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ABSTRACT 

Electric energy demand is increasing over the 

decades and to fulfil the required demand we have 

to concentrate on utilizing non-conventional 

sources of energy. India being a highly populated 

country, so it is essential to take the advantage of 

such an energy source which requires a very less 

space to produce energy efficiently. This 

arrangement of solar panels called “Spiralling 

Phyllotaxy” improves the efficiency of the tree. It 

can be applied in street lightening system, 

industrial power supply, remote areas etc. It is a 

very good option for implementation and requires 

less space than other conventional energy 

equipment as space availability is the main problem 

in many cities. India being a developing country 

and thickly populated requires power generation 

plants that can generate maximum energy by 

utilizing minimum land area. Hence, solar tree will 

be the best options to avoid overcome the land 

utilization problem. 

Keywords- solar panels, solar charge controller, 

battery, inverter, etc. 

 

I.INTRODUCTION 

  

Solar tree is a metal structure that has solar panels 

at the top instead of branches of a real tree. Solar 

energy is collected by solar panels and converted 

into electricity and uses it for storage in battery, 

charging of mobile phones, portable computer and 

tablets. With growing population there is a huge 

demand and necessity for large amounts of energy. 

Also, the sources to produce these energies are 

decreasing day by day based on energy demand a 

renewable option of energy sources must be taken 

into consideration keeping in mind that energy 

generation should not cause pollution and other 

natural hazards. India is a densely populated 

country the advantage of such energy source which 

into account that requires a very less space to 

produce energy efficiently. A solar tree is most 

relevant and economical way of harnessing the 

solar energy. It can harness the energy occupying 

less space as compared to other traditional 

methods. An attempt is made to design and 

fabricate solar trees for the remotely located 

individual households by reducing or avoiding the 

regular electric energy consumption. Considering 

the minimum power requirement for a single 

household, the tracking however being passive in 

nature requires energy input for operation which 

becomes a liability from the point of the total 

energy output. The solar tree designs are an effort 

in the same direction. Solar tree is an innovative 

concept of arranging the Photo voltaic (PV) panels. 

Single converter cell is called a solar cell or more 

generally, a photo voltaic cell. A combination of 

such cells, designed to increase the electric power 

output is called a solar module or solar array. Solar 

energy emits far less harmful emissions than fossil 

fuel energy sources. They generate electricity by 

converting photons of light into electrons. Solar 

cells produce direct current. This DC current is 

converted to alternating current, by using inverter. 

Solar tracking systems are utilized to continually 

orient photovoltaic panels to the sun and can help 

make best use of the investment in Solar Power 

Tree. Solar trackers generate more electricity than 

their stationary counterparts due to an increased 

direct exposure to solar rays. Solar trackers are 

highly efficient installations. Some require such a 

plant that can generate maximum energy using 

minimum land. It can generate energy very 

efficiently as compared to traditional system. 
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Fig.1 Block Diagram 

 

A solar tree is a decorative means of producing 

solar energy and also electricity. It uses multiple 

numbers of solar panels which forms the shape of a 

tree. The panels are arranged in 

a tree fashion on a tall tower/pole.  

TREE stands for                                                                                                                                                                                                  

T = TREE THAT GENERATES   

R = RENEWABLE   

E = ENERGY which can be converted to   

E = ELECTRICITY   

This is like a tree in structure and the panels are 

like leaves of the tree that produces energy.  

For traditional system we require large area of land 

to generate 1 KW power from PV module. In 

general, we require 10 to 12 sq. Feet of land area to 

generate energy very efficiently as compare to 

traditional system. Due to the technique called 

spiralling, its efficiency further increases though it 

is somewhat costly. But when compared to 

traditional system it is more efficient. 

 
 

Fig. 2 Structure of Solar Tree 
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Less land requirement:  

This is the best option of energy 

generation because it requires very less land area as 

compared to the traditional PV system. Nowadays 

land area has become very expensive especially in 

cities because of high population growth. Some 

urban areas require such a plant that can generate 

maximum energy using minimum land. It can 

generate energy very efficiently as compared to 

traditional system.   

Solar panels are devices that convert light 

into electricity. They are termed “Solar” panels 

because most of the time, the most powerful source 

of light available is the Sun. Some scientists call 

them photovoltaic which means, basically, “light-

electricity.” A solar panel is a collection of solar 

cells. Lots of small solar cells spread over a large 

area can work together to provide energy that 

would be useful. The more the light a solar cell 

receives more the electricity it produces. 

 

II. REVIEW OF LITERATURE 

 

Deepak M. Patil, Santosh R. and Madiwal 

discuss in their publication titled, “Design and 

Development of Solar Tree for Domestic 

Applications’’, published in International Journal 

of Engineering Sciences & Research Technology, 

August 2016 ISSN: 22779655, about the solar tree 

with flat or roof top mountings of PV systems. This 

requires large area of land. Scarcity of land area is 

the greatest problem in cities and even in villages 

in India. Solar Power Tree provides better 

alternative to flat mounting of PV systems. For 

domestic lighting and other applications, use of 

Solar Tree is more relevant when PV system is to 

be used. In this paper, the load or energy 

requirement of a small house in India is estimated 

as 1.75kWhr/day. All the calculations are done 

considering the solar radiation data at Kolhapur, 

Maharashtra, India. The solar tree concept is very 

successful to fulfil the increasing energy demand of 

the people, saving of land and should be 

implemented in India to provide electricity without 

the problem of power cut-off and reduce the 

dependence on grid power. Daily average energy 

requirement of the small Indian family is calculated 

to be about 3.5kW. Such systems can be mounted 

on the terrace, in front of the house or near the wall 

avoiding shade areas. The initial investment cost of 

the solar tree is also equal to the same capacity PV 

systems as other system components are similar.      

                           A. P. R. Srinivas, N. Pervan, P. 

Tasic, and S. Zecevic, discuss in their paper titled 

“Implementation of the Project “Solar tree” 

published in International Journal of Scientific & 

Engineering Research, Volume 7, Issue 10, 

October-2016, 1319 ISSN 2229-5518 about a new 

product called, ‘solar tree’ that has been designed 

to increase the power output by many folds by 

consuming solar energy. It can be installed on the 

sides of heavy traffic roadways and on roof top of 

buildings. This tree consists of numerous solar 

panels connected to one another in series as well as 

parallel connections. The solar tree consists of 

number of branches welded to a metal stem and 

each stem has a solar panel mounted on it. It adds 

up the voltage in series and current in parallel 

connection.  The paper presents calculation of the 

sun earth angles at different times of the day and 

designs the solar tree based on these sun earth 

angles. The panels are placed on the structure in a 

spiral fashion. It proves to be a useful system to 

meet the energy demands of the world and to use a 

given space more efficiently. The present system of 

roof top solar systems can be replaced by solar tree 

and the roof top space can be utilized for recreation 

purposes. The solar tree can be installed on the 

ground too. Also, in addition these roof top spaces 

can be used for other purposes. So this solar tree 

proves to be advantageous both in saving space and 

increasing the power output by many folds. It saves 

a lot of energy over the years to come. The number 

of solar trees that could be installed in a given 

space depends on the wattage needed.     

Sushma Gupta, Monish Gupta, V. Avdic 

and A. Muminovic in their paper titled, “The 

Benefits and Applications of Solar Tree with 

Natural Beauty of Trees”, published in SSRG 

International Journal of Electrical and Electronics 

Engineering (SSRG-IJEEE) – EFES April 2015, 

ISSN: 2348 – 8379, discuss that nowadays crude 

supply is decreasing. Therefore, energy sources are 

becoming limited throughout the world. Hence this 

Solar Tree proves to be the most beneficial source 

of energy. This paper presents the Solar Tree 

implementation as an alternate source of energy in 

urban cities. A new idea of a solar tree design using 

Nano wire solar cell is presented. Nano wires 

possess high physical light absorption properties 

which can be improved tremendously. Hence, they 

say that it is a revolutionary urban lighting concept 

and these technologies lead to the development of 

high efficiency solar energy. To fulfil the 
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increasing energy demand of the people and saving 

of land, the solar tree concept is very successful 

one. It can be implemented in India to provide 

electricity without the problems of power cut and 

the extra energy can be provided to the grid. India 

as the second largest country of the world with the 

increasing demand of the energy and trying to find 

a way from which efficient and abundant source of 

energy, can use such solar trees.    

C. Bhuvaneswari and R. Rajeswari discuss 

in their paper titled, “Idea to Design a Solar Tree 

Using Nanowire Solar Cell”, published in the 

International Journal of Scientific and Research 

Publications, Volume 3, Issue 12, December 20131 

ISSN 2250-3153, a new solar technology that 

emulates trees that convert sunlight into energy. To 

produce energy from sunlight natural plants and 

trees perform photosynthesis. They do this for their 

survival. Based on this natural phenomenon, a 

coconut tree that grows up to 30m (98 feet) tall, 

with pinnate leaves 4-6m (13 to 20feet) long is 

used to design a solar tree. Pinnate refers to a leaf 

resembling like a feather having the leaflets on 

each side of a common axis. It can be either even or 

odd. By this structured pattern the leaves follow an 

arrangement by themselves on a tree. With this 

arrangement they introduce a new idea to design a 

solar tree using nanowire solar cell. Nanoparticles 

exhibit a number of special properties relative to 

bulk material. A single Nanowire concentrates the 

sunlight up to 15 times of the normal sunlight 

intensity. The solar new technology presented in 

this paper will provide nearly high efficiency. The 

number of papers and patents published in this area 

has grown up exponentially over the last 10 years. 

However, at the present, research efforts have 

largely focused on solar trees. 

III. HARDWARE 

To make solar cells, the raw materials such as 

silicon dioxide of either quartzite gravel or crushed 

quartz is first placed into an electric arc furnace, 

where a carbon arc is applied to release the oxygen.  

The products are carbon dioxide and 

molten silicon. When light energy strikes the solar 

cell, electrons are knocked loose from the atoms in 

the semiconductor material. 

 
Fig. 3 Solar Panel 

 

If electrical conductors are attached to the 

positive and negative sides, they form an electrical 

circuit, and the electrons can be captured in the 

form of electricity. In the solar tree 12V capacity 

solar panels are being used each having a power 

capacity of 100W. This is made of mono-

crystalline silicon as it occupies less space and cost 

effective giving equivalent amount of power as 

other type of silicon solar panels based on the 

capacity. The size of the solar panel is about 

0.5m×0.4m and thickness of 0.03m. The total 

amount of energy that can be produced in an hour 

by the solar tree is 1000W. 

         Solar panels are devices that convert light into 

electricity. Most of the time, they use the most 

powerful source of light namely, the Sun. Hence, 

they are called Solar Panels. Some scientists call 

them photovoltaic which means, basically, “light-

electricity.” A solar panel is a collection of solar 

cells. Lots of small solar cells that are spread over a 

large area can work together to provide energy to 

be useful. The more the intensity of light that a cell 

receives, more the electricity it produces. 

Therefore, 1 KW Off-grid Solar Power 

tree can generate approximately 4-5 units in a 

normal day. Also, the space required for 

installation of 1 KW system is approximately 100 

sq. ft. /KW. 

 

Features of the solar panel 

 Nominal 12V DC for standard output 

 Heavy-duty anodized frames 
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 High transparent low-iron, tempered glass 

 Rugged design to withstand high wind 

pressure 

 Hail and snow load 

 Aesthetic appearance 

 Smart electronics is used to effectively 

usage of solar power based on load 

requirements. Use High efficiency 

inverters that capable of supplying load 

directly (during day time) without storing 

in the batteries all the time. 

 Off-grid Solar Power tree can reduce 

many tones CO2 emission every year. 

                    

Type of Module 100W 

Maximum Power 100W 

Tolerance ± 3% 

Open Circuit Voltage 12V 

Short Circuit Current 6.O6A 

Maximum Power Voltage 12V 

Maximum Power Current 5.56A 

Module Efficiency 14.90% 

Solar Cell Efficiency 17.20% 

Series Fuse Rating 6A 

Terminal Box IP65 

Maximum system voltage 1000V DC 

Operating Temperature -40°C – 85°C 

Dimensions 1005mm x 670mm x 30mm 

Weight 8Kg 

 Table 1 Solar panel Technical Specifications 

BATTERY 

   

 
 

Fig. 4 Battery 

Battery Capacity: 

With the capacity of 150 Ah the Exide IT500 

Battery can make a good partner for 600 VA home 

inverters and UPS. It can be charged with 30 Amps 

power and is designed to hold 23.8 litres of 

electrolyte volume. This indicates that it is 

designed with 30% more electrolyte volume when 

compared to ordinary tubular products.  

 

 

Battery Design:    

            The Exide IT500 150 Ah Battery is 

designed in a perfect way using advanced 

technology while making sure that it has the ability 

to deal with long and frequent power cuts. It is 

designed with 187 mm width, 500 mm length and 

416 mm height with      59.81 kgs weight that 

makes it the right one for inverter and UPS. Built 

with abuse resistance exterior material, this tubular 

battery with tower type design can resist impacts, 
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scratches and abrasions owing to wear and tear. It 

has common side venting design that makes it 

highly durable and environment friendly as it seals 

the gases or fumes to prevent it from leaking. It is 

built in line with the norms of IS 13369-1992 

standards. It is available in bright red shade and has 

acid level indicator of float type for your 

convenience. 

 

Battery capacity = (Power requirement in watts) X 

(Backup duration in hours)/ 

Voltage 

 

 
 

Fig. 5 Solar inverter Circuit Diagram 

 

An inverter is used to provide 

uninterrupted 220V AC supply to the load 

connected to its output socket. It provides constant 

AC supply at its output socket, even when the AC 

mains supply is not available. It is a combination of 

inverter circuit, charger circuit and a battery. The 

charger circuit keeps the battery charged when the 

mains supply is available and when the mains AC 

fails, the inverter circuit takes the DC power stored 

in the battery and converts it into 220V/50Hz AC 

supply, which can be used to power any common 

electronic equipment or computer systems. It 

performs the reverse role of rectifier where the AC 

power is converted into DC power and functions by 

chopping DC voltage through various means. Most 

of the electrical equipment work with the 220V AC 

supply but internally, their circuit work on the DC 

supply. Hence the external AC supply is converted 

into DC supply by the power supply unit on this 

equipment. Any device that works on DC supply 

can be used during the mains power breakdown by 

connecting them to batteries. But batteries have a 

fixed life and running power consuming equipment 

using the battery could be very expensive. Hence, 

rechargeable batteries can be used in this type of 

situation to reduce the cost. An inverter is used to 

power the device that does not have the facility to 

connect to a DC power source or device that 

requires AC power source for its operation. The use 

of semiconductor power devices such as Bipolar 

Transistors, Thyristors for voltage amplification, 

particularly the MOSFET as the power switches, 

makes the inverter a better additional power supply. 

The inverter is less noisy, provides complete 

automatic switchover function, possess no 

environmental threats, less bulky and less 

expensive to maintain  

Components used in the design   

         The list of components used in the design are 

discussed below. In electronics, the Power system 

is designed in such a way that the equipment 

always has power so that it can function 

effectively.   

 

These components include: 

1. Integrated Circuit (IC) SG 3524 PWM 

2. IC NE 555 Timer 

3. IC LM 393 (LM 324) Comparator 

4. Transistor 

5. Metal Oxide Semiconductor Field Effect 

Transistor (MOSFET) 

6. Transformer 

7. Relay Switch 

8. Rectifier 

9. Capacitor 

10. Diode, Light-Emitting Diode (LED) 

11. Resistor 
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12. Breakers 

13. Opto-Isolator 

  

Solar Charging Controller  

 

The most essential charge controller basically 

controls the device voltage and opens the circuit, 

halting the charging, when the battery voltage 

ascents to a certain level. More charge controllers 

utilize a mechanical relay to open or shut the 

circuit, halting or beginning power heading off to 

the electric storage devices. Generally, solar power 

systems utilize 12V of batteries. Solar panels can 

maintain a voltage much more than is obliged to 

charge the battery. The charge voltage could be 

kept at a best level while the time needed to 

completely charge the electric storage devices is 

lessened. This permits the solar systems to work 

optimally constantly. By running higher voltage in 

the wires from the solar panels to the charge 

controller, the power dissipation in the wires is 

diminished fundamentally. The solar charge 

controllers can also control the reverse power flow. 

The charge controllers can distinguish when no 

power is originating from the solar panels and open 

the circuit separating the solar panels from the 

battery devices and halting the reverse current flow 

Major functions:   

 Charges the battery.   

 Gives an indication when battery is fully 

charged.   

 Monitors the battery voltage and when it is 

minimum, cuts off the supply to the load 

switch to remove the load connection.   

 In case of overload, the load switch is in 

off condition ensuring the load is cut off 

from the battery supply.   

  A solar panel is a collection of solar cells. The 

solar panel converts the solar energy into electrical 

energy. The solar panel uses Ohmic material for 

interconnections as well as the external terminals. 

So, the electrons created in the n-type material 

passes through the electrode to the wire connected 

to the battery. Through the battery, the electrons 

reach the p-type material. Here the electrons 

combine with the holes. When the solar panel is 

connected to the battery, it behaves like any other 

battery and both the systems are in series just like 

two batteries connected serially. The solar panel 

functions consist of four process steps. They are 

overload, under charge, low battery and deep 

discharge condition.  The output from the solar 

panel is connected to the switch and from there the 

output is fed to the battery. The setting from there 

goes to the load switch and finally to the output 

load. This system consists of four different sections 

namely, over voltage indication and detection, over 

charge detection, over charge indication, low 

battery indication and detection. In case of the over 

charge, the power from the solar panel is bypassed 

through a diode to the MOSFET switch. In case of 

low charge, the supply to MOSFET switch is cut 

off to make it in off condition and thus switch off 

the power supply to the load. 

VOLTAGE SENSOR 

 

 
 

Fig .6 Voltage Sensor 
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Description 

 

This module is based on resistance points pressure 

principle and it can make the input voltage of red 

terminal reduce 5 times of original voltage. 

 

The max Arduino analog input voltage is     5V, so 

the input voltage of this module should be not more 

than 5V X 5 = 25V (if for 3.3V system, the input 

voltage should be not more than 3.3V X 5 = 

16.5V). 

Since the Arduino AVR chip has 10-bit AD, this 

module simulation resolution is 0.00489V (5V/ 

1023), and the input voltage of this module should 

be more than      0.00489 V X 5 = 0.02445 V. 

 

1‐Voltage input range: DC0‐25 V 

 

2‐Voltage detection range: DC0.02445 V‐25 V 

 

3‐Voltage analog resolution: 0.00489V 

 

4‐DC input interface: red terminal positive with 

VCC, negative with GND 

 

ACS712 Current Sensor 

 

 
 

Fig. 7 Current sensor 

 

The ACS712 Current Sensors available are 

designed to be easily used with micro controllers 

like the Raspberry pi. 

 

These sensors are based on the Allegro 

ACS712ELC chip. 

These current sensors are offered with full scale 

values of 5A, 20A and 30A. 

Raspberry Pi 

 

 
 

Fig. 8 Raspberry pi 3 
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Technical Specification: 

Processor  

 Broadcom BCM2387 chipset. 

 1.2GHz Quad-Core ARM Cortex-A53 

(64Bit) 

 802.11 b/g/n Wireless LAN and 

Bluetooth 4.1 (Bluetooth Classic and 

LE)  

 IEEE 802.11 b / g / n Wi-Fi. Protocol: 

WEP, WPA WPA2, algorithms AES-

CCMP (maximum key length of 256 bits), 

the maximum range of 100 meters. 

 IEEE 802.15 Bluetooth, symmetric 

encryption algorithm Advanced 

Encryption Standard (AES) with 128-bit 

key, the maximum range of 50 meters. 

 

GPU  

 Dual Core Video Core IV® Multimedia 

Co-Processor. Provides Open GL ES 2.0, 

hardware-accelerated Open VG and 

1080p30 H.264 high-profile decode.  

 Capable of 1Gpixel/s, 1.5Gtexel/s or 

24GFLOPs with texture filtering and 

DMA infrastructure 

 

Memory  

 1GB LPDDR2 

 

Operating System  

 Boots from Micro SD card, running a 

version of the Linux operating system or 

Windows 10 IoT 

 

Dimensions  

 85 x 56 x 17mm 

 

Power  

 Micro USB socket 5V1, 2.5A. 

 

Connectors:  

Ethernet  

 10/100 BaseT Ethernet socket 

 

Video Output  

 HDMI (rev 1.3 & 1.4) 

 Composite RCA (PAL and NTSC) 

 

Audio Output  

 Audio Output 3.5mm jack 

 HDMI 

 USB 4 x USB 2.0 Connector 

 

 
Fig. 9 Connection diagram 
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GPIO Connector  

 40-pin 2.54 mm (100 mil) expansion 

header: 2x20 strip 

 Providing 27 GPIO pins as well as +3.3 V, 

+5 V and GND supply lines 

Display Connector  

 Display Serial Interface (DSI) 15-way flat 

flex cable connector with two data lanes 

and a clock lane 

Memory Card Slot  

 Push/pull Micro SDIO 

 

The GPU provides Open GL ES 2.0, hardware-

accelerated Open VG and 1080p30 H.264 high-

profile decode and is capable of 1Gpixel/s, 

1.5Gtexel/s or 24 GFLOPs of general-purpose 

computer. When the Raspberry Pi 3 is plugged into 

a HDTV, it is possible to watch Blu-ray quality 

video, using H.264 at 40MBits/s. 

 

The biggest change that has been enacted with the 

Raspberry Pi 3 is an upgrade to a next generation 

main processor and improved connectivity with 

Bluetooth Low Energy (BLE) and BCM43143 Wi-

Fi on board. Additionally, the Raspberry Pi 3 has 

improved power management, with an upgraded 

switched power source up to      2.5A, to support 

more powerful external USB devices. 

 

SOFTWARE REQUIREMENTS 

 

 Raspbian Jessie 

 HTML and PHP 

 Language – Linux 

 Python 

 

CONCLUSION        

                    As India is the second largest country 

in the world as per energy requirement this solar 

tree installation project can easily reduce some 

requirements. Due to global warming, the 

temperature is always on a higher range usually 

more than assumption range. Hence a solar tree can 

be used and generate electricity in large quantity. 

As this is the efficient way to produce electricity 

without any maintenance or other activities and is 

just a onetime installation it gives us a continuous 

output for long time. So, the energy requirements 

can be solved by the innovative ideas by of this 

project to support government and make 

environment healthy for human life.   

Such Energy Harvesting Tree as these solar trees 

have a broader scope of applications, such as the 

electrical energy produced by these trees can be 

used to drive the cars, to lighting the home, for 

business purposes and it can be used as the 

balancing factor between power prediction and 

environment. The main advantage is that it is used 

in efficient and green energy production which can 

restrict further global warming.   

 Deforestation is increasing consistently leading to 

many disadvantages of which reduced oxygen and 

increased carbon dioxide are the major concerns. 

The solar tree not only helps in increasing the 

oxygen levels but also is useful for many other 

purposes.  

 

REFERENCES 

 

[1] Mr A P R Srinivas, “Design and 

Development of a SOLAR TREE”, 

International Journal of Scientific & 

Engineering Research, Volume 7, Issue 

10, October-2016 ISSN 2229-5518    

[2] Deepak M. Patil, Santosh R. Madiwal, 

“Design and Development of Solar Tree 

for Domestic Applications” International 

Journal of Engineering Sciences & 

Research Technology, Issue August 2016, 

ISSN: 22779655    

[3] Sushma Gupta, Monish Gupta, “The 

Benefits and Applications of Solar Tree 

with Natural Beauty of Trees”, SSRG 

International Journal of Electrical and 

Electronics Engineering, Issue April 2015    

[4] C.Bhuvaneswari, R Rajeswari, 

C.Kalaiarasan and K.M.S. 

Muthukumararajaguru “Idea to Design a 

Solar Tree Using Nanowire Solar Cell” 

International Journal of Scientific and 

Research Publications, Volume 3, Issue 

12, December 2013 1 ISSN 2250-3153    

[5] Dr. P. Jayakumar, “Guiding Principle for a 

Resource Assessment Programme,” Solar 

Energy Resource Assessment Handbook 

Prepared for APCTT, Of the United 

Nations – Economic and Social 

Commission for Asia and the Pacific 

(ESCAP) September 2009.   

[6] Renewable energy resources and emerging 

technologies by D.P.kothari, K.C.Singal, 

Rakesh ranjan. 

 

http://jespublication.com/

