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Abstract 
 
In this paper the performance comparison analysis is carried out for a PV 

module based solar tree with different positions and layers which helps to 
find out the best placement of solar tree with its final structure PV panel 

layers. In this study, five types of solar tree PV module positions i.e. fixed 

axis, 1-axis, 2-axis, azimuthal axis and seasonal tilts are considered. At each 

type of position the yearly performance was calculated for 1-layer, 2-layer, 3-
layer and 4-layer and compared each other. All types of solar PV tree 

structures were designed with PV panels as leaves. The performance 

calculations and results of these models are compared with by doing 
simulation for different positions of the solar tree of Visakhapatnam for the 

same capacity. The analysis shows that the solar tree gives the best output 

electrical energy than ground-mounted PV system while keeping the capacity 

of the plant as steady and increasing the number of layers and panels. The 
study also suggested that the 3-layer, 2-axis system will generate the highest 

amount of annual energy compared with the other layer and axis positions of 

the systems. 
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1 Introduction 
 

Solar tree represents a metallic construction that resembles a natural tree. 

Solar panels are arranged on top of its “branches” as leaves. By capturing the 

sunlight energy, solar panels produce electric energy which is used for 
domestic applications. The main attraction of this present design of the solar 

tree structure is easy to build on the terrace or anywhere and its maintenance 

and cleaning is not a big problem. This solar technology is essential in order 

to recognize the solar tree concept as the well-built solution for electrification 
in urban and remote areas [1].  

In the simulation study explored that solar trees are more effective as that 

produces more energy than PV panels as the solar tree capture the sunlight 
effectively due to the positioning of leaves because leaves always meet the 

normal angles of incidence and also due to its 3D like structure. A solar PV 

tree is an imitation of natural tree with photovoltaic panels as leaves and 
metallic frames as branches and trunk. Owing to the panels it captures the 

sun light throughout the day and produces more power per unit area than PV 

panels as they are oriented at different angles. 

Hence, in this paper proposes the design and simulation of SPT structure 
established on increasing number of layers to collect more sun-light 

throughout a day at different angles throughout the year for different weather 

conditions at Visakhapatnam. In this study, five types of solar tree PV 
module axis positions i.e. fixed axis, 1-axis, 2-axis, azimuthal axis and 

seasonal tilts are considered. At each type of axis position, for different layer 

structures i.e., 1-layer, 2-layer, 3-layer and 4-layer   the yearly performance 

was calculated and compared with each other. The paper is organized as, in 
section 1 presented the introduction of the paper, and it gradually builds up 

on to the literature survey in section 2, in which the development of solar tree 

and its practical implementations in present scenarios are discussed. In 
section 3, the mathematical modeling of solar PV panels are presented. In 

section 4, the design of the solar tree, selection of layers, selection of latitude 

angles in any season and its physical structures also presented. The section 5, 
discusses the results of Systems AC energies and Monthly Irradiance with 

respect to the months are presented and broadly analyzed. In section 6, 

concludes the performance analysis of the solar tree. 

 

2 Literature Survey 
  

The solar tree generates high amount of power than a conventional flat 

arrangement of solar cells. It requires only 1% land as compared to the 

conventional flat arrangement. Approximately for a solar PV tree the area 

required for its base and foundation is 4 sq.ft [2]. Solar photovoltaic (PV) 
technology converts the received radiant energy into electrical energy 

directly which is received from sunlight [3-4].   
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Solar photovoltaic technology transforms the received radiant energy 

into electrical energy directly which is received from sunlight. The electrical 

energy is the best available renewable energy source for ecological 
improvement. Generally, the PV cells are fabricated with semi-conductor 

materials like Silicon (Si) and Germanium (Ge). Nowadays there is a lot of 

research is going on to increase of energy conversion of cell and minimize 

the making charges [5-6]. The people have a positive impact on solar PV tree 
as it has many benefits such as requires small area and receives more sunlight 

[7-9].  The hypothetical model of urban and rural architectural elements 

using PV modules is represented in [10-11]. The design of a three 
dimensional solar tree PV system for charging mobile devices on open urban 

areas is designed according to the environmental conditions [12-13].  

Solar PV tree output is always function of available solar radiation and 
local climatic conditions. Hence, the solar radiation calculation and 

approximation is very much useful for the suitable design of solar PV tree 

systems. To get maximum amount of energy, the solar tree PV modules 

should not be in a fixed position because the sun rays angle of incidence 
changes all over the day and over the year [14-15]. The amount of solar 

energy incident on the earth’s surface is approximately 1.5 x 1018 

KWh/year. The density of power radiated from the sun (referred to as solar 
energy constant) is 1.373 KW/m

2
 [16]. Of all renewable energy technologies, 

the SPT is proved as major steady and easy maintenance to meet the energy 

demands with the problems on the environment. Most recently, the concept 

of floating and submerged were also becoming popular [17]. Among these 
installation types, the PV plants installed on the ground demands a large land 

area. Normally, 1 MW PV plant requires 5 hectares of the land, which is 

beneficial for future human needs [18-19]. The solar PV tree generates a 
huge amount of energy in a very little land area throughout the year by 

capturing sunlight directly. 

 

3 Mathematical Modeling 
 

The proposed solar tree considered to be collecting the more solar energy 
during the day time. In this study, five types of solar tree PV panel positions 

i.e. fixed axis, one axis, two axis, azimuthal axis and seasonal axis are 

considered for the SPT structure with PV leaf angle of tilt varying from 0 to 
46○. The panels are set by layers, which are given numbers from bottom to 

top, the top layer is having only one panel and beneath one is increased by 

two i.e. the 3rd layer is having 5 number of panels. Suppose for a 4 layer 

system, the total number of panels is 16. The number of modules along the 
side of the row is 1, along the bottom of the row is 2 and number of modules 

per string is 2, i.e. the total number of modules is 32.The Azimuth angle is 

taken as 1800 is fixed and ground coverage ratio taken as 0.1.The complete 
solar tree details are given in Table1. 
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Table 1: Total Solar tree description 

S. No Parameter Quantity/Values 

1 No of modules along the side of the 

row 

1 

 

2 No of modules along the bottom of 

the row 

2 

 

3 Modules per string    2 

4 No of layers 4:(7 / 5/ 3/ 1) 

5 Total modules 7*2+5*2+3*2+1*2=32 

6 Fixed azimuth axis    180 

7 Ground coverage ratio 0.1 

8 Total AC capacity    4.050 KW 

9 Name plate DC capacity 11 KW 

10 Module Capacity 340 W 

The Solar irradiance is the power per unit area, received from the Sun in 

the form radiation. Solar irradiance is integrated over a specified time period 
in order to account the radiant energy emitted into the nearby environment 

(joule per square meter, J/m2). This combined solar irradiance is called solar 

irradiation. 

Irradiance= 

n
s 1+0.034cos 2π
o 365.25

             (1) 

Where n = number of day of a year, 0s
is the solar constant and its value is 

1.362 KW/m
2
  

Peak Watt Power: By considering the efficiency of charge controller, 
about 85% and battery bank and wire loss is about 3%. The energy 

requirement from PV module is E and is given as 

E= 1 / (η battery * η charge controller * η wiring)                         (2) 
     where η=efficiency  

   = 1 / (0.85 * 0.85 * 0.97) 

   = 1.42 = 1.40 approximately. 
Energy from module (PV array) is denoted by EA and is as follows 

PV array (EA) = FL * E                 (3)    

Where FL = Estimated average daily energy consumption in Wh/ day.   

The peak watt rating of module for solar tree system is  
Wpeak = EA / N               (4) 

Where N = Average daily sun hour on tilted surface at latitude. 

 

4 Design of Solar Tree 
 

The Solar PV tree resembles like a natural tree having metallic frames as 
trunk and branches, and solar panels as leaves which are shown in Fig.1.  
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The vital role of designing this solar PV tree is to capture the light energy 

from sun throughout the day and year from different directions and to 

decrease the land requirement area than land based solar system. The main 
components of a solar PV tree are PV modules, the steel made structure, 

cables for connections, batteries, and inverter which are shown in Fig.2. 

The main persistence of commissioning of a SPT is to imprisonment of 

day light from various ways. Hence, the solar PV panels are placed as layers 
which are arranged in a semi- dome structure i.e. one panel is placed at the 

top as first layer and in the second layer 2 more panels are placed that is 

totally 3 panels in second layer. Similarly by increasing 2 more panels in the 
third layer there will be 5 panels in the third layer as represented in Fig.1. 

The equation (5) gives the mathematical information about the number of 

layers and PV panels. 

,1jL
 

2)1( jLL j                              (5) 
Where j represents the number of layers (j= 2, 3, 4….∞), 

jL
 = Number of panels in the j

th  
specific layer.  

The angle of tilt for solar leaves in each SPT layer is taken such a way 

that for 1 layer the panels are tilted at latitude , for  a 2 layer  the 1
st 

 layer 

tilted at latitude +23
0 

and 2
nd

 layer is at latitude only. For a 3 layer the leaves 

in the middle layer that are tilted at an angle of the location close to the 
latitude and  top layer is latitude+ 23

0
, beneath layer is latitude -23

0
 and for 4 

layer here there are two middle layers for this case the layer which is having 

large number of panels has taken as middle layer and the tilt angles for 
panels of this layer is considered at latitude, the tilt angles (they are  1

st
 layer 

is latitude + 23
0
; 2

nd
 layer is latitude + 11.5

0
;  3

rd 
 layer is latitude (20

0
);   4

th
 

layer is  latitude -23
0
 ) as shown in Table 2 and it can be calculated by 

 

T           (6) 

 
Table 2: Tilt angles of 4 layer solar tree 

layers No. of panels Tilt  angles 

1 7 latitude -230 ` 

2 5 latitude 200 

3 3 latitude + 11.50 

4 1 latitude + 230 

 

For various seasonal axis positions the tilt angles of solar PV tree for 
different seasons are listed in Table 3. 
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Table 3: Seasonal tilt angle selections 

S. 

No 

 

Season    Tilt  angles Tilt Angle values:  

(For seasonal tilt calculation 

latitude taken as 200) 

1 Spring Tilt the panels to your latitude. 200 

2 Summer Tilt the panels to your latitude 

minus 15°. 

200 -150  =50 

3 Fall Tilt the panels to your latitude. 200 

4 Winter Tilt the panels to your latitude 

plus 15°. 

200 +150 =350 

  

A solar PV tree structure was invented with four number of layers of PV 
panels as leaves. The results of these models of Visakhapatnam for different 

axis positions (i.e., fixed, 1-axis 2-axis, azimuth axis and seasonal tilt) with 

different layers are compared to each axis positions which are done using the 

simulation software System Advisor Model. The overall operational block 
diagram is shown in Fig.3. 
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Fig.3: Block diagram of photo voltaic Power Generation. 

 

5 Discussion of Results 
 

In Visakhapatnam the usual measurement of sky covered by clouds 

knowledge’s the great seasonal variation over the course of the year. The 

perfect part of the year in Visakhapatnam commences around October to 
continue 7 months ending around May. February 21

st
 is the clearest day of 

the year, the sky is mostly clear or partly cloudy 79% and mostly cloudy 21% 

of the time. In rainy season, 4 months from June 1 to September greater than 
27% chance of rain in a given day. In summer season the temperature is high 

in Visakhapatnam due to humidity, and due to this cyclones occur.  In winter 

the temperature is low nearly about 22 
0
 C, and during rainy season heavy 

rain falls due to monsoons. 

 

5.1 Analysis of Monthly AC Energy with Different Axis Positions 
Keeping No. Of Layers Constant 
 

The system AC energy output graphs of Visakhapatnam with the 

increase/decrease of the SPT at different axis positions with different layers 
are shown in the figures 4,5,6,7.  It is noticed that the system AC energy is 

high from Fig. 4(980.881 KWh/month), Fig. 5 (1244.9 KWh/month), Fig. 6 

(1246.39 KWh/month), Fig. 7 (878.086 KWh/month) in the month of March 
for 2-axis position of 1-layer, 2-layer, 3-layer and 4-layered systems.  

From these figures it is clear that the system AC energy output is high for 

a 2-axis position system for all the four layered structures in the month of 

March when compared with other axis position systems. 
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 Also it is noticed that for a 3-layered structure the annual energy output 

is more. In detailed the fixed tilt axis position method for 1-layer gives the 

lower energy 7893KWh/year generation and the 2-axis tilt position 3- layer 
system gives highest amount of energy 13713 KWh/year as compare with 

other axis position and other layered systems.  

 

 
Fig. 4: 1-layer system AC energy with different axis positions 

 

 
Fig.5: 2-layer system AC energy with different axis positions 
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Fig.6: 3-layer system AC energy with different axis positions 

 

 
Fig. 7: 4-layer system AC energy with different axis positions 
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5.2 Analysis of Monthly AC Energy with Different Layers Keeping 
Axis Position Constant 
 

The system AC energy output graphs of Visakhapatnam with the 

increase/decrease of the SPT with different layers at different axis positions 

are shown in the figures from 8 to 12. It is noticed that the system AC energy 
is high from Fig 8 (1241.83 KWh/month for 3-layered system in March), Fig. 

9 (1246.39 KWh/month for 3-layered system in March), Fig. 10 (1222.52 

KWh/month for 2-layered system in May), Fig. 11 (1148.7 KWh/month for 
3-layered system in March), Fig. 12 (1156.06 KWh/month for 3-layered 

system in May) for 1-axis, 2-axis, Azimuth, fixed, Seasonal tilt positions 

respectively. 

From these figures it is noticed that the system AC energy output is high 
for a 3 layered 2-axis system in the month of March when compared with 

other axis position systems. Also it is clear that for a 3-layered structure the 

annual energy output is more. In detailed the fixed tilt axis position method 
for 1-layer gives the lower energy 7893 KWh/year generation and the 2-axis 

tilt position 3- layer system gives highest amount of energy 13713 KWh/year 

as compare with other axis position and other layered systems.  

 

 
Fig. 8: Monthly AC energy for 1-axis position for different layers 

 

 

 
 



                                                                                                                  
 

 

 
 

 
Solar Tree with Different Installation Positions of Photovoltaic 

Module-Part 2 4649 

 

 
Fig. 9: Monthly AC energy for 2-axis position for different layers 

 

 
Fig. 10: Monthly AC energy for azimuth axis for different layers 
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Fig. 11: Monthly AC energy for fixed axis for different layers 

 

 
Fig. 12: Monthly AC energy for seasonal tilt for different layers 
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With the different axis positions and different layer systems, the monthly 

solar irradiation is shown in Annexure A1. The 2-axis, 3-layer system for the 

month of March receives the highest amount of irradiance value of 
12243.3KWh/month with an average temperature at 28

0
 C commonly in 

Visakhapatnam, generally for the months of April, May and June are having 

highest temperatures around 40
0
 C and above also possible. But in the month 

of March has the peak value of irradiation.The overall monthly performance 
values of all positions are given in Annexure A2. In Visakhapatnam, the 

solar PV tree with 3 layer 2-axis position receives high value of irradiation 

which is higher than the other layers and other axes positions. Due to this the 
system AC energy is high (1246.39 KWh/month) in the month of March. The 

moderate air temperatures are more useful in increasing the performance of 

SPT system as compare with hot air temperatures. The higher irradiation 

value of SPT at Visakhapatnam is owing to the combination of lower winter 
temperatures (28

0
C) and the regular length of the day (10 hr 45 min to11 hr 

15 min) for the duration of winter months. From the above results, the SPT 

shows the altered performance values for different axis positions, different 
layers its performance depends upon the radiation of sun light and duration 

of day light. There is an over shadows in summer even though the higher 

radiation, but during the winter season there will be sufficient irradiation 
which helps to enhance the more output energy of SPT. It is clear from the 

table 5 in winter (January, February, March) the irradiation is high especially 

in the month of March. Among all the axis positions under 2 axis position 

with 3-layer  in the month of March  the irradiation is about 
12243.3KWh/month , the system AC energy is 1246.39 KWh/month which 

are higher than the other axis positions and  other layers throughout the year. 

 

6 Conclusion 
 

The emerging conclusions from the present study of solar PV tree are as 
follows:  

The solar PV tree is more effective than flat panel PV system as it 

capture sun light for the greater angles of incidence. The 3-layered 2- axis 
position system generates highest amount of energy than other layer and axis 

position systems. The performance of solar PV tree enhance for longer days 

with high and low temperatures. If the number of panels is improved the 

system AC energy also increases but due to shadows and low overall 
efficiency of the panels the 3-layer will give highest amount of output than 

the 4 layer. 

It is also clear that for the months of June to September the system AC 
energy generation should be low and the demand of electricity load would be 

high. During this period the battery would provide some backup and also 

receives the supply from the electricity board. 
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Annexure A1: Monthly irradiance of  a solar PV tree at Visakhapatnam for  

different axis positions and different layers 

  

Month 
 

Visakhapatnam 

fixed seasonal azimuth 1axis 2 axis 

 

 

 

 

 

1 Layer 

Jan 8807.31 9504.11 9384.44 10446.8 11144.9 

Feb 8947.66 9356.54 9774.25 10999 11384.5 

Mar 10079.2 9608.48 11167.5 12163.9 12243.3 

Apr 9387.29 9467.06 10801 11466.7 11667.3 

May 8764.83 9222.38 10419.2 10605.5 11112.9 

Jun 7000.18 7503 8459.69 8396.2 8993.84 

July 6886.76 6886.76 8110.94 8107.52 8550.46 

Aug 7282.77 7282.77 8374.7 8721.15 8951.08 

Sep 7605.29 7605.29 8520.69 9222.76 9306.12 

Oct 8077.48 8077.48 8789.49 9656.69 9828.29 

Nov 8083.59 8083.59 8658.53 9654 10192.4 
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 Dec 8123.04 8826.82 8596.59 9515.23 10247.3 

 

 

 

 

 

 

2 Layer 

Jan 9141.77 9499.32 9974.11 10716.4 11144.9 

Feb 9104.97 9351.74 10300 11114.3 11384.5 

Mar 9907.44 9608.47 11490.9 12010.5 12243.3 

Apr 8912.07 9467.04 10977.2 11058.5 11667.3 

May 8098.21 9222.37 10520.2 10038.9 11112.9 

Jun 6403 7502.98 8535.23 7899.39 8993.84 

July 6360.71 6885.53 8149.8 7658.18 8550.46 

Aug 6862.85 7281.53 8457.42 8342.92 8951.08 

Sep 7388.15 7604.09 8720.65 9034.52 9306.12 

Oct 8094.91 8076.28 9127.32 9660.76 9828.29 

Nov 8341.45 8082.48 9171.19 9857.74 10192.4 

Dec 8469.16 8822.36 9151.61 9798.35 10247.3 

 

 

 

 

 

 

3 Layer 

Jan 8489.23 9496.92 8995.63 10193.6 11144.9 

Feb 8654.25 9349.34 9380.73 10767.9 11384.5 

Mar 9822.28 9608.46 10783.1 11960.5 12243.3 

Apr 9203.5 9467.04 10454.7 11319.4 11667.3 

May 8638.99 9222.36 10105.1 10504.8 11112.9 

Jun 6923.18 7502.98 8214.19 8339.09 8993.84 

July 6803.16 6884.92 7886.37 8039.55 8550.46 

Aug 7164.51 7280.91 8130.47 8615.48 8951.08 

Sep 7436.33 7603.49 8244.44 9088.59 9306.12 

Oct 7847.33 8075.68 8474.32 9472.67 9828.29 

Nov 7801.71 8081.92 8306.38 9430.48 10192.4 

Dec 7824.42 8820.14 8239.74 9276.6 10247.3 

 

 

 

 

 

 

4 Layer 

Jan 8724.14 9495.73 9329.62 10384.8 11144.9 

Feb 8833.42 9348.14 9701.19 10909.8 11384.5 

Mar 9901.81 9608.45 11049.1 12022 12243.3 

Apr 9172.46 9467.03 10665.9 11292 11667.3 

May 8531.96 9222.36 10282.1 10409.6 11112.9 

Jun 6809.34 7502.98 8351.6 8222.22 8993.84 

July 6710.6 6884.61 8004.56 7952.67 8550.46 

Aug 7115.54 7280.6 8269.03 8578.02 8951.08 

Sep 7462.41 7603.19 8427.53 9107.53 9306.12 

Oct 7961.2 8075.39 8710.4 9563.75 9828.29 

Nov 8000.28 8081.64 8603.58 9590.68 10192.4 

Dec 8052.89 8819.03 8549.65 9463.99 10247.3 
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Annexure A2: Overall monthly performance  of a solar PV tree at Visakhapatnam 

for different axis positions and different layer 

  

Month 

Visakhapatnam 

fixed seasonal azimuth 1axis 2 axis 

 

 
 

1 

  

L 

a 

y 

e 

r 

Jan 705.167 763.405 753.086 827.314 900.133 

Feb 711.445 748.238 779.24 865.63 910.931 

Mar 799.041 755.935 886.616 956.136 980.881 

Apr 746.602 742.509 856.678 902.593 932.455 

May 701.994 724.083 827.306 839.596 890.182 

Jun 561.512 589.827 671.189 667.557 721.708 

July 550.49 550.49 642.538 643.413 686.23 

Aug 578.791 578.791 663.596 688.355 716.809 

Sep 602.738 602.738 675.81 725.715 745.701 

Oct 641.075 641.075 699.355 761.32 790.154 

Nov 644.167 644.167 691.685 761.57 820.038 

Dec 650.075 708.602 689.547 753.942 828.572 

 

 

2  

  

L 

a 

y 

e 

r 
 

Jan 1088.1 1094.78 1127.45 1160.79 1172.64 

Feb 1023.56 1028.87 1080.86 1100.99 1106.15 

Mar 1146.47 1141.95 1222.31 1239.91 1244.9 

Apr 1098.96 1115.2 1192.43 1193.98 1205.26 

May 1117.79 1150.07 1222.52 1217.69 1237.32 

Jun 985.404 1028.82 1092.41 1080.73 1109.81 

July 977.159 996.853 1074.09 1060.73 1093.67 

Aug 997.58 1012.26 1088.29 1080.35 1106.56 

Sep 990.626 996.778 1070.04 1079.55 1091.61 

Oct 1012.51 1009.78 1066.24 1083.31 1091.6 

Nov 1021.4 1010.3 1069.63 1091.02 1097.61 

Dec 1045.31 1052.23 1078.23 1107.38 1117.94 

 

 

3  

  

L 

a 

y 

e 

r 

 

 

 

Jan 1074.54 1096.85 1103.98 1157.29 1173.77 

Feb 1015.9 1031.22 1056.53 1100.52 1107.07 

Mar 1148.7 1146.48 1197.27 1241.83 1246.39 

Apr 1111.09 1120.38 1177.15 1199.27 1207.22 

May 1137.99 1156.06 1207.79 1226.97 1240.26 

Jun 1012.4 1036.92 1084.38 1094.66 1115.27 

July 1003.63 1004.53 1066.94 1077.6 1100.6 

Aug 1017.17 1019.28 1080.87 1094.51 1112.24 

Sep 999.441 1002.74 1054.52 1086.28 1096.07 

Oct 1009.67 1014.98 1049.27 1085.73 1094.74 

Nov 1007.51 1014.54 1045.76 1090.33 1099.47 

Dec 1031.04 1054.52 1057.61 1104.04 1119.6 
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4 

  

L 

a 

y 

e 

r 

 

Jan 688.318 691.046 753.4 788.186 801.92 

Feb 671.814 673.945 763.639 797.036 806.26 

Mar 725.285 701.089 847.461 861.512 878.086 

Apr 650.446 687.224 806.934 791.089 837.781 

May 596.78 675.99 780.519 726.534 808.86 

Jun 474.27 552.977 636.116 573.463 658.654 

July 474.405 518.017 612.022 563.582 633.045 

Aug 510.346 542.931 634.362 612.432 658.967 

Sep 544.047 556.573 647.291 652.633 673.13 

Oct 598.751 588.683 678.892 699.779 707.554 

Nov 628.769 595.612 694.187 725.493 736.231 

Dec 645.341 648.034 699.304 730.551 745.752 

 

Biographies 
 

 
Janapati Balaji, received his B.Techdegree and M.Tech degree in Electrical 
and Electronics Engineering. Curently, he is a Phd Scholar in Gitam 

University, Electrical and Electronics Engineering, and his area of interests 

includes Non-conventional energy sources, power electronics.  
 

  
Pulivarthi nageswara rao., received his B.Tech, M.Tech, and PhD degrees 
in Electrical and Electronics Engineering. Currently, he is working as 

Assistant Professor and his area of interests includes Electrical machines 

design and control, Non-conventional energy sources. 
 

  
Sura Srinivasa Rao, received his B.Tech, M.Tech, and PhD degrees in 
Electrical and Electronics Engineering. Presently, he is working as Assistant 

Professor and his area of interests includes power Quality Improvements and 

smart grids. 


