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Description

RELATED APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Patent Application Serial No. 60/667,392, filed
March 31, 2005.

FIELD OF THE INVENTION

[0002] The present invention generally relates to a
power generation and energy storage system, and more
particularly relates to a modular regenerative fuel cell
system.

BACKGROUND AND SUMMARY OF THE INVENTION

[0003] Regenerative fuel cell systems in which one or
more electrochemical cells are utilized to both electrolyze
water to produce hydrogen and oxygen, and to produce
electricity by converting hydrogen and oxygen back into
water, are known. These systems, which may be used
with either renewable or non-renewable, grid connected
or off-grid power sources, offer a means for storing en-
ergy to be used during periods when primary power from
one of these sources is unavailable, and are constructed
as either unitary or modular structures, with the modular
design allowing for flexibility in, among other things, ship-
ping, installation, power output, run time, recharge time
and system modification (e.g., upgrading, increasing ca-
pacity).

[0004] The system architecture for the modular regen-
erative fuel cell systems, which is best shown in FIG. 1,
place hydrogen generation, hydrogen storage, and fuel
cell power generating functions in separate modules.
These modular systems, which are packaged as either
floor mounted or rack mounted systems, employ elec-
trolysis cell subsystems 1, fuel cell subsystems 2, as well
as hydrogen storage subsystems 3, with each electroly-
sis and fuel cell subsystem including a cell stack and
associated fluid systems and power conditioning. During
charge operation, water is introduced to the electrolysis
cell subsystem 1, where it is electrolyzed to form hydro-
gen gas and oxygen according to the reaction 2H,0 —
2H, + O,. The hydrogen gas produced in electrolysis cell
subsystem 1 is stored in the hydrogen storage subsystem
3, while the oxygen may be either vented to ambient air
or stored. During power generation operation, the hydro-
gen gas stored in subsystem 3 flows to the fuel cell sub-
system 2, where it reacts with oxygen supplied from either
the air or storage to generate electricity and to yield prod-
uct water.

[0005] For applications requiring additional electroly-
sis or power capability, complete subsystems are added
to these prior art modular regenerative fuel cell systems.
Such an approach, however, may result in sub-optimal
matching of either charge or discharge capability and in
redundant equipment. One such approach is described
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in U.S. Patent Application Publication No. 2003/215680
A1 (now U.S. Patent No. 7,083,875). This reference re-
lates to a modular power system having separately re-
movable electrolysis and power modules, each with a
separate set of connection ports. As shown in FIG. 1, the
modular power system (MPS) 100 has an electrolyzer
module (ELM) 200, a power module (PWM) 300, a water
storage module (WSM) 400, a hydrogen storage module
(HSM) 500 and a controller module (CTM) 600. The elec-
trolyzer module (ELM) 200 and the power module (PWM)
300, which are in direct fluid communication with the wa-
ter storage module (WSM) 400 and the hydrogen storage
module (HSM) 500, contain major fluid systems. For ex-
ample, power module (PWM) 300 contains, among other
things, atleast one hydrogen valve, atleast one hydrogen
pressure regulator, at least two fans, an air compressor,
and a liquid to air heat exchanger.

[0006] By way of the present invention. It has been
discovered that partitioning the electrolysis cell and fuel
cell subsystems into separate stack and fluid modules
allows a user to specifically and effectively tailor the sys-
tem to the demands of a particular application.

[0007] The present invention therefore generally pro-
vides a modular, regenerative fuel cell system that com-
prises a plurality of reversible or dedicated electrochem-
ical cell stack modules, wherein each such module is
devoid of major fluid systems.

[0008] Aspects of the invention are specified in the in-
dependent claims.

[0009] Preferred features are specified in the depend-
ent claims.
[0010] Otherfeatures and advantages of the invention

will be apparent to one of ordinary skill from the following
detailed description and drawings. Unless otherwise de-
fined, all technical and scientific terms used herein, have
the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. In
case of conflict, the present specification, including def-
initions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be
limiting.

BRIEF DESCRIPIION OF THE DRAWINGS

[0011] in the course of the description which follows,
reference is made to the drawings, in which:

FIG. 1 is a schematic diagram of a prior art, modular,
regenerative fuel cell system;

FIG. 2 is a block schematic diagram of a more pre-
ferred embodiment of the modular, regenerative fuel
cell system of the present invention; and

FIG. 3 is a block schematic flow diagram of the more
preferred embodiment of the modular regenerative
fuel cell system shown in FIG. 2.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0012] The preferred modular regenerative fuel cell
system of the present invention offers a variety of mod-
ules, each directed toward a different system function.
As such, the inventive system allows a user to specifically
and effectively tailor the system to the demands of a par-
ticular application. If additional electrolysis capability
and/or additional power are needed, only electrolysis cell
stack modules and/or fuel cell stack modules are added
to the system. The use of unnecessary or duplicative
support equipmentis avoided rendering the system more
cost effective and efficient. Moreover, the inventive sys-
tem offers a number of packaging options including a
wall mounting packaging option in addition to floor and
rack mounting options.

[0013] Referring now to FIG. 2, a more preferred em-
bodiment of the modular regenerative fuel cell system of
the present invention is shown generally at 10. System
10, which is rack-mounted, basically comprises:

(a) electrolysis cell stack modules 12, each in fluid
communication with an electrolysis cell fluid module
16, and in electrical communication with power
means 24 and controlmeans 26, each being adapted
to convertwater, water vapor, or an aqueous solution
into at least a hydrogen gas;

(b) a hydrogen gas storage tank 14;

(c) an electrolysis cell fluid module 16 in fluid com-
munication with (i) a source of water, water vapor,
or aqueous solution (not shown), (ii) the electrolysis
cell stack modules 12, and (iii) the hydrogen gas stor-
age tank 14, and in electrical communication with
the power means 24 and control means 26, for pro-
viding water, water vapor, or an aqueous solution to
the electrolysis cell stack modules 12 and for deliv-
ering hydrogen gas generated by the electrolysis cell
stack modules 12 to the hydrogen gas storage tank
14;

(d) fuel cell stack modules 18, each in fluid commu-
nication with a fuel cell fluid module 20, and in elec-
trical communication with power means 24, control
means 26, and an external load or power grid (not
shown), each being adapted to extract chemical en-
ergy from hydrogen gas and air or oxygen and con-
vert the extracted chemical energy into electrical
power;

(e) a fuel cell fluid module 20 in fluid communication
with (i) the hydrogen gas storage tank 14, (ii) a source
of air or oxygen (not shown), and (iii) the fuel cell
stack modules 18, and in electrical communication
with power means 24 and control means 26, for pro-
viding hydrogen gas and air or oxygen to the fuel cell
stack modules 18;

(f) one or more batteries 22;

(9) power means 24 for (i) receiving power from an
energy source (e.g., a generator system, photovolta-
ics, wind turbine or any other conventional or newly
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developed source) (not shown), (ii) optionally charg-
ing the one or more batteries 22, (iii) providing power
to the electrolysis cell fluid module 16, the electrol-
ysis cell stack modules 12, and the fuel cell fluid mod-
ule 20, and (iv) converting variable power from the
fuel cell stack modules 18 to constant or relatively
constant voltages and/or for inverting direct currents
to alternating currents;

(h) monitoring means (not shown) for monitoring in-
formation regarding all aspects of the modular re-
generative fuel cell system 10 and for communicat-
ing such information to the control means 26; and
(i) control means 26 for receiving information from
the monitoring means and for controlling all aspects
of the modular regenerative fuel cell system 10,
thereby assuring continuous, uninterrupted system
operation.

[0014] System 10 contains a number of individual elec-
trochemical cells arranged in stacks, with the working
fluids directed through the cells via input and output con-
duits formed within each stack structure. As noted above,
these cell stacks are preferably dedicated cell stacks that
are used within system 10 to either electrolyze water (or
an aqueous solution) to produce hydrogen and oxygen
(electrolysis cell stack modules 12), or to produce elec-
tricity by converting hydrogen and oxygen backinto water
(fuel cell stack modules 18), as needed. These cell
stacks, however, may also be reversible cell stacks that
serve to both electrolyze water (or an aqueous solution)
and produce electricity.

[0015] The one or more electrolysis cell stack modules
12 are in fluid communication with one or more electrol-
ysis cell fluid modules 16, and in electrical communica-
tion with power means 24 and control means 26, while
the one or more fuel cell stack modules 18 are in fluid
communication with one or more fuel cell fluid modules
20, and in electrical communication with power means
24, an external load or power grind, and control means
26.

[0016] Asis well known to those skilled in the art, elec-
trolysis cells and fuel cells are basically energy conver-
sion devices and include liquid electrolyte cells and solid,
liquid, ormembrane electrolyte cells. Electrolysis and fuel
cells are structurally similar, but are utilized to effect dif-
ferent half-cell reactions.

[0017] In a preferred embodiment, the cell stack mod-
ules employed within system 10 contain membrane elec-
trolysis cells and membrane fuel cells that generally com-
prise an anode, a cathode, an ion exchange membrane
disposed there between, for providing ion exchange be-
tween the cathode and the anode electrodes, an anode
chamber and a cathode chamber. In order to assure that
half-cell reactions that take place at the anode and cath-
ode move forward at useful rates, catalyst materials may
be incorporated into these cells.

[0018] As alluded to above, preferred membrane elec-
trochemical cells of system 10 are selected from the
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group of PEM cells and solid oxide cells.

[0019] The electrolysis cell stack module(s) 12 prefer-
ably has the ability to self pressurize. In specific regard
to PEM and solid oxide cell stack modules, hydrogen
pressurization may be achieved by, for example, elec-
trochemical pumping of hydrogen ions across the mem-
branes to the cathodes where hydrogen gas evolves until
a pre-set pressure limit is reached, while oxygen pres-
surization may be achieved by back pressuring the oxy-
gen gas evolving at the anodes. As will be readily appre-
ciated by those skilled in the art, such pressurization proc-
esses may be used in both dedicated and reversible cells
and cell stacks.

[0020] The electrolysis cell stack module(s) 12 of the
present invention may produce hydrogen gas at rates
ranging from less than about 0.1 standard cubic feet per
hour (SCFH) (0.05 standard liters per minute (SLPM)) to
more than about 30,000 SCFH (14,160 SLPM).

[0021] Power generated by the fuel cell stack module
(s) 18 of the present invention may range from less than
several watts to over 1000 kilowatts.

[0022] The electrolysis cell fluid module(s) 16 of sys-
tem 10is in fluid communication with (i) a source of water,
water vapor, or aqueous solution, (ii) the electrolysis cell
stack module(s) 12; and (iii) hydrogen gas storage means
(e.g., the hydrogen gas storage tank 14, and is in elec-
trical communication with power means 24 and control
means 26. Fluid module(s) 16 provides liquid or vapor
phase water (or aqueous solution) to the electrolysis cell
stack module(s) 12, receives product gases and waste
heat from the electrolysis cell stack module(s) 12 that are
generated during electrolysis, separates the hydrogen
gas from the oxygen gas and waste heat, and then directs
the separated hydrogen gas to the hydrogen gas storage
means (e.g., the hydrogen gas storage tank 14). Each
such fluid module 16 basically comprises one or more
pumps, valves, regulators, water/gas phase separation
devices, and temperature, pressure and hydrogen sen-
sors.

[0023] The fuel cell fluid module(s) 20 of system 10 is
in fluid communication with (i) the hydrogen gas storage
means (e.g., the hydrogen gas storage tank 14), (ii) a
source of air or oxygen, and (iii) fuel cell stack module(s)
18, and is in electrical communication with power means
24, and control means 26. Fluid module(s) 20 provides
humidified hydrogen gas and air or oxygen to the fuel
cell stack module(s) 18, and receives product water from
the fuel cell stack module(s) 18. Each such fluid module
18 basically comprises hydrogen and air/oxygen fluid
manifolds, a thermal control device, water management
means, valves, regulators and safety and control sen-
Ssors.

[0024] Fluid and electrical connections within system
10 are notlimited and may be effected using conventional
materials and connection means.

[0025] Power means 24, which includes power regu-
lating and/or power inverting means, receives DC or AC
voltage from an energy source such as a generator sys-
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tem, photovoltaics, wind turbine or any other convention-
al or newly developed source and optionally converts a
portion of the power to voltage for charging one or more
batteries 22. Power means 24 may be used alone or in
combination with the battery(ies) 22 to power the one or
more electrolysis cell stack modules 12, the one or more
electrolysis cell fluid modules 16, and the one or more
fuel cell fluid modules 20. Alternatively, the electrolysis
cell stack modules 12 may be connected directly to the
battery(ies) 22. Power means 24 also receives DC volt-
age generated by the one or more fuel cell stack modules
18, which may also be used to charge the one or more
batteries 22.

[0026] The fuel cell stack module(s) 18 will typically
produce direct current at a voltage which varies accord-
ing to the number of cells in the stack and the operating
conditions of the cells. Applications for the power gener-
ated by these fuel cell stacks may demand constant volt-
age, or alternating current at a constant voltage and fre-
quency similar to a municipal power grid, etc. Power
means 24 accommodates such demands.

[0027] Technologies for converting variable direct cur-
rent voltages to constant or relatively constant voltages
are well known, as are technologies for inverting direct
currents to alternating currents. As demonstrated by U.S.
Patent No. 6,581,015, suitable power conditioner topol-
ogies for fuel cells are also well known,

[0028] In a preferred embodiment, power means 24
comprises either a charge controller with optional maxi-
mum power point tracker (MPPT) and/or inverting capa-
bility, or an inverter with optional charging capability. In
one such preferred embodiment, power means 24 is a
DC to AC inverter/charger. Suitable inverter/chargers,
which combine an inverter, battery charger and transfer
switch in one package, are available from (1) Xantrex
International SRL and Xantrex Technology BVI, Inc.,
Suite No. 3, Stafford House, The Garrison, St. Michael,
Barbados, under the trade designation XANTREX SW
Plus inverter/charger, and from (2) Outback Power Sys-
tems, Inc., 19009 62nd Avenue, Arlington, WA 98223,
USA.

[0029] Control means 26 basically comprises at least
system controller, which is programmed to oversee sta-
tus, transactions, and processes of system 10. Specifi-
cally with respect to controlling the production of hydro-
gen gas by the one or more electrolysis cell stack mod-
ules 12, the system controller(s) enables, monitors, ad-
justs, and disables all aspects of the connections be-
tween: (i) power means 24 (e.g., a charge controller, or
inverter), the electrolysis cell stack module(s) 12, and the
electrolysis cell fluid module(s) 16; and (ii) the electrolysis
cell fluid module(s) 16, the source of water, water vapor,
or aqueous solution, the electrolysis cell stack module(s)
12, and the hydrogen gas storage means 14. Similarly,
with respect to controlling the production of electrical
power, the system controller(s) enables, monitors, ad-
justs, and disables all aspects of the connections be-
tween: (i) power means 24, the fuel cell fluid module(s)
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20, and the fuel cell stack module(s) 18; and (ii) the fuel
cell fluid module(s) 20, the hydrogen gas storage means
14, the source of air or oxygen, and the fuel cell stack
module(s) 18. The system controller(s) will detect normal
variations in module, stack, or subsystem performance
and will automatically provide direct or indirect compen-
sation for any such variation, thereby balancing old and
new modules, as well as, modules having different tech-
nology, manufacturers, level/status, or the like.

[0030] The system controller also manages the mod-
ular replacement of components within the regenerative
fuel cell system 10, and can be reconfigured for modular
replacement of components and connection and discon-
nection of external service ports. The system controller
can also control the operating mode of system 10 and
place system 10 in a maintenance mode where the mod-
ular replacement is plug-and-play, to allow continuous
operation.

[0031] The system controller may be a single controller
that controls all the operations of system 10. Alternative-
ly, multiple controllers may be provided to control differ-
ent aspects of system 10 operation.

[0032] Monitoring means, which basically comprises
monitoring instrumentation and a communication sys-
tem, monitors information regarding aspects of the mod-
ular regenerative fuel cell system 10 and transmits the
information to the control means 26 (e.g., the system
controller(s)), which enables/disables or adjusts all as-
pects of the connections within system 10 in response
thereto, thereby assuring continuous, uninterrupted op-
eration.

[0033] Monitoring instrumentation is mounted on the
functional modules of system 10 and elsewhere and pro-
vides information to the system controller(s) regarding
particular attributes of the cell stacks and fluid modules
and storage means including but not limited to the func-
tional status, output, and/or fuel levels. This information
may be routed via the communication system to an In-
ternet site or other specific destination. The communica-
tion system is not limited and may be comprised of any
number of analog or digital devices such as a personal
computer, a local area network (LAN), or a relay station
for wireless communication. The electrical output of the
fuel cell stack module(s) 18 may be used to power such
a system from a remote location, circumventing the need
for an additional power supply to maintain the transmis-
sion of information on the status of system 10.

[0034] In a preferred embodiment, the communication
system is a high-speed LAN, with each component of
system 10 interfacing itself with the LAN through a wired
or wireless LAN interface.

[0035] In another preferred embodiment, the commu-
nication system employs Radio Frequency Identification
(RFID) tags that uniquely identify the components of sys-
tem 10 and communicate with the system controller.
[0036] Inoperation,andasbestshowninFIG. 3, power
means 24, in the form of an inverter/charger 28, receives
power from energy source 30. Upon receiving a signal
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from the control means 26, inverter/charger 28 will switch
to charger operation to replenish battery 22. Although
not shown, system 10 may also be operated without in-
verter/charger 28, powered only by the voltage level of
battery 22.

[0037] When hydrogen levels in storage tanks 14 drop
below a pre-set value, system controller 32 will direct
voltage from inverter/charger 28 and/or battery 22, to
electrolysis cell fluid module 16 and electrolysis cell stack
modules 12, while at the same time directing water (or
aqueous solution) from fluid module 16 to stack modules
12. If liquid feed water is used, system controller 32 will
direct the gases and waste heat generated by the stack
modules 12 along with liquid water to the fluid module
16, where the hydrogen gas will be separated out and
directed to the hydrogen storage tanks 14 until a pre-set
pressure limit or other control limitis reached. Waste heat
may be recovered and used to provide local heating or
thermal loads. If vapor phase feed water is used, system
controller 32 will direct the hydrogen gas generated by
the stack modules 12 directly to the hydrogen storage
tanks 14 until the pre-set limit is reached.

[0038] When electrical power is needed, system con-
troller 32 will direct the hydrogen gas to the fuel cell fluid
module 20 for distribution to the fuel cell stack modules
18. The system controller 32 will also simultaneously di-
rect air or oxygen to the fuel cell stack modules 18.
[0039] The powergenerated by the fuel cell stack mod-
ules 18 is directed by the system controller 32 to the
inverter/charger 28. The inverter/charger 28 may convert
variable DC voltages from the fuel cell stack modules 18
to constant or relatively constant voltages and/or invert
direct currents to alternating currents, before supplying
same to an external load or power grid.

[0040] Waste heat generated as a result of fuel cell
power production may be vented to the atmosphere, or
used to provide local heating or thermal loads.

[0041] As noted above, system 10 offers flexibility in
terms of system configuration or arrangement. More spe-
cifically, the components employed in system 10 can be
combined in various configurations to meet the particular
needs of an installation and may be, for example, rack-
mounted, wall-mounted, or floor mounted.

[0042] In a preferred embodiment, the components or
modules employed in system 10 are wall-mounted. As
will be readily appreciated by one skilled in the art, con-
figuring system 10 as a set of wall-mounted modules con-
nected by standard cables and connectors provides a
number of advantages including, but not limited to, the
ability to ship the system by way of conventional carriers,
providing for easy setup and installation of the modules
by one person and in the same manner as other solar/
wind components, as well as the ability to readily access
each module for repair or maintenance.

[0043] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example
only, and not limitation. Thus, the breadth and scope of
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the present invention should not be limited by any of the
exemplary embodiments.

[0044] Having thus described the invention, what is
claimed is:

Claims

1. A modular, regenerative fuel cell system that com-
prises:

(a) one or more reversible fuel cell stack mod-
ules, each in fluid communication with at least
one fluid module, and in electrical communica-
tion with a power source, an external load or
power grid, and control means, and each being
adapted to convert water, water vapor, or an
aqueous solution into at least a hydrogen gas,
and to extract chemical energy from hydrogen
gas and air or oxygen and convert that extracted
chemical energy into electrical power;

(b) one or more fluid modules in fluid communi-
cation with (i) a source of water, water vapor, or
aqueous solution, (ii) means for storing hydro-
gen gas, (iii) a source of air or oxygen, and (iv)
the one or more reversible fuel cell stack mod-
ules, and in electrical communication with a
power source and control means, for providing
water, water vapor, or aqueous solution, hydro-
gen gas, and air or oxygen to the one or more
reversible fuel call stack modules, and for deliv-
ering hydrogen gas generated by the one or
more reversible fuel cell stack modules to the
means for storing hydrogen gas;

(c) a power source;

(d) control means; and

(e) means for storing hydrogen gas.

2. A modular, regenerative fuel cell system that com-
prises:

(a) one or more electrolysis cell fluid modules in
fluid communication with (i) a source of water,
water vapor, or aqueous solution, (ii) one or
more electrolysis cell stack modules, and (iii)
means for storing hydrogen gas, and in electrical
communication with a power source and control
means, for providing water, water vapor, or an
aqueous solution to the one or more electrolysis
cell stack modules and for delivering hydrogen
gas generated by the one or more electrolysis
cell stack modules to the means for storing hy-
drogen gas;

(b) one or more electrolysis cell stack modules,
each in fluid communication with at least one
electrolysis cell fluid module, and in electrical
communication with the power source and the
control means, each being adapted to convert
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water, water vapor, or an aqueous solution into
at least a hydrogen gas;

(c) one or more fuel cell fluid modules in fluid
communication with (i) the means for storing hy-
drogen gas, (ii) a source of air or oxygen, and
(iii) the one or more fuel cell stack modules, and
in electrical communication with the power
source and the control means, for providing hy-
drogen gas and air or oxygen to the one or more
fuel cell stack modules;

(d) one or more fuel cell stack modules, each in
fluid communication with at least one fuel cell
fluid module, and in electrical communication
with the power source, an external load or power
grid, and the control means, and each being
adapted to extract chemical energy from the hy-
drogen gas and air or oxygen and converting
the extracted chemical energy into electrical
power;

(e) a power source;

(f) control means; and

(g) means for storing hydrogen gas.

The modular, regenerative fuel cell system of claim
2, wherein the power source comprises one or more
batteries.

The modular, regenerative fuel cell system of claim
2, wherein the power source comprises means for
(i) receiving power from an energy source, (ii) pro-
viding power to the one or more electrolysis cell fluid
modules, the one or more electrolysis cell stack mod-
ules, and the one or more fuel cell fluid modules, and
(iii) converting variable power from the one or more
fuel cell stack modules to constant or relatively con-
stant voltages and/or inverting direct currents to al-
ternating currents.

The modular, regenerative fuel cell system of claim
2, wherein the power source comprises: one or more
batteries; and means for (i) receiving power from an
energy source, (ii) optionally, charging the one or
more batteries, (iii) providing power to the one or
more electrolysis cell fluid modules, the one or more
electrolysis cell stack modules, and the one or more
fuel cell fluid modules, and (iv) converting variable
power from the one or more fuel cell stack modules
to constant or relatively constant voltages and/or in-
verting direct currents to alternating currents.

The modular, regenerative fuel cell system of claim
2, which further comprises: monitoring means for
monitoring information regarding all aspects of the
modular regenerative fuel cell system and for com-
municating the information to the control means.

The modular, regenerative fuel cell system of claim
2, wherein the system is selected from the group of
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modular, regenerative Proton Exchange membrane
fuel cell systems, modular, regenerative Solid Oxide
fuel cell systems, modular regenerative Alkaline fuel
cell systems, modular regenerative Phosphoric Acid
fuel cell systems, modular hydrogen-halogen fuel
cell systems, and combinations thereof.

The modular, regenerative fuel cell system of claim
1, that comprises;

(a) a hydrogen gas storage tank;

(b) reversible fuel cell stack modules, each in
fluid communication with a fluid module, and in
electrical communication with power means, an
external load or power grid, and control means,
each being adapted to convert water, water va-
por, or an aqueous solution into at least a hy-
drogen gas, and to extract chemical energy from
hydrogen gas and air or oxygen and convert the
extracted chemical energy into electrical power;
(c) a fluid module in fluid communication with (i)
a source of water, water vapor, or agueous so-
lution, (ii) means for storing hydrogen gas, (iii)
a source of air or oxygen, and (iv) the reversible
fuel cell stack modules, and in electrical com-
munication with the power means and the con-
trol means, for providing water, water vapor, or
aqueous solution, hydrogen gas, and air or ox-
ygen to the reversible fuel cell stack modules;
(d) one or more batteries;

(e) power means for (i) receiving power from an
energy source, (ii) optionally, charging the one
ormore batteries, (iii) providing power to the fluid
module, and (iv) converting variable power from
the reversible fuel cell stack modules to constant
or relatively constant voltages and/or for invert-
ing direct currents to alternating currents;

(f) monitoring means for monitoring information
regarding all aspects of the modular regenera-
tive fuel cell system and for communicating the
information to the control means; and

(g) control means for receiving information from
the monitoring means and for controlling all as-
pects of the modular regenerative fuel cell sys-
tem, thereby assuring continuous, uninterrupted
system operation.

9. The modular, regenerative fuel cell system of claim

2, that comprises:

(a) electrolysis cell stack modules, each in fluid
communication with an electrolysis cell fluid
module, and in electrical communication with
power means and control means, each being
adapted to convert water or an aqueous solution
into at least a hydrogen gas;

(b) a hydrogen gas storage tank

(c) an electrolysis cell fluid module in fluid com-
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10.

1.

12.

munication with (i) a source of water, water va-
por, or aqueous solution, (ii) the electrolysis cell
stack modules, and (iii) the hydrogen gas stor-
age tank, and in electrical communication with
the power means and the control means, for pro-
viding water, water vapor, or an aqueous solu-
tion to the electrolysis cell stack modules and
for delivering hydrogen gas generated by the
electrolysis cell stack modules to the hydrogen
gas storage tank;

(d) fuel cell stack modules, each in fluid commu-
nication with a fuel cell fluid module, and in elec-
trical communication with the power means, an
external load or power grid, and the control
means, each being adapted to extract chemical
energy from hydrogen gas and air or oxygen and
converting the extracted chemical energy into
electrical power;

(e) afuel cell fluid module in fluid communication
with (i) the hydrogen gas storage tank, (ii) a
source of air or oxygen, and (iii) the fuel cell stack
modules, and in electrical communication with
power means and the control means, for provid-
ing hydrogen gas and air or oxygen to the fuel
cell stack modules;

(f) one or more batteries;

(g) power means for (i) receiving power from an
energy source, (ii) optionally, charging the one
or more batteries, (iii) providing power to the
electrolysis cell fluid module, the electrolysis cell
stack modules, and the fuel cell fluid module,
and (iv) converting variable power from the fuel
call stack modules to constant or relatively con-
stantvoltages and/orforinverting direct currents
to alternating currents;

(h) monitoring means for monitoring information
regarding all aspects of the modular regenera-
tive fuel cell system and for communicating the
information to the control means; and

(i) control means for receiving information from
the monitoring means and for controlling all as-
pects of the modular regenerative fuel cell sys-
tem, thereby assuring continuous, uninterrupted
system operation.

The modular, regenerative fuel cell system of claim
9, wherein the cell stack modules contain membrane
electrolysis cells and membrane fuel cells that each
comprise an anode, a cathode, an ion exchange
membrane disposed between the anode and the
cathode, an anode chamber and a cathode chamber.

The modular, regenerative fuel cell system of claim
9, wherein the electrotype cell stack modules are
self-pressurizing electrolysis cell stack modules.

The modular, regenerative fuel cell system of claim
9, wherein the power means comprises a charge



13.

14.

15.

16.

17.

18.
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controller with optional maximum power point tracker
and/or inverting capability.

The modular, regenerative fuel cell system of claim
9, wherein the power means comprises an inverter
with optional charging capability.

The modular, regenerative fuel cell system of claim
13, wherein the power means comprises a direct cur-
rent to alternating current inverter/charger.

The modular, regenerative fuel cell system of claim
9, wherein the monitoring means comprises moni-
toring instrumentation, and a communication sys-
tem.

The modular, regenerative fuel cell system of claim
15, wherein the communication system is a high-
speed local area network or LAN, and wherein the
modular, regenerative fuel cell system interfaces
with the LAN network through a wired or wireless
LAN interface.

The modular, regenerative fuel cell system of claim
15, wherein the communication system comprises
Radio Frequency identification tags.

The modular, regenerative fuel cell system of claim
9, wherein the modules are wall-mounted modules.

Patentanspriiche

1.

Ein modulares regeneratives Brennstoffzellensy-
stem, das umfasst:

(a) ein oder mehrere reversible Brennstoffzel-
len-Stackmodule, wobei jedes in flissiger Kom-
munikation mit mindestens einem Fluidmodul
und in elektrischer Kommunikation mit einer
Stromquelle ist, ein externes Ladungs- oder
Stromnetz, und Steuermittel, wobei jedes ange-
passt ist, um Wasser, Wasserdampf oder eine
wassrige Lésung in mindestens ein Wasser-
stoffgas umzuwandeln, und um chemische En-
ergie aus Wasserstoffgas und Luft oder Sauer-
stoff zu gewinnen und die gewonnene chemi-
sche Energie in elektrische Kraft umzuwandeln;
(b) ein oder mehrere Fluidmodule in flissiger
Kommunikation mit (i) einer Quelle aus Wasser,
Wasserdampf oder wassriger Lésung, (ii) Mittel
zur Speicherung von Wasserstoffgas, (iii) einer
Luft- oder Sauerstoffquelle und (iv) mit den ein
oder mehreren reversiblen Brennstoffzellen-
Stackmodulen, und in elektrischer Kommunika-
tion mit einer Stromquelle und Steuermittel zur
Bereitstellung von Wasser, Wasserdampf oder
wassriger Losung, Wasserstoffgas und Luft
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oder Sauerstoff flr die ein oder mehreren rever-
siblen Brennstoffzellen-Stackmodule, und zur
Bereitstellung von Wasserstoffgas, das durch
die ein oder mehreren reversiblen Brennstoff-
zellen-Stackmodule hergestellt wurde, zu den
Mitteln zur Speicherung des Wasserstoffgases;
(c) eine Stromquelle;

(d) Kontrolimittel; und

(e) Mittel zur Speicherung von Wasserstoffgas.

2. Ein modulares regeneratives Brennstoffzellensy-

stem, das umfasst:

(a) ein oder mehrere Elektrolysezellen-Fluidmo-
dule in flissiger Kommunikation mit (i) einer
Quelle von Wasser, Wasserdampf oder wassri-
ger Ldsung, (ii) ein oder mehrere Elektrolyse-
zellen-Stackmodule, und (iii) Mittel zur Speiche-
rung von Wasserstoffgas, und in elektrischer
Kommunikation mit einer Stromquelle und Steu-
ermittel zur Bereitstellung von Wasser, Wasser-
dampf oder einer wassrigen Lésung flr die ein
oder mehreren Elektrolysezellen-Stackmodule
und zur Lieferung von Wasserstoffgas generiert
durch die ein oder mehreren Elektrolysezellen-
Stackmodule zu den Mitteln zur Speicherung
von Wasserstoffgas;

(b) ein oder mehrere Elektrolysezellen-Stack-
module, wobei jedes in flissiger Kommunikation
mit zumindest einem Elektrolysezellen-Fluid-
modul und in elektrischer Kommunikation mit
der Stromquelle und dem Steuermittel ist, wobei
jedes angepasst ist, um Wasser, Wasserdampf
oder eine wassrige Losung in zumindest ein
Wasserstoffgas umzuwandeln;

(c) ein oder mehrere Brennstoffzellen-Fluidmo-
dule in flissiger Kommunikation mit (i) den Mit-
teln zur Speicherung von Wasserstoffgas, (ii) ei-
ner Luft- oder Sauerstoffquelle, und (iii) den ein
oder mehreren Brennstoffzellen-Stackmodu-
len, und in elektrischer Kommunikation mit der
Stromquelle und dem Steuermittel zur Bereit-
stellung von Wasserstoffgas und Luft oder Sau-
erstoff fir die ein oder mehreren Brennstoffzel-
len-Stackmodule;

(d) ein oder mehrere Brennstoffzellen-Stackmo-
dule, wobei jedes in flissiger Kommunikation
mit mindestens einem Brennstoffzellen-Fluid-
modul und in elektrischer Kommunikation mit
der Stromquelle, einem externen Ladungs- oder
Stromnetz und dem Steuermittel ist, und wobei
jedes angepasst ist, um chemische Energie aus
dem Wasserstoffgas und der Luft oder Sauer-
stoff zu gewinnen und die gewonnene chemi-
sche Energie in elektrischen Strom umzuwan-
deln:

(e) eine Stromquelle;

(f) Steuermittel, und
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(9) Mittel zur Speicherung von Wasserstoffgas.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 2, wobei die Stromquelle ein oder
mehrere Batterien umfasst.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 2, wobei die Stromquelle Mittel um-
fasst zum (i) Empfangen von Strom aus einer Ener-
giequelle, (ii) Bereitstellen von Strom fiir das eine
oder die mehreren Elektrolysezellen-Fluidmodule,
die ein oder mehreren Elektrolysezellen-Stackmo-
dule und die einen oder mehreren Brennstoffzellen-
Fluidmodule, und (iii) Umwandeln von variablen
Strom von dem einen oder mehreren Brennstoffzel-
len-Stackmodulen in konstante oder relativ konstan-
te Spannung und / oder Invertieren von Gleichstro-
men in Wechselstrome.

Modulares, regeneratives Brennstoffzellensysten
nach Anspruch 2, wobei die Stromquelle umfasst:
ein oder mehrere Batterien; und Mittel zum (i) Emp-
fangen von Strom aus einer Energiequelle, (ii) op-
tionales Aufladen der ein oder mehreren Batterien,
(iii) Bereitstellen von Strom flr die ein oder mehreren
Elektrolysezellen-Fluidmodule, die ein oder mehre-
ren Elektrolysezellen-Stackmodule und die ein oder
mehreren Brennstoffzellen-Fluidmodule, und (iv)
Umwandeln von variablen Strom von dem einen
oder mehreren Brennstoffzellen-Stackmodulen in
konstante oder relativ konstante Spannung und /
oder Invertieren von Gleichstromen in Wechselstro-
me.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 2, welches des Weiteren umfasst:
Uberwachungsmittel zum Uberwachen von Informa-
tionen betreffend alle Aspekte des modularen rege-
nerativen Brennstoffzellensystems und zum Kom-
munizieren der Information an das Steuermittel.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 2, wobei das System ausgewahlt ist
aus der Gruppe von modularen, regenerativen Pro-
tonenaustauschmembran-Brennstoffzellensyste-
men, modularen, regenerativen Festoxiden-Brenn-
stoffzellensystemen, modularen regenerativen alka-
lischen Brennstoffzellensystemen, modularen rege-
nerativen  Phosphorsaure-Brennstoffzellensyste-
men, modularen Wasserstoff-Halogen-Brennstoff-
zellensystemen und Kombinationen davon.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 1, das umfasst:

(a) einen Speichertank fur Wasserstoffgas;
(b) reversible Brennstoffzellen-Stackmodule,
wobei jedes in flissiger Kommunikation mit ei-
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nem Fluidmodul und in elektrischer Kommuni-
kation mit Strommitteln ist, ein externes La-
dungs- oder Stromnetz, und Steuermittel, wobei
jedes angepasst ist, um Wasser, Wasserdampf
oder eine wassrige Losung in zumindest ein
Wasserstoffgas umzuwandeln, und chemische
Energie aus Wasserstoffgas und Luft oder Sau-
erstoff zu gewinnen und die gewonnene chemi-
sche Energie in elektrischen Strom umzuwan-
deln;

(c) ein Fluidmodul in flissiger Kommunikation
mit (i) einer Quelle von Wasser, Wasserdampf
oder wassriger Lésung, (ii) Mitteln zur Speiche-
rung von Wasserstoffgas, (iii) einer Luft- oder
Sauerstoffquelle, und (iv) mit den reversiblen
Brennstoffzellen-Stackmodulen und in elektri-
scher Kommunikation mit dem Strommittel und
dem Steuermittel zur Bereitstellung von Was-
ser, Wasserdampf oder wassriger Ldsung,
Wasserstoffgas und Luft oder Sauerstoff fiir die
reversiblen Brennstoffzellen-Stackmodule;

(d) ein oder mehrere Batterien;

(e) Strommittel zur (i) Aufnahme von Strom von
einer Energiequelle, (ii) optionales Aufladen der
ein oder mehreren Batterien, (iii) Bereitstellen
von Strom fir die Fluidmodule und (iv) Umwan-
deln von variablen Strom von den reversiblen
Brennstoffzellen-Stackmodulen in konstante
oder relativ konstante Spannung und/ oder zum
Invertieren von Gleichstromen in Wechselstré-
me;

(f) Uberwachungsmittel zum Uberwachen von
Informationen betreffend alle Aspekte des mo-
dularen regenerativen Brennstoffzellensystems
und zur Kommunikation der Information an das
Steuermittel; und

(g) Steuermittel zum Empfangen der Informati-
on von dem Uberwachungsmittel und zur Steue-
rung von allen Aspekten des modularen rege-
nerativen Brennstoffzellensystems, um somit
eine kontinuierliche, ununterbrochene System-
bedienung zu gewahrleisten.

9. Modulares regeneratives Brennstoffzellensystem

nach Anspruch 2, das umfasst:

(a) Elektrolysezellen-Stackmodule, wobei jedes
in flissiger Kommunikation mit einem Elektroly-
sezellen-Fluidmodul und in elektrischer Kom-
munikation mit Strommitteln und Kontrollmitteln
ist, wobei jedes angepasst ist, um Wasser oder
eine wassrige Losung zumindest in ein Wasser-
stoffgas umzuwandeln;

(b) einen Speichertank fir Wasserstoffgas,

(c) ein Elektrolysezellen-Fluidmodul in flissiger
Kommunikation mit (i) einer Quelle von Wasser,
Wasserdampf oder wassriger Losung, (ii) mit
den Elektrolysezellen-Stackmodulen und (iii)
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mit dem Speichertank fir Wasserstoffgas, und
in elektrischer Kommunikation mit dem Strom-
mittel und dem Steuermittel zur Bereitstellung
von Wasser, Wasserdampf oder einer wassri-
gen Losung fur die Elektrolysezellen-Stackmo-
dule und zur Bereitstellung von Wasserstoffgas
generiert durch die Elektrolysezellen-Stackmo-
dule fur den Wasserstoffgasspeichertank;

(d) Brennstoffzellen-Stackmodule, wobei jedes
in flissiger Kommunikation mit einem Brenn-
stoffzellen-Fluidmodul und in elektrischer Kom-
munikation mit dem Strommittel, einem exter-
nen Ladungs- oder Stromnetz und dem Steuer-
mittel ist, wobei jedes angepasst ist, um chemi-
sche Energie aus Wasserstoffgas und Luft oder
Sauerstoff zu gewinnen und die gewonnene
chemische Energie in elektrischen Strom umzu-
wandeln;

(e) Ein Brennstoffzellen-Fluidmodul in flissiger
Kommunikation mit (i) dem Wasserstoffgas-
speichertank, (ii) einer Luft- oder Sauerstoff-
quelle und (iii) mit den Brennstoffzellen-Stack-
modulen, und in elektrischer Kommunikation mit
Strommitteln und dem Steuermittel zur Bereit-
stellung von Wasserstoffgas und Luft oder Sau-
erstoff fir die Brennstoffzellen-Stackmodule;
(f) ein oder mehrere Batterien;

(g) Strommittel zur (i) Aufnahme von Strom aus
einer Energiequelle, (ii) optionales Aufladen der
ein oder mehreren Batterien, (iii) Bereitstellen
von Strom fir das Elektrolysezellen-Fluidmodul,
die Elektrolysezellen-Stackmodule und das
Brennstoffzellen-Fluidmodul, und (iv) Umwan-
deln von variablen Stroms von den Brennstoff-
zellen-Stackmodulen in konstante oder relativ
konstante Spannung und/oder zum Invertieren
von Gleichstromen in Wechselstrome;

(h) Uberwachungsmittel zur Uberwachung von
Informationen betreffend alle Aspekte des mo-
dularen regenerativen Brennstoffzellensystems
und zur Kommunikation der Information an das
Steuermittel; und

(i) Steuermittel zum Empfangen der Information
von dem Uberwachungsmittel und zur Steue-
rung aller Aspekte des modularenregenerativen
Brennstoffzellensystems, um eine kontinuierli-
che ununterbrochene Systembedienung zu ge-
wahrleisten.

10. Modulares regeneratives Brennstoffzellensystem

nach Anspruch 9, wobei die Zellen-Stackmodule
Membranelektrolysezellen und Membranbrenn-
stoffzellen enthalten, wobei jedes eine Anode, eine
Katode, eine zwischen der Anode und der Katode
angeordnete lonenaustauschmembran, eine An-
odenkammer und eine Katodenkammer umfasst.

11. Modulares regeneratives Brennstoffzellensystem
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12.

13.

14.

15.

16.

17.

18.

nach Anspruch 9, wobei die Elektrolysezellen-Stack-
module sich selbst unter Druck setzende Elektroly-
sezellen-Stackmodule sind.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 9, wobei das Strommittel eine La-
dungssteuerung mit optionalen maximalen Power-
Point-Trakker-Tracker und / oder invertierender F&-
higkeit umfasst.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 9, wobei das Strommittel einen In-
verter mit optionaler Ladungsfahigkeit umfasst.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 13, wobei das Strommittel einen
Gleichstrom-zu-Wechselstrominverter / Ladegeréat
umfasst,

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 9, wobei das Uberwachungsmittel
Uberwachungsinstrumente und ein Kommunikati-
onssystem umfasst.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 15, wobei das Kommunikationssy-
stem ein hochgeschwindigkeits-6rtliches Netzwerk
oder LAN ist, und wobei das modulare regenerative
Brennstoffzellensystem eine Schnittstelle mit dem
LAN-Netzwerk durch eine verdrahtete oder drahtlo-
se LAN-Schnittstelle aufweist.

Modulares regeneratives Brennstoffzellensystem
nach Anspruch 15, wobei das Kommunikationssy-
stem Tags zur Identifizierung von Radiofrequenzen
umfasst.

Modulares regeneratives Brennstoffsystem nach
Anspruch 9, wobei die Module an der Wand befe-
stigte Module sind.

Revendications

1.

Systeme modulaire et régénérable de piles a com-
bustible qui comprend :

(a) un ou plusieurs modules d’empilage de piles
a combustible réversibles, chacun en commu-
nication fluidique avec au moins un module de
fluide, et en communication électrique avec une
source d’énergie, une charge externe ou un ré-
seau électrique, et des moyens de commande,
et chacun étant adapté pour convertir de I'eau,
de la vapeur d’eau, ou une solution aqueuse en
au moins un hydrogéne gazeux, et pour extraire
de I'énergie chimique a partir d’hydrogene ga-
zeux et d’air ou d’oxygéne et convertir I'énergie
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chimique extraite en énergie électrique ;

(b) un ou plusieurs modules de fluide en com-
munication fluidique avec (i) une source d’eau,
de vapeur d’eau ou de solution aqueuse, (ii) des
moyens pour stocker de I'hydrogéne gazeux,
(iii) une source d’air ou d’oxygéne, et (iv) le ou
les modules d’empilage de piles a combustible
réversibles, et en communication électrique
avec une source d’énergie et des moyens de
commande, pour fournir de I'eau, de la vapeur
d’eau, ou une solution aqueuse, de 'hydrogéne
gazeux et de l'air ou de I'oxygéne au ou aux
modules d’empilage de piles a combustible ré-
versibles, et pour distribuer 'hydrogéne gazeux
généré parle oules modules d’empilage de piles
a combustible réversibles aux moyens pour
stocker de I'hydrogéne gazeux ;

(c) une source d’ énergie ;

(d) des moyens de commande ; et

(e) des moyens pour stocker de I’hydrogéne ga-
Zeux.

2. Systéme modulaire et régénérable de piles a com-

bustible qui comprend :

(a) un ou plusieurs modules de fluide de cellules
d’électrolyse en communication fluidique avec
(i) une source d’eau, de vapeur d’eau ou de so-
lution aqueuse, (ii) un ou plusieurs modules
d’empilage de cellules d’électrolyse, et (iii) des
moyens pour stocker de I'hydrogene gazeux, et
en communication électrique avec une source
d’énergie et des moyens de commande, pour
fournir de I'eau, de la vapeur d’eau, ou une so-
lution aqueuse au ou aux modules d’empilage
de cellules d’électrolyse et pour distribuer I'hy-
drogene gazeux généré par le ou les modules
d’empilage de cellules d’électrolyse aux moyens
pour stocker de I'hydrogéne gazeux ;

(b) un ou plusieurs modules d’empilage de cel-
lules d’électrolyse, chacun en communication
fluidique avec au moins un module de fluide de
cellules d’électrolyse, et en communication
électrique avec la source d’énergie et les
moyens de commande, chacun étant adapté
pour convertir de I'eau, de la vapeur d’eau, ou
une solution aqueuse en au moins un hydrogene
gazeux ;

(c) un ou plusieurs modules de fluide de cellules
d’électrolyse en communication fluidique avec
(i) les moyens pour stocker de I'hydrogéne ga-
zeux, (ii) une source d’air ou d’oxygeéne, et (iii)
le ou les modules d’empilage de piles a com-
bustible, et en communication électrique avec
la source d’énergie et les moyens de comman-
de, pour fournir de I’hydrogéne gazeux et de I'air
ou de 'oxygéne au ou aux modules d’empilage
de piles a combustible ;
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(d) un ou plusieurs modules d’empilage de piles
a combustible, chacun en communication fluidi-
que avec au moins un module de fluide de piles
a combustible, et en communication électrique
avec la source d’énergie, une charge externe
ou un réseau électrique, et les moyens de com-
mande, et chacun étant adapté pour extraire de
I'’énergie chimique a partir de I'hydrogene ga-
zeux et de l'air ou de l'oxygéne et convertir
I'énergie chimique extraite en énergie
électrique ;

(e) une source d’ énergie ;

(f) des moyens de commande ; et

(g) des moyens pour stocker de I'hydrogene ga-
Zeux.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 2, dans lequel la sour-
ce d’énergie comprend une ou plusieurs batteries.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 2, dans lequel la sour-
ce d’énergie comprend des moyens pour (i) recevoir
de I'énergie a partir d’'une source d’énergie, (ii) four-
nir de I'énergie au ou aux modules de fluide de cel-
lules d’électrolyse, au ou aux modules d’empilage
de cellules d’électrolyse, et au ou aux modules de
fluide de cellules d’électrolyse, et (iii) convertir de
I’énergie variable a partir du ou des modules d’em-
pilage de piles a combustible en tensions constantes
ou relativement constantes et/ou inverser des cou-
rants continus en courants alternatifs.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 2, dans lequel la sour-
ce d’énergie comprend : une ou plusieurs batteries ;
et des moyens pour (i) recevoir de I'énergie a partir
d’une source d’énergie, (ii) facultativement, charger
la ou les batteries, (iii) fournir de I'énergie au ou aux
modules de fluide de cellules d’électrolyse, au ou
aux modules d’empilage de cellules d’électrolyse, et
auouauxmodules defluide de cellules d’électrolyse,
et (iv) convertir de I'énergie variable a partir du ou
des modules d’empilage de piles a combustible en
tensions constantes ou relativement constantes
et/ou inverser des courants continus en courants al-
ternatifs.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 2, qui comprend en
outre : des moyens de surveillance pour surveiller
desinformations concernanttous les aspects du sys-
teme modulaire et régénérable de piles a combusti-
ble et pour communiquer les informations aux
moyens de commande.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 2, dans lequel le sys-



21 EP 1 866 996 B9

téme est sélectionné parmi le groupe de systémes
modulaires et régénérables de piles a combustible
a membrane échangeuse de protons, systémes mo-
dulaires et régénérables de piles a combustible a
oxyde solide, systéemes modulaires et régénérables
de piles a combustible alcalines, systémes modulai-
res et régénérables de piles a combustible a acide
phosphorique, systémes modulaires de piles a com-
bustible a hydrogéne-halogéne, et des associations
de ceux-ci

Systéeme modulaire et régénérable de piles a com-
bustible selon la revendication 1, qui comprend :

(@) un réservoir de stockage d’hydrogene
gazeux ;

(b) des modules d’empilage de piles a combus-
tible réversibles, chacun en communication flui-
dique avec un module de fluide, et en commu-
nication électrique avec des moyens d’énergie,
une charge externe ou un réseau électrique, et
des moyens de commande, chacun étant adap-
té pour convertir de I'eau, de la vapeur d’eau,
ou une solution aqueuse en au moins un hydro-
géne gazeux, et pour extraire de I'énergie chi-
mique a partir d’hydrogéne gazeux et d’air ou
d’oxygene et convertir 'énergie chimique extrai-
te en énergie électrique ;

(c) un module de fluide en communication flui-
dique avec (i) une source d’eau, de vapeur d’eau
ou de solution aqueuse, (ii) des moyens pour
stocker de I'hydrogéne gazeusx, (iii) une source
d’air ou d’'oxygéne, et (iv) les modules d’empila-
gede pilesacombustible réversibles, eten com-
munication électrique avec les moyens d’éner-
gie et les moyens de commande, pour fournir
de l'eau, de la vapeur d’eau, ou une solution
aqueuse, de I'hydrogéne gazeux et de l'air ou
de I'oxygéne aux modules d’empilage de piles
a combustible réversibles ;

(d) une ou plusieurs batteries ;

(e) des moyens d’énergie pour (i) recevoir de
I'énergie a partir d’'une source d’énergie, (ii) fa-
cultativement, charger la ou les batteries, (iii)
fournir de I'énergie au module de fluide, et (iv)
convertir de I'énergie variable a partir des mo-
dules d’empilage de piles a combustible réver-
sibles en tensions constantes ou relativement
constantes et/ou pour inverser des courants
continus en courants alternatifs ;

(f) des moyens de surveillance pour surveiller
des informations concernant tous les aspects
du systéme modulaire et régénérable de piles a
combustible et pour communiquer les informa-
tions aux moyens de commande ; et

(g) des moyens de commande pour recevoir des
informations a partir des moyens de surveillance
etpour commander tous les aspects du systeme
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modulaire et régénérable de piles a combusti-
ble, garantissant ainsi un fonctionnement de
systéme continu ininterrompu.

9. Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 2, qui comprend :

(a) des modules d’empilage de cellules d’élec-
trolyse, chacun en communication fluidique
avec un module de fluide de cellules d’électro-
lyse, et en communication électrique avec des
moyens d’énergie et des moyens de comman-
de, chacun étant adapté pour convertir de 'eau
ou une solution aqueuse en au moins un hydro-
géne gazeux ;

(b) un réservoir de stockage d’hydrogene
gazeux ;

(c) un module de fluide de cellules d’électrolyse
en communication fluidique avec (i) une source
d’eau, de vapeur d’eau ou de solution aqueuse,
(i) les modules d’empilage de cellules d’électro-
lyse, et (iii) le réservoir de stockage d’hydrogene
gazeux, et en communication électrique avec
les moyens d’énergie et les moyens de com-
mande, pour fournir de I'eau, de la vapeur d’eau,
ou une solution aqueuse aux modules d’empila-
ge de cellules d’électrolyse et pour distribuer
I'hydrogéne gazeux généré par les modules
d’empilage de cellules d’électrolyse au réservoir
de stockage d’hydrogéne gazeux ;

(d) des modules d’empilage de piles a combus-
tible, chacun en communication fluidique avec
un module de fluide de piles a combustible, et
en communication électrique avec les moyens
d’énergie, une charge externe ou un réseau
électrique, etles moyens de commande, chacun
étant adapté pour extraire de I'énergie chimique
a partir d’hydrogéne gazeux et d’air ou d’oxyge-
ne et convertir I'énergie chimique extraite en
énergie électrique ;

(e) un module de fluide de piles a combustible
en communication fluidique avec (i) le réservoir
de stockage d’hydrogéne gazeux, (ii) une sour-
ce d’air ou d’oxygéne, et (iii) les modules d’em-
pilage de piles a combustible, et en communi-
cation électrique avec des moyens d’énergie et
les moyens de commande, pour fournir de I'hy-
drogene gazeux et d’air ou d’'oxygéne aux mo-
dules d’empilage de piles a combustible ;

(f) une ou plusieurs batteries ;

(g) des moyens d’énergie pour (i) recevoir de
I'énergie a partir d’'une source d’énergie, (ii) fa-
cultativement, charger la ou les batteries, (iii)
fournir de I'énergie au module de fluide de piles
d’électrolyse, les modules d’empilage de cellu-
les d’électrolyse, et un module de fluide de piles
a combustible, et (iv) convertir de I'énergie va-
riable a partir des modules d’empilage de piles
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a combustible en tensions constantes ou relati-
vement constantes et/ou pour inverser des cou-
rants continus en courants alternatifs ;

(h) des moyens de surveillance pour surveiller
des informations concernant tous les aspects
du systéme modulaire et régénérable de piles a
combustible et pour communiquer les informa-
tions aux moyens de commande ; et

(i) des moyens de commande pour recevoir des
informations a partir des moyens de surveillance
etpour commander tous les aspects du systeme
modulaire et régénérable de piles a combusti-
ble, garantissant ainsi un fonctionnement de
systéme continu ininterrompu.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 9, dans lequel les mo-
dules d’empilage de cellules contiennent des cellu-
les d’électrolyse a membrane et des piles a combus-
tible a membrane qui comprennent chacune une
anode, une cathode, une membrane échangeuse
d’ions disposée entre I'anode et la cathode, une
chambre d’anode et une chambre de cathode.

Systéeme modulaire et régénérable de piles a com-
bustible selon la revendication 9, dans lequel les mo-
dules d’empilage de cellules d’électrolyse sont des
modules d’empilage de cellules d’électrolyse a mise
sous pression automatique.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 9, dans lequel les
moyens d’énergie comprennent un dispositif de
commande de charge avec un dispositif de conver-
sion optimale d’énergie et/ou une capacité d’inver-
sion facultatifs.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 9, dans lequel les
moyens d’énergie comprennent un onduleur avec
une capacité de chargeur facultative.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 13, dans lequel les
moyens d’énergie comprennent un onduleur de cou-
rant continu en courant alternatif/un chargeur.

Systeme modulaire et régénérable de piles a com-
bustible selon la revendication 9, dans lequel les
moyens de surveillance comprennent une instru-
mentation de surveillance, et un systéeme de com-
munication.

Systeme modulaire et régénérable de piles a com-
bustible selonlarevendication 15, danslequelle sys-
téme de communication estunréseau local a grande
vitesse ou LAN, et dans lequel le systéeme modulaire
et régénérable de piles a combustible réalise une

10

15

20

25

30

35

40

45

50

55

13

EP 1 866 996 B9

17.

18.

24

interface avec le réseau LAN par lintermédiaire
d’une interface LAN avec ou sans fil.

Systeme modulaire et régénérable de piles a com-
bustible selon larevendication 15, danslequel le sys-
téme de communication comprend des étiquettes
d’identification par radiofréquence.

Systeme modulaire et régénérable de piles a com-
bustible selon larevendication 9, dans lequel les mo-
dules sont des modules montés sur mur.
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