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ABSTRACT 

Extreme Climate change is a topic widely being discussed throughout the world. The main 

cause for climate change is due to the excess release of pollutant from automobile sector. As 

we all know that the future of transport sector is developing towards the Electric Vehicle 

technology. Kerala now has over 25 lakh licensed vehicles on the road. It is expected to have 

a large number of electric vehicles in the near future. EV requires regular charging which in 

turn increases the demand for charging stations. This demand will encourage the government 

to depend on generating station with fossil fuels as the driving fuel. This project proposes the 

installation of Grid connected Solar Powered Charging Station for Electric Vehicles to 

deliver sufficient charging of electric auto's. Automated control of lights near the Charging 

station and the total cost of charging station is reduced by the elimination of batteries. Project 

encourages the usage of renewable energy to reduce the impact of generating stations to the 

environment. 
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PREFACE 
 

GREEN CHARGING STATION AT KOLLAM -A Grid connected Solar Powered Charging 

Station for Electric Vehicles is getting inaugurated at the Municipal building at the heart of 

Kollam City next to Chinnakkada Over bridge. This project worth Rs 6.78 Lakhs is funded 

by the Directorate of Environment & Climate Change (DoECC). The project has been 

implemented by the Department of Electrical and Electronics of TKM College of 

Engineering, Kollam. The team consisted of  Dr Sheeba R, Dr Sheikh Mohammed S, Mr 

Varun S Prakash and Mr Abhiraj  worked towards the realization of this dream project. 

The project is currently implemented with a 6kW On Grid Solar  Power plant on the rooftop 

of the Thankappan Memorial Municipal Building. The expected generation per day is 

approximately 25 kWh (25 Units) with absolutely ñZEROò emission. The charging station is 

placed on the ground floor and the primary source for the charging unit is the solar PV 

system. The On-grid solar power plant is connected to the KSEBL utility grid also. 

Therefore, the power balance is achieved with the help of KSEBL utility supply as follows. 

When no vehicles/ less number of vehicles are connected for charging during daytime, excess 

power will go to the grid. In the same way, the required amount power will be drawn from 

the utility grid during night time or when the generation is lesser or no generation. Hence, 

generated power will be effectively utilized. This reduces the overall cost of charging from 

the charging station and reduces the environment pollution effect. 

The charging station is equipped with three 3.3kW (AC 001) charging port. Three electric 

vehicles can be charged from this station at a time with a charging rate of 3.3kWh.  

The Fast charging stations being setup by the Government agencies as well as by KSEBL, 

draws the power from the grid which will certainly be increasing the generation demand as 

the number of EVs increase in the future. As the generation increases, CO2 emission also will 

increase and will lead to climate changes and other environmental issues. But, the Solar 

Powered Grid connected charging system will feed power into the grid from the system when 

there are no vehicles and then will draw the power back from the grid whenever required.  

Although currently, it is made with 6kW, the capacity can be enhanced to 10kW in future.  
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The complete project is being handed over to the Kollam Corporation and the kiosk will be 

run by the Corporation, which will give employment for at least two persons.  

The Directorate of Environment and Climate Change had called for projects meant for saving 

the environment and safeguarding our atmosphere from the climate change. The projects 

were to be sustainable also. 

Climate change and environmental pollution are the major threats to the living organism on 

the earth. The key reason for environmental pollution and climate change is utilization of 

fossil fuels. The Paris Agreement is an agreement within the United Nations Framework 

Convention on Climate Change (UNFCCC), mainly dealing with greenhouse-gas-emissions 

mitigation. The Paris Agreement's long-term temperature goal is to keep the increase in 

global average temperature to well below 2 °C (3.6 °F) above pre-industrial levels; and to 

pursue efforts to limit the increase to 1.5 °C (2.7 °F), recognizing that this would 

substantially reduce the risks and impacts of climate change. Electrification of transportation 

and utilization of renewable energy are recommended as the critical solutions to accelerate 

the reduction of Green House Gas Emissions which significantly reduces the temperature rise 

and environmental pollution.  

The above stated problem has directed to develop a combined solution which fulfills the 

charging needs of EVs in a sustainable way and a Solar Powered Charging station for EVs is 

proposed. The researchers behind this idea, Dr Sheeba R and Dr Sheik Mohammed S has 

reported that the whole scheme ensures a completely sustainable model for the Kollam 

Corporation, where the money earned from the charging of EVs can be used for paying the 

salary of the persons employed for running the kiosk. These are the points which made them 

eligible for the award of this project. 

The major outcome of the project is to reduce the carbon footprint from the energy usage 

which makes the idea truly of international standard. This will also promote people to use 

more Electric Vehicles and thus reduce the environment pollution.  

Kollam Corporation has made a formidable step in promising a greener world to the people 

here. TKM College of Engineering has always devoted time and effort for building Kollam 

Safer, Greener and Beautiful. This project reinforces the drive even more and will certainly 

pave the way for such collaborations in future also. 
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Chapter 1 

INTRODUCTION  

1.1 General Background 

There has been a rapid growth in the use of Electric Vehicles as an alternative to gas-

powered vehicles due to the increase in awareness towards a sustainable lifestyle. 

Traditionally, the Electric Vehicle charging has been grid-based but the technological 

advancement in the field of solar energy has led to the use of solar powered chargers for the 

Electric Vehicle charging. These pollution free solar chargers provide clean electricity to the 

Electric Vehicles and additionally results in a green environmental effect. Furthermore, the 

introduction of these charging stations would enable the people to rethink their means of 

transportation choices and thus switching to zero-emission vehicles [1]. 

By every year Electric Vehicles are becoming more and more affordable this leads the 

investors to start investing on charging station due to its increasing demand. At present, 

Electric grids are more dependent on fossil fuels than that of the renewable energy. Though 

EV's are electrically driven, they also will contribute to harmful emissions as electrical 

energy production for charging stations should also be taken into consideration are going to 

be additional generation from fossil fuels. Thus, in order to reduce the impact of the harmful 

emissions; renewable energy particularly solar energy based electric vehicle charging stations 

can be built [2].  This project provide the design of a charging station that uses conventional 

grid supply for commonly available vehicles, to design and develop a solar fed charging 

station, to collect power details of electric vehicles, to implement the charging station that has 

the capability to utilize solar energy when it is available and switch to grid supply 

otherwise[3]. A charging station powered by the conventional grid supply has got many 

limitations and disadvantages and hence we use solar energy for the charging purposes. The 

switching circuit enables the switching of circuits and the implementation of MPPT 

(maximum power point tracking) enables the tracking of maximum solar energy. 

1.2 Objective 

¶ Design a suitable charging station for electric vehicles. 

¶ Design a solar powered charging station to eliminate the over usage of fossil fuel 

which increase air pollution and lead to climate changes. 
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Raised demand forces the government to depend on the thermal power plants, 

which uses coal as its driving fuel. The main emissions from coal-based power plants 

that contribute to air pollution include sulphates, nitrates, mercury, and secondary 

particulate matter (which is largely formed by SOX emissions). Coal, fl y ash, and 

secondary particles from thermal power plants and industries in Delhi contribute 35% 

of PM2.5 in the winter and 41 %s of PM2.5 in the summer. Since Delhi has 13 

thermal power plants with a capacity of over 11,000 MW within a 300-km radius, 

these emissions are often blown into the NCR by the north-westerly winds. 

¶ Design a user interface for electric vehicle charging. 

¶ Design automatic control circuit for streetlight near the local station. 

¶ Design of mobile phone charging circuit. 

1.3 Scope 

Grid connected solar fed Charging station, this is a renewable energy harvesting by 

the use of PV Panels, which would enable the charging of electric vehicles. Grid connection 

of such energy will help the sharing of energy with economic benefits. Usage of this smart 

charging reduces the cause for climate change in certain manner. Recently there are some 

electric rickshaws are in roads, and increase the number of these. The focus of this charging 

station is these electric rickshaws. Mobile Phone Charging Facility can be implemented in the 

Station for the Public. Automated control of Street Lights around the Local Station will 

useful during the night. 

1.4 Outline of the Project 

This project is a focus of exposing the necessity of sustainable energy sources in the current 

energy sector of the country. The severe requirement of large amount of energy discusses the 

issue of new energy infrastructures. The project expresses its idea of modularising the energy 

source as whole to single sustainable charging station which an act as a network of energy 

source or as independent. The idea here is to provide a Solar system, which is suitably 

selected considering the load that would receive in the near future. The solar panel system is 

a grid-connected system thus enforcing to supply energy to and from with the network. This 

would encourage the flexibility of energy within the network. Charging station is a smart 

user-friendly station, which can provide sufficient energy to be fed to the user's vehicle 

through proper channel of user interface screen. The system also provides provision for 

updating the charging and related data, with the internet cloud storage systems. The charging 
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station also is occupied with a mobile charging circuit, which enhances the comfort of the 

user and automatic lighting system for the station itself. 

 

1.5 Conclusion 

The current scenario in the Kerala's power generation is that, of the total power 

generation about 73.06 % is produced from hydro power plant. Hydropower has the ability to 

generate electricity without emitting greenhouse gasses. However, it can also cause 

environmental and social threats, such as damaged wildlife habitat, harmed water quality, 

obstructed fish migration, and diminished recreational benefits of rivers. The other option of 

production is from thermal power plants, which is a major threat of producing environmental 

pollution. 

By the effective implementation of proposed a Grid connected solar powered 

charging station can reduce problems caused due to the future demand crisis. Economically 

this would enable the public sector to improve the project through protection against 

environmental pollution. The project can be implemented through a cost effective, pollution 

free technique by the elimination of batteries in the operation. Grid connected Solar Powered 

Charging Systems helps in sharing power to the main supply covering the demand for 

electricity to some extent. 
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Chapter 2 

LITERATURE SURVEY  

2.1 Introduction  

From recent reports, Kerala Automobiles Limited's (KAL), and Mahindra Trio 

introduced a three-seater environment- friendly auto rickshaw which is the first public sector 

undertaking to get approval in the country. The KAL has planned to commercially produce e-

autos across Kerala, with limited public charging stations. Demand for the charging stations 

indicates the importance of our Project in the present situation. 

 

Figure 2.1: Electric auto developed by Kerala automobile Ltd(KAL), and Mahindra 

Trio  

 

2.2 Contemporary Review on Charging Station Development 

The design of charging station infrastructure relies on the standard of electric vehicles 

available in the area of implementation. Various charging techniques can be incorporated on 

analysing the requirement of the connected load. Charging of the Electric Vehicle battery is 

generally achieved by three methods: Conductive charging method [4,5], Inductive charging 

method [6,7] and Battery swapping technique [8,9]. Electric auto rickshaws, which favour 

conductive charging, is our focus of study. Conductive charging techniques are classified as 

Level one charging, Level two charging, DC Fast charging, based on the charging time and 

supplied power. 
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Figure 2.2: Different EV charging techniques 

 

Level 1 charging uses a 120 Volt, which creates lesser impact on electric utility peak demand 

charges. This is a slow charging method, typically ranging 3-5 miles per hour. 

Level 2 charging uses 240-volt power to enable faster regeneration of an EV's battery system. 

This type of charging needs the installation of an EVSE unit and electrical wiring capable of 

handling higher voltage power. This is a popularly used method of charging for EV's. It has a 

faster charge time capacity, ranging 10-20 miles per hour. This method of charging has a 3% 

gain in efficiency than level 1 method of charging. Apart from the discussed benefits, the 

Level 2 charging method is more expensive than Level 1. 

DC fast charging provides compatible vehicles with an 80% charge in 30-60 minutes by 

converting high voltage AC power to DC power for direct storage in EV batteries. 

Automakers currently accept the Society of Automotive Engineers (SAE) J-1772 plug for 

level 1 and 2 charging, except for Tesla, which has an adapter. For DC fast charging there are 

three plug types used by different manufacturers: the CHAdeMO, SAE Combined Charging 

System (Combo/CCS), and Tesla supercharger. Nissan and Mitsubishi vehicles use 

CHAdeMO while current and upcoming vehicles from the US and European manufacturers 

and US have SAE CCS ports [10]. It is as quick as refuelling a gasoline vehicle. Significantly 

more expensive than Level 1 or Level 2 equipment and high voltage 3 phase power 

connections to utilities further increases installation costs. In [11] author describes a DC 

Micro grid charging station with bulk storage Li-Ion batteries and the integration of 

renewable energy sources like wind energy and solar energy. The paper discusses a control 

logic method to absorb maximum power from the DER's. In [12], charging strategy is 

developed to manage the charging plan of vehicles using binary and linear programming. 
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This model was capable of reducing the cost to 60 %s without management. The charging 

station was grid connected charging time is divided into intervals to minimize the peak 

consumption. The paper [13] presents the impact of EV's on the power network. The study is 

performed for the worst-case scenario, by connecting depleted EV's with the power network 

for analysis. 

2.3 Different Charging Configurations and Connectors 

Figure 2.3 shows the SAE charging configuration and rating terminologies. 

 

 

Figure 2.3: SAE charging configurations 

AC Charging: The given figures gives the information about AC charging. SAE J1772 is 

mainly used for AC charging in Electric vehicles such as cars.  
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Figure 2.4: Block diagram of AC charging 

SAE J1772 Connector: This connector contains 5 pin configuration such as: AC line 1, AC 

line 2, Ground, Control pilot, Proximity detection. Proximity Detection: to prevent movement 

of the car while connected to the charger. Control Pilot: a 1 kHz square wave at +/- 12 volts 

is generated by the EVSE on the pilot pin to detect the presence of the vehicle, communicate 

the maximum allowable charging current, and control charging. 

 

Figure 2.5: SAE J1772 conductive charge coupler. 

DC Charging: The given figures give the information about DC charging. The standards for 

DC fast charging are still under development phase. SAE combo connector and CHAdeMO 

are the commonly used DC fast charging connectors/guns so far. The table 2.1 shows the 

different levels of DC charging. The figure 2.6, figure 2.7 shows the basic block diagram and 

charging coupler for DC charging. 
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Figure 2.6: Block diagram of DC charging 

 

 Table 2.1: DC Charging 

  

Voltage(DC) 

 

      Maximum current DC)  

DC level 1  

 

 200-450 V  

 

80 A 

 

DC level 2  

 

 200-450 V  

 

200 A 

 

DC level 3   200-600 V   400 A 

 

2.4 Standardisation Protocols 

In this section, the guidelines and standard specified by the Government of India are 

described. The general guidelines released by Ministry of Power, Government of India, on  

1
st
 October 2019 is as follows: 

¶ Private charging at residences/offices shall be permitted. Distribution companies 

(DISCOMs) may facilitate the same. 

¶ Setting up Public charging station shall be a de-licensed activity and any 

individual/entity is free to set up public charging station. 

¶ Any person seeking to set up a public charging station may apply for connectivity and 

he shall be provided connectivity on priority by the distribution company license to 

supply power in the area. 
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Every public charging station (PCS) will have the following infrastructure. 

¶ An exclusive transformer with all related substation equipment included safety 

appliances, if required. 

¶ 33/11 KV line/cable with associated equipment including line termination, if required. 

 

                

 

Figure 2.7: DC charging coupler 

 

¶ Appropriate civil works. 

¶ Appropriate cabling electrical works ensuring safety. 

¶ Adequate space for charging and entry/exit of vehicles. 

¶ PCS shall have, any one or more chargers or any combinations of chargers from the 

figure 2.8 

¶ Charging stations for e-two/three Wheelers shall free to install any charger other than 

that specified above subject to compliance of technical safety standards laid down by 

CEA. 
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¶ Tie up with at least one online network service providers (NSP), to enable advance 

remote/online booking for charging slots. 

¶ Share charging station data with appropriate DISCOM. 

¶  

2.4.1 Bharat EV AC charger (BEVC-AC001) 

This section presents the specifications of a Public metered AC outlet (PMAO) which 

is to provide AC input to the vehicle which has on-board chargers. This applies to electric 

road vehicles for charging at 230V standard single phase AC supply with a maximum output 

of 15A and at a maximum output power of 3.3kW. PMAO is a slow charger for low-power 

vehicles. 

General Requirements: The EV shall be connected to PMAO for conductive energy transfer 

function. The system will have following general specifications, 

 

                      

                Figure 2.8: Some standard charger 

¶ PMAO is supplied with three phase AC power and outputs single phase AC power. 

¶ Energy Transfer Mode is Conductive. 

¶ Each outlet will have up to three independent charging sockets. 
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¶ The PMAO has built-in metering, safety monitoring. 

Input requirement: 

¶ A.C. Supply System is 3 phase, 5 wire AC system (3 phases + N + PE) 

¶ Nominal Input Voltage is 415V 

¶ Input Frequency is 50Hz 

Output Requirements 

¶ Number of Outputs: 3 

¶ Type of each output: A.C., 230V (+6 and -10) single phase 

¶ Output Details: 3 Independent charging sockets. 

¶ Output Current: Three vehicles charging simultaneously, each at 15A current. 

¶ Limiting Output Current: Circuit breaker for each outlet limited to 15A current 

output. Breaker should be reset to resume operation. 

¶ Socket readiness: An LED to indicate that the socket is ready. 

¶ Isolation: Input and outputs should be isolated. Outputs should be isolated from each 

other. 

2.5 Conclusion 

Various charging station infrastructures are studied. According to the demand and 

type there are different kinds of EV chargers. The different charging efficiency levels are 

compared and the suitable one is selected according to the need. Different charging 

techniques such as level 1 charging, level 2 charging, DC fast charging and AC charging are 

studied and a comparison between their voltage power and time taken for charging are noted. 

The guidelines and standardization protocols are studied and according to that only charging 

station can be implemented. 
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Chapter 3 

METHODOLOGY  

3.1 Introduction  

Domestic motor vehicle sales in India during 2016-17 included 3.05 million passenger 

vehicles, 0.71 million commercial vehicles, 0.51 m three Wheelers and 17.59 two-Wheelers. 

The luxury car segment is relatively small with sales of just over 40,000 cars in 2018. The 

total number of registered motor vehicles reached approx. 230 million in March 2016 [14]. 

The India government envisage the number of EV's to be rapidly increase and also expecting 

the achievement of complete electric mobility by the year 2030. Rapid growth in the sales of 

EV's correlate to the rising demand of electricity, which would encourage the government 

more likely to implement fossil fuel, powered generating stations. Hence, this act would also 

contribute to harmful emission to the environment. The primary solution for the above crisis 

would be the dependency on renewable energy resources. Therefore, here in this project a 

solar powered grid connected system with charging capabilities for electric auto rickshaw is 

designed. The project discusses the effect of solar generation through proper result analysis. 

Distribution of PV Modules is studied. Load profile of electric vehicle is established to 

prepare the dependency to the grid power. 

3.2 Overall Picture 

The Proposed project includes a charging point mainly focused for Electric Vehicles 

(e-auto's, e-bikes), Mobile Phone Charging Circuit, and Automatic controlled Lights in the 

Bus Station. E- Auto produced by the Kerala Automobiles Ltd is equipped with 5.4 kWh 

(ranging from 2 kW to 5.4 kW) Battery capacity. Capacity of PV Panel to be installed = 

6kW, Minimum of 3 kW is required to connect to the Grid. There for assuming 5 hours as the 

Peak Sun Hours, a capacity in the range of 24-30 kW per day can be produced in a day. As 

the PV Panels produce 24-30 kW per day, 2-3 e-autos can completely be charged from the 

renewable generation. Additional demand can be compensated by utilizing the Grid power. 2-

3Street Lights in the Bus station can be automated to operate in the evening, which includes 

three 100W Street LED Lights, with a required capacity of 300W. Hence the system is 

capable of covering a demand of approximately 6-7.5 kW. The figure 3.1 shows the overall 

picture and the figure 3.2 shows the block diagram of the PV plant. The usage of such kind of 

automatic street lights can avoid unwanted loss of energy from the human errors. The motive 
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of the project as a whole is to preserve the energy generated and to replace the existing 

system with collective sustainable sources. 

 

Figure 3.1: Block diagram of the proposed system 

 

                          

 

Figure 3.2: Block diagram of PV plant 
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Lights in the Bus station can be automated to operate in the evening, which includes three 

100W Street LED Lights, with a required capacity of 300W. Hence, the system is capable of 

covering a demand of approximately 6-7.5 kW. The figure 3.1 shows the overall picture and 

the figure 3.2 shows the block diagram of the PV plant. The usage of such kind of automatic 

streetlights can avoid unwanted loss of energy from the human errors. The motive of the 

project as a whole is to preserve the energy generated and to replace the existing system with 

collective sustainable sources. 

3.3 Conclusion 

Electric vehicle industry as a rising field of technology enhances passages for other 

sectors to build up with this. Here come the importance of the charging infrastructure 

development and its priority in maintaining the life cycle of electricity production. The 

system as proposed indicates a green energy signal through which incorporates sustainable 

energy to a charging infrastructure. The design explained here induces a profound importance 

of integrating such sustainable sources and providing customer friendly necessary services 

within them. As part of this section, it is evidently put forward the idea of developing such a 

charging infrastructure which could be in par with the nature. The system also provides 

Mobile phone charging outlet and automatic street light system with it. 
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Chapter 4 

SIMULATION  

4.1 Introduction  

The primary solution for the crisis would be the dependency on renewable energy 

resources. Therefore, here in this project a solar powered grid connected system with 

charging capabilities for electric auto rickshaw is designed. The project discusses the effect of 

solar generation through proper result analysis. 

 

4.2 Simulation of Solar System 

A Solar Powered Grid connected Charging station is considered, where a 6 kW solar 

system is selected for performance study. The system is to be installed Chinnakada, Kollam, 

Kerala India for facilitating provision for charging of electric auto rickshaw operators. The 

integration of Solar panel compensates the energy supplied to the load from the grid. The 

6kW system is chosen considering the load profile of the electric auto available within the 

described area. The system is capable of extending the capacity to meet future demand. 

4.2.1 Simplified schematic diagram 

PV Array is capable of generating a certain required demand. As the system is grid 

tied, excess requirement is compensated by utilizing sufficient power from the grid supply. 

The overall schema is distributed into three subsystems P Array, System, User/ Load. 
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Figure 4.1: Simplified Schematic Diagram of the System 

 

4.2.2 Geographical location selection and orientation of panels 

The proposed Solar Powered Charging station is to be implemented on the location 

Chinnakada, Kerala, India as mentioned in Table 4.1 

 

    Table 4.1: Geographic location 

Geographical site  

 

Chinnakada  

 

Time zone  

 

UT+5.5 

 

Latitude  8.89_N  Longitude  6.59_E 

 

4.2.3 Load profile 

The charging station is designed to suit for electric auto's, load profile varies between 

4.8 to 5.4 kW. Simultaneous usage of multiple load was also considered with a maximum 

value up to 10.8 kW. The daily load profile of e-autos from our observation is shown in the 

Table 4.2.  Figure 42 represent the daily load graph. 

 

Table 4.2: Load profile 

 Time 0 1 2 3 4 5 6 7 8 9 10 11 

Load (KW)  0.0 0.0 0.0 0.0 0.0 10.2 0.0 0.0 0.0 0.0 0.0 5.4 

Time 12 13 14 15 16 17 18 19 20 21 22 23 

Load (KW)  4.8 0.0 0.0 0.0 0.0 0.0 5.4 4.8 0.0 0.0 0.0 0.0 
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Figure 4.2: Daily load graph 

 

4.3 Conclusion 

The Table indicates energy distribution over whole year, representing the Horizontal 

Global irradiation, Ambient Temperature, Effective Energy at Output of Array, Energy 

supplied to the user, Energy from the sun, Energy injected into Grid and Energy from the 

Grid. 

 

Global Hour  : Horizontal Global irradiation 

TAmbient  : Ambient Temperature 

EArray  : Effective Energy at output of array 

Euser   : Energy supplied to the user 

ESolar   : Energy from the sun 

EGrid   : Energy injected into the Grid 

EFrGrid  : Energy from the grid 

 

Table 4.3 indicates energy distribution over whole year, representing the Horizontal 

Global irradiation, Ambient Temperature, Effective Energy at Output of Array, Energy 

supplied to the user, Energy from the sun, Energy injected into Grid and Energy from the 

Grid. Annual Array output is obtained to be 12.017 MWh, Energy supplied to the User as 

11.169. Energy injected to the Grid is 8.620 MWh/year and Energy from the Grid as 8152 

MWh/year. 
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                                                    Table 4.3: Result of the Simulation 

 Global 

Hour 

KWh/m2 

T-

Ambient 

     0
C 

E-

Array  

  MWh  

 

E-User    

MWh  

 

E-Solar 

MWh  

E-Grid 

MWh  

 

EFrGrid  

MWh  

 

 

Jan 168.5  27.17  1.151  0.949  0.287  0.829 0 0.522 

Feb 167.3  27.78  1.086  0.857  0.271  0.782  0.585 

Mar  195.2   28.72   1.150   0.949   0.288   0.865   0.661 

Apr  176.3  28.29  1.025   0.918  0.257  0.735   0.661 

May 165.7  28.56  0.940  0.949  0.240  0.670  0.708 

Jun 137.1  26.58  0.787  0.918  0.206  0.554  0.712 

Jul 151.2  26.62  0.866  0.949  0.222  0.616   0.727 

Aug 163.9   26.65  0.962  0.949  0.251  0.680  0.698 

Sept 167.0  26.48  1.019   0.918   0.244  0.743   0.674 

Oct 157.8   26.85   1.005   0.949   0.251  0.723 0.698 

Nov 137.3  26.48 0.918 0.918 0.235 0.653 0.683 

Dec 154.8  27.10 1.068 0.949 0.266 0.769 0.683 

 1942.0  27.27 12.017 11.169 3.017 8.620 8.152 
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Chapter 5 

SURVEYS 

5.1 Introduction  

In this chapter we are discussing about the solar radiation and the number of vehicles 

registered in Kerala in different years based on their fuel type. The solar data is collected 

from the department of mechanical engineering, TKMCE where they installed an 

environment monitoring system inside the campus of TKMCE. The vehicle data is collected 

from the website of Ministry of road transport and highways, Government of India, 

https://parivahan.gov.in/. 

5.2 Solar Radiation in Different Months 

We plot the graph between solar radiation, temperature to the time in a day. Chose the 

random date in a month from march to October and presented in this report. These data are 

used for the simulation of solar system using PvSys software. These graphs leads to some 

findings about solar radiations and temperature in the environment in different times in 

different daysô in different months. 

              

  (a) 
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            (b) 

 

 

                                        (c) 
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                        (d) 

 

 

 

                        (e) 
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              (f) 

 

 

 

                 (g) 
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                           (h) 

 

 Figure 5.1: Solar radiation in (a) March (b) April (c) May (d) June (e) July (f) 

September (h) October 

 

5.3 Number of Vehicles in Kerala Based on Fuel 

In this section we looking for the trending/number of the registered vehicles in Kerala 

these days. From the collected data mainly focused on petrol, diesel and electric vehicles. The 

table 7.1 shows the year wise data of vehicles, and the figure 6.2 and figure 6.3 shows the 

graphical analysis on this trend. 

Table 5.1: Based on fuel 

Year Electric Diesel Petrol 

2015 33 121619 764538 

2016 19 110021 818950 

2017 64 118125 891395 

2018 242 129215 913893 

2019 465 106108 791622 
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Figure 5.2: Number of vehicles registered in Kerala 

 

 

 

Figure 5.3: Number of EV registered in Kerala 

5.4 Conclusion 

The changes in the solar radiation throughout the day was plotted and the time in 

which radiation is maximum and minimum was able to be found out. The different variations 

that can occur in the production of electricity from solar could be predicted which enable us 

to calculate the peak time and the demand can be easily satisfied. Comparison of the number 

of electric, petrol and diesel vehicles produced year wise is also done which gives us an 

accurate idea of the increasing demand of the charging station. 
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Chapter 6 

REGRESSION BASED ELECTRIC 

VEHICLE COUNT PREDICTION  

MODEL  
6.1 Introduction  

Due to the increased public awareness on the benefits of the sustainable energy the 

number of electric vehicles users are increasing drastically. This creates an increased demand 

for the charging stations as well as the power to charge these electric vehicles. Also there will 

be a need to know the amount of electric power to be produced for all these. It is a necessity 

to predict this increase in the production of electric vehicles, the electricity needed as well as 

its charging stations for the market. Year wise count of electric vehicles sold in Kerala is 

collected and a graph is plotted. This gives us an incremental graph and using different 

methods we are able to predict the futuristic value of demand for the electric vehicles. For the 

year wise statistical analysis and predictive modelling, linear and polynomial regression 

techniques are 

used. Regression analysis enables curve fitting, thus constructing a curve that has the best fit 

to the collected data. Therefore, we are able to enter a year and are able to forecast the 

electric vehicles number of the corresponding year. We are benefitted a lot by forecasting this 

number as this will enable us to know the future electricity demand and the demand for 

electric vehicle charging stations too. 

Table 6.1: Values received from database 

Sl.No Year Count 

1 2005 55 

2 2006 175 

3 2007 353 

4 2008 928 

5 2009 333 

6 2010 189 

7 2011 147 
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8 2012 120 

9 2013 80 

10 2014 34 

11 2015 33 

12 2016 19 

13 2017 64 

14 2018 242 

15 2019 465 

16 2020 800 

 

6.2 Proposed design 

 Here we discuss the possibility of forecasting future Electric Vehicle distribution in 

Kerala district, thereby understanding and analysing the future demands of electric energy 

and the charging infrastructures. The energy requirement in the near future will be a large 

drastic rise, therefore proper planning is required to be considered in order to feed supply for 

the same. We used python language with certain package of its to determine the forecasting 

of electric vehicle production. The electric vehicle distribution within the state is collected 

from the Kerala motor vehicle department database which has been used to determine the 

predictive analysis of the curve. 

Python packages like Numpy, Matplotlib, pandas etc were used for the study of given data 

through linear and polynomial regression methods. Python comprises of multiples libraries 

and models to help the developers to efficiently plot and spontaneously finding a preferable 

outcome for the different parameter inputs. The table 6.1, shows the data value received from 

the Kerala Motor vehicle department database. The normal distribution of resultant count to 

the respected year is shown in the figure 6.1. The graph explains the sudden trend in electric 

vehicle industry for a short span of time. Mostly the trend is set to the production of electric 

auto rickshaws as the initial step towards electric mobility. Proposed design look forward to 

create a predictive model through mathematical regression and thereby comparing the linear 

and polynomial regression dependencies with the given dataset. Model thus created could be 

used in understanding the energy demand forecasting and energy infrastructure to a large 

body dealing with it. This model contributes to the upcoming energy demand predictions thus 
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to prepare sufficient lump of load expected in the future. Therefore, we can accurately 

determine 

to an extent the rightful amount of energy required. 

 

 

                                                        Figure 6.1: Normal plot 

create a predictive model through mathematical regression and thereby comparing the linear 

and polynomial regression dependencies with the given dataset. Model thus created could be 

used in understanding the energy demand forecasting and energy infrastructure to a large 

body dealing with it. This model contributes to the upcoming energy demand predictions thus 

to prepare sufficient lump of load expected in the future. Therefore, we can accurately 

determine to an extent the rightful amount of energy required. 

The aim of this regression is to model the expected value of dependent variable i.e., 

annual year in terms of the value of man independent variable count of electric vehicles. In 

simple regression methods, the equation 6.1 is being used. 

 

y = a + bx + e     (6.1) 
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Here, y is the dependent variable, a is y intercept, b is the slope and e is the error rate. In 

many cases linear model doesn't work out thus we can use quadratic equations in certain 

cases. 

 

y = a + b1x + b2
2
+ e 

 

In general, we can model it for the nth value. 

Importing necessary Regression required packages 

Initial stage for the creation of regression requires the import of libraries and data sets. 

import numpy as np 

import matplotlib.pyplot as plt 

import pandas as pd 

datas = pd.read csv('data.csv'). 

 

Here data.csv is the excel file which contains the dataset of electric vehicle count dependent 

on 

the year from 2005 to 2020 as in table 6.1. 

Dividing the dataset into two different components.  

The dataset is divided into two different arrays distinguishing the dependent and variable data 

values. 

X = datas.iloc[:, 1:2].values 

y = datas.iloc[:, 2].values 

Linear Regression fitting 

Linear regression fitting is found within the two different dataset values X and y 

# Fitting Linear Regression to the dataset 

from sklearn.linear model import LinearRegression 

lin = LinearRegression() 

lin.fi t(X, y) 
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Figure 6.2: Linear regression plot 

 

Polynomial Regression fitting 

# Fitting Polynomial Regression to the dataset 

from sklearn.preprocessing import PolynomialFeatures 

poly = PolynomialFeatures(degree = 4) 

X poly = poly.fit transform(X) 

poly.fit(X poly, y) 

 lin2 = LinearRegression() 

lin2.fit(X poly, y) 

With the help of matplotlib package the curve plot both linear and polynomial regression 
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Figure 6.3: Polynomial regression plot 

 

 

were produced, shown in figure 6.2 and figure 6.3. Hence it can be deduced from the 

regression graphs that the linear regression prediction curve is descending where the 

polynomial regression curve rises with large variations. Prediction of the required value can 

be analysed through the same sklearn package, where the random predicted values of linear 

and polynomial regression can be compared. 

6.3 Result 

Linear and Polynomial relation of the data points have been deduced from the figure 

6.2 and figure 6.3. On analysing the curve formation in the both cases, it can be understood 

that the linear regression plot shows slow increase in the prediction curve whereas an 

exponential increase at the end points can be observed in the polynomial regression. 

Therefore, polynomial regression based prediction model can be concluded to possess better 

efficiency than the linear model. The comparison of prediction through both linear and 

polynomial regression methods are shown in the table 6.2. Predicted values of Linear and 

Polynomial are distinguished for a range from 2021 to 2049. The plots of predicted values of 

both Linear and Polynomial are 
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Figure 6.4: Predicted graph using linear regression 

 

 

 

 

   Figure 6.5: Predicted graph using polynomial regression 
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shown in figure 6.4 and figure 6.5, respectively. With the mathematical representation of both 

the curves it could be easily able to predict the upcoming forecasted values. 

Table 6.2: Comparison of predicted values 

Year Linear regression value Polynomial  regression 

value 

2021 284 1326 

2022 288 1961 

2023 292 2753 

2024 296 3719 

2025 299 4873 

2026 303 6232 

2027 307 7812 

2028 311 9626 

2029 315 11693 

2030 318 14026 

2031 322 16642 

2032 326 19556 

2033 330 22785 

2034 334 26343 

2035 338 30247 

2036 341 34512 

2037 345 39154 

2038 349 44190 

2039 353 49634 

2040 357 55503 

2041 360 61812 

2042 364 68579 

2043 369 75817 

2044 372 83545 

2045 376 91776 

2046 379 100528 

2047 383 109817 
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2048 387 119619 

2049 391 130069 

 

 

6.4 Conclusion 

This chapter describes the predictive model creation of electric vehicle count within 

the state of Kerala. The dynamic increase in the emergence of electric vehicles within the 

market, implies the upcoming energy demand in the form of electricity. Thus we can have a 

proper prediction of electricity and also the number of Electric Vehicle charging stations to 

be implemented for the public. The chapter points out the immediate actions to be taken by 

the authorities to compensate the huge rise in this demand. Thus so much of the energy 

calculation can be directly found out from the prediction model of electric vehicle and the 

count that can be observed in the coming future. The paper brings the idea of polynomial 

regression as a source for finding the predictive value with the help of suitable python tools. 

It also manipulates the difference to be observed between the linear and polynomial 

regression model while considering the precision of different predictive models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



--------------------------------------------------------------------------------------------------------------------------------------
---- 

P a g e | 44                            Dept. of Electrical and Electronics Engg. TKMCE  
 

Chapter 7 

 

REVIEW OF SYSTEM COMPONENTS 

7.1 Solar PV system 

 The items required for Solar PV system is listed in Table  

 Table 7.1 List of items for Solar PV System 

 

7.1.1 Solar Panels 

A PV module is an assembly of photo-voltaic cells mounted in a frame work for installation. 

Photo-voltaic cells use sunlight as a source of energy and generate direct current electricity. 

A collection of PV modules is called a PV Panel, and a system of Panels is an Array. Arrays 

of a photo voltaic system supply solar electricity to electrical equipment. By considering our 

6kW requirement we are installing 18 solar panels of 335W rating each and the optimum tilt 

angle for the panel is 15 degree. 
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Figure 7.1 Solar Modules, 325W/330Wp Multi crystalline (TATA ) 

7.1.2 Solar Inverter 

A solar inverter or PV inverter, is a type of electrical converter which converts the variable 

direct current (DC) output of a photo voltaic (PV) solar panel into a utility frequency 

alternating current (AC) that can be fed into a commercial electrical grid or used by a local, 

electrical network. Here we use a 6KW On-Grid Connected, Three Phase Solar Inverter with 

inbuilt MPPT. Maximum power point tracking (MPPT) is a technique used commonly with 

wind turbines and photo voltaic (PV) solar systems to maximize power extraction under all 

conditions. Figure 3.6 shows the Growatt Grid Connect Solar String Three Phase Inverter- 6 

KW. 
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Figure 7.2: Growatt Grid Connect Solar String Three Phase Inverter- 6 KW 

 

7.1.3 Three phase net meter 

Net metering is an agreement that allows the solar PV system owner to sell excess solar 

energy to the utility company or buy deficit energy from the utility company using a meter to 

track this energy exchange. The loads can run on solar power as long as there is sufficient 

energy available from the sun during the day. Any deficit is taken care by the main utility 

supply. However, if the solar energy production is in excess as compared to the load 

requirement at that moment, the excess energy can be transferred back to the utility grid. This 

difference of energy is tracked and maintained in Net Meter. Range: 10-60A in Accuracy 

Class-1. 4 quadrant meter with pulse output LED's for kWh & kVArh. Separate readings for 

Active Energy kWh, kVAh Import & Export.Net Energy kWh with sign. Figure 3.7 shows 

the picture of Net meter. 

  The net meter is tested and waiting for connection. It will be connected only after 

submitting a service agreement to the KSEBL.  

Figure 3.8 shows the drawing for the implementation of ongrid solar power plant at 

KSEBL 
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Figure 7.3: Net meter  
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Figure 7.4: Drawing submitted at KSEBL for grid integration  

7.2 EV Charger  

 

The figure 3.9 shows the image of the charging unit. In this unit contain the following things, 

_ Compliant with Bharath EV Charging Standards 

_ Number of Outputs: 3, 230V -15A  single phase each 

_ IEC 60309 based charging connectors 

_ Metering using certified Energy Meter for compliance with Indian Standards 

_ Large 7-inch Touch Screen display for a straight forward user experience 

_ Ingress protection category: IP-54 
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Figure 7.5: Electric Vehicle Charging Station 
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Chapter 8 

AUTOMATIC LIGHT  AND MOBILE CHARGING UNIT  

 

8.1 Introduction   

The objectives the proposed works include automatic lighting and mobile charging units. 

Light in the charging area can be automated and powered by the system. The proposed 

system automatically controls the Light in the charging station, with its operation after 7 PM. 

A Mobile Phone Charging circuit is also incorporated for the work. Mobile Phone Charging 

circuit can be implemented by providing a 230V Plug point and Universal Multi Pin Smart 

Phone Charger.  

8.2 Automatic Light   

The figure 8.1 shows the circuit for the lighting system in the charging station area. This 

system is very essential to our station, so that vehicles can be charged even if light goes 

down.  

Working: The circuit comprises of LDR to light the lamps.  During daytime when there is 

enough of light, the LDR will have low resistance and the circuit will be conducting. In such 

a case the relay will be inter normally on condition. As it can see from the circuit in such a 

condition the lamp will not be lighted as if it is an open circuit. As soon as the light goes 

down, the resistance of LDR will increase and this will lead to the relay of condition and 

hence the lamp will be lighted, using LDR returns ec2 automatically switch on and off the 

light as per requirement when the light in the area is low. The need for manually switching on 

and off does not exist and hence the charging station becomes completely automatic. Figure 

8.2 shows the installation of automatic lighting setup in the charging area. 

Power charging station is a completely automatic charging station where user can charge 

their vehicles automatically through the system that is installed. In such a condition it is also 

necessary that the lighting systems in our charging station are also self-automated. Therefore, 

designed and implemented the automatic lighting system by using the LDR. 
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Figure 8.1. Circuit diagram for Automatic Lighting System 

 

Figure 8.2. Automatic Lighting System 

 

8.3. MOBILE CHARGING UNIT  

The figure 8.3. shows the circuit diagram of the mobile charging unit. The AC supply taken 

from the main supply is step down using a transformer. The output is given to an USB wall 

socket after rectification and filtering (figure 8.4). At the time of charging the vehicle, it can 

also charge the mobile phones from the charging station. 
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Figure 8.3. Circuit for Mobile  Charging Units at Electric Vehicle Charging Station 

 

 

Figure 8.4. Mobile Charging Units 
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Chapter 9 

CONCLUSION 

The movement of automobile sector from conventional fossil fuelled vehicles to Electric 

vehicles are drastically increased. There is a requirement for more electric vehicles charging 

station in the roadsides of highways in regular intervals like the petrol pumps now. This 

electric charging increases the needs of more electricity. If the demand of electricity increases 

the respective department want to produce more electricity by hydro-power plant, thermal 

plants, etc. The use of fossil fuels also leads to environmental pollution. So we need a grid 

connected solar powered electric vehicle charging station. This can reduce the cost of battery 

for store charge in day time and provide charge for charging in night time, the efficiency of 

battery is also small. So by eliminating batteries we can improve the performance. After 

analysing the requirements of the charging unit and solar system using the PvSyst software, 

we realize that the 6 KW solar panel is essential for supplying power to the charging unit. 

And our conclusion was presented as a paper in a conference (International Conference on 

Automation, Signal Processing, Instrumentation and Control (iCASIC 2020)), that will 

publish in Springer proceedings in their edition ñAdvance in Automation, Signal Processing, 

Instrumentation and Controlò .Then after proper studies of the charging infrastructure 

protocol released by the government of India we select a charging unit which has compliance 

with the protocols. Our main focus are the E-Autos released by Kerala automobiles and the 

Mahindra Treo. In implementation part, the solar panel is implemented on the building in 

Chinnakada, Kollam which is owned by Kollam municipal corporation, and the charging unit 

is erect in ground of that building near the roadside. We also made some prediction of 

number of electric vehicles in Kerala in coming years by regression methods, based on the 

data collected from website of ministry of road transport and highways (Parivahan). Also 

installed the mobile phone charging unit and automatic light near the charging station. At the 

time of charging their vehicle, they can also charge their mobile phones from our charging 

station. 

Future Scope: In future we can incorporate the charging units for electric cars and bus along 

with this unit. Also the implementation of wireless charging can be incorporated in the future.  
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DETAILS OF THE PROJECT  
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     Abhiraj P 

     BTech Student  
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Climate change is one of the major threat being faced in this era. As it is observed that 

the lionôs share of pollution caused is due to the major fossil fuel usage in the 

transportation sector. 

Kerala has been facing severe environmental pollution with increased use of fossil 

fuels in the transportation and industrial sectors which result in Climate changes. 

Kerala now has over 25 lakh licensed vehicles on the road wherein the total length of 

the carriage way is only 21347 km.  

Demand for electric power in the future intensify the uncertainty on depending 

renewable resources. This project proposes the idea of grid connected solar powered 

charging station to deliver sufficient energy for the charging of electric vehicle. These 

stations could be located along a highway, or personalized for an in house installation. 

This project mainly prefers the installation of PV Panels among the Governmental 

infrastructures, Houses, Bus stops. 

A smart user interface to locate the charging stations will be implemented and the 

total cost of charging station is reduced by the elimination of batteries. The 

automobile industry is migrating into electric mobility and it is expected to have a 

large number of EVôs in the near future. EV requires regular charging, this further 

increases the electricity demand and utilization of fuels for generation. Moreover, the 

infrastructure is also not available. 

1.4 Total Budget Outlay    :   6,78,500.00 Rupees per Station 

 

1.5 Duration of the project    :   1 year 

 

1.6 Implementing Geographical Area  :    

 

Project is planned to implement in the Chinnakkada Bus Station, Kollam (Approval 

from all concerned departments) 

1.7 Expected Output and Outcome  :   

 

¶ Climate change is one of the major threat being faced in this era. As it is observed that 

the lionôs share of pollution caused is due to the major fossil fuel usage in the 

transportation sector. 

 

¶ The expected increase in the electric vehicle production in the transportation sector 

would drastically increase the electric power demand. As Keralaôs energy production 

isnôt enough to cover the demand, dependency on renewable energy has to be 

considered. The proposed project can contribute the renewable energy to feed the 

power grid. 

 

¶ The proposed project focus on the charging of Electric Autoôs, as the Kerala 

Automobiles plant with capacity to rollout 7000 e-autos annually is lacking for 

charging stations in Kerala. 
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¶ A Public Mobile Charging System will also be equipped within the charging station 

for the public use. 

 

¶ Charging station Implementation will enhance the usage of sustainable electric 

vehicles in large count. 

 

¶ Commercializing charging station will help the government to economically 

implement more sustainable projects.  
 

1.8  Details of Beneficiaries  :   

 

¶ Kerala State Electricity Board would be able to meet the demand in the future with 

least dependency of thermal power plant which even produce more pollution. 

¶ Every citizen who owns an electric vehicle can depend on these charging station. 

¶ Kerala state road transport sector with their new initiative of electric buses can be     

encouraged further. 

¶ Kerala Automobiles Limited has initiated bulk production of Electric ï Auto and the 

autos will be launched in the market during this Onam 2019. The proposed charging 

station will be great aid for the new launch and implementing a solar powered 

charging station encourages sustainable transportation with low cost. 

¶ Passengers will be provided with Mobile Charging Facilities at the Bus Stations. 

¶ The charging station will create new employability. The operational monitoring and   

Management of the station can be given to Kudumbashree Units and it provide 

technician employability also. 

     

 

Detailed Project Report  

Grid connected Solar Powered Charging Station for Electric Vehicles 

2.1  Introduction  

The use of Electric Vehicles is growing fast as a dependable alternative to gas-

powered vehicles. The Electric Vehicle charging has traditionally been grid-based but 

use of solar powered chargers has materialized as a fascinating opening. These 

chargers are pollution free and provide clean electricity to electric-powered cars. It 

results in a sustainable impact to the environment. 

With electric vehicles becoming more affordable every year, investors are starting to 

see the demand for charging stations rise as well. We wanted to use this fact and the 

idea that electric vehicle consumers are typically environmentally friendly individuals 

to create an electric vehicle charger using 100% renewable energy. As of now, the 

electric grid is not nearly as dependent on renewable energy as it is with fossil fuels. 

 

This impact can be reduced by creating an on-the-grid, Solar Powered Electric 

Vehicle Charging Station. The current scenario in the Keralaôs power generation is 

that, of the total power generation about 73.06 % is produced from hydel. 
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Hydropower has the ability to generate electricity without emitting greenhouse gasses. 

However, it can also cause environmental and social threats, such as damaged wildlife 

habitat, harmed water quality, obstructed fish migration, and diminished recreational 

benefits of rivers. The other hand of production from thermal power plants, which is a 

major threat of producing environmental pollutions. 

By the effective implementation of proposed a Grid connected solar powered 

charging station can reduce problems caused due to the future demand crisis. 

Economically this would enable the public sector to improve the project through 

protection against environmental pollutions. The project can be implemented through 

a cost effective, pollution free technique by the elimination of batteries in the 

operation. Grid connected Solar Powered Charging Systems helps in sharing power to 

the main supply covering the demand for electricity to some extent. 

 

From recent reports, Kerala Automobiles Limitedôs (KAL) introduced a three-seater 

environment- friendly auto rickshaw which is the first public sector undertaking to get 

approval in the country. The KAL has planned to commercially produce e-autos 

across Kerala, with limited public charging stations. Demand for the charging stations 

indicates the importance of our Project in the present situation. The proposed project 

provides Mobile charging facility at the Bus Station for the public, Automatic control 

of Street lights around the Bus Station, Solar powered Grid connected Charging for E- 

Bikes and E-Autoôs. The Charging Station Management can be effectively done with 

the help of Kudumbashree.  

 

2.2  Objectives of the Project  

¶ Design a sustainable charging station to reduce the future demand of electricity. 

 

Electric vehicle becoming more affordable every year, investors are starting to 

see the demand for charging station as well. 

The automobile industry is migrating to electric mobility and more EVs are 

expected in the future, which eventually increases the demand for electricity. 

The government will be forced to depend more on generation from fossil 

fuels. This effect can be reduced with the Solar powered charging stations.  

 

¶ Design a solar powered charging station to eliminate the over usage of fossil fuel 

which increases the air pollution and leads to Climate Changes. 

 

Raised demand forces the government to depend on the thermal power plants 

which uses coal as its driving fuel. The main emissions from coal-based power 

plants that contribute to air pollution include sulphates, nitrates, mercury, and 

secondary particulate matter (which is largely formed by SOX emissions). 

Coal, fly ash, and secondary particles from thermal power plants and 

industries in Delhi contribute 35% of PM2.5 in the winter and 41% of PM2.5 

in the summer. Since Delhi has 13 thermal power plants with a capacity of 
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over 11,000 MW within a 300-km radius, these emissions are often blown into 

the NCR by the northwesterly winds. 

 

¶ Design of a Mobile Phone Charging circuit. 

 

Mobile Phone Charging circuit can be implemented by providing a 230V Plug 

point and Universal Multi Pin Smart Phone Charger. 

 

¶ Design of Automatic control circuit for Street Lights near the Local Station. 

 

2 - 4 Light can be automated and powered by the system. The proposed 

system automatically controls the Lights in the charging station, with its 

operation after 7 PM. 

 

¶ Design user interface for the electric vehicle charging. 

 

Design of Application which displays the charging stations in Kerala. In 

Future, payment for the energy consumption, Analysis of energy consumed 

can be implemented. 

2.3  Scope of the Project  

 

Project scope 

description 

 

Grid connected solar fed Charging station. This is a renewable 

energy harvesting by the use of PV Panels, which would enable 

the charging of electric vehicles. Grid connection of such energy 

will help the sharing of energy with economic benefits. Usage of 

this smart charging reduces the cause for climate change in 

certain manner. 

Mobile Phone Charging Facility can be implemented in the 

Station for the Public. 

Automated control of Street Lights around the Local Station with 

Solar powering can be made possible. 

  

 

 

Project Deliverables 

 

- Normally a charging station is powered by conventional 

grid supply but it has many limitations and disadvantages. 

Hence a solar powered charging station is proposed.  The 

implementation of switching circuit enables us to switch 

supply. 

 
 

 

Project Acceptance 

Criteria  

 

- The proposed project has environmental, social, 

technological and economic relevance. 

-  The system works with solar power source and hence, it 

has no emission and support the mission ñclimate 

changeò. 

- System can be installed in public places and could be used 
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by individuals 

- Cost effective solution for electric vehicle charging (E-

Autos, E-Bikes), Mobile Phone Charging for public and 

also to power Lights in the Bus Station. 

 

 

Project Constraints 

 

- Maximum Efficiency can only be expected during 

summer. 

- A maintenance team with experts has to be formed. 

- Implementation in a large area is needed for fulfilling the 

demand. 

 

2.4  Materials and Methodology   

 

 

          

                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

Design of the System: 

 
The Proposed project includes a charging point mainly focused for Electric Vehicles 

(e-autoôs, e-bikes), Mobile Phone Charging Circuit, Automatic controlled Lights in 

the Bus Station. 

E-Auto produced by the Kerala Automobiles Ltd is equipped with 5.4 kWh (ranging 

from 2 kW to 5.4 kW) Battery capacity.  

 

 

Solar Panels 

(6KW) 

 

 

Charge Controller 

with MPPT 

 

Grid connected 

Inverter 

(7.5 KW) 

 

Distribution Panel 

Mobile Phone 

Charging Circuit 

Street Light Load 

with Automatic 

control. 

(300 W) 

 

Electric Vehicle 

Charging 
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Capacity of PV Panel to be installed = 6kW, Minimum of 3 kW is required to connect 

to the Grid.  

There for assuming 5 hours as the Peak Sun Hours, a capacity in the range of 24-30 

kW per day can be produced in a day.  

As the PV Panels produce 24-30 kW per day, 2-3 e-autos can completely be charged 

from the renewable generation. Additional demand can be compensated by utilizing 

the Grid power.  

2-3 Street Lights in the Bus station can be automated to operate in the evening, which 

includes three 100W Street LED Lights, with a required capacity of 300W. Hence the 

system is capable of covering a demand of approximately 6-7.5 kW. 

 

2.5     Review of the work done (if any) in the proposed area, National and International  

level   

Smart charging station was inaugurated in national capital for the charging of electric 

vehicles. 

In a bid to push electric mobility in the country, the government has approved a plan 

to set up 131 public charging stations in the capital. The plan includes setting up some 

of these stations at such locations so that electric vehicles coming from Noida, 

Gurugram, and Ghaziabad as well. The plan approved by the Ministry of Power and 

Delhi government includes setting up 33 EV chargers at Metro stations. The smart 

public chargers are of 15 kilowatt power and will fully charge a vehicle in one hour.  

EV charging station is equipped with an analytic platform to help consumers get a 

seamless online experience. It also said through the ElectreeFi mobile app, an EV 

consumer can locate the nearest charging station, make advance booking of their 

charging time and even pay online. Charging initiation and session authentication will 

be done using RFID, SMS and mobile apps, and an alert will be sent if the vehicle 

connector is not properly connected to the EV. The smart public chargers are of 15 

kilowatt power and will fully charge a vehicle in 60-90 minutes. 

Here the charging station is not much dependable to the solar energy, where they 

failed to implement a completely renewable source of energy. 

Metro Station in Ernakulam, has e-auto facility with charging station implemented in 

the station itself. The cost for transportation is lesser, but limited by the range of 

travelling. This is due to the absence of charging station other than those installed in 

the metro stations.  

 

 

 

 

 

 

 

 

 

 Electric Auto developed by Kerala Automobile Ltd, 

Thiruvananthapuram 
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2.6  Details of project implementing geographical area  

Project is planned to implement in the Chinnakkada Bus Station, Kollam (Approval 

from all concerned departments.) 

2.7  Details of R&D component, if any  

Nil  

 

2.8  Beneficiaries of the Project  

-This project enhances the lifestyle of people to a way of sustainable living. This 

is will allow the charging of electric vehicles for the owners.  

-KSRTC has initiated their electric buses, it can also be utilized by them.  

-More investors looking forward for the production of electric vehicles will be 

encouraged.  

-Reduction of the power per unit can be reduced with the usage of renewable 

source of energy. Replaces conventional gas engine vehicles with electric vehicles. 

-Kerala State Electricity Board would be able to meet the demand in the future 

without any furth er dependency toward thermal power plant which even 

produce more pollution. 

-Kerala Automobiles limited is initiating bulk production of Electric ï Autoôs, 

there for implementing a solar powered charging station encourages sustainable 

transportation with l ow cost. 

-Passengers will be provided with Mobile Charging Facilities at the Bus Stations. 

    

  

Mahindra Treo  
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2.9  Significant output and outcome of the project  

Output of Project 

 

¶ Climate change is one of the major threat being faced in this era. As it is observed 

that the lionôs share of pollution caused is due to the major fossil fuel usage in the 

transportation sector. 

 

¶ The expected increase in the electric vehicle production in the transportation 

sector would drastically increase the electric power demand. As Keralaôs energy 

production isnôt enough to cover the demand, dependency on renewable energy 

has to be considered. The proposed project can contribute the renewable energy to 

feed the power grid. 

 

¶ The proposed project focus on the charging of Electric Autoôs, as the Kerala 

Automobiles plant with capacity to rollout 7000 e-autos annually is lacking for 

charging stations in Kerala. 

 

¶ The Project expects to provide Public Mobile Charging System near the bus 

station for the passengers. 

 

¶ Charging station Implementation will enhance the usage of sustainable electric 

vehicles in large count. 

 

¶ Commercializing charging station will help the government to economically 

implement more sustainable projects.  

 

 

Outcome of Project: 

 

¶ Aims for sustainable green transportation. 

¶ Reduces the overall carbon emission by the elimination of petrol / diesel 

engines. 

¶ Usage of unlimitedly available resources doesnôt cause any sort of depletion 

of power. 

¶ Energy production with no limitation is possible. 

¶ Employability  
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2.10   Detailed budget and year wise work plan with proper justification  

 

 

Work Plan 

 

Initial survey of project 

development 

 

Understanding the suitable places (Bus stops, infrastruct ures 

etc.) with desired solar power harvesting specifications for 

the installation of PV Panels. 

Analyzing the scope of project in different parts of the state 

and finding suitable companies for collaboration. 
 

 

Proper Study on the 

implementation of 

project 

 

 

Components required for the project are listed. 

Complete study of technical aspects of the project. 

Seeking Mentorship for the project from experts from the 

same field. 

Analysis of related project implemented in the country. 

 

Prototyping 

 

The proposed system will be implemented. 

 

Finalizing the 

components 

 

Finalizing the components through comparison of cost 

effective products in the market. 

Access to high end technologies for efficient manufacturing 

of hardware. 

 

Month 1-3 

 

Field Survey and Literature Study. 

 

 

Month 4-6 Design and procurement 

Month 7-8 System Development: Installation and Commissioning. 

1 Year Project Completion 
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Budget ( Approximated value, may vary with bulk production ) 

Component Price ( in Rupees) 

 

6000 Wp Panels 

 

 

 3,00,000.00 

 

7.5kVA Inverter 

 

 

1,25,000.00 

 

Control Circuit 

Hardware for Mobile Charging 

 and Lighting control 

 

 

 

10,000.00 

 

Charging Panel Structure and 

Assembly 

 

40,000.00 

 

Structure, Cabling and Accessories 

 

 

70,000.00 

 

Installation and Commissioning 

 

 

20,000.00 

 

Travel 

 

 

10,000.00 

 

Publication 

 

15,000.00 

 

 

Contingency 

 

 

88500.00 

 

Total 

 

6,78,500.00 

 

2.11   Previous experience in similar works / area of specialization  

   1. Two B-Tech Projects- 

    -Solar Fed Charging Station 

     - Electric Vehicle  
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2. One Paper publication in this field 

Title- Optimized Charge Scheduling of Plug-In Electric Vehicles using 

Modified Placement Algorithm. International Conference on Computer, 

Communication and Informatics, Jan 2019, Coimbatore, India. 

2.12   References  

[1] F. Mwasilu, J. J. Justo and T. D. Do, óElectric vehicles and smart grid interaction: 

A review on vehicle to grid and renewable energy sources integrationò, Renewable 

and Sustainable Energy Reviews 34, 2014, pp. 501-516 

[2] A. Bhatti, Z. Salam, M. B. Aziz, K. Pui Yee and R. H. Ashique,ò Electric vehicles 

charging using photovoltaic: Status and technological reviewò, Renewable and 

Sustainable Energy Reviews, 54, 2016 

[3] Zach, ñElectric Car Charging 101ò, 2015. Available online: 

http://evobsession.com/electric-car-charging-101-types-of-charging- apps-more 

[4] S. Lee, P. Shenoy, D. Irwin and S. Iyengar, ñShared Solar-powered EV Charging 

Stations: Feasibility and Benefitsò, 7th IEEE International Green and Sustainable 

Computing Conference, 2016. 

[5] C. Nelson, ñFree recharging for electric cars in Dubaiò, 2017. Available online: 

http://www.thenational.ae/business/technology/free- recharging-for-electric-cars-in-

dubai. 

[6] Sujitha, N., and S. Krithiga. "RES based EV battery charging system: A review." 

Renewable and Sustainable Energy Reviews 75 (2017): 978-988 

[7] http://www.kerenvis.nic.in/Database/Air_Pollution_835.aspx  

[8] http://www.kerenvis.nic.in/Database/Energy_831.aspx 

[9] http://www.kseb.in/index.php?lang=en 

[10] https://www.cprindia.org/news/7192 

[11] https://www.hindawi.com/journals/jse/2016/8012432/ 

 

    

 

 

 

 

 

http://www.kerenvis.nic.in/Database/Energy_831.aspx
https://www.cprindia.org/news/7192
https://www.hindawi.com/journals/jse/2016/8012432/


--------------------------------------------------------------------------------------------------------------------------------------
---- 

P a g e | 70                            Dept. of Electrical and Electronics Engg. TKMCE  
 

Details of Principal Investigators / Project Implementing Agency  

3.1  Name, address of the host institution:  

 TKM College of Engineering, 

 Karicode, 

 Kollam ï 691005 

 Kerala, India 

  

3.2  Name and official address of Principal Investigator/s and Co Investigators   

 Principal Investigator :   Dr. Sheeba R 

      Professor 

      Electrical and Electronics Engineering Dept. 

      TKM College of Engineering, Kollam-5 

      sheebashihab@gmail.com 

      +91 8547009480 

      

  Co Investigators :  Dr. Sheik Mohammed S 

      Assistant Professor 

      Electrical and Electronics Engineering Dept. 

      TKM College of Engineering, Kollam-5 

      sheikmsulthan@gmail.com 

      +91 9500243999 

       

      Varun S Prakash 

      BTech Student 

      Electrical and electronics Engineering 

      TKM College of Engineering, Kollam-5 

      varunsmannar@gmail.com  

      +91 8281848321 

 

      Abhiraj P 

      BTech Student  

      Electrical and electronics Engineering 

      TKM College of Engineering, Kollam-5 

      abhirajp22@gmail.com  

      +91 8301993718 

  

 

3.3  Bio-data of the Investigator/s   

    See attachments. 

3.4 Infrastructure and lab facilities available in the host institution which will be made 

available for the project  

mailto:sheebashihab@gmail.com
mailto:sheikmsulthan@gmail.com
mailto:varunsmannar@gmail.com
mailto:abhirajp22@gmail.com
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      Yes 

3.5 Details of Government Departments/ Local bodies/Institutions, etc, if there is any 

collaboration for project implementation  

      No 

Terms and Conditions and Declaration  

1. A project will normally be sanctioned for a maximum period of three years.  

However, in exceptional cases, DoECC holds the right to select projects with higher 

project duration, if found necessary.    

2. The grant will be disbursed to the administrative authorities of the Institutions in 

accordance with the principles provided below.   

3. The authorities receiving the grants will be responsible for their disbursement, 

administration, and maintenance of accounts. In the case of collaborative work carried out 

by a network of Institutions, the Coordinating Institution would be responsible for 

submission of the Utilization Certificate, Expenditure Statement and Progress Reports 

covering all the partners.  

4. After execution of the agreement, the first installment of funds will be released to the 

institution. For the projects with the project period less than or equal to 2 years, total 

funds will be released in 3 installments (40%, 40% and 20% of the project cost) of the 

total amount sanctioned for the project. The last installment (20% of the project cost) will 

be released on receipt of the draft final report of the project and its appraisal by the 

Committee based on its recommendations. If the project period is more than 2 years, 

yearly requirement as approved by the Committee and the Working Group, will be 

released as first and subsequent installments on yearly basis. While first installment will 

be released as envisaged above, subsequent ones and 80% of the last year installment will 

be released based on appraisal of the progress and submission of details of utilization of 

at least 80% of the funds released. Remaining 20% of the last installment will be released 

only on receipt of the draft final report of the project and its appraisal by the Committee 

and submission of the final report based on its recommendations. In exceptional cases, the 

committee/ working group shall decide on fund allocation, if found necessary.    

5. The approved grant should be exclusively spent on the project for which it has been 

sanctioned within the stipulated time period. In the project wholly sponsored by the 

Directorate, the grantee organization is not permitted to seek or utilize funds from any 

other organization (Government, semi-government, autonomous or private) for the same 

project. Any unspent amount out of the grant sanctioned by the Directorate for a 

particular project would be required to be surrendered to DoECC. The carry forward of 

the unutilized amount from one to the next year for utilization for the same project would 

require the specific approval of the Directorate.  

6. An extension of project period up to a maximum of six months may be granted to 

projects in deserving cases. Any request for extension of the project should be sent by PI / 

PIA to DoECC at least three months before the closing date. In the case of an extension 

of tenure of projects, the PI / PIA would provide complete justification for the same. The 
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PI should not make any expenditure after the closing date without specific approval of the 

DoECC till the extension is conveyed to him. No additional funds would be sanctioned 

for the extension period.  

7. The implementing institution and the PI have the full responsibility for completion of 

the project and to achieve the expected outcomes and deliverables of the project.   

8. In case any Investigator (including Lead or Principal Investigator) leaves the institute 

on account of superannuation, unforeseen circumstances, the responsibility for the 

completion of the project may be entrusted to another equally qualified Investigator by 

the Head of the Institution with approval of the DoECC at no extra cost.  

9. If the investigator leaves the institution where the project is based, he / she should 

submit 5 copies of complete and detailed report of the work done on the project till the 

date of his release. Prior to leaving, the Investigator shall inform the Directorate and get 

an approval to hand over the project to another Investigator who shall be responsible for 

the completion of the project and submission of the final report.  

10. In case the PI is shifting to another institution due to a new appointment/ 

transfer/long-term deputation, the project could be transferred to that institution with 

mutual consent of both the institutions and with the approval of the Directorate.  

11. Those institutions/individual PIs which/who do not render accounts/submit physical 

progress reports against the released grants within the stipulated period will be blacklisted 

by the Directorate after ensuring an adequate dialogue, both in speech and writing, by the 

Directorate with the authorities of the concerned defaulting institution/individual.  

12. For permanent and semi-permanent assets acquired solely or mainly out of the grant, 

including books and furniture, an audited record in the form of a Register shall be 

maintained by the grantee. All equipment and stores purchased out of the grant would 

remain with the institution concerned unless otherwise specified in  

the sanction. The grantee will submit the list of assets acquired under the project. The 

term ñAssetsò here means (a) immovable property and (b) movable property of a capital 

nature, where the value exceeds Rs 10,000/-. The grantee should make every effort to put 

all the equipment available in the institution in effective use for the future needs of the 

Directorate /other Govt. Departments. The Director, DoECC shall hold the right to decide 

on the future use of the equipments/instruments acquired as part of the project.  

13. The grant should not be utilized for construction of any buildings. The implementing 

institute should provide full infrastructural facilities such as accommodation, water, 

electricity, library, and communication facilities etc. for smooth implementation of the 

project.  

14. The project becomes operative with effect from the date of receipt of the first 

installment by the implementing Institution through DD/ NEFT/ RTGS transfer. This date 

should be intimated by the Institution authorities/ Principal Investigator to the Directorate. 

It will, in no case be later than one month after the receipt of the Draft/ NEFT/ RTGS 

transfer of first installment by the Institute.  
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15. The selection and appointment of JRFs/SRFs/ Staff for the project may be made by 

the Principal/Lead Investigator in accordance with the procedures of the concerned 

Institutions for the period not exceeding the sanctioned duration of the project. The 

qualification and experience should be followed as per the CSIR/UGC guidelines.  

16. Staff appointed for the research project will be subject to the administrative control 

and service rules as applicable at the Institute where they are appointed and DoECC / 

Govt. of Kerala will not have any commitment in any respect.  

17. The grantee organization would furnish to the Directorate yearly progress report of 

the work done on the project, an audited Statement of Expenditure and Utilization 

Certificate in prescribed formats (KFC Form 44) within thirty days from the close of each 

sanction year (sanction year implies one year from the date of release of grant for 

previous financial year).  

18. The Directorate have the right to depute empaneled Expert Peer Reviewers/Scientists/ 

Specialists/Finance persons of the Department to visit the grantee organization 

periodically for reviewing the progress of the work and for suggesting such measures as 

to ensure early realization of the objectives of the project. Full facilities are to be provided 

by the grantee organization to the visiting scientists/specialists.  

19. In the event, after due enquiry, of any conclusion that the progress of a project is 

highly unsatisfactory, cannot be improved and violated the conditions of agreement; 

DoECC will be at liberty to terminate the Project. Upon such termination, the PI / PIA 

shall refund the sanctioned amount with 18% interest.  

20. On termination of the project, the duly audited accounts shall be submitted and the 

unspent balance, if any shall be refunded to the DoECC within three calendar months of 

completion of the project. Full and final payment will be made only on completion of all 

closure formalities such as the acceptance of all the financial certificates, audit reports 

and final technical reports of the project.   

21. The PI / PIA shall submit files and accounts related to the project whenever the 

DoECC demands.   

22. Calendar of events should be prepared and forwarded to DoECC in pen drive. The PI / 

PIA shall exhibit the Board of DoECC in the premises of the project.   

23. The grantee organization(s) has to furnish 5 copies of the Final Project Report, 

including Executive Summary, database and any other relevant documents along with a 

soft copy, to DoECC.   

24. If the PI and the institutions who fails to submit the final project report / relevant 

documents even 3 months after the end of the scheduled time period or if the progress of 

the project is not satisfactory, procedure for the refund of the amount as per relevant 

Government norms will be initiated. Further, the Head of the Institution where the PI is 

located should be intimated regarding the nonsubmission of the project report and the 

decision of Government to suspend future funding to the institution.  A list of such PIs 

and Institutions would be submitted to government.  

25. Investigators who wish to publish papers based on the research work done under the 

Project or to present such papers at conferences need to duly inform the Directorate and 
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should acknowledge the financial support received from the Directorate. Three copies of 

the publications/papers shall be sent to the Directorate.  

26. Patents shall be filed only with the concurrence of DoECC. If the research results are 

to be legally protected, the results should not be published without action being taken to 

secure legal protection for the research results.  

27. The Investigator(s) should not enter into collaboration on the sanctioned project with 

a foreign party (individual/industry) without prior approval of the DoECC.  

28. Sharing of Intellectual Property Rights between the Government and the Institution(s) 

and research staff participating in the project would be specified in the sanction order 

based on Guidelines of the CSIR.  

29. All correspondence is to be addressed to the Director, Directorate of Environment and 

Climate Change, IV Floor, KSRTC Terminal, Thampanoor P.O.,  

Thiruvananthapuram ï 695 001, Ph: 0471-2326264, Email: envt.dir@kerala.gov.in; 

environmentdirectorate@gmail.com    

Place:  

 Date:                                 

Signature, name & address of investigator  

Principal Investigator :   

  

Dr. Sheeba R 

 Professor 

 Electrical and Electronics Engineering Dept. 

 TKM College of Engineering, Kollam-5 

     

 Co Investigators            :  

  

Dr. Sheik Mohammed S 

Assistant Professor 

 Electrical and Electronics Engineering Dept. 

 TKM College of Engineering, Kollam-5 

     

 Varun S Prakash 

 B Tech Student 

 TKM College of Engineering, Kollam-5 

      

 Abhiraj P 

 B Tech Student  

 TKM College of Engineering, Kollam-5 

Counter signed by   

The Head of the Instituti 

(SEAL) 
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APPENDIX 2 

GOVERNMENT ORDER TO SANCTION THE PR OJECT 
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APPENDIX 3 

SANCTION ORDER FROM CORPORATION SITE 

PERMISSION 
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APPENDIX 4 

EXPENDITURE REPORTS 
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APPENDIX 5 

 

COST ANALYSIS & BUSINESS MODELS- 

CASE STUDY 

 
 

9.1. SWOT Analysis 

STRENGTH  

-Minimum 25 units of power will be generated by solar panels everyday 

-Can charge three vehicles at a time 

-Integrated with grid so as to get uninterrupted supply  

WEAKNESS 

-Is not suitable for large vehicles 

OPPORTUNITY  

-Great scope in future as it is an emerging technology 

-Increasing demand of electric vehicles 

THREATS 

-Emergence of new charging stations across the city. 

 

9.2. Targets 

9.2.1. Three wheelers  

The major target audiences are the Electric three wheelers in Kollam  

At present there are almost 30 three wheelers in Kollam  

The major three wheelers are KAL Neem G & Mahindra Treo 
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Fig 9.1 Mahindra Treo & KAL Neem G 

Vehicle Description Specification 

Mahindra Treo  

Battery Capacity (Installed) 

ï kWh 
7.37 kWh 

Charging Time 0-100% 

@Standard Conditions 
3 h 50 min 

Typical Driving Range ï km 130 km 

KAL Neem G  

Battery Capacity (Installed) 

ï kWh 
5.4 kWh 

Charging Time 0-100% 

@Standard Conditions 
 3h 55  min 

Typical Driving Range ï km 100 km 

  

9.2.2. Two wheelers  

Our station can also be used to charge electric scooters. 

The major electric scooters available are Bajaj Chetak, TVS iQube Electric, Revolt RV400, 

Ather 450.  
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Model Battery 

Capacity 

(kWh) 

Range(km) Charging 

Time(hours) 

Top speed 

(kmph) 

Bajaj Chetak 3 85 ï 95 5 78 

TVS iQube 

Electric 

4.5 75 5 78 

Revolt 

RV400 

3.24 80 ï 150 4.5 80 

Ather 450  2.7 55 ï 75 5 80 

 

9.3. UNIQUE SELLING PROPOSITIONS (USP) 
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9.4. Business Models Suggested- Case Studies 

 

Sl. No. Description 

Case 1 Lease out the charging station to Kudumbasree 

     

Case 2 ǒ Charging by Pre-paid mode  

ǒ Additional infrastructure (Rs 10,000+) 

Case 3 Charging by an appointed Casual Labour staff  

     

 

 

9.4.1. Assumptions 

1. Number of vehicle to be charged/day would be 5 vehicles in year 1, 10 

vehicles in year 2, 15 vehicles in year 3, 20 vehicles in year 4 and 30 vehicles 

in year 5 (optimistic scenario) 

2.  Electricity tariff to the KSEB is considered as Rs 5.5/ kWh 

3. Purchase cost of Solar power per unit- Rs 4/kWh  

4. Total number of days= 300 days 

5.  Maximum energy from Solar Panel= 30 kWh 

6. Annual energy from Solar Panel = 10950 kWh 

7. Tariff for EV charging with operator- Rs 15 

8. Tariff for EV charging with the Automatic Charging- Rs 12 

9. Full capital expenditure is subsidized (Appendix 2) 

10. Operation and maintenance expenditure have annual 10% increment   

 

 

 

 

  



--------------------------------------------------------------------------------------------------------------------------------------
---- 

P a g e | 91                            Dept. of Electrical and Electronics Engg. TKMCE  
 

 

9.4.2. Case 1 

In this case the charging station is lease out to kudumbasree and Co-operation receives 25% 

of the profit annually. (Appendix 2) 

 

Maintenance Expenditure per year= Rs. 27,444 

 

Total Revenue at the end of 5 years= Rs. 16,59,000.00  

Total Expenditure at the end of 5 years= Rs. 8,27,548.36  

 

Total Profit for co-operation at the end of 5 years= Rs. 2,07,862.91  

 

 

 
 

Fig 9.2 Graph on Case 1 

 

9.4.3. Case 2 

In this case charging is done by the prepaid mode. (Appendix 2)  

Maintenance Expenditure per year= Rs. 27,444 

 

Total Revenue at the end of 5 years= Rs. 16,59,000.00 

Total Expenditure at the end of 5 years= Rs. 8,27,548.36  

 

Total Profit at the end of 5 years= Rs. 8,31,451.64  

 

 

 -    

 мллΣлллΦлл  

 нллΣлллΦлл  

 оллΣлллΦлл  

 пллΣлллΦлл  

 рллΣлллΦлл  

 сллΣлллΦлл  

 тллΣлллΦлл  

1 2 3 4 5

Case 1 

Total Revenue Total expense
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Fig 9.3 Graph on Case 2 

 

9.4.4. Case 3 

 In this case manual charging is done by the appointed staff. (Appendix 2)   

Maintenance Expenditure per year = Rs. 25,444 

Operational Expenditure per year = Rs. 1,20,000 

 

Total Revenue at the end of 5 years = Rs. 20,19,000.00 

Total Expenditure at the end of 5 years = Rs. 15,47,950.16 

Total Profit at the end of 5 years = Rs. 4,71,049.84 

 

 

 
 

 

 

 -    

 мллΣлллΦлл  

 нллΣлллΦлл  

 оллΣлллΦлл  

 пллΣлллΦлл  

 рллΣлллΦлл  

 сллΣлллΦлл  

 тллΣлллΦлл  

1 2 3 4 5

Case 2 

Total Revenue Total expense

 -    

 мллΣлллΦлл  

 нллΣлллΦлл  

 оллΣлллΦлл  

 пллΣлллΦлл  

 рллΣлллΦлл  

 сллΣлллΦлл  

 тллΣлллΦлл  

 уллΣлллΦлл  

1 2 3 4 5

Case 3 

Total Revenue Total expense

Fig 9.4 Graph on Case 3 
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9.5. Comparison of the suggested business models 

The figure 9.5 shows the three cases which are compared on the basis of the profit for the co-

operation. 

 

 

Fig 9.5 Graph on comparison of profit 

 
9.5 Minimum Tariff Calculation  

9.5.1 Charging by an appointed Casual Labour Staff (Considering 5-year) 

Total No of vehicles expected in 5 years = 80  

Vehicle consumption of charging in 5 years = Total No of vehicles x Average kWh 

consumption x Working days per year = 80 x 5kWh x 300 days = 1,20,000 kWh.  

 

Expense to KSEB = Electricity used for Charging in 5 years x KSEB Rate = 1,20,000 x  5.5 

=  6,60,000. 

Total Maintenance Cost for 5 years=  1,55,338.16 

Considering  25,444 in the initial year, 10 % increment in cost from previous year. 

Total Salary Expenditure in 5 years=  7,32,612. 

Considering  1,20,000 in the initial year, 10 % increment in cost from previous year. 

Total Expenditure in 5 years = Expense to KSEB + Total Maintenance cost + Salary =  

15,47,950.16. 

 όолΣофпΦллύ 

 нсΣоммΦсл  

 умΣрснΦтс  

 морΣнмпΦлп  

 нруΣоррΦпп  

 срΣмлсΦлл  
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Considering a minimum 2 lakh profit, after 5 years. 

Total Revenue should be = Total Expenditure + Profit =  15,47,950.16 +  2,00,000 =  

17,47,950.16 

Revenue from Installed Solar = Return Rate of KSEB x Total days per year x Average 

expected generation from Solar per day x No of years =  4.4 x 365 x 30kWh x 5 =  

2,19,000. 

Revenue from Vehicle Charging = Total Revenue ï Revenue from Installed Solar =  

 17,47,950.16-  2,19,000 =  15,28,950.16 

Minimum Tariff = Revenue from Vehicle Charging / Vehicle consumption of charging in 5 

years =  

 15,28,950.16 / 1,20,000 kWh = Approximately 12.74 Rupees. 

Minimum Value of Tariff with a 2 Lakh profit in 5 years is 12.74 Rupees, hence tariff can be 

set from 12.74. Currently Charging stations across Kerala provides for an average rate of 

around 15 rupees. 
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9.6 Internal Rate of Return 
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9.7 Cost per Kilometre comparison between Electric and fuel based auto rickshaws. 

E-Auto ï 

 

Average unit required for complete charge  =  7 units. 

Cost per unit in average charging station = 15 Rupees / unit. 

Total cost for full charge of e-auto   =  7 x 15 = 105 rupees. 

Total km range for a full charge  = 130 km. 

 

Cost per Kilometre  = Total cost for full charge of e-auto / Total km range for a full charge 

= 105/130 = 0.80 Rupees. 

 

Fuel based auto rickshaws-  

 

Mileage of average petrol auto rickshaw  = 25 km/litre. 

Cost per litre of petrol (dated 02/11/21) = 111.45 rupees/ litre.  

 

Cost per Kilometre  = Cost per litre of petrol / Mileage of auto rickshaw = 111.45 /25  

= 4.458 Rupees.   

 

 

Life Cycle Analysis of the Solar PV Panels 

 

Life Cycle Analysis allows a decision maker to assess the whole product system and 

environmental impact because it includes the entire lifespan of a solar panel. The analysis 

includes the inputs including raw materials and energy and the outputs such as atmospheric 

emissions, waterborne wastes, solid wastes, co-products and other releases. 

Most of the solar PV manufacturers offer warranty period of 25 years for the PV 

panels which is actually the life cycle of the Panels. However, literatures state that the 25-

year lifespan of a solar PV panel may be a significant underestimation of the actual 

performance in the field since, the power capacity decreases only 6 to 8% after 25 years, as 

compared to the 20% decrease used to estimate the 25 to 30-year lifespan. Hence, the more 

accurate lifespan of the solar panels are 35-40 years. For our system, also the life span can be 

considered as 30 years with proper cleaning of the panels and maintenance of the system.   
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Project featured in Newspaper. 
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Project Implementation images 
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Project site visit 
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