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Abstract 

In the need of alternative for the conventional sources of energy, Electric Vehicles are slowly introducing themselves in the 

Transport Vehicle Industries. However due to currently available battery technology, there are certain restriction to the energy storage 

of a battery like duration of charging and Battery charging capacity that affects the power output duration. To increase the power 

output, we can install Solar Panel on the rooftops of the electric vehicle or we can install Solar Powered Charging Stations that will 

help to add some extra miles in the range of the Electric Transport Vehicles so that they can go some extra miles without the need of 

charging again. Running the vehicle at higher speed may drain the battery faster and, in such cases, an additional backup is required 

for the vehicle to remain in motion even at certain conditions where the given capacity of the battery become insufficient for the driver 

and there are no charging stations nearby. We also discussed various factors related to the driver’s experience. We calculated the 
energy output of solar panel mounted on vehicle and energy output of solar charging station. 

 

Keywords: Electric Vehicles, Solar Hybrid Vehicles, Solar Charging Station, Small Electric Public Transport Vehicle. 

 

Introduction 

Solar Energy is the energy that generates electricity without causing any harm to the environment. The solar panels consist of 

solar cells, devices that convert light energy directly into electrical energy. It is predicted that solar panel systems will experience a 

huge increase in the years to come. However, the combination of solar energy technology and the electric vehicle technology need a 

thorough knowledge of both the technologies. We studied the Compatibility, Economic Viability and Efficiency of the Solar roofs to 

be installed on the small electric public transport vehicles/TUMTUMs and of the Solar Charging Stations. 

 

Literature Review 

Solar Hybrid Vehicles 

Anderson et.al (1997) got a patent [1] on Solar cell laminated on automobile’s windshield. A laminated windshield in which 

thin Solar cells are sandwiched between the glass layer. These cells are connected to a power storing unit like li-ion battery to store 

power produced by the solar cells.  

Wecker et.al (2010) [2] presented a paper of solar power in a vehicle. A device for an automobile including multiple solar 

panels that are aligned separately and receive solar radiation and convert the solar radiation energy to electrical energy. The device 

includes at least one DC/DC converter electrically coupled to the electrically separated panels configured to receive the electrical 

energy from the solar panels and boost the voltage to be supplied to at least one component of the vehicle. 

Bueno et.al (2011) presented a paper [3] on inputs for optimizing performance in hybrid automobiles. According to them, a 

hybrid vehicle that uses GPS for determining the availability of sunlight with varying intensity to decide how much energy should be 

taken from the battery or how much energy is required to avoid power shortage in a zone that is deprived of sunlight during the 
travelling of the automobile. 

Ward et.al (2011) got a patent [4] on Hybrid vehicle with low voltage solar panel charging a high voltage battery with the 

use of a series charger to charge individual cells separately to the series connected battery. The role of the series charger is to charge 

the high voltage battery with a low voltage solar panel. 

Ward et.al (2008) got a patent [5] on Hybrid vehicle with adjustable modular solar panel. An adjustable mechanism can be 

connected to the solar panels to move the solar panels in the direction of the sun for increase in efficiency of the solar panels. Sensing 

the light ray can be made possible by installing sensors on the solar panels or by providing an extra sensor. A telescoping moon roof 

mount device can also be used to increase the number of solar panels on the automobile while driving to increase the charge 

generation. 

Connors et.al (2007) [6] stated on the subject of solar vehicles and the benefits of the technology. He also discussed on the 

hydrogen fuel cell technology in the hybrid vehicles. This paper presented survey on the history and potential of solar and electric 

vehicles and provides a summary about a general type of solar car. The solar car is going to have a huge market in the years to come 
as more and more research is performed. 

Cullen et.al (2000) [7] invented a Controller for generator to produce solar electricity for fast vehicles. Power is transferred 

from the generator to a device that is temporarily storing power which is continuously partially discharged to maintain the storage 

device at a voltage that is same as that of the generator for maximum power generation.  
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Arsie et.al (2006) [8] presented a paper on Hybrid vehicles and Solar Energy. This paper mentions the problems encountered 

in the development of the hybrid solar vehicles, specially concentrated on solar panels and power electronics. The design of hybrid 

vehicle with series structure, including effects of vehicle dimensions, weight and costs, are studied. 

Reddy et.al (2017) [9] presented a paper on technical and economical investigation of solar powered electric auto-rickshaw. 

They developed and designed a solar powered electric auto-rickshaw (SPEA) for Indian conditions. The analysis results in charging 

rate of 2kWh per day with average solar irradiance of 325 
2mW on a typical sunny day. The vehicle attained a high speed of 21.69 

km/h with battery discharge rate of 296 W at 90 kg load and also reached a maximum discharge rate of 540 W at 390 kg loading with 

a maximum speed of 12.11 km/h. The financial analysis of SPEA concluded that the investor has to spend much less than the CNG, 

LPG and gasoline-run vehicle. 

 

 
Fig. 1. Design of SPEA on Solid Works (Left), Fabricated SPEA at IIT Madras (Right) [9] 

 

Ota et.al (2019) [10] proposed to install multipyranometer array for the calculation of solar irradiance incident on a solar-

powered car. They measured irradiance with 5 pyranometers installed on a vehicle body using a mobile multipyranometer array 

(MMPA). This paper discusses over a new method that is focusing on the incidence angle scattering model of sunlight to study effect 

of direct and diffuse components of sunlight and give report on irradiance calculations on a stationary car. They demarcated the 

incidence angle which is related to vector components of sunlight and study a model for sunlight angle scattering. Their data showed 

that the highest incidence angle as anticipated by MMPA is larger than the highest incidence angle anticipated as per the conventional 

method used. Their data will contribute to effectively design the automotive stationary concentrator PV systems. 
 

Solar Charging Station 

 
Fig. 2.Proposed design of Solar Charging Station 
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Birnie III et.al (2008) [11] stated that hybrid electric vehicle used by commuters, which is a vehicle that require a parking 

area to be a charging station that is being powered by Solar Energy. The regional sunlight influx, the variation of sunlight and also the 

commuter transit distance affects the quality of solar energy being absorbed by the hybrid electric vehicle. The energy requirements of 

the commuter might not be fulfilled by the solar energy during his work hours in the places where the sunlight influx is irregular due 

to the location’s latitude and weather. The efficiency of solar panels and area of the parking space are also the major factors to keep in 
mind to enhance the energy production capability. 

 

Pierson et.al (1993) [12] stated about a Solar Recharge Station. The solar recharge station has a battery set, roof area and 

solar panels aligned in an array. The battery set is used to recharge the vehicle and the excess energy produced can also be used to 

light some household appliances. When there is shortage of solar energy, the vehicle can be charged with the grid power supply. 

 

Robalino et.al (2009) [13] presented a performance analysis of design of a docking station that can charge both the solar 

electric vehicles and vehicles powered by fuel cells. For a vehicle travelling shorter distances, the energy absorbed by the solar panels 

will be sufficient and the commuter do not have to depend on grid for charging his electric vehicle. The docking station contains an 

array of solar panels, DC-DC converter and a battery set. Short distance travel is the requirement of most of the users of the electric 

hybrid vehicle. If the vehicle has the capacity to travel 10 miles per day at an average speed of 30 miles per hour, then the vehicles and 
the docking stations can be of primary importance for the urban areas of the North America. 

 

Methodology 

Questionnaire  

We started our project by having a discussion with the drivers of small electric vehicles and we found some important 

answers The problems encountered by the drivers were also known like: 

 
Fig. 3. Response of the TUMTUM Drivers to some simple question we asked 

 

 There is limitation of load and hence the driver cannot take too many passengers in one round of the particular area. 

 The increased load result in the early drainage of battery and thus, it becomes a major problem for the drivers. 

 If they want to charge the solar roof than they need to be in the sunlight and away from the shades which at many times made 
the incoming passengers feel uncomfortable. 

 The solar panel will only work in a sunny day and hence in foggy and cloudy days, they are troubled as they don’t know the 

technology very well and many of them cannot understand the effect of sunlight in the power generation.   

 

Observation 

There is an average efficiency of the solar panels varying around 15-19%. The driver of TUMTUM can have a power backup 

in form of solar energy if we install a solar panel on its roof. To increase the use of solar power in these TUMTUMs we can install 

Solar charging station to help the drivers to charge their vehicles to get power from the charging port. These charging ports can be 

installed around the city to increase the solar power consumption and to reduce the load on the power-grid which is being powered by 

coal which is responsible for increase in the excess carbon-emission into the environment. According to our observation there are 

many auto-tempo stands in Gwalior where space for installing the Solar charging stations is sufficient also, we can add a solar array 
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on the roof of Yaana Bike Station to provide charging ports to facilitate charging of Electric Vehicles and that will serve as a multi-

utility station where people can pick up their bikes and the commuters can charge their electric vehicles.  

 

 
Fig. 4. Proposed Design of Yaana bike station along with fabrication of Solar Panel at the rooftop. Source: 

http://gwaliorsmartcity.org/projects/public-bike-sharing 

 

Potential and Cost Analysis 

The TUMTUMs generally use battery with rating 100Ah and 48V.  

Energy stored in the battery will be .8.48.448100 unitskWhVAh          (1) 

According to the survey and calculations, there is requirement of 4.8 units of energy for full charge that gives range of 70-80 km. 

 

 Calculation for Solar Panel on TUMTUM 

We are using Luminous Mono Crystalline Solar Panel with 335Watt 24 V rating for our calculations. 

sA = Area of Solar Panel; 

rA = Area of Roof of TUMTUM; 

sL = Length of Solar Panel = ft4.6 ; 

sW = Width of Solar Panel = ft2.3 ; 

rL = Length of Roof = ft15.9 ; 

r
W  = Width of Roof = ft26.3 ; 

248.202.34.6 ftftft
s

W
s

L
s

A     (2) 

In general, the average roof space on the TUMTUM is as follows: 

230286.2926.315.9 ftftftft
r

W
r

L
r

A   (3) 

 

Hence, we can only place 1 Solar Panel on the roof of TUMTUM. Assuming peak solar irradiance is for 5 hours and the 

vehicle is exposed to the Sun. 

 

s
E = Energy produced by Solar Panel on Roof;  

s
P = Power rating of Solar Panel = 335W;  

s
t = Time of Peak Hours = 5 h; 
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kWhhW
s

t
s

P
s

E 675.15335  (4) 

 

Assuming the rate of discharge of battery is constant, if the battery travels 80 km in full charge, then it should cover the 

following distance from the power obtained by solar panels: 

 

Distance covered from solar charging kmkm 2880)8.4675.1(  (5) 

 
It appears that drivers of a TUMTUM/Small Electric Transport Vehicle can have power to travel extra 20-30 km provided 

proper sunlight and open space area is available such that the solar panels are in contact with sunlight for 4-5 hours specially in peak 

time at which the sun is right at the top of the solar panel. More amount of solar energy per unit area requires greater efficiency of the 

solar panels. Therefore, efficiency plays an important role when we want to generate solar power with limited space for the solar 

panels and in such case monocrystalline solar panels can be used.  

 

Cost of solar panels: 1 - Solar Panel 335 W 24V = 24000.Rs  (6) 

Cost of Vehicle Body and Accessories: 90000.Rs  (7) 

Cost of battery: 4 - Dry cell battery 12V 100Ah = 40000.410000. RsRs                                (8) 

Total = 154000.40000.24000.90000. RsRsRsRs                                                          (9)  

 

 

Fig. 5. Luminous 335 Watt/24V Solar Panel [14] 

 

According to our calculation, the vehicle whose maximum range is 80 km can be extended to 100-108 km. 

 

 Calculation for Solar Charging Station 
If we want to Install a Solar Charging Station near MITS in which there are 4 charging ports which are available for the time 

period of 12 Hours to the TUMTUM drivers. Assuming every driver needs a port for 4 hours and in single charge the average energy 

supplied to a single vehicle is 2.5 kWh in 4 hours. 

Total Number of Vehicle that can be charged on one port = 3412 HoursHours                     (10) 

Total Number of Vehicle that can be charged in 1 Day = 1243          (11) 

Energy required by 1 Vehicle kWh5.2                                                                                      (12) 

Energy required by 12 Vehicle kWhkWh 30125.2                                                               (13) 
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Therefore, we have to produce minimum 30 kWh per Day to run the solar charging station. We need to find number of solar 

panels required to produce above mentioned energy. 

pN  = Number of Solar Panels;  

scsA = Area of Solar Charging Station;  

scsP  = Power of Solar Charging Station; 

kWhhW
p

N 305335                                                                                                             (14) 

18
5335

30





hW

kWh
p

N
    

 (15) 

We will use 18 solar panels to make a rectangular array of solar panels.  

kWWW
scs

P 030.6603033518     (16) 

224.34264.368248.2018 mftft
scs

A 
     

(17) 

 
Fig. 6. Chart for Analysis of Return on Investment 

 

Cost of setting up a 6 kW off-grid solar charging station can be calculated as follows: 

Cost of solar panels: 18 – Solar Panel 335 W 24V = 216000.1812000. RsRs                       (18) 

Cost of solar battery: 10 – Battery 12V 150Ah = 180000.1018000. RsRs    (19)                                                                             

Cost of solar inverter: 1 – 7.5 KVA off-grid inverter = 75000.Rs      (20) 

Cost of civil structure: 150000.Rs    (21) 

Cost of software and station maintenance: yrRsRsRs /110000.60000.50000.                   (22) 

Fixed cost =  621000.150000.75000.180000.216000. RsRsRsRsRs     (23) 

We will be charging 40.Rs per vehicle per day so that the revenue will be:  

For 12 vehicles per day = 480.1240. RsRs           (24) 

For 1 year the total revenue will be = 175200.365480. RsRs         (25) 

Now, yearsxxx 5.965200/621000)175200()110000(621000                       (26) 

 

According to our analysis, the break-even point will occur in 10 years and after that the charging station will start profiteering 

and it will continue operating for at least 15 years more as the panels have warranty of 25 years. 
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Conclusion 

The need for extra power in the TUMTUM/small electric transport vehicles give rise to the study of ways to efficiently install 

a solar panel on these vehicles. Finally, potential and cost were analyzed. The total cost is approximately Rs. 1.4 lacs and the extra 

energy it can directly get from solar energy is 1.6 units per day approximately.  

 

The installation of Solar charging station are required to generate electricity around 30 units per day that may require roof 

area of around 
235m  if we are required to charge 12 vehicles per day from the Charging Station. The 6 kW off-grid charging station 

having the potential to produce 30 units in a day can run on its own with very less human intervention required and it has the potential 

to produce clean energy and to generate a lot of profit in the long term. 
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