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Abstract— Outdoor experiment has been performed to investigate
the effect of cooling and tracking against maximum power output and
total kilowatt hour of three photovoltaic PV panel design. The first
design was set without cooling and tracking known as the standard
panel, the second design was set by applying surface laminar cooling
methods known as low temperature panel and the third designs were
set with double tracking axis known as the perpendicular panel. Two
comparisons have been performed. First comparison between the
standard and low temperature panels. Second comparison between the
standard and perpendicular panels. Results from the first comparison
showed that the low temperature panel generated higher power output
by 9.3 W and higher total kilowatt hour by 15.6 %. Second comparison
shows that the perpendicular panel generated higher power output by
0.7 W and higher total kilowatt hour by 26.7 %.
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I. INTRODUCTION
Solar photovoltaic PV panel can convert sunlight energy
from the sun to direct current electric. The effectiveness of the
conversion depends on many factors, including temperature and
angle effects. Lower temperature of PV panel produces higher
power output. Perpendicular panel can be adjusted using dual
axis tracking system also performed better compare to the
conventional fixed panel.
Various methods were used to reduce the panel temperature.
Heat from the panel can be eliminated using water, air and heat
pipe cooling [1]. Integrated photovoltaic thermal PVT modelling
and experimental using water as cooling medium also
investigated [2]. In Malaysia, [3] using PVT to produce thermal
and electrical energy simultaneously. The design is simple and
easy to fabricate but produced 2 % lower in efficiency compared
to other collectors such as channel, free flow and two absorber
types. Another PVT system using the same cooling medium
shows increasing cells power output by 50 % [4]. The main
advantage of using water as cooling medium is environmental
friendly. Using refrigerant can affect the ozone layer and
contribute to global warming [5,6]. Other available methods for
cooling fabrication using solar technology such as absorption
machines, solid and liquid desiccant and solid adsorption [7]. In
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Europe, 59 % of solar cooling using solar the absorption system
[7,8].
Another factor will be discusses in this paper is angle effect.
The panel’s azimuth and tilt angle affect the amount of solar
irradiance intensity strike the PV panel surface [9]. Maximum
irradiance intensity can be achieved by using the tracking
system. Tracking system will adjust the panel perpendicularly to
the sun and can be done manually or autonomous. Research [10]
reported a significant different of power output by using a single
axis tracking panel. This mechanism adjusts daily and rotated
eastward or westward with three different fixed angles. Dual
tracking system also produced 33.8 % higher electricity
compared to conventional system and this comparison was
results from a simulation [11]. In Jordan, sun tracking increased
PV panel generation by 43.87 %. This is a comparison between
tracking and fixed system. The fixed PV panel was installed and
tilted 32° from the horizon [12]. Another research reported 30–
45 % higher power output by using north–south axis tracking
mechanism [13].
II. METHODOLOGY
This experiment was conducted in Universiti Malaysia
Sabah, Malaysia. The same site and a continuity of researches
from [14,15,16]. The main parameters recorded shows in Table
1. Data recorded every hour from 0600 until 1800. This
experiment was conducted to test on 50 W monocrystalline PV
panel model SPM050-M. The electrical characteristic of the
panel at standard test condition STC (AM1.5, 1000 W/m², 25
°C) can be shown in Table 2. Pyronometer model LI-200 was
used to measure irradiance intensity. Thermocouple model HP720 infrared and thermocouple type K were used to record panel
and ambient temperature respectively. Voltage and current were
measured using digital multimeter model Fluke179 True RMS.
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Table 1: Parameters, abbreviation and unit of data measured.
Parameters
Irradiance intensity
Ambient temperature
Module temperature
Open circuit voltage
Short circuit current

abbreviation

unit
W/m2
o
C
o
C
V
A

B. Low temperature panel
This panel was modified to reduce the panel temperature by
using laminar surface cooling method [16]. An electric pump
allowed water to flow over the top of the panel and collected
back into the storage tank by gravity. This method will reduce
the temperature and increase the power output. The setting was
tested indoor as shows in Fig. 3 before outdoor experiment as
shows in Fig. 4.

Table 2: Electrical characteristic of the PV panel
Parameters
Maximum power
Maximum power voltage
Maximum power current
Open circuit voltage
Short circuit current
Cell Efficiency
Module Efficiency
Maximum System Voltage
Power Tolerance
Series Fuse Rating

value
50 W
18.68 V
2.77 A
22.53 V
2.97 A
17 %
14.6 7%
DC 1000V (TUV) / DC 600V (UL)
3%
10 A

This experiment was conducted by performing two
comparisons from three different PV panel setting. For the panel
setting, three identical specifications of the panel were used.
Each of the panel modified at different setting which are
standard, low temperature and perpendicular panel setting.

Fig 3: Low temperature panel tested indoor under solar simulator.

A. Standard panel
This panel was set at 15° inclination facing south. This
setting was fixed without tracking and cooling system. Fig. 1
shows the illustration and Fig. 2 shows the standard panel
setting.

Fig 1: Illustration of standard panel setting.

Fig. 4: Low temperature panel during experiment.

C. Perpendicular panel
A panel was attached on dual tracking mechanism, allow the
panel to incline and facing the sun perpendicularly. The panel
was adjusted manually every hour for data collection. The
illustration of the mechanism shown in Fig. 5 and the module
shown in Fig. 6.

Fig 2: Standard PV panel setting on site.
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Fig 5: Illustration of perpendicular panel.
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Fig. 8 shows
and
recorded from standard and low
and
standard
temperature panel. Average values for
and
for
panel are 19.0 V and 1.7 A respectively, and the
low temperature panel are 20.5 V and 2.0 A respectively. Fig. 9
for both panel. Average values of
for standard
shows
and low temperature panel are 33.1 W and 42.9 W respectively.
compared to
Low temperature panel produces higher
standard module within range from 0.2 W to 20.8 W. Based on
calculated, the kWh/d also determined for standard and
low temperature panel as 430.0 W and 557.6 W respectively.
25.0

III. RESULT AND DISCUSSION
Fig. 7 shows the values for temperature T and irradiance
intensity S for comparison between standard and low
temperature panel. Average values for S, ambient T, standard
panel T and low temperature panel T are 508.6 W/m2, 34.0 oC,
38.9 oC and 33.7 oC respectively. Maximum temperature
reduced using surface laminar cooling method in this experiment
is 16.4 oC.
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Fig 6: Perpendicular panel during experiment.
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Data measured for comparison between standard and
and
for
perpendicular panel shows in Fig. 10 including
and
standard panel are
both panels. Average values for
and
for
18.9 V and 1.4 A respectively, and the
perpendicular panel are 19.1 V and 1.9 A respectively. Average
standard panel and
perpendicular panel
values of ,
are 499.4 W/m2, 28.4 W and 36.6 W respectively. Perpendicular
compared to standard panel within
panel produces higher
calculated, the
range from 0.3 W to 16.7 W. Based on
kWh/d also determined for standard and perpendicular panel as
368.7 W and 476.2 W respectively. Fig.11 shows the and
for both panels.
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1.5 V
0.2 A
9.3 W
127.6 kWh/d

7.5 %
6.7 %
15.6 %
30.0 %

and kWh/d for the second comparison
Perpendicular
panel
19.1 V
1.9 A
59.8 W
467.2 kWh/d

Different

% increase

0.2 V
0.5 A
0.4 W
98.5 kWh/d

1.1 %
35.7 %
0.7 %
26.7 %

Result from both comparisons can be simplified in Table 3
and 4. Both modified panels produced higher maximum , ,
and kWh/d compared to fixed or standard panel setting.
Low temperature panel produced higher maximum , ,
and kWh/d by 7.5 %, 6.7 %, 15.6 % and 30.0 % respectively.
The same condition recorded for perpendicular panel by 1.1 %,
35.7 %, 0.7 % and 26.7 % respectively. However, in comparison
between low temperature and perpendicular panel, low
temperature panel produced higher kWh/d with value of 573.6
kWh/d compared to perpendicular panel with value of 467.2
kWh/d. The kWh/d different are 127.6 kWh/d for low
temperature panel and only 98.5 kWh/d for perpendicular panel.
IV. CONCLUSION
This research investigated the effect of temperature and
and kwh/d generated. Low temperature
angle against
and kWh compared to
panel produced higher
and kWh/d increased 15.6 % and
perpendicular panel. The
30.0 % respectively by using laminar surface cooling method in
low temperature panel. Manual dual axis tracking mechanism
and kWh/d
only increased 0.7 % and 26.7 % of
respectively for perpendicular panel.
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