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Abstract 

The integration of electric vehicles (EVs) and their collective battery capacity is pivotal for 

balancing a smart power grid, concurrently aiding in the reduction of fossil fuel consumption in 

the transportation sector through the utilization of renewable energy sources like wind turbines 

and solar power. It emphasizes the critical role of meticulous monitoring of connection points and 

the evaluation of battery capacity in electric vehicles (EVs) for supporting the development of a 

smart grid and broader adoption of renewable energy sources. It introduces a successfully 

implemented data warehouse model that comprehensively stores information on various aspects of 

EV charging, integrating data with electricity prices from a spot market. Over 2.5 years, the 

model has accumulated charging data from 176 EVs, with the paper detailing its structure and 

implementation, including intricate operations like spatial identification of charging station usage 

patterns. Additionally, the document presents novel analyses from the data warehouse, exploring 

variations in available battery capacity within the EV fleet throughout the day. These insights 

contribute to optimizing EV charging strategies and fostering the development of a more efficient 

and sustainable energy infrastructure. It also delves into how users can optimize cost savings by 

charging their EVs when electricity prices are at their lowest. These examples underscore the 

practical applications of the proposed data warehouse in comprehending and optimizing EV 

charging dynamics within the context of a smart grid and renewable energy integration. 
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I. INTRODUCTION  

Electric vehicles (EVs) mark a substantial transformation in the automotive sector, operating either 

partially or entirely on electric power. These vehicles offer economic advantages with reduced 

maintenance expenses due to fewer moving components. Furthermore, their eco-friendly nature is 

attributed to diminished dependence on fossil fuels such as petrol or diesel. While earlier EVs utilized 

lead acid or nickel metal hydride batteries, the modern standard has shifted to lithium-ion batteries due to 

their longevity and exceptional energy retention capabilities. Despite their improved efficiency, 

challenges persist, such as the risk of thermal runaway, leading to safety concerns. Nevertheless, 

continuous endeavors are focused on improving the safety of electric vehicle batteries. Electric vehicles 

come in three main types: hybrid electric vehicles (HEV), plug-in hybrid electric vehicles (PHEV), and 

battery electric vehicles (BEV). While the majority of EVs currently function at 400 volts, emerging 

trends indicate a potential transition to 800V drive systems with power converters and controller circuits 
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[1]-[2]. Electric and hybrid vehicles differ from traditional vehicles by lacking gears, using electric 

motors powered by rechargeable batteries, and producing zero emissions or dangerous gases. 

In the current scenario, air pollution poses a severe threat in India, with many cities ranking among the 

most polluted globally[3]-[4]. Industrial and transport sectors significantly contribute to this pollution. 

Electric vehicles emerge as a promising solution to mitigate greenhouse gas emissions and address 

pollution concerns. Their numerous advantages include reducing pollution levels and diminishing oil 

import bills. The rise in pollution levels in India can be traced back to various factors, including subpar 

fuel quality, aging vehicles, insufficient maintenance, congested traffic, inadequate road conditions, and 

outdated automotive technologies. Primary pollutants emitted by vehicles encompass hydrocarbons, 

nitrogen dioxide, lead, carbon monoxide, sulfur dioxide, and particulate matter. India's substantial 

automotive industry, ranking as the fourth-largest globally, contributes significantly to vehicle pollution. 

Electric motors in EVs, utilizing energy from rechargeable batteries, offer an environmentally friendly 

alternative by eliminating emissions [5]-[6]. 

Despite the environmental benefits, challenges hinder the widespread adoption of EVs in India. The 

high cost of purchasing EVs, primarily due to lithium battery imports, poses a financial barrier. 

Additionally, the inadequate charging infrastructure in the country and concerns about charging time 

contribute to the apprehension surrounding EVs. Range anxiety, stemming from the limited distance EVs 

can cover per charge, further complicates adoption. However, the Indian government's initiatives to 

incentivize and promote EVs, coupled with plans for significant electrification by 2030, present 

opportunities for the electric vehicle market. Overcoming challenges related to cost, charging 

infrastructure, and range can lead to a transformative shift towards cleaner and sustainable transportation, 

aligning with India's goals to reduce oil imports and combat pollution.  

As the electric vehicle market gains momentum, a specific project focuses on two key objectives. The 

first objective is to develop a safe and efficient charging system capable of fully charging a 12-48 Volt 

Lithium-Ion or Lead-Acid Battery within six hours. This ensures that EVs have sufficient power to 

sustain a constant speed of at least 30 mph for 30 continuous minutes. The second objective involves 

designing a micro-controller that can transmit the battery's charging status to a remote user interface. This 

innovation provides numerous benefits, such as lowering the reliance on primary oil consumption in 

transportation, easing the adoption of electric and clean energy vehicles by customers, promoting 

advanced technology through research and development, and enhancing both personal and goods 

transportation for the general population. 

II. TECHNOLOGY BASED ON ELECTRIC VEHICLE CHARGING STATION  

Fig.1 illustrates the block diagram for an electric vehicle charging station. A driving cycle comprises a 

collection of data points that depict the speed of a vehicle over a specific period. Different countries and 

organizations devise driving cycles to assess vehicle performance, considering factors such as fuel 

consumption, electric vehicle range, and pollutant emissions. These cycles are employed in chassis 

dynamometer tests to measure fuel consumption and emissions. Tailpipe emissions are collected and 

analyzed as indicators of a vehicle's performance. Moreover, driving cycles are applied in vehicle 

simulations, particularly in simulations of propulsion systems. They are employed to forecast the 

performance of internal combustion engines, transmissions, electric drive systems, batteries, fuel cell 

systems, and various other components. This comprehensive approach enables assessments related to fuel 
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efficiency, electric vehicle range, and emission levels, contributing to the overall evaluation of vehicle 

performance. 

There are two types of driving cycles: 

• Dynamic driving cycles involve frequent alterations, mirroring the continuous speed adjustments seen 

in typical road driving. 

• Modeled driving cycles consist of extended periods at constant speeds. 

A. Vehicle Controller 

The electric vehicle controller functions as the electronic intermediary between the batteries and the 

motor, overseeing the speed and acceleration of the electric vehicle, akin to a carburettor’s role in a 

gasoline-powered vehicle. The core function of the system centres on the conversion of direct current 

from the battery into alternating current, specifically tailored for AC motors. Simultaneously, it oversees 

and regulates the energy flow originating from the battery. In contrast to a carburetor, the controller 

possesses additional functionalities such as reversing the motor rotation for reverse movement and 

transforming the motor into a generator. This transformation allows the kinetic energy during braking to 

be harnessed for recharging the battery. 

 
Fig.1.Overall Block Diagram 
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Switching devices, such as silicone-controlled rectifiers, play a crucial role in controller part of the 

electric vehicle. This mechanism determines the power output, with short intervals leading to high power 

(for increased speed and acceleration) and longer intervals resulting in low power (for reduced speed and 

acceleration). Regenerative braking is a mechanism where the motor functions as a generator during 

deceleration, converting a portion of the kinetic energy usually absorbed by the brakes into electrical 

energy. This generated electrical energy is subsequently employed to recharge the vehicle's batteries. This 

innovative braking system not only enhances the electric vehicle's range by 5 - 10% but also diminishes 

brake wear, leading to reduced maintenance costs. These multifaceted advantages underscore the role of 

the electric vehicle controller in optimizing overall performance and efficiency. 

B. Motor 

 Electric motors play a pivotal role in converting electrical energy into mechanical energy for electric 

vehicles, utilizing either direct current (DC) motors or alternating current (AC) motors to propel the 

wheels. AC motors are preferred for their lower cost and lighter weight, but the DC motor, with its 

simpler controller, offers a more economical alternative. The primary drawback of AC motors lies in the 

expense associated with the battery for providing an AC current for  motor operation. Despite this, both 

motor types are known for their reliability, boasting a single moving part—the shaft—which contributes 

to their longevity with minimal or no maintenance required over the vehicle's lifespan. 

C. Power Converter 

A power converter serves as an electrical circuit responsible for transforming electric energy from one 

form to another, tailored to meet the specific requirements of the load. These components play a crucial 

role in converting AC power from the grid into a format suitable for storage processes and vice versa. 

This transformation can take various forms, such as mechanical power for tasks like pumping or 

compressing gases, or DC power for charging batteries. In the realm of electric vehicles (EVs), power 

converters are essential for managing the diverse power sources and requirements[7]. The diverse power 

supply configurations in EVs highlight the need for 1.DC/DC converter to interface the fuel cell 2.battery 

or supercapacitors module 3.DC-link. The fundamental components of an electric vehicle typically 

encompass 1.DC-AC inverter 2.DC-DC converter 3.battery 4.Electric motor.In the context of electric 

vehicles, power converters play a crucial role in managing and optimizing the flow of electric energy 

between the various components. Whether it's converting AC power from the grid into a suitable form for 

storage or efficiently channelling power to and from the battery, these converters are integral to the 

overall functioning and performance of electric vehicles. 

D. Battery  

The standard SAE J1772 delineates six charging levels for electric vehicles, but in North America, 

only three are presently utilized Tabis shown in Table 1. Level I function:120 VAC, Level II operates: 

208 or 240 VAC, and fast charging necessitates:200 to 450 VDC. It's important to note that while it's a 

common practice to colloquially term direct current fast-charge stations as Level 3, this designation is 

inaccurate and discouraged. The specifications for fast charging are currently governed by CHAdeMO 

and SAE J1772 Combo standards. Notably, Tesla has introduced its own DC fast-charge system known 

as "Supercharger," exclusive to Tesla vehicles. It's imperative to adhere to recognized standards to 
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ensure compatibility and safe charging practices within the evolving landscape of electric vehicle 

charging infrastructure. 

E. Working Principle 

The charging specification SAE J1772 defines six charging tiers, with North America presently 

employing only three of them for electric vehicles. Misidentifying direct current fast-charge stations as 

Level 3 is widespread but incorrect. The recommended guidelines for rapid charging include CHAdeMO 

and SAE J1772 Combo, while Tesla has introduced its exclusive DC fast-charge system named 

"Supercharger," exclusively available for Tesla vehicles. Complying with established standards is 

crucial to guarantee compatibility and secure charging practices amid the changing landscape of electric 

vehicle charging infrastructure. 

1). Level I (120 V):  

Each electric vehicle (EV) is equipped with an on-board Level 1 charger intended to be plugged into 

a standard power outlet, typically following the CSA 5-15R configuration. An inherent benefit of this 

system is its convenience, removing the need for extensive electrical work and thereby lowering 

installation expenses. Electric vehicles of all types typically come equipped with onboard 120-volt 

chargers. The duration of charging is directly linked to the energy consumed by the EV since its last full 

charge. It is worth noting that charging can be interrupted at any point without adverse consequences, 

with the only impact being a reduction in the vehicle's range until the next charging session. This 

flexibility enhances the user-friendly nature of electric vehicle charging, accommodating diverse 

charging scenarios based on user needs and circumstances. 

TABLE I.  LEVEL I 

Parameters 
Distance 

traveled 

(km) 

Approximate 

energy 

consumptioa(k

Wh) 

Station Charging 

power(kW) 

Time for. 

Charging 

aprrox. 

(h) 

12-A Charging 

cableb 

120V outlet 

25 5.2 

1.4 

4 

50 

100 

10.4 

20.7 

8 

15 

 

2).  Level II (208 V or 240 V) 

The duration of charging at Level 2 stations can vary based on the specifications of the vehicle's on-

board charger and the current battery condition, regardless of the charging station's rated power. Future 

advancements are expected to increase charger capacities, with Tesla already offering on-board chargers 

capable of 10 kW and 20 kW. However, charging times can also be limited by the power output of the 

charging station itself. These factors highlight the dynamic nature of charging infrastructure, where 

improvements in both vehicle technology and charging station capabilities play crucial roles in 

enhancing the efficiency and speed of electric vehicle charging. Additionally, the time needed to reach 

an 80% charge depends on the distance traveled since the last 80% charge. 
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TABLE II.  LEVEL II 

Type of station 
Distance travelled 

(km) 

Transmitted energy 

consumption 

(kWh) 

Station Charging 

power(kW) 

Time for. 

Charging aprrox. 

(h) 

15A station 

(240V,20A,two pole 

circuit breaker)b 

25 

 

 

50 

52 

 

 

10.4 

3.6 

1.5 

 

 

3.0 

30A station (240V, 

40A,two pole circuit 

breaker)b 

100 

 

25 

20.7 

 

5.2 7.2 

 

60 

 

0.75 

50 10.4 1.5 

100 20.7 3.0 

 

3). Level III: DC Fast Charging: 

CHAdeMO DC Level II charging stations feature a specialized CHAdeMO plug tailored for DC 

charging, as depicted in Fig.  2. Fig.  3 illustrates the plug insertion into the electric vehicle (EV) socket. 

The charging station promptly detects this connection, sending a signal to the EV, indicating the 

establishment of the DC charging circuit. Throughout the charging session, a continuous exchange of 

data occurs between vehicle and the charging station. The external charger effectively oversees charging 

operations by utilizing the information communicated by the EV. 

TABLE III.  LEVEL II 

Distance 

traveled (km) 
Estimated energy 

consumptioa(kWh) 

Power 

(kW) 

Approx. Charging 

Time 

(min) 

25 5.2 

40 

8 

50 10.4 16 

75 15.6 25 

 
Fig.2.Detail of CHAdeMO connector 
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Fig.3.Detail of CHAdeMO EV socket 

 

This data exchange facilitates a dynamic and responsive charging process, showcasing the 

interconnected nature of the charging infrastructure and the electric vehicle system. 

4). Tesla Supercharger stations 

In the absence of a public standard for Supercharger charging stations, Tesla connectors stand out for 

their automatic support of both AC and DC charging, as shown in Fig. s 4 and 5.Like standardized 

charging stations, Tesla stations start the current flow only upon plugging the connector into the electric 

vehicle (EV) and establishing communication between the charging station and the vehicle. It manages 

Supercharger station installations in collaboration with property owners while adhering to Québec's 

charging facility design regulations. Despite the absence of a widely adopted public standard for 

Superchargers, Tesla's proprietary charging technology remains instrumental in advancing electric 

vehicle charging infrastructure. 

 

TABLE IV.  DIFFERENT CHARGING LEVELS 

Parameters Level 1 Level 2 Fast charge 

Voltage 120V 208 or 240 V 200 to 450V 

Current type AC AC DC 

Useful Power 1.4kW 7.2kW 50kW 

Maximum Output 1.9kW 19.2kW 150kW 

Charging time 12ha 3ha 20minb 

Connector J1772 J1772 
J1772-Combo, CHAdc0 

and Super charger 

 

 
Fig.4.Supercharger connector 
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Fig.5. Supercharger EV socket 

III. CHOOSING AN APPROPRIATE CHARGING STATION AND NEARBY LOCATION 

A. Infrastructure for EV Charging: Public and Private 

This section provides insights into various charging station installations to assist in choosing the most 

suitable option. A private station is obtained for personal use by an individual, whereas a public station 

is shared and can be installed on either public or private property by a public organization or a company. 

B. Criteria for Selecting Charging Stations 

A diverse range of charging station models tailored for various purposes is readily available in the 

market. When making a selection, it's crucial to consider several factors like the power requirements, 

taking into account cost, place, capacity and charging time. Additionally, some other requirements, 

including payment systems, help features and access control. Shared-access stations may necessitate 

attention to the available number of plugs and cables. Public stations might also provide 

telecommunications features, the specifics of which can vary between manufacturers. These 

considerations underscore the importance of a comprehensive evaluation to choose a charging station 

that aligns with specific needs and functionalities. 

C. Rates for use 

This section provides strategies to reduce the impact of charging stations on electricity costs. It 

specifically covers charging station management and offers guidance on selecting stations based on 

power requirements. 

D. Level II Charging Station  

A solitary Level II charging infrastructure designated for residential use is unlikely to surpass the 50 

kW threshold, which is the point beyond which demand is billed at the maximum level. However, it is 

still advisable to prioritize nighttime (off-peak) charging whenever feasible to optimize cost-

effectiveness and minimize the impact on electricity bills. 

E. Bulk metering 

For multi-unit buildings or rooming houses utilizing bulk metering (Rate D M), the usage of a Level 

II charging infrastructure is unlikely to incur elevated expenses associated with extreme power demand. 

F.  Charging Infrastructure in Commercial Zones: Public and Private Options 

If the current maximum power demand surpasses 65 kW, leading to billing under Rate M or Rate G9, 

the usage from charging stations may attract supplementary costs per kilowatt.In such cases, it's 

recommended to consider individual connections or fewer charging stations.The most cost-effective 
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approach is to provide charging stations via a dedicated connection, thereby avoiding optimization 

charges associated with meeting Hydro-Québec's electricity service conditionsand managing maximum 

power demand. Nevertheless, adopting this approach necessitates additional investment in infrastructure. 

Alternatively, choosing charging station models equipped with a power demand management system can 

also help sidestep optimization charges. Manufacturers can provide specific details on these systems. 

G. Charging Infrastructure tailored for Heavy Industry 

For heavy industries operating under Rate L, with a billing demand of 5,000 kW or more, the 

advantageous combination of low per kWh rates and substantial available power recommends deploying 

fast-charge stations during non-peak hours.This aligns strategically with the advantageous cost structure 

and substantial power capacity of the Rate L tariff. 

H. Site Selection of EV Charging Public Station 

Ideal locations for public charging stations include parking areas near train stations, shopping centers, 

restaurants, hotels, and resorts. To identify the best locations, it is important to assess traffic patterns, the 

length of vehicle stays, vehicle flow, adaptability to winter conditions, collision protection, pedestrian 

movement impact, cellular network access, proximity to the distribution panel, and visibility to 

encourage driver use. These factors are essential for optimizing the effectiveness and accessibility of 

public charging infrastructure. 

I. Developing Fast-Charging Infrastructure 

Fast-charging stations, akin to street-side installations, generally need a concrete base. Important 

factors to consider during the setup include station layout, identifying underground tanks and lines, 

ensuring a safe distance to prevent cable extensions over the sidewalk, examining excavation needs, 

determining closeness to the distribution panel, planning for underground wiring, and liaising with Info-

Excavation before beginning the installation. These careful considerations are essential for the 

successful and safe implementation of fast-charge stations. 

IV. CONCLUSION 

Electric vehicles (EVs) are notably more environmentally friendly than internal combustion vehicles, 

and ongoing battery advancements focus ondurability. With the growing adoption of electric vehicles, 

the economic viability of battery recycling is on the rise. Exploration into alternative energy sources, 

such as fuel cells and renewable fuels, bodes well for the future of electric vehicles. Despite challenges 

in finance, technology, and the supply chain for EV development in India, proactive efforts by OEMs 

and customers can address these issues. EVs have significantly reduced carbon emissions in their usage 

areas. India, with its high urban congestion, vast domestic market, and lowmanufacturing costs, holds 

immense potential for electric vehicles. The current interplay of elevated fuel prices and government 

backing is progressively fostering the demand for electric vehicles (EVs)  
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