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Many investments and commitments have
recently been set to use renewable energy
source, overcome energy crisis and align with
climate target. Solar power development and
deployment make investment in power
generation sustainability. The goal of this
study is harvesting energy by rotating solar
panel toward the sun direction. Astronomical
formula is derivate to calculate the sun altitude
and azimuth depending on given latitude,
longitude coordination. The photovoltaic (PV)
panels rotate horizontally and track the sun
direction in 9 positions regarding to their
actual time and calculated azimuth angle.
Partial shaded effectiveness that produces
between the adjacent panels due to PV panel’s
inclination is calculate accordingly. The total
increment of power production from fix to
tracked panel structure is 17.3% per day. The
extra power generation is distributed over the
period between solar noon times.
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1. INTRODUCTION

Generating electric power by using solar system
get a wide demand during last period. This
attention is increased obviously due to increase
the cost of national grid electricity since last
January 2021 in Kurdistan region. Shortage
and fluctuation of national power grid affected
negatively on the profitability and production
sustainability for most of the industrial’s plant
such as iron plant, oil refinery, chemical
factories, cement plants and etc. Resuming the
operation for such sector need to consume five
to six time of energy more than the normal
operation condition. Regarding to a domestic
and commercial usage of solar plant, this sector
was paid attention due to seek for alternative
power generation that having a better
environment impact. Requesting high
efficiency photovoltaic solar panels and using
the Maximum Power Point Tracking (MPPT)
inventor are a main concerning for all solar
plants. One of the big challenges regarding this
renewable solution is limited area of solar panel
versus the section power demand. The area
limitation obliges the investors focusing on
alternative solution thus increasing the solar
power generation. The mean of daily direct
solar irradiance during winter session
decreases dramatically into more than 50% as a
compare with summer session [1], which will be
worth for improve their generation volume.
This study is aimed for using tilted East West
sun tracker to expand the power generation
band, this rotation is the most efficient among
other rotation pattern for increasing radiation
ratio (which is the ratio between annual solar
radiation incident and tracked panel [2]. It
supports to maximize the radiation ratio into
about 90% and being close to radiation ration
the come out from dual axis tracker. The study
is trying to deploy the assigned photovoltaic
panel area to install a further panel. The main
goal is increasing the period for the panel
direction toward the sun position in order to
raising up direct irradiance ratio. In financial
point of view, it is expected to decrease the
overall project payback by 16-18% of the total
period of investment [3]. In addition, the
simplicity of structure and maintenance can be
applied by suing single axes tracker [4]. This
can be attracting the investor for choosing
single axis instead of dual axis especially when
it is considering the three elements of
comparison altogether: power generation,
project cost and service cost.

2, REVIEW OF LITERATURE

Improvement of Solar power generation has
widely advanced by using various mechanisms.
One the most topic related to the solar
generation efficiency is tracking the sun
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position and increasing the direct irradiance
receipt. The sun tracker categorized into two
types [5]: Single axis tracker designed to rotate
the Photovoltaic (PV) panel in one direction
(such as East -West, North-South, tilt vertically
or rotate around itself). eDual axis sun tracker
is followed the sun through two axes [6]. Using
two axis solar PV panel is increasing the energy
harvesting versus using single axis PV panel
configuration [7]. The cost of maintenance dual
axis platform on yearly basis between (36-48 $)
versus (23.6-32 $) that is belong to single axis
platform. The author mentioned the to the
initial installing cost as well which increase
around 30 % if the design goes with dual axis
platform. This study [8] made a comparison of
solar generation performance for three types of
tracking configuration, including fixed, one axis
and dual axis platform. The ratio of the power
outcome as a compare with the fixed PV panel
was recorded as 32.2% 36.8 % for each of single
axis and dual axis platform consequently. On
the other hand, the design and assembling
difficulty of dual axis platform with their
periodic repairing cost recorded as a higher.
Many endeavors such as [9] and [10] were used
image sensor and light dependent resister
(LDR) to know the sun position which can be
configured with microcontroller. [11] try to
prove the power consume by actuator and
controller is much less than gain of energy that
coming out through using single tracker under
different  weather  condition. = Another
comparison made by [12] and prove the single
axis tracker has the least economical saving at
Mumbai, it is show that the generated energy by
using single axis 27-30% more than using fixed
panel. The impact of dual axis tracker has not
recorded an obvious gain above single axis
tracker. In this study, it is considered to adapt
the PV penal structure with the optimum cost
consideration and robust structure assemble
with suitable regular maintenance cost. Single
axis solar tracker area intends to prioritize
some essential factors such as simplicity of
design and cost structure. This designed of
horizontal solar tracker is relying on
astronomical theory to estimate the sun
position and avoid using further sensors for
detecting the sun position.

3. MATERIAL AND METHODS

Determining the sun position with regarding to
solar plant location are the essential parameters
for designing horizontal solar tracker.
Accordingly, it is need to determine each of the
followed parameters: local time and solar plant
location (latitude and longitude coordination).
The main objective for this project is calculating
sun Azimuth and Altitude that help to direct
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solar panel to be in a perpendicular position to
the sun as much as possible and increase the
ration of direct sun irradiance. The steps of
gathering formulas can be addressed as below
points:

3.1. Find out Solar Time
3.1.1. calculation of julian day:
Number of days regarding to the year can be
calculated as Eq. (1) [13]:
No.of day = integer(275
*month/9) — K
x integer((month (1)
+9)/9)
+ dayof month — 30

3.1.2. equation of time:

It is the difference between clock time and
sundial, it is needed to calculate correction of
longitude as shown in below formula and
presented in Fig. (1) [13]. The latitude value is
substitute radian within the equation of time
Eq. (2) and Eq. (3).

B = (No.of day — 1) *360°/365°  (2)
E = 229.2(0.000075 +
0.001868cosB — 0.032077sinB —  (3)

0.014615co0s2B — 0.04089sin2B)
B: Longitude correction
E: equation of time

Equation of time

Equation of time (min)

e Number of days

Fig. 1. Equation of time over the day of the
year [14].

3.1.3. solar time

Depending of the below equation Eq. (4), it can
obtain time regarding to the sun position [15].
This will be important to find leading and
lagging time regarding to solar noon. The local
longitude in major cities and towns in Iraq it is
between ~ 400-480 east.

Solar time = standard time +
4(longitude for the standard meridian - (4)
local longitude) + E

3.2. Determining angles

Determining some astronomical angle will be
the essential coefficient for building the
tracking module, the below angles are used for
rotating the PV panels.
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3.2.1. solar altitude angle (n)
It is the elevation of sun regarding to the earth’s
horizon [13]. It is show zero value at sunrise and
sunset time. It can be represent in Eq. (5) and
Eq. (6).
pn =
Sin~*(cos(6) cos(local longitude) cos(T (5)
sin(local longitude) sin(0))
5= 23.45 * sin ((360/365) * (284 +
No.of day))
8: Declination angle
Ti: leading or lagging time from solar noon, it is
getting a positive and negative sign before and
after solar noon consequently.

(6)

3.2.2. solar azimuth angle (¢s)
It is angle on the horizon plane between the
lines on due south and projection sun ray on the
horizon plane. The formula is as below Eq. (7)
and Eq. (8) [16]:
sin(¢g) = cos(d) sin(h) /cos (Bn)
h = 159 % Ti
h: solar hour angle.

@)
(8)

3.3. Usage material

3.3.1. actuator

The actuator is a device with shaft moved
linearly by rotating a stepper motor [17].
Generally, it is moved 4-6 mm/sec. and trigger
by pulsed DC voltage. The domestic type
withstands dynamic load between (300-1200
Ibs.), this load is suitable for rotating five
panels.

3.3.2. controller and real-time clock
(RTC)

Arduino Uno is the most widely microcontroller
board for such experiment due to the simplicity
of programming, availability and configurable
with many other solutions [18]. RTC is design
to keep the current clock time [19], this will be
important to state the calendar date and time
within relevant formula. Thus, both solar
altitude and azimuth angle can be determined.

4. EXPERIMENTAL, RESULT AND
DISCUSSION
Domestic solar plant is installed in Kirkuk
city/Iraq with invertor capacity 3 kW, hybrid
module. 10 PV panel has been used with power
capacity (330 w for each solar panel). The solar
panels are set into to two parallel groups (5 PV
panel to each side) as it is shown in Fig. (2, 3)
for different times. The group of panels are
rotated as the same time by satellite dish
actuator with 18” stroke length. Due to area
limitation for PV panel place the distance
between each row of the panels was around 65
Cm. This distance has limit solar power
generation during early morning or close to
sunset [20]. This constrain is coming out from
partial shade of adjacent PV panel during the
rotation and low altitude angle. A heuristic
method is applied to find optimum altitude
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angle for lunching the panel’s rotation. (180-
230) altitude angle was a starting and ending
point for servo motor to operate over this
interval. Otherwise, the panels are direct to
solar noon position.

10:03 AM
Solar Azimuth Angle=17.37
East

Fig. 2. Pv panels set in two rows and track the
sun position before noon time.

Noon Time 12:10 PM

Fig. 3. Pv panels set in two rows and track the
sun position at noon time.

The servo motor stroke has been adjusted
regarding to the azimuth angle. Nine panel
positions have been selected with regard of
solar position. The relation between the length
of motor stroke and azimuth angle is shown as
in Table 1. Running the servomotor and
assigning the starting and ending point is
operate according to two factors: shading angle
and seasonality.

Table 1 Set of Azimuth angle vs stroke length

Directi Azimuth Stroke length
1rection
angle Cm
75° Y
60° 4.5
East 45° 9
30° 13.5
15° 18
Solar Noon o° 22.5
_15 o 27
-30° 31.5
West -45° 36
-60 ° 40.5
75° 45
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In order to avoid partial shade for the back-row
PV panel as shown in Fig. 4, the altitude angle
is determined between 180-23¢ for sunrise and
sunset sides. Accordingly, it is selected as a
starting and ending point for the tracker. The
sun ray angle is changed over the four seasons,
the longest and influences period can be
occurred in winter season. One of the solutions
was decided to delay the motor during morning
and evening time. Fig. 5. present the azimuth
angle regarding to time that calculated on
December. For example, the azimuth angle
reaches to around 23 ° at 8:30 Am. Utilization
period for using this tracker was around (7.5
Hours).

Sun Light
N

— 3 = shaded length

A

>

Toe to toe spacing
Fig. 1. partial shaded effectiveness on the
lower part of back line PV panels.

Solar Azimuth Angle
(Ds)
80
60 40.97873

Tracker
ending

-100
point
@ Solar Azimuth Angle (Ds)

Fig. 2. Calculated azimuth angle regarding to
time for December 2021.

Fig. 6 is the comparison of generated power
between fixed and turned PV panel. The used
invertor has Maximum power point tracker that
able to maximize the energy and increasing the
profitability. Nevertheless, it is obvious that
power harvesting is enhance furthermore and it
is deeply influenced by directing the PV panel.
A positive power offset is appeared over two
main periods especially between the solar noon
times. The impact can have around 350 watt of
power harvesting for the mentioned plant
capacity.


mailto:gzing.adil@charmouniversity.org
mailto:zana.saleem82@gmail.com
https://tj-es.com/

Gzing Adil Mohammed , Zana Saleem Mohammed / Tikrit Journal of Engineering Sciences (2022) 29(3): 43-48

Power outcome from fixed vs tracked
Pv panel - Watt
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e Qutput power without using tracker

Output power with using tracker

Fig. 3. Generated power outcome for fixed
and turned PV panel, Blue line represent
power generate from fixed panel, red line
present enlarging of energy by using the

tracker.

5. CONCLUSION

Synthesis formula of astronomical sun position
is used and applied in this study. The
application approved practically with rotating
10 panels that distributed in two rows. Power
generation for total one day is measured to
figure out their efficacy. Fix and rotate PV panel
structures produce 9.9 kWh/day and 11.61
kWh/day respectively. The total power gain
was 17.3 % by using horizontal solar tracker.
Front line panels shade the lower part of back
line panel at sunrise and sunset, the shade area
is considered as an energy loss for period
between 2-3.5 hours on daily basis that change
up on seasonality and sun ray inclination.
Delaying the starting point of tracker
movement at morning and evening is one of the
empirical and fast solution to avoid annually
losing 2-4.5% of power through shading.
Tracker operation is deactivated during
occurring partial sun irradiance shading on the
back-line panels. 230 and 1530 were the
altitude angle that selected to be starting and
ending point of tracker operation respectively.
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