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This cool roof system focuses on utilization of rainwater harvesting systems by
integrating the smart sensor to cool the roof and attic temperatures for the improvement
of comfort level of building occupants. An ideal cool roof technology system is basically
made up of these three components: (1) moving-air-cavity (MAC) ventilation, (2) solar-
powered fan and (3) rainwater harvesting system. These three main components
integrate to perform and control the cool roof system. Four small-scale cool roof models
were designed and constructed to inspect the performance of the rooftop and attic
temperatures. The experimental work was carried out indoors by employing the halogen
lamp as the replacement for solar irradiation, while the ambient temperature is monitored
to be around 29.8 ◦C throughout the test. The temperatures of the rooftop surface, MAC
aluminum tube, and attic region were measured by K-type thermocouples to evaluate
the performance of the cool roof designs. The solar-powered fans were incorporated
into the MAC, which accelerated the airflow rate within the cavity and rejected the
hot air out before transferring it to the attic region. Meanwhile, an innovative rainwater
harvesting system was executed to cool the rooftop temperature rapidly by reducing
the rate of heat transfer to the attic region. The result of this inventive cool roof system
(Design Z) has successfully reduced the attic temperature by 10.8 ◦C compared to the
normal metal deck roof model (Design W). The findings of the project revealed that
the integrated cool roofing technology system comprises the ability to enhance the
comfortability of building occupants toward a long-term sustainable development for
a better world.

Keywords: cool roof, rainwater harvesting, active system, sensor, sustainable buildings

INTRODUCTION

A cool roof system is considered as a roofing system that has the capability to reduce the rate of heat
transfer through the roof and attic, resulting in the reduction of the room temperature to provide
the comfort level of occupants inside the buildings (Gupta and Tiwari, 2016). By introducing this
cool roofing technology system with the combination of Moving-Air-Cavity (MAC) ventilation,
solar-powered fan and rainwater harvesting system in the tropical country, it will enhance the
comfortability inside the buildings, which acted as a low-cost method to save energy. Besides that,
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the MAC ventilation plays a vital role in preventing the heat
transfer directly to the attic region. Therefore, the heat gained
by the ceiling of the building was tremendously decreased, which
also greatly reduced the need for mechanical cooling systems such
as air conditioners.

A comparison between the roof and the wall of the landed
buildings, most of the heat was gained by the roof due to its
exposure area and the rate from the sun is higher during the
daytime. In general, most of the rooftop design in Malaysia was
constructed by the uppermost rooftop and a gypsum ceiling
board underneath it. The roofing materials commonly used in
Malaysia for factories and warehouses are metal deck roofing
(Akbari and Kolokotsa, 2016; Yew et al., 2018). This study is
mainly focusing on the metal deck roofing system. Furthermore,
most of the ventilations in factories is poor and fairly airtight,
mostly due to the lack of air circulation. As a result, the heat
transmitted through the roof will keep circulating in the attic
region, which generates the heat to the ambient air inside the
building. Therefore, many research have been conducted to
investigate and evaluate the performance of the cool roof systems
in cooling the buildings (Yew et al., 2013; Stavrakakis et al., 2016;
Pisello, 2017; José Manuel and Pablo, 2019; Yew and Yew, 2021).

In Malaysia, the average electricity consumption rises rapidly
annually which shows a figure around 2,533 GWh per year.
By 2020, electricity consumption is expected to increase about
30% while the present value is about 124,677 GWh (Tan et al.,
2013). The issue of high energy consumption occurred when
heat from solar radiation is transmitted and absorbed by the
roof surface. This heat will further transmit through the roof
tile and trapped in the attic which results in a hot ceiling.
The heat will radiate and transfer from the hot ceiling to the
occupants inside the building which results in an increase of
temperature inside the indoor space. Furthermore, the level of
discomfort ability will increase due to the temperature increase
generally in both the surface building and the ambient air inside
the building. The demand for cooling and ventilation systems
will greatly increase which implies that more air conditioning
systems will be used resulting in the increase of utility bills.
Based on technical data recorded, the typical temperatures for
a house on the sunny day (with an outdoor temperature of
32◦C) and with no attic ventilation, the temperature at the
roof sheath may reach as high as 77◦C while the temperature
at the attic floor can potentially achieved to 60◦C. With
this sunny condition, it further produces an uncomfortable
environment in rooms which directly beneath the attic region
(Air Vent Inc, 2013).

From all these indications that had been mentioned, an
alternative design technique is needed to overcome these
issues and it is found that the cool roof system is an
appropriate method. A systematic cool roof design is the
primary step taken in the cool roof system to reduce the
heat gain from the sun. While minimizing the heat transfer
into the attic, the MAC ventilation integrated with solar-
powered fans system is essential to transfer the hot air
before entering the ceiling. The rainwater harvesting system
integrated with sensors is an alternative option to control
the heat transfer to the MAC and attic region by using

the thermostat-controlled system. Therefore, an active and
smart cooling technology system is required for sustainable
development in buildings.

The contribution of this project would help to reduce the
attic temperature in the roof configuration with nearly zero
energy consumption. A solar-powered fan acted as a renewable
energy was utilized as an energy source for the active cool roof
system, which enrolled in the practices of sustainable buildings
development. Hence, implementing both active and passive
approaches in cool roofing systems would improve occupants’
comfort level by minimizing the effect of heat penetrating
into the buildings.

EXPERIMENTAL DESIGN

The basic model of the cool roof system is the attic section.
The basic model was built by using Perspex of thickness
5 mm. The dimensions of the basic model were 340 mm
(L) × 360 mm (W) × 290 mm (H) and 490 mm (H), respectively.
Supplementary Figure S1 shows the dimensions of the basic
model with a roof area of 412 mm (L) and 340 mm (W) inclined
at an angle 30◦ (Ong, 2011).

Figure 1 shows the entire design of the rainwater harvesting
system with the combination of cooling tower, water tank and
submersible pump to monitor the rooftop temperature.

Moving-Air-Cavity
The moving air cavity channel was construed by aluminum foil
and steel rod as shown in Figure 2. Aluminum was used as
the material for this design due to its high thermal transitivity
characteristic. The inlet dimension of the MAC channel is
designed to be smaller than the outlet dimension. In other words,
a cubical cone shape was formed by gradually increasing the size
of the cavity from the inlet dimension to the outlet dimension.

Furthermore, the bottom area of the cavity is also designed
to be smaller than the area of the top cavity which with
the dimension of 450 mm (length) × 110 mm (width) and
460 mm (length) × 310 mm (width), respectively (refer
Figure 2B). The structure of the MAC was designed based
on the buoyancy effect which enhances the removal rate
of the hot air through the cavity outlet. The density of
the hot air is lower than the cool air and it tends to
flow upward according to the buoyancy effect. This design
decreased the number of solar powered fans installed by
providing a smooth path which directs the hot air to the
high removal rate channel that directly interacts with the
solar powered fan.

Solar-Powered Fans
Five solar-powered fans of dimensions: 4.5 cm 4.5 cm were
connected horizontally and tied to a plastic mesh as presented
in Figure 3A. This solar panel provides 12 V and 250 mA with
a maximum power of 3 W. The airflow of each solar-powered
fan was measured by using the hot wire thermo-anemometer
airflow meter with telescoping probe, which is designed to fit
into the center of the small openings. The MAC accommodated
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FIGURE 1 | Experimental setup for the rainwater harvesting system.

FIGURE 2 | The diagram of MAC (A) experimental (B) AutoCAD drawing.

FIGURE 3 | The solar-powered fans attached with MAC (A) experimental (B) AutoCAD drawing.

four channels to place four solar-powered fans that were tilted
30◦ from the vertical axis to align with the channel direction.
The fifth solar-powered fan was attached underneath the center

of MAC as shown in Figure 3B. The fans were then connected
to the solar panel for obtaining the power source from the
halogen spotlights.
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The air channel with uniform parallel design maximized the
amount of air in the MAC. Air can act as a thermal insulation
element to stop the heat conducted through the roof from
transferring downward to the attic. The departmentalized design
of MAC followed the dimension of solar-powered fans. It is
to ensure that all the cool air induced by the solar-powered
fans enter the MAC completely. Each solar-powered fan had
an air channel to prevent the flow interruption from the other
solar-powered fans, which slowed down the rate of airflow and
the heat transfer.

Water Pump Integrated With Thermostat
A submersible water pump (DC-12V/4W, 3.33 liter/min flow
rate) was used as an actuator that transfers the cool water
from the water storage tank to the rooftop. The maximum
pressure head of this pump is 1.3 meter which is energized by
an AC current as shown in Figure 4. As mentioned, the water
pump will be triggered by the thermostat when the desired
temperature is achieved in the setting of the temperature sensor.
For this experimental work, the temperature sensing for this
thermostat was set to trigger the water pump at 60◦C for the
rooftop temperature.

This water pump was specially designed and modified with
the thermostat that performed as an automation control or smart
sensor. Thermostat was used as a regulator that triggered the
water pump based on the temperature value pre-set in the data. It
has one connected temperature sensor and four connectors which
are labeled as “1,” “2,” “C,” and “E” (earth). The live wires of the
water pump and power filter were connected to the connector
“C” which indicated the output of the thermostat. Meanwhile, the
neutral wires of the three pin plug (power source) was connected
with the water pump and power filter. The connector “E” which
indicated as the earth of the circuit was connected to the earth
wire from the power source as illustrated in Figure 5. In addition,
the live wire from the three pin plug was connected to the
connector “2” that completes the circuit design for this thermal
sensing triggered pump (Yew et al., 2020).

Cooling Tower
The cooling tower was designed to reduce the temperature of
the heated water which flowed from the rooftop. The heat of the
rooftop was absorbed by the cool water and released at the cooling
tower to ensure the water temperature (about 28◦C) in the storage
tank is feasible for the cooling system. The design concept is
based on the commercial cooling tower which is installed in
current industrial.

The cooling tower in this model was constructed by the
acyclic with dimensions of 210 mm (length) × 210 mm
(width) × 410 mm (height). The heated water will flow through
a bunch of cooling fill from the top of the cooling tower to the
bottom pipe connection. The main objective of this cooling fill is
to increase the total contact area of the heated water that enhances
the effect of convection. A honeycomb shape was designed as the
cooling fill that further increased the contact area. Each fill was
cut and arranged in a stepped structure which directs the flow of
the heated water as shown in Figure 6.

Furthermore, a solar powered fan was installed at the top
of the cooling tower in order to induce the bulk movement
of the air inside the tower. In this case, ambient cool air will
enter the cooling tower through the inlet window (dimensions:
100 mm × 150 mm) opened at the side panel. The heated air will
exit the cooling tower through the suction of the solar powered
fan. Heat transfer was performed during the cooling fill that
successfully released the heat energy from the water. In addition,
a halogen lamp was used to provide irradiation to the solar
panel that energized the solar fan to cool the heated water in
the cooling tower.

Thermocouple Sensor Set Up
The data logger was set up to record the measured temperature
form the thermocouple. Four K-type thermocouples with the
measurement accuracy ± 0.75◦C were used to measure the
rooftop temperature, attic temperature, MAC aluminum tube,
and ambient temperature. In this case, a data logger was
used to provide four channel data monitoring throughout
the experiment. The position of the thermocouple was fixed
throughout the four model testing in order to compare the
cooling efficiency of each roof configuration as shown in Figure 7.
The thermocouple sensor 1 was directly attached to the roof top
surface whereas the sensor 2 was positioned inside the MAC
channel which is 30 mm below the sensor 1. The thermocouple
sensor 3 was installed at the attic region. It was positioned
150 mm below the second sensor in the MAC channel. All
data was recorded at 1 min interval throughout the 25 min
cool roof testing.

Halogen Lamps Set Up
Halogen Lamp was used as a heat emitter in this project in order
to heat up the roof top model. Halogen lamps create light by
heating the filament inside the bulb that generate a lot of heat
during operation. As a result, 90% of the energy was wasted
to generate heat that makes the efficiency much lower than the
fluorescent lamp which only wasted 30% energy in heat. In other
ways, halogen lamps were considered as a good heating agent that
provide irradiation and heat radiation during operation.

In this project, two 500 W halogen lamps were set up
according to an incident angle of 10◦ and 15◦, respectively with
the model rooftop. The maximum temperature of the metal
deck rooftop can be reached is about 80 ◦C when exposed to
daily solar radiation (4,000–5,000 Wh/m2) in Malaysia (Yew
et al., 2018). The distance of the halogen lamps from the roof
center was 45 cm and 47 cm, respectively. Additionally, the third
500 W halogen lamp was used to supply the solar power to the
solar-powered fans.

Roof Models Set Up
This project had constructed four roof models, the normal metal
deck roofing (Design W), MAC integrated with metal deck
roofing (Design X), MAC integrated with metal deck roofing and
solar powered fans (Design Y) and MAC integrated with metal
deck roofing, solar-powered fans and rain harvesting system
(Design Z) are shown in Figure 8. The four roof models were
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FIGURE 4 | Water pump set up.

FIGURE 5 | Circuit connection of thermal sensing triggered pump.

tested and compared their performances in terms of roof and
attic temperatures.

RESULTS AND DISCUSSION

Metal Deck Roof (Design W)
The experiment was started with a controlled experiment roof
model composed solely of a conventional metal deck roofing
(Design W). Figure 9 shows the results obtained and presented
in a graph of temperature versus time for a total experiment
duration of 25 min. In this roof configuration, the rooftop
temperature and attic temperature reached a maximum of
78.6 ◦C and 40.7◦C, respectively. The experiment was carried out
in a stable ambient temperature condition, which begins with
29.4◦C and ends with 30.5◦C throughout the 25 min of heating
process. The rate of increase in ambient temperature was about
0.044◦C/min due to the heat generated by the halogen lamp being
transferred to the surrounding ambient air of the roof models.

The gradient of the curve for rooftop temperature was about
3.99◦C/min in the first 10 min, which was direct exposure to

the halogen lamps. The curve became constant and stable after
15 min of heating process until the end of the test. Meanwhile,
40.7◦C is the maximum attic temperature. The heating rate of
attic temperature was about 0.586◦C /min in the first 15 min and
became constant after 20 min of testing.

MAC Ventilation (Design X)
The rooftop temperature increased dramatically from 29.6 to
78.6◦C throughout the 25 min of the test, it is slightly higher than
the roof Design X due to the heat reflected back to the underneath
of the roof by the aluminum tubes. The gradient of the curve for
rooftop temperature was about 4.25 ◦C/min in the first 8 min (as
shown in Figure 10).

The rate of temperature increase in aluminum tube and
attic in the first 5 min was 0.56◦C/min and 0.40 ◦C /min,
respectively. Based on the results, the rate of temperature
increase in the aluminum tube was higher than the rate
in the attic region due to the MAC being directly attached
below the rooftop that received much higher heat transmitted.
Both the temperature of aluminum tube and attic reached a
constant temperature after 20 min of testing. The maximum
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FIGURE 6 | Cooling tower set up.

FIGURE 7 | The thermocouple sensors location.

FIGURE 8 | The roof model designs W, X, Y, and Z.
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attic temperature of roof Design X was 36.4 ◦C. In this roof
configuration, the maximum temperature difference between the
rooftop surface and attic region was 42 ◦C. This temperature
variance was much higher than the maximum temperature
difference between the aluminum tube and attic region, which
measured to be 7.5 ◦C only. In this case, the maximum
temperature variance between the aluminum tube and rooftop
surface was 34.7◦C. The attic temperature increased about 7◦C
throughout the 25 min of heating process. The implementation
of MAC ventilation created the buoyancy effect to transfer
the hot air out by natural means. The MAC ventilation was
inclined with an angle 30◦ that was designed based on the

characteristic of fluid thermal expansion, which enhanced the
convective velocity of the air inside the cavity. The convective
velocity of the heated surface will increase as the angle
of inclination increases (Abhijit et al., 2019). The thermal
effect creates a natural circulation of air, because as warm
air rises, cooler air enters. It can be indicated that the
implementation of MAC played an important role for attic
temperature reduction.

MAC With Solar-Powered Fan (Design Y)
The result of roof model Design Y was plotted in graph as
shown in Figure 11. For this cool roof system, the rooftop and
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aluminum tube reached a maximum temperature of 77.8◦C and
36.3◦C, respectively. The graph obtained showing that the peak
temperature for the enclosed attic region was 30.9◦C. The rate
of increase in ambient temperature was 0.036◦C/min due to the
heat generated by the halogen lamp transferred to the ambient
air surrounding the testing model. In this case, a condition of
constant ambient temperature was provided during the testing
operation that started and finished with a temperature of 29.4 and
30.3◦C, respectively.

Meanwhile, the rate of temperature increase in aluminum tube
and attic in the first 3 min was 0.21 and 0◦C/min, respectively.
As a result, the attic temperature remained constant at 29.4◦C in

the first 5 min of the heating process due to the heat transmitted
from rooftop was executed by the MAC-solar powered fan before
transferring it to the attic region. The temperature of aluminum
tube and attic both became constant after 20 min of testing.

For this cool roof system (Design Y), the maximum
temperature difference between the rooftop surface and the attic
region was 46.9◦C. This temperature variance was larger than the
maximum temperature difference which measured to be 41.5◦C
between the rooftop surface and MAC aluminum tube with
solar-power fan. In addition, the maximum temperature variance
between the aluminum tube with solar-powered fan and attic
region was 5.4◦C. The attic temperature increased only about
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FIGURE 11 | Performance of MAC-solar powered fan (Design Y).
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FIGURE 12 | The water flow cycle of the rainwater harvesting system.
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FIGURE 13 | Performance of MAC-solar powered fan with rainwater harvesting system (Design Z).
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1.5◦C throughout the entire testing (25 min heating process)
from 29.4 to 30.9◦C. By itself, the thermal effect cannot create
the high volume of air movement needed for effective ventilation.
That is why the influence of wind speed by installing the solar-
powered fan is the key element in the design of an effective
powered ventilation system (Zhao et al., 2019). This positive
result is due to the 5 solar-powered fans having transferred
the hot air from the aluminum tubes efficiently. The airflow
of each solar-powered fan is about 0.68 m/s as measured by
using the hot wire thermo-anemometer airflow meter with
telescoping probe, which is designed to fit into the center of
the small openings.

MAC and Solar-Powered Fan Integrated
With Rainwater Harvesting System
(Design Z)
The result obtained from the innovative cool roofing technology
system with the integration of MAC-solar powered fan and
rainwater harvesting system was plotted in graph as shown in
Figure 12. The rooftop temperature fluctuates throughout the
entire heating process due to the cooling effect provided by
the rainwater harvesting system with the controlled approach.
The ambient temperature increased at a rate of 0.056◦C/min
due to the ambient air surrounding the model being heated
by the halogen lamp. As a result, a condition of constant
ambient temperature was provided during the testing operation
that started and finished with a temperature of 29.4 ◦C and
30.8◦C, respectively. For this experimental work, the rooftop
temperatures for Designs W, X and Y are about the same. A slight
difference in the rooftop temperature for Designs X and Y as
compared to Design W is due to the heat reflected back to the
underneath of the roof. However, the rooftop temperature for
Design Z is controlled by using the thermostat trigger point at
60◦C for cooling the rooftop before transferring the hot air to
the attic region.

For this roof configuration, the maximum temperature of the
rooftop and MAC aluminum tube was 60 and 36.0◦C, respectively
in the first 7 min before triggering the thermostat to cool the
rooftop surface with cool water. In this experimental work, the
thermostat was set to trigger the thermocouple sensor on the
rooftop at 60◦C by switching on the submersible water pump
for watering and cooling the rooftop for the duration of 5 min.
The process of the water flow cycle (cool > hot > cool) of the
rainwater harvesting system as shown in Figure 13.

The rooftop temperature dropped rapidly for the duration
of 5 min (from 60 to 31.8◦C) when the rooftop temperature
reached at 60◦C by triggering the thermostat for cooling as
shown in the graph. It can be indicated that this temperature
was considered as a turning point for this cool roof system with
the integration of rainwater harvesting system, which showed
an alternative and smart option for users to cool the rooftop
temperature significantly. At the same time, the temperatures of
MAC aluminum tube and attic region could reduce directly due
to this smart cool roofing technology system.

Based on the graph obtained, the two peak temperatures
of the rooftop surface were 60 and 50◦C at 7 and 25 min,
respectively. The maximum rooftop temperature was controlled

by the thermostat sensor, which was set at the temperature of
60◦C measured by the thermocouple sensor. This phenomena
analyzed that the reduction of rooftop surface temperature is
due to the implementation of rainwater harvesting systems.
Furthermore, the rate of temperature increase in aluminum
tube and attic in the first 3 min was 0.3◦C/min and 0◦C/min,
respectively. As a result, the attic temperature remained constant
at 29.4◦C in the first 5 min of the heating process due to the
heat transmitted from rooftop being executed by the MAC-solar
powered fan before it transferred to the attic region.

For this roof Design Z, the MAC-solar powered fan
incorporated with controlled rainwater harvesting system
increased the comfort level of building occupants by reducing
the temperatures of rooftop surface, aluminum tube ventilation
and attic temperature drastically. In order to save the energy
of the rainwater harvesting system, the water pump was set to
water the rooftop surface for the duration of 5 min. The step
will be repeated when the rooftop surface is heated up to 60◦C
after cooling. This can be explained and linked to our sweating
body during a hot day. It is a surprisingly effective method of
returning our body to its core temperature by natural means.
As the droplets on our skin transition from liquid to gas, their
evaporation pulls warmth away from our body, cooling the
blood underneath our skin, which goes back to our body’s core,
reducing our overall body temperature or building temperature
with the water cooling (Han et al., 2017).

Comparison of Attic Temperature
The comparison of attic temperature for the four cool roof
designs were plotted in a graph as shown in Figure 14. Based on
the results obtained from roof Design W, the attic temperature
increases rapidly from 29.5 to 34.9◦C in the first 5 min and
gradually increases at a rate of 0.24 ◦C/min throughout the
25 min of heating process. However, the roof Design X also
increased from 29.4 to 36.4◦C throughout the 25 min of testing
with a heating rate of 0.28 ◦C/min. In contrast, the attic
temperatures of the other two cool roof design models remained
constant in the first 5 min and slightly increased until it reached
an equilibrium after 25 min of heating process. As a result, the
cool roof system implemented in design W has the highest attic
temperature which reached a maximum of 40.7◦C as compared
to the other three cool roof designs.

The maximum attic temperature different between the cool
roof Design W and Design X was 4.3◦C. This result indicates the
effect of applying MAC between the rooftop and attic region in
the reduction of attic temperature. The MAC was inclined with
an angle that was designed based on the characteristic of fluid
thermal expansion which enhanced the convective velocity of the
air inside the cavity. According to the researcher Pradhan, the
convective velocity of the heated surface will increase as the angle
of inclination increases (Abhijit et al., 2019; Chen and Lu, 2020).
In this case, the heat energy trapped in the attic region will be
transferred to the MAC which reduces the temperature inside
the attic region.

The cool roof system in Design Y additionally decreased the
attic temperature of Design X by up to 7.8◦C with the integration
of MAC with solar-powered fans. In other words, the solar
powered fans had reduced about 3.5◦C of attic temperature as
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TABLE 1 | The cooling effect of four cool roof designs.

Roof
configuration

Maximum
rooftop
temperature
(◦C)

Maximum
attic
temperature
(◦C)

Average ambient
temperature (◦C)

Design W 78.4 40.7 29.9

Design X 78.6 36.4 29.8

Design Y 78.2 32.9 29.7

Design Z 60.0
(thermostat
trigger
point for
cooling)

29.9 (after
water
cooling for
5 min)

29.9

compared with the normal MAC system in Design X. As a result,
the solar powered fans had increased the convective velocity of
the fluid which accelerates the hot air removal rate inside the
MAC. Figure 14 shows the performance of attic temperature
reduction in Design Y (MAC-solar powered fan).

Design Z has achieved the lowest attic temperature at about
29.9◦C among the other cool roof design models. The maximum
attic temperature different between the Design Z and Design
X was 10.8◦C. This result indicates that the integration of
MAC-solar powered fans and rainwater harvesting systems
have significantly reduced the attic temperature. The rainwater
harvesting system that was implemented in this design directly
and indirectly cooled the attic temperature by decreasing the
rooftop temperature. The heated water was transferred to the
water tank by this system to reduce the heat energy transfer into
the enclosed attic region.

Summary of the Performances of the
Different Roof Model Designs
The conventional metal deck roof was compared with a new
cool roof system. The cool roofing system with the integration
of MAC, solar-powered fans and rainwater harvesting system
had led to the best performance in the reduction of roof and
attic temperatures. The MAC aluminum tube implemented a
highly reflectivity surface which promoted the radiative cooling
and buoyancy effect. The solar-powered fans had improved the
mass flow of air for better heat transfer between ambient air and
heat trapped in the MAC. An innovative rainwater harvesting
system shows a substantial improvement in reducing the rooftop
temperature rapidly. The performance of each roof design is
summarized in Table 1. The roof Design Z had the lowest attic
temperature and maintained the coolest attic among all roof
models. This invention indicates that the combination of MAC-
solar powered fan and rainwater harvesting system played an
important role in the reduction of attic temperature.

CONCLUSION

In this research project, an active cool roof system that integrated
with different roof configuration was investigated to enhance
the attic temperature reduction. Four cool roof prototypes were

fabricated and tested indoors with a solar simulation by halogen
lamp. The combination of MAC solar powered fan and rainwater
harvesting system (Design Z) performed the best cooling effect
among the other cool roof designs. A temperature reduction of
up to 10.8◦C in the attic region was achieved as compared with
the metal deck roof system (Design W).

Incorporation of solar powered fan (Design Y) into the
cool roof system that additionally reduces about 3.5◦C of attic
temperature as compared to the normal MAC system in roof
Design X. A force convection was introduced by the solar
powered fan that increased the convective velocity of the air
inside the cavity. As a result, the removal rate of the hot air will be
accelerated by this configuration to reduce the heat transfer into
the attic region.

The rainwater harvesting system showed a significant
reduction in rooftop temperature from 60◦C to 31.4◦C as the
cooling duration was set to be 5 min by the system. The heat
radiated by the halogen lamp was directly absorbed and insulated
by the cooling agent in this system that resulted in a temperature
reduction rapidly. The rate of temperature increase in the attic
region was reduced by the reduction of heat energy transferred
from the rooftop to the attic region.

In conclusion, this eco-friendly cool roof system is able to
reduce the attic temperature that enhances the comfortability
inside the building occupants toward clean and sustainable
energy utilization.
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