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ABSTRACT

The solar power capacity depends on orientation angle of the solar panel. This study evaluates the
angle dependence of solar power capacity for a summer season in 2017. Using three solar panels,
with 10 Watt capacity each placed on a metallic frame to facilitate changing tilt and azimuth angles
independently. Experiments were done for the first six days of three months, and the first three
days of each month were used to measure voltages for different tilt angles by changing from 0° to
26° in steps of 2°. The remaining three days of a week of every month, the middle solar panel was
fixed at a tilt angle that yielded maximum power while the two panels were moved with azimuth
angles from 0° to 27°%in steps of 3° to clockwise and counterclockwise with respect to the middle
solar panel. A digital multimeter was used to record the circuit voltage of the solar panels with 10
ohms resistor serving as a load. Data gathering was done every ten minutes, during the daytime
from 9:30 am to 16:30 pm. The study has shown that the maximum power output was obtained at
the tilt angle of 4° in June and July, 2° in August and a season tilt was found at 4°. Maximum solar
power outputs were obtained when solar panels facing east and west were oriented between 0°
and 3°. This recommends that the maximum solar power production depends on the tilt angle of 4°
and clockwise and counterclockwise of 3° orientation for this geographical location.
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1. INTRODUCTION

Energy is the primary and the universal measure
of all kind of work by human beings. With day to
day technological improvement, energy
generated from fossil fuels can never fulfill the
increasing requirement and consumption of
energy. In recent times, environmental polluting
was increasing all over the world, since the
extensive use of none renewable energy for the
fabrication of electricity and engine combustion.
Thus, due to the recent shortage of fossil fuels
and to prevent air pollution, power generation
from renewable energy should be considered as
a new alternative. Solar energy is one of the
renewable sources of energy. It attracts large
interest out of the other renewable energy,
because of its great futures like it's easy to
install, and requires minimum maintenance, and
more. Solar energy can be converted into
electricity directly using a solar panel which
converts sunlight in to electricity using
photovoltaic effect [1]. The output solar power
from the solar panel can be computed,

V2
pP=— (1)
Where: P = output power in Watts, V=
Voltage in Volts R = the resistance of the load
in ohms. However, the performance of the

photovoltaic module depends on the light
intensity of the sun which turns depends on
weather conditions and the orientation of the
solar panel [2]. Hence, the tilt and azimuth angle
plays an important role in the efficiency of the
solar panel. Therefore, the effective operation of
solar panel installation to generate solar power
from the solar depends on the tilt and azimuth
angle of the solar panel. The aim of this study is
to determine the angle dependence of solar
power capacity at Setit Humera during the
summer season. More specifically,

v" To estimate the solar power capacity at
different tilt and azimuth angles.

v" To find out at which tilt and azimuth angle,
the solar panel is achieving maximum power
output.

1.1 Orientation of Earth with Respect to
the Sun

The earth by itself swaps around its polar axis
over a period of 24hours. The distance between
the sun and earth varies by +1.7 % due to the
earth revolves around the sun in an elliptic orbit

once per year [3]. The mean earth distance is
1.459 x 10'* m. The diameter of the sun is
1.39 x 10°m and that of the earth 1.27 x 10" m
[4]. The variation in distance between the sun
and the earth is given by:

360(n—93)

D = 150{1 + 0.017sin [===

1} x107km  (2)
Where: n is the number of the day in the day of
years.

Using Fig. 1, the shortest distance between them
is approximately 1.47 x 108 km and known as
perihelion, occurred on January 2 The longest
distance is around 1.52 x 108km, is called the
aphelion, it reached on July 2. The difference in
the earth-sun distance between the aphelion and
perihelion does not have a significant effect on
climate [5]. If effects of the atmosphere are
snubbed, a position in the northern hemisphere
will collect its maximum solar energy on the
longest day when the earth’'s axis is tilted
towards the sun [4]. This is the day of the
summer solstice.

1.2 Basic Solar Geometry Angles

The position of the sun in the sky as per any
location could be located by the solar angles.
The rotation of the sun varies depending on the
latitude and longitude of the location [4].
Therefore, the solar angles will be different for
the locations at different latitudes and longitude
during the same period. Thus, solar angles are
commonly used to specify the apparent position
of the sun in the sky.

1.2.1 Equation of solar angle

The declination angle (8) is defined as the angle
between the sun lights and the equator plane [6].

sin[360°(284+n)]

5=23.45°| e

(3)

Where n is the day of the year (1* January) to
365, or 366 [7].

Hour angle (w) the angle between the
longitude of sunlight and the longitude of the
location [8].

w

_360° (ST — 12hr) /, @)

Where d = 24 hr. and ST is the solar time (in
hours).
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Fig. 1. The geometry of the sun-earth relationships

Fig. 2. Solar orientation angles

Solar altitude angle (a) the solar altitude angle is
the angle between the sun’s rays and a
horizontal plane [9].

a = sinY[sin (L) sin(5)
+ cos (L) cos(8) cos(w)] 5)

The change between true solar time and mean
solar time is known as the equation of time (ET).

ET (in minute) = 9.87 sin(2B)

— 7.53 cos(B)
— 1.5sin(B) (6)
Where:
_ 360(n-81) _ 369(284+n)
T 365.25 365.25 (7

And local solar noon,

12 — equation of time in hours on that day +
_((P'r_(P-O) (8)
15

Where: ¢_ = Longitude of reference meridian
and ¢ = Longitude of the location meridian. The
equation of time is a correction factor that
depends on the time of the year, ranging from
+16.3 min in November to -14.4 min in February
[10]. Solar time and local standard time is
different from each other. Local solar time is
derived by the actual sun position on the sun
path of each particular day, whereas the solar
time is derived based on reference meridians
[11]. Again the mean solar time can be obtained
by the equation:

Solar time — standard time =
4(Lgs — Lyoc) + equation of time 9
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Where: Ly, is the standard meridian for the local
time zone, L, is the longitude of the location in
degree, that is,

0° < L < 360° (10)

1.3 Solar Panel Orientation

The orientation of the solar panel is described by
its azimuth and tilt angles [12]. Tilt angle defined
that the angle between the solar panels’ surface
and the horizontal plane in the North-South
direction [2]. When the solar panels are most
efficient, they are perpendicular to the sun’s rays.
Therefore, this is refers that the tilt angle is
optimum and the solar panels generate
maximum solar power. Many investigations have
been carried out to determine the best tilt angle
for such systems. Whereas some researchers
suggest two values for the tilt angle, one for
summer and the other for winter, such as L + 20°,
L+8° L+5° L+10°, where L is the latitude,
“+” for winter, and “-* for summer [12]. In other
groups, during summer, the incident insolation is
maximized for a surface with an inclination

109 — 159 less than the latitude during winter
and 10° —15° more than the latitude during
summer [9].

2. MATERIALS AND METHODS
2.1 Description of the Study Area

This study was conducted at Setit Humera which
is located at 1364km North of Addis Ababa,

Ethiopia at the 14° 17'12'N and 36° 36'13". It is
situated in the semi-arid tropical belt of North
Ethiopia and is characterized by a sub-humid
type of climate with an average annual
rainfall of about 661 mm. With annual average
maximum temperature is 31°C and the minimum
temperature 24.2°C.

2.2 Experimental Materials

The materials used in this experiment are the
solar panel, Load resistor, Digital multimeter,
Switch, Electrical wire, Protractor, Ruler,
Scientific calculator, and GPS.

& Study point

Scale 1:40,000

Fig. 3. Map of the study area
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2.3 Experimental Procedures

1. During the days, before the data were
collecting, the values of the Julian day
number, the equation of time, solar time,
declination angle, hour angle, and solar
altitude angles were calculated.

2. The latitude and longitude of the selected
site were measured by GPS 60.

3. True North-South and East-West directions
were arranged using GPS 60.

4. Each three solar modules with 10 Watt
were placed parallel to North-South
direction.

5. All three solar modules were installed on
the same altitude and connected to the
10Q load resistor, three switches, and a
digital multimeter as shown in Fig. 3.

6. The tilt and azimuth angle of the panel
were measured using ruler and protractor.

7. Tilt angles of all modules were varied at
the same time starting from 0° to 26° with
in steps of 2° in the first three days of
selected a week of a month.

8. Output voltages for the corresponding tilt
angles were measured using a digital
multimeter.

9. The second three days of a week azimuth
angles were varied from 0° to 27° insteps
of 3° relative to the fixed middle module.

10. Output voltages for the corresponding
azimuth angle were measured using a
multimeter.

11. Using equation 1 calculate the output
power.

12. The same procedures were repeated for
the remaining two months.

The experimental set-up as shown in Fig. 4 is a
metal frame with revolving pedestal properly
designed. A revolving metal frame can
rotate 360°. It can change the position of all solar
panels from east to west or west to east. And can
move from the axis in relation to the horizontal
plane 0°upto90° . All three solar panels
mounted on a metal frame with revolving
pedestal. The tilt angle of all three solar panels
can be adjusted from 0° to 26° in step of 2° on a
metal frame with the same time. All three solar
panels arranged in truth south face because of
Ethiopia is located between 33° and 48° East
longitudes and between 3°and 15°  North
latitude. On the other hand, by fixing the middle
solar panel to south face with a tilt angle that has

resulted in maximum power output during the
measurement. The other two border solar
modules were moved with azimuth angle from 0°
to 27° in a step of 3° to the direction of east and
west with relative to the middle fixed solar panel.
However, these two modules could be changed
their direction from 0° to 45° towards east and
west with respect to the middle panel on a
revolving pedestal of metal frame in the axis of
rotation. The three switches used to make on/off
the circuit when taking the voltage readings by
digital multi-meter independently form each solar
modules. 10Q of load resistor used to as closed-
circuit.

Fig. 4. Experimental set up

2.4 Method of
Analysis

Data Collection and

The data collection was done during the summer
season from June up to August 2017. During the
data collecting, measurements were taken every
ten minutes time intervals during the daytime,
starting from 9:30 am up to 16:30 pm for seven
hours with 22 trials per day. During the first three
days of each selected week, the measurement
made average output voltage and power for each
22 trials for the corresponding tilt angle. The
remaining three days of each selected week, the
measurement made average voltage output in 22
trials with their respective times in every ten
minutes time intervals and output power for the
corresponding azimuth angle. The results of tilt
and azimuth angles were analyzed separately
based on the generated average output powers
of each solar panel.

Vi+V, +V
172 or

[VW1+VW2+VW3]+[VE1 +VEs +VE3]+[Vm1+Vm2 +Vm3
3 3

. (1D

3 3
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Therefore, average output voltage from the first
three consecutive days (15/06/17, 16/06/17 and
17/06/17), was used to compute the optimum tilt
angle. The average output voltage for the
remaining three consecutive days (18/06/17,
19/06/17 and 20/06/17) was used to compute the
optimum azimuth angle. And also the same
procedure was repeated for the remaining two
weeks of the months to analyze the data.

Where: [@] = the voltage generated by

the west module with relative to the middle for
. VE1+VEg, +VEs] _

only one trial. [—] = voltage generated

by the east module with relative to the middle for

only one trial. [V’"“V’;ﬂ]: the voltage by

generated by the middle module for only one
trial. Output powers from the three solar
panels with different tilt angle were computed
using equation (1) with the fixed 10 Q resistor.

22
Z 1 (vl + vz + v3)2

R 3
i=1
= total average output power (P;) (12)
Where: v, ,v, & v; the average output voltages
for the selected three days of each month.

3. RESULTS AND DISCUSSION

3.1 South Facing Solar Panel with

Different Tilt Angles

The average output voltages from three solar
modules for the first three days of each month
was computed using [11]. The total average
output powers generated by each solar panel
with the corresponding tilt angles had to be
computed using equation [12] and then
summarized the result value in Table 1 as a
sample for june inorder to reducecroding. In
order to make it easy and clear objective
comparison between the different tilt angle and
solar power capacity, all the three months of
computed cumulative average output solar
powers and the corresponding tilt angles are
summarized in Table 2. and plotted on a graph
as shown in Fig. 4. Table 1 shows at each tilt
angle with 22 trials in the day, the average
output powers from each 10-Watt solar module
were not increasing uniformly during morning
time untii noon time and then were not
decreasing uniformly during afternoon time. This

is due to, the variation of atmospheric
condition such as the humidity, temprature and
clouds.

The result revealed in Table 2 and Fig. 4
maximum total average power output from solar
modules was 16.97W and 16.67W which
corresponds to the tilt angle of 4° in June and
July respectively. On the other side, 13.56W for
August with the corresponding tilt angle of 2°.
Consequently, the season maximum average
power output computed at 4°. Since 4° is the
mode of the data during a season. At 4°, average
power output increased by 1.56% of for a panel
installed horizontally (0°tilt angle). At 4° tilt angle
for a season is more perpendicular to the sun’s
light than the other tilt angle. So, it can be
decided that 4° is the optimum tilt angle for the
south faced solar panel in Setit Humera as
determined by this experiment.

3.2 Azimuth Angle of Solar Panel

One panel moved towards east and the
other panel towards the west at different azimuth
angle with relative to the middle panel which is
fixed at optimum tilt angle. Power also
generated.

When determining the best orientation of PV
system is showing in Fig. 5 as a sample using
the month of June. And randomly, (0°, 3°, 12°
and 27°) of 10 azimuth angles are showing as a
model in order to reduce crowding. However,
from the average power versus time graphs
indicate that the computed average power
increased gradually from early morning until
noon. Then, it decreases gradually until late
afternoon because of, the sun rays change its
position due to the time. Therefore, by changing
the direction of panels were obtained extra
powers throughout the day.

3.2.1 Solar panel moved towards the west

The result depicted in Table 3 and Fig. 6 shows
that the maximum average output powers
observed (14.03W, 14. 19w, 13.57W and
13.93W) in June, July, August and season
respectively which corresponding to azimuth of
3°% It can therefore be conclude that 3° the
optimal azimuth angle for the solar panel in this
geographical location as determined from this
experiment.
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Table 1. Calculated average voltages and average powers were for three days with the corresponding tilt angles in June.

T.A Qua T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
0 Av 114 138 228 254 275 231 297 299 332 354 314 324 332 319 318 315 314 29 285 159 159 0.97
A.P 013 019 052 065 076 053 088 0.9 11 125 099 105 11 1.02 101 099 098 084 081 025 025 0.09
2 Av 209 227 234 249 267 295 29 2.9 3.9 392 371 334 288 316 238 217 299 298 29 128 141 1.2
A.P 044 052 055 062 071 087 084 084 152 153 138 111 083 1 057 047 089 089 084 016 0.2 0.14
4 Av 211 225 251 258 272 291 29 318 392 325 318 354 351 316 337 306 226 225 183 175 154 137
A.P 045 051 063 067 074 084 08 101 154 106 101 125 123 1 114 094 051 051 034 031 024 0.19
6 Av 202 234 239 251 27 274 29 296 3.9 313 311 303 308 304 321 303 273 271 261 237 129 117
A.P 041 055 057 063 073 075 08 088 152 098 097 092 09 093 103 092 075 074 068 056 017 0.14
8 Av 197 209 229 246 262 286 292 293 315 331 301 307 308 306 314 293 29 278 267 256 134 126
A.P 039 044 053 061 069 082 08 08 099 11 091 094 09 093 099 08 084 077 071 065 018 0.16
10 Av 189 219 238 231 239 272 253 256 311 324 34 334 323 3.2 229 205 205 215 214 213 216 1.06
A.P 036 048 057 053 057 074 064 066 097 105 116 111 105 102 052 042 042 046 046 046 047 011
12 Av 1.8 209 234 239 267 284 288 295 307 308 22 224 243 21 226 233 265 28 296 282 255 155
A.P 033 044 055 057 071 081 083 087 094 09 049 05 059 044 051 054 0.7 079 088 0.8 0.65 0.24
14 Av 173 207 27 234 262 274 301 208 3 259 205 3.02 227 25 2.2 271 266 276 2.7 266 247 221
A.P 0.3 043 073 055 069 075 091 043 09 067 042 091 051 063 048 073 071 076 073 071 061 049
16 Av 161 205 207 218 242 258 284 274 294 29 207 213 305 288 219 293 273 255 241 232 23 2.22
A.P 026 042 043 047 058 067 081 075 087 084 043 045 093 083 048 086 075 065 058 054 053 049
18 Av 147 198 214 22 253 252 258 252 297 282 276 283 284 23 275 242 233 222 221 225 207 206
A.P 022 039 046 048 064 064 067 064 088 0.8 0.76 0.8 0.8 053 075 059 054 049 049 051 043 042
20 Av 133 184 202 209 213 237 254 295 281 283 289 297 282 283 206 275 227 217 21 202 203 144
A.P 018 034 041 044 045 056 064 087 079 08 083 088 0.8 0.8 042 075 052 047 044 041 041 0.21
22 Av 121 133 157 204 232 238 245 279 296 287 295 296 295 295 296 224 205 194 194 198 194 165
AP 015 018 025 041 054 057 0.6 0v8 088 082 087 087 087 087 087 05 042 038 038 039 038 0.27
24 Av 11 17 099 107 251 241 251 283 28 257 256 269 277 245 222 211 224 23 224 221 191 1.89
AP 012 029 01 0.11 063 058 063 0.8 079 066 065 073 077 0.6 049 045 05 053 05 049 036 0.36
26 Av 112 159 1 102 146 195 232 274 287 292 295 263 277 265 253 256 249 221 207 202 188 1.65
A.P 012 025 0.1 0.1 021 038 054 075 08 08 087 069 077 0.7 064 065 062 049 043 041 035 0.27
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Table 2. Computed total average power with the corresponding tilt angles

Tilt angle (Degree) Computed average generated solar power(W)
June July August Season
0 16.72 16.11 13.18 15.34
2 16.31 16.49 13.56 15.45
4 16.97 16.67 13.11 15.58
6 16.62 16.4 11.55 14.86
8 16.15 16.14 11.34 14.54
10 14.21 14.58 11.28 13.36
12 14.11 14.56 11.25 13.31
14 14.04 14.16 11.23 13.14
16 13.62 13.95 9.96 12.51
18 12.92 12.72 9.52 11.72
20 12.43 12.36 8.58 11.12
22 12.24 12.1 8.49 10.94
24 11.13 11.67 8.46 10.42
26 11.03 10.88 7.81 9.91
Table 3. Computed total average output power for east faced in three selected days of each
month
Azimuth angle Computed total average generated power(W)
(Degree) June July August Season
0 13.4 14.15 13.46 13.67
3 14.03 14.19 13.57 13.93
6 13.2 13.60 13.32 13.37
9 13.04 13.37 13.15 13.19
12 13.03 13.30 13.02 13.12
15 12.73 13.19 13.01 12.98
18 12.44 12.31 13.01 12.59
21 12.29 12.28 13.01 12.53
23 12.24 12.23 13.01 12.49
27 12.16 9.85 12.75 11.64

Total average power vs tilt angle =— Power for June

18+ —e— Power for July
—a— Power for August
—v— Power for Season
164
)
; 14 4
S
S
e 4
S 12
104
8 T T T T

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Angle (Degree)

Fig. 5. Graph of average output power versus tilt angles
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Average Power vs Time for O Degree West Average Power vs Time for 3 Degree WeSt
1.254in June —a South 1 .25-nJune A South
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1.001

0.25+
0.0 : : x : 0.00 . . : o
10:50 12:30 14:10 15:50 10:50 12:30 14:10 15:50
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Average Power vs Time for 12 Degree WeSt Average Power vs Time for 27 Degre West
1.25in June —— South 1.257in June —— South
—=— East —=— East
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= B
E . \:0.75A
& =
[))
0.504
. @)
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o

10:50 12:30 14110 15:50 10:50 12:30 14:10 15:50
Time (h) Time (h)

Fig. 6. Average output power versus time for West, South, and East of 0°, 3°. 12° and 27°

For a module moved towards the West. |—s— Power for June

—e— Power for July
—a— Power for August

—v— Power for Season
16

Power (W)

8 T

0 3 6 9 12 15 18 21 24 27
Angle (Degree)

Fig. 7. Graph shows the optimum azimuth angle for east faced panel

3.2.2 Solar module moved towards the east computed average output power were (14.53W,

_ _ _ _ 14.47W, 13.57W and 14.19W) in June, July,
It is clear that in Table 4 and in graph 7 a unique August and season respectively with the
value exists for each month of the season for corresponding azimuth angle of 3°. Therefore, 3°
which the power is at the highest. So, the s the optimum azimuth angle of solar panel.
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3.3 Distribution of Solar Power

3.3.1 Daily distribution of solar power from
optimum azimuth and tilt angle

Daily distribution of maximum solar power
analysis was performed to decide the best east-
west orientation angles that yield an extreme
daily solar power. This was done by comparing
the sum of solar powers of the three modules
with three times the power of the south facing
(middle module) (supposing all the three
modules are on the same plane orientation).

As shown in Table 5 in June, three out of three
days orienting azimuth angle different from 0°
has yielded better than the power gained when
all three panels are on the same plane. Similarly,
in July the azimuth angle different from 0° has
yielded better than the power obtained when all
three modules are on the same plane. However,
on August, two out of three days orienting to east
and west at the angle different from 0° has
yielded better than the power obtained when all
the three panels are on the same plane.

West(W)+ South(S)+East(E) is the total average
output power from East and west oriented panels
added to the power of the south faced panel. And
3xSouth is three times the cumulative average
generated solar power of fixed south faced
panel, which is nearly the power gained if the
three panels were adjusted on the same level
with the equivalent tilt angle.

The daily distribution of solar power received by
the three solar panels at the daily optimum tilt
angles and azimuth angle indicate that

difference in orientation of east and west panels
from the middle (south faced) panel improved
depend on the duration of time, solar power
function during early morning and late afternoon.
Commonly, there is no found high power output
during rotating to east and west. The only
variation happened during morning and
afternoon, but, if it has taken the average it's not
significant relative to the middle one which was
fixed at the common tilt angle. This is because
the output voltage of the east/west orientation
solar panel follows the voltage of the east
solar panel in the morning and the voltage of the
west panel in the afternoon. But, the only
variation has on 0”0 up to 3”0 clockwise and
counterclockwise.

3.3.2 Monthly and seasonal distribution of
solar power

As shown in Table 6, in Jun, July, and August,
two border panels at angles different from 0°
have vyielded better than the power obtained
when all the three modules are on the same
plane, respectively. The maximum solar panel's
output power varies with the azimuth angle to
east and west orientation which is due to an
asymmetric distribution of power before and after
the midday. The maximum solar panel's output
power varies with the azimuth angle to east and
west orientation which is due to an asymmetric
distribution of power before and after the midday.
The solar power directly depends on orientation
and tilt of the panels, to determine the seasonal
average power from the panels, optimum tilt and
azimuth of solar photovoltaic arrays in a
particular period.

Table 4. Computed total average output power for west faced in three selected days of each
month

Azimuth angle

Computed total average generated power (W)

(Degree) June July August Season
0 13.55 14.13 13.46 13.71
3 14.53 14.47 13.57 14.19
6 13.38 13.69 13.32 13.46
9 13.21 13.26 13.15 13.21
12 13.18 13.08 13.02 13.09
15 12.98 12.82 13.01 12.94
18 12.47 12.74 13.01 12.74
21 12.46 12.22 12.97 12.55
24 12.25 11.47 12.23 11.98
27 12.02 8.73 12.11 10.95

10
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Table 5. The tilt and Orientation angles for the daily solar powers were obtained in June, July and August.

Direction ~ Month June (4° Tilt) July(4° Tilt) August(2° Tilt)

Date 16/06/17 17/06/17 20/06/17 16/07/17  17/07/17 20/07/17 17/08/17  19/08/17  20/08/17
West Orientation angle(Degree) 3 3 3 3 9 3 0 3 18

Total average power(W) 13.74 14.14 16.54 15.61 17.74 16.65 15.17 16.67 15.80
South Orientation angle (Degree) 0 0 0 0 0 0 0 0 0
(Middle) Total average power(W) 12.71 12.88 15.36 15.62 12.33 14.22 14.18 12.99 13.84
East Orientation angle(Degree) 3 3 0 3 9 3 3 9 3

Total average power(W) 13.71 14.16 16.47 16.55 13.62 16.77 16.11 14.98 15.28

W+ S+ E 39.25 41.18 48.37 47.78 43.69 47.64 45.46 44.64 44.92

3X South (Middle) 38.13 38.64 46.08 46.86 36.99 42.66 42.54 38.97 4152

Table 5. Seasonal tilt and azimuth angles for average maximum powers were obtained

Orientation and energy June(4°)tilt angle July(4°)tilt angle August(2°)tilt angle Season (average for 3 months)
East Azimuths angle[’] 3 3 3 3
Average power(W) 14.03 14.19 13.57 13.93
West Azimuths angle [°] 3 3 3 3
Average power(W) 14.53 14.47 13.57 14.19
South Azimuths angle [°] 0 0 0 0
Average power(W) 13.69 13.68 13.46 13.66
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For a module moved towards the east.

—a— Power for June
—e— Power for July
—a— Power for August
—v— Power for Season
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Fig. 8. Graph shows the optimum azimuth angle for west faced panel

The result described in Table 6 comparing in
which way the azimuth angle moved to obtaining
maximum energy was with relatively the middle
one is very small. Furthermore, the solar panel
moved towards the west with 3° azimuth angle
from the middle is 2.484% of power increased for
the month of June, 3.728% and 0.817% for the
month of July and August respectively. For the
similar fashion, the panel that moved towards the
east with azimuth angle 3° from the middle
increased 6.136% for the month of June, 5.775
% for the month of July and 0.817 % for the
month of August. In the summer season, the
solar power output could be maximized for a
surface with a tilt angle of 4° and oriented
0° up to 3° (clockwise and counterclockwise).
When the optimum orientation and tilt for this
season is considered, it increases the
solar power output by 1.977% for east
orientation and 3.880% for west orientation as
compared with middle fixed solar panel's
average output power. Therefore, to increase the
efficiency of solar panel , the solar panel
should be designed such that the angle of tilt can
easily be changed at least on a seasonal basis, if
not monthly and east-west orientation of
solar panels in every month for this season if not
daily.

4. CONCLUSION

The conclusion of this study can be described as
follow:

1. The capacity of solar PV to generate
maximum  power depends by the
orientation angles.
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2. The optimum tilt angle of the solar power
capacity is 4° with the increment of 1.56%
as compared to solar power at 0° tilt for a
season.

3. The optimum azimuth angle of the solar

power capacity is 3° with the increment of
1.977% for east and 3.880% for west
orientation as compared with middle
solar panel which is at the optimum tilt
angle.

Therefore, this experimental study recommended
that,

v" To increase the efficiency of solar power,
the solar panel should be designed such
that the angle of tilt can easily be changed
at least on a seasonal basis, if not monthly
and east-west orientation of solar panels in
every month for summer season if not
daily.

Anyone who is interested to use solar
power from this geographical location, the
solar panel should be adjusted at the
optimum tilt of 4° with south facing and
azimuth of 3° east-west, from the middle
south faced at optimum tilt angle solar
panel in the summer season.
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