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Abstract 
 

Cooling load is the amount of heat energy that needs to be removed from the 

zone or room to maintain the required temperature and humidity. Cooling 

load estimation is a basic step in the design of the air conditioning system. 

Cooling load can be calculated using a manual calculation or a software 

calculation. Construction material for the building envelope is one of the 

factors that influence the cooling load. This study will discuss the difference 

between five types of glass material, namely reflective double glazing 

(bronze), tinted double glazing (bronze), low emissivity single glazed 

(green), low emissivity double glazing (green) and triple glazing, 2 panels 

with low emissivity polyester film coated in air space (green) and pairing 

with 4" face brick wall material in terms of cooling load due to heat gain. 

The Cooling Load Temperature Different (CLTD) method is used in this 

study to estimate the heat gain of the building with various types of glass 

material. This is one of the correct ways to measure the heat gain through the 

building envelope in order to measure the air conditioning system. Heat gain 

from 9am to 6pm is being investigated. The office with a floor area of 108m2 

located in UniKL-MFI, Malaysia, is used for this study. The peak load occurs 

at 4pm for all five sets of calculations. Air conditioning system capacity will 

be selected on the basis of the peak load value. Office with reflective double 

glazing (bronze) has the lowest load at 7010.48 Watt (1.99 ton). While a low 

emissivity single glazed (green) office has the highest load at 7440.11 
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Watt (2.10 ton). The U value and the SC value for each type of glass will 

influence the heat gain through the window. 

 

Keywords: Cooling load, heat gain, wall material, glass material, CLTD 

method, Heat Energy. 

 

1 Introduction 
 

Air conditioning is the process by which the air is treated to control 

temperature, humidity, air purity and air movement in order to achieve 

human thermal comfort. Based on ASHRAE standard 55-2017, the room 

temperature should be between 20°C and 27.8°C. As it is located near the 

equator, Malaysia has a year-round experience of warm and humid 

conditions. By referring to the Malaysia Meteorology Department [1], the 

normal temperature for Malaysia is 26.94°C and the highest recorded 

temperature in 2019 is 38°C, with total sunlight at around 5 to 7 hours per 

day. Solar radiation will increase the ambient temperature, leading to higher 

energy consumption of the air-conditioning system. Most of the occupants in 

Malaysia will use the air conditioning system to maintain thermal comfort 

[2]. It is very important to estimate the cooling load in the building or the 

space to be cooled. Incorrect calculation of the cooling load will result in 

under sizing or oversizing of the air conditioning system. This study 

addresses the estimation of cooling load due to heat gain through building 

structure using a manual calculation, namely the Cooling Load Temperature 

Different (CLTD) method. Heat gain is the rate of heat that can be 

transferred to the building and can be divided into sensible heat gain and 

latent heat gain. The study also uses five different types of glass window 

materials. Window heat gain caused by conduction and solar radiation. All 

data used in this study are taken from the ASHRAE Fundamental Handbook 

[3]. Generally, the total cooling load in the building is divided into the 

external load and the internal load. The cooling load components such as 

solar radiation through an opaque surface (window, roof, floor, wall, and 

door), solar radiation through a window, infiltration, ventilation, people, 

lighting and electrical equipment should be considered while estimating the 

cooling load. 

                                                   

2 Literature Survey 
 

Many studies have been conducted using the CLTD method. M.D. 

Suziyana et.al [4] use the CLTD method to analyse heat gain in the 

university building. They found that the highest load was at 3pm. However, 

only one type of glass material is used in this study. Calculation of the 

cooling load using the CLTD method is also reported in [5]. Anurag Tiwari 

et.al [6] state that the CLTD method is one of the easy ways to calculate  
 

 

 



 
 

Estimation of Cooling Load Due To Heat Gain through Building Structure using 

CLTD method 483 

 

cooling loads. Hassan Oktay et.al [7] compare the calculation of cooling load 

using the CLTD method and the TETD method for different building 

envelopes. However, this study uses multilayer walls and roofs. Study that 

conducts [8] using the CLTD and TETD methods to calculate cooling loads 

for computer rooms in India. This cooling load is then compared to the 

calculation with the HAP Carrier V4.9 software. The same study pattern was 

also followed by [9]. They found that the cooling load calculation using the 

CLTD method is almost the same with the total load that the computer 

software calculates. So, it can be summarized, even the CLTD method is a 

manual calculation, the accuracy of the load calculation is almost the same 

with the load calculation using computer software. As reported in [10], the 

highest heat gain in the building structure is about 50% of the roof. Heat gain 

through the window only contributes 8% of the total cooling load. A study on 

heat gain through various types of single-glazed window glass has been 

conducted [11]. They found that the cooling load of the building could be 

reduced by using a grey glass window with a 1.5m overhang shading device. 

However, this study is conducted in India using four different climatic zones. 

[12] State that, if the window glass has a small SC value, less solar heat gain 

can be transmitted to the building[13][14][15][16]. Five types of window 

glass material from the CLTD table are used in this study. The reason is to 

make a comparison of the total peak load when using a different type of glass 

window material. Factors such as the heat transfer coefficient (U value) and 

the shading coefficient (SC) will analyse the heat gain through the window 

and only contribute a small percentage to the total cooling load. 

                      

                    3 Cooling Load Estimation 

 

Cooling load calculation in this study using the CLTD method by 

reference to the data provided in the ASHRAE 2001 Fundamental Handbook 

[3]. The office with a floor area of 108 m
2
 is used as shown in Figure 1. This 

office is one of the areas of the university building in Kuala Lumpur. Based 

on the orientation of the office, only one side of the wall facing outdoor 

(facing south east) with a total area of 40 m
2
. The wall material for the office 

is a 4" face brick. The adjoining room for the wall facing southwest is the 

computer lab, while the north east wall is the storeroom and the northwest 

wall is the hallway.   

All adjoining room is considered as a partition and air- conditioned. 

Because of this, no heat will be transferred from the adjoining room to the 

office. There are 3 windows facing south east with a total area of 9 m
2
. The 

window material used for this office is low emissivity single glazed (green). 

This office is occupied by 10 lecturers, considering sitting and doing light 

office work from 8 a.m. to 6 p.m. From the ASHRAE table, the dry bulb 

temperature (DB) at Kuala Lumpur is 33.8 °C, the DB range is 9. The 

internal temperature (Ti) is set at 24 °C with a relative humidity (RH) of 70%  
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and the date is set at 21st July. Light and electrical appliances are expected to 

be used for 10 hours from 8am to 6pm. 

 
Figure 1 Office Layout 

 

Five types of glass material are used in this study: reflective double 

glazing (bronze), tinted double glazing (bronze), low emissivity single glazed 

(green), low emissivity double glazed (green) and triple glazing 2 panels with 

low emissivity polyester film coated in air space (green). The total load from 

9 a.m. to 6 p.m. will be determined at the end of the calculation. The highest 

load will be obtained from this calculation. The summary of the total heat 

gain and the maximum heat load from five sets of calculations will be shown 

in the table. Causes that contribute to the highest and lowest load when using 

a different type of window material will be analysed. The equations used in 

this paper are [3]: 

                    

                3.1 Heat gain, Q through Wall, Roofs and Window 
 

Q = U x A x CLTD correction      (1) 

      U = 1/∑R       (2) 

      CLTD correction = (CLTD + Lm) K + (25.5°C - Ti)  

      + (To, av – 29.4 °C)      (3) 

       To,av = DB at Kuala Lumpur - ( RH  x Range of DB )  (4) 

Where, U is heat transfer coefficient (W/m
2
.K) for wall, roof and 

window, R is resistance, LM is latitude and month and A is area (m
2
) of wall, 

roof, and window. The CLTD data for equation (3) is taken from the table 

base on solar time. The U value based on material type. Wall material is 4” 

face brick, group D wall. U value for wall is 2.36 W/m
2
.K.  Since this study 

use five type of window glass material, each material will have different U  
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value as shown in table 1. Area for wall and window is 40m
2
 and 9m

2
 

respectively. LM only applied for wall (-8°f) and roof  (-4°f) and based on 

month and latitude. By considering this office painted with light colour, K 

value set to be 0.5. 

 

                 3.2 Heat Gain Due to People, Electrical Appliances and Lighting 
 

Qlight = A x CLF x q      (5) 

Qoccupant = No. of occupant x CLF x q    (6) 

Qappliance = A x CLF x q     (7) 

Where, A is the floor area (ft
2
) and CLF is the cooling load factor. The 

value of the cooling load factor (CLF) taken from the table based on the total 

operation hour. The total operation hour for this study is 10 hours, from 8 

a.m. to 6 p.m. The nominal heat gain value for the occupant is 75 Watt for 

sensible heat and 45 Watt for latent heat. The value taken is based on the 

activity of the occupant. 

                                  

                3.3 Solar Heat Gain through Window and Glazed Surface 
 

Q = A x Sc x SHGF x CLF     (8) 

Where, A is the window area facing the south east. It's just this side of 

the window facing outdoors. The value of the cooling load factor (CLF) is 

taken from the table provided on the basis of the orientation of the building 

and solar time.  

Sensible heat gain factor (SHGF) value based on window orientation and 

month of study. The value of SHGF in this paper is 242.94 W/m
2
. SC is the 

shading coefficient and the value taken from the table is based on the type of 

glass as shown in Table 1. SC is the indicator used to evaluate heat gain 

through a glass window. The value depends on the colour of the glass and its 

degree of reflectivity.  

As stated in [7], low SC value will allow lower heat to be transmitted to 

the building. The value of the heat transfer coefficient or U value for each 

type of material is also shown in Table 1. This U value is used to measure the 

effectiveness of glass material as an insulator. The U value depends on the 

higher or lower thermal resistance, the R value. Material with high thermal 

resistance, R will result in a low U value and vice versa. Material with a 

lower coefficient of heat transfer (U value) is better compared to the higher U 

value of the material. It's because less heat is transferring to the room.    

The relationship between SC value and U value can be studied in Table 

1. It has shown that the material with a low SC value will have a lower U 

value. While the material with a high SC value will normally have a higher U 

value. The different type of glass material with a lower or higher shading 

coefficient (SC) and U value will lead to 5 different sets of total load 

calculations. Findings will be discussed in more detail in the result and 

discussion section. 
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Table 1 U Value and SC for Each Window Material 

 
Type of glass material U value SC 

 W/m2.K  

Low emissivity single glazed (green) 6.25 0.53 

Low emissivity double glazed (green) 1.89 0.42 

Tinted double glazing (bronze) 2.86 0.57 

Triple glazing 2 panes with low emissivity coated 

polyester film in air space (green) 

1.59 0.47 

Reflective double glazing (bronze) 2.27 0.20 

                 

                   4 Result and Discussion 
 

Data in this section presented our work on the calculation of cooling load 

using the CLTD method. The type of window material provided by 

ASHRAE is taken from the CLTD table. Table 2 shows a summary of the 

total load for each type of window glass from 9 a.m. to 6 p.m. The highest 

load is at 4 p.m. for each glass and the lowest load is at 6 p.m. This result is 

supported by [4] and [8] which state that the highest load occurs between 2 

p.m. and 4 p.m. in the afternoon. Referring to Table 2, at 4 pm reflective 

double glazing (bronze) has the lowest total load (7010.48 Watt) while low 

emissivity single glazing (green) has the highest total load (7440.11 Watt). 

The data in Table 2 may relate to the findings in Table 3. Table 3 shows the 

effect of the U value and the SC value on the total peak load at 4pm. Refer to 

equation (2), the U value relates to thermal resistance, the R value of the 

material used. While thermal resistance, R relies on the thickness of each 

layer of the material over the thermal conductivity of the layer. When 

thermal resistance is higher, the value of U decreases and vice versa. The 

lower the U value, the lower the heat is transferred to the building. While the 

material with a low SC value will allow a small amount of heat to be 

transmitted to the building [7].   
 

Table 2 Summary of Total Load for Different Type of Glass Material 
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Table 3 Effect of U Value and SC towards Peak Cooling Load 

 
Type of glass material Resistance U value SC SHGF Peak 

load at 

4pm 

  m
2
.K/W W/m

2
.K   W/m

2
 (Watt) 

Low emissivity single 

glazed (green) 

0.16 6.25 0.53 242.94 7440.11 

Low emissivity double 

glazed (green) 

0.53 1.89 0.42 242.94 7091.96 

Tinted double glazing 

(bronze) 

0.35 2.86 0.57 242.94 7230.75 

Triple glazing 2 panes with 

low emissivity coated 

polyester film in air space 

(green) 

0.63 1.59 0.47 242.94 7096.20 

Reflective double glazing 

(bronze) 

0.44 2.27 0.20 242.94 7010.48 

 

The effect of these two value (U value and SC value) make the total peak 

load of the office that occurs at 4pm is different. Using reflective double 

glazing (bronze) glass material with the lowest SC value and lower U value, 

the overall peak load for this office is the lowest. When this office uses low 

emissivity single glazed (green) glass material with a high SC value and the 

highest U value, the total peak load becomes the highest. 

 

                5 Conclusion 
 

Estimation of cooling load due to heat gain through building structure 

using the CLTD method has been achieved in this study. The difference of 

total cooling load between 5 types of glass material is found. The highest 

total load for each set of calculation occur at 4pm.  The total load will be 

affected by the U value and the shading coefficient (SC) of the material. The 

building that uses low emissivity single glazed (green) as a window material 

has a high SC value (0.53) and the highest U value (6.25 W/m2.K). 

This building has the highest load at 4 p.m. (7440.11 Watt). While the 

lowest load at 4 p.m. occurs in a building with reflective double glazing 

(bronze) as its window material (7010.48 Watt). This window material has 

the lowest SC value (0.2) and the lowest U value (2.27 W/m2.K). The 

selection of the air-conditioning unit will depend on the highest cooling load 

at 4 p.m.  

Further work is on improving the calculation of cooling load, 

incorporating a comparison of manual calculation with computer software 

calculation and further analysis of factors related to heat gain through 

building structure and its effect on cooling load. 
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