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Abstract   —   In this paper, two distinct solar 

configurations were employed: a dual axis solar 

tracker capable of dynamically aligning solar panels 

to sun’s positions throughout the day and a fixed 

static solar system with constant panel orientation. A 

comprehensive data collection process spanning 

multiple seasons and weather scenarios was 

conducted to ensure a robust comparative analysis. 

Key performance standards, including power output 

and efficiency were systematically assessed for both 

systems. For a better understanding, variations in 

efficiency within a day and over a course of month 

were also taken into account. The results, which are 

displayed as graphs and tables and represent the 

energy gain and efficiency of the suggested tracking 

unit, indicate that Dual axis solar tracking performs 

noticeably better than Single solar system and static 

solar system. 

Keywords—Dual-axis, Arduino UNO, ASMO motor, 

Renewable energy, Light Dependent Resistors (LDR), 

static solar system. 

1.    INTRODUCTION 

In the context of rising global energy consumption 

brought on by factors such as population growth, 

increased per capita consumption, volatile prices of 

fossil fuels, and improved living standards, the 

importance for sustainable and renewable energy 

sources has become more noticeable [1]. The United 

States and China have emerged as leaders in harnessing 

solar power, boasting the highest installed capacities. 

The mixed advantages of Renewable energy resources 

contribute significantly to their widespread adoption. 

These include pollution-free energy production, zero-

fuel costs, reduced long term maintenance expenses, 

and the feasibility of establishing power plants in 

remote locations [2].  India, as a prominent example, has 

witnessed substantial growth in solar energy 

production, with an installed solar capacity reaching 

approximately 29.5 GW by May 31, 2019 [3]. 

Surpassing its initial target of 20GW set for completion 

by 2022, India has remarkably increased its solar 

production by around 8 times in recent years. Setting an 

ambitious new goal of achieving 100GW, with 40GW 

generated through rooftop solar panels, India has 

positioned itself as a leader in solar energy production. 

Solar irradiance, measured in Watts per square meter, 

plays a pivotal role in determining the performance of 

PV panels. Consequently, the solar energy generated is 

directly proportional to the total sunlight received. Dual 

axis solar tracker, with its ability to keep the PV panel 

facing the Sun from dawn to dusk, offers a substantial 

advantage over fixed-axis solar system, resulting in 

higher energy yields. In 1985, Silicon solar cell 

achieved an efficiency milestone of approximately 

20%. Subsequently, there has been a consistent and 

widespread improvement in solar cell efficiency, 

although a significant portion of solar cell still operates 

below the 45% mark [4]. As a result, consumer seeking 

solar panels are obtained faced with the choice of 

purchasing of large quantity of panel or investing in 

expensive single systems with higher production 

capacities. While there are solar cell available with 

higher efficiencies, their adoption is hindered by the 

associated higher costs. To address this challenges and 

enhance solar cell efficiencies, the implementation of 

maximum power point tracking (MPPT) techniques has 

proven to be effective. This is not only boosts efficiency 

but also contributes to reducing overall costs. The 
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MPPT techniques enables operators to identify and 

operate at the maximum power point on the solar panels, 

leading to increased efficiency and enhanced power 

output. MPPT trackers come in two types: Single axis 

and dual axis. Single axis trackers adjust their position 

based on the movement of the Sun, showcasing their 

effectiveness by generating 38% more power than 

stationary panels [5].  The primary objective of this 

study was to quantitatively asses the advantages of the 

dual axis solar tracking system over the traditional fixed 

axis solar system in the context of the Bundelkhand 

region. The research aims to demonstrate the superior 

energy gain and efficiency of the dual axis solar tracker 

system, with a specific focus on its performance even 

during cloudy days [6]. R.G. Vieira et al. performed a 

comparative study between a static photovoltaic solar 

panel and a one-axis mobility panel, installed in the city 

of Mossoró/ RN [7]. H. Fathabadi designed and 

constructed two novel solar trackers which are novel 

because the first one that is a sensorless dual-axis solar 

tracker has a tracking error of only 0.43which is less 

than that of the other sensorless and even most sensor 

based solar trackers reported in the literature, and the 

tracking error of the second tracker that is a sensor based 

dual-axis solar tracker is at most 0.14which is explic itly 

less than that of the state-of-the-art sensor based solar 

trackers [8]. N.Othman et al. presented the performance 

analysis of dual axis solar tracking system using 

Arduino. The ultimate objective of this research was to 

investigate whether static solar panel is better than solar 

tracker, or the opposite [9]. A. Safieh et al. evaluated a 

fixed-tilted and a single-axis sun tracking photovoltaic 

test setups located within a harsh desert environment. 

This paper compared multiple parameters, including 

energy yields, temperature losses, and soiling losses 

[10]. A. C. Chhoton and N. R. Chakraborty presented a 

performance analysis of the dual axis solar tracking 

system using Arduino. The main objective of this 

research was whether a static solar panel was better than 

solar tracker or not. This work performed analysis on 

the basis of hardware as well as software system [11]. 

 

2.    METHODOLOGY 

This study conducted an experiment to compare that 

performance of three solar tracking systems: Dual axis 

solar tracker, single axis solar tracker and static solar 

system. The prototype hardware of dual axis solar 

tracker, illustrated in fig.1, featured a static solar system 

mounted at 25.31 degree angle towards the south. In 

contrast, dual axis solar tracker was occupied with two 

rotation axes, allowing movement along east-west and 

north-south direction. 

 

Fig.1 Dual axis solar tracker system 

The dual axis solar tracker design aimed to optimize 

solar energy capture by employing dual axes, enabling 

independent tracking of the sun on both horizontal and 

vertical axes. This capability ensured that maximum 

exposure of a solar arrays to direct sunlight on the solar 

panels surface. The mechanism employed for sun 

position tracking was based on two dc motors and 

corresponding sensors. These sensors received, 

processed, and transmitted signals to accurately track 

the sun’s movement. Given the slow speed of the sun’s 

movement and the energy consumption associated with 

continuous tracking, the study implemented a strategy 

of tracking the sun continuously through the day. To 

manage power consumption effectively, the study 

considered the solar intensity received by sensors and 

gradual movement of the sun. The tracking procedure 

involve sending a signal to the sensor by continuously 

triggering the electric motor to rotate the panel stand. 

Both the dual axis solar tracker and static solar system 

utilized a 20 Watt PV panel named “d .light solar panel-

20w” for the experiment. This section will explain the 

operation of the dual axis solar tracker. The software is 

programmed using an Arduino sketch. Proteus IDE was 

used for the simulation and schematic diagram. All the 

designs components are listed below: 
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1.    Arduino UNO. 

2.    2x ASMO 24V DC Motor 

3.    Solar Panel 

4.    11.1V DC Battery 

5.    4x LDR driver circuit 

6.    1 motor driver circuit 

The technical details of this panel were documented in 

Table 1.  

            TABLE 1.  Specifications of PV Panel                                                              

Specifications of d .light solar panel 
 

Maximum power (P max) 20 W 

Maximum power voltage (V m) 18 V 

Maximum power current (I m) 1 A 

Open circuit Voltage (VOC) 22 V 

Short circuit current (ISC) 1.22 A 

Fill factor 77 % 

Maximum System Voltage 600 V 

Specifications at STC Irradiance : 1000 

W/m2 

Air mass : 1.5 

Call Temp: 25℃ 

Fig. 2 Proteus simulation of solar tracker 

3.    RESULTS AND ANALYSIS 

In this research, we start our case study for Bundelkhand 

region at Rajkiya Engineering college Banda (Latitude: 

25.285155° N and Longitude: 80.569807° E). Data 

gathering for static, single axis and dual axis tracking 

system took place in sunny days during the month of 

March and April 2020. We monitored the systems’ 

performance from 6:00 to 18:00. The comparative 

analysis among dual axis solar tracker, a stationary solar 

module and a single axis solar tracker are performed and 

for this purpose, different parameters are measured 

which are as follows- 

IS:   CURRENT IN STATIC SOLAR PANEL 

IV: CURRENT IN SINGLE AXIS SOLAR TRACKER (VERTICAL 

MOVEMENT) 

VS:   VOLTAGE IN STATIC SOLAR PANEL 

VV: VOLTAGE IN SINGLE AXIS SOLAR TRACKER (VERTICAL 

MOVEMENT) 

PS:   POWER IN STATIC SOLAR PANEL 

PV: POWER IN SINGLE AXIS SOLAR TRACKER (VERTICAL 

MOVEMENT) 

ID:   CURRENT IN DUAL AXIS SOLAR TRACKER 

VD:   VOLTAGE IN DUAL AXIS SOLAR TRACKER 

PD:   POWER IN DUAL AXIS SOLAR TRACKER 

 

3.1    PERFORMANCE COMPARISON OF SOLAR PANEL IN STATIONARY POSITION AND A SINGLE 

AXIS SOLAR TRACKER 

The performance of solar panel in stationary position and a single axis solar tracker (vertical movement) are shown in 

Table 2 where it can be seen that there is no significant difference between average value of voltage in static solar panel 

and single axis solar tracking system but the enough amount of change in the value of current, so the overall power in 

case of static solar panel and in case of single axis solar tracker are 12.2W and 13.5W respectively and fig.5 shows the 

graph of power in static solar panel and single axis solar tracker where it can be seen that Single axis solar tracker 

produces 10.65% more average power throughout the day as compared to static solar PV. 
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TABLE 2.  Various observations of solar panel in stationary position and a single axis solar tracker.

Observation Place: Rajkiya Engineering College Banda (Latitude- 25.285 Longitude- 80.569) 
 

S. No. Time 

Stationary Position Single Axis Tracking (Vertical Movement)  

Is (A) Vs(V) Ps(W) 
Tilt 

Angle 
Iv (A) Vv(V) Pv(W) 

Tilt 

Angle 
 

1 06:00 0.02 17 0.34 25.28 0.03 18 0.54 12.66  

2 07:00 0.22 19 4.18 25.28 0.28 20 5.6 8.24  

3 08:00 0.42 20 8.4 25.28 0.5 20 10 6.16  

4 09:00 0.96 20 13.2 25.28 0.72 20 14.4 4.37  

5 10:00 0.89 20 17.18 25.28 0.92 20 18.4 22.38  

6 11:00 0.97 20 19.4 25.28 1.01 20 20.2 25.24  

7 12:00 1.02 19 19.9 25.28 1.04 19 19.76 28.9  

8 13:00 0.99 20 19.8 25.28 1.02 20 20.4 32.3  

9 14:00 0.93 20 18.6 25.28 1 20 20 38.56  

10 15:00 0.66 19 12.5 25.28 0.98 20 19.6 42.75  

11 16:00 0.54 19 10.4 25.28 0.67 20 13.4 28.9  

12 17:00 0.26 18 8.1 25.28 0.32 20 6.4 32.3  

13 18:00 0.04 17 2.2 25.28 0.06 18 1.08 34.5  

 

 

Fig. 3 Comparison of current in static solar panel and 

single axis solar tracker (vertical movement) 

 

Fig. 4 Comparison of voltage in static solar panel and 

single axis solar tracker (vertical movement)

 

Fig. 5 Comparison of power in static solar panel and single axis solar tracker(vertical movement) 

0

0.2

0.4

0.6

0.8

1

1.2

IS(A) IV(A)

15

16

17

18

19

20

21

VS(V) VV(V)

0

5

10

15

20

25

PS(W) PV(W)



Neuroquantology | Dec 2020 | Volume 18 | Issue 12 | Pag363-370 | Doi: 10.48047/nq.2020.18.12.NQ20272 
Mratyunjay Singh, Performance Evaluation and Comparative Analysis of Single-Axis, Dual-Axis, and Static Solar PV Systems under the Climatic 
Conditions of Bundelkhand Region, India 

 
 
 

    367 

eISSN: 1303-5150     
         www.neuroquantology.com 

  

3.2    PERFORMANCE COMPARISON OF SOLAR PANEL IN STATIONARY POSITION AND A DUAL 

AXIS SOLAR TRACKER 

The performance of solar panel in stationary position and a dual axis solar tracker are shown in Table 3 where it can be 

seen that there is no significant difference between average value of voltage in static solar panel and dual axis solar 

tracking system but the enough amount of change in the value of current, so the overall power in case of static solar 

panel and in case of dual axis solar tracker are 12.2W and 15.4W respectively and fig.8 shows the graph of power in 

static solar panel and dual axis solar tracker where it can be seen that Dual axis solar tracker produces 26.2% more 

average power throughout the day as compared to static solar PV. 

TABLE 3.  Various observations of solar panel in stationary position and a dual axis solar tracker. 

Observation Place: Rajkiya Engineering College Banda (Latitude- 25.285 Longitude- 80.569) 
 

S. No. Time 
Stationary Position Dual Axis Solar Tracking  

Is (A) Vs(V) Ps(W) Tilt Angle ID (A) VD(V) PD(W) Tilt Angle  

1 06:00 0.02 17 0.34 25.28 0.1 20 2 40.52  

2 07:00 0.22 19 4.18 25.28 0.61 20 12.2 59.09  

3 08:00 0.42 20 8.4 25.28 0.83 20 16.6 53.5  

4 09:00 0.96 20 13.2 25.28 0.9 20 18 50.34  

5 10:00 0.89 20 17.18 25.28 1.02 20 20.4 33.4  

6 11:00 0.97 20 19.4 25.28 1.02 20 20.4 26.11  

7 12:00 1.02 19 19.9 25.28 1.04 19 19.76 8.07  

8 13:00 0.99 20 19.8 25.28 1.03 19 19.57 10.5  

9 14:00 0.93 20 18.6 25.28 1.01 20 20.2 12.5  

10 15:00 0.66 19 12.5 25.28 0.99 20 19.8 20.4  

11 16:00 0.54 19 10.4 25.28 0.8 20 16 32.3  

12 17:00 0.26 18 8.1 25.28 0.4 20 8 38.7  

13 18:00 0.04 17 2.2 25.28 0.07 19 1.33 41.2  

 

Fig. 6 Comparison of current in static solar panel and 

dual axis solar tracker 

 

Fig. 7 Comparison of voltage in static solar panel and 

dual axis solar tracker 

0

0.2

0.4

0.6

0.8

1

1.2

IS(A) ID(A)

15

16

17

18

19

20

21

VS(V) VD(V)



Neuroquantology | Dec 2020 | Volume 18 | Issue 12 | Pag363-370 | Doi: 10.48047/nq.2020.18.12.NQ20272 
Mratyunjay Singh, Performance Evaluation and Comparative Analysis of Single-Axis, Dual-Axis, and Static Solar PV Systems under the Climatic 
Conditions of Bundelkhand Region, India 

 
 
 

    368 

eISSN: 1303-5150     
         www.neuroquantology.com 

  

 

Fig. 8 Comparison of power in static solar panel and dual axis solar tracker 

3.3    PERFORMANCE COMPARISON OF A SINGLE AXIS SOLAR TRACKER AND A DUAL AXIS 

SOLAR TRACKER 

The performance of single axis solar tracker (vertical movement) and a dual axis solar tracker are shown in Table 4 

where it can be seen that there is no significant difference between average value of voltage in single axis solar tracker 

and dual axis solar tracking system but the enough amount of change in the value of current, so the overall power in 

case of single axis solar tracker and in case of dual axis solar tracker are 13.5W and 15.4W respectively and fig.11 shows 

the graph of power in single axis solar tracker and dual axis solar tracker where it can be seen that Dual axis solar tracker 

produces 14.07% more average power throughout the day as compared to single axis solar tracker. 

 

TABLE 4.  Various observations of single axis solar tracker (vertical movement) and a dual axis solar tracker.

Observation Place: Rajkiya Engineering College Banda (Latitude- 25.285 Longitude- 80.569) 
 

S. No. Time 
Single Axis Tracking (Vertical Movement) Dual Axis Solar Tracking  

Iv (A) Vv(V) Pv(W) Tilt Angle ID (A) VD(V) PD(W) Tilt Angle  

1 06:00 0.03 18 0.54 12.66 0.1 20 2 40.52  

2 07:00 0.28 20 5.6 8.24 0.61 20 12.2 59.09  

3 08:00 0.5 20 10 6.16 0.83 20 16.6 53.5  

4 09:00 0.72 20 14.4 4.37 0.9 20 18 50.34  

5 10:00 0.92 20 18.4 22.38 1.02 20 20.4 33.4  

6 11:00 1.01 20 20.2 25.24 1.02 20 20.4 26.11  

7 12:00 1.04 19 19.76 28.9 1.04 19 19.76 8.07  

8 13:00 1.02 20 20.4 32.3 1.03 19 19.57 10.5  

9 14:00 1 20 20 38.56 1.01 20 20.2 12.5  

10 15:00 0.98 20 19.6 42.75 0.99 20 19.8 20.4  

11 16:00 0.67 20 13.4 28.9 0.8 20 16 32.3  

12 17:00 0.32 20 6.4 32.3 0.4 20 8 38.7  

13 18:00 0.06 18 1.08 34.5 0.07 19 1.33 41.2  
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Fig. 9 Comparison of current in single axis solar tracker 

(vertical movement)  and dual axis solar tracker 

 
Fig.10 Comparison of voltage in single axis solar 

tracker (vertical movement)  and dual axis solar tracker 

 

Fig. 11 Comparison of power in single axis solar tracker (vertical movement) and dual axis solar tracker

IV.    CONCLUSION 

During the research study, we have analysed the 

following results: 

 Dual Axis Solar Tracker produces 26.2% more 

average power throughout the day as compared 

to Static Solar PV. 

 Dual Axis Solar Tracker produces 14.07% more 

average power throughout the day as compared 

to Single Axis Solar Tracker. 

 Single Axis Solar Tracker produces 10.65% 

more average power throughout the day as 

compared to Static Solar PV. 
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