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(57) ABSTRACT 

An electrical energy Storage device for Storing electrical 
energy and Supplying the electrical energy to a driving motor 
at different power levels is disclosed. The electrical Storage 
device has an energy battery connected to a power battery. 
The energy battery has a higher energy density than the 
power battery. However, the power battery can provide 
electrical power to the electrical motor at different power 
rates, thereby ensuring that the motor has Sufficient power 
and current when needed. The power battery can be 
recharged by the energy Storage battery. In this way, the 
power battery temporarily Stores electrical energy received 
from the energy battery and both batteries can provide 
electrical energy at the different power rates as required by 
the motor. The energy Storage device can be releasably 
connected to an external power Source in order to recharge 
both batteries. Both batteries can be recharged indepen 
dently to optimize the recharging and lifetime characteristics 
of the batteries. 

50 

Regener 
ative 
Braking 
System 

1 OO 

    

    

  



Patent Application Publication Oct. 14, 2004 Sheet 1 Of 7 US 2004/0201365 A1 

50 

Recharger 

Regener 
ative 
Braking 

100 
FIG.1 

  

    

  



Patent Application Publication Oct. 14, 2004 Sheet 2 of 7 US 2004/0201365 A1 

Pb-acid OO% 

-- 
210 210 =4N-1 

Capacity 
Pb-acid O% 

Time 

FIG.2A 

Li-ion 100% 

Capacity 
Li-ion 

Time 

FIG.2B 

  



Patent Application Publication Oct. 14, 2004 Sheet 3 of 7 US 2004/0201365 A1 

  



Patent Application Publication Oct. 14, 2004 Sheet 4 of 7 US 2004/0201365 A1 

: 
s 
s 

  



US 2004/0201365A1 

volt 

Patent Application Publication Oct. 14, 2004 Sheet 5 of 7 

amp 

  



US 2004/0201365 A1 

- - - - - • • • • • • • • • *- 

* • • • • • • • • • • • • • • • • ? | - 

* 

Patent Application Publication Oct. 14, 2004 Sheet 6 Of 7 

  



Patent Application Publication Oct. 14, 2004 Sheet 7 of 7 US 2004/0201365 A1 

Voltage 
O Lo r co c\ r O 
CN CN CN 'CN CN CN CN v 
v- y ver y- s re- Y ve 

E 

Amps 

  



US 2004/0201365 A1 

ENERGY STORAGE DEVICE FOR LOADS 
HAVING WARIABLE POWER RATES 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 10/106,782 filed Mar. 27, 2002 and 
entitled “Energy Storage Device For Loads Having Variable 
Power Rates'. 

FIELD OF THE INVENTION 

0002 The present invention relates to an apparatus, 
device and method for Storing electrical energy and provid 
ing the electrical energy to an electrical load at different 
power rates. More particularly, the present invention relates 
to an apparatus, device and method utilizing a hybrid battery 
to provide variable power rates to an electrical load, Such as 
an electric motor or engine utilized in driving a vehicle. 

BACKGROUND OF THE INVENTION 

0003. In the past, various manners of storing and provid 
ing electrical energy to drive an electrical load, Such as an 
electrical driving motor, have been proposed. For example, 
different types of batteries, including lead-acid, nickel cad 
mium (Ni-Cd) and nickel metal hydride (Ni-MH), have 
been used in the past to drive electric vehicles. However, 
each type of battery has unique advantages and disadvan 
tages. 

0004 For example, lead-acid batteries have the advan 
tage that they can provide a high burst of power when 
required. Moreover, lead-acid batteries can provide large 
currents Sufficient to accelerate and drive electrical loads, 
Such as electrical motors and engines in vehicles. However, 
lead-acid batteries Suffer from the disadvantage of having 
low energy density, Sometimes expressed or measured, as 
Watt-hour per liter (W-h/l), meaning that the energy pro 
Vided per unit volume is low. Likewise, lead-acid batteries 
have relatively low Specific energy, expressed as watt-hour 
per kilogram (W-h/kg), meaning that a relatively large mass 
is needed to Store a Substantial quantity of energy. 
0005. By contrast, lithium-based batteries, such as 
lithium batteries having anodes or negative electrodes of 
lithium metal or alloy, and non-aqueous rechargeable 
lithium ion batteries, as disclosed for instance in U.S. Pat. 
No. 6,159,635, issued to Das Gupta et al., have higher 
energy density and Specific energy characteristics than lead 
or nickelbased electrochemical cells. It should be noted, that 
Some types of non-aqueous rechargeable lithium ion batter 
ies are referred to as polymer lithium batteries, due to being 
packaged and Sealed in polymer layerS and having lithium 
ion conducting polymer electrolytes. On the other hand, 
lithium based batteries may not be able to provide large 
bursts of power, in particular, high current densities, on 
account of the intrinsic high impedance of Such lithium 
based cells. Furthermore, to prevent degradation, lithium 
based cells require thermal management techniques to main 
tain the battery at an acceptable temperature, Such as -20 
C. to a maximum of 70° C. Power bursts in lithium ion cells 
generally generate larger amounts of heat energy, which, if 
not managed properly, can degrade the battery. 

0006. In an electrical vehicle, it is desirable to have an 
energy Storage device which has a high energy density, So 

Oct. 14, 2004 

that a minimum Volume is occupied by the energy Storage 
device, as well as a high Specific energy, So that minimum 
weight is transported along with the vehicle. However, it is 
also desirable to have an energy Storage device which can 
provide large bursts of power. In particular, a burst of power 
is generally required to overcome Stationary friction and the 
inertia of a Stationary electrically driven vehicle, as well as 
for acceleration. It is noted that attempts have been made to 
redesign rechargeable lithium batteries to be able to provide 
higher currents, but this led to lower specific energies and 
lower energy densities of Such battery devices. 
0007. In the past, several different types of energy storage 
devices have been proposed in an effort to provide a high 
energy Storage device that provide large bursts of power. For 
example, U.S. Pat. No. 5,780,980 and U.S. Pat. No. 5,808, 
448, both to Naito, disclose an electric car drive system 
having a direct current power Supply comprising a fuel cell 
connected to a lead-acid battery. The fuel cell produces a 
constant output while operational and Supplies electrical 
power to the car when the power rate for the electrical load 
is low. When the power rate for the electrical load increases, 
power is Supplied by the lead-acid battery, as well as by the 
fuel cell. Naito also discloses that the fuel cell recharges the 
lead-acid battery when the charge for the lead-acid battery is 
below a specified value. However, Naito suffers from the 
disadvantage that the fluid reactants to operate the fuel cell 
must be carried in containers on the vehicle. This greatly 
reduces the Specific energy capability of the device. Also, 
Naito discloses an elaborate electrical circuit to permit 
Supply of energy from the fuel cell and the lead-acid battery. 
0008 European Patent Office application number 0564 
149 A2 to Okamura, discloses utilizing capacitors connected 
in Series and in parallel, but does not disclose the use of 
batteries. Furthermore, Okamura discloses Specific circuits 
for detecting whether or not the capacitor is at the fully 
charged level to prevent over charging. Likewise, European 
Patent Office application number 0 410 559 A2 to Shirata 
discloses using capacitors, but Shirata also relates to using 
the capacitors to energize a Starter motor which in turn Starts 
a gasoline engine. Similarly, U.S. Pat. No. 5,998,960 to 
Yamada discloses using a capacitor with a battery in com 
bination with a gasoline engine to assist in regenerative 
braking, and, other means to limit the use of the gasoline 
engine and thereby limit fuel consumption and reduce 
exhaust gases. In this way, both Yamada and Shirata are not 
directly concerned with Storing large amounts of power, 
because both disclose use of the power Storage System in 
combination with gasoline or other fossil fuel engines. 
Furthermore, both Yamada and Shirata relate to circuits 
which are focused on their specific purposes; for Shirata this 
relates to assisting the Starter engine to Start the engine, and, 
for Yamada, this relates to using a chopper to maintain the 
Voltage, Such as during regenerative braking, at Specific 
levels. 

0009 For much smaller loads, such as in the micro 
electronic field, as used in electrochromic eye wear, lithium/ 
thionylchloride and lead-acid hybrid batteries have been 
proposed. For instance, U.S. Pat. Nos. 5,900,720 and 5,455, 
637 to Kallman disclose using a hybrid battery comprising 
a primary, that is non-rechargeable, lithium/thionyl chloride 
battery cell and a Secondary Sealed lead-acid battery to 
power micro-electronic circuits. The primary and Secondary 
batteries power a load, which in the case of Kallman are low 
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power micro-electronic circuits for electrochromic eye wear. 
The primary battery also powers a controller which, in turn, 
can periodically charge the Secondary battery. However, 
Kallman does not disclose that the primary lithium/thionyl 
chloride battery is recharged. Also, the Kallman device is 
designed to be Small with relatively low total energy output, 
and as Such, could not be utilized for larger loads. 
0.010 Also, capacitors have been used in the past as 
disclosed, for instance, in European application 0.564. 149 
A2 to Jeol Ltd. However, as disclosed in this application, 
capacitors are much more Sensitive to the applied Voltage 
and, if the Voltage applied to the capacitor exceeds the rated 
Voltage, then the capacitance of the capacitor is immediately 
reduced and the leakage current increases. Because of this, 
European application O 564 149 A2 discloses at length 
control circuits to limit charging of the capacitors, but has no 
disclosure relating to use of batteries nor how to control the 
batteries. 

0011. Accordingly, there is a need in the art for an 
efficient energy Storage device having a relatively high 
energy density and relatively high Specific energy for use 
with large loads having variable power demands. Moreover, 
while energy density is an important consideration, it is also 
necessary to consider how the batteries will be housed 
within the vehicle. In other words, the effective volume of 
the device including the batteries, meaning the total volume 
required to house the batteries rather than the volume of the 
individual cells, must be considered. Yet another consider 
ation should be the charging of the System after the output 
has dropped below a predetermined level. 

SUMMARY OF THE INVENTION 

0012. Accordingly, it is an object of this invention to at 
least partially overcome the disadvantages of the prior art. In 
addition, it is an object of the invention to provide an 
efficient energy Storage device for use in relatively large load 
Situations, Such as for an electrical vehicle, and preferably 
having a high Specific energy and energy density, while Still 
being capable of providing large bursts of power in a 
thermally manageable manner. 
0013 Accordingly, in one aspect, the present invention 
provides a power Source for Supplying electrical power to a 
driving motor, Said driving motor drawing electrical power 
at different rates, the power Source comprising: a first 
rechargeable energy battery having a first energy density for 
Storing electrical energy; a Second rechargeable power bat 
tery having a Second energy density, which is less than the 
first energy density, for Storing electrical energy and pro 
Viding electrical power to the electrical motor at the different 
rates, battery controller for controlling the continuous 
recharging of the power battery with electrical energy from 
the energy battery; and wherein electrical energy Stored in 
the energy battery is Supplied to the electrical motor through 
the power battery and at the different rates. 
0.014. In another aspect, the present invention provides an 
energy Storage device for Storing electrical energy to be 
delivered to an electrical load, Said energy Storage device 
comprising: a first rechargeable battery having a first energy 
density and electrically connectable to an external power 
Source; a Second rechargeable battery having a Second 
energy density, less than the first energy density, Said Second 
battery being electrically connected to the first battery and 
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electrically connectable to the load; wherein, during opera 
tion, the Second battery is connected to the load and Sup 
plies-electrical energy to the load while the first battery 
continually recharges the Second battery; and wherein the 
first battery is periodically connected to the external Source 
for recharging as required. 

0015. In still a further aspect, the present invention pro 
vides an energy Storage device for Storing electrical energy 
to be delivered to an electrical load, Said energy Storage 
device comprising: a rechargeable battery having a first 
energy density and electrically connectable to an external 
power Source; a rechargeable electrical device having a 
Second energy density, less than the first energy density, Said 
Second battery being electrically connectable to the first 
battery and electrically connectable to the load; wherein, 
during operation, the rechargeable electrical device is con 
nected to the load and Supplies electrical energy to the load 
while the battery Substantially continuously recharges the 
rechargeable electrical device; and wherein the battery is 
periodically connected to the external Source for recharging 
as required. 

0016. In a further aspect, the present invention provides 
a method for Storing electrical energy for an electrical load 
drawing electrical power at different rates, Said method 
comprising: charging a first rechargeable energy battery 
having a first energy density; charging a Second rechargeable 
power battery having a Second energy density, less than the 
first energy density, Supplying electrical energy from the 
second power battery to the electrical load at the different 
rate; and recharging the Second power battery from the first 
energy battery. 

0017. In a further aspect, the present invention provides 
a power Source for Supplying electrical power to a driving 
motor, Said driving motor drawing electrical power at dif 
ferent rates, the power Source comprising a first rechargeable 
energy battery having a first total impedance for Storing 
electrical energy and providing electrical power to the 
electrical motor at a first range of power rates, a Second 
rechargeable power battery having a Second total imped 
ance, less than the first total impedance, for Storing electrical 
energy and providing electrical power to the electrical motor 
at a Second range of power rates, wherein electrical energy 
Stored in the energy battery is provided to the driving motor 
at the first range of power rates in combination with elec 
trical energy Stored in the power battery; and wherein the 
energy battery Substantially continuously recharges the 
power battery with any exceSS power. 

0018. One advantage of the present invention is that the 
energy battery can be a conventional lead-acid battery which 
is commonly used in Vehicles. In this way, the lead-acid 
battery can provide Sufficient bursts of power, and at Suffi 
cient current, to drive an electrical load having variable 
power demands, Such as an electrical motor in a vehicle. 
However, the energy battery is preferably a lithium based 
cell or battery which will have a high energy density and 
high Specific energy. Accordingly, by having the energy 
battery Substantially continuously charging the power bat 
tery, the power battery can be maintained close to its 
optimum charge level, which should improve the life span of 
the power battery. Furthermore, by having the power battery 
near its optimum charge level, the energy generating capa 
bility of the power battery can be maintained and energy can 
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be provided to the load at variable rates, thereby more 
readily Satisfying the power demands of the load. However, 
as the major energy Storage portion of the energy providing 
System of the present invention resides in the energy battery 
having high energy density and Specific energy, relatively 
little extra volume and weight is added to the vehicle. 
0019. In one of the further embodiments, the lithium 
battery is a polymer lithium battery which comprises a 
non-aqueous, rechargeable lithium ion battery encased or 
wrapped and Sealed in plastic covers, having Solid polymer 
and organic liquid, lithium ion conducting electrolytes. Such 
polymer lithium ion batteries can be produced in Specific 
shapes or forms, and molded into an appropriate shape 
which can occupy a Space otherwise left vacant within the 
vehicle. In this manner, the effective volume of the energy 
Storage device can be reduced, by ensuring that little Space 
is wasted around the energy battery. 
0020. A further advantage of the present invention is that 
both batteries in the energy Storage device can be recharged. 
AS Stated above, the energy battery is Substantially continu 
ously recharging the power battery. However, when 
required, the energy battery can also be recharged by being 
connected to an external Source. In this way, the energy 
Storage device can be easily regenerated for continued use 
and does not require the addition of fluid reactants or 
replacement of the batteries. Furthermore, in a preferred 
embodiment, the power battery can be recharged from the 
external Source when the energy battery is being recharged 
to improve recharging efficiency. 
0021. A still further advantage of the present invention is 
that, because a lead-acid battery is utilized, existing energy 
recovery techniques can be used. In particular, the energy 
generated during braking can be harnessed for replenishing 
the energy level of the lead-acid battery when the vehicle is 
brought to a stop. This procedure is often referred to as 
regenerative braking. 
0022 Just as certain loads require occasional or periodic 
bursts of energy, Some charging Sources can make available 
bursts of energy from time to time. The regenerative braking 
of a vehicle is an example of Such a "burst-type' charging 
Source. If the energy Storage device is capable of accepting 
charge at a high rate, these bursts of energy can be efficiently 
accepted. An advantage of the present invention is that 
occasional or periodic bursts of power can be used to rapidly 
recharge the power battery at a rate that may not be accepted 
efficiently by the energy battery, or, could damage the energy 
battery. A Subsequent heavy load might use the energy from 
this "burst type' charging Source directly from the power 
battery. Alternately, the power battery might be used to 
recharge the energy battery at a lower rate over a longer 
period of time. Which routing of energy is most effective in 
any particular use will of course vary with the time-depen 
dent energy needs of the electrical load and the particular 
application of the energy Storage device. 
0023. In a further preferred embodiment, inherent control 
can be used to control the flow of power from the energy 
battery and the power battery to the load. Inherent control 
can result for instance by initially controlling the power 
battery and energy battery to be at Same Voltage and con 
necting the energy battery, power battery and load, in 
parallel. The flow of current to the load will then be 
controlled by inherent characteristics of the power battery, 
energy battery and load, as discussed in more detail below. 
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0024. In a further preferred embodiment, energy can be 
provided from both energy battery and power battery to the 
load. In this way, the range of power rates of the energy 
battery and power battery can be combined to provide 
electrical energy at a larger range of power rates. When the 
time-dependent energy needs of the electrical load decrease, 
Such as when the load is off, electrical energy from the 
energy battery could be used to charge the power battery. 
This can occur, for instance, if inherent control is utilized, 
Such as by connecting the power battery, energy battery and 
load in parallel. 
0025) Further aspects of the invention will become appar 
ent upon reading the following detailed description and 
drawings which illustrate the invention and preferred 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. In the drawings, which illustrate embodiments of 
the invention: 

0027 FIG. 1 shows an electrical system comprising an 
electrical Storage device according to one embodiment of the 
present invention; 
0028 FIG. 2A shows a graph plotting the discharge of 
the lead-acid power battery against time; and 
0029 FIG. 2B shows a graph plotting the discharge of 
the non-aqueous rechargeable lithium energy battery pack 
against time. 
0030 FIG. 3 shows an electrical system comprising an 
electrical Storage device according to a further embodiment 
of the present invention; 
0031 FIG. 4 shows an electrical schematic diagram of 
the electrical system illustrated in FIG. 3 according to a 
further embodiment of the present invention. 
0032 FIG. 5 illustrates a graph plotting of the voltage of 
the lithium ion energy battery and a lead acid power battery 
as well as the combined current from the lithium ion and 
lead acid batteries to a load against time as the load is 
activated and deactivated in a preferred embodiment utiliz 
ing inherent control of the lithium ion battery and lead acid 
battery. 
0033 FIG. 6 illustrates a graph plotting of the voltage of 
a lithium ion energy battery and a lead acid power battery as 
well as the current from the lithium ion energy battery to the 
lead acid power battery against time when a fully charged 
lithium ion battery is initially connected to a nominally 
discharged lead acid battery in a preferred embodiment 
utilizing inherent control of the batteries. 
0034 FIG. 7 illustrates a graph plotting of the voltage of 
a lithium ion energy battery and a lead acid power battery as 
well as the current from the lithium ion to the lead acid 
battery against time when a fully charged lithium ion battery 
is initially connected to a fully charged lead acid battery in 
a preferred embodiment utilizing inherent control. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

0035. As described herein above, in one preferred 
embodiment of the invention, an energy Storage device 
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comprising an energy battery connected to a power battery 
is provided. The energy battery has a high energy density 
and a high Specific energy So that it can easily and efficiently 
Store a large amount of energy. The energy battery is also 
rechargeable from external Sources. The energy battery is 
capable of providing a relatively steady energy output, but 
may have a relatively low current level. In other words, the 
energy battery performs the principal function of efficiently 
Storing a large amount of energy, without having a great deal 
of mass or occupying a great deal of Space, but may not be 
able to provide high or variable current levels or variable 
power output. 

0.036 By contrast, the power battery is designed to have 
variable power output and to be capable of providing short 
high current pulses. For example, the power battery will be 
capable of providing high bursts of power at Short high 
current pulses as required by the electrical load, Such as the 
power requirements of an electrical motor or engine utilized 
in driving a vehicle, including trucks, automobiles, motor 
cycles and Smaller two wheeled bicycles Such as motor 
cycles and electric bicycles, Sometimes referred to as 
mopeds. Accordingly, the power battery will be able to 
provide electrical power to the motor at a range of power 
rates which is greater than the range of power rates which 
the energy battery can provide power. However, the power 
battery may not have a high energy density or high Specific 
energy. In particular, the power battery is rechargeable and 
can be recharged by the energy battery and optionally by an 
external power Source. 

0037. In operation, the power battery meets the variable 
current and power demands of an electrical load and can be 
recharged by the energy battery. In this way, the electrical 
Storage device provides a hybrid battery having high energy 
density and high Specific energy because of the energy 
battery, while Still providing variable power rates as well as 
high bursts of current as required by electrical loads, because 
of the power battery. 

0.038. The electrical storage device also comprises a 
controller for coordinating, charging and working of the 
energy battery, as well as the power battery. The controller 
also coordinates the charging and working of the energy 
battery and the power battery in order to preserve longevity 
of both, Such as by preventing overcharging of the power 
battery and overheating of the energy battery. The controller 
also optionally incorporates an instrument panel indicative 
of the Voltage and current flow from the energy battery to the 
power battery, as well as from the power battery to the 
electrical load. The controller also optionally indicates, Such 
as through a warning or alarm device, the approach of the 
lowest permissible potential level of the energy battery So 
that recharging of the energy battery can occur. The energy 
battery, and optionally the power battery, can be recharged 
from an external Source. The controller may also coordinate 
the recharging of the energy battery, and also the power 
battery, from the external Source. 

0.039 FIG. 1 illustrates an electrical system, shown gen 
erally by reference numeral 10, utilizing an energy Storage 
device 15 according to one embodiment of the present 
invention. As illustrated in FIG. 1, the system 10 comprises 
the energy Storage device 15 connected to a load, shown as 
motor 100 in FIG. 1. 
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0040 AS also illustrated in FIG. 1, the energy storage 
device 15 comprises two rechargeable batteries 20, 30. The 
first battery is an energy battery 20 and the second battery is 
a power battery 30. 

0041 AS also illustrated in FIG. 1, the energy battery 20 
is connected to the power battery 30 through a first connec 
tion 21. The power battery 30 is in turn connected to an 
electrical load, which in this embodiment is an electrical 
motor 100, through a Second connection 22. During opera 
tion, the power battery 30 Supplies electrical energy through 
the second connection 22 to drive motor 100, and, the energy 
battery 20 Supplies electrical energy through the first con 
nection 21 to Substantially continuously recharge the power 
battery 30. 

0042. The power battery 30 provides power to the motor 
100 through the second connection 22 at a second voltage 
V-2 and a second current I-2. It is understood that the second 
voltage V-2 and the second current I-2 will vary to permit the 
power battery 30 to supply bursts of current and electrical 
power at different rates depending on the requirements of the 
motor 100. Accordingly, the power battery 30 is selected and 
designed to Satisfy the power rate, as well as current I-2 and 
Voltage V-2 requirements, of the electrical load. 

0043. In the embodiment where the electrical load is a 
motor 100, the motor 100 may be, for example, a 96 volt 
motor operating at between 75 and 500 amps. In this case, 
it is convenient and preferable that the power battery 30 has 
at least a 5 kilowatt hour capacity or higher. The lead-acid 
battery 30 is preferred so that high bursts of power at short 
high current pulses can be provided to the motor 100. 
However, other high power batteries, Such as nickel metal or 
nickel alloy hybrid bearing batteries or nickel cadmium 
batteries, may also be used instead of lead-acid batteries. 
0044) In some embodiments, the device 15 may comprise 
rechargeable electrical Storage devices in addition to batter 
ies. 

0045 By contrast, the energy battery 20 is designed to 
Store a large amount of electrical energy. AS Such, the energy 
battery 20 preferably has an energy density which is rela 
tively high, preferably higher than the energy density of the 
power battery 30. In this way, the energy battery 20 can 
efficiently Store large amounts of electrical energy. Further 
more, because the power battery 30 has been selected to 
satisfy the variable power requirements of the motor 100, the 
energy battery 20 can be Selected without concern to the 
power requirements of the motor 100. Rather, the principle 
concern of the energy battery 20 is that the energy battery 20 
is capable of efficiently Storing and providing electrical 
energy at desirable levels, and at appropriate Voltages and 
currents, to Substantially continuously recharge the power 
battery 30 so that the power generating capability of the 
power battery 30 can be maintained. In a further embodi 
ment, illustrated in FIG. 3 and discussed in more detail 
below, the energy battery 20 also Supplies electrical power 
to the load, and, recharges the power battery with the portion 
of the electrical energy not provided to the load. 
0046. In the preferred embodiment, the energy battery 20 
is a lithium battery, but any other battery capable of this 
function can be used. More preferably, a non-aqueous 
rechargeable lithium ion battery is utilized as the energy 
battery 20. 
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0047. In another preferred embodiment, the non-aqueous 
rechargeable lithium ion battery can be a polymer lithium 
ion battery which is moldable into various shapes. In this 
way, molding the polymer lithium battery to occupy any 
allotted Space can decrease the effective Volume of the 
energy Storage device 15. Furthermore, the polymer lithium 
ion battery may be molded to occupy otherwise unused 
Space, Such as the Space between other components or body 
parts in a vehicle. In yet another preferred embodiment, the 
polymer lithium ion battery may be molded to act as the 
casing or housing of the device 15 as a whole, thereby 
further decreasing the effective volume of the energy Storage 
device 15. 

0048. The first current I-1 and the first voltage V-1 of the 
first connection 21 are Selected So as to provide optimum life 
for the energy battery 20 and the power battery 30. For 
instance, the current I-1 is preferably Selected So as to 
minimize detrimental effect on the energy battery 20, Such as 
the heat generation by the energy battery 20. The current I-1 
is also preferably Selected to provide Sustained high energy 
at desirable levels to continuously recharge the power bat 
tery 30 and thereby maintain the power generating capability 
of the power battery 30, as well as satisfy the long term 
demands of the energy battery 20 and the power battery 30. 
Accordingly, for longevity, it is preferred that the first 
voltage V-1 and the first current I-1 be selected such that the 
power being transferred from the energy battery 20 to the 
power battery 30 is sufficient to satisfy the energy demands 
placed on the power battery 30 by the motor 100, but also 
be relatively low So that temperature effects of the energy 
battery 20 will be decreased. 
0049 Furthermore, in the case where the power battery 
30 is a lead-acid battery 30, longevity can be obtained by 
keeping the lead-acid battery 30 near its top charge level. 
This can be accomplished in a preferred embodiment by 
having substantially continuous flow of the first current I-1 
to the power battery 30 so that the energy battery 20 is 
Substantially continuously recharging the power battery 30. 
By having the first current I-1 relatively low, the energy 
transfer rate will also be correspondingly lower, but this can 
be accounted for by Substantially continuously recharging 
the power battery 30 with electrical energy from the energy 
battery 20. 

0050. In order to control the flow of current and electrical 
energy between the batteries 20, 30, the electrical energy 
storage device 15 also comprises a controller 60. The 
controller 60 is connected to the batteries 20, 30, as well as 
the first connection 21, to regulate the flow of power from 
the energy battery 20 to the power battery 30. 
0051 AS also illustrated in FIG. 1, a regenerative braking 
system 90 is connected through a fifth connection 25 to the 
power battery 30. While the vehicle is braking, the regen 
erative braking system 90 converts the kinetic energy from 
the moving vehicle into electrical energy, as is known in the 
art. The regenerative braking system 90 delivers this recap 
tured electrical energy preferably to the power battery 30 
through the fifth connection 25 at the fifth current I-5 and the 
fifth voltage V-5. 
0.052 In one embodiment, the controller 60 controls the 
flow of energy over the first connection 21 by controlling a 
first current I-1 and first voltage V-1, Such as through a 
Switch 26. For example, by the controller opening and 
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closing the Switch 26, the controller 20 can control the 
energy flow from one battery to the other. It is known in the 
art that this type of Switch 26 may operate rapidly, and may 
include capacitors, inductors, and other components Such 
that control of the flow of electricity may be accomplished 
at relatively high efficiency. For instance, when the electrical 
energy flows from a higher Voltage Source to a lower Voltage 
recipient, the Switch 26 is said to operate in “buck' mode. If 
the Voltage of the Source is lower than the Voltage of the 
recipient, the Switch 26 is said to operate in “boost' mode. 
Switch designs which operate in one or the other (or either) 
of these modes are known in the art and accordingly not 
discussed at length here. 
0053. In this preferred embodiment, the energy battery 20 
is constructed So that its Voltage is generally Somewhat 
higher than the voltage of the power battery 30, even when 
the energy battery 20 is at the end of its useful capacity. In 
this way, the Switch 26 can be designed to operate always in 
buck mode which is preferable for reasons of cost and 
efficiency, but limits the flow of energy to be unidirectional 
from the energy battery 20 to the power battery 30. With this 
limitation, at any time that a regenerative braking Surge of 
power is expected to be delivered to the power battery 30, 
the power battery 30 is preferably at a state of capacity low 
enough to accept this energy without becoming overcharged, 
and the load characteristics preferably allow this situation to 
be maintained without the need for recharging of the energy 
battery 20 by the power battery 30. When the energy storage 
device 15 is used in an electric vehicle, the energy returned 
by the regenerative braking system 90 is almost always 
lower than the energy previously Supplied for acceleration. 
Therefore, it is generally possible to maintain a State of 
charge capacity in the power battery 30 to accommodate 
most bursts of power from the regenerative braking System. 

0054. In another embodiment, the Switch 20 could oper 
ate in buck and boost mode permitting the power batter 30 
to recharge the energy battery 20 if, for instance, the power 
battery 30 has been overcharged, Such as by the regenerative 
breaking system 90. 

0055 FIG. 1 also illustrates a recharger 50 used to 
recharge the Storage device 15 from external power Sources 
8. The recharger 50 is connectable to the energy storage 
device 15 through connectors 16, 17, 18. 
0056. In a preferred embodiment, the energy storage 
device 15 is used to power an electrical motor 100 in a 
vehicle (not shown). The device 15 would be contained 
within the vehicle. The energy battery 20 would recharge the 
power battery 30 substantially continuously, even when the 
vehicle is moving. 
0057. As these external power sources 8 are generally 
fixed, regeneration of the device 15 will generally occur 
when the vehicle is stationary. In this case, the recharger 50 
could be located at a fixed location and would provide 
electrical power for regeneration of the energy Storage 
device 15 from external power sources 8, such as hydro 
mains. 

0058 Connectors 16 and 18 Supply energy from the 
recharger 50 separately to the energy battery 20 and the 
power battery 30. As illustrated in FIG. 1, the recharger 50 
will deliver power to the energy battery 20, which in this 
embodiment is a non-aqueous lithium ion battery 20, 
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through the third connection 23, formed by connector 16. 
The third connection 23 will provide power at a third voltage 
V-3 and third current I-3 selected to satisfy the recharging 
characteristics of the energy battery 20. Similarly, the 
recharger 50 will deliver power to the power battery 30 
through the fourth connection 24, formed by the connector 
18. The fourth connection 24 will provide power at a fourth 
voltage V-4 and fourth current I-4 selected to satisfy the 
recharging characteristics of the power battery 30. In this 
way, the recharger 50 can recharge both the energy battery 
20 and the power battery 30 simultaneously. 

0059) The controller 60 may be connected to the 
recharger 50 through connection 17 to permit the controller 
60 to control the voltages V-3 and V-4 and the currents I-3 
and I-4. The controller 60 controls the voltages V-3 and V-4 
and the currents I-3 and I-4 to ensure that the batteries 20, 
30 are recharged efficiently and without damage. 

0060. The energy battery 20 will likely require more time 
to recharge because it has a larger energy Storing and 
operating capacity, providing the result that the controller 60 
will generally cease recharging the power battery 30 first. It 
is also understood that it is not necessary to have the 
recharger 50 recharge the power battery 30 at least because 
the power battery 30 can be recharged by the energy battery 
20. In other words, in one embodiment, only the energy 
battery 20 is recharged by the external power source 8 
through the recharger 50, and the energy battery 20 then 
recharges the power battery 30. In this embodiment, the 
connector 18 and the fourth connection 24, as well as the 
asSociated control circuitry for the Voltage V-4 and current 
I-4 of the fourth connection 24, are not required, thereby 
decreasing the overall cost. However, having the connector 
18 and the fourth connection 24 directly from the recharger 
50 to the power battery 30 is generally preferred as it permits 
both batteries 20, 30 to be recharged simultaneously, and 
therefore decreases the overall charging time of the device 
15. 

0061 FIG. 2A shows a graph plotting the discharge over 
time of the power battery 30. As shown in FIG. 2, the 
capacity of the power battery 30, which in this preferred 
embodiment is a lead-acid battery 30, will decrease in steps 
corresponding to Sudden bursts of power 210 being required 
by the motor 100. The sudden bursts of power 210 will be 
required, for instance, to overcome inertia, Stationary fric 
tion when the vehicle is Stationary, and also for acceleration. 
However, once these initial bursts 210 have occurred, the 
capacity will begin to increase, even though the power 
battery 30 is supplying power to the motor 100, because the 
lithium battery 20 is continuously recharging the lead-acid 
battery 30. In other words, after an initial burst 210 has 
occurred, and the motor 100 is operating at a steady State 
moving the vehicle at a fairly constant Speed, the non 
aqueous lithium battery 20 should be recharging the power 
battery 30 at a level greater than the power battery 30 
Supplies energy to the motor 100. In this way, the capacity 
of the power battery 30 may increase even as it Supplies 
energy to the motor 100 at steady state. 

0062). At the point labelled with the letter “R” in FIG. 2A, 
the device 15, including the lead-acid battery 30, will be 
recharged from a fixed external Source 8 by means of the 
recharger 50. During recharging, shown in FIG. 2A by 
reference numeral 250, the lead-acid battery 30 will be 
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recharged through the recharger 50 from a fixed external 
Source 8 So that its capacity will increase. 

0063. In between recharging from a fixed external source 
8, the power battery 30 can be substantially continuously 
recharged by the non-aqueous lithium ion energy battery 20. 
This Substantially continuous recharging increases the 
capacity of the lead-acid battery 30 to temporary plateaus, 
illustrated by reference numeral 220 in FIG. 2A. These 
plateaus 220 represent the lead-acid battery 30 powering the 
motor 100 at low power levels while being continuously 
recharged by the lithium ion battery 20. In other words, these 
plateauS 220 represent a steady State level where energy is 
essentially flowing from the energy battery 20 through the 
power battery 30 and into the motor 100. While not shown, 
these plateaus 220 could also be sloped upwards towards the 
full or 100% capacity level of the lead-acid battery 30. This 
would illustrate that the energy battery 20 is Supplying more 
than the required power levels to power the motor 100 and 
is also recharging the power battery 30 at a rate greater than 
the power rate of the motor 100 at that particular moment in 
time. 

0064 FIG. 2B illustrates the capacity of the lithium ion 
energy battery 20 over time. As illustrated in FIG. 2B, the 
capacity of the energy battery 20 decreases over time fairly 
steadily. While the capacity of the energy battery 20 may 
have dips 212, corresponding to the Sudden power bursts 
210 of the power battery 30, these would not be as severe as 
the dips in the capacity of the power battery 30, at least 
because the energy battery 20 is not designed to transfer 
energy at a high rate. Likewise, as illustrated in FIG.2B, the 
energy battery 20 will have leSS Steep decreases in power 
corresponding to the plateaus 220 in the power battery 30. 
This represents the power battery 30 supplying electrical 
energy at lower power levels to the motor 100. 

0065. It is clear that, over time, the capacity of the 
lead-acid battery 30 will decrease, as shown in FIG. 2A. At 
the point labelled by the letter “R” in FIG. 2A, the device 
15, including the energy battery 20, will be recharged. 
Recharging of the energy battery 20 is shown in FIG. 2B by 
reference numeral 251. As shown in FIG. 2A, during 
recharging the capacity of the energy battery 20 will increase 
gradually to near or at full capacity. 

0066. The device 15 will generally be recharged when the 
capacity of the energy battery 20 falls below a threshold, 
shown generally by the lower dashed line in FIG. 2B 
marked with the letter “L”. While the capacity of the power 
battery 30 may be shown on the instrument panel and/or 
trigger an alarm, the capacity of the energy battery 20 will 
be the principal factor in determining when the device 15 
must be recharged. The device 15 may comprise an alarm 
and/or instrument panel (not shown) to indicate when the 
capacity of the energy battery 20 is approaching or is at this 
threshold. This is indicated, for instance, in FIG. 2B by the 
point labeled by the letter “R”. FIGS. 2A and 2B illustrate 
that the capacity of the power battery 30 and the energy 
battery 20 reach the lower threshold at about the same time. 
It is understood that this may not necessarily be the case, but 
rather the capacity of the energy battery will be the principle 
factor in determining when the device 15 should be 
recharged. It is also understood that the lower threshold for 
both batteries 20, 30 is selected to avoid damage or degra 
dation to the energy battery 30 and/or the power battery 30. 
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0067. Accordingly, using the energy storage device 15 as 
described above, energy can be provided from a high energy 
density energy battery 20 to a lower energy density power 
battery 30 and then onto an electrical load, which is the 
motor 100. In this way, the lower energy density power 
battery 30 essentially temporarily stores energy from the 
energy battery 20 to provide the energy at the rates required 
by the load 100. The high energy battery 30 can efficiently 
Store the electrical energy for the vehicle. 
0068 A comparative example of a vehicle having a 
conventional lead-acid energy Storage device and a vehicle 
having an energy Storage device 15 of the present invention 
will now be provided to further describe and illustrate the 
present invention. 

0069. Initially, a conventional converted electric vehicle 
(Suzuki Motors/REV Consulting) with a 96 volt DC motor 
was equipped with a single Series-connected bank of Sixteen 
high-quality six-volt lead batteries (Trojan-Trade Mark) 
weighing a total of 523 kg, and occupying a Volume of 225 
liters, and having a nominal capacity at the 20 hour rate of 
23.4 kilowatt hours. Weights and volumes are those of the 
batteries themselves and do not include the weight and 
Volume of the Support Structures and housings used to 
mount, contain and cool the battery. Performance was 
acceptable, but the vehicle range was limited to about 70 
kilometers per charge. Average motor current with the 
vehicle at a constant speed of 60 km/h was about 40 
Amperes. Thus, well under half of the nominal capacity of 
this battery could be utilized. Peak motor current was 440 
Amperes during acceleration. 

0070 The power system of the vehicle was then recon 
structed with a energy battery 20 and an energy battery 30 
according to an embodiment of the present invention as 
generally illustrated in FIG. 1. The energy battery 20 
consisted of eight twelve-volt automotive lead batteries 
(Interstate-Trade Mark) in a Series connection with a nomi 
nal voltage of 96 volts. These batteries are not rated for 
capacity but have a cranking current rating of 525 Amperes 
and a cold cranking current rating of 420 Amperes. Maxi 
mum voltage of this battery was about 110 volts at full 
charge. The energy battery consisted of a Series/parallel 
arrangement of 480 lithium ion polymer cells, each of 11.4 
Ampere-hour capacity, maximum rated current capability of 
4 Amperes and nominal Voltage of 3.65 volts (manufactured 
by Electrovaya, Toronto, Canada). With 12 parallel cells in 
a group and 40 groups in Series, the battery had a maximum 
full-charge voltage of about 160 volts and a minimum 
voltage when discharged of about 120 volts. 

0071. The lead power battery 30 and lithium energy 
battery 20 were connected with a buck-mode switch oper 
ating at 115 kilohertz and providing about 90% efficiency. 
The Switch controller 60 was set to allow 40A current flow 
from the energy battery 20 (charging the power battery 30) 
when the energy battery 20 dropped to 75% capacity and to 
stop current flow when the power battery 30 reached 80% 
charge capacity. The energy battery 30 could be charged 
from an external Source 8 using a 220 volt Single-phase 60 
HZ Supply with a maximum current rating of 20 Amperes 
and was controlled using an autotransformer, rectifier, and 
filter as are known in the art. During charging of the energy 
battery 20, the Voltage was controlled So that the charging 
current remained below 18 Amperes, and the cell-group 
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Voltages were carefully monitored near the end of charge 
Such that no cell-group Voltage was ever allowed to exceed 
4.20 volts. 

0072. In operation, the current to the motor reached a 
maximum of 385 Amperes during rapid acceleration. During 
regenerative braking the current returning to the power 
battery reached a maximum of 112 Amperes but only for a 
few Seconds during an abrupt Stop. Average motor current 
during typical driving was Somewhat less than 40 Amperes. 
The power battery Supplied the high current pulses with ease 
and accepted the regenerative braking pulses with very little 
overvoltage. When fully charged, the vehicle could be 
driven for about 180 km after which time the energy battery 
required recharging. The performance of the vehicle did not 
appear to deteriorate even after repeated recharging and use. 
0073. The weight of the energy battery 20 was 103 kg, 
while the power battery weighed 105 kg, for a total of about 
210 kg. The volume occupied by the energy battery was 50 
liters and that of the power battery was 60 liters, for a total 
110 liters. These weights and Volumes again do not include 
mounting, containment and cooling Systems that in the 
improved System could be themselves lighter and Smaller 
because of the lighter and Smaller battery System. 
0074 Thus, the combination or hybrid battery storage 
device 15 of the present invention was much lighter, much 
Smaller and much more effective than the conventional 
single-bank battery it replaced. The energy battery 20 in this 
example had a rated current of 48 Amperes (twelve parallel 
cells per group at 4 Amperes each) and could not possibly 
have delivered the 385 Ampere acceleration pulses delivered 
by the power battery 30 and required by the motor 100. 
However, the power battery 30, as illustrated by the con 
ventional Single bank battery was much heavier and larger. 
Thus, the Storage device 15 of the present invention pro 
Vided Several benefits over the conventional Single bank 
battery. 

0075. In a further preferred embodiment, the controller 
60 utilizes "inherent control’ to control the flow of electrical 
energy between the batteries 20, 30 and the load, such as the 
motor 100. In this embodiment, the controller 60 may 
initially operate to place the power battery in parallel with 
the energy battery. Furthermore, in this embodiment, the 
controller 60 may place both batteries 20, 30 in parallel with 
the motor 100. This is illustrated, for instance, in FIG.3 and 
the electrical schematic diagram in FIG. 4. 
0076. In a preferred embodiment, the power battery 30 
and the energy battery 20 are in parallel, and because of this, 
it is possible for the motor 100 to draw current I-1, I-2 from 
both simultaneously, in certain circumstances. Furthermore, 
the voltage of the two batteries 20, 30 would be the same in 
that they are connected in parallel. Accordingly, the Voltages 
V-1, V-2 would be nominally approximately equal to each 
other, and, the current Supplied to the motor 100 would be 
I-2 plus I-1. 
0077. It is also understood that the power battery 30 
could provide electrical energy at a first range of power 
rates, which may vary according to a number of conditions, 
such as the number of cells in the power battery 30, the 
general impedance of each cell in the battery 30, the total 
impedance of the power battery 30, the charge level of the 
power battery 30, and the temperature and age of the power 
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battery 30. Likewise, the energy battery 20 could provide 
electrical energy at a Second range of power rates which may 
vary according to a number of conditions also, Such as the 
number of cells in the energy battery 20, the general imped 
ance of each cell in the energy battery 20, the total imped 
ance of the energy battery, the temperature, charge level and 
age of the energy battery 20. 
0078. In the present context, the term “general imped 
ance' is intended to refer to the impedance which results 
from the chemical reaction within the cells of each battery. 
The general impedance for an aqueous battery, Such as a lead 
acid cell, will be generally 10% of the general impedance of 
a non-aqueous battery Such as a lithium ion cell. The term 
“total impedance' as used in the present context refers to the 
impedance of the entire battery, including all of the cells, 
rather than the general impedance of a Single cell. Thus, if 
a Smaller lead acid power battery as compared to the lithium 
ion battery is used, then the total impedance of the Smaller 
power battery 30 may rise and the total impedance of the 
larger lithium ion energy battery 30 will decrease. In the 
extreme case, if the energy battery 20 has a large number of 
lithium cells, and depending on the general impedance of the 
lithium cells, the total impedance of the lithium ion energy 
battery may not be that much greater than the total imped 
ance of a much Smaller lead acid battery having fewer cells 
and driven at a higher rate. 
0079 Accordingly, it is understood that when the two 
batteries 20.30 are connected in parallel, they can be used to 
provide electrical energy to the motor at a combination of 
the first range of power rates and the Second range of power 
rates. Because the power battery 30 will generally have a 
lower total impedance, the power battery 30 would more 
readily provide power to the motor 100 than the energy 
battery 20. Because of this, the power battery 30 will 
generally become discharged faster. This will result in the 
energy battery 20 Substantially continuously recharging the 
power battery 30. 
0080. In order to facilitate this arrangement, it is pre 
ferred that the batteries 20, 30 are arranged such that the total 
Voltage acroSS all of the cells is nominally approximately 
equal. In this way, provided the batteries do not go below a 
critical Voltage, the Voltage across the two batteries would be 
equal Such that V-1 approximately nominally equals V-2. In 
this embodiment, and provided the batteries 20, 30 remain in 
parallel with each other, the flow of electrical power, and, the 
currents I-1, I-2 and voltages V-1, V-2 will be inherently 
controlled as discussed in more detail below. 

0081. In a preferred embodiment, to facilitate inherent 
control, the total impedance of the power battery 30 will be 
10% to 60% the total impedance of the energy battery 20. 
More preferably, the total impedance of power battery 30 is 
in the range of 35% to 50% and still more preferably, about 
40%. This ratio of total impedance for the batteries 20, 30 
has been found to give the best inherent control of the energy 
and power batteries 20, 30 and in particular lithium ion 
energy batteries 20 and lead acid power batteries 30. 
0082 Because the power battery 30 would have a lower 
energy density, it would also generally have a lower total 
impedance, so that the power battery 30 will generally 
Supply a larger current I-2, particularly-when there is a large 
demand placed on the batteries 20, 30 by the motor 100. 
Furthermore, when a large demand occurs, additional elec 
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trical power and current I-1 from the energy battery 20 
would go towards Satisfying the requirement of the motor 
100. This would occur inherently because of the inherent 
characteristics of the batteries, 20, 30, Such as the current 
and Voltage at which they can Supply electrical power, as 
well as the inherent general impedance of the cells and the 
total impedance of the batteries 20,30, which is also a 
function of the ability of the batteries 20, 30 to supply 
Voltage and current. 
0083 FIG. 3 illustrates the connection being in parallel 
between the energy battery 20 and the power battery 30. A 
Switch 26 is shown in dashed lines representing that a Switch 
26 may or may not be present. While the Switch 26 is not 
necessarily required, it is possible that the Switch 26 could 
be used in order to improve the efficiency of the device, 
and/or prevent damage to the energy battery 20 or power 
battery 30. When placing the batteries into a parallel 
arrangement, the controller 60 can be used to control a 
Switch 26 to connect the batteries 20, 30 in parallel with the 
load 100 as shown in FIG. 3. Furthermore, a Switch 26 could 
be used at the time of manufacture, and/or, if the Voltage V-1 
or V-2 go below the critical Voltage, in order to place the 
batteries 20, 30 back into a parallel arrangement. In addition 
to, or replacement of a Switch 26, a diode, a fuse or other 
electrical element could be used to protect and/or control the 
batteries 20, 30 and the load 100. In addition, as illustrated 
in FIG. 6, discussed more fully below, even connecting a 
fully charged lithium ion energy battery 20 directly to a 
nominally discharged lead acid power battery 30 would be 
possible depending on the inherent characteristics of the 
batteries 2030. 
0084. An example of inherent control utilizing a lithium 
ion battery energy battery 20 and a lead acid power battery 
30 will now be provided. As discussed above, a number of 
lithium ion cells having a nominal Voltage of 4.2 volts may 
be arranged in Series to provide an energy battery 20 having 
the Voltage V1. Likewise, a number of lead acid cells may 
be arranged in Series to provide a power battery 30 having 
the voltage V2. 
0085. In this preferred embodiment utilizing inherent 
control, the Voltage acroSS the energy battery 20 and power 
battery 30 are nominally approximately equal. In this pre 
ferred embodiment, according to one example, eight lead 
acid batteries in Series are used each having a nominal 
voltage of between 10.5V to 13V. In this way the nominal 
voltage V2 of the power battery will be between 84 v and 
104V. Likewise, 27 lithium cells in series may be used, each 
with a nominal voltage of between 3V and 4.2V providing 
a nominal voltage V-1 for the energy battery 20 of between 
approximately 81V and 113.4V. In this way, the range of 
nominal voltages of the two batteries 20, 30 when they are 
fully charged will-preferably Substantially overlap, Such as 
in the range of 84V to 104V, thereby facilitating connecting 
the two batteries 20, 30 in parallel. Furthermore, in this 
embodiment, the power battery 30 could provide electrical 
energy at a first range of power rates, Such as between 0 and 
40 Kw to 60 Kw which may vary according to a number of 
conditions as outlined above. Likewise, the energy battery 
20 could provide electrical energy at a Second range of 
power rates such as between 0 and 8 Kw to 16 Kw which 
will also vary as described above. Therefore, in the situation 
where the load, Such as a motor 100, requires a large amount 
of power, the batteries may both provide energy at the range 
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between 0 to 8 KW or 16 Kw and between 0 and 40 kW to 
60 Kw for a total of 0 to 48 Kw to 76 Kw. However, in 
general, it is understood that the power battery 30 will more 
readily provide power to the load because of its lower total 
impedance. 
0.086. In a further example utilizing inherent control, a 
single lead acid power battery 30 having 10 cells for a 
nominal voltage of between 10.5V to 13V is connected in 
parallel with 3 lithium cells connected in Series for a nominal 
voltage of 9V to 12.6V. This could be used, for example, in 
Smaller vehicles, Such as in electric bicycle and handicap 
Scooters which have lower variable power demands than 
automobiles and could be driven by Smaller energy and 
power batteries 20, 30 rather than a lead acid battery or other 
types of batteries Such as nickel-cadmium could be used at 
the power battery 30. 
0.087 FIG. 4 illustrates an electrical schematic diagram 
of the electrical system illustrated in FIG. 3 according to a 
further preferred embodiment utilizing inherent control. AS 
illustrated in FIG. 4, the lead acid power battery 30 is 
connected in parallel with the lithium ion energy battery 20 
to the load 100. FIG. 4 also shows the external power 
connection 8 connected through Switches S1, S2 to the 
energy battery and energy battery 20, 30. The Switches S1, 
S2 correspond to the connections 16, 24 shown in FIG.3 for 
connecting the recharger 50 to the device 15. In addition, 
recharger circuitry 600 may be provided, which for clarity 
are not illustrated in FIG. 4. 

0088. In operation, the preferred embodiment illustrated 
in FIG. 4 utilizing inherent control operates by initially 
bringing the voltage V1 of the energy battery 20 to be 
nominally approximately the same as the Voltage V2 of the 
power battery 30. In this way, V1 nominally approximately 
equals V2, and the energy battery 20 is connected in parallel 
with the power battery 30, and, also connected to the load 
100. Furthermore, in a preferred embodiment, the total 
impedance of the energy battery 30 would be between 10% 
to 60% and, more preferably 35% to 50% of the total 
impedance of the energy battery 20. During operation, it 
would be assumed that the Switches S1, S2 would be open, 
representing that the recharger 50 would not be connected to 
the device. 

0089. The energy battery 20 and the power battery 30 
would both Supply current I1, I2, respectfully, in order to 
maintain their Voltage-equal. Furthermore, because the 
energy battery 30 has a lower total impedance, the energy 
battery 30, such as an embodiment where it is a lead acid 
battery, would Supply a larger current I2 and the current I2 
could fluctuate more in order to meet the differential current 
requirements of the load 100. However, it is understood that 
the power requirements of the load 100 may be supplied by 
both energy battery 20 and power battery 30 when the load 
100 is operating at a high power requirement. In other 
words, in this embodiment, current I1, I2, and therefore 
electrical power, may be drawn from the energy battery 20 
and the power battery 30, but in different proportions. 
Furthermore, it is understood that the current I2 from the 
energy battery 30, and therefore the power, would fluctuate 
more, thereby meeting the differential current and power 
requirements for the load 100. 
0090. It is understood that the energy may be drawn from 
the power battery 30 faster than from the energy battery 20 
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at least for the reasons Stated above. Accordingly, the energy 
stored in the power battery 30 may drop, and result in a 
corresponding drop in the Voltage V2 of the power battery 
30. When this occurs, current I1 from the energy battery 20 
may be drawn to the energy battery 30 to assist in recharging 
the power battery 30. This could occur, for example, even 
when the load 100 is not operating. 
0091 FIG. 5 illustrates a graph plotting showing the 
voltage of the lithium ion energy battery 20 and the lead acid 
power battery 30 against time. FIG. 5 also illustrates the 
combined current in Amps being applied towards the load, 
namely a motor 100 in this example, against time on the 
horizontal axis. In particular, it is noted that the motor is 
turned on at time TO and turned off at time T1. Furthermore, 
the motor is turned on at time T2 and then cycled on and off 
between time T2 and time T3. 

0092. As illustrated in FIG. 5, the current applied to the 
load initially spikes when a load is turned on at TO and then 
levels out at a value below 40 amps. Similarly, the voltage 
of the lithium ion battery 20 and power battery 30 are 
initially just over 11 volts and 9 volts, respectively but 
increase when the load 100 is turned on indicating that a 
higher demand is being placed on the batteries 20, 30. In 
particular, it is noted that the lithium ion battery Voltage 
increases on a percentage basis by about 10% while the 
Voltage of the power battery 30 increases much less, indi 
cating that the total impedance of the lithium ion battery 20 
is much higher than that of the power battery 30. It is also 
apparent that because the lithium ion battery 20 consistently 
has a higher Voltage by about 2 volts than the power battery 
30, the lithium ion battery will be substantially continuously 
recharging the lead acid battery even when the load 100 is 
not operating. 

0093 FIG. 6 illustrates the initial connection of a lithium 
ion energy battery 20 to a lead acid power battery 30. In 
FIG. 6, the lead acid battery is substantially fully dis 
charged, within nominal ranges, when the lithium ion bat 
tery is Substantially fully charged, within nominal ranges. AS 
illustrated in FIG. 6, upon initial connection, there is an 
increased current up to 35 amps from the lithium ion battery 
to the lead acid power battery 30. There is also an initial 
decrease in the Voltage of the lithium ion battery and a short 
initial increase of the lead acid battery. Over time, however, 
additional current travels from the lithium ion battery to the 
lead acid battery indicating that the lithium ion battery is 
Substantially continuously recharging the lead acid battery. 

0094 FIG. 7 is similar to FIG. 6 except that the lead acid 
battery in FIG. 7 is not nominally discharged at the time of 
connection. As indicated in FIG. 7, the current from the 
lithium ion battery to the lead acid battery decays from about 
20 amps towards Substantially 0 amps as the lithium ion 
battery Substantially continuously recharges the lead acid 
battery. It is noted that the voltage of the lithium ion battery 
is generally always more than the lead acid battery, and there 
is a positive current from the lithium ion battery to the lead 
acid battery, illustrating that the lithium ion battery Substan 
tially continuously recharges the lead acid power battery 30. 
0.095 A further benefit of the battery storage device 15 of 
the present invention is exhibited by the flexibility of 
location of the two batteries 20, 30. The power battery 30 
Supplying high current pulses are preferably located near the 
motor to minimize the length of expensive, heavy and 
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resistive wiring. In the original conventional vehicle it was 
not possible to locate the entire battery near the motor 
because of its large size and weight, and therefore additional 
cable, at additional cost and total weight was required. In the 
reconstructed vehicle, the power battery 30 was located near 
the motor 100 to decrease the cost and weight associated 
with heavy and expensive cables along the Second connec 
tion 22. However, the energy battery 20 with its relatively 
low current, can use less heavy and expensive cable, for the 
first connection 21 to the power battery 30, and thus can be 
located remote from the motor 100, and the power battery 
30, without the need for heavy and expensive cables. 
0096. It is understood that while the present invention has 
been described in terms of the preferred embodiment where 
the energy battery 20 is a non-aqueous lithium ion battery, 
the energy battery 20 is not restricted to this type of battery. 
Rather, any type of battery having an energy density greater 
than the energy density of the power battery, Such as for 
example a Sodium-Sulfur battery, a lithium-air battery or 
chemical equivalent, could be used. In one of the preferred 
embodiments, the energy battery 20 comprises a polymer 
lithium ion battery which can be molded to various shapes, 
thereby decreasing the effective Volume of the energy Stor 
age device 15. 
0097. Likewise, while the present invention has been 
described in terms of a power battery 30 comprising a 
lead-acid battery 30, the present invention is not limited to 
this. Rather, any type of power battery 30 which can be 
recharged by an energy battery 20, such as a lithium battery, 
and provide the electrical energy at different rates as 
required by the load 100 can be utilized such as, for 
example, high-rate lithium or lithium-ion batteries and high 
rate nickel aqueous batteries. 
0098. It is understood that the terms “cells” and “batter 
ies' have been used interchangeably herein, even though a 
battery has a general meaning to be more than one cell. This 
reflects that both the energy battery 20 and the power battery 
30 may be batteries or cells. Furthermore, the “cells” 
referred to in this application, including the examples given 
above, is intended to include banks of cells in parallel. For 
instance, reference to connecting 27 lithium cells in Series is 
intended to also include connecting 27 lithium banks of cells 
in Series, together with two or more cells in the banks 
connected to each other in parallel. 
0099] It is also understood that the present invention, as 
illustrated in FIG. 1, may include other devices and com 
ponents including filters, capacitors, inductors and Sensors, 
as is known in the art to operate the device 15, which have 
been omitted for clarity. It is also understood that the load 
100 may be any-type of electrical load drawing electrical 
power at different rates, even though a preferred embodi 
ment has been described in terms of the load being a motor 
in an electric Vehicle. In this regard, it is understood that the 
electric Vehicle may be any type of vehicle including auto 
mobiles, trucks, motorcycle and electric bicycles. 
0100. It will be understood that, although various features 
of the invention have been described with respect to one or 
another of the embodiments of the invention, the various 
features and embodiments of the invention may be com 
bined or used in conjunction with other features and embodi 
ments of the invention as described and illustrated herein. 

0101 Although this disclosure has described and illus 
trated certain preferred embodiments of the invention, it is 
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to be understood that the invention is not restricted to these 
particular embodiments. Rather, the invention includes all 
embodiments which are functional, electrical or mechanical 
equivalents of the Specific embodiments and features that 
have been described and illustrated herein. 

1. A power Source for Supplying electrical power to a 
driving motor, Said driving motor drawing electrical power 
at different rates, the power Source comprising: 

a first rechargeable energy battery having a first total 
impedance for Storing electrical energy and providing 
electrical power to the electrical motor at a first range 
of power rates, 

a Second rechargeable power battery having a Second total 
impedance, less than the first total impedance, for 
Storing electrical energy and providing electrical power 
to the electrical motor at a Second range of power rates, 

wherein electrical energy Stored in the energy battery is 
provided to the driving motor in combination with 
electrical energy Stored in the power battery; and 

wherein the energy battery Substantially continuously 
recharges the power battery with any excess power. 

2. The power Source as defined in claim 1 further com 
prising a battery controller capable of controlling the Sub 
Stantially continuous recharging of the power battery with 
electrical energy from the energy battery not required by the 
driving motor. 

3. The power source as defined in claim 2 wherein the 
battery controller controls the Substantially continuous 
recharging of the power battery by controlling the electrical 
energy passing through a first connection from the energy 
battery to the power battery. 

4. The power source as defined in claim 2 wherein the 
battery controller utilizes inherent control of the energy 
battery and power battery, such that the battery controller 
initially connects the power battery and energy battery in 
parallel. 

5. The power source as defined in claim 4 wherein the 
controller initially connects each of the power battery, 
energy battery and electrical motor in parallel. 

6. The power source as defined in claim 1 wherein the 
power battery and energy battery have a range of overlap 
ping nominal Voltages. 

7. The power source as defined in claim 6 wherein the 
power battery and energy battery are connected in parallel 
with the driving motor. 

8. The power source as defined in claim 7 wherein the 
power battery consists of at least one bank of 8 lead acid 
batteries in Series, each lead acid battery having a nominal 
voltage of 10.5 volts to 13 volts and the energy battery 
consists of at least one bank of 27 lithium ion cells con 
nected in Series, each lithium ion cell having a nominal 
voltage of 3 volts to 4.2 volts. 

9. The power source as defined in claim 1 wherein the 
second total impedance is between 10% to 60% of the first 
total impedance. 

10. The power source as defined in claim 9 wherein the 
second total impedance is between 35% to 50% of the first 
total impedance. 

11. The power source as defined in claim 4 further 
comprising a Switch between the energy battery and the 
power battery; and 
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wherein the controller initially connects the power battery 
to the energy battery in parallel by controlling the 
Switch along the first connection. 

12. The power source as defined in claim 1 wherein the 
energy battery is a lithium based battery Selected from the 
group consisting of non-aqueous lithium-ion batteries, 
lithium air batteries and polymer lithium ion batteries, and, 
the power battery is a lead-acid battery. 

13. The power source as defined in claim 1 wherein the 
energy battery is a non-aqueous polymer lithium battery 
pack. 

14. The power source as defined in claim 13 wherein the 
power Source has a casing and a portion of the casing is 
occupied by the non-aqueous polymer lithium battery pack. 

15. The power source as defined in claim 5 wherein the 
driving motor drives a vehicle within which the power 
battery and energy battery are contained and, wherein the 
controller can be contained within or removed from the 
vehicle. 

16. An energy Storage device for Storing electrical energy 
to be delivered to an electrical load, Said energy Storage 
device comprising: 

a rechargeable battery having a first energy density and 
electrically connectable to an external power Source; 

a rechargeable electrical device having a Second energy 
density, less than the first energy density, Said Second 
battery being electrically connectable to the first battery 
and electrically connectable to the load; 

wherein, during operation, the rechargeable electrical 
device is connected in parallel to each of the load and 
the battery, and wherein the rechargeable electrical 
device Supplies electrical energy to the load while the 
battery Substantially continuously recharges the 
rechargeable electrical device and Supplies electrical 
energy to the load; and 

wherein the battery is periodically connected to the exter 
nal Source for recharging as required. 

17. The energy Storage device as defined in claim 16 
wherein the rechargeable battery is Selected from the group 
consisting of non-aqueous lithium-ion batteries, polymer 
lithium ion batteries and Sodium-Sulfur batteries. 

18. The energy Storage device as defined in claim 16 
wherein the rechargeable electrical device is Selected from 
the group consisting of high-rate lithium batteries, lithium 
ion batteries, high rate nickel aqueous batteries, lead-acid 
batteries, nickel alloy hybrid batteries, nickel metal batteries 
and nickel cadmium batteries. 

19. The energy storage device as defined in claim 16 
wherein the rechargeable battery comprises an energy 
rechargeable battery and the rechargeable electrical device 
comprises a power rechargeable battery for Substantially 
continuously recharging the energy rechargeable battery. 

20. The energy Storage device as defined in claim 16 
wherein the rechargeable battery having a first total imped 
ance and the rechargeable electrical device having a Second 
total impedance less than the first total impedance. 

21. The energy Storage device as defined in claim 20 
wherein the second total impedance is between 10% to 60% 
of the first total impedance. 

22. The energy Storage device as defined in claim 19 
wherein the energy battery is a lithium based battery and the 
power battery is a lead-acid battery. 
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23. The energy Storage device as defined in claim 19 
wherein the electrical energy Stored in the energy battery is 
Supplied to the electrical load at a first range of power rates 
and electrical energy Stored in the power battery is Supplied 
to the electrical load at a Second range of power rates, the 
Second range of power rates being greater than the first range 
of power rates. 

24. The electrical energy Storage device as defined in 
claim 23 further comprising a battery controller for initially 
connecting the power battery, energy battery and load in 
parallel; and 

wherein the electrical energy from the energy battery and 
power battery are combined and provided at a range of 
power rates which include a Sum of the first range of 
power rates and the Second range of power rates. 

25. The electrical energy Storage device as defined in 
claim 19 wherein the power battery is electrically connect 
able to an external Source for recharging, and 

wherein the power battery is electrically connectable to 
the external Source for recharging when the energy 
battery requires recharging. 

26. The electrical energy Storage device as defined in 
claim 25 wherein the energy battery and the power battery 
are connected to the external Source through a recharger. 

27. The electrical energy Storage device as defined in 
claim 19 wherein the electrical load is a driving motor in a 
vehicle within which the energy battery and power battery 
are contained; and 

wherein the power battery is located in the vehicle nearer 
to the electrical load than the energy battery. 

28. A method for Storing electrical energy for an electrical 
load drawing electrical power at different rates, said method 
comprising: 

charging a rechargeable energy battery having a first total 
impedance; 

charging a rechargeable power battery having a Second 
total impedance, less than the first total impedance; 

Supplying electrical energy from the energy battery and 
the power battery to the electrical load; 

Substantially continuously recharging the power battery 
from the energy battery with electrical energy not 
required by the electrical load. 

29. A method as defined in claim 28 further comprising: 
connecting the energy battery in parallel with the power 
battery. 

30. A method as defined in claim 28 wherein the electrical 
load is a driving motor in a vehicle, and, the rechargeable 
energy battery and the rechargeable power battery are con 
tained in the vehicle with the power battery located nearer 
the driving motor than the energy battery. 

31. A method as defined in claim 30 further comprising: 
periodically recharging the energy battery, from an exter 

nal fixed electrical Source, when the energy capacity of 
the energy battery falls below a threshold. 

32. A method as defined in claim 28 wherein the recharge 
able energy battery is Selected from the group consisting of 
non-aqueous lithium-ion batteries, lithium air batteries, 
polymer lithium-ion batteries and Sodium-Sulfur batteries, 
and 
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wherein the rechargeable power battery is Selected from 
the group consisting of lead-acid batteries, high-rate 
lithium batteries, lithium-ion batteries, high-rate nickel 
aqueous batteries, nickel metal batteries, nickel alloy 
hybrid bearing batteries and nickel cadmium batteries. 

33. A power Source System for providing power to a load, 
the System comprising: 

a first battery having a first energy density, with the first 
battery being rechargeable; 

a Second battery having a Second energy density, with the 
Second energy density being greater than the first 
energy density; and 

a battery connection device Structured and located to 
electrically connect the first battery, the Second battery 
and the load to each other So that: 

the first battery and Second battery can both Supply 
electrical power to the load through the battery 
connection device; 

the Second battery can recharge the first battery through 
the battery connection device; 

the Voltage drop acroSS the first battery and Second 
battery is substantially equal when the first battery 
and the Second battery are Supplying power to the 
load through the battery connection device. 

34. The system of claim 33 wherein the first battery and 
the Second battery are structured So that the Voltage acroSS 
the Second battery is Somewhat higher than the Voltage 
acroSS the first battery, even when the Second battery is at an 
end of its useful capacity. 

35. The system of claim 33 further comprising a vehicle 
housing with the first battery, the second battery and the 
battery connection device being at least Substantially 
mechanically fixed with respect to the vehicle housing. 

36. The system of claim 33 wherein the battery connec 
tion device comprises electrical connectors forming a par 
allel electrical connection between the first battery, the 
Second battery and the load. 

37. The system of claim 33 wherein the battery connec 
tion further comprises at least one Switch for allowing at 
least Some of the electrical connections between the first 
battery, the second battery and the load to be selectively 
connected and disconnected. 

38. The system of claim 35 further comprising a Switch 
control device Structured and located to control the at least 
one Switch. 

39. The system of claim 38 wherein the Switch controller 
controls the at least one Switch to improve efficiency. 

40. The system of claim 38 wherein the Switch controller 
controls the at least one Switch to prevent damage to at least 
one of the batteries. 

41. A power Source System for providing power to a load, 
the System comprising: 

a first battery having a first energy density, with the first 
battery being rechargeable; 

a Second battery having a Second energy density, with the 
Second energy density being greater than the first 
energy density; and 

a battery connection device Structured and located to 
electrically connect the first battery, the Second battery 
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and the load to each other so that the load will at least 
Sometimes Simultaneously draw current from both the 
first battery and the second battery. 

42. The system of claim 41 further comprising a vehicle 
housing with the first battery, the second battery and the 
battery connection device being at least Substantially 
mechanically fixed with respect to the vehicle housing. 

43. The system of claim 41 wherein the battery connec 
tion device comprises electrical connectors forming a par 
allel electrical connection between the first battery, the 
Second battery and the load. 

44. The system of claim 41 wherein: 
the first battery comprises at least two separate battery 

housings electrically connected in Series, and 
the Second battery comprises at least two separate battery 

housings electrically connected in Series. 
45. The system of claim 41 wherein: 
the first battery is structured to have a first total imped 

ance, 

the Second battery is Structured to have a Second total 
impedance; and 

The first total impedance is less than the Second total 
impedance So that the first battery will generally 
become discharged faster. 

46. The system of claim 45 wherein the first impedance is 
between 10% to 60% of the second impedance. 

47. A vehicle comprising: 
a vehicle housing; 
a motor Structured and located So that operation of the 

motor can drive the vehicle into motion; 
a first battery having a first energy density, with the first 

battery being rechargeable; 
a Second battery having a Second energy density, with the 

Second energy density being greater than the first 
energy density; and 

a battery connection device Structured and located to 
electrically connect at least the first battery to the motor 
and the Second battery; 

wherein the motor, the first battery and the second battery 
are all fixed to the vehicle housing so that the first 
battery is spatially proximate to the motor and the 
Second battery is spatially remote from the motor. 

48. The vehicle of claim 47 wherein: 

the first battery comprises at least two separate battery 
housings electrically connected in Series, and 

the Second battery comprises at least two separate battery 
housings electrically connected in Series. 

49. The vehicle of claim 47 wherein the second battery is 
a lithium ion battery. 

50. The system of claim 42 wherein: 
the vehicle requires a burst of power to Start from a 

Stationary position; and 
a remaining capacity of the first battery decreases in a step 

corresponding to the required burst of power. 
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