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Abstract – This review paper environmental and energy concerns has spurred the adoption of Electric 

Vehicles (EVs), which are rapidly advancing despite various challenges. Key obstacles include the need 

to improve driving range, battery longevity, and power capacity. To tackle these issues, this thesis 

investigates the performance of EVs equipped with a Hybrid Energy Storage System (HESS) that 

combines Li-ion batteries and Ultracapacitors (UCs). A comprehensive model of various system 

components for a 3-wheeled Electric Vehicle (EV), based on the Indian Driving Cycle (IDC), is 

presented to assist in sizing the Energy Storage System (ESS). 

Efficient energy management control is essential for regulating power flow according to the drive cycle's 

load requirements. This necessitates a robust control design capable of accommodating real-time load 

fluctuations by regulating power flow from hybrid sources. The thesis proposes a hybrid control strategy 
integrating filtering and fuzzy rule-based techniques for effective power flow regulation. Results 

regarding various performance metrics, including battery stress factor, UC state-of-charge (SOC) 

difference, energy consumption rate, system efficiency, and speed profile tracking, demonstrate the 

satisfactory performance of the proposed control strategy. 

 Keywords: Electric Vehicles, Power Converter, DC-DC Converter, UC, Baterry Hybrid Power, 
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I. INTRODUCTION  

The An electric vehicle (EV) is define as which operates 

using one or more than one electric motors instead of the 

internal combustion engine typically found in 

conventional automobiles. These vehicles are powered 

by rechargeable batteries or other energy storage 

devices, such as fuel cells or capacitors. 

There are several types of electric vehicles, including: 

Battery Electric Vehicles (BEVs): BEVs are powered 

solely by electricity stored in high-capacity rechargeable 

batteries. They do not have an internal combustion 

engine and produce zero tailpipe emissions. BEVs are 

charged by plugging them into an electrical outlet or 

charging station. 

Plug-in Hybrid Electric Vehicles (PHEVs): PHEVs 

combine an electric motor and a larger battery pack. 
They can operate on electric power alone for a certain 

range before switching to the internal combustion 

engine. PHEVs can be charged via an electrical outlet or 

charging station, and they offer increased fuel efficiency 

and reduced emissions compared to conventional 

vehicles. 

Hybrid Electric Vehicles (HEVs): HEVs use both an 

internal combustion engine and an electric motor to 

propel the vehicle. The electric motor assists the engine 

during acceleration and captures energy during braking 

to recharge the battery. HEVs cannot be plugged in to 

charge the battery; instead, they rely on the engine and 

self produce charging during using the breaks to keep the 

battery charged. 

Fuel Cell Electric Vehicles (FCEVs): FCEVs use 

hydrogen gas as a fuel source to produce electricity using 

chemical reaction with oxygen in a fuel cell. The 

electricity generated powers the vehicle's electric motor, 

with the only emission being water vapor. FCEVs offer 

long driving ranges and quick refueling times, but 
hydrogen infrastructure is still limited in many regions. 

Electric vehicles offer several advantages over 

conventional vehicles, including lower operating costs, 

reduced greenhouse gas emissions, and quieter 

operation. As battery technology continues to advance 

and charging infrastructure expands, electric vehicles are 

becoming increasingly popular as a sustainable 

transportation option for the future. 

  

 
Figure 1. Electrical Vehicle 

The aim is to determine the optimal converter 

architecture and control strategy for integrating ultra 

capacitor (UC) and lithium-ion (Li-ion) battery energy 

sources in light-electric vehicle (LEV) applications. The 

specific objectives are as follows: 
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i) Develop a comprehensive model of an electric vehicle 

(EV) suitable for integration with a hybrid energy 

storage system (HESS). 

ii) Evaluate and compare the performance of different 

topologies for bi-directional DC/DC converters (BDCs) 

serving as interfaces with the HESS. 

iii) To devise an efficient energy management strategy 

for regulating power flow from the hybrid energy 

sources. 

iv) To investigate the impact of voltage conversion gain 

of the multilevel modular capacitor clamped converter 

(MMCCC) on the stacking of ultracapacitors (UC). 

v) Assess the effectiveness of Li-ion/UC hybridization in 

Electric Vehicles (EVs) and conduct a cost-performance 

analysis comparing it with Battery Energy Storage 

Systems (BESS).  

 

II. LITERATURE REVIEW 

 

Hybrid Energy Storage Systems (HESS): The focus of 
research in HESS is to enhance the efficiency and 

performance of electric vehicles (EVs) through the 

integration of diverse energy storage technologies, 

including ultracapacitors and lithium-ion batteries. HESS 

offers numerous advantages, such as enhanced power 

delivery, reduced charging times, and improved energy 

density. 

Design Concepts of Electric Vehicles: Studies focus on 

optimizing vehicle architecture, aerodynamics, and 
weight distribution to maximize energy efficiency and 

range. Researchers explore innovative design concepts to 

address challenges such as vehicle size, weight, and 

overall performance. 

System Components: Analysis of system components 

involves studying the individual elements that comprise 

an electric vehicle, including motors, batteries, power 

electronics, and control systems. Aims to optimize the 
performance, reliability, and durability of each 

component to ensure the total effectiveness and 

functionality of the vehicle. 

Bidirectional DC/DC Converter Topologies: 

Bidirectional DC/DC converters have very important 

role in managing energy flow between different 

components of the electric vehicle, such as the battery 

pack, motor, and auxiliary systems. Studies on converter 
topologies evaluate various design options to maximize 

efficiency, minimize losses, and ensure reliable 

operation under different operating conditions. 

Control Aspects: Control strategies are essential for 

regulating energy flow, optimizing power distribution, 

and ensuring safe and efficient operation of electric 

vehicles. Research in control aspects focuses on 

developing advanced algorithms and techniques for real-
time monitoring, optimization, and coordination of 

vehicle systems to achieve desired performance 

objectives. 

Caux et al. (2005): This study focused on modeling a 

hybrid energy system for transportation applications, 

specifically utilizing a Proton Exchange Membrane Fuel 

Cell (PEMFC) and ultracapacitors (UC The primary 

power source employed by the researchers was a 

440KW, 375V Proton Exchange Membrane Fuel Cell 

(PEMFC), complemented by two DC/DC converters 

acting as interfaces between the ultracapacitors and the 

nine fuel cells. Through their simulations and 
experiments, they demonstrated that this hybrid system 

effectively provided the required power for the vehicle's 

drive cycle while maintaining a constant DC bus voltage. 

Gao et al. (2008): In this research, a hybrid bus was 

developed that incorporated a fuel cell, battery, and 

ultracapacitors. The goal was to address the limitations 

by hybridizing it with other energy sources. By 

combining the battery and ultracapacitors with the fuel 
cell and implementing an efficient energy management 

system, the researchers aimed to optimize power flow 

and enhance overall performance. 

Garcia et al. (2010) proposed an electric vehicle system 

tailored for urban public transportation, featuring a 

combination of a fuel cell and battery as the primary 

energy storage technology. To overcome size and cost 

constraints, an auxiliary energy source was included 
alongside the main energy sources. The researchers 

conducted tests under real tramway drive cycles to 

validate the effectiveness of their proposed fuel cell-

battery hybrid system in meeting performance 

requirements. 

Kaligh et al. (2010) conducted a study with the primary 

objective of exploring state-of-the-art energy storage 

technologies for plug-in hybrid and hybrid electric 
vehicles. The study discussed various hybrid 

combinations of battery, ultracapacitors, and flywheel 

technologies. Through their analysis, the researchers 

highlighted the advantages of hybridization in improving 

driving range, battery life, and reducing the size of 

energy storage systems. 

Moshirvaziri (2012) centered their study on highlighting 

the benefits of hybridizing lithium-ion batteries with 

ultracapacitors. They investigated the design of energy 
storage systems specifically tailored for Light Electric 

Vehicles (LEVs) and Electric Vehicles (EVs). By 

combining these two energy sources, the researchers 

aimed to address the key challenges faced by EVs, such 

as range anxiety and energy efficiency. 

Hofman et al. (2009): The objective of this study was to 

design a three-wheeled micro-hybridized vehicle with 

the aim of reducing fuel consumption and lowering 
carbon dioxide emissions. The researchers explored 

various design aspects and assessed the impact of 

hybridization on vehicle performance. Their results 

indicated that the hybrid Bajaj RE consumed 21% less 

fuel compared to traditional models while also enhancing 

driver comfort. 

Mulhall et al. (2009): In this research, a solar-assisted 

battery-operated auto-rickshaw with a recharging 
infrastructure was proposed. The study delved into 

technological advancements and design considerations 
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for 3-wheeled auto-rickshaws. Through simulations, the 

researchers demonstrated the capability of the solar-

assisted electric vehicle to cover a range of 90 km on a 

single charge, showcasing its potential for sustainable 

urban transportation. 

Mallouh et al. (2011): This study involved the 

development and testing the fuel cell (FC) hybrid 3-

wheeler. The researchers analyzed the performances of 

different FC systems, battery capacities, and electric 

motors. Through comparative analysis with (ICE) based 

hybrid counterparts, the study highlighted the benifits of 

FC-based hybrid 3-wheelers of fuel economy and overall 

performance. 

Chowdhury et al. (2015): The research conducted by 

Chowdhury et al. in 2015 focused on the design and 

development of a 3-wheeled electrically assisted vehicle. 

This vehicle was innovatively designed to harness 50% 

of its demanded load power from solar energy. Through 

comprehensive performance analysis, the study revealed 

significant energy savings achieved by utilizing solar 

power, thus reducing reliance on the national grid. 

Sreejith & Rajagopal et al. (2016): In 2016, Sreejith & 

Rajagopal presented a methodology for designing a 

battery-operated 3-wheeled electric vehicle. Their study 

provided a detailed procedure for selecting motor rating 

and battery capacity, emphasizing the superiority of Li-

ion battery technology. Through their results, they 

showcased the exceptional performance of Li-ion-based 

electric vehicles, highlighting their efficiency and 

reliability. 

Mallik et al. (2017): Mallik et al. introduced a compact 

and cost-effective solar-based plug-in hybrid 3-wheeler 

in 2017. Their innovative design included a charging 

infrastructure capable of utilizing both solar power and 

grid electricity. Through meticulous cost and 

environmental impact analysis. Their findings suggested 

studied system offered significant cost savings, with a 

time period estimated at 4-4.5 years, making it an 

economically viable solution. 

Arefin et al. (2018): Arefin et al. proposed a solar-wind 

energy-assisted plug-in hybrid 3-wheeler in 2018 to 

reduce reliance on grid electricity and traditional fuels. 

Their study investigated various constraints and 

requirements for hybridizing renewable energy sources 

with ICE-driven 3-wheelers. By presenting their results, 

they demonstrated that renewable energy sources could 

provide up to 54% of the total energy to vehicle, 

highlighting the potential for sustainable transportation 
solutions.  

III. METHOD  

The The "Proposed Modal MMCC Converter 5-Level 

and 4 Module" likely refers to a specific configuration of 

a Modular Multilevel Converter (MMC) with five 

voltage levels and four modules. Let's break down what 

each component means: 

Modular Multilevel Converter (MMC): The MMC is a 

type of power electronic converter used in high-voltage 

and high-power applications, such as renewable energy 

systems, high-voltage direct current (HVDC) 

transmission, and motor drives. It consists of multiple 

power electronic switches arranged in a modular fashion 

to achieve the desired voltage and current waveform. 

5-Level: The term "5-Level" indicates that the proposed 

MMC configuration generates five different voltage 

levels in its output waveform. This typically implies that 

the converter can produce five distinct voltage levels, 

often including zero, positive, and negative voltage 

levels. 

4 Module: The "4 Module" specification suggests that 
the MMC is composed of four identical modules. Each 

module likely consists of its own set of power electronic 

components, such as Insulated Gate Bipolar Transistors 

(IGBTs) or Metal-Oxide-Semiconductor Field-Effect 

Transistors (MOSFETs), along with capacitors and other 

necessary components show in  Figure. 

 

  

Figure 2 Block Diagram of MMCCC 5 Level and 4  

Module charging algorithm 

 

IV. CONCLUSION 

In this paper review underscores the pivotal role of 

power electronics solutions in enhancing the efficiency 

of energy conversion systems for electric vehicles (EVs). 

By critically evaluating various technologies and 

methodologies, it becomes evident that advancements in 
power electronics have significantly contributed to the 

evolution of EVs towards greater energy efficiency, 

extended driving range, and reduced environmental 

impact. Key findings include the effectiveness of multi-

level converters, such as Modular Multilevel Converters 

(MMC), in optimizing energy conversion and improving 

overall system performance. Additionally, the integration 

of innovative technologies like SiC and GaN power 

semiconductors has demonstrated substantial potential in 

enhancing power density and efficiency while reducing 

losses. Furthermore, the review highlights the 
importance of intelligent control strategies and thermal 

management systems in ensuring reliable operation and 

longevity of power electronics components in EVs. 

Looking ahead, continued research and development 

efforts in power electronics are essential to further 

unlock the full potential of electric vehicles, driving 

towards a sustainable and energy-efficient transportation 

future. 
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