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ABSTRACT 

In these days energy resources is 

important source in today’s world. 

Conventional energy resources is the 

abundant for environmental pollution. Solar 

energy is one of the best power source in 

recent days. Solar energy gains rapidly in 

these days. Solar energy is used for the 

power shortage in India. Solar cells has been 

used increasingly in recent days to convert 

solar energy to electrical energy. The earth 

receives 84 terawatts of power and our 

world consumes about 12 terawatts of 

power per day we are trying to consumes 

more energy from the sun using solar panel. 

The tracker generates 16% to 24%more 

energy comparing to fixed tilt system. To 

increase the conversion from solar to 

electrical energy, the solar panels have to be 

positioned perpendicular to the sun. There 

are more technology to track the sun 

position. The single axis PV tracking system 

gives lower energy output during sun 

condition. So we are using dual axis PV 

tracking system to get more power and to 

increase the efficiency of power and the 

panel.We used thermoelectric generator to 

increase the efficiency of the solar 

panel.The Arduino based design 

methodology of an automatic tracking 

system is presented in this paper. LDR is 

used as sensing element. 

KEYWORDS: Light Dependent Resistor , 

Arduino UNO, Photo Voltaic cell, DC 

motor, Thermoelectric generator, 

Submersible pump. 

INTRODUCTION 

The world population is increased 

day by day and the demand for energy 

is also increasing accordingly. Now a 

days the fossil fuels are  the  main 

source of energy which causes global 

warming and pollution to the 

environment .To provide sustainable 

power for future generation there is 

demand for energy from renewable 

sources like solar, wind, tidal. The sun 

is most important source of energy. The 

photovoltaic system is one of the 

important to replace the conventional 

energy resources. The solar panel 

converts the solar radiation into 

electrical energy. The solar energy is a 

clean source of energy there is no 

greenhouse gas emission are released 

into the atmosphere during the energy 

generation process and it is eco- 

friendly. Sunlight received by the earth 

in one hour is enough to meet the 

annual energy needs of all people world 

wide. However, the cost of solar in 

relation to other fuel source is a barrier 

to adoption. Additionally, sunlight 

varies depending on geographic location 

,season, and time of day, which all 

creates limitation on its use. 
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SOLAR POWER CAPACITY IN 

INDIA (MW): 

The solar energy available in a single year 

exceeds the possible energy output of all of 

the fossil fuel energies in India.[1] The daily 

average solar power plant generation 

capacity in India is 0.20kWh / m
2
 of used 

land area. 

 
The annual power production by the solar 

plant in India is shown in table 1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 1.Annual power production 

by solar plant in India 

 
PHOTOVOLTAIC CELL : 

 
A photovoltaic cell, is an electrical 

device that converts the energy of light 

directly into electricity by the photovoltaic 

effect, which is a chemical and physical 

phenomenon. 

It is a form of photoelectric cell, 

defined as a device whose electrical 

characteristics, such as current, voltage, or 

resistance, vary when exposed to light. 

Individual solar cell devices can be 

combined to form modules, otherwise 

known as solar panels[4]. In basic terms a 

single junction silicon solar cell can produce 

 

 
a maximum open-circuit voltage of 

approximately 0.5 to 0.6 volts. 

Solar cells are described as being 

photovoltaic, irrespective of whether the 

source is artificial light or an sunlight[2] . 

They are used as a photo detector (for 

example infrared detectors), detecting light 

or other electromagnetic radiation near the 

visible range, or measuring light intensity. 

 

The operation of a photovoltaic (PV) cell[3] 

requires three basic attributes: 

The absorption of light, generating 

either electron-hole pairs or excitons. 

The separation of charge carriers of 

opposite types. 

The separate extraction of those 

carriers to an external circuit. 

 
EFFICIENCY OF PV CELL : 

 
Solar cell efficiency may be broken down 

into reflectance efficiency, thermodynamic 

efficiency, charge carrier separation 

efficiency and conductive efficiency. The 

overall efficiency is the product of these 

individual metrics. 
 

The power conversion efficiency of a solar 

cell is a parameter which is defined by the 

fraction of incident power converted into 

current. 

A solar cell has a voltage dependent 

efficiency curve, temperature coefficients, 

and allowable shadow angles. 
 

Due to the difficulty in measuring these 

parameters directly, other parameters are 

substituted: thermodynamic 

efficiency, quantum efficiency, integrated 

quantum efficiency, open circuit voltage 

ratio [Voc], and fill factor. Reflectance 

losses are a portion of quantum efficiency 

under "external quantum efficiency". 

STATES MARC 

H 2015 

MARCH 

2016 

MARCH 

2017 

Tamil 

Nadu 

142.58 
MW 

1061.82 
MW 

1812.93 
MW 

Rajasthan 942.10 
MW 

1269.93 
MW 

1812.93 
MW 

Jammu & 
Kashmir 

0.00 
MW 

1.36 
MW 

1.36 
MW 

Himachal 
Pradesh 

0.00 
MW 

0.73 
MW 

0.73 
MW 

Puduchery 0.20 
MW 

0.20 
MW 

0.08 
MW 

West 
Bengal 

7.21 
MW 

7.77 
MW 

26.14 
MW 
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Recombination loss make up another portion 

of quantum efficiency, open circuit voltage[ 

VOC ] ratio, and fill factor. Resistive losses 

are predominantly categorized under fill 

factor, but also make up minor portions of 

quantum efficiency, VOC ratio. 

The fill factor is the ratio of the 

actual maximum obtainable power to the 

product of the open circuit 

voltage[Voc] and short circuit current[Isc]. 

This is a key parameter in evaluating 

performance. In 2009, typical commercial 

solar cells had a fill factor > 0.70. Grade B 

cells were usually between 0.4 and 0.7.Cells 

with a high fill factor have a low equivalent 

series resistance and a high equivalent shunt 

resistance, so less of the current produced by 

the cell is dissipated in internal losses. 

 

FF= Vmp X Imp / Voc X Isc 

Where, 

FF=Fill Factor, 

Isc=Short circuit current, 

Voc=Open circuit voltage, 

Vmp,Imp=Maximum power point. 

 

The efficiency is increased reducing the heat 

produced in the panels. 

 
 

THERMOELECTRIC GENERATOR: 

 

In our project we are using 

cooling system to reduce the heat 

generation. We are used thermoelectric 

generator for more power production. 

[6]Thermoelectric generator produced 

voltage while the heat exchange between the 

cooling system and the panel. 

Cooling system consist of copper tube and 

submersible pump from that the pump 

passes water through the tube hence the heat 

exchange is done between the panel and the 

copper tube to reduce the heat production in 

the panel. 

 

 
 

Fig.1 Dual panel with cooling system 

 

Thermoelectric generator (TEG), also 

called  a Seebeck  generator,  is   a solid 

state device that converts heat flux 

(temperature differences) directly into 

electrical energy through a phenomenon 

called      the Seebeck      effect (a      form 

of thermoelectric effect). Thermoelectric 

generators function like heat engines, but are 

less bulky and have no moving parts. 

However, TEGs are typically more 

expensive and less efficient.[7] 

Thermoelectric generators could  be  used  

in power plants in order to convert waste 

heat into additional electrical power and in 

automobiles as automotive thermoelectric 

generators (ATGs) to increase fuel 

efficiency. Another application is radio 

isotope thermoelectric generators which are 

used in space probes, which has the same 

mechanism but use radioisotopes to generate 

the required heat difference. The output 

voltage (V) is determined by 

 

V=S X DT 

 

Where, 

V=Voltage, 

S=Average seebeck co-efficient in volts /’K 

DT=Temperature difference in the couple. 
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EFFICIENCY OF THERMOELECTRIC 

GENERATOR: 

 

The typical efficiency of TEGs is 

around 5–8%. Older devices used bimetallic 

junctions and were bulky. More recent 

devices use highly doped semiconductors 

made from bismuth telluride(Bi2Te3), lead 

telluride(PbTe).calcium manganese oxide 

(Ca2Mn3O8), or combinations thereof 

, depending on temperature. These are solid- 

state   devices    and    unlike dynamos has 

no moving parts, with the occasional 

exception of a fan or pump. For a discussion 

of the factors determining and limiting 

efficiency as well as ongoing efforts to 

improve   the   efficiency,    see    the   

article Thermoelectric materials (device 

efficiency). 

 

In 2014, three companies broke the record 

of 25.6% for a silicon solar cell. Panasonic's 

was the most efficient one. The company 

moved the front contacts to the rear of the 

panel, eliminating shaded areas. In addition 

they applied thin silicon films to the (high 

quality silicon) wafer's front and back to 

eliminate defects at or near the wafer 

surface. 

 

In 2015, a 4-junction 

GaInP/GaAs//GaInAsP/GaInAs solar cell 

achieved  a  laboratory  record  efficiency of 

46.1 percent (concentration ratio of  sunlight 

= 312) in a French-German 

 

In   2016,   In   a    team    of    researchers  

at Fraunhofer ISEannounced a 

GaInP/GaAs/Si triple-junction solar cell 

with two terminals reaching 30.2% 

efficiency without concentration. 

 

In     2017, Researchers at National 

Renewable Energy Laboratory(NREL), 

EPFL and CSEM (Switzerland) reported 

that the record one-sun efficiencies of 32.8% 

for dual-junction GaInP/GaAs solar cell 

devices. In addition, the dual-junction 

device was mechanically stacked with a Si 

solar cell, to achieve a record one-sun 

efficiency of 35.9% for triple-junction solar 

cells. 

 
 

METHODS OF TRACKING TYPES: 

 
The sun-tracking system can be 

divided into single-axis tracking system and 

double-axis tracking system according to the 

numbers of rotation axis . Single-axis 

tracking system rotates the PV array about 

one axis of rotation until the sun central ray 

and the PV array normal are coplanar.[8] 

The tracking angle is different from the 

placement of rotation axis, in general, the 

rotation axis can be placed as: 1) places 

from the south to the north and rotates from 

the east to the west; 2) places from the east 

to the west and rotates from the south to the 

north; 3) the rotation axis titled to latitude 

angle and rotates from the east to the west. 

The principle of three types of tracking 

system is the same. Double-/axis mainly 

includes azimuth-altitude angle tracking and 

declination-hour angle tracking. Single-axis 

of type 1 and azimuth-altitude angle tracking 

were analyzed in detail. 

 
A. Horizontal Single-Axis tracking: 

The Horizontal Single-Axis tracking 

system has one tracking axis as one of its 

three orthogonal axes. The other two axes 

are oriented such that one axis is parallel to 

the surface of the earth. The one axis is 

always remains parallel to the earth’s 

surface, and the third orthogonal axis remain 

fixed. 
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B. Azimuth-altitude tracking: 

The tracking system with azimuth 

altitude tracking, the PV array must be free 

to rotate about the zenith axis and an axis 

parallel to the surface of the earth.[9] The 

tracking angle about the zenith axis is the 

solar azimuth and the tracking angle about 

the horizontal axis is the solar altitude angle 

α , as defined respectively. The tracking 
controls and drive mechanisms must be 

considered to comply with the variation 

rules of azimuth-altitude tracking. And then 

the incidence angle θi is zero all the time. 

 

 
METHODOLOGY: 

 
ARDUINO BASED DUAL AXIS 

SOLAR TRACKER 

 
The main component is Arduino UNO; 

single-board microcontroller. Arduino has 

an open source physical computing platform 

and a development environment for writing 

software for the board. The other main 

components are Light Dependent Resistors 

(LDRs); DC motors; solar panel, 

Submersible pumps, Thermoelectric 

generator. Figure 1 depicts the methodology 

adopted. The solar tracking system is done 

by Light Dependant Resistor (LDR). Five 

LDR are connected to Arduino UNO analog 

pin AO to A4 that acts as the input for the 

system. The analog value of LDR is 

converted into digital (Pulse Width 

Modulation) using the built-in Analog-to 

Digital Converter. 

 

 

 
Fig.2.Block Diagram of 

Hardware Implementation of Dual 

Axis Solar Tracker 

 
The values of PWM pulse are 

applied to move the DC motors.[10] The 

maximum light intensity captured by the one 

of the LDRs input will be selected and the 

DC motor will move the solar panel to the 

position of the LDR that was set-up in the 

programming. There are three points of 

motor rotation; 0; 90 and 180 degrees. The 

positions of LDR are divided into four 

positions; which are centered; right; left; up 

and down. The 4 positions allow the highest 

intensity of sunlight to be can be detected. 

The microcontroller gets an analog input 

from the Light Dependent Resistor (LDR) 

which is then converted into digital signal 

by Analog-to-Digital converter. The 

movement of the solar panel is determined 

by the supply given to the DC motor. 

 
Figure 4 Diagram depicts the layout of 

the hardware components and their 

interconnections. 
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OPERATION OF SOLAR TRACKER : 

 

Solar tracker provides the three types of 

operation and control mechanism through 

the program in microcontroller.[11] 

 
 

a. Normal day light condition: 
 

 

 

 

 
 

Fig.3.Circuit diagram of proposed system 
 

 
 

 

 
Fig.4.Practical setup 

 
In Fig.1.Dual panel (front and back) 

is used to maximize the power and to 

minimize the construction. Back side panel 

produces power by using sun light from the 

reflecting system. 

The two light dependent resistors are 

used to sense the light source from the 

sunlight and compare the output voltages. 

As the sun rotates from east to west in the 

day time. The LDR1 provides more voltage 

than LDR2.In this operation the panel 

rotates to 3.75 degree for every 15 minutes. 

 

b. Bad weather condition 

 

When the sky gets cloudy, this 

striking of the light on both the light 

dependent resistor [LDR] is less. So the 

differences of the voltage at junction point 

will not be greater than threshold voltage. At 

this time sun continuous rotating in western 

direction. 

 

c. Bi-direction rotation: 

At day time, the solar tracker will 

rotate in one direction from east to west. 

There is no more rotation in western 

direction, when the sun sets. For the next 

day the solar panel tracker stops rotating in 

western direction and rotates reversely in 

eastern direction to set the tracker to the 

initial position. When it reaches the initial 

position ,the power supply to the tracker 

turned off. 
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DESIGN AND 

IMPLEMENTATION 

a) SOFTWARE IMPLEMENTATION 
 
 

 

 

Fig.5 Simulation diagram 

 

The software implementation has been done 

in proteous software.[13][14] 
 

* If A0 is greater than A1, then motor rotates 

clockwise. 

 

* If A1 is greater than A0, then motor rotates 

anticlockwise. 

 

* If A0 and A1 are equal, then the motor is 

turned off . 

 

* The same process is happens at A2 and A3. 

 

 
b) HARDWARE IMPLEMENTATION 

 
 

Fig.6 Hardware setup 

RESULTS: 

The peak power for panel having 
dimension [width x height x diameter] is 

[350mm x520mm x22mm] is 24W ,the 

maximum power voltage (Vmp) is 12V to 16.8V 

and the maximum power current(Imp) is 2A. 

Thus the power produced in the dual axis 

PV tracking system produces maximum 

power than the fixed PV panel system. By 

using the cooling system and thermoelectric 

generator, more power and efficiency gained 

from the panel. 

 

FUTURE SCOPE: 

 

In future, the construction of a solar 

panel may be implemented with 

thermoelectric generator for cooling system. 

Because of this type construction this will 

increase the efficiency of the panel and more 

power production. And thermoelectric 
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generator also produce some voltage due to 

seebeck effect that power will use for some 

other purpose. 

 

CONCLUSION: 

In the present system, solar panels 

are used stationary which gives less output 

and hence decreases the efficiency of the 

solar panel. We make an automated solar 

tracking system which will increase the 

efficiency of the solar panel  system. 

Arduino software program is implemented 

in the hardware for controlling the tracking 

system. It can be also used in solar street 

lighting system or any stand alone solar PV 

applications . The running efficiency of the 

solar panel PV tracking panel can be further 

enhanced by developing an automatic dust 

sensor wiper for maintaining absorption of 

solar radiations by the solar PV panel. 
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