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ABSTRACT: This work is aimed at estimating the effects of various factors on the energy
consumption of Korean-style apartment houses using TRNSYS. The factors considered here
include the nominal size of floor area, type of remodeling, azimuth, sidewall insulation, and
window type. Based on some assumptions, an actual apartment house is simplified into a
model that is used for thermal load calculations. The simplified model is validated by showing
a good agreement with the actual one in the predicted result. Remodeling balconies into un-
conditioned buffer spaces yields a favorable thermal performance in comparison with the ori-
ginal type regardless of the nominal size. Incorporating balconies into a conditioned indoor
space leads to sharp increases in thermal loads, which must be avoided in view of energy
conservation as well as structural problem. A quantitative assessment on the azimuthal effect
indicates that the heating energy can be saved up to 16% by taking the south or southeast
direction. Reduction in the heating load with enhancing the sidewall insulation is gradual, so
that a cost-effectiveness analysis may be needed when amending the regulations concerned.
Glazing appears to significantly affect the heat transfer through window. A typical case illu-
strates that the heating load is decreased about 25% by simply adopting triple glazing instead
of double glazing.
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Fig. 1 The plan of an actual apartment house.
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Table 1 Thermophysical properties of wall materials

Material Thermal conductivity Specific heat DensitBy

[W/mK (kcal/mhC)] | [kJ/kgK (kcal/kgC)] [kg/m’]
Gypsum board 021 (0.18) 1.13 (0.27) 910
Expanded polystyrene 0.035 (0.03) 1.25 (0.30) 28
Concrete 1.62 (1.40) 0.79 (0.19) 2400
Autoclaved lightweight concrete 017 (0.15) 1.09 (0.26) 600
Mortar 151 (1.30) 0.79 (0.19) 2000
Leveling mortar 0.37 (0.20) 0.79 (0.19) 2000

Double windows Overall heat transfer coefficient 2.8 W/m’K
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Table 2 Reference conditions for thermal load
calculation

Item Reference condition
Winter 20T
28C (50%)

From October to March
Heating | Continuous heating for

Indoor state
Summer

Period and all day long
pattern of
conditioning . From.July to August
Cooling | Intermittent cooling for
8 hours (10 am~ 20 pm)
o Winter 15ACH
Ventilation
Summer 05ACH
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Table 3 Remodeling cases under consideration

L7777 74

Case |Interior and exterior
windows (balconies
A are unconditioned,

but closed)

WL LT LA /7

1

Case . .
Interior window only

B (balconies are open
to outdoor)

Case . .
[ EXterlOI' WmeW
C only (balconies
belong to indoor) |— o |
:ﬂ

0.12 Q.47
N
£ E)
704 0.9 15 1.8
(23 py.) 37 py.) (49 py.)
7.18 121 15.3

unit: m

Fig. 4 Geometric configuration of each model.
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Table 4 Comparison of the monthly thermal
load between actual and simplified

models
Actual | Simplified | Difference
Month Gn | 1G] (%]
Cooling 7 0.55 0.57 55
8 0.75 0.77 2.7
10 0.98 1.01 3.0
11 518 5.31 25
Heating 12 8.80 9.00 2.3
1 10.10 10.30 2.0
2 7.73 792 25
3 5.83 597 24
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Table 5 Cumulative heating and cooling load
for each model and case

Model- |Conditioned| Heating load |Cooling load
Case | area[m?] (GJ/yr] {GJ/yr]
23A 1| (Ao | i
23B 57.1 25.9 0.8
23C 5.7 29.0 1.90

(+32.5%) (+12%) (+138%)
3TA a9 | (Cge | (i
37B 849 36.5 1.30
37C 107.2 41.8 3.00

(+26.2%) (+15%) (+131%)
oa s (R | (o
49B 1184 49.4 1.92
49C 148.7 54.2 3.99

(+25.6%) (+10%) (+108%)
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Table 6 Dependence of the cumulative heating
load on the azimuth of apartment

L Heating load Difference
Direction G J/gyr] [%)
S 295 -
SE 30.1 2.0
E 324 9.8
NE 344 166
N 34.2 159
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SW 315 6.8
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Table 7 Regulation on insulation materials used
for the apartment sidewall in central

Korea

Thermal Minimum thickness [mm]
conductivity Effective From 06/1992

[W/mK] from 05/2001 | to 04/2001
0.034 or less 90
0.035~0.040 105 7
0.041 ~0.046 120
0.047~0.051 135
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Table 8 Dependence of the cumulative heating
load on the apartment location and
regulation for sidewall insulation

Item Middle | End/Old |End/New
Overall heat
transfer coefficient - 0.42 0.29
[W/m® - K]
Insulation _
thickness [mm] 70 105
Heating load 274 295 28.7
[G]/yr] (+7.7%) | (+45%)

Location: middle & end, Regulation: old & new

Fe Aol® waln. odw
A Aol @Ra ARE WRT LT £To2 3
s87) HANE BEEAS 2AHA BE 2
Qd BT ol WEEHELS FAAE A
o] whga shet,

FTLAdt FEA

358 =

SoM AT xol 98 orwE(Case B)ol
Ay AAFElE AAEY SE5F0E AT
o2M(Case A)Y EX3E A3 ZAANL F
Ak AA R FFHRE dFAte] MdEgAgoes
A, BHEAo " /\}%0}“ %“ 4
uAEg o 85 45
Table 9% ?'SH/“E’_‘:“ 37Ao1]
A, FEe ¥4 4mme F
g Ale] F7]|E9 %(lﬁmm)

i_.
E
_\°,L

& FAe W

%013’-

I —{m r[o R ]

—

N

N

oy

B

“
4 of
5 o
S

ot

i

o2

H

2

r
fooox U

(=)

oft
o
Sk
o
N
32
2 &
g
044
ox.
o
£
1M o
0‘(_1
%

o] YA

ol

Table 9 Dependence of the cumulative heating
load on the window type

I Double Triple
tem . -
glazing glazing
Composition [mm] 4/16/4 | 4/8/4/8/4
Overall heat transfer
coefficient [W/m?K] 28 0.7
Transmissivity Q.755 0.407
. 295 24.8
Heatlng load [GJ/YI') (—15.9%)
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