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The amount of carbon emission pumped into the atmosphere has led to a rise in global 
temperature. Rapid urbanization increased the use of air conditioners, resulting in the 
urban heat island effect. The use of environmentally friendly methods in reducing 
energy consumption for buildings is needed now more than ever. This study aims to 
evaluate the cooling load of a prototype by installing a shading plate above its roof at a 
height of 0.67m. A wooden panel with an attached aluminium sheet is used as a shading 
plate, 2m by 0.9m. The prototype with a dimension of 0.80m (L) x 0.50m (W) x 0.97m 
(H) is a scaled-down model of the guardhouse located near Block E, UCSI University. 
Along with the shading plate, the prototype is placed nearby the guardhouse to validate 
the actual guardhouse's exact condition. The shadow acts as an insulator to the 
prototype. There were two devices used for data collection; a VELOCICALC 
thermometer to measure the air velocity and air temperature and an infrared 
thermometer to measure the profile temperature of the room walls, roof, and floor. To 
ensure the prototype is adequately ventilated, it was placed 20 cm above the floor using 
red bricks from 9 a.m. to 5 p.m, a maximum temperature reduction of 4.5°C when the 
shading plate thoroughly shades the room. A total of 14.5% electricity cost can be 
reduced monthly when the guardhouse is fully shaded from 11 a.m. to 2 p.m. In 
contrast, both the actual guardhouse and the prototype model can receive full sunlight 
from 11 a.m. to 5 p.m., while from early morning till 11 a.m., the guardhouse is fully 
shaded by the UCSI Block E building.  
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1. Introduction 
  

The concern of reducing carbon footprint or being more sustainably efficient has become an 
important topic today [2-4]. Thermal insulation plays an important role in a hot and humid country 
to reduce dwellings' energy consumption and cooling load [1]. The increase in the human population 
has increased the number of homes needed. Being in a tropical region that is constantly hot and 
humid, installing air conditioning is a must for comfort purposes [5]. The rise in carbon emission from 
various industries that have caused the increase of surrounding temperature has led to increased air 
conditioning usage, leading to consuming more fuel for electricity generation, which raises more 
greenhouse gases being pumped into the atmosphere [6]. Insulating materials such as Rockwool, 
Polyethylene Aluminium Single Bubble (PASB), and Expanded Polystyrene Foam (EPS) with the 
thickness of 50 mm to 100 mm are widely used due to their low cost and low thermal conductivity 
[7-10]. The use of awnings has also shown a sound reduction in indoor temperature as it acts as an 
insulating layer with a good amount of air circulation beneath it [11].  

Heating, ventilating, and air conditioning plays an essential role in providing an optimum 
temperature to the surrounding to maximize the productivity and comfort level of the occupant. 
Intelligent buildings are built to improve overall efficiency [12-13]. The increase in electrical 
appliances usage has driven up the demand for more energy. Hence, power plants need to increase 
the power output, i.e., burn more fossil fuel, which is one of the significant contributors to climate 
change. Being in a comfortable location ensures the productivity of a person stays high. However, if 
the building is poorly insulated, especially the roof where most heat enters, unnecessary waste in 
energy is bound to happen [14]. 

The use of the Vertical Greenery System in reducing the building temperature has seen a seasonal 
cooling energy saving of almost 30% [15]. The primary reasons behind the thermal performance of 
buildings are related to the building architecture design, such as roof type and material, the 
orientation of the roof and insulation beneath it, building material, and glazing. In hot weather zones, 
the shading of building in the sense of roof and façade will aid in reducing the cooling load during the 
hot season [1]. 

One of the critical potentials to reduce carbon emission and generate more sustainable energy is 
installing solar panels [16]. Approximately 3,850,000 exajoules (One exajoule, EJ = 1018J) per year of 
total solar energy absorbed by the Earth's atmosphere, lands, and oceans [17]. The total energy used 
by humans in 1 year is 4.6 x1020 J which can obtain from the sun in 1 hour [18]. Solar energy is a 
renewable energy source as no pollution is generated from harnessing its energy [19-22]. Energy 
demand is a vast sector that is drastically increasing throughout the world. With the growing human 
population and people migrating to urban areas, the demand for clean energy is more than ever [23]. 
Most of the electricity generation worldwide is from the burning of fossil fuels, which emits 
enormous greenhouse gases into the atmosphere [24].  

The objective of the study is to evaluate how shade cast by shading the roof will affect the 
temperature and building cooling load. This research was performed through simulations and 
experiments to determine how much the prototype's temperature can reduce when the shading 
panels fully shade the prototype. The main focuses are solar irradiance, air velocity, and air 
temperature inside the room and outdoor surroundings. It will compare with an actual room, i.e., a 
guardhouse without any shading throughout the day. The current methods used to reduce heat flux 
in the building are applied beneath the roof. Those materials could be Rockwool, Polyethylene 
Aluminium Single Bubble (PASB), Glasswool, spray form insulations. Besides solar panels, reflective 
wall paint and creeping plants could be the thermal reduction method. Not only do these methods 
require a complex installation, but they are harmful to human health over a long exposure, and 
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improper disposal methods are considered upon the end of their lifecycle. However, by shading an 
entire building during peak hours, i.e., 11 a.m. to 2 p.m., the heat flux rate can be reduced, which 
aids in decreasing electricity consumption during peak hours.  
 
2. Methodology  
2.1 Experimental Setup 
 

The experimental setup consists of a 1:3 ratio prototype model of the actual guardhouse, as 
shown in Figure 1 and Figure 2. The prototype was built to compare temperature differences when 
the shading plate casts a shadow on the room model. 
 

  
(a) (b) 

Fig. 1. Right side (a) and left side (b) view of the prototype model 
 

UCSI Block E building open car park has experimented upon completing the prototype 
construction and the shading plate. It was near Block E guardhouse and an ideal location to receive 
sunlight throughout the day. 
 

 
Fig. 2. UCSI Block E guardhouse 
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Table 1 shows the dimensions of the guardhouse and prototype model:  
 

Table 1  
The geometry of the prototype model and guardhouse 
Components Dimension (mm) Material 

Guardhouse 2400 x 1500 x 2900 Metal 
Prototype model 800 x 500 x 970 Balsa wood 

 
The room model has four walls and a roof while placing it on four bricks with the floor left open 

for air ventilation purposes, as shown in Figure 1. The room model for this study is made from Balsa 
wood, and Table 2 [25] are the specifications: 
 

Table 2 
Balsa wood specifications [31] 
Property Value Units 

Thermal Conductivity  0.050 W/(m.K) 
Specific heat 1.420 kJ/kg.K 
Density 178 kg/m3 

Elastic Modulus 0.175 GPa 
Poisson ratio 0.290 - 

 
The shading plate is made of a 1 mm aluminium sheet, placed on a 3 mm Balsa wood to shade 

the room model. Aluminium is used due to its high efficiency in reflecting the sunlight and heat 
instead of absorbing them [26]. It is vertically installed at 0.67 m above the room model, as shown in 
Figure 1, and the dimensions of the shading plate are 2.00 m x 0.90 m. Extra caution is required when 
handling the aluminium sheet due to its sharp edges. 
 
2.2 Simulation 
 

SketchUp software simulation was used to determine a strategic location that receives good 
sunlight to experiment. Then, the prototype model with the shading plate was designed using this 
software to determine when the shading plate will fully shade the room model. SketchUp software 
aids in determining the sun's orientation throughout the year. Hence, an optimum height and size of 
the shading plate can be designed to ensure the prototype stays partially and fully shaded during the 
peak hours of the day.  Also, more time can be saved through this software as there is no need to 
track the sun's orientation physically throughout the year. Optimum dimensions of the shading plate 
can also be confirmed through SketchUp; hence there is no need to waste more materials through 
the fabrication process. The shadow analysis features in SketchUp were used to determine the sun's 
orientation throughout the year. Furthermore, the size of the shading plate was designed to ensure 
the casted shadow is at least partially shade the room during peak hours of the day, i.e., from 11 a.m. 
to 2 p.m. 

Figure 3 shows the design and dimensions of the scaled-down model in SketchUp. The air velocity 
and air temperature of the walls and surrounding temperature were determined. Data for all of them 
were collected from 9 a.m. to 5 p.m. during clear skies and hot sun throughout the day. 
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Fig. 3. Dimensions of the prototype model 
with shading plate 

 
The measuring instruments used in this research are Infrared Thermometer and a TSI VELOCICALC 

multi-function ventilation meter, as shown in Figure 4 and Figure 5. Both devices were used to 
measure the inner and outer air temperature and inner and outer air velocity of the room model and 
guardhouse from 9 a.m. to 5 p.m. The Infrared Thermometer was used to measure the temperature 
profile.  
 

 

 

 
Fig. 4. TSI VELOCICALC meter  Fig. 5. Infrared thermometer 

  
3. Results and Discussion 
   

This research aims to evaluate how effective the shade cast by a shading plate is in lowering the 
temperature of the prototype. A prototype model made from Balsa wood was constructed, with a 
shading plate almost twice the model’s size installed about 0.67 m above its roof. The shading plate 
consists of a 1 mm thick aluminium sheet placed on a 3 mm thickness of Balsa wood due to the 
aluminium sheet not being rigid. Figure 6 shows the simulation data on how the shade cast by the 
shading plate on the prototype would look from 11 a.m. to 2 p.m. and Figure 7 shows the 
experimental data collected every hour, from 9 a.m. to 5 p.m., for a total of 30 days. 
 
3.1 Simulation Result 
 

Before proceeding with the experimental result, a simulated version of the prototype model with 
the shading plate has been modelled using SketchUp software to find the optimum shade of the plate 
to the room model that falls between 11 a.m. to 2 p.m., shown in Figure 6. The reason to provide the 
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SketchUp result from 11 a.m. to 2 p.m. is to show the outcome of shade cast by the shading plate on 
the room during peak hours.  
 

         
(a)                                                                                  (b) 

                  
(c)                                                                                    (d) 

Fig. 6. Shading cast on the prototype model at the peak hours, (a) 11 
a.m. (b) 12 p.m. (c) 1 p.m. (d) 2 p.m. 

 
3.2 Field Result 
 

Figure 7 shows the experimental result on how the shading panel can shade the room model from 
9 a.m. to 5 p.m., and Figure 8 shows the temperature distribution results from 9 a.m. to 5 p.m.  
 

   
(a)   9 a.m. (b) 10 a.m. (c) 11 a.m. 
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(d) 12 p.m. (e) 1 p.m. (f) 2 p.m. 

   
(g) 3 p.m. (h) 4 p.m. (i) 5 p.m. 

Fig. 7. Experimental result of the shade cast from shading panel on the prototype model from 9 a.m. 
to 5 p.m. 

 
The average difference in air temperature reduction between the inside of the prototype model 

and outdoor surroundings ranges from 1.9°C to 4.5°C during the peak hour, from 11 a.m. to 2 p.m., 
as shown in Figure 8. 
 

 
Fig. 8. The air temperature difference between outdoor surroundings and inside the 
prototype model 
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As the shading plate was installed flat above the room model, no shade was cast from 9 a.m. to 
11 a.m. and from 2 p.m. to 5 p.m. However, the prototype model receives a partial shade after             
11 a.m., and it is fully shaded till 2 p.m. as shown in Figure 7 and the air temperature inside the room 
model reduces up to 4.5°C.   

As shown in Figure 9 and Figure 10, the recorded wall temperatures are highest at 2 p.m., due to 
the shade starting to be away from the room since there is no insulation fitted within the walls of the 
room model.  
  

 
Fig. 9. Prototype model wall interior temperature 

 

 
Fig. 10. Prototype model wall exterior temperature 

 
Temperature data was collected from the room model compared with the actual guardhouse wall 

temperatures. Figure 11 and Figure 12 show the guardhouse wall temperatures, and the highest 
temperature is at 2 p.m. as well.  
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Fig. 11. Guardhouse Wall Inner Temperature 

 
 

 
Fig. 12. Guardhouse Wall Outer Temperature 

 
The wall temperatures of the guardhouse and the scaled-down model in Figures 9, 10, 11, and 12 

are at their highest at 2 p.m. The recorded temperatures of the guardhouse are lower than the 
temperatures of the prototype model, and it is due to the presence of air conditioning inside the 
guardhouse. The main goal of the present study is to reduce the usage of the air conditioner unit by 
applying the shade of the panel above the room. 
 
3.5 Power Consumption Analysis  
 

The air conditioner installed in the guardhouse is Daikin 1.0 HP air conditioner, which uses          
0.52 kW/h [27], as shown in Figure 13. The assumption of no environmental or weather factor may 
have caused the air conditioner to consume more or less power. If a shading panel were to be 
installed on the guardhouse, it would thoroughly shade it from 11 a.m. to 2 p.m., which is 3 hours. 
Hence the air conditioner can be turned off to reduce its power consumption. 
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Fig. 13. 1.0 HP Daikin Air Conditioner (Airflow n.d.) 

 
Table 3 would show the reduction in monthly power consumption if a shading plate were to be 

installed above the roof of the guardhouse. This calculation assumed the air conditioner runs 18 
hours a day and 30 days a month. 
 

Table 3 
Energy consumption 
Method Monthly power 

consumption (kWh) 
Monthly power 
reduction (kWh) 

Percentage monthly 
power reduction (%) 

Without shading 280.80 - - 
With shading plate 234.0 46.8 20 

 
Table 4 shows the cost for electricity bill is calculated based on the tariff given by Tenaga National 

Berhad, which is 21.80 cents/kWh for the first 200kWh and 33.40 cents/kWh for the next 100 kWh. 
 

Table 4 
Monthly electricity cost saving of the guardhouse 
Method Monthly power 

consumption (kWh) 
Monthly 
Electricity cost 
(RM) 

Monthly saving 
(RM) 

Percentage monthly 
saving (%) 

Without shading 280.80 70.58 - - 
One layer 234.0 60.38 10.20 14.5 

 
Based on the power assumption for the 1.0 HP Daikin air conditioner, the data presents an 

average power reduction of 46.8 kWh if the shading plate thoroughly shades the guardhouse from 
11 a.m. to 2 p.m. A total of 14.5% can be reduced monthly on the electricity cost and reduction in 
20% of power consumption if the guardhouse is fully shaded from 11 a.m. to 2 p.m. 
 
4. Conclusions 
 

The shading plate played very important role; is it helps to reduce the temperature during the 
peak hours by 4.5°C, while this reduction considers very high based on the condition of the 
experiment, as the prototype has been fabricated from the wood and there is no air movement inside 
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the room, this could heat the room to be same as the environment temperature. However, with this 
technique of the temperature has reduced inside the room to 11.2% and this will lead to reduce the 
energy consumption. The best result was achieved at 1 p.m. when the shading plate fully shaded the 
room, and the air temperature inside the room was 34.5°C vs surrounding was 39°C. The aim of this 
study is to find the optimum hight of the shading plate above the room to cover the room most of 
the time during the day. The experimental and numerical result using SketchUp software shows the 
room could be fully shade during the peak hours, which are at 1 p.m. and 2 p.m., while partially 
shading at 11 a.m. and 12 p.m., by installing the shading plate about 2 m above the room and this 
shading could help to reduce the energy consumption inside the room by 14.5% per month, without 
considering the air movement inside the room. SketchUp software has been used in this research, 
primarily to determine on the orientation of the sun throughout the year. This could help to save the 
time by running the experiment through the entire year to evaluate the position of the sun, 
physically. The optimum size of the shading plate for the prototype was also determined using 
shadow analysis feature, to ensure the prototype is fully shaded during the peak hours i.e., 11 a.m. 
to 2 p.m.  
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