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Abstract— Solar panel support structure lays the foundation 

for mounting solar PV cells. The design and material of 

panel structure is crucial to sustain wind load and self-load. 

The current study throws light on researches conducted by 

various scholars in design optimization of solar panel 

support structure subjected to wind loads. The testing 

conducted on panel structure are based on experimental and 

numerical methods. 
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I. INTRODUCTION 

The Earth receives an incredible supply of solar energy. The 

sun, an average star, is a fusion reactor that has been burning 

over 4 billion years. It provides enough energy in one 

minute to supply the world's energy needs for one year. In 

one day, it provides more energy than our current population 

would consume in 27 years. In fact, "The amount of solar 

radiation striking the earth over a three-day period is 

equivalent to the energy stored in all fossil energy sources." 

Solar energy is a free, inexhaustible resource, yet harnessing 

it is a relatively new idea. Considering that "the first 

practical solar cells were made less than 30 years ago," we 

have come a long way. The prolongation of solar 

professional companies designing unique and specific solar 

power systems for individual homes means there is no 

longer an excuse not to consider solar power for your home. 

The biggest jumps in efficiency came "with the advent of 

the transistor and accompanying semiconductor technology. 

There are several advantages of photovoltaic solar power 

that make it "one of the most promising renewable energy 

sources in the world." It is non-polluting, has no moving 

parts that could break down, requires little maintenance and 

no supervision, and has a life of 20-30 years with low 

running costs. It is especially unique because no large-scale 

installation is required. Remote areas can easily produce 

their own supply of electricity by constructing as small or as 

large of a system as needed. Solar power generators are 

simply distributed to homes, schools, or businesses, where 

their assembly requires no extra development or land area 

and their function is safe and quiet. As communities grow, 

more solar energy capacity can be added. Solar energy is 

most sought today in developing countries, the fastest 

growing segment of the photovoltaics market. People go 

without electricity as the sun beats down on the land, 

making solar power the obvious energy choice. 

"Governments are finding its modular, decentralized 

character ideal for filling the electric needs of the thousands 

of remote villages in their countries." It is much more 

practical than the extension of expensive power lines into 

remote areas, where people do not have the money to pay 

for conventional electricity. There are only two primary 

disadvantages to using solar power: amount of sunlight and 

cost of equipment. The amount of sunlight a location 

receives "varies greatly depending on geographical location, 

time of day, season and clouds. Considering the importance 

of the use of solar cells and efficient use of solar energy, in 

this article we will examine the different types of solar cells. 

II. LITERATURE REVIEW 

Mihailidis et al. [1] represented the analysis of two different 

design approaches of solar panel support structures.  

− Fixed support structure design.  

− Adjustable support structure design.   

They did analysis according to the following steps.  

1) Load calculation,  

2) Analysis of the structure, which includes the creation of 

a Finite element model using ANSA as pre-processor. 

Loads calculated within the initiative are applied to 

the model. 

3) Identification of the structure critical points. According 

to the results weak points are redesigned in order to 

increase the end.  

 
Fig. 3: Stress in fixed design [1] 

Jinxin Cao et al. [2] performed a wind tunnel 

experiment to evaluate wind loads on solar panels mounted 

on flat roofs. In order to search out module force 

characteristics at totally different locations on the roof 

they use solar battery that were invented with pressure 

faucets. They consider two different cases  

1) single array 

2) multi-array and find mean and peak module force co-

efficient.  

They also find effect of mean module force co-

efficient on design parameter of solar panel. They found 

effect of mean module force co-efficient on design 

parameters (tilt angle, height) of solar panel. The results 

show module force coefficient for single array cases is 

larger than multi array cases.  
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Fig. 4: Solar panels without parapet [2] 

Chih-Kuang Lin et al. [3] use FEA approach to 

find the effects of self-weight and wind loads on 

structural deformation and misalignment of solar 

radiation. They contemplate distribution of stress and 

deformation with wind speed seven and twelve with 

varied processing directions as well as gravity. The 

result shows that this CAE technique is applicable for 

coming up with a reliable and economical trailing 

electrical phenomenon system. Highly stressed regions 

ar settled at bushing and needle bearing von-mises 

criterion there's no structural failure for given electrical 

phenomenon system. The result also indicates 

displacement and angular displacement increase with an 

elevation angle for wind directions at 00,300 and 600 but 

it will started decrease with wind direction of 1200,1500 

and 1800.    

AlyMousaadAly et al. [4] built testing models of 

large civil engineering structures at geometric scale 

1:500 to 1:100. They were manufacturing Associate in 

Nursing mechanics model of solar battery subjected to 

wind load and mounted on ground. Testing can be 

carried out experimentally (in boundary layer wind 

tunnel) and numerically (by computational fluid 

dynamics) at different geometric scale. The result shows 

that for very small size solar panels are having different 

mean loads as they are located very close to ground. 

Alex Mathew et. al.  [5] Worked on style and 

stability analysis of solar battery support structure 

created out from soft-cast steel. They conducted this 

work as a vicinity of project of Mahindra Reva Ltd. 

Named as “solar 2 car”. The result shows that the solar 

panel support structure can able to sustain a wind load 

with velocity 55 km/hr. They calculated required amount 

of weight to withstand wind load for different wind 

zones without any holding arrangements and then after 

optimization can be done for easy assembly, dismantle 

and transportation 

Georgeta Vasies et al. [6] given Numerical 

simulations for analysis of wind action on star panels 

settled on flat roofs with and while not parapets.  

Numerical simulations are performed in ANSYS CFX, 

for an incidence wind angle of 45°.they are watching 

that Oblique direction of wind generating high intensity 

of uplift forces in the corner areas of the flat roof, forces 

which bring an additional load on support systems of 

solar panels. Presence of the parapet facilitate mitigate 

the wind hundreds, and average pressure is up to 18.6% 

lower that for solar panels placed on flat roof without 

parapet. 

Girma T. Bitsuamlaka et al. [7] presented the 

aerodynamic features of ground-mounted solar panels 

under atmospheric boundary layer. They did four 

different test cases to determine the wind effects on 

stand-alone ground mounted solar panels differing from 

one another by wind angle of attack and number of 

panels. They verified that there is reduction in wind 

loads on the adjacent solar panel when they are arranged 

in tandem. After that they were conclude that the solar 

panels experienced the highest overall wind loads for 

wind angle of attack. 

Vijay B. Sarode et.al. [8] delineated the 

planning and improvement of solar battery support 

structure that is formed up form steel. They proposed to 

introduce latest FEA knowledge and concepts to work on 

this sector to provide a detail optimized design. So, they 

had created the model in PRO-E software. They were 

doing after creating model of support structure they did 

analysis of structure by choosing different cross section 

and they got best structural design by optimization 

 
Fig. 5: PRO-E model [8] 

 
Fig. 6: Deflection with different cross-section [8] 

Solar energy represents our largest supply of 

renewable energy offer. Effective solar irradiance 

reaching the earth’s surface ranges from about 

0.06kW/m2 at the highest latitudes to 0.25kW/m2 at low 

latitudes. Fig 7 compares the technically feasible 

potential of different renewable energy options using the 

present conversion efficiencies of available technologies.  

Even once evaluated on a regional basis, the technical 

potential of solar energy in most regions of the world is 

many times greater than current total primary energy 

consumption in those regions.     
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Fig. 7: Technical potential of renewable energy 

technologies[11] 

Table one presents regional distribution of 

annual solar power potential in conjunction with total 

primary energy demand and total electricity demand in 

year 2007. As illustrated within the table, solar energy 

supply is significantly greater than demand at the 

regional as well as global level. 

 
Table 1: Annual technical potential of solar energy and 

energy demand [11] 

Authors have estimated that PV cells installed 

on 4% of the surface area of the world’s deserts would 

produce enough electricity to meet the worlds current 

energy consumption. Similarly, EPIA [9] estimates that 

just 0.71% of the European land mass, covered with 

current PV modules, will meet the continents entire 

electricity consumption. In several regions of the globe 

one km2 of land is enough to get over a hundred twenty-

five gigawatt hours (GWh) of electricity annually 

through CSP technology. In China, for instance, 1% 

(26,300 km2) of its wasteland located in the northern and 

western regions, where solar radiation is among the 

highest in the country, can generate electricity equivalent 

to 1,300 GW about double the country’s total generation 

capacity projected for year 2020 .In the United States, an 

area of 23,418 km2 in the sunnier southwestern part of 

the country will match the current generating capability 

of one,067 GW. By Dec 2010, global installed capacity 

for PV had reached around 40 GW4 of which 85% grid 

connected and remaining 15% off-grid (REN21, 2010). 

This market is presently dominated by crystalline 

silicon-based PV cells, which accounted for more than 

80% of the market in 2010. The remainder of the market 

nearly entirely consists of skinny film technologies that 

use cells created by directly depositing a electrical 

phenomenon layer on a supporting substrate. 

 
Fig. 8: Total Installed Capacity of PV at the Global Level 

[11] 

Two types of PV systems exist in the markets: 

grid connected or centralized systems and off-grid or 

decentralized systems. The recent trend is powerful 

growth in centralized PV development with installations 

that ar over two hundred kilowatts, operating as 

centralized power plants. The leading markets for these 

applications include Germany, Italy, Spain and the 

United States.  After exhibiting poor growth for variety 

of years, annual installations within the Spanish market 

have full-grown from concerning four.8 MW in 2000 to 

roughly 950 MW at the end of 2007 before dropping to 

17 MW in 2009 and bouncing back to around 370 MW in 

2010. The off-grid applications (e.g., solar home 

systems) kicked off an earlier wave of PV 

commercialization in the 1970s, but in recent years, this 

market has been overtaken by grid connected systems. 

While grid-connected systems dominate in the OECD 

countries, developing country markets, led by India and 

China, presently favour off-grid systems. This trend 

could be a reflection of their large rural populations, 

with developing countries adopting an approach to solar 

PV that emphasizes PV to fulfil basic demands for 

electricity that are unmet by the conventional grid. To 

harness solar energy, PV panels for roof-top or ground 

systems are installed at an optimal tilt angle that allows 

the sunlight to fall perpendicular to the panels’ surface. 

Wind loads depend on the tilt angle, the angle of 

incidence of the wind, and the spacing and sheltering of 

the arrays [12–16]. For an inclined panel with a length-

to-width ratio, L/W, of 2 that faces a uniform flow, 

Chung et al. [17] showed that there is a decrease in the 

sectional lift coefficient as the angle of tilt increases(α = 

15◦–25◦). Corner vortices are also observed. For an 

inclined panel (L/W = 0.22) on flat roofs, an increase in 

α (= 20◦–45◦) produces greater suction [18]. 

Cao et al.[19]noted that wind-induced loads on 

an inclined panel are due primarily to pressure 

equalization at large angles of tilt and turbulence at 

small angles of tilt. The effect of the angle of incidence 

of wind, β, was investigated by Chou et al. [20]. There is 

greater suction on the upper surface near the windward 

corner for β = 15◦–60◦. A study by Shademan and 

Hangan [21] obtained similar results.  
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III. CONCLUSION 

The technical potential of solar energy in most regions of 

the world is many times greater than current total 

primary energy consumption in those regions and 

estimated energy generation capacity using PV cells is 

twenty-five gigawatt hours (GWh). Wind loads depend 

on the tilt angle, the angle of incidence of the wind, and 

the spacing and sheltering of the arrays. 
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