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Abstract : According to the domestic construction business will continue stagnant, many domestic construction
companies are expanding their business into foreign countries. As results, building design guidelines including
HVAC design for foreign countries considering the regional climate conditions are needed. Also, green building
design strategies to minimize the heating and cooling load are key issue to win a contract in construction business
in the world.

In this study, peak heating and cooling loads were calculated for the representative cities in the world : Seoul,
St. Petersburg, Singapore and Mecca. The analyzed building was a typical high-rise office building and the
building envelope properties, indoor heat gain, residence and operating schedules were same in all cases. Only the

weather conditions were different by cases.
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Fig. 1 Status of domestic and overseas construction orders
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Fig. 2 Thermal zoning for analyzed building
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Table. 1 Wall/Window properties for analyzed building

5% Axgde

Table. 3 Charateristics of analyzed cities

Components Properties . . . . Weather
City, Nation | Latitude | Longitude ..
-Val K 2 ’ characteristics
Walls U-Value (Wz/m ) 0.250 !
R-Value (m*K/W) 3.997 humid
U-Value (W/m?K) 1.496 Seoul, Korea 37.34°N 126.58°E continental/
Partiti . subtropical
artitions ™R Value (m’K/W) | 0,668 : ot
U-Value (W/m?K) 1.682 (S:.ha“g" 1.37°N 10398°E | rainforest
Fenestration SHGC 0.287 maapere climate(humid)
Tvis 0.429 izi’geit:rsburg, 5957°N 30.18°E Lo;;fn igemperature,
Mecca, Saudi oo o high
o ) Arabia 21.25°N 3949°E temperature, dry
Table. 2 Internal and ventilation heat gain for analyzed
building
Internal heat gain Ventilation dygor FRHL ol AR dHEPY A
Occupants | Lighting | Equipment OA** AL ‘2=z A’0] oly] ‘A 3] = Ao
(per/m’) | (W/m") | (W/m) | (CMH/per) e })ﬁ I obd, "% ] of 8= Aol
ofiice:25, SAolth” Aek-stE ArEsy] Sl AeE
. lobby/hall:17,
0.14x 7.9% 13+ m}éeting AA Q7] & H5EZ%71S ASHRAE Handbook
room:25

* These values are based on BEMS data for
analyzed building.

#x This value is based on the building design
criteria of Korea.
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= A7FE, YA oke St Petersburg, AH$-T]
shetrlebe] Mecca® A4 steich A4 2}

=
E]r i o (Flg. 3, F1g. 4).
A9 Ho YdHEstE A=) 9
3 Al E# ol £2 EnergyPluss A )
t}. EnergyPlusE €% 3 W (Heat Balance
Method)& 7IWFo 2 A& d¥-3ts AHgsta
Ao AFAo = R EH A, B

of Fundamentals 2013, chapter 14. Climatic
Design Information” ¢ &< %319 on
1 W82 Table 37 Zr} mgh AA 2]7]
&5 5% 27E ASHRAE 90.1-201372] Design
dayE #318}o] 19 dry-bulb and 1% wet-bulb
cooling design temperaturesZ 7|2 & 3}
ot AW AR 25 20 Aq45E A2 E
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Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Set | Oct | Nov | Dec
=& Seoul -1.3| 1.0 | 6.9 [13.0/18.3|22.8|25.3|24.8|/20.9|155| 6.2 | 1.0
—H=—Singapore  [25.8]26.4[26.9(26.9]27.5[27.0(27.127.0|26.4|26.8|26.0[25.7
=fr—St.Petersburg| -5.6 | -5.7 [ -0.8 | 4.4 [11.1[14.6[17.7|16.4|10.8| 58 | -0.5 [ -4.0
=—8=—Mecca 26.1]25.0(27.5[30.5|33.8]35.1|35.5|35.0(33.7[31.4]28.0[25.7

Fig. 3 Monthly average temperature of the analyzed
cities
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Fig. 4 Monthly average RH of the analyzed cities

Table. 4 Design day for simulation

Cooling design day Heatindgaydesign
Category [Hittest| DB | WB | DR | Coldest| DB
month | [TC] | [T] | [T] | month | [TC]
Seoul 8 [307|233| 64| 1 |-111
orea
ghang" 5 |329|24|58 | 12 | 231
ingapore
St.Petersb
urg, 7 252 | 182 | 88 2 -23.2
Russia
Mecca,
. 7 441 | 243 | 13 1 16.2
Saudi
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Table. 5 Peak cooling load of the analyzed cities

Inlt.(e) 1:::1 Envelope Load Internal wall Load Ventilation
(Occupants, . . . . Total
Lighting,|Walls Window | Window Sum C?lhl’lg Pmlnon Eloor Sum | Sensible | Latent | Sum
. by cond.|by solar (int.) (int.) (int.)
Equip.)
kW
kW (%,Seoul
(%,component load/total load) ’
based)
Seoul, 32.53 411 | 11.06 | 30.78 | 4595| 0.13 1.39 -1324 | -11.71 | 6.53 | 16.09 | 22.62 89.40
Korea (37%) | (6%)| (12%) | (34%) |(49%)] (0%) (2%) | (-15%) | (-13%) | (7%) |(18%)|(25%)] (100%)
Changi, 32.55 468 | 1223 | 2817 | 4808 | 0.19 118 | -11.74 | -10.37 | 884 |26.24|35.08| 102.33
Singapore (32%) | (6%)| (12%) | (28%) |(45%)] (0%) (19) | (-119%) | (-10%) | (9%) |(26%) |(34%)] (114%)
St.Petersburg| 32.40 1.89 | 855 3821 |4865] 220 475 | -17.23 | -10.28 | 1.01 3.18 | 4.19 74.97
, Russia (43%) | (3%)| (11%) | (51%) |(65%)] (3%) (6%) | (-23%) | (-14%) | (1%) | (4%) | (6%) (84%)
Mecca, 32.76 7.32 | 1955 | 2940 |56.26] 052 14 -1065 | -873 | 1995 | 725 | 27.2 107.50
Saudi (30%) | (7%)| (18%) | (27%) |(52%)] (0%) (1%) | (-10%) | (-9%) | (19%) | (7%) | (25%)] (120%)
Table. 6 Peak heating load of the analyzed cities
Envelope Load Internal wall Load Ventilation Heat Gain
Window Ceiling | Part. Floor . Total
Walls by cond. Sum (int.) (int.) (int.) Sum | Sensible | Latent Sum
kW
kW (96,Seoul
(%,component load/total load) '
based)
Seoul Korea 18 19.3 21.1 4.6 0.7 -1.3 4.0 32.25 9.52 41.8 66.9
i (3%) (29%) (32%) (7%) (1%) (-2%) | (6%) (%) (%) (62%) (100%)
St.Petersburg, 2.3 26.9 29.2 4 -0.5 -3.1 0.4 45.31 9.04 54.4 84
Russia (3%) (32%) (35%) (5%) (-1%) | (-4%) | (0%) (%) (%) (65%) (126%)
(kW)
140.00 = Ventilation
120.00 (120%) | Envelope (kW)
- (114%)
= Internal 90.00 (126%)
(100%)
100.00 = Int. wall 80.00
) 70.00 — (100%
80.00 — — ' 2
52%) 60.00
60.00 ™ 190sy (45%) | 50.00
(65%)
40.00 —— — 40.00
30.00 9
20.00 Int. wall' (6%)
(43%) 20.00
0.00 10.00
R 0.00
20.00 Seoul, Changi, St.Petersburg, Mecca, Seoul, St'Peters_burg’
Korea Singapore Russia Saudi Korea Russia

Fig. 5 Peak cooling load profile for the analyzed cities
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