol 2] 4352 2Bay, 3Bay, 4Bay
= A9 Fo| Z7hgte] wet o] Bg-oll= S A7 54 Al i
o} Z+ 7 12.09%, 10.37%, 7.87% S7tst.out, Ware] A Lolle
= A7t 3.21%, 1.99%, 1.64% 5% Al E ot Zh4-sho] A 414
S 2= 2Bay, Bay, 4Bay2 AH o] Z71go] whet = A7t 4
MR ZF 2} 6.23%, 5.10%, 3.40% 12} oW 2] A 85F0] S7Fs}
pics

12t o 2] 2o e 3

u
Hol w5l Z+ 2} 3.28%, 2.84%

lt

0|
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