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ABSTRACT

This paper explains a method for enhancing the inclination angle of solar PV arrays deployed in Muniguda, Odisha. Enhancement of inclination angles approach is
based on an isotropic model with varying diffuse radiation coefficients on the inclined surface, which accounts for change in monthly inclination angles. In the
northern part of India, a monthly optimum inclination angle change is recommended because of seasonal change. Using the monthly optimum inclination angle on
a solar PV panel with different isotropic models will increase yield of collection by 9.09, 9.31, 8.02, and 9.31%, respectively. The optimization results showed that
monthly optimal tilt angles with an enhancement of approximately 9% (0.57 kwh/m2/day) for different isotropic models in the site of Muniguda, Rayagada district,
Odisha state.
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1. Introduction

The proportion of solar energy collected by PV panels is determined by solar irradiance, ground reflection characteristics, and solar panel inclination and
orientation. In actuality, the quantity of yield obtained is greatly influenced by the orientation and inclination of solar panels. As a result, in order to
capture the maximum energy from the sun at a particular site, the panels must be inclined and orientated at an appropriate inclination angle. A solar
tracking system is the most reliable approach to enhance the inclination and placement of solar panels. Active sun trackers alter the inclination and
position of a solar panel or solar array on a regular basis. which are electromechanical systems. However, such a device is costly to acquire and consumes
a lot of energy while tracking. Changing the position of solar panel on monthly, seasonal or annual basis are more suitable than solar tracking systems.

2. Literature survey

In recent years many studies have done to improve orientation and inclination angles of solar panels in different locations. In order to enhance the
inclination angles of solar PV panels in Malaysia, T. Khatib et al. [1] employed the Liu and Jordan model for solar energy fall on a slanted surface of the
solar panels. The results showed that the PV module/array tilt angles required seasonal adjustment. With the exception of the diffuse solar radiation
component on solar panels.

Ridha Ben Mansour et al. [2] observed that the Hay & Davies Klucher Reindle (HDRK) model and isotropic and anisotropic model have comparable
mathematical representations of solar radiation. The combined impacts of inclination angle, radiation and ambient temperatures for five sites in Saudi
Arabia were used to estimate the monthly and annual optimal tilt angles for the solar PV array system with HDKR model. Using the direct methodology,
estimate beam and diffused radiation on inclined surfaces of solar panels to determine the best inclination PV angle.

According to M.A. Danandeh and S.M. Mousavi G. [3,] panels facing south are more prevalent than panels facing north. For several countries in Europe
and Africa follows a direct technique is utilised to estimate the appropriate inclination angles and solar irradiation on slanted surfaces. Finally, they
concluded that maximum irradiance is accumulated when the solar cells are constantly facing the sun. However, it necessitates the use of an active sun
tracker, which is more expensive. As a result, solar PV panels are used in a fixed position while adjusting the tilt angle at specific time periods.

Empirical correlations were suggested by Tarek O. Kaddoura et al. for calculating diffuse radiation on horizontal surfaces [4]. Using anisotropic and
isotropic models, the total solar energy accumulated on inclined surfaces facing south was also computed. The inclination angle was changed using
MATLAB software to maximise solar energy collected. The sun moves slowly northward during the summer, causing a negative tilt angle and the need
for PV panels to face north. The lowest figure of 14.6° was recorded in June. The ideal tilt angle reaches a high of 50.9° and 19.28° is the fixed yearly
optimum inclination angle in the winter when the sun travels a shorter southern route.

The study and various methods used by A. Z. Hafez et al. [5] to optimize the inclination angle and examine how different solar radiation components
influence design performance. To establish the optimum appropriate inclination angle at the site, the above-mentioned solar radiation components are
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combined with several models, primarily the isotropic model, which is used to compute the average daily solar radiation on a slanted surface. Based on
the results, it has been determined that the photovoltaic system has a high system yield and employs the optimum annual inclination angle, but the other
tracking system is not the optimal design due to inadequate maintenance.

Including solar active sun trackers usually result in an energy loss, as Chiemeka Onyeka Okoye et al. [6] shown, making the installed tracking system
expensive. A fixed panel's optimum tilt angle changes with latitude and must be established before installation at each site. It was found that the yearly
average inclination angles varied not just with tracking orientations but also with different modelling methodologies. The maximum yearly solar energy
absorbed by a solar PV panel was calculated.

According to the findings of the K.Y. Lau et al. [7] research, tracking devices allow solar PV arrays to be tilted in response to sunlight. However, tracking
device usage frequently exceeds solar PV system installation and maintenance costs, resulting in increased energy consumption during tracking.
Furthermore, due to PV installation area constraints, these devices are not always applicable. On the other hand, fixed arrays are less expensive to install,
run, and maintain than auto-tracking structure PV arrays, making them ideal for certain users such housing units that may be built into the structure.

Taher Maatallah et al. [8] optimized results show that a complete performance analysis of a solar PV system was evaluated using single and dual-axis
tracking of PV panels. These devices are extremely useful for assessing solar PV systems and planning solar PV projects. They carried a case study in
Monastir that shows the in the northern latitudes, the southern direction of PV panels is optimal, and that inclined PV panels with latitude angle may be
achieved by employing single and dual-axis tracking system. The solar PV panel's annual optimum tilt angle is chosen to face south in Monastir. It is
around 0.9 times the location's latitude angle. A fixed panel installed with the yearly optimum tilt angle is expected to have an annual gain of 5.76% lower
than a module mounted on a single-axis tracking system.

According to Kadir Bakirci [9], the optimum tilt angle of solar panels installed in different areas across Turkey to maximise energy collection in order to
maximize energy collection and to generate broad correlations for calculating the ideal slopes that are accurate and practical to use. In this case study, he
found that from June to December, the best tilt angles in Turkey ranged from 0 to 65.

S.S. Chandel and Amit Kumar Yadav [10-15] both looked at total solar radiation values on solar PV panels' horizontal surfaces as well as the angles from
which the beam and diffuse radiation components are directed at the surface. Variable cloudiness and air clarity affect how diffuse radiation is dispersed
in the atmosphere. In order to calculate the total solar radiation that strikes a slanted surface, the tilt angle is varied from 0° to 90°. [16-23] This will
provide researchers and the solar business useful Actually, one should provide an input of global solar radiation on the inclined surface (GSROTS) instead
of a horizontal surface because the PV panels are always located with some inclination angle. The GSROTS can be calculated with any one of these
scenarios.

i If, the PV panel’s positions are fixed permanently with their location latitude as a inclination angle, then that angle will be an enhancing the
inclination angle (B) for the PV panels.

ii. If, the PV panels tilt angle is changing in twice of a year i.e., once in a summer and winter seasons, then PV panels inclination angle () will
be @ + 15° and ¢ — 15° for winter and summer seasons respectively.

iii. If, the PV panels tilt angle is changing in each month of a year, then the inclination angles of the PV panels () for every month of a year can
be obtained.

iv. Finally, the PV panels inclination angle () can be change continuously during the day hours is possible by using the solar tracking systems.

3. Angles on the inclined surface
1. Elevation angle (o): It is the angle made the horizon and an object located above it. The elevation angle is measured in degrees and can range from 0°
to 90° An elevation angle of 45° indicates that the object is halfway between the horizon and the zenith.

2. Azimuth angle (y): It is the angle made by the sun's position in the sky and the observers. It is measured in degrees, with positive values indicating an
angle east of south and negative values indicating an angle west of south.

3. Declination angle (3): The declination angle (8) is an astronomical term that refers to the angular distance between the celestial equator and a celestial
object, measured in degrees. It is used to describe the position of the sun, moon, planets, and stars in the sky relative to the Earth's equator [24-31].

4. Incidence angle (8): It is the angle made by a ray of light or other electromagnetic radiation and a surface it encounters. It is also known as the angle
of incidence.

5. Zenith angle: The angle between a vertical line and a celestial object in the sky. It is measured in degrees and represents the height of the object above
the observer's horizon.

6. Latitude angle: Latitude angle, also known as solar altitude angle, it is unique for every location, it is depending on the height and latitude.

7. Inclination angle (B): The inclination angle () is an important parameter; it is the angle made by the earth surface and solar panel. It is also known as
the Inclination angle.
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4. Solar radiation

Global solar radiation: It is a simulation of direct, diffuse, and reflect radiations based on the diffuse radiation impacts. The adverse change in global solar
radiation has taken place [32-40].

1.Direct radiation: The radiation from the sun (UV rays) directly strikes the earth without being scattered.

2.Diffuse radiation: The radiation from the sun is has been scattered in the atmosphere by clouds, air molecules and strikes the earth and the intensity of
radiation is decreased is called diffuse radiation.

3.Reflected radiation: The radiation from the sun is strikes the earth surface and objects and reflected back and fall into the panel surface.

5. Modelling of solar radiation on the inclined surface

The modelling of global radiation on the inclined surface is expressed in equation (5.1):
Grur = Brur + Drur + Ryur (6.1)
components of solar energy on a horizontal surface rewritten in terms equation (5.2):
Grur = Rg+ D X Rp + G X p X Ry (5.2)

Rg, Rp and Ry are a beam, diffuse and reflected solar radiations conversion factors respectively and p is the ground albedo and its value is taken here to
be 0.2.

Declination angle: The declination angle (3) is an astronomical term that refers to the angular distance between the celestial equator and a celestial object,
measured in degrees. [41-45] It is used to describe the position of the sun, moon, planets, and stars in the sky relative to the Earth's equator.

§ = 23.45 x sin [Z5= x 360] (5.3)
365
Sunshine angle:
wgs = cos™1(tan § x (— tan @)) (5.4)
Rs, Rq, Ry are the coefficients of beam, diffuse, reflected solar radiations:
Reflected solar radiation coefficient component on the tilted surface.
Ry = =57 (55)
The Liu and Jordan model is most commonly used for the calculation of beam solar radiation conversion factor (Rp).
The value of Ry can be calculated for the locations located in both the northern latitudes and southern latitudes is given by the following equations
respectively.

cos(@ — B) X cos 8 X sin wgs + wgs X sin(p — B) X sinP

B COS @ X €OS 8 X sin wgs + wgs X sing X sind (5.6)

Equation (4.6) is proposed for northern hemisphere.

_cos(@ + B) X cos § X sin wgs + wgs X sin(p + B) X sin B
5=

COS @ X €OS 8 X sinwgs + wgg X sing X sin (5.7)

Equation (4.7) is proposed for southern hemisphere.

The diffused solar radiation conversion factor (Rj) can be calculated by using below equations proposed.

Rp = =5°° (5.8)

Diffuse solar radiation coefficient  proposed by Liu and Jordan Model (1962).

Rp=—— (5.9)

3[2+cos B]

Diffuse solar radiation coefficient  proposed by Koronakis model (1986).
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6. Isotropic and Anisotropic models

Isotropic model:

An isotropic model is a model or system that exhibits the same properties or behaviour in all directions. The term "isotropic” comes from the Greek words
"iso," meaning equal, and "tropos,” meaning direction. In other words, an isotropic model is one that is symmetric in all directions and has no preferred
direction [46-49].

Anisotropic model:

An anisotropic model is a model or system that exhibits different properties or behaviour in different directions. The term "anisotropic" comes from the
Greek words "anise," meaning unequal, and "tropos," meaning direction. In other words, an anisotropic model is one that is not symmetric in all directions
and has a preferred direction.

7. Enhancement of monthly inclination angle

To enhance the inclination of solar panels monthly, you will need to adjust the angle of the solar panels periodically and other way to choose the inclination
angle, by various diffuse radiation coefficients using isotropic models.

(Liu and Jordan Model)

. . . 7.1)
cos(p — ) X cosd X sin wgg + wgs X sin(p — ) X sin 1+ cos 1—cos (
Grr = (G — D) x il = = .((ﬂ ﬁ) b D x ﬁ+GXPX7ﬁ
€oS @ X cos§ X sinwgg + wsg X sing X sind 2
(Koronakis model)
. . . 7.2)
cos(p — ) X cosd X sinwgs + wgs X sin(p — f) X sin 1 1—cos (
Gopr = (G — D) X (¢-B) In Wgs + Wss _(<p l_?) Poipw L6 xpx B
COS @ X oS X sin wgg + wgg X sing X sind 3[2 4+ cos B] 2

8. Results and discussion

From below the Table 8.1 monthly optimum tilt angles are defined by based on PV panels i.e., global horizontal irradiance, diffuse solar radiation and
latitude angle of that place. On an annual average the optimal inclination is about 20.83°. The yearly average solar energy collection yield on a flat surface
is about 5.18 kWhpm?pday, whereas the annual average solar energy collection yield on the inclined surface is approximately 5.76 kWhpm?pday.

The ideal tilt angle in January is 48° degrees. On a surface that is inclined, the monthly average solar energy collecting yield is around 6.61 kWhpmZday.
The improved yield of collecting is 1.68 kWhpm?pday. A 25% improvement has been made since the beginning of January. The ideal tilt angle for the
month of February is 39°. On a surface that is inclined, the monthly average solar energy collecting yield is around 6.7 kWhpm?pday. On the other hand,
on a horizontal surface, it is 5.62 kWhpm?2pday. The improved yield of collecting is 1.08 kwhpm?pday. On February, there has been an improvement of
16.1%. The ideal tilt angle in the month of March is 21° On a surface that is inclined, the monthly average solar energy collecting yield is around 6.37
kWhpm?day. On the other hand, on a horizontal surface, it is 6.06 kWhpm?pday. Improved yield collection is 0.31 kWhpm?pday. On March, there has
been an improvement of 4.87%. The ideal tilt angle in April is 4° degrees.

On a surface that is inclined, the monthly average solar energy collecting yield is around 6.43 kWhpm?pday. On the other hand, on a horizontal surface,
it is 6.42 kwhpm?pday. Improved yield collection is 0.01 kWhpm?day. Nothing has changed since April in terms of the situation. The ideal tilt in the
months of May, June, July, and August is 0°, which is also the horizontal tilt. Therefore, there has been no progress in the yield's collection in the months
of May, June, July, and August. The ideal tilt angle in September is 130 degrees. On a surface that is inclined, the monthly average solar energy collecting
yield is around 4.78 kWhpm?pday. On the other hand, on a horizontal surface, it is 4.68 kWhpm?pday. Improved yield collection is 0.01 kWhpm?pday.
On September, there has been an improvement of 2.09%. The ideal tilt angle in the month of October is 31° degrees. The average daily production from
solar energy collecting on a slanted surface is around 5.75 kWhpm?pday.

On the other hand, on a horizontal surface, it is 5.14 kWhpm?pday. The improved yield of collecting is 0.61 kWhpm?pday. On October, there has been
an improvement of 10.61%. The ideal tilt angle in the month of November is 44°. On a surface that is inclined, the monthly average solar energy collecting
yield is around 6.23 kWhpm?pday. On the other hand, on a horizontal surface, it is 4.88 kWhpm?pday. The improved yield of collecting is 1.35
kWhpm?pday. On November, there has been an improvement of 21.67%. The ideal tilt angle in December is 50° degrees. On a surface that is inclined,
the monthly average solar energy collecting yield is around 6.51 kWhpm?pday. On the other hand, on a horizontal surface, it is 4.68 kWhpm?pday.
Improved collection of yield is 1.83 kWhpm?day. 28.11% of improvement has taken place on the month of December.

As a result, by using Liu and Jordan model, on an annual average of optimal tilt is 20.83°. Enhancement of collection of yield by 0.58 kWhpm?pday.
Overall annual collection of yield is improved by 9.0%. The graphs plotted in the Figure 8.1. and Figure 8.2 Based on the results obtained from Table 8.1
using Liu and Jordan model.
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Table- 8.1: Monthly averaged optimum tilt angle and Comparative analysis of monthly averaged solar energy on both horizontal and tilted surface

(kWhpm?pday) using Liu and Jordan model.

Optimum Monthly  Averaged | Monthly  Averaged
. Improved solar
inclination solar energy on a | solar energy on Percentage
Month R L i energy .
angle in | inclined surface horizontal  surface (kWhpm?pday ) improvement (%)
m*pda
degrees (kWhpm?pday) (kWhpm?pday) Prrpeay
Jan 48° 6.61 4.93 1.68 25.42
Feb 390 6.7 5.62 1.08 16.12
Mar 21° 6.37 6.06 0.31 4.87
Apr 40 6.43 6.42 0.01 0.16
May 0° 6.44 6.44 0 0
Jun 0° 5.01 5.01 0 0
Jul 0° 4.15 4.15 0 0
Aug 0° 4.12 4.12 0 0
Sept 130 4.78 4.68 0.1 2.09
Oct 31° 5.75 5.14 0.61 10.61
Nov 44° 6.23 4.88 1.35 21.67
Dec 50° 6.51 4.68 1.83 28.11
Avg 20.83° 5.76 5.18 0.58 9.09
Figure
Graph on averaged monthly optimum tilt angle on
MONTHLY AVERAGED SOLAR ENERGY
panels
|
=== Monthly A lar 2o s ult fa
e Mt} ynaul srfiace

Figure 8.2 Graph on Monthly averaged solar energy on horizontal and tilted surfaces
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From the below table 8.2 monthly optimum tilt angles are defined by based on PV panels i.e., global horizontal irradiance, diffuse solar radiation and
latitude angle of that place. On a yearly average, the ideal inclination is at 22.5° degrees. The yearly average solar energy collection yield on a flat surface
is about 5.77 kWhpm?pday, whereas the annual average solar energy collection yield on a slanted surface is around 5.18 kWhpm?pday.

The ideal tilt angle for the month of January is 50°. On a surface that is inclined, the monthly average solar energy collecting yield is around 6.69
kWhpm?pday. As opposed to 4.93 kWhpm?pday on a horizontal surface. The improved yield of collecting is 1.76 kWhpm?pday. An improvement of
26.30% has been made since January. The ideal tilt angle in February is 41° degrees. On a surface that is inclined, the monthly average solar energy
collecting yield is around 6.76 kwWhpm?pday. On the other hand, on a horizontal surface, it is 5.62 kWhpm?pday. The improved yield of collecting is 1.14
kWhpm?Zpday. On February, there has been an improvement of 16.83%. The ideal tilt angle in the month of March is 24°.

On a surface that is inclined, the monthly average solar energy collecting yield is around 6.36 kWhpm?pday. On the other hand, on a horizontal surface,
it is 6.06 kwhpm?pday. The improved yield of collecting is 0.30 kWhpm?pday. On March, there has been an improvement of 4.71%. The best tilt angle
in April is 40° degrees. The output from the slanted surface's monthly average solar energy gathering is around 6.43. kWhpm?2pday. However, in a
horizontal is 6.42 kwhpm?2day. Nothing has changed since April in terms of the situation.

The ideal tilt in the months of May, June, July, and August is 0°, which is also the horizontal tilt. The tilt corresponds to the location’s latitude angle.
Therefore, there has been no progress in the yield's collection in the months of May, June, July, and August. The ideal tilt angle in September is 15°
degrees. On a surface that is inclined, the monthly average solar energy collecting yield is around 4.78 kwWhpm?pday. In contrast, the horizontal surface
uses 4.68 KWh/m2 per day. The improved yield of collecting is 0.10 kWhpm?pday. On September, there has been an improvement of 2.09%. The ideal
tilt angle in the month of October is 33° degrees. 5.79 kwWh/m2/day of solar energy is collected on the slanted surface on a monthly average. while 5.14
kWhpm?pday on a horizontal surface. The improved yield of collecting is 0.64 kwhpm?pday. On October, there has been an improvement of 11.05%.
The ideal inclination angle in the month of November is 47°.

On a surface that is inclined, the monthly average solar energy collecting yield is around 6.31 kWhpm?pday. In contrast, the horizontal surface uses 4.88
kWh/m?2 per day. The improved yield of collecting is 1.43 kWhpm?pday. On November, there has been an improvement of 22.66%. The ideal tilt angle
in December is 530 degrees. On a surface that is inclined, the monthly average solar energy collecting yield is around 6.51 kWhpm?pday. In contrast, the
horizontal surface uses 4.68 kWh/m2 per day. The improved yield of collecting is 1.83 kWhpm?pday. On December, there has been an improvement of
28.11 percent. As a consequence, the ideal tilt according to the Liu and Jordan model is 22.25° on an annual average. The rise in yield of 0.6 kWhpm?Zpday
for collecting.

The annual collecting yield as a whole has increased by 9.31%. based on the outcomes of the Koronakis model as shown in Table 8.2. The graphs in
Figures 8.3 and 8.4 were plotted based on the outcomes of the Koronakis model as shown in Table 8.2.

; Monthly Averaged
. . Optimum y g Monthly Averaged
Table-  8.2: . p' u' solar energy on a y Averag Improved solar | Percentage Monthly
averaged M inclination solar energy on . optimum tilt
onth .| inclined surface . energy improvement
angle and angle in horizontal surface ) 0
5 (kWhpm“pday ) (%)
degrees (kWhpm?pday) (kWhpm*pday)

Jan 50° 6.69 4.93 1.76 26.30

Feb 41° 6.76 5.62 1.14 16.83

Mar 24° 6.36 6.06 0.30 4.71

Apr 40 6.42 6.42 0 0

May 0° 6.44 6.44 0 0

Jun 0° 5.01 5.01 0 0

Jul 0° 4.15 4.15 0 0

Aug 0° 4.12 4.12 0 0

Sept 15° 4.78 4.68 0.10 2.09

Oct 330 5.79 5.14 0.64 11.05

Nov 47° 6.31 4.88 1.43 22.66

Dec 530 6.51 4.68 1.83 28.11

Avg 22.25° 5.77 5.18 0.6 9.31

Comparative analysis of monthly averaged solar energy on both horizontal and tilted surface (kWhpm?pday) using Koronakis model.
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Figure 8.2 Graph on Monthly averaged solar energy on horizontal and tilted surfaces

9. Conclusion

From the case study, a comparative analysis has done for the monthly optimal tilt angles with an enhancement of approximately 9% (0.57 kWhpm?pday)
for different isotropic models in the site of Muniguda, Rayagada district, Odisha state.
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