
Interntional Journal of Innovative Research in Engineering & Management (IJIREM)  

ISSN: 2350-0557, Volume-8, Issue-6, November 2021  

https://doi.org/10.55524/ijirem.2021.8.6.84 

www.ijirem.org 

 

Copyright © 2021.Innovative Research Publications. All Rights Reserved                                                                                            390 

 

Hybrid Electric Vehicles and Their Challenges: A 

Review 
Sushil Kumar Tripathi 

SOEIT, Sanskriti University, Mathura,  

Uttar Pradesh, India 

Email Id- sushil.me@sanskriti.edu.in 

  Ajay Agrawal 

SOEIT, Sanskriti University, Mathura,  

Uttar Pradesh, India 

 

ABSTRACT 
A variety of alternative energy sources are being investigated 

for hybrid cars as a means of refueling the world's depleted 

petroleum supply. The usage of fossil fuel in cars is becoming 

a growing source of worry due to its negative environmental 

consequences. Battery, fuel cell (FC), super capacitors (SC), 

and photovoltaic cell (PV) are among the sources being 

investigated for automotive applications. These renewable 

energy sources may be used to create a hybrid electric vehicle 

(HEV) for the future generation of mobility. This article 

examines many elements and methods of HEVs, including 

energy management systems (EMS), power conditioning, and 

propulsion systems. Other HEV-related fields including DC 

machines and automotive systems are also covered. Different 

types of models and algorithms developed from simulation and 

experiment are thoroughly described. The table summarizes the 

performance of different HEV system combinations, along 

with pertinent references. Various academics have produced a 

thorough assessment of hybrid electric vehicles, including their 

source combinations, models, and energy management systems 

(EMS). Following a thorough examination, it was shown that 

current technologies are more or less capable of performing 

HEV effectively; nevertheless, dependability and intelligent 

systems are still lacking. As a result, numerous aspects, 

difficulties, and concerns with the next generation hybrid car 

have been highlighted in this study. 
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1. INTRODUCTION 
Modern municipalities must put a heavy priority on green 

technology. The fast development of today’s modern cities has 

led to growing transportation consumption that had resulted in 

massive pollution and other significant environmental 

challenges. [1]. Exhaust emanations ought to be controlled, and 

proactive activities ought to be done to limit these discharges. 

The vehicle business has delivered mixture vehicle, including 

the Honda Insight or Toyota Prius that mix ignition motors and 

electric engines to limit the use of burning motors. By limiting 

fossil fuel byproducts, such hardware impacts the climate. The 

most basic logical test as of now is the making of close to zero-

emanation automobiles. Electric cars pushed by 

environmentally friendly power present a potential 

arrangement as they produce just regular results however rather 

than fumes discharges, further developing metropolitan air 

quality and at last the soundness of its populace. The FC is one 

method for producing power that might be used to drive 

vehicles. A FC is an elements, for example, innovative that 

utilizes a substance response to make DC electrical energy[2].  

An anode, an anode impetus layer, an electrolyte, a cathode, 

and a cathode impetus layer are all important for it. To 

accomplish the necessary voltage and current, a few FCs are 

stacked in series or equal. FCs might be used in an assortment 

of transportation applications, including bikes and tramways, 

just as CHP frameworks and convenient power sources. FCs 

are utilized in a wide scope of uses, from little power plants 

requiring 200 W to enormous power plants requiring 500 kW. 

FC innovation depends on hydrogen as the essential energy 

hotspot for producing the power needed to drive an electric 

vehicle. Rather than a gas powered motor (ICE), which 

produces gases, for example, NOx and CO2, an energy 

component produces water as a side-effect. The detriment of 

FCs is their slow powerful attributes, which require the 

utilization of helper sources like batteries and SCs [3]. Longer 

charging times are an issue for batteries with high power 

thickness yet helpless energy thickness, which might take 

somewhere in the range of one hour to a few hours to 

completely charge. On the in addition to side, batteries give 

more consistent voltage than FCs. Lead–corrosive, Li–particle, 

and Ni–MH batteries are the most well-known batteries utilized 

with FCs. 

Batteries might be charged during regenerative slowing down 

and from the remaining energy of FCs in low and no heap 

power frameworks in the half breed vehicle's energy the board 

framework. Batteries are utilized for energy stockpiling in this 

occurrence, and they might give energy continually relying 

upon the charge and release time cycle. Sadly, batteries have a 

limited life cycle that is impacted by the functioning 

temperature (around 20 1C), the profundity of release, and the 

quantity of release cycles. Lead-corrosive batteries can 

ordinarily last 1000 cycles, while Li-particle batteries are 

confined to 2000 cycles. Moreover, when contrasted with lead–

corrosive batteries, Li–particle and Ni–MH batteries have a 

more noteworthy energy thickness and are lighter. Lead–

corrosive batteries, then again, offer an expense advantage over 

different batteries and react rapidly to current varieties. SCs can 

possibly support power in car applications as wel. [4].  

SCs are electrochemical capacitors with a more prominent 

power thickness than ordinary kinds of capacity. They have a 

separator that isolates and holds the electrical charges, just as 

an electrical twofold layer. A small amount of potential energy 

is given by the isolated charges, as low as 2–3 V. The 

subsequent layer is made out of a Nano permeable substance 

like actuated carbon, which builds stockpiling thickness. SCs 

have capacitance upsides of up to 3000 F. Super capacitors, 

otherwise called ultra-capacitors, offer many advantages over 

batteries, including a more drawn out lifetime (500,000 cycles), 

an extremely quick pace of charge/release, and low inside 

obstruction, which infers less hotness misfortune and better 

reversibility [5]. Moreover, SCs have a productivity pattern of 

around 90%, while a battery's effectiveness cycle is roughly 

80%. SCs, then again, don't have a high energy thickness. The 
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amount of energy put away per unit weight in SCs ranges 

somewhere in the range of 3 and 5 W h k, while a Li-particle 

battery stores around 130–140 W h kg. Thus, consolidating SCs 

with FCs, which have a low power thickness however a high 

energy thickness, is a feasible choice for further developing 

HEV effectiveness and execution. 

SCs additionally highlight a quick charge rate, considering 

more effective utilization of regenerative slowing down. 

Numerous organizations are keen on assembling SCs utilizing 

new innovation and material plan since SCs can possibly fill in 

as an energy stockpiling gadget later on.[6]. The energy 

thickness of SCs can arrive at 300–400 W h kg—1 in a lab 

explore, while future lithium-based batteries are relied upon to 

accomplish densities of 400–600 W h kg. As far as power and 

energy thickness, Different energy sources and capacity 

choices. Sun oriented cells, normally known as photovoltaic 

cells, are one more huge wellspring of environmentally friendly 

power for the future (PVs). Sun based cells are electrical 

gadgets that utilization daylight to produce energy [7]. Sun 

powered cells enjoy a particular upper hand over conventional 

fills in that they can change over free sunlight based energy 

from the sun into power without delivering huge poisons that 

might hurt the planet's biological system. Sunlight based cells 

are separated into three classifications: single-precious stone 

silicon, which has a 25 percent productivity, polycrystalline 

silicon, which has a 20 percent proficiency, and shapeless 

silicon, which has a 10 percent effectiveness [8].  

The costliest to fabricate is single-gem silicon, trailed by 

polycrystalline-line silicon, lastly shapeless silicon. Slight film 

cells, gallium–arsenide cells, and couple PV cells are three new 

sun oriented cell advancements available. These advancements 

can possibly help sun oriented cell proficiency and adaptability 

while bringing down assembling costs. Since no single 

environmentally friendly power source by and by matches the 

limit of petroleum products as far as both energy and power 

thickness, hybridization is required[9]. The recreation and 

displaying of HEVs has gotten a ton of consideration in the 

writing. A FC-battery joined with two dc/dc converters for a 

tramway has been investigated. In case of speed increase and 

regenerative slowing down, the dynamic control framework, 

which was the paper's development, permitted both the FC and 

the battery to be connected. One more review on 

uncompromising vehicles investigated FC half breed trains, 

which were displayed to set aside cash over the long haul.[10].  

Researched the utilization of batteries and FCs in FC half and 

half vehicles, observing that hybridization lessens vehicle 

weight and fuel utilization when contrasted with FCs alone. 

Who associated a SC to a lift converter with essential equal 

geography, explored the development of a cross breed 

framework using a SC and a battery. The equal organized 

mixture framework brought about a decrease in vehicle weight 

and required less SC current smoothing inductances. The 

utilization of a SC in FC crossover power sources has been 

demonstrated to be valuable since it might help the FC in 

reacting to quick power requests, fuel deficiencies, and voltage 

decreases because of maturing impacts. The conduct of HEV 

frameworks and gas powered vehicles under a reference 

driving cycle. To clarify the activity and properties of FCs, 

batteries, SCs, flywheels, and motor generators in a vehicle 

framework, an inventive reenactment model was made. The 

Vehicle Simulation Program (VSP) program, which is as yet 

being developed, has an undeniable degree of reproduction 

precision and might be utilized to assess electric vehicles with 

modern power the board procedures or mixture drive trains. 

These specialists showed that the SC is equipped for adjusting 

energy interest during load changes, and that this additional 

energy stockpiling works on the quality and productivity of 

force framework conveyance. Different scientists are interested 

by the utilization of sun powered energy, which is regularly 

combined with a battery. 

The Darwin-Adelaide World Solar Challenge is coordinated by 

nations including Australia to offer a serious stage for sunlight 

based vehicle organizations to show their latest 

accomplishments. Scientists are urged to make high-

productivity sun based electric power sources joined with 

streamlined bodywork that decrease mechanical and electrical 

misfortunes during activity because of these sunlight’s based 

vehicle races. The test with using a sun oriented produced 

source is that it has non-direct I–V attributes, which requires 

controlling the most extreme power conveyed to the heap. 

Numerous analysts have been engaged with this field because 

of the necessity for most extreme power point following 

(MPPT). Explored a clever plan for a lift converter to upgrade 

the effectiveness of MPPT. Utilizing distinctive mixture drive 

trains remembering plug for, sun based, battery, and regular 

motors, further imaginative examination fusing sunlight based 

helped electric auto cart three-wheelers has additionally been 

led. There have likewise been studies on environmentally 

friendly power identified with power hardware and controlling 

PV applications. 

The EMS, which is responsible for maximizing, controlling, 

and using produced energy to meet the demands, is a critical 

component in the development of a HEV. The energy 

management and control system of FCs, solar cells, and SCs 

was studied series and parallel plug-in hybrid electric vehicles 

(PHEVs) with dual clutch transmission, while simulated an 

EMS for a PHEV. The vehicle's performance was compared to 

a typical highway drive cycle developed by the US EPA 

(Environmental Protection Agency). A basic power control 

approach for HEVs in which the electric motor was regulated 

to supply power in various test scenarios. The car model was 

put to the test in the ADVISOR vehicle simulator, and early 

results showed a 50% increase in gas economy. The EMS of a 

PEMFC and battery in unmanned aerial vehicle (UAV) electric 

propulsion. The EMS analyzes battery feedback, load power, 

and FC characteristics before passing this information to the 

power management system, which controls the power 

electronic interface. A fuzzy-based hybrid vehicle control 

method, and the EMS for virtual vehicle design and application 

was explored. The state of charge (SOC), battery capacity, 

temperature, and age of the battery are all affected by the 

battery's performance. Constant resistance in series with an 

optimum voltage source makes up a basic battery model.  

This basic model ignores the battery's internal resistance and 

state of charge (SOC). The linear electrical model evaluates the 

linear component for self-discharge, Rp, and different over 

voltages in terms of the network circuit nm, which may be 

improved by substituting Rb with a variable resistance as 

illustrated in Fig. 2(a) (t). Although this model is more accurate, 

it does not take temperature into account. Figure 2 depicts 

another model created. (b). The BASIC programming recreates 

this numerical model, which represents voltage and current 

plunges and recognizes interior and overvoltage protections 

while charging and releasing. Adding two extra component 

squares to the circuit has brought about a more reasonable 

powerful model. An includes a capacitance C and a series 

opposition ESR or R during charging and releasing (a). Just 

during the drawn out energy stockpiling of a SC does the equal 

opposition, EPR, which addresses self-releasing misfortunes, 

have an impact. 

2. DISCUSSION 
The analogous circuit recommended three RC forks. Fast 

voltage regulation charges are recognized by distinct time 

constants in such branches. The boundaries are figured by 

charge the SC structure zero to the voltage level and afterward 

estimating the voltage yield for 30 min during the inward 
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charge appropriation. Estimation techniques with a definitively 

coordinated and controlled current source are used to make the 

suggested equivalent circuit. Performed examination to acquire 

the circuit condition of a containing watery SC. The motions of 

the SC's qualities when charging are described by this model. 

Dissimilar to cells, the maturing of SCs isn't adjusted by 

lifetime stress. Temperature and battery voltage are the vital 

drivers of SC normal life expectancy. A SC module might be 

worked by interconnecting a great deal of SCs both series and 

corresponding to convey a limited measure of energy during 

speed up and top burden interest. The measure of voltage 

supply is characterized by SC gadgets that are put in equal, just 

as the SC gadgets which are connected in parallelism. 

Recommended dynamic control by means of a switch between 

both the battery and the SC. The goal was to support the 

vehicle's present battery cycle life just as productivity. 

The control calculation executes a switch control contingent 

upon the situation with the current battery SOC and the SC. As 

an outcome, the SC's utilization is amplified, just as the 

battery's life expectancy might be drawn out. As indicated by 

the examination, charging and depleting at current might 

influence battery life. As an outcome, the framework improves 

it during engine restart, at whatever point the SC conveys the 

high current important to turn the motor while empowering low 

ability to re-energize the batteries all through charge time. On 

the off chance that the cell SOC arrives at 70% , the valve to 

charge a battery is stopped, just as the SC assume control over 

the auto electrical cable. This capacity is unmistakable to this 

framework, while it very well might be expanded, particularly 

as far as request to decide the exactness of a SOC in the power 

supply and SC. A ZEBRA battery goes about as the high in 

energy source, while a SC goes about as the result thick source. 

The SC in the Emt has two obligations that lift power interest 

and battery life by making up for the heap's current. The power 

control framework's calculation technique depends on three 

statutes: the SC makes demand current at high velocity, the 

battery gives current at the predetermined rate, and the SC 

keeps up with the lingering current. Standard genuine - world 

driving stages, and furthermore out-of-city or highway driving 

cycles, were utilized to copy different vehicle types. The results 

of the exploration uncover that the control procedures lower 

vehicle fuel use and that the Emr has a high down to earth 

importance. Assuming the energy sharing methodology in the 

control plot was improved, the SC might help the FC. The 

profile information from of the high level vehicle test systems 

(ADVISOR) PC's metropolitan dynamometer drive plan 

(UDDS) was utilized in the examination models. The cross 

party framework was worked with the FC just as SC working 

in equal. Prior to stacking, different sources were connected to 

the exchanging, and the switches then, at that point, opened per 

the advancement procedure, which was predicated on the 

power necessities and deceleration. To further develop the 

power transformation framework, a Compensator was included 

the framework. The crossover power age framework utilized. 

Dynamic reenactment was wind stream. The necessary burden 

was matched by the breeze generator, and any additional 

energy was taken care of into an electrolyze. An electrolyte's 

obligation is to make hydrogen to be utilized by the FC 

framework straight away or for putting away. Any 

overabundance load need was provided either by FC 

framework. Assuming that the FC and winds turbine achieved 

their pinnacle power, the SC was one more decision for 

satisfying any enormous scope power prerequisite for a concise 

period. A breeze turbine, an adjoining hubs generator, power 

change capacitors, an applications that depend twofold full 

wave rectifier, two IGBT substations, an electrolyze, a power 

devices tank, a dc/dc decoder, super capacitors, an energy 

stockpiling, and a two-winding conductivity transformer have 

all been important for a unique recreation model. 

A study on a Mcs for a PHEV. Rather than employing gear box 

for transmission like this PHEV features a Dual Clutch 

Converter (DCT) . The car's dynamic performance, including 

its fuel usage, was investigated. Because it is developed 

utilizing a sequential (S/P) HEV and is built on a vehicle and 

braking management system, all control techniques for this 

framework are more difficult. The vehicle speed, the SOC, and 

also the accelerator are utilized to establish the driving mode. 

The brakes system is prone to parallel braking. The simulation 

result was investigated utilizing two main driving periods: 

NEDC and UDDS. When compared to the control approach 

provided by Adviser and Dhp, the S/P PHEV control system 

burns less fuel. 

The usage of a FC–SC battery in a progressive vehicle 

geography power-train. A raised dc/dc converter for the FC is 

coupled in corresponding with a diminished dc/dc converter 

appended to the batteries, trailed by such an enemy of equal 

exchanging across the diode in this prevalent plan. Not at all 

like different structures that utilization a framework 

comparable besides without the master switch, just as other 

nearby substations that utilization a charger with a converters 

corresponding to a dc/dc inverters for the Soccer club , this high 

level geology has various advantages, including cost and mass 

reserve funds inferable from the utilization of a diminished lift 

converter, a raised way during battery-powered 

charging/releasing, and a raised way during charging and 

profundity of release REVS (Renewables Vehicle Simulations) 

is a visual java ide for planning HEV and Hybrid model 

frameworks yet additionally EMS technique. 

The REVS model framework incorporates of a few parts which 

might be recreated in various driving arrangements, including 

an electric motor, an ICE, fluffy control draws near, and 

sustainable power. Thoughts is being utilized to copy the ICE. 

A reenactment of series and equal Plug - in cross breeds in 

REVS to investigate the game's EMS and dynamic 

responsiveness. The vehicle attributes depend simply on 

Toyota Prius model. The ICE's power split framework gives 

driving motivation to the auto and an age that produces energy 

to charge a battery. The REVS model system includes of 

several components which may be simulated in different 

driving setups, including an electric engine, an ICE, fuzzy 

control approaches, and renewable power. IDEAS is being used 

to emulate the ICE. A simulation of series and parallel Plug - 

in hybrids in REVS to analyze the game's EMS and dynamic 

responsiveness. The automobile characteristics are based just 

on Toyota Prius model. The ICE's electricity split system 

provides driving reason for the automobile and a generation 

that generates energy to charge a battery. A power controller 

regulates the EMS technique by employing fuzzy logic to 

determine the power flow dependent on the gas pedal input and 

the battery's level of charge. A band - pass filter is utilized in 

combination with the fuzzy controller to guarantee that the 

vehicle retains the proper velocity. The study's results suggest 

that the model was capable of following the EMS methodology. 

3. CONCLUSION AND IMPLICATION 
Researchers are particularly interested in hybrid vehicle 

systems fueled by renewable energy. Currently, only a few 

projects across the globe are working on creating this 

technology. The goal of this review article is to describe hybrid 

car technology in depth, as well as their drawbacks. At the same 

time, seek out researchers who are working in this field to find 
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new solutions. Renewable energy technologies, energy 

management systems, and other relevant issues have all been 

addressed in the past. Various models and descriptions focus 

on the entire HEV system rather than a specific technology. 

This will pave the way for future advancements in HEV 

technology and innovation. BEV and PHEV have an incredible 

potential to be our group of people yet to come of 

transportation, as per current writing studies. As indicated by 

research, EMS helps half and half vehicle power frameworks 

by proficiently controlling momentum streams and 

synchronizing different power sources. These improve the half 

breed vehicle's exhibition while advancing energy saving. The 

use of regen slowing down power by slowing down helicopter 

and staggered inverters is one more review in energy-saving 

technique by half breed car. Power hardware transformations 

and particle engines, also towards the modern control 

framework, are essential parts for mixture vehicles. Finally, 

scientific models of HEV which have been successfully 

replicated by academics are crucial tools in understanding 

hybrid vehicle performance. HEV will certainly become the 

modes of travel in the tomorrow as technology improves. 

Innovative scientific study targeted at cutting manufacturing 

costs and enhancing the overall system may contribute in the 

expansion of the HEV sector. 
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