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Abstract 
 
 
In these days numerous super tall buildings are under construction or being planned in Middle East and 
Asian countries. Some of them are planned as a super tall building that goes over 600m tall, including Burj 
Khalifa, the tallest building in the world. 
 
Despite the fact that tall buildings are effective way to use limited urban area providing more green places 
and reducing the expansion of the city, higher energy use have been continually issued as major defects 
of tall buildings. 
 
External environment such as wind speed, temperature and humidity of the super tall building varies due 
to its vertical height. Therefore, it is necessary to consider these environmental changes to properly 
estimate the building heating and cooling load and minimize the energy demands for HVAC in super tall 
buildings.  
 
This paper aims to analyze how vertical micro-climate change affects building heating and cooling load in 
super tall building by TAS energy simulation program. Radiosonde which observes atmospheric 
parameters of upper air have been used as weather conditions reference in simulation. Hypothetical super 
tall building is used in simulation to provide the quantified characteristics of heating and cooling load of the 
super tall building comparing the lower, middle and upper part of the building. Besides, the correlation 
between air-tightness of building envelope and building load was analyzed for a super tall building. 
 
 
Keywords: Super tall building, Building load, Building envelope, Vertical climate, TAS 
.  

 
 
1. Introduction 
 

For a past few years, numerous tall buildings are under construction or being planned majorly in 
Asia and Middle East and some of these buildings are designed as super tall buildings. 828 meters high, the 
world’s tallest building Burj Khalifa, had finished in January 2010. Other super tall buildings that is higher 
than 600 meters such as Kingdom Tower in Zeda, Saudi Arabia, Nakheel Tower in Dubai, UAE, Burj Mubarak 
Al Kabir, Lotte super tower in Seoul, South Korea are on the stage of construction or planning.  

High-rise building can be a good landmark that represents a metropolitan city and the nation as well 
as effectively uses limited land area in dense city. Intensive land usage can not only create more green 
places in the city but also can save money, resources and carbon emission to build and maintain more 
infrastructures from expansion of the city. 

Despite these advantages that high-rise buildings have, however, drastic increase of energy 
consumption happens in this type of buildings. Exposed area to external environment grows, especially more 
glazing area for a better view, results in poor energy performance from reduced insulation and negative stack 
effect in summer. Vertical transportation for building users and materials also cause much larger energy use 
compared to the lower buildings that has similar floor area. Therefore, thorough research and attempt to 
reduce building load is very important for enhancing sustainability of tall buildings. 

For better analysis of building load to decrease energy use, distinctive method that satisfies 
different aspect of high-rise building has to be used. External environmental conditions such as wind speed, 
air temperature, humidity and solar radiation around the building differs due to the vertical micro climate 
change from height difference. Therefore, these different outdoor conditions have to be considered to 
minimize the energy demand for HVAC and lighting in super tall buildings.  

A few paper reported for heating, cooling load in tall buildings. Peter G. Ellis (Peter G. Elis, et. al, 
2005) evaluated Freedom tower in Manhattan by Energyplus, reviewing simulation method and how vertical 
difference and sun shading from surrounding buildings effects building load. Moti Segal (Moti Segal and et.al., 
2000) reported radiosonde meteorological data to calculate building load for high-rise buildings. 

In this paper, the effect of external micro-vertical climate change including wind speed, temperature 
to the cooling and heating load of a super tall building, using hypothetical 1,000 meter, 200 stories building 
by Thermal Analysis Simulation(TAS) program. The hypothetical building is vertically divided as five zones for 
each zone of 200 meters, 40 stories, using corresponding height’s radiosonde weather data, to compare how 
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vertical microclimate change affects by simulation. Vertically different aspect of building load is studied to 
evaluate variation tendency from the height, and compared with typical load analyze method with weather 
data near the ground level.  
 

Table 1. Monthly Averaged Vertical climate data of Osan 2009, observed by radiosonde 
 

 January February March April May June 

Height T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

800~1000m -7.0 50.4 7.7 -1.6 47.9 7.2 0.2 52.3 8.7 3.9 56.5 7.4 11.9 58.1 7.6 17.7 62.9 4.5 
600~800m -5.7 54.3 6.7 -0.9 55.5 6.0 1.7 54.6 7.8 5.2 54.5 6.6 13.4 58.7 6.7 19.2 61.2 4.0 
400~600m -4.1 54.0 5.3 0.3 60.9 4.7 3.2 55.8 6.5 6.6 55.4 5.4 14.6 59.1 5.3 20.5 61.1 3.2 
200~400m -2.3 53.6 3.2 1.5 65.1 3.4 4.6 57.4 4.9 8.0 57.6 4.0 15.7 62.1 3.7 21.6 62.4 2.4 
0~200m -3.2 67.7 2.1 1.9 74.0 2.1 5.4 64.2 3.4 9.1 62.7 2.7 17.0 68.0 2.1 23.2 68.7 1.6 

 July August September October November December 

Height T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

T 
(℃) 

H 
(%) 

W 
(m/s) 

800~1000m 18.9 76.0 6.4 20.8 68.2 6.2 16.3 61.7 3.9 11.2 55.7 6.5 2.1 68.4 7.8 -4.7 54.7 8.6 
600~800m 20.1 75.8 5.7 20.9 68.4 5.5 17.7 61.6 3.6 12.6 56.1 5.8 3.2 67.9 7.0 -4.1 59.9 7.8 
400~600m 21.3 77.5 4.7 22.3 69.4 4.7 19.3 62.5 3.0 14.0 56.8 4.8 4.7 65.7 5.9 -2.8 60.6 6.2 
200~400m 22.6 80.3 3.4 23.7 72.4 3.6 20.7 65.2 2.3 15.3 58.4 3.6 6.1 63.6 4.3 -1.4 60.4 4.3 
0~200m 24.0 85.7 2.0 25.1 79.0 2.5 21.7 73.1 1.6 15.3 68.9 2.3 6.5 69.6 2.8 -1.0 69.0 2.4 

(T : Temperature, H : Humidity, W : Wind speed) 
 
 
 
2. Vertical micro climate change in super tall buildings 
 

In order to analyze the effect of vertical micro climate change, weather data that has been 
measured by radiosonde has been used. Radiosonde is a weather observing device goes up to the higher 
atmospheric level to detect temperature, air pressure, wind speed, humidity etc. and transmit those data to 
the ground. Figure 1 shows radiosonde system. University of Wyoming, Department of Atmospheric Science 
provides weather data recorded by radiosondes from worldwide (see http://weather.uwyo.edu). In this paper, 
weather data that has been observed in 2009 by the radiosonde in Osan, where is near from Seoul 
metropolitan city, have been used as reference data. Table 1 contains monthly average data of temperature, 
humidity and wind speed for every 200 meters of height level from ground to 1,000 meters high. It shows that 
wind speed is positively proportional to the height, where temperature and humidity is reversely related with 
the height. 

 

Figure 1. Radiosonde system 
3. Simulation conditions 
 

77

                                                        CTBUH 2011 World Conference                                                                                     October 10-12, 2011, COEX, Seoul, KOREA
_____________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________



 

Fo
Six meters 
as perimete
as interior z
to divide w
building. Ta

 

 

 

or building loa
inside from b

er zone. From
zone and cor
hole building
ble 2, Table 

H

F

Typica

Gross

Ceili

U

Component

Glazing 

ad simulation
building enve
m perimeter 
re zone, res
g as five zon
3 and Table 

T

Height 

Floors 

 

al Floor Area 

s Floor Area 

ing height 

Usage 

t 

n, 1,000 met
elope that is 
zone to the 
pectively. Fro
nes. Figure 
4 shows info

Figu

Table 2. Mod

Table 3. Mo

Mat

Low

ters high, 200
enormously
building core
om ground l
2 shows the

ormation for s

ure 2. Zoning

 
 

deling buildin
 

Center Zon

Perimeter Zo

Interior Zon

 
odeling build

terial 

w-E 

0 stories hyp
affected from

e and inside 
evel, 200 me
e horizontal 
simulation.

 plan 

ng informatio

1,0

200 s

ne 

one 

ne 

2,000,

3.

Of

ing material

T
s

pothetical bu
m external co
of the buildi
eters, 40 sto
and vertical 

n 

00m 

stories 

2

554 m2 fo

1,308.5 m

,000 m2 

5m 

ffice 

Thickne
ss 
(mm) 

24 

ilding has be
ondition has 
ng core has 

ories are vert
 zoning of t

 

2,500 m2 

or each directio

2 x each directi

U-Value 
(W/m2℃)

1.592 

een modeled
been zoned
been zoned

tically zoned
he analyzed

on 

on 

 
) 

 

d. 
d 
d 
d 
d 

78

                                                        CTBUH 2011 World Conference                                                                                     October 10-12, 2011, COEX, Seoul, KOREA
_____________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________



 

 

(6CL+12Air+6LE) (SHGC : 0.319) 

Frame Metal/Thermal break 100 3.115 

Opaque Wall Al sheet/Glass Wool 50 1.95 

Internal Wall Reinforced Concrete 500 2.5 

Internal 

Floor 

Reinforced Concrete 

/Air gap/Acoustic Tile 
180 1.3 

 
  

Table 4. Simulation conditions 
 

Condition Value 

Weather data 
Seoul Climate data(solar radiation) + 

Radiosonde Data, Osan, 2009(Temperature, Wind speed, Humidity, 
Wind direction) 

Latitude 37.3 

Longitude 127.0 

Heating set point 22oC , 40% 

Cooling set point 26oC , 60% 

Heat gain (ASHRAE, 2007) 

Occupancy 
Sensible heat Gain: 15[W/m2] 

Latent heat Gain: 11[W] 

Lighting Office: 12[W/m2] 

Equipment Office: 21.5[W/m2] 

Infiltration 
0.3, 0.5, 0.7 ACH 

(When external wind speed is 3m/s) 

Cooling Schedule 9 a.m. ~ 8 p.m. 

Heating Schedule 8 a.m. ~ 8 p.m. 

Cooling and Heating period 01/01 ~ 12/31(Mon-Fri only) 

Simulation period 8760hours 
 
 Since most of high-rise buildings are exposed to higher wind speed, higher infiltration, these 
changes should be considered to calculate building load properly. Infiltration is assumed as constant value in 
conventional building load simulations. However, infiltration rate is proportional to wind speed and super tall 
building is exposed to strong wind. Therefore, infiltration rate should be set at inconstant. Figure 3 shows the 
relationship between wind speed and infiltration used in simulation (ASHRAE, 2009). Infiltration coefficient is 
set at 0 when it is direct proportional to the wind speed, while it is 1 when there is no relationship with each 
other in TAS simulation. Three types of air-leakage rate, 0.3ACH, 0.5ACH, 0.7ACH were reviewed when the 
wind speed is 3m/s to analyze the effect of air-tightness on heating and cooling load. Infiltration coefficient is 
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set at 0.5 in these cases. 
 

 
Figure 3. Infiltration change from wind speed 

 
Total simulation cases are 16. The heating and cooling load for each five vertical zones were 

analyzed. For these five zones, the air leakage rate was changed as 0.3ACH, 0.5ACH, 0.7ACH, respectively 
when the wind speed is 3m/s. Also, the basic case that using conventional weather data was compared to 
the case that using radiosonde weather data when the infiltration rate was set at 0.5ACH.  
 
 
 
 
 
 
 
4. Result 
 
4.1 The heating and cooling load for five vertical zones 
 Monthly building load differences in perimeter zone for vertical zone are shown in Figure 4. From 
lower part of the building Zone A to higher part of the building Zone E, cooling load decreases while heating 
load increases. Infiltration level affects heating load upsurge in winter, from comparing the result of 0.3ACH 
and 0.7ACH conditions. Although cooling load does not radically increase from more infiltration, it also affects 
a lot for annual cooling load because of the higher cooling load in office building. 
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In this study, the effect of vertical micro-climate changes on heating and cooling load in super tall 
building was analyzed by simulation. The results of this study are as follows. 
 

(1) In super tall buildings, the simulation method should reflect the wind speed and temperature changes 
because these are dominantly affects heating and cooling load. In this study, the vertical climate 
changes were considered using radiosonde weather data in Korea.  

(2) From the result of cooling and heating load for the perimeter zone where mainly influenced by external 
environment changes, cooling load is decreased while heating load is increased in higher part of the 
building Zone E compared to the lower part of the building Zone A. These are because of the low 
temperature and increasing heat loss from high infiltration caused by escalating wind speed. 

(3) For the dependence of the infiltration rate on heating and cooling load, even though the cooling load is 
slightly decreased when the infiltration rate is changed from 0.3ACH to 0.7ACH, while the heating load 
is significantly increased as double. 

(4) For the dependence of the weather data on heating and cooling load, the cooling load is decreased by 
27% and heating load is increased by 290% when vertical climate change is considered compared to 
the conventional way of using single weather data. 

(5) From the results of the building load factors, infiltration and conduction are main factor that arouse the 
heating and cooling load differences among the vertical zones. Therefore it is critical to enhancing 
insulation and air-tightness performance especially in higher part of the building in super tall building to 
minimize the energy consumption. 
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