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ABSTRACT

Upper floors of super-tall residential buildings have different characteristics of the exterior environment as compared to their
low floors or low-rise residential buildings due to the high-rise. Upper floors are more affected by direct solar radiation due to
the reduced number of adjacent shading buildings and by reflected solar radiation from rooftops. Super-tall buildings also have
high level of airtightness because of higher wind speed with high-rise. Therefore, upper floors of super-tall residential buildings
are expected to have different heating and cooling load characteristics as compared to low-rise residential buildings. In this
study, the influence of external environment characteristics due to the high-rise on the heating and cooling loads of super-tall
buildings were analysed. EnergyPlus was used for dynamic load analysis simulation, which showed that upper floors of super-
tall residential building would have different heating and cooling load characteristic compared to low-rise building and low
floors of super-tall building due to solar radiation and airtightness. In addition, it was expected that upper floor of super-tall
residential building had different sensible heat ratio than low-rise residential building.
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1 INTRODUCTION

1.1 Background and objective

Upper floors of super-tall residential buildings have different characteristics of exterior
environment with respect to outside temperature, effect of solar radiation and wind speed as
compared to low-rise buildings because of high-rise. Also, they have higher level of airtightness
due to increased wind speed with high-rise than low-rise residential buildings. Therefore, upper
floors of super-tall buildings should have different heating and cooling load characteristics as
compared low-rise buildings. The objective of this study was to analyse the effect of the
characteristics due to the high-rise on the heating and cooling loads of super-tall buildings for
determining architectural and mechanical alternatives suitable for super-tall residential
buildings.



1.2 Scope and methodology

Considering the external environment, temperature decrease while wind speed increase
with high-rise. As buildings are concentrated in urban areas, solar radiation would affect the
heating and cooling load. Also, Super-tall buildings have high level of airtightness and
difficulty for ventilation due to change of exterior environment.

EnergyPlus, a heat balance based simulation program, was used for analysing heating and
cooling load with respect to transient characteristics of the dynamic load. The influence of solar
radiation and infiltration on the heating and cooling loads of super-tall building and low-rise
building were analysed for a period of one year. The load of upper floor of super-tall building
was compared with that of low floor, middle floor of super-tall building and low-rise building.

Both peak load and annual energy should be considered to estimate the required capacity
of mechanical systems. In order to determine the cooling capacity, room latent cooling load
should also be analysed. The sensible and latent load ratio are expected to be different due to
the exterior environment (such as solar radiation and moisture of infiltration). Therefore, for
efficient the system selection, sensible heat ratio (SHR) when peak cooling load occurred were
analysed

2 SIMULATION FOR HEATING AND COOLING LOAD ANALYSIS

For the analysis of heating and cooling load, super-tall building and low-rise building were
selected satisfying building code in Korea as shown in Table 1. Considering layout of city, high
density of buildings, adjacent buildings were placed around the selected buildings. It was
assumed that the super-tall building and low-rise building were built in the same location. The
input data for the simulation were summarized as shown in Table 2. Heating and cooling load
in the living room were analysed.

Table 1: Super-tall residential building and low-rise residential building for simualtion

Super-tall building Low-rise building
Floors(Height) 74 Floors(222m) 24 Floors(72m)
Airtightness
(Effective Leakage Areas) 1.4 2.8
[am’/m’]
Window open according to
Ventilation No ventilation temperature in May, September and

October
(18°C~26°C)
Upper floor: 70 Floor
Classify for load analysis Middle floor: 50 Floor 10 Floor
Low floor: 10 Floor

Figure 1: Layout of super-tall residential building and low-rise residential building



Table 2: Summary of input data for simulation

Input Data
Orientation South
Model | Areaand 140 m'/ 3m
House eight el HJ
E !E | an
Weather Standard weather data for Seoul ‘ U
Data - .
Number of 4 people ﬁ.
Occupants peop
Occupancy k-
schedule[6] ] II
Internal , IIIIIII —
Loads F e 2 anom Tk
People 120 W/person Figure 2: Plan of the simulation model
Light 6.19 W/m’
Sensible heat: 160W
Equipment Work: 15W(Sensible heat 11.25W,
Latent heat 3.75W)

3 HEATING AND COOLING LOAD CHARACTERISTIC IN SUPER-TALL
RESIDENTIAL BUILDING

Heating and cooling load analysis with respect to external environment characteristics and
different airtightness was done. Table 3 shows the results for peak load and annual energy of
the buildings.

According to the analysis, upper floor of super-tall building has larger peak heating and
cooling load but lower annual heating energy than its low floor. As shown in Figures 3 and 4,
upper floor of super-tall building has larger monthly peak heating energy than its low floor
during winter. However, monthly heating energy less occurs in upper floor of super-tall
building than in its low floor.

Table 3: Heating and cooling load of residential super-tall building and low-rise residentail building

Cooling Load Heatine Load
Peak Load Annual Energy Peak Load Annual Energy
wim Wh/m'(a) w/m' Wh/nr'(a)
Upper floor of
super-tall building 25 63,141 11 759
Middle floor of
super-tall building 25 66,459 10 531
Low floor of
super-tall building 21 42,227 6 906
Loyv—.rlse 29 44,759 21 3,441
building
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Figure 3: Monthly peak Heating load Figure 4: Monthly Heating Energy

Upper floor of super-tall building has lower peak heating and cooling load but larger annual
cooling energy than low-rise building. Figures 5 and 6 shows that upper floor of super-tall
building has lower monthly peak cooling load than low-rise building. However, upper floor of
super-tall building has higher monthly cooling energy than low-rise building during all seasons
except summer. In addition, monthly cooling energy more occurs in upper floor of super-tall

building than in low-rise building.

Flgure 5 Monthly peak Coohng load F1gure 6 Monthly Coolmg Energy
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The result shows that the annual cooling energy is larger in upper floor of super tall building
than low floor of super-tall building and low-rise building. Moreover, upper floor of super-tall
building has larger annual cooling energy than annual heating energy.

4 INFLUENCE OF SOLAR AND INFILTRATION ON HEATING AND COOLING
LOAD

According to table 4, upper floor of super-tall building has more beam and diffuse solar
radiation than low floor of super-tall building and low-rise building. This would be due to
reduction of adjacent shading buildings and reflections from adjacent rooftops. As average
infiltration increases with high-rise in super-tall building, upper floor of super-tall building has
more infiltration heat gain and heat loss than low floor of super-tall building but smaller heat
gain than low-rise building due to high level of airtightness.

According to Figures 7 and 8, upper floor and middle floor of super-tall building have
larger solar heat gain energy than low floor of super-tall building and low-rise building. Since
outside temperature decreases and infiltration increases with high-rise, infiltration heat loss and
heat gain are higher in upper floor of super-tall building than in low floor of super-tall building.
Due to lager solar heat gain, upper floor of super-tall building has smaller annual heating energy
but larger cooling energy than low-floor of super-tall building. Also, upper floor of super-tall
building has smaller annual heating energy but larger annual cooling energy than low-rise
building because of larger solar heat gain and smaller infiltration heat gain.



Table 4: Heating and cooling load of residential super-tall building and low-rise residentail building

Annual Solar Radiation Infiltration Energy
Wh/m’(a) Wh/m’(a)
Beam Solar Diffuse Solar .
Radiation Radiation Heat gain Heat loss
Upper floor of 6,125 10,135 25 4,883
super-tall building
Middle floor of 6,125 9,868 25 4,165
super-tall building
Low floor of
super-tall building 07 2,511 19 2,227
Low-rise 907 2,704 43 3,968
building
e o
by 8947(24%) B309(21%) I
Figure 7: Annual Heating Energy components Figure 8: Annual Cooling Energy components

According to Figures 9 and 10, upper floor of super-tall building has larger infiltration heat
loss and heat gain than low floor of super-tall building. This would be due to increased wind
speed at the high-rise. However, upper floor of super-tall building has smaller infiltration heat
loss and heat gain than low-rise building due to high level of air tightness. Therefore, upper
floor of super-tall building has larger peak heating and cooling load than low floor of super-tall
building but smaller than low-rise building due to infiltration.
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Figure 9: Peak Heating Load components Figure 10: Peak Cooling Load components

With respect to change of solar radiation and infiltration, Figures 11 and 12 shows the
difference in SHR when peak cooling load appeared in super-tall building and low-rise building.
During the daytime, upper floor of super-tall building has larger sensible cooling load but
during night time, it has smaller sensible and latent cooling load than low-rise building. In
summer, solar radiation is expected to make larger sensible cooling load during daytime but
under hot and humid weather, large amount of infiltration makes large sensible and latent
cooling load in night time. It is the reason why upper floor of super-tall building has larger SHR
than low-rise building but has smaller than low floor of super-tall building. Since variation of
the SHR in the super-tall building is larger than that in the low-rise building, cooling system
capable of coping with a change in sensible heat would be advantageous in the super-tall
building.
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Figure 10: Cooling load and SHR when Peak Cooling load appeared in upper floor of super-tall building
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Figure 11: Cooling load and SHR when Peak Cooling load appeared in low-rise building

S CONCLUSIONS

The objective of this study was to analyse the influence of external environment on heating
and cooling load of super-tall building due to high-rise. Through a dynamic load analysis,
heating and cooling load of super-tall residential building and low-rise residential building was
examined.

The simulation results showed that upper floor of super-tall building has different heating
and cooling load characteristic as compared low-rise building and low floor of super-tall
building due to solar radiation and airtightness. Since solar radiation affect the annual heating
and cooling energy, upper floor of super-tall building has larger annual cooling energy and
smaller heating energy than low floor of super-tall building and low-rise building. Infiltration
affect the peak heating and cooling load. Therefore, upper floor of super-tall building has larger
peak heating and cooling load than low floor of super-tall building but smaller the peak loads
than low-rise building.



It is considered mechanical operation plan for annual cooling energy is necessary in upper
floor of super-tall building because cooling load more occurs in upper floor of super tall
building than in low floor of super-tall building and low-rise building. Also, for cooling system,
it is considered upper floor of super-tall building has larger SHR and variation of the SHR than
low-rise building.
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