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Executive Summary

This note helps explain the basic purchase criteria that consumers typically use
to determine the applicability of a personal electric vehicle for their use. Electric
vehicle consumers will learn how to relate electric vehicle attributes to specific
performance and functionality needs.

Introduction

Many consumers want to use electric technology for their personal transportation
needs, but may not have the experience necessary to evaluate the transportation
solutions on the market. The category of personal electric transportation is
relatively new and there are few industry standards used for specifying
performance attributes, therefore evaluating electric transportation products can
be confusing to the consumer.

This note will explain the primary performance attributes that most consumers
should understand when considering an electric vehicle, and how to determine if
a vehicle may have the correct characteristics to meet their performance needs.

Attributes covered in this note are: Road Legality, Safety, Range, Hill Climbing,
Battery Charging, Speed and Speed Control

Background

This note deals primarily with the market for two wheel personal electric vehicles,
but many of the points discussed are equally applicable to three or four wheel
vehicles. Although personal electric vehicles have been available for nearly 40
years, only in the past 5 years has there been a variety of vehicles in production
and offered broadly.

Most consumers understand very well the typical purchase criteria for a
combustion engine powered vehicle like cars and motorcycles. Electric vehicles
however are fundamentally different in terms of range, speed, and support
infrastructure. These differences suggest that the consumer should think
carefully about a different set of purchase criteria before choosing an electric
vehicle.

The purchase criteria below are not intended to be in priority order, nor is it
implied that any one consumer will prioritize them in the same way. The criteria
are intended to be an informative guide for thought and evaluation.
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Road Legal

Do you want to drive your PEV on public roads? For most consumers
considering an electric vehicle for transportation, it is important to know whether
the vehicle is legal to operate on public roads. Some consumers intend to use
an electric vehicle for recreation or utility on private property where state vehicle
laws do not apply. If you will only operate your vehicle on unregulated property
then you need not put much effort into understanding the road legality of a
particular vehicle.

The discussion of road legality, registration, and operator requirements is quite
complex as it involves knowledge of the federal regulations, state regulations,
and local enforcement. For a more complete discussion you may want to read
Technical Note 62. You should also consult your state motor vehicle regulations.

Rule of thumb: If you plan to operate on public roads, you should purchase a
vehicle with a vehicle identification number (VIN).

If you re vehicle has a VIN, then you can be quite confident that if your state laws
and enforcement require registration and insurance you can register your
vehicle. If the vehicle you consider doesnt have a VIN, then you are at risk of
not being able to comply with local laws and operate your vehicle legally on
public roads. You might also conclude that if a vehicle doesnt have a VIN, then
it doesnt have the safety equipment

Safety

The category of safety is too broad to cover in a simple overview, however, there
are some important attributes of vehicle design that will influence the overall
safety of a vehicle. A good indicator of whether a vehicle meets even basic
safety guidelines is whether or not the vehicle has a VIN number. A number of
other attributes are listed here.

- Wheel size: The larger the wheel diameter, the more stable the vehicle
will be when driving over bumps.

- Center of Gravity: The lower the center of gravity, the more stable the
vehicle will be on slippery roads, and when operating at low speeds.

- Weight distribution: Weight too far forward, makes the vehicle unstable in
bumps; weight too far aft may cause the front wheel to not track properly.

- Lighting: Bright lighting for driving in low visibility conditions allows others
to see you.

- Speed control: One hand speed control is simpler than having different
acceleration and braking controls.

- Suspension: Suspension helps keep the tires on the road in bumpy
conditions.

2002 eGO Vehicles Inc. Allrights reserved. No partof this publication may be used, reproduced, photocopied,
transm itted, or stored in any retrieval system of any nature, with out the written permission of the copyrig ht owner.
www.egovehicles.com —oT



Range

Range is an important factor for electric vehicles and is mostly determined by the
amount of energy available from the batteries. Simply put, the batteries are your
'gas tank'. The bigger the tank, the farther you can drive. Other factors that
determine range are how many hills you ride up, the weight of the rider and
vehicle, how aggressively you drive, and the efficiency of the motor and
controller.

When shopping for a vehicle you should estimate how much range you need and
look for products that can reliably (with some to spare) deliver the range you
need to get through a day. Because a typical charger will take around 6 hours to
fully recharge, (although fast chargers are often available, typical charging times
make it appropriate to charge over night) the target range you should consider is
your total typical daily use plus 25% for safety.

Rule of thumb: when determining how much range you will need, add up your
commute/errands and add 25%. This is the real life range you should consider.

Many manufacturers vastly overstate the range of the vehicle because they state
range under optimum conditions (flat course, no wind, small rider, etc.) In
general, be skeptical of specified range, and seek real life examples of range
from other owners. Better yet try it before you buy it.

Rule of thumb: when comparing vehicles, almost always, the more battery - the
more range.

Unfortunately, comparing battery capacity isnt necessarily obvious. Some
vehicles have 12Volt systems, other 24Volts or 36Volts. There are also a variety
of battery technologies, Lead Acid, Nickel Metal Hydride, Lithium lon, for
example, each with different abilities to carry and discharge energy. A simple
way to compare usable battery energy is to compare the total usable watt-hours
in the batteries. All batteries have a voltage and an amp-hour rating. To
determine the watt-hours available, multiply the volts by the amp-hour and add
them up for each battery. For example, consider a vehicle that uses two, 12V
34amp-hour batteries. This battery pack has 816 watt-hours of energy. (2 x 12 x
34 = 816).

You can use this method to compare battery capacities of different vehicles. This
method will work well for comparing vehicles using the same battery technology.
The method for comparing a lead acid product to a nickel metal hydride product

requires is beyond the scope of this note, but is covered in Technical Note 33.

Hill Climbing

Hill climbing ability is an important feature for any vehicle that is supposed to
propel itself and the rider without pedal assistance or walking. Many electric
vehicles have motors sized to propel the vehicle and rider over flat ground - but
are not often sized to move the vehicle smartly up a hill. Where the primary factor
limiting range is the size of the batteries, the primary factors limiting hill-climbing
ability is the size of the motor and the capacity of the motor controller.
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Unfortunately for the operator/owner, a vehicle lacking the capacity to propel
itself and the rider up a hill presents more than an inconvenience. Unlike
gasoline motors which simply stop running, when an electric motor isn t strong
enough to move the vehicle when the throttle is fully on, the motor or controller
will often burn out causing a permanent and expensive failure. So choosing a
vehicle with the power to climb a steep hill requires that you evaluate more than
the inconvenience of walking up a few hills.

Hill climbing ability is a good indicator of system reliability and durability.

Rule of Thumb: If you have hills that require you to use second gear in your car
to climb them, you will need a motor and motor and controller capable of 1500 to
2000 watts for as long as a few minutes.

For more information on Hill climbing and motor performance please read
Technical Note 46.

Battery Charging

The heart of any electric vehicle is the battery. The quality and design of the
charging system (as well as the owner's charging habits) will determine whether
or not your batteries will last for years or for weeks, and it may have a significant
impact on the range you experience.

The relevant attributes of the charger are:

- Isiton board, or does it need to be carried along by the user? Generally
on board chargers are more convenient.

- Is the charger sized appropriate for the size of the battery pack? The
larger the battery system, the higher capacity the charger should be.

- Isita smart charger that changes charge mode based on battery
performance? Can you leave it connected indefinitely and not have to
worry about over charging ?

The best charging systems for lead acid batteries in electric vehicles are 'smart’
chargers, which monitor the state of charge of the battery. A smart charger will
change the charging profile dynamically as the battery charges. This type of
charger can be left connected to the batteries indefinitely. A single stage charger
does not have the ability to monitor the battery and so it is likely to under charge
a battery if left connect for short periods and will overcharge if left connected too
long. Generally, smart three stage chargers can safely recharge batteries more
quickly than single stage chargers. Also, single stage chargers will reduce the
range and life of batteries compared to a three stage 'smart’ charger.

Some vehicles are capable of fast charging using a large external battery
charger. Fast chargers may be offered as an option and are typically larger
versions of the smaller chargers. To provide a fast charge (typically 1.5 to 2.5
hours), they need to be properly sized for the batteries.
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Speed and Speed Control

The thing to remember about speed is that the faster you drive, the more energy
you consume and the less range you will experience. But of course, the faster
you drive, the faster you arrive at your destination. Depending upon your trip -
you might want to travel quickly or slowly to increase your range. If you are
comparing range between vehicles - you want to understand what at what speed
the range estimate was derived. For most people, a range of 20 or more miles at
20 MPH or more is the transition point between recreation/toy product and one
that can be used for real transportation and errands.

Safety is also an interesting concern when discussing speed. When traveling on
public roads, being able to move with the flow of traffic is often safer than
traveling much slower than traffic. Many consumers shopping for a PEV for
transportation will look for a vehicle capable of speeds of 20 miles per hour or
more.

How you control your speed is also a very important consideration when
choosing an electric vehicle. Electric motors can be controlled just like a light
switch. They can be tumed on and off with a simple switch or they can be speed
modulated like a dimmer switch in your home controls the brightness of a light
bulb.

In electric vehicles, the components that allow for smooth and precise speed
control are the throttle (continuously variable) and a motor controller. In high
guality vehicles, the controller is a computer. A high quality and high capacity
controller will allow the operator to drive very slowly and smoothly, and also
accelerate and decelerate smoothly but with quick response.

When discussing speed control, the ability to stop is probably more important
than the ability to go. An electric motor operated in reverse is a generator. That
means that on an electric vehicle there is the opportunity for the wheels to turn
the motors and put electricity back into the battery. Some vehicles (especially
those with computer controllers) will convert the momentum of the vehicle into
charging the battery when the operator chooses to slow down. This is often
referred to as "regenerative breaking."” The two benefits of regenerative breaking
are increased range and 'one-hand' control because when the throttle is reduced
the vehicle automatically slows - along the operator to accelerate and brake with
one hand.

Conclusion

Although each consumer's will have unique needs, the primary purchase criteria
discussed in this note should be considered when evaluating a new product.
There are many other attributes of electric vehicles that will become important
purchase criteria as the consumer refines their understanding of needs.
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Related Reading

For further reading on many of the subjects discussed in this document please
consult the library of technical notes. Additional reviews of popular products may
be found on the internet. Some sites with both subjective and objective review
information are www.electricscooterworld.com, www.evdeals.com. For general
information on the electric vehicle industry, you may be interested in
www.evworld.com.
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