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SECTION I
INTRODUCTION

IT IS ESTIMATED that current global petroleum resources could be used up within 50 years
if they are consumed at present consumption rates. The U.S. Energy Information
Administration stated that the United States consumed 18.7 million barrels of petroleum per
day in the first half of 2009. Most petroleum is used by various ground vehicles. The global
number of vehicles will increase from 700 million to 2.5 billion in the next 50 years [1]. Thus,
methods of improving vehicular fuel economy have gained worldwide attention.

A hybrid power train utilizes an electric motor to supplement the output of an internal
combustion engine (ICE) during acceleration and recovers the energy during braking [2], [3],
[4]. In hybrid topologies, since the vehicle is no longer dependent on only one type of fuel,
they have many benefits for the vehicle, from emission reduction to performance and
efficiency improvements. The efficiency and all-electric range (AER) of hybrid electric
vehicles (HEVs) depend on the capability of their energy-storage system (ESS), which not
only is utilized to store large amounts of energy but also should be able to release it quickly
according to load demands [5]. The important characteristics of vehicular ESSs include
energy density, power density, lifetime, cost, and maintenance. Currently, batteries and
ultracapacitors (UCs) are the most common options for vehicular ESSs. Batteries usually
have high energy densities and store the majority of onboard electric energy. On the other
hand, UCs have high power densities and present a long life cycle with high efficiency and a
fast response for charging/discharging [8], [9]. A fuel cell (FC) is another clean energy
source; however, the long time constant of the FC limits its performance on vehicles. At
present, no single energy-storage device could meet all requirements of HEVs and electric
vehicles (EVs). Hybrid energy sources complement drawbacks of each single device [6], [7],

[8l.

This paper reviews state-of-the-art ESSs for advanced hybrid vehicular applications.
Section II presents the battery technologies for automotive applications. Section III
addresses ultracapacitors (UCs) as another ESS for future hybrid vehicles. Applications of
FCs in vehicular systems are presented in Section IV, In addition, topologies of hybridized
ESS are addressed in Section V. Finally, Section VI presents the summary and conclusions.
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