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speed depends on the location [4]. Focus on BIPV installation
in tropical regions, the irradiance and the mean temperature is
high throughout the year. Overheating could lead to increase
the PV module due to low wind cooling. As known, the PV
module behaviour is sensitive to increasing cell temperature.
To overcome this critical problem, one cost effective method
to regulate the temperature of BIPV is to provide an open air
gap beneath the panel. Wind convection uses to circulate the
air trap at the back PV module for ventilation cooling.
Few studies have attempted the relations between air gap
and PV module performance. There are many
recommendations were suggested, but local weather patterns
and construction varying the PV module thermal gradients. M.
D’Orazio [5] implemented the real scale experiment and
evaluate almost one year the influence of natural ventilation
cooling toward the PV module. They found that 0.04 m air
gap is enough to eliminate the overheating of BIPV. An
experiment set up by A. S. Kaiser [6] is to ensure the effect of
forced convection on cell temperature. The induced velocity
within the forced convection channel significantly affects the
PVcooling. Windy areas are favorable for cooling the PV
module naturally.Constantly high irradiance through the year
in tropical regions causes the significant energy loss due to
high PV module temperature. A. J. Veldhuis [7] evaluated the
wind influence toward PV module in two different countries,
Indonesia and Singapore. Gan [8,9] determined the effect of
PV module air gap size, inclination and length on the thermal
performance using computational fluid dynamics.
This study present quantitative experiment data in Ulu
Pauh, Perlis, Malaysia and evaluate the performance of PV
module temperature across the range of installation with
different air gap and weather.

Abstract—Photovoltaic (PV) module temperatures are a crucial
factor to assess the PV module efficiency. This paper was focused
on the natural cooling PV module. Two different height of the air
gap be used to evaluate the power loss. PV modules were
installed with 0.07 m and 0.13 m of the air gap. The wind speed,
wind direction, ambience temperature (Tamb), irradiance, PV
module temperature(Tmodule) were recorded with 5 minute
intervals. The data collected is analyzed to report the estimated
of power loss(Ploss). Experiment results show that, even though
the PV module mounted on the same categories of mount
configuration, which is an open rack mount. It was found that,
the power losses improve with the height of the air gap. In
addition, the convection heat transfer also influenced by the
wind flow. The result strongly evidences that wind and air gap
have a relationship to reducing the overheating of a BIPV.
Index Terms—Photovolatic, Natural cooling, Wind flow, Air
gap, Convection heat transfer

I. INTRODUCTION
Building integrated photovoltaic (BIPV) system is the
integrated solar photovoltaic (PV) module into the building
structure. The integration can be made either the PV module
existing in the structure, some refer as Building integrated
photovoltaic (BAPV) or the PV module substituting into
building such as roof tile. It was an interesting way for
delocalized the power generation. In Malaysia, BIPV system
thriving after the government introduced the schemes, funding
and incentive in the Tenth Malaysia Plan.
Several researchers attempt the potential solar energy in
Malaysia [1-3] but this does not guarantee the solar PV will be
performed well. The BIPV system often deals with lack of
ventilation problem between roof and back panel; known as
air gap. This problem leads to overheat the PV module and
affect the performance. The nameplate for indicating the PV
module power rating is Standard Test Condition (STC), where
the irradiance, cell temperature, and air mass are about
1000W/m2, 25°C, and 1.5 respectively. Power losses are due
to high operating temperature. Commonly, PV module could
reach temperature of 40°C to 60°C which is 15°C to 35°C
above STC standard.On average, crystalline PV module power
dropped about -0.5% with a 1°C temperature increase.
The PV module temperature dictated by irradiance,
ambience temperature, PV’s area and wind speed. The wind
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II. METHODOLOGY
A. Experiment devices
The mockup roof modelling structure is implemented at
Unimap Main Campus, Pauh, Perlis for testing under real
condition. The pitch angle of the roof is 30 degrees from
horizontal, the length is 3.33m and width 1.23m. The mockup
roof is facing south. Type of roof covering used is metal deck
roof. Four 50 watt monocrystalline solar PV modules (0.63m x
0.541m x 0.03m) arranged on the roof. Figure 1 shows the
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mockup in Ulu Pauh, Perlis. The roof was divided into two
roof module with the same width and length, named as type A
and type B. Two panels over each one of the system were
subjected to differing installation type.

estimations of power loss were calculated using equation
below[10]:
Tdifference = Tmeasured - 25
Ploss=Tdifferent · Pcoeff

Type A (control system): Partly integrated PV module with
an air gap of 0.07 m
Type B (test system): Partly integrated PV module with an
air gap of 0.13 m

A. Effect of wind speed on the module temperature
IRRADIANCE(W/m2)
1200

TEMPERATURE(°C)
60

The metal frames are used to support the solar PV module.
The mid clamp and end clamp were used to lock the PV
module. For type B system, the solar PV modules are lifted up
50 mm to create an additional air gap by using 0.025m (width)
perforated plate.
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Figure 1 : A mock roof for testing
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B.Monitoring system
External weather conditions are recorded by using Vantage
Pro 2 Weather Station. It uses to measure and record the
irradiance, wind speed, ambiance temperature, relative
humidity and wind direction throughout the year. The weather
station is installed at elevation 10 m from the ground. The
weather station transmits the data to the console and link to the
computer for daily monitoring. A K-type thermocouple is used
to measure the solar PV module temperature. The
thermocouple is taped in the center of the PV module and
connects to a data logger. The weather station and data logger
are sampling the data every 5 minutes.

POWER LOSS (W)
16

NUMBER OF DATA

WIND SPEED

III. FINDING AND DISCUSSION
The performance of the PV module and weather had been
monitored for 5 months ago. This finding is to show the
relationship between air gap and wind speed. The performance
of the PV modules under study was analyzed in three different
weather conditions in concern with wind speed: a sunny day
with low speed wind, a sunny day with medium speed wind
and a cloudy day with the medium speed wind. Apart from
irradiance and ambient temperature, the wind speed also plays
roles that affect the PV module temperature. It can be
observed that the air gap height influence the amount of wind
though the back PV module A and B. Increase temperature in
module temperature will also affect the PV power loss.The

POWER LOSS A

POWER LOSS B

Figure 2b
Figure 2 (a,b) sunny day and low wind : measured Tmodule_A, Tmodule_B,
Ploss_A,Ploss_Band weather condition (wind speed, irradiance, Tambient)

During sunny days, solar irradiance falling over the PV
module causes heat in the solar PV module. Figure 2(a,b)
shown the pattern weather on a sunny day with low wind
speed, the frequency of wind speed is in the range 1.0 – 2.0
m/s followed by 2.0 – 3.0 m/s.Under this situation, the Module
B temperature, mostly lower than the module A. The module
B loss in power improves 5% from the module A. The
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consistent wind speeds cooling the PV module, although in the
low wind speed. The PV module takes several minutes to cool
depending on the previous wind condition because the PV
module cannot be cool instantly. Indeed, the consistent wind
speed is needed for maintaining the PV module temperature.
The sudden change from low to high wind speeds no promises
to reduce the PV module temperature otherwise potentially
create the temperature mismatch.
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On a sunny day with medium wind speed shown in Figure
3(a,b). The wind reached at the maximum speeds of 4.5m/s.
The 39% wind speed frequency falls in the range 3.0 – 4.0 m/s
while the wind speed frequency in the range 0.0 – 1.0 m/s is
neglected because occur during early morning, which is in the
low irradiance. As expected, the module B loss in power
improves from the module A at almost 7% as a result. The
power loss improves with the decreasing PV module
temperature. Realize that a large air gap couple with high wind
speed can minimize the PV module overheating.
On a day with low solar irradiance and medium wind speed
shown in Figure 4(a,b). Low solar irradiance causes a general
lowering of the PV module temperature and roof tile, due to
low radiation energy transfer from the sun. Module A and B
seem to perform similarly in the low irradiance. This show,
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Figure 4b
Figure 4 (a,b) Cloudy day : measured Tmodule_A, Tmodule_B,
Ploss_A,Ploss_Band whether condition (wind speed, irradiance, Tambient)
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Figure 3 (a,b) sunny day and medium wind : measured Tmodule_A,
Tmodule_B, Ploss_A, Ploss_Band weather condition (wind speed, irradiance,
Tambient)
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The conduction heat exchange occurs between the PV module
frame and the rack mount structure,
s
but it is considered
negligible due to a small point of
o contact.

wind speed and irradiance have a relationshhip to maintain the
PV module temperature.
B. Effect of air gap on the convection heat trransfer
During the sunny day, the PV module recceives the radiation
from the sun directly and leads to heat the PV module,
especially in the solar noon which is high irrradiance. The hot
air is trapped in the air gap. Thus, the wind flow
f
act as cooling
element to circulate the air trap. The heatt transfer per unit
surface is expressed in Newton’s law of coooling expression.
For the PV module, the heat transferred at thhe air gap beneath
to the surrounding environment is dominatedd by the convection
heat transfer. The heat which is transferred by this process is
given by the equation [11]:
qconv = hc · A · ∆T

IV. CON
NCLUSION
The main conclusion from the investigation of this experiment
is that power loss in two diffeerent heights of an air gap with
consider three different weatheer. This experiment also relates
to the heat convection.
• Module A and Moduule B does not have significant
difference because booth systems were installed in an
open rack mount confi
figuration, which is distinguished
by height of air gap.
• Increasing temperatures in BIPV module due to slow
t surrounding. The air gap size
spread hot air trap to the
influences the spread hot
h air.
• The spread process knnown as convection heat transfer
and the height of thee air gap is proportional to the
convection heat transfe
fer.
• Wind flow is the eleement to cool the PV module
underneath.

(2)

∆
the difference
Where A is the area of PV module and ∆Tis
of Tamb and Tmodule. The value of conventionn heat transfer (hc)
depends on the physical situation. The convvection could be a
combination of free and forced convectiion effect. Free
convection is in natural flow such as buoyancy effect, while
a wind. The free
forced convection is forced to flow such as
convection coefficient written as:
hc,free=1.31·(∆T)1/3

In conclusion, the natural cooliing depending on the height of
air gap, wind speed and also thhe length of PV module. These 3
elements have a strong relation to reducing the overheating of a
BIPV.

(3)

h
of air gap is
Focus on BIPV installation, adjusted the height
one of the methods to avoid the PV modulee overheat. In this
experiment, the height of air gap was addedd to force the wind
flow through PV module underneath. The heeight of the air gap
and wind speed are the factor of flow rate in the PV module
underneath. The flow rate would be much loower for a smaller
gap at lower wind speed. Wind is the factor of
o force convection
coefficient and pattern wind flow in this expeerimental category
under turbulent flow. The laminar and tuurbulent flow are
essential to determine, reflect on this siituation the wind
direction data are needed to collect and analyze. Basically, the
laminar flow is forced of the fan or pump whhich is on flow one
direction and the natural wind is turbulennt flow. Figure 5
shown the illustration for both flow. Thee force convection
coefficient given as:
hc,forces = 5.74 · V 0.8 · L- 0.2(Turbulentt flow)

(4)

fl
hc,forces=3.83 · V 0.5 · L- 0.5 (Laminar flow)

(5)
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