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ABSTRACT: This paper presents an analysis of heating energy for apartment houses in a
Korean-style apartment building, paying special attention on the effect of their location. Six
representative locations encompass three floors and two placements on each floor. Two differ-
ent roof types are also considered. In order to incorporate actual tenant’s refit, a five-zone
model composed of one conditioned and four unconditioned spaces is developed. TRNSYS 15
is adopted to estimate heating energy. The predicted results show fairly good agreements
with the available measured data, validating the present model. Heating energy needed for an
apartment located at the uppermost and lowermost floors is far greater compared with the
case of intermediate floors. In addition, an appreciable difference is found between apartment
with and without side end wall. Insulation thickness of walls, floors and underground struc-
ture appears to be a dominant factor affecting heating energy, which leads to needs of revi-
sion of the related regulation. Ridged-roofs instead of flat-roofs are highly recommended in
apartment buildings for effective energy saving. It is finally concluded that the location-
dependent, severe imbalance in heating energy should be improved and/or reflected in the
policy making process and design standards.

Key words: Energy estimation(o}12] 7}), Korean-style apartment house(3%% o}j9E),
Heating energy(\d#olu A}), TRNSYS
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Fig. 2 A simplified simulation model (unit: m).
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Fig. 3 The location models considered in the
present study.
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Table 1 Thermophysical properties of wall materials

Material Thermal conductivoity Specific heat . Densit3y

[W/m-K (kcal/m-hC)] | [k]J/kg K (kcal/kg C)l [kg/m’}
Gypsum board 021 (0.18) 1.13 (0.27) 910
Expanded polystyrene 0.034 (0.03) 1.25(0.30) 28
Concrete 1.62 (1.40) 0.79 (0.19) 2400
Autoclave lightweight concrete 0.17 (0.15) 1.09 (0.26) 600
Mortar 1.51 (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 heating energy
estimation

Reference condition
24°C

From october to march

Item

Indoor state

Period and pattern

of conditioning Continuous heating for all

day long
1 ACH

Ventilation
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Fig. 6 The side view of the ridged-roof and
underground structure.
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Table 3 Regulation on insulation materials used
for apartment buildings in central Korea

Minimum Thermal
thickness conductivity
Wall type [mm) [W/m-K]
old new old | new
Front/Rear wall 50 65
Uppermost floor
(Flat-roof) 80 110
Uppermost floor 0.034
(Ridged-roof) | & | ™ | |°~
Lowermost floor 50 55 less
Side wall 70 %0
Intermediate foor - 30
Roof 80 110

Table 4 The window-to-total area ratio of
each boundary wall

Boundary |Total area [m?]| Window ratio
A-A’ 20.01 0.80
B-B’ 20.01 054
c-C’ 6.21 0.60
D-D’ 7.59 0.60
E-E’ 20.01 0.40
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Table 5 Comparison of annual heating energy
between the simulation and previous

measurements
Measured Measured Simulation
Model| (Lee et al.) (Kang) G
(GJ] [G]]
M 325 31.2 30.0
IS 36.6 315 33.3
BM 42.2 445 37.0
BS 542 469 405
FM 43.4 36.6 385
FS 487 41.3 43.8
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of annual heating energy

Model RW/FW | RM/FM | RE/FE

W IM IE BW BM BE

Heating energy [GJ]| 37.4/40.3 | 33.7/36.7 | 37.2/40.1
135/23.6 | 25.3/36.0

Difference [%] 25.9/35.7

324 29.7 32.2 39.2 36.1 39.0
9.1 8.4 32.7 21.5 31.3
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Table 7 Effect of the side wall on annual heat-
ing energy at different floors

- 18- 537

Table 8 Effect of the side wall on annual heat-
ing energy for three different condi-

Model |Heating energy [GJ] | Difference [%)] tioned areas

IM/1S 29.7/32.3 38 Model Conditioned | Heating Difference
BM/BS 36.1/39.1 83 7 | arealm’] | energy [GJ] (%]
RM/RS 36.7/40.2 95 25IM 50.8 19.9

2518 22.0 2.1(+10.6%)
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