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ABSTRACT  
In the coming years, hybrids can play a significant role in addressing several major problems faced by the world today. The 

hybrids could be a key element to address our growing energy insecurity and environmental problems. The hybrid vehicle 

achieves greater fuel economy and lower emissions than conventional IC engine vehicles, having significant battery storage 

capacity to store and reuse recaptured energy especially in stop-and-go traffic. Regenerative braking recaptures significant 

amounts of energy during braking that are normally wasted as heat. Hybrids can play a critical role in bring the technology of 

motors, power electronics, and batteries to maturity and in reducing their cost. Such changes are vital to the success of future 

hydrogen fuel cell and other zero emission vehicles. Hybrid technology can fill the midterm gap between immediate 

improvements to conventional vehicle fuel economy and the long-term hope offered by hydrogen fuel cells and alternative 

fuels. 
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INTRODUCTION 

Definition - A hybrid vehicle is a vehicle that uses 

two or more distinct power sources to move the 

vehicle. 

In 1900, Ferdinand Porsche developed the Mixte, a 

4WD series-hybrid version of "System Lohner-

Porsche" electric carriage which included a pair of 

generators driven by 2.5-hp Daimler IC engines to 

extend operating range and it could travel nearly 40 

miles on battery alone. The first gasoline-electric 

hybrid car was released by the Woods Motor Vehicle 

Company of Chicago in 1917. The hybrid was a 

commercial failure, proving to be too slow for its 

price, and too difficult to service. In 1931 Erich 

Gaichen invented a 1/2 HP electric car containing 

features later incorporated into hybrid cars. Its 

maximum speed was 25 miles per hour (40 km/h). A 

more recent working prototype of the HEV was built 

by Victor Wouk. Wouk's work with HEVs in the 

1960s and 1970s earned him the title as the 

"Godfather of the Hybrid". Wouk installed a 

prototype hybrid drive-train with a 16 kilowatts 

(21 hp) electric motor into a 1972. Automotive 

hybrid technology became widespread beginning in 

the late 1990s. The first mass-produced hybrid 

vehicle was the Toyota Prius, launched in Japan in 

1997, and followed by the Honda Insight, launched in 

1999 in the United States and Japan. These two 

vehicles, followed by the Honda Civic Hybrid, 

marked a radical change in the type of car being 

offered to the public. In the coming years, hybrids can 

play a significant role in addressing several of the 

major problems faced by the world today: climate 

change, air pollution, and oil dependence.  

HYBRID TECHNOLOGY 

The checklist in Table provides a reasonable method 

for evaluating which cars and trucks are hybrids and 

for differentiating among them based on their 

technologies. In general, hybrids with more 

checkmarks do more to provide energy security and 

less to harm the environment than those with fewer 

checkmarks. On this checklist a vehicle with only one 

checkmark is just a conventional vehicle, two 

checkmarks qualifies as a muscle-hybrid, a vehicle 

with three checkmarks are considered “mild” hybrids, 

with four checkmarks a “full” hybrid and a vehicle 

with five checkmarks is a “plug-in” hybrid. 

 Table-I, Checklist Table for differentiating 

Vehicles 

 
Role of hybrid vehicles 
The primary importance of hybrid technology for cars 

and trucks is its potential to increase fuel economy 

while meeting today’s most stringent tailpipe 

emission standards. Moreover, hybrids can play a 

critical role in helping bring the technology of motors, 

power electronics, and batteries to maturity and in 

reducing their cost. Such changes are vital to the 

success of future hydrogen fuel cell and other zero 

emission vehicles. 

Oil Dependence and the Environment 
The size of our oil dependence and its rate of growth, 

as well as the environmental problems require an 

immediate response. This calls for both changes in 

conventional technology and a longer-term investment 

in hybrid vehicles, hydrogen fuel cells, and alternative 

fuels. As the earth continues to warm, we face a great 

risk that the climate will change in ways that threaten 

our health, our economy, our farms and forests, 

beaches and wetlands, and other natural habitats. Cars 

and trucks are also major contributors to air pollution. 

Regulations have helped clean up passenger vehicles 

over the past three decades. The gasoline that went to 

fuel of our cars and trucks in the year 2000 resulted in 

the emission of 848,000 tons of smog-forming 

pollutants and 392,000 tons of benzene-equivalent 

toxic chemicals, in addition to the pollutants emitted 

from the tailpipes of vehicles. 
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Table -II, Economic, Oil Dependence, and 

Environmental Indicators 

 
As oil use and global warming emissions, upstream 

air pollution is expected to continue to rise 

significantly over the next two decades, posing the 

greatest health threat. The situation is urgent, but not 

hopeless. A range of technological approaches can 

help us break free of our oil habit and protect our 

health and livelihood against the environmental 

problems associated with vehicle use. Hybrid 

technology is one of the most promising. 

Investing in Our Future 
No single silver bullet can solve the problems posed 

by our use of cars and trucks. But if we choose now to 

invest in a variety of solutions, ranging from near to 

long term, together they could eliminate the use of oil 

for transportation. Hybrid technology can fill the 

midterm gap between immediate improvements to 

conventional vehicle fuel economy and the long-term 

hope offered by hydrogen fuel cells and alternative 

fuels. 

Filling Gap between Average Fuel Economy - 
Hybrids are serving a key role in pushing down oil 

demand and global warming emissions. They offer a 

solid midterm strategy of investment in energy 

security and the environment, filling the temporal gap 

between conventional technology and hydrogen fuel 

cells. Hybrids can also serve as an insurance policy 

for regulators contemplating significant increases to 

fuel economy standards over the next decade. While a 

40-mpg fleet could be reached with existing 

conventional technology, hybrid vehicles provide 

additional assurance of reaching that goal, since they 

promise fuel economy levels as high as 50 to 60 mpg. 

Further, they open the door to fuel economy standards 

of 50 mpg or higher by the end of the next decade. In 

addition, hybrid vehicles can mitigate the risk of 

delays in hydrogen fuel cell development and market 

success. They’ll also help ensure the success of fuel 

cell vehicles by bringing down the costs of the 

technologies motors, batteries, and power electronics 

that the two share. And they’ll help pave the way by 

acquainting consumers with electric drive technology. 

 
HYBRID ELECTRIC VEHICLES 

A 'hybrid electric' (HEV) is a type of hybrid vehicle 

and electric vehicle which combines a conventional 

internal combustion engine (ICE) propulsion system 

with an electric propulsion system.  

 
The presence of the electric powertrain is intended to 

achieve either better fuel economy than a 

conventional vehicle, or better performance. The 

most common form of HEV is the hybrid electric car, 

although hybrid electric trucks and buses also exist. 

Modern HEVs make use of efficiency-improving 

technologies such as regenerative braking. Some 

varieties of HEVs use their IC engine to generate 

electricity by spinning an electrical generator, to 

either recharge their batteries or to directly power the 

electric drive motors. Many HEVs reduce idle 

emissions by shutting down the ICE at idle and 

restarting it when needed; this is known as a start-

stop system. A hybrid-electric produces less 

emissions from its ICE than a comparably-sized 

gasoline car, as an HEV's gasoline engine is usually 

smaller than a pure fossil-fuel vehicle, and if not used 

to directly drive the car, can be geared to run at 

maximum efficiency, further improving fuel 

economy. 

HEV Components 
A hybrid electric vehicle (HEV) is an optimized mix 

of various components. 

HEV Drive-train Components: 

• Electric traction motors/controllers 

• Electric energy storage systems, such as 

batteries and ultra-capacitors 

• Hybrid power units such as spark ignition 

engines, compression ignition, direct injection 

engines, gas turbines, and fuel cells  

• Fuel systems for hybrid power unit 

• Transmissions 

To help reduce emissions and improve vehicle 

efficiencies, these systems and components are being 

improved through research and development.  

HEV Motors/Controllers 
In an HEV, an electric traction motor converts 

electrical energy from the energy storage unit to 

mechanical energy that drives the wheels of the 

vehicle. An electric motor provides full torque at low 

speeds. This characteristic gives the vehicle excellent 

"off the line" acceleration. Important characteristics of 

an HEV motor include good drive control and fault 

tolerance, as well as low noise and high efficiency. 

Other characteristics include flexibility in relation to 

voltage fluctuations. 

HEV Batteries 
Batteries are an essential component of HEVs; no 

current battery technology has demonstrated an 

economically acceptable combination of power, 



                            International Journal of Advanced Engineering Research and Studies         E-ISSN2249–8974 

IJAERS/Vol. I/ Issue III/April-June, 2012/87-92 

energy efficiency, and life cycle for high-volume 

production vehicles. Desirable attributes of high-

power batteries for HEV applications are high- peak 

and pulse-specific power, high specific energy at 

pulse power, a high charge acceptance to maximize 

regenerative braking utilization, and long calendar and 

cycle life. Developing methods/designs to balance the 

packs electrically and thermally, accurate techniques 

to determine a battery's state of charge, and 

recyclability are additional technical challenges. 

HEV Transmissions 
Hybrid electric vehicles can use a variety of 

transmissions, based on the system design of the 

vehicle. The four types of transmissions used in HEVs 

are: 

• Continuously variable transmission 

• Automated shifted manual transmission 

• Manual transmission 

• Traditional automatic transmission with torque 

converter 

HEV Emission Control Systems 
HEVs can reduce emission contribution significantly 

through increased fuel economy, use of alternative 

fuels, and improved power unit and after treatment 

technology. A well-tuned spark ignition engine 

produces relatively low emissions. Significant 

emissions occur when the vehicle is started and 

warming up. During normal driving, emissions are 

relatively low because the air-to-fuel mixture is 

precisely controlled, allowing the catalytic converter 

to effectively reduce emissions. The diesel engine 

emissions are primarily nitrogen oxides (NO) and 

particulate matter (PM). NO is produced because the 

engine is operated with a lean air-to-fuel mixture. The 

lean mixture and high temperature cause the higher 

level of NO production. At high engine loads, where 

more fuel is injected, some of the fuel burns 

incompletely leading to the black smoke (PM) 

characteristic of a diesel engine. The fuel cell 

produces water as emissions when operating on pure 

hydrogen. Other types of fuel cells have reformers 

that convert methane to hydrogen then use the 

hydrogen. The reformer produces some emissions in 

the conversion process, but overall emission levels are 

low. 

HEV Energy Management and System Control 
The integration of two or more power sources with the 

electrical energy storage components allows for many 

different types of HEV designs. A power control 

strategy is needed to control the flow of power and to 

maintain adequate reserves of energy in the storage 

devices. Although this is an added complexity, it 

allows the components to work together in an optimal 

manner to achieve multiple design objectives, such as 

high fuel economy and low emissions. The biggest 

distinction between different hybrid designs is 

whether they are parallel or series, or a combination 

of the two. A secondary distinction between hybrids is 

charge-sustaining versus charge-depleting hardware 

configurations and control strategies. Charge-

depleting vehicles allow their batteries to become 

depleted and cannot recharge them at the same rate 

they are being discharged. A charge-sustaining hybrid 

has an auxiliary power unit (APU) that is adequately 

sized to meet the average power load, and if operated 

under the expected conditions, will be able to keep 

adequate electrical energy storage reserves 

indefinitely. 

Mechanical Control: 
This includes mechanically controlled clutches, 

throttles controlled by the accelerator pedal and dials 

on the dashboard, and other controls activated 

mechanically by the driver from the car's interior. 

Electrical Control:  
With the increased use of on-board computers, 

electrical controls will most likely be the dominant 

means of implementing control strategies. This will be 

done through software programs running on 

microchips that then activate relays and other 

electromechanical systems to perform the desired 

functions. These computing systems will most likely 

have multiple data inputs measured on the current 

state of the vehicle such as component temperatures, 

battery voltage, current, and state of charge as well as 

the standard desired response requested by the driver 

such as braking and acceleration. 

HEV Thermal Management 
Just as conventional gasoline engine cooling system, 

HEVs need proper thermal management of the power 

and energy storage units for optimum performance 

and durability. The type of thermal management 

system required will depend on the type of power and 

energy storage units selected. In many cases, waste 

heat from these components can be used for cabin air 

and other heating needs. 

Batteries 
The performance and life-cycle costs of electric 

vehicles (EV) and hybrid electric vehicles (HEV) 

depend on the performance and life of their battery 

packs. Each battery operates over a particular 

operating range to achieve optimum life and 

performance. Temperature variations from module to 

module in a battery pack could result in an un-

balanced pack and thus reduced performance. It is 

important to regulate battery pack operating 

temperature because it affects performance, charge 

acceptance and vehicle operating and maintenance 

expenses. Battery thermal management is critical for 

high-power battery packs used in EVs and HEVs to 

maintain their battery packs within the desired 

temperature range. 

Power Units 
Fuel cells offer highly efficient and fuel-flexible 

power systems with low to zero emissions. There are 

a variety of thermal issues to be addressed in the 

development and application of fuel cells for hybrid 

vehicles. For example, solid oxide fuel cells 

potentially offer very high efficiencies and lower cost 

than polymer electrolyte membrane (PEM) or 

phosphoric acid cells, but run hotter. Isolation of this 

heat from the rest of the vehicle is important not only 

for improved efficiency, but also passenger safety. 

Reducing the warm-up time of fuel cells via thermal 

management is important to achieve quick power and 

minimal emissions. 

Exhaust Systems 
60% to 80% of emissions in an auto's typical driving 

cycle come from "cold start" emissions, that is, 

pollutants that are emitted before the catalytic 

converter is hot enough to begin catalyzing 
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combustion products. The National Renewable 

Energy Laboratory has shown that its patented 

variable conductance insulation and phase-change 

heat storage material can be used to keep the catalyst 

hot for more than 17 hours, yet allow heat to flow 

during peak engine loads to prevent the converter 

from overheating. This would allow 95% of all auto 

trips to begin with a hot catalyst and little or no cold 

start emissions. This is particularly important with 

many HEVs, since their power unit may cycle on and 

off during a trip. 

Fuel System 
As emissions standards tighten and exhaust control 

technologies improve, the issue of evaporative 

emissions becomes increasingly important. Thermal 

management of fuel tanks is one approach to reducing 

these emissions. 

Waste Heat Utilization 
Heat recovered from any of the above sources can be 

used in a variety of ways. For winter driving, heat 

recovery from HEV sources such as the power unit 

exhaust, propulsion motors, batteries, and power 

inverter can significantly improve cabin warm-up. 

Because of their small power units, hybrid vehicles 

generally cannot supply enough heat to the cabin via 

the conventional coolant-to-air heat exchanger. Waste 

heat can also be converted into electricity via 

thermoelectric devices 

HEV Body/Chassis 
Tomorrow's HEV's will contain a mix of aluminum, 

steel, plastic, magnesium, and composites. Since 

1975, the weight of a typical family sedan has 

decreased from 4,000 pounds to 3,300 pounds. 

Researchers are working to reduce overall vehicle 

weight by yet another 40% to 2,000 pounds. To 

achieve this, they must reduce the mass of both the 

outer body and chassis by half, trim powertrain weight 

by 10%, and reduce the weight of interior components 

WORKING OF HEVs  

HEVs combine the benefits of gasoline engines and 

electric motors and can be configured to obtain 

different objectives, such as improved fuel economy, 

increased power, or additional auxiliary power for 

electronic devices and power tools.  

Some of the advanced technologies typically used by 

hybrids include 

Regenerative Braking 
The electric motor applies resistance to the drivetrain 

causing the wheels to slow down. In return, the energy 

from the wheels turns the motor, which functions as a 

generator, converting energy normally wasted during 

coasting and braking into electricity, which is stored 

in a battery until needed by the electric motor. 

Electric Motor Drive/Assist 
The electric motor provides additional power to assist 

the engine in accelerating, passing, or hill climbing. 

This allows a smaller, more efficient engine to be 

used. In some vehicles, the motor alone provides 

power for low-speed driving conditions where internal 

combustion engines are least efficient. 

Automatic Start/Shutoff 
Automatically shuts off the engine when the vehicle 

comes to a stop and restarts it when the accelerator is 

pressed. This prevents wasted energy from idling 

 
Hybrid vehicle drive-train  

Parallel hybrid 
Parallel hybrid systems, have both an internal 

combustion engine and an electric motor connected 

to a mechanical transmission. Most designs combine 

a large electrical generator and a motor into one unit, 

often located between the combustion engine and the 

transmission, replacing both the conventional starter 

motor and the alternator. To store power, a hybrid 

uses a large battery pack with a higher voltage than 

the normal automotive 12 volts. Accessories such as 

power steering and air conditioning are powered by 

electric motors instead of being attached to the 

combustion engine. This allows efficiency gains as 

the accessories can run at a constant speed, regardless 

of how fast the combustion engine is running. 

Series hybrid 

Series-hybrid vehicles are driven only by electric 

traction. Unlike internal combustion engines, electric 

motors are efficient with exceptionally high power to 

weight ratios providing adequate torque over a wide 

speed range. Unlike combustion engines electric 

motors matched to the vehicle do not require a 

transmission between the engine and wheels shifting 

torque ratios. In a series-hybrid system, the 

combustion engine drives an electric generator 

instead of directly driving the wheels. The generator 

provides power for the driving electric motors. In 

short, a series-hybrid is simple; the vehicle is driven 

by electric motors with a generator set providing the 

electric power. 

 
Combined / Series-parallel hybrid 

 
Power-split hybrid or series-parallel hybrids are 

parallel hybrids. They incorporate power-split 

devices allowing for power paths from the engine to 



                            International Journal of Advanced Engineering Research and Studies         E-ISSN2249–8974 

IJAERS/Vol. I/ Issue III/April-June, 2012/87-92 

the wheels that can be either mechanical or electrical. 

The main principle behind this system is the 

decoupling of the power supplied by the engine (or 

other primary source) from the power demanded by 

the driver. 

Degrees of Hybridization 
Hybrids have been traditionally classified by the 

amount of driving power supplied by the electrical 

system and the amount supplied by the engine. For 

battery electric vehicles and hybrid electrics with 

large electrical systems and very small engines It also 

works relatively well for vehicles that do not have a 

downsized engine and have simply added on a 

technology referred to as an integrated starter 

generator: these are just conventional vehicles that can 

turn the engine off when the vehicle is stopped 

 
ISSUES  

Energy and Environmental Performance 
The clearest and most direct way to evaluate the 

environmental performance of a hybrid electric 

vehicle is to measure its fuel economy and emissions 

directly. Since only a few hybrids are available today, 

this is not practical for investigating the potential for a 

full fleet made up of hybrid compact cars, family cars, 

SUVs, pickups and minivans.  

Fuel Economy 
Figure lays out the links between the technologies, the 

hybrid classifications, and their potential to improve 

fuel economy for a typical mid-size family car. The 

gains shown for the battery and motor to launch the 

vehicle and drive until it reaches the speed at which 

the engine can be operated more efficiently. Engine 

efficiency can be improved significantly by driving 

with the electric motor alone up to 10 to 15 miles per 

hour. Above these speeds, efficiency benefits begin to 

diminish, although similarity with electric vehicles 

continues to increase hybrids’ fuel economy are over 

and above those that can be achieved with advanced 

conventional vehicles.  

 
Figure -VII, Fuel Economy Potential for Various Hybrid 

Classifications 

Tailpipe Emissions  
The hybrid vehicle achieves greater fuel economy 

and lower emissions than conventional IC engine 

vehicles. These savings are primarily achieved by 

three elements of a typical hybrid design: 

� Relying on both the engine and the electric 

motors for peak power needs, resulting in a 

smaller engine sized more for average usage 

rather than peak power usage. A smaller engine 

can have less internal losses and lower weight.  

� Having significant battery storage capacity to 

store and reuse recaptured energy, especially in 

stop-and-go traffic.  

� Recapturing significant amounts of energy 

during braking. Regenerative braking reduces 

vehicle speed by converting some of its kinetic 

energy into electricity, depending upon the 

power rating of the motor/generator. 

Noise – 

Reduced noise emissions resulting from substantial 

use of the electric motor at idling and low speeds, 

leading to roadway noise reduction, in comparison to 

conventional gasoline or diesel powered engine 

vehicles, resulting in beneficial noise health effects. 

Added Consumer Benefits 
In addition to promising higher fuel economy and 

improved tailpipe emissions, hybrids will have many 

benefits that may raise additional consumer interest.  

• Good low-end torque, 

• Reduced noise and vibration at stops, 

• Smooth acceleration and reduced noise and 

vibration at low speeds. 

• Reduced engine vibration. 

• Better shifting performance. 

• Reduced engine and brake maintenance. 

• Fewer stops at the gas station: -  

Safety 
In achieving higher fuel economy, future hybrids 

will not sacrifice safety. In fact, drivers of SUVs 

and pickups will be safer; battery placement in 

practical hybrid designs creates a lower center of 

gravity, making SUVs and other tall vehicles less 

likely to tip over. Hybrid SUVs and pickups that 

include high-strength steel and aluminum 

components will get better fuel economy and 

pose less danger to others during collisions, while 

keeping their drivers and passengers safe 

CONCLUSION 
Hybrid electrical technology exists to build a future 

with a significantly lower dependence on oil and a 

cleaner, cooler atmosphere. With sufficient political 

will and automaker participation, this future can arrive 

in time to address these significant and growing 

problems. Hybrids can play an important role in 

realizing this future, filling the gap between 

immediate improvements through conventional 

technology and the long-term promise of hydrogen 

fuel cells and alternative fuels. Building on a 40-mpg 

fleet that relies on existing conventional technology, 

hybrids can help drive passenger vehicle oil 

consumption and global warming emissions from cars 

and trucks below 1990 levels. 
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