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Abstract—Inherently variable nature of renewable sources of energy such as solar and wind, are 
incapable of meeting continuous supply demand. Combining solar photovoltaic (PV) and wind power 
could offer a feasible solution to the problem of continuous power supply, particularly in those 
geographical locations where both resources are available in abundance. The present paper investigates 
the solar and wind energy potential in Indian sub-continent. The feasibility of harnessing renewable 
energy per sq. meter of land (i.e. energy density) from a combined solar PV-Wind hybrid system in the 
selected location - Jaisalmer in Rajasthan, is reported.  The solar irradiance and wind velocity data for 
the last three decades for the selected site is collected using PVsyst software. A novel design of PV-wind 
hybrid system is proposed to gauge the better utilization of the existing space, productivity enhancement, 
and energy/m2 harnessed from the utilized land. The proposed system would pave a way forward 
towards developing a more sustainable, effective and rugged hybrid renewable energy systems that could 
cater the energy needs of the Indian sub-continent and similar geographical locations. 
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I. INTRODUCTION 

Most of the human activities are energy dependent and therefore, it is worthwhile mentioning that energy is an 
inherent and the most essential part required for survival of mankind [1]. Contradictory to this, one of the most 
crucial challenges facing the mankind is the energy crisis [2]. Moreover, for energy needs people are still relying 
on continuously depleting conventional fossil fuels which emit harmful green house gases, when burnt [3]. In 
lieu to this, the researchers are bound to explore alternate sources of energy that are capable of meeting the 
continuous power supply demand, are environmental friendly, and could contribute to a sustainable society. One 
of the solutions to the mentioned problem is shifting to renewable sources of energy [4-6]. 

Most of the renewable sources of energy are inherently variable in nature and hence, is incapable of meeting 
the continuous power supply demand. Therefore, all renewable energy power generation/conversion systems are 
backed by energy storage devices such as batteries [7-9]. However, combination of more than one available 
renewable energy source could yield better results in terms of energy harnessing efficiency and energy 
production per unit space occupied. In this context, a novel design of Solar PV-wind hybrid system is proposed 
in which an array of solar PV is installed around the periphery of the stem of a horizontal-axis wind turbine. To 
investigate the feasibility of the proposed system a detailed theoretical study is conducted and simulation is 
carried out in PVsyst software by implementing the system on a selected site viz. Jaisalmer, Rajasthan in India. 
The fixed input parameters of the selected site are inserted to obtain the results in terms of power generation and 
its variance through-out the year. 
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II. SYSTEM DESCRIPTION 

The proposed hybrid system consist of a solar PV module mounted across the periphery of the stem/tower of a 
horizontal-axis wind turbine, a battery bank, converter circuit, controller, and other accessories as shown in Fig. 
1. The PV array is mounted on the stem at an angle of -30° with respect to the horizontal to avoid the shadow 
and hence, attain the maximum incident solar radiation for a particular point of time. The PV array is placed 
around the stem of the wind turbine at a vertical distance of 30 – 40m from the base measure from the inner 
edge of the mounted system wherein, the average total height of stem is around 110 – 120 m. 

 
Fig. 1.  Schematic of the proposed solar PV-wind hybrid system 

The output of solar PV array is fed to the DC bus. The conditioned output from the wind turbine system is also 
fed to the same bus. When energy from either of the systems is available, it drives the electronic load. The 
excess energy generated during peak wind or solar or both, gets stored in the battery bank to meet the power 
demand during off-peak generation. The converter circuit converts the DC power into AC to meet the load 
demand. The DC loads are directly fed from the DC bus. Although the proposed system runs similar to the 
conventional PV-wind hybrid systems however, the new design offers additional advantages discussed in the 
succeeding section. 

III. PROPOSED HYBRID SOLAR PV-WIND SYSTEM 

Generally, a conceptual PV-wind hybrid system work as independent units connected to the DC bus which 
lowers the overall energy harness output per m2 of the land occupied. Therefore, a novel design of PV-wind 
hybrid system is proposed to gauge the better utilization of the existing space, productivity enhancement, and 
energy/m2 harnessed from the utilized land. The efficiency of any given solar PV module depends on the 
following factors: 

1. The operating temperature of solar cell. 
2. The cooling arrangement for the cell, and 
3. The time of exposure to the sun radiation incident on the cell.  

All the above factors are cater by the proposed system as the rotating wind turbine blades would generate a 
draft of air that will aid-in keeping the low operating temperature of solar cell. Moreover, the tilted (angled) 
design of solar PV array would avoid shadow and hence, provide maximum time and intensity of sunlight 
exposure thereby generating more power. 

IV. SITE ANALYSIS 

It is viable to install the proposed hybrid system at particular sites where both solar and wind energy is 
available in abundance. One such site is Jaisalmer in Rajasthan state of India located at 26.9157 latitude and 
70.9083 longitude respectively. The solar irradiance and wind velocity data for the last three decades for the 
selected site is collected using PVsyst software. The input parameters inserted in the PVsyst are given in Fig. 2. 
The angle of tilt considered here is the angle at which the solar PV array is mounted on the wind turbine stem 
with respect to the horizontal. 
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Fig. 2.  Snapshot of input parameters inserted in PVsyst for site analysis 

The maximum power point (MPP) curve was obtained from the PVsyst software against the inserted input 
parameters for the proposed PV array around the stem of the wind turbine. The obtained curve helped assessing 
the maximum power generation capability of the proposed PV system and found to be equal to 3 kW at STC, 
2.8 KWdc at 50°C, and 2.1 kWac. It also accounts the overload loss of 36.7 kWh. The results allowed 
estimating the power sizing and hence inverter output distribution system. Fig. 3 shows the obtained MPP curve 
and inverter output distribution for the selected site i.e. Jaisalmer. 

 
Fig. 3.  The obtained MPP curve and inverter output distribution for the selected site 
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It is evitable to study the solar behavior of the selected site in order to assess the performance of the proposed 
hybrid systems. In lieu to this, analysis of sun-earth angle, solar azimuth angle in particular, was performed 
through PVsyt.  The effect of variation in solar azimuth angle on the selected tilted plane (30° with respect to 
the horizontal) is shown in Fig. 4. 

 
Fig. 4. The effect of variation in solar azimuth angle on the selected tilted plane 

The obtained results for the selected site throw light on the annual variation behavior of the total received 
energy, global incidence, ambient temperature, effective global incidence, energy generated, grid-transfer, PV 
array efficiency and overall system efficiency. Table I below shows that annual global irradiance at Jaisalmer, 
Rajasthan varied from 115.3 – 219.4 kWh/m2. Table II represents the annual wind trends and global incidence 
data of the selected site (Jaisalmer). The obtained annual wind velocity trends would assist in designing an 
efficient and durable horizontal-axis wind turbine that is most suitable for the proposed hybrid system. The wind 
velocity varies through-out the year from 1.4 – 5.4 m/s with an average value of 3.1 m/s. 

Table I.  Annual meteorological and incident data for Jaisalmer, Rajasthan 

 
 
 

 GlobHor 
kWh/m2 

T Amb 
°C 

GlobInc 
kWh/m2 

GlobEff 
kWh/m2 

EArray
kWh 

E_Grid
kWh 

EffArrR 
% 

EffSysR
% 

January 126.4 16.39 184.1 180.1 460.5 444.8 10.31 9.96 

February 145.2 20.40 189.9 186.0 449.1 433.8 9.75 9.42 

March 184.5 26.48 211.5 206.6 493.1 476.0 9.61 9.28 

April 205.2 30.93 207.1 201.3 470.1 453.9 9.36 9.04 

May 219.4 34.61 201.7 195.2 455.4 439.8 9.31 8.99 

June 197.2 33.69 174.4 168.3 402.3 388.6 9.51 9.18 

July 186.4 32.18 168.5 162.6 394.1 380.6 9.64 9.13 

August 171.7 30.76 165.6 160.1 391.7 378.4 9.75 9.42 

September 171.3 30.59 184.8 179.8 429.1 414.5 9.57 9.24 

October 145.8 29.37 176.7 172.2 414.8 400.8 9.67 9.35 

November 131.2 23.45 183.1 179.4 437.5 422.2 9.85 9.50 

December 115.3 18.25 170.1 166.4 423.8 409.4 10.27 9.92 

Year 1999.5 27.29 2217.6 2158.0 5221.6 5042.8 9.71 9.37 
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Table II.  Annual wind and global incidence data for Jaisalmer, Rajasthan 

The simulation conducted at Thapar Institute of Engineering and Technology, Patiala also caters to various 
losses pertaining to PV array Table III. The details for inverter losses in the proposed hybrid system are shown 
in Table IV. The various incurred PV losses are: 

1. Wiring ohmic loss 
2. Module quality loss 
3. Module mismatch loss 
4. Inverter loss 

Table III.  Annual system losses for the proposed system considering the selected site i.e. Jaisalmer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 GlobHor 
kWh/m2 

DiffHor 
kWh/m2 

T Amb 
°C 

WindVel 
m/s 

GlobInc 
kWh/m2 

DifSInc 
kWh/m2 

Alb Inc 
kWh/m2 

DifS/GI 

January 126.4 37.26 16.39 1.7 184.1 48.57 1.694 0.000 

February 145.2 36.44 20.40 2.0 189.9 44.24 1.945 0.000 

March 184.5 61.93 26.48 2.1 211.5 68.92 2.472 0.000 

April 205.2 64.90 30.93 2.9 207.1 66.47 2.749 0.000 

May 219.4 85.50 34.61 5.0 201.7 81.87 2.936 0.000 

June 197.2 94.87 33.69 5.4 174.4 87.46 2.636 0.000 

July 186.4 96.17 32.18 5.1 168.5 89.36 2.496 0.000 

August 171.7 98.90 30.76 4.5 165.6 94.88 2.300 0.000 

September 171.3 73.89 30.59 3.4 184.8 77.14 2.295 0.000 

October 145.8 65.35 29.37 1.8 176.7 72.69 1.953 0.000 

November 131.2 38.15 23.45 1.4 183.1 47.79 1.758 0.000 

December 115.3 38.18 18.25 1.5 170.1 48.90 1.544 0.000 

Year 1999.5 791.53 27.29 3.1 2217.6 828.28 26.779 0.000 

 ModQual 
kWh 

MisLoss 
kWh 

OhmLoss 
kWh 

EArrMPP 
kWh 

InvLoss 
kWh 

January 7.186 4.718 5.472 461.7 16.84 

February 7.126 4.680 6.344 456.9 23.16 

March 7.706 5.060 6.753 494.2 18.26 

April 7.332 4.815 6.444 470.2 16.33 

May 7.092 4.657 5.632 455.4 15.62 

June 6.255 4.108 4.337 402.3 13.74 

July 6.125 4.022 4.067 394.1 13.50 

August 6.086 3.997 4.007 391.7 13.23 

September 6.682 4.388 5.302 429.1 14.56 

October 6.456 4.239 4.902 414.8 14.03 

November 6.829 4.484 5.756 438.2 16.00 

December 6.598 4.333 4.905 424.0 14.65 

Year 81.473 53.500 63.922 5232.7 189.99 
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Table IV.  Annual inverter losses for the proposed system considering the selected site i.e. Jaisalmer 

The simulation also details about the enhancement in energy harnessing by mounting PV array module around 
the stem of a horizontal-axis wind turbine. The annual energy need enhancement is projected in Table 5. 

Table V.  Annual Energy Needs for the proposed system considering the selected site i.e. Jaisalmer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V. CONCLUSION 

The proposed solar PV-wind hybrid system with site location of Jaisalmer, Rajasthan is a feasible fit due to 
availability of both solar and wind energy. A simulation was conducted by inserting fixed variable inputs to 
assess the technical feasibility of the overall system. The simulation results as mentioned in the preceding 
sections were found to be within the acceptable limits. 

The obtained results would pave a way forward towards developing a more sustainable, effective and rugged 
hybrid renewable energy systems that could cater the energy needs of the Indian sub-continent and similar 
geographical locations. 
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 EOutInv 
kWh 

EffnvR 
% 

InvLoss 
kWh 

IL Oper 
kWh 

IL Pmin 
kWh 

IL Pmax 
kWh 

IL Vmin 
kWh 

IL Vmax 
kWh 

January 444.8 96.6 16.84 15.65 0.000 1.191 0.000 0.000 

February 433.8 96.6 23.16 15.31 0.000 7.850 0.000 0.000 

March 476.0 96.5 18.26 17.11 0.000 1.152 0.000 0.000 

April 453.9 96.6 16.33 16.16 0.000 0.167 0.000 0.000 

May 439.8 96.6 15.62 15.62 0.000 0.000 0.000 0.000 

June 388.6 96.6 13.74 13.74 0.000 0.000 0.000 0.000 

July 380.6 96.6 13.50 13.50 0.000 0.000 0.000 0.000 

August 378.4 96.6 13.23 13.23 0.000 0.000 0.000 0.000 

September 414.5 96.6 14.56 14.56 0.000 0.000 0.000 0.000 

October 400.8 96.6 14.03 14.03 0.000 0.002 0.000 0.000 

November 422.2 96.5 16.00 15.23 0.000 0.770 0.000 0.000 

December 409.4 96.6 14.65 14.43 0.000 0.217 0.000 0.000 

Year 5042.8 96.6 189.99 178.57 0.000 11.349 0.000 0.000 

 E_Grid kWh 

January 444.8 

February 433.8 

March 476.0 

April 453.9 

May 439.8 

June 388.6 

July 380.6 

August 378.4 

September 414.5 

October 400.8 

November 422.2 

December 409.4 

Year 5042.8 
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