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(57) ABSTRACT 

Adevice/system having an integrated refuelable and rechar 
gable metal-air FCB based poWer supply unit for generating 
and providing electrical poWer to at least one electrical 
energy-consuming load device disposed therein. An external 
poWer source is used to recharge the metal-air FCB sub 
systems embodied therein. A control subsystem automati 
cally transitions betWeen discharging mode (Wherein at least 
one metal-air FCB subsystem supplies electrical poWer to 
the electrical power-consuming load device) and a recharg 
ing mode (Wherein the external poWer source is electrically 
coupled to at least one metal-air FCB subsystem to thereby 
recharge the metal-air FCB subsystern(s). The metal-air 
FCB subsystem(s) are refueled by manually loading and 
unloading metal-fuel from the metal-air FCB subsystern(s). 
Preferably, electrical poWer provided to the at least one 
electrical power-consuming load device is supplied solely 
by electrical poWer generated by discharging metal-fuel in 
the metal-air fuel cell battery subsystern(s). In addition, the 
metal-air FCB subsystem(s) preferably has a modular archi 
tecture that enable ?exible and user-friendly operations in 
loading of metal-fuel, unloading of consumed metal-fuel, 
replacement of the ionic-conducting medium, and replace 
ment of the cathode. 

OUTPUT INPUT 
POWER POWER 

_ _ _ _ w _ _ _ _ __ _J 









Patent Application Publication Jan. 8, 2004 Sheet 4 0f 13 US 2004/0005488 A1 

FIG. 2 

REPLACE 



Patent Application Publication Jan. 8, 2004 Sheet 5 0f 13 US 2004/0005488 A1 

a? . L |||||||||||||||||||||| i viz/Om yak/Om HDAHZH HDMWHDO Q 

B _ / xés 

m§\ \ $3 5 4 “Q comm / <98 \ <5 

, 

|_ 

Demo memo i 
. A :w ...a==-H.===?//// J I viii-viii?’ A 

/ 

Qmmw <mmw 

_ _ i ‘ 

A / / 

_ _ _ 

/ J 

mmw Ummw\ \ \ f . 



Patent Application Publication Jan. 8, 2004 Sheet 6 0f 13 US 2004/0005488 A1 

FIG. 4 

407 

//405 // 

E . . 1 

1C§€$TT1€N _;Ii01’_EOA__Q?___I_I__E_E____ /- _________ _ __ _ _ 7 7| 

// / / x/ I 
/ 4/_ _ _ _ _ _ _ _ _ _ _ _ _ ___// / I 6 —————————————————————— ~——% I 

| 
: F _____ __W F _____ __j CASSETTE l I 
I l METAL-FUEL l | METAL-FUEL I LOADING/ I _40II 

| TAPE | | TAPE | 
| I DISCHRGING I I RECHRGING I UNLOADING | I 
| SUBSYSTEM SUBSYSTEM SUBSYSTEM | | 
I | W/REPLACABLE | | W/REPLACABLE ' | 
I l DISCHARGE HEADI | RECHARGE HEAD | I 

I F /— TAPE | | 
I 411 413 / TRANSPORT I I 
I 415 SUBSYSTEM // 

| | / 
|_ _ _ _ _ ________________ _ _ .1/ 

l \708m 
DC OUTPUT DC INPUT 
POWER POWER 
BUS 706' BUS 71 l' 



Patent Application Publication Jan. 8, 2004 Sheet 7 0f 13 US 2004/0005488 A1 

MEIR/Om HDmHDO I: 

mm 

A, < mom 

$30528 / 

SE55 

mom r275 mZmQ 
E055 

mmwmomwzék . mm?imbm 
:m 5 gm 

gm 

2% 

g < 2m\ + m / 

m?mmmlwwou \w Om __ 3 

h5g0 Bod No Q 

a? 

:m \ 

m .UE 



Patent Application Publication Jan. 8, 2004 Sheet 8 0f 13 US 2004/0005488 A1 

708"" 

811 

807 

W 521/7” / 814 

FIG. 6 
818 

819 



Patent Application Publication Jan. 8, 2004 Sheet 9 0f 13 US 2004/0005488 A1 

827 

I 

I 

833 /831 

21 8/ \805 807 
823 

( 801 
"1 1 
l 

809 
FIG. 7 

s13 
/ 803 (815 

\/'/y I \ _l\ /%/A /’/@J 811 
s24-E 

818 



Patent Application Publication Jan. 8, 2004 Sheet 10 0f 13 US 2004/0005488 A1 

FIG. 8 

[:1 
/727' 

o o 

o o 

A I=AIR 

\\\\\\\\\\\ 

900' 



Patent Application Publication Jan. 8, 2004 Sheet 11 0f 13 US 2004/0005488 A1 

FIG. 9 

\KO( 613' 
I 
l 
| 



Patent Application Publication Jan. 8, 2004 Sheet 12 0f 13 US 2004/0005488 A1 

FIG. 10 

700' / 
I 

953l/ / 
j i 755' 

617. 613' 



Patent Application Publication Jan. 8, 2004 Sheet 13 0f 13 US 2004/0005488 A1 

68 

/ 5o 

as / 

$555 528% .E E 

@5235“? 2; 

$55 mac 
3%; 0F 55:: 

20% .20 

.03 

52 

I .UE 



US 2004/0005488 A1 

APPLIANCE WITH REFUELABLE AND 
RECHARGEABLE METAL-AIR FUEL CELL 

BATTERY POWER SUPPLY UNIT INTEGRATED 
THEREIN 

RELATED CASES 

[0001] This Application is related to US. patent applica 
tion Ser. No. 09/695,698, assigned to Reveo, Inc. and 
entitled “Refuelable And Rechargeable Metal-Air Fuel Cell 
Battery PoWer Supply Unit For Integration Into An Appli 
ance., and to US. patent application Ser. No. 09/695,699, 
assigned to Reveo, Inc. and entitled “POWER GENERA 
TION AND DISTRIBUTION SYSTEM/NETWORK HAV 
ING INTERRUPTABLE POWER SOURCE AND REFU 
ELABLE AND RECHARGEABLE METAL-AIR FUEL 
CELL BATTERY SUBSYSTEM”, ?led concurrently here 
With. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to improved methods 
and systems for electrochemically producing electrical 
poWer using metal-air fuel cell battery (FCB) technology. 

[0004] 2. Description of the Related Art 

[0005] An ever-expanding range of electrical systems and 
devices are vital to the normal continuation of daily life for 
individuals and businesses in today’s society. Such systems 
and devices include portable devices (radio/tape/CD/DVD 
systems, PDA devices, notebook computers, cell phones, 
video equipment, calculators, fans, laWn moWers, screW 
drivers, drills, saWs), appliances (refrigerators, freezers, air 
conditioners, toasters, televisions, audio equipment, Wash 
ing machines, ovens, stoves, and furnaces), transportation 
devices (poWer passenger vehicles, buses, golf carts, motor 
cycles, boats, etc), computer processing and telecommuni 
cation equipment (servers, desktop computers, communica 
tion routing and sWitching systems) and the electrical 
infrastructure in homes, schools, factories, and office build 
mgs. 

[0006] Traditionally, the utility-maintained poWer grid 
provides poWer to these vital systems and devices. HoWever, 
the reliability of this poWer grid is fragile and can be 
compromised by unpredictable severe Weather (snoW/ice 
storms, earthquakes, tornadoes, hurricanes), system failure 
(excessive demand, lack of supply of natural gas to genera 
tion systems) and/or human error. 

[0007] For example, during the Week of Jan. 5, 1998, a 
severe freeZing-rain storm hit Canada and the northeastern 
United States as Warm moist air from the Gulf of Mexico 
encountered cold Arctic air in three Canadian provinces and 
in northern NeW York, Vermont, NeW Hampshire, and 
Maine. Ice accumulation on trees and overhead lines caused 
hundreds of millions of dollars of damage in both the United 
States and Canada and left hundreds of thousands of people 
Without poWer for periods ranging from a feW hours to more 
than three Weeks. In the United States the President declared 
disasters in ?ve NeW York counties, six Vermont counties, 
and all NeW Hampshire and Maine counties except along the 
coast. 

[0008] In another example, during the unusually hot sum 
mer of 1988, the poWer infrastructure of Auckland, NeW 
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Zealand unpredictably could not handle the stress caused by 
the extreme demand, and the aging underground transmis 
sion cables that Were vital to feeding the city With electricity 
failed in succession. Full service Was not restored for ?ve to 
eight Weeks. 

[0009] Thus, previous failures of the poWer grid have 
shoWn that the disruptions caused by such failures can be 
massive, especially if the failures are prolonged. 

[0010] Alternate forms of poWer generation systems have 
been proposed as the primary source of poWer (and, possi 
bly, the auxiliary source of poWer) for the broad range of 
electrical systems and devices used by individuals and 
businesses in today’s society. These alternate forms of 
poWer generation systems include, for example, solar-poW 
ered generation systems, Wind-poWered generation systems, 
and hydroelectric generation systems. HoWever, the reliabil 
ity of many of these alternate poWer generation systems is 
also fragile. For example, the supply of poWer from solar 
poWered generation systems/Wind-poWered generation sys 
tems/hydroelectric generation systems can be unpredictably 
interrupted for prolonged periods of time due to Weather 
conditions (lack of sunlight/lack of Wind/severe drought 
conditions). 
[0011] In such systems, interruptions can lead to unWanted 
disruptions, especially if the interruptions are prolonged. 

[0012] Traditionally, auxiliary poWer generation devices 
using batteries, gasoline engines or diesel engines are used 
to provide backup poWer in the event that such a prolonged 
interruption occurs in the utility-maintained poWer grid (or 
other primary poWer source). These systems too have seri 
ous limitations. 

[0013] More speci?cally, auxiliary poWer generation 
devices that use conventional battery technology (lead acid, 
nickel-cadmium, or nickel-metal hydrides) have limited 
operation time, long recharge time, and loW energy density; 
thus making such devices impractical for many applications. 
Moreover, replacement of such batteries is costly and raises 
numerous environmental haZards (that typically are dealt 
With using special encapsulation containers and careful 
disposal). 
[0014] Similarly, auxiliary poWer generation devices that 
use combustible fuel (such as gasoline and diesel engine 
generators) are costly, heavy, loud, emit noxious gases and 
fumes; thus making such devices impractical for many 
applications. Moreover, such devices raise numerous envi 
ronmental and safety haZards related to the transportation 
and use of the combustible fuels used therein. 

[0015] Thus, there is a great need in the art to provide a 
reliable (i.e., not susceptible to prolonged interruption), 
ef?cient, user friendly, environment friendly and safe source 
of poWer for the broad range of electrical systems and 
devices that are vital to individuals and businesses in today’s 
society. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0016] Accordingly, a prime object of the present inven 
tion is to substitute the traditional poWer supply units and 
methodologies (typically, one or more sWitching poWer 
regulators) integrated in an electrical system or device With 
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an integrated power supply unit comprising one or more 
rechargeable and refuelable metal-air FCB-based sub 
systems. This solution is, energy e?icient, environmentally 
friendly, and reliable, thus enabling consumers to use the 
system/device Without the risk and limitations of prolonged 
interruption. Moreover, the solution is cost-effect because it 
eliminates the need for auxiliary poWer generation systems 
by integrating the rechargeable and refuelable metal-air 
FCB-based subsystem into the system/device. The electrical 
system or device may be a computer processing apparatus, 
a portable electronic device (such as radio, disc player, other 
music playing devices, camcorder, other video playing/ 
recording devices, telephone, PDA, other communication 
devices), an appliance (such as television, audio equipment, 
Washing machine, refrigerator, freezer, oven, stove, furnace, 
air conditioner) or an electrically-poWered tool. 

[0017] Another object of the present invention is to pro 
vide improved systems, apparatus and methods for electro 
chemically providing electrical poWer to electrical devices 
and systems While overcoming all of the limitations of 
knoWn battery and conventional poWer generating technolo 
gies. 

[0018] Another object of the present invention is to pro 
vide an appliance With a refuelable and rechargable poWer 
supply unit integrated therein. 

[0019] Another object of the present invention is to pro 
vide an appliance With a system housing and a refuelable and 
rechargable metal-air based poWer supply unit integrated 
into the system housing. 

[0020] Another object of the present invention is to pro 
vide an appliance and integrated refuelable and rechargable 
metal-air FCB based poWer supply unit, Wherein the poWer 
supply unit comprises a control subsystem that automati 
cally transitions betWeen discharging mode and recharging 
mode for the metal-air FCB subsystems therein. 

[0021] Another object of the present invention is to pro 
vide an appliance and integrated refuelable and rechargable 
metal-air FCB based poWer supply unit, Wherein supply of 
electrical poWer to the electrical poWer-consuming load 
device in the appliance is supplied solely by a metal-air fuel 
cell battery subsystem. 

[0022] Another object of the present invention is to pro 
vide an appliance and integrated refuelable and rechargable 
metal-air FCB based poWer supply unit, Wherein electrical 
poWer provided to the electrical poWer-consuming load 
device in the appliance is supplied solely by electrical poWer 
generated by discharging metal-fuel in a metal-air fuel cell 
battery subsystem. 

[0023] Another object of the present invention is to pro 
vide an appliance and integrated refuelable and rechargable 
metal-air FCB based poWer supply unit, Wherein an input 
poWer bus and output poWer bus are both coupled to a 
metal-air fuel cell battery subsystem, the input poWer bus 
providing an electrical connection from an external poWer 
source to the metal-fuel cell battery subsystem in the 
recharging mode to thereby recharge the metal-air fuel cell 
battery system, and the output poWer bus providing an 
electrical connection from the metal-fuel cell battery sub 
system to the electrical poWer-consuming load device(s) in 
the appliance in the discharging mode to thereby provide 
electrical poWer to the electrical poWer-consuming load 
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device(s). The metal-air fuel cell battery subsystem may 
comprise a netWork of metal-air fuel cell modules each 
comprising one or more metal-air fuel cells. 

[0024] Another object of the present invention is to pro 
vide an appliance and integrated refuelable and rechargable 
metal-air FCB based poWer supply unit, Wherein the metal 
air fuel cell battery subsystem comprises a netWork of 
metal-air fuel cell modules each comprising one or more 
metal-air fuel cells, and a sWitching netWork, under control 
of a control subsystem, that selectively couples the input 
poWer bus and output poWer bus to the poWer terminals of 
the netWork (and that selectively couples together the poWer 
terminals of the network). 

[0025] Another object of the present invention is to pro 
vide a metal-air FCB system that enables e?icient, auto 
mated, ?exible and user-friendly refueling operations in 
such metal-air FCB systems, and the replacement of cathode 
elements and ionically conducting medium by consumers. 

[0026] Another object of the present invention is to pro 
vide a metal-air fuel cell battery (FCB) system, Wherein 
metal-fuel is provided Within a modular housing that is 
manually insertable/removable Within an aperture of the 
metal-air FCB system, to thereby enable e?icient, ?exible 
and user-friendly refueling operations of such metal-air FCB 
systems by consumers. 

[0027] Another object of the present invention is to pro 
vide a metal-air fuel cell battery (FCB) system, Wherein 
cathode structures are provided Within a modular housing 
that is manually insertable/removable Within an aperture of 
the metal-air FCB system, to thereby enable e?icient, ?ex 
ible and user-friendly replacement of cathode elements in 
such metal-air FCB systems by consumers. 

[0028] Another object of the present invention is to pro 
vide a metal-air FCB system, Wherein metal-fuel cards are 
manually insertable/removable Within an aperture of the 
metal-air FCB system, to thereby enable e?icient, ?exible 
and user-friendly replacement of metal-fuel cards in such 
metal-air FCB systems by consumers. 

[0029] Another object of the present invention is to pro 
vide a metal-air fuel cell battery (FCB) system, Wherein a 
card structure comprising cathode elements is manually 
insertable/removable Within an aperture of the metal-air 
FCB system, to thereby provide e?icient, ?exible and user 
friendly operations that are suitable for consumers in replac 
ing cathode elements of such metal-air FCB systems. 

[0030] Another object of the invention is to provide a 
metal-air FCB system Wherein metal-fuel tape is housed in 
a cassette-type cartridge that is manually insertable/remov 
able Within an aperture of a metal-air FCB system, to 
thereby provide efficient, ?exible and user-friendly opera 
tions that are suitable for consumers in replacing the metal 
fuel tape of such metal-air FCB systems. 

[0031] Another object of the invention is to provide a 
metal-air FCB system Wherein metal fuel paste is housed in 
a modular container that is manually insertable/removable 
Within an aperture of a metal-air FCB system, to thereby 
enable e?icient, ?exible and user-friendly replacement of the 
metal-fuel paste in such metal-air FCB systems by consum 
ers. 
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[0032] Another object of the present invention is to pro 
vide a metal-air fuel cell battery (FCB) system, Wherein a 
modular structure including a cathode element (that inter 
faces to a metal-fuel paste container) is manually insertable/ 
removable Within an aperture of the metal-air FCB system, 
to thereby enable ef?cient, ?exible and user-friendly 
replacement of the cathode elements in such metal-air FCB 
systems by consumers. 

[0033] These and other objects of the present invention 
Will become apparent hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] For a more complete understanding of the Objects 
of the Present Invention, the following detailed Description 
of the Illustrative Embodiments Of the Present Invention 
should be read in conjunction With the accompanying DraW 
ings, Wherein: 

[0035] FIG. 1A is a schematic representation of a gener 
aliZed embodiment of a device/system have an integrated 
poWer supply unit utiliZing refuelable and rechargeable 
metal-air FCB technology, Wherein a netWork of metal-air 
FCB subsystems are operably connected to a poWer bus 
structure and controlled by a control subsystem. 

[0036] FIG. 1B is a schematic representation of a gener 
aliZed embodiment of a poWer generation and distribution 
system using a refuelable and rechargeable metal-air FCB 
based poWer supply unit, Wherein a netWork of metal-air 
FCB subsystems are operably connected to a poWer bus 
structure and controlled by a control subsystem. 

[0037] FIG. 1C is a schematic representation of a gener 
aliZed embodiment of the refuelable and rechargable metal 
air FCB based poWer supply unit of the present invention, 
Wherein a netWork of metal-air FCB subsystems are oper 
ably connected to a poWer bus structure and controlled by a 
control subsystem in operable association With a metal-fuel 
management subsystem. 

[0038] FIG. 2 is a schematic representation of the modes 
of operation of the refuelable and rechargable metal-air FCB 
based poWer supply unit of FIGS. lA-lC as controlled by 
the control subsystem. 

[0039] FIG. 3 is an exploded perspective vieW of the ?rst 
illustrative embodiment of a metal-air FCB based poWer 
supply unit of FIGS. lA-lC according to the present inven 
tion, Wherein the upper housing portion is detached from the 
loWer housing portion to reveal that the four-element cath 
ode structure (i.e., submodule) is releasably inserted into a 
recess formed in the loWer housing portion, and Wherein a 
four-element metal fuel card is slidably inserted into a 
second recess betWeen the upper housing portion and the 
four-element cathode structure. 

[0040] FIG. 4 is a schematic block diagram of a second 
illustrative embodiment of a metal-air FCB based poWer 
supply unit of FIGS. lA-lC according to the present inven 
tion, Wherein metal-fuel tape housed in a cassette-type 
module is manually inserted into a port in the subsystem for 
transport to a Metal-Fuel Tape Discharging Subsystem and 
a Metal-Fuel Recharging Subsystem. 

[0041] FIG. 5 is a schematic representation of an exem 
plary Fuel-Tape Discharging Subsystem of the second illus 
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trative embodiment of FIG. 4 according to the present 
invention, Wherein metal-fuel tape is passed over a rotating 
cylindrical cathode structure. 

[0042] FIG. 6 is a perspective vieW of a third illustrative 
embodiment of a metal-air FCB based poWer supply unit of 
FIGS. lA-lC according to the present invention, Wherein a 
container holding metal-fuel paste is manually insertable 
into a recess in the housing of the system; the paste is 
transported to pass by apertures in the container that are 
spatially arranged With respect to the anode-contacting ele 
ment and cathode structure of a discharge head assembly, to 
thereby expose the paste to the discharge head assembly for 
discharging operations; the cathode structure and anode 
contacting element of the discharging head assembly is 
preferably releasably insertable into a second recess in the 
housing to provide for efficient replacement of these ele 
ments. 

[0043] FIG. 7 is an exploded perspective vieW of the third 
illustrative embodiment of FIG. 6 according to the present 
invention, Wherein the upper housing portion is detached 
from the loWer housing portion to reveal that the paste 
container is slidably inserted into a ?rst-recess formed in the 
housing, and the discharge head assembly (comprising an 
anode-contacting element and cathode structure) slidably 
inserted into a second recess formed in the housing. 

[0044] FIG. 8 is a perspective vieW of a computer pro 
cessing apparatus (such as a server that provides data 
processing capabilities to an enterprise) having an integrated 
refuelable and rechargable metal-air FCB based poWer sup 
ply unit that generates and supplies electrical poWer to the 
devices of the apparatus, Wherein at least one auxiliary 
poWer source is provided for recharging metal-fuel Within 
the FCB subsystems thereof, and Wherein the metal-air FCB 
based poWer supply unit preferably includes at least one 
recess for slidably inserting and removing metal-fuel used 
therein and for slidably inserting and removing cathode 
structures used therein. 

[0045] FIG. 9 is a perspective vieW of a portable elec 
tronics device (such as a Wireless communication device) 
having an integrated refuelable and rechargable metal-air 
FCB based poWer supply unit that generates and supplies 
electrical poWer to the devices disposed therein, Wherein the 
metal-air FCB based poWer supply unit includes at least one 
auxiliary poWer source for recharging metal-fuel Within the 
FCB subsystems thereof, and Wherein the metal-air FCB 
based poWer supply unit preferably includes a recess for 
slidably inserting and removing metal-fuel used therein. 

[0046] FIG. 10 is a perspective vieW of an electrical 
poWer generation system of the present invention including 
a refuelable and rechargable metal-air FCB based poWer 
supply unit that generates and supplies electrical poWer to 
one or more electrical poWer-consuming load devices, 
Wherein an interruptible auxiliary poWer source(s) is pro 
vided for recharging metal-fuel Within the FCB subsystems 
thereof, and Wherein the metal-air FCB based poWer supply 
unit preferably includes at least one recess for slidably 
inserting and removing metal-fuel used therein and for 
slidably inserting and removing cathode structures used 
therein. 

[0047] FIG. 11 is a perspective vieW of a building, 
Wherein the electrical poWer distribution system of the 
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present invention is interfaced to the power distribution 
panel of the building; the electrical poWer distribution 
system includes a refuelable and rechargable metal-air FCB 
based poWer supply unit that generates and supplies elec 
trical poWer to the electrical poWer-consuming load devices 
of the building, Wherein an interruptible auxiliary poWer 
source(s) is provided for recharging metal-fuel Within the 
metal-air FCB subsystems thereof, and Wherein the metal 
air FCB based poWer supply unit preferably includes at least 
one recess for slidably inserting and removing metal-fuel 
used therein and for slidably inserting and removing cathode 
structures used therein. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS OF THE 

PRESENT INVENTION 

[0048] Referring noW to the ?gures in the accompanying 
DraWings, the best modes for carrying out the present 
invention Will noW be described in great technical detail, 
Wherein like elements are indicated by like reference num 
bers. 

[0049] In general, the metal-air FCB-based systems 
according to the present invention load metal-fuel material, 
in the form cards, sheets, tape, paste and the like, to a 
Metal-Fuel Discharge Subsystem, or a Metal-Fuel Recharge 
Subsystem, depending on the mode of the system. When 
loaded into the Metal-Fuel Discharge Subsystem, the metal 
fuel is discharged by (i.e. electro-chemically reaction With) 
one or more discharging heads in order produce electrical 
poWer across an electrical poWer-consuming load connected 
to the subsystem While H20 and O2 are consumed at the 
cathode-electrolyte interface during the electrochemical 
reaction. When transported to or through the Metal-Fuel 
Recharging Subsystem, discharged metal-fuel is recharged 
by one or more recharging heads in order to convert the 
oXidiZed metal-fuel material into its source metal material 
suitable for reuse in poWer discharging operations, While O2 
is released at the cathode-electrolyte interface during the 
electrochemical reaction. The electrochemistry upon Which 
such discharging and recharging operations are based is 
described in Applicant’s co-pending US. application Ser. 
No. 08/944,507, US. Pat. No. 5,250,370, and other applied 
science publications Well knoWn in the art. These principles 
Will be brie?y summarized beloW. Also note that the Metal 
Fuel Discharge Subsystem and Metal-Fuel Recharge Sub 
system may utiliZe common components and handling sys 
tems, as is Well knoWn in the art. 

[0050] During discharging operations, the Metal-Fuel Dis 
charge Subsystem brings metal-fuel (such as Zinc, alumi 
num, magnesium or beryllium), Which is employed as an 
electrically-conductive anode, into “ionic-contact” With an 
electrically-conductive oXygen-pervious cathode structure, 
by Way of an ionically-conducting medium. In the preferred 
embodiment of the present invention, the ionically-conduct 
ing medium is integrated to the metal-fuel anode structure. 
The ionically-conducting medium may be an ionically 
conducting polymer, an electrolyte gel, or a liquid such as 
KOH or NaOH. When the cathode and anode structure are 
brought into ionic contact, a characteristic open-cell voltage 
is automatically generated. The value of this open-cell 
voltage is based on the difference in electro-chemical poten 
tial of the anode and cathode materials. When an electrical 
poWer-consuming load is connected across the cathode and 
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anode structures of the metal-air FCB cell, so constructed, 
the Metal-Air Discharge Subsystem delivers electrical 
poWer to the electrical poWer-consuming load, as oXygen O2 
from the ambient environment is consumed and metal-fuel 
anode material oXidiZes. In the case of a Zinc-air FCB 
system or device, the Zinc-oxide (ZnO) is formed on the Zinc 
anode structure during the discharging cycle, While oxygen 
is consumed at Within the region betWeen the adjacent 
surfaces of the cathode structure and electrolytic medium 
(hereinafter referred to as the “cathode-electrolyte interface” 
for purposes of convenience). 

[0051] During recharging operations, the Metal-Fuel 
Recharging Subsystem brings the consumed anode material 
(i.e., oXidiZed metal) into “ionic-contact” With a cathode 
structure, by Way of the ionically-conducting medium, and 
applies a poWer source (eg more than 2 volts for Zinc-air 
systems) across the cathode structure and consumed anode 
material. There While, the Metal-Fuel Recharging Sub 
system controls the electrical current ?oWing betWeen the 
cathode and consumed anode structures, in order to reverse 
the electro-chemical reaction Which occurred during dis 
charging operations. In the case of the Zinc-air FCB system 
or device, the Zinc-oxide (ZnO) formed on the Zinc anode 
structure during the discharging cycle is converted into (i.e. 
reduced back) into Zinc, While oXygen O2 is released at the 
cathode-electrolyte interface to the ambient environment. 

[0052] After a number of discharge/recharge cycles, a 
refueling operation is required Wherein the consumed anode 
material (e.g., oXidiZed metal) is replaced With “fresh” anode 
material to provide a source of metal-fuel to the metal-air 
FCB system. 

[0053] The cathode structure(s) of the metal-air FCB 
system also has a limited lifetime. Generally, the cathode 
structure comprises an oxygen-permeable mesh of inert 
conductor and a catalyst for reducing oXygen that diffuses 
through the mesh into the system. Typically, the operational 
lifetime of the cathode structure(s) of the metal-air FCB 
system eXtends beyond that of a single metal-fuel anode 
(e.g., 10 to 50 times the operational lifetime), and thus it may 
be used repeatably after replacing the corresponding anode 
element. When the operational lifetime of the cathode ele 
ment ends, it may be cost effective to replace the “spent” 
cathode element, or, in the alternative, to discard the metal 
air FCB subsystem (or the entire FCB system) that contains 
the “spent” cathode element. 

[0054] Generalized Embodiments of the Present Invention 

[0055] According to the present invention, the traditional 
poWer supply unit (typically, one or more sWitching poWer 
regulators) integrated in an electrical system or device is 
substituted With a poWer supply unit comprising one or more 
rechargeable and refuelable metal-air FCB-based sub 
systems. FIG. 1A illustrates the architecture of a generaliZed 
embodiment of an eXemplary device according to the 
present invention. As shoWn, the device 900-1 includes 
housing 901 With one or more electrical-poWer consuming 
load devices 751 (depicted as electrical poWer-consuming 
loads 751A and 751B) disposed therein. ApoWer supply unit 
700-1 comprising one or more modules integrally disposed 
in the housing 901 is electrically coupled to the one or more 
electrical poWer-consuming load devices 751. The one or 
more modules of the poWer supply unit 700-1 include at 
least one rechargeable and refuelable metal-air FCB sub 
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system 708 (depicted in FIG. 1A as subsystems 708A,708B 
. . . 708N). Each metal-air FCB subsystem 708 comprises at 
least one metal-air fuel cell that operates in a discharging 
mode to provide electrical poWer to the output poWer bus 
706 for supply to the one or more electrical poWer-consum 
ing load devices 751 via output port 755, and operates in a 
recharging mode to apply electrical poWer (received from 
one or more external electrical-poWer sources 753 via input 
port 757 and input poWer bus 714) across the cathode 
structure and consumed anode material of the metal-air fuel 
cell, thereby reversing the electro-chemical reaction Which 
occurred during discharging mode of operation. 

[0056] As shoWn in FIG. IA, the poWer supply unit 700-1 
of the appliance device 900-1 preferably includes output 
regulation and load sensing circuitry 709, electrically 
coupled betWeen the output poWer bus 706 and the one or 
more electrical poWer-consuming load devices 751, that 
operates in the discharging mode to regulate the electric DC 
poWer supplied on the output poWer bus 706 to thereby 
control the output voltage levels (and, preferably the output 
current levels) supplied to the one or more electrical poWer 
consuming load devices 751 of the appliance device 900-1, 
such that the poWer output from port 755 is in a form suitable 
for consumption by the one or more electrical poWer 
consuming load devices 751. The output regulation and load 
sensing circuitry 709 may convert the DC electric poWer 
provided thereto to AC electrical poWer for output to the one 
or more electrical poWer-consuming load devices 751 in the 
event that the electrical poWer-consuming loads require such 
AC electrical poWer. In addition, the output regulation and 
load sensing circuitry 709 preferably includes circuitry for 
sensing real-time conditions (voltage levels or current lev 
els) of the supply of poWer to the one or more electrical 
poWer-consuming load devices 751 and generating control 
signals indicative of such conditions. Such poWer regulation 
and sense circuitry may be realiZed using solid state circuitry 
Well knoWn the poWer generation and control arts. 

[0057] As shoWn in FIG. 1A, the poWer supply unit 700-1 
of the appliance device 900-1 preferably includes input 
regulation circuitry 715, coupled to the one or more external 
electrical-poWer sources 753 (for example, the utility man 
aged and maintained grid) via input port 757, that operates 
in recharge mode to regulate the input voltage levels (and, 
preferably the input current levels) supplied thereto from the 
poWer source 753 such that it has DC signal characteristics 
suitable for use by the metal-air FCB subsystem(s) 708 in 
the recharge mode. The DC poWer signals generated by 
input regulation circuitry 715 in the recharge mode are 
delivered to the metal-air FCB subsystem(s) 708 over the 
input poWer bus 714. The input regulation circuitry 715 may 
convert the AC electric poWer provided thereto to DC 
electrical poWer for supply to the metal-air FCB sub 
system(s) 708 in the event that the external poWer source(s) 
753 supply AC electrical poWer. Such poWer regulation 
circuitry may be realiZed using solid state circuitry Well 
knoWn the poWer generation and control arts. 

[0058] As shoWn in FIG. 1A, the poWer supply unit 700-1 
preferably includes an I/O sWitching netWork 761, coupled 
to the input poWer bus 714, the output poWer bus 706, and 
the poWer terminals of each metal-air fuel cell battery 
subsystem 708, that operates, in response to control signals 
from a control subsystem 711 (e.g., programmed controller) 
supplied via signal path 737, to: selectively couple the input 
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poWer bus 714 to the poWer terminals of one or more 
metal-air fuel cell battery subsystems 708 coupled thereto; 
to selectively couple the output poWer bus 714 to the poWer 
terminals of one or more metal-air fuel cell battery sub 
systems 708 coupled thereto; and to selectively couple 
together the poWer terminals of tWo or more of the metal-air 
fuel cell battery subsystems 708 coupled thereto. 

[0059] In general, the control subsystem 711 selectively 
activates any one of the metal-air FCB subsystems 708 in the 
discharging mode to contribute to poWer supplied to the one 
or more electrical poWer-consuming load device(s) 751 via 
output port 755 by controlling the sWitching netWork 761, 
via the signal path 737, to couple the poWer terminals 
(preferably, the output poWer terminals) of the selected 
metal-air FCB subsystems 708 to the output poWer bus 706. 
In addition, the control subsystem 711 selectively activates 
any one of the metal-air FCB subsystems 708 in the recharg 
ing mode to use poWer supplied by external poWer source(s) 
753 via input port 757 by controlling the sWitching netWork 
761, via the signal path 737, to couple the poWer terminals 
(preferably, the input poWer terminals) of the selected metal 
air FCB subsystems 708 to the input poWer bus 714. In 
addition, the control subsystem 711 preferably controls the 
sWitching netWork (via signal path 737) to selectively couple 
together the poWer terminals of tWo or more of the metal-air 
fuel cell battery subsystems 708 coupled thereto to thereby 
selectively carry out multiple discharge schemes (some of 
Which combine the poWer output of the FCB subsystems to 
provide output With current levels and/or voltage levels that 
cannot be provided by one of the FCB subsystems alone). 

[0060] In addition, the control subsystem 711 preferably 
controls operation of the metal-air FCB subsystem(s) 708 
Within the netWork (eg by Way of controlling discharging/ 
recharging parameters during discharging/recharging modes 
of operation, respectively, and collecting metal-fuel and 
metal-oxide indicative data from the particular metal-air 
FCB subsystems on a real-time basis). A control bus struc 
ture 712 operably couples the control subsystem 711 to each 
metal-air FCB subsystem 708 (to enable the transfer of 
metal-fuel indicative data from the FCB subsystems to the 
control subsystem 711, and the transfer of control signals 
from the control subsystem 711 to the metal-air FCB sub 
system(s) 708. 

[0061] As shoWn in FIG. 1A, the control subsystem 711 is 
operably coupled to other elements of the system via signal 
paths that enable the exchange of control data therebetWeen. 
More speci?cally, the control subsystem 711 is operably 
coupled to the output regulation and load sensing circuitry 
709 via signal path 731, and to the input regulation circuitry 
715 via signal path 733. 

[0062] It should be noted, that in the preferred embodi 
ment of the present invention, the one or more electrical 
poWer-consuming load devices 751 of device/system 900-1 
are supplied poWer solely via the discharging operation of 
the metal-air FCB based poWer supply unit 700-1 coupled 
thereto via output port 755, and the external poWer source 
753 is used by the device/system solely has a poWer source 
in recharging the metal-air FCB based poWer supply unit 
700-1. 

[0063] Advantageously, the device/system of FIG. IA and 
the rechargeable and refuelable metal-air FCB based poWer 
supply unit integrated therein provides improved efficiency 
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and reliability over prior art devices/systems. More speci? 
cally, in the event that a prolonged interruption occurs in the 
poWer delivered by an external poWer source, such devices/ 
systems can be used Without prolonged interruption by 
refueling the metal-air FCB based poWer supply unit inte 
grated therein, if need be. Moreover, the environmental and 
safety haZards, costs, unfriendly noises and other limitations 
associated With the prior forms of auxiliary poWer genera 
tion (based upon conventional battery technology and com 
bustible fuel) are avoided. 

[0064] In another aspect of the present invention, an 
interruptible poWer generation system can be transformed to 
become an uninterruptible poWer generation system. FIG. 
1B illustrates the architecture of a generaliZed embodiment 
of an exemplary uninterruptible poWer generation system 
according to the present invention. As shoWn, the system 
950 includes an interruptible poWer source 953 coupled a 
poWer supply unit 700-2. The poWer supply unit 700-2 is 
electrically coupled to the one or more electrical poWer 
consuming load devices 751‘ (shoWn as 751A‘ and 751B‘) 
via an output port 755‘, and includes at least one recharge 
able and refuelable metal-air FCB subsystem 708‘ (depicted 
in FIG. 1B as subsystems 708A‘,708B‘ . . . 708N‘). Each 
metal-air FCB subsystem 708‘ comprises at least one metal 
air fuel cell that operates in a discharging mode to provide 
electrical poWer to the output poWer bus 706‘ for supply to 
the one or more electrical poWer-consuming load devices 
751‘ via output port 755‘, and operates in a recharging mode 
to apply electrical poWer (received from the interruptible 
electrical-power sources 753‘ via input port 757‘ and input 
poWer bus 714‘) across the cathode structure and consumed 
anode material of the metal-air fuel cell, thereby reversing 
the electrochemical reaction Which occurred during dis 
charging mode of operation. In addition, the poWer supply 
unit 700-2 preferably includes elements similar to the ele 
ments of the poWer supply unit 700-1 of FIG. 1A as set forth 
above. 

[0065] It should be noted, that in the preferred embodi 
ment of the present invention, the one or more electrical 
poWer-consuming load devices 751‘ coupled to the uninter 
ruptible poWer generation system 950 via output port 755‘ 
are supplied poWer solely via the discharging operation of 
the metal-air FCB based poWer supply unit 700-2, and that 
the interruptible poWer source 953 is used solely as a poWer 
source in recharging the metal-air FCB based poWer supply 
unit 700-2. 

[0066] Advantageously, the poWer generation system of 
FIG. 1B (and the rechargeable and refuelable metal-air FCB 
based poWer supply unit integrated therein) provides 
improved ef?ciency and ?exibility over prior art poWer 
generation systems. More speci?cally, in the event that a 
prolonged interruption occurs in the poWer delivered by an 
interruptible poWer source, the poWer generation system can 
be used Without prolonged interruption by refueling the 
metal-air FCB based poWer supply unit integrated therein, if 
need be. Hereto, the environmental and safety haZards, 
costs, unfriendly noises and other limitations associated With 
the prior art forms of auxiliary poWer generation (based 
upon conventional battery technology and combustible fuel) 
are avoided. 

[0067] In yet another aspect of the present invention, the 
metal-air FCB subsystems 708 as described above prefer 
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ably have a modular architecture to enable ?exible and 
user-friendly operations in loading of metal-fuel, unloading 
of consumed metal-fuel, replacement of the ionic-conduct 
ing medium, and replacement of the cathode. More speci? 
cally, the metal-air FCB subsystem 708 preferably includes 
at least one ?rst-module that houses the metal-fuel anode 
material and the consumed anode material for one or more 
of the cathode structures of the metal-air FCB subsystem 
708. The ?rst-module is manually insertable into a ?rst 
recess in the housing of the metal-air FCB subsystem 708 
(and in the device/system in Which the metal-air FCB 
subsystem is integrated), Wherein it is used in discharge 
operations and/or recharge operations. In addition, one or 
more cathode structures of the metal-air FCB subsystem 708 
are preferably disposed in at least one second-module that is 
manually insertable into a second recess in the housing of 
the metal-air FCB subsystem 708 (and in the device/system 
in Which the metal-air FCB subsystem is integrated), 
Wherein the cathode element(s) disposed therein is used in 
discharge operations and/or recharge operations. 
[0068] During discharge operations, the metal-fuel anode 
material housed in the ?rst module is brought into “ionic 
contact” With a cathode structure, by Way of the ionically 
conducting medium. When the cathode and anode material 
are brought into ionic contact, a characteristic open-cell 
voltage is automatically generated. The value of this open 
cell voltage is based on the difference in electro-chemical 
potential of the anode and cathode materials. When an 
electrical poWer-consuming load is connected across the 
cathode and anode structures of the metal-air FCB cell, so 
constructed, the metal-air FCB subsystem 708 delivers 
electrical poWer to the electrical poWer-consuming load, as 
oxygen 02 from the ambient environment is consumed and 
metal-fuel anode material oxidiZes. 

[0069] During recharge operations, consumed anode 
material (e.g., oxidiZed metal-fuel material) housed in the 
?rst-module is brought into “ionic-contact” With a cathode 
structure, by Way of the ionically-conducting medium, and 
poWer is applied thereto. ThereWhile, electrical current 
?oWing betWeen the cathode and anode structures reverses 
the electrochemical reaction Which occurred during dis 
charging operations. 
[0070] During refueling operations, the ?rst-module (that 
houses consumed anode material, e.g., oxidiZed metal) is 
manually removed, a ?rst-module housing “fresh” anode 
material is loaded into the ?rst recess, to thereby enable 
loading of metal-fuel. In this refueling operation, the corre 
sponding cathode structure(s) (Which is/are preferably dis 
posed in the second-module When manually inserting the 
second-module into the second recess as set forth above) 
need not be replaced. 

[0071] During cathode replacement operations, one or 
more cathode structures of the metal-air FCB system 708 are 
manually removed and replaced With fresh cathode struc 
ture(s). Preferably, the cathode structures are disposed in the 
second-module, and replaced by manually loading the sec 
ond-module (Wherein one or more fresh cathode structures 
are disposed) into the second-recess of the system. The 
refueling operations described above (Which loads a ?rst 
module housing fresh metal-fuel and, possibly, fresh ioni 
cally-conducting medium into the ?rst recess in the main 
housing of the metal-FCB system) may be performed in 
conjunction With such cathode replacement operations. 






















