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FUEL CELL SYSTEM FOR CHARGING AN ELECTRIC VEHICLE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to United States
Provisional Patent Application No. 61/064,143, filed on February 19, 2008, the entire

disclosure of which is incorporated herein by reference.

FIELD

[0002] The subject of the disclosure relates generally to a fuel cell
system and a charging station for providing electricity. More specifically, the
disclosure relates to a system and method for efficiently providing electrical power to

an electric vehicle.

BACKGROUND

[0003] A fuel cell system can refer to a configuration of one or more fuel
cells configured to produce a direct current (DC) signal. The individual fuel cells can
be arranged in one or more fuel cell columns, each of which may contain one or
more fuel cell stacks, such as solid oxide fuel cell stacks. A fuel cell stack can refer
to a plurality of individual fuel cells which are electrically connected in series. The
number of individual fuel cells which make up a given fuel cell system can depend on
the amount of electrical power which the given fuel cell system is intended to
generate. Alternatively, a fuel cell system may include any other configuration of
individual fuel cells. Traditional fuel cell systems utilize a direct current to alternating
current (DC/AC) converter to generate an AC signal for providing electricity to a
building, a grid, an appliance, a lighting unit, a tool, a temperature control unit, a
security system, a computing unit, etc. The DC/AC converter can be incorporated

into the fuel cell system or remotely located, depending on the implementation.
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SUMMARY

[0004] An illustrative method for charging vehicles is provided. The
method includes receiving information regarding an electric vehicle. At least a
portion of the information is received through a vehicle interface configured to place
a battery of the electric vehicle into electrical communication with a fuel cell system.
A charge is delivered from the fuel cell system to the battery of the electric vehicle
through the vehicle interface without use of a direct current to alternating current

(DC/AC) converter. The charge is delivered based at least in part on the information.

[0005] Anillustrative charging station is also provided. The charging
station includes a transactional unit, a vehicle interface, and a waste heat unit. The
transactional unit is configured to receive information regarding an electric vehicle.
The vehicle interface is configured to place a battery of the electric vehicle in
electrical communication with a fuel cell system. The vehicle interface is also
configured to deliver a charge from the fuel cell system to the battery of the electric
vehicle. The waste heat unit is configured to deliver heat to the electric vehicle
during at least a portion of delivery of the charge, where the heat comprises waste

heat from the fuel cell system.

[0006] An illustrative fuel cell generator system is also provided. The
fuel cell generator system includes a fuel cell system, a DC/DC converter, and a
router. The fuel cell system is configured to generate a direct current (DC) signal.
The DC/DC converter is configured to receive the DC signal from the fuel cell system
and to convert the DC signal to a voltage of a battery of an electric vehicle. The
router is configured to direct at least a portion of the converted DC signal from the

DC/DC converter to a charging station for charging the electric vehicle.

[0007] Other principal features and advantages will become apparent
to those skilled in the art upon review of the following drawings, the detailed

description, and the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] lllustrative embodiments will hereafter be described with

reference to the accompanying drawings.

[0009] Fig. 1is a block diagram illustrating a system for charging

electric vehicles in accordance with an illustrative embodiment.

[0010] Fig. 2 is a flow chart illustrating operations performed by a

system for charging an electric vehicle in accordance with an illustrative embodiment.

DETAILED DESCRIPTION

[0011] The inventors have perceived that electric vehicles operate on
direct current (DC) and that fuel cell systems provide a DC output (i.e., a DC power
output). Thus, the inventors have perceived that it would be advantageous to utilize
a fuel cell system in conjunction with a charging station to charge an electric vehicle.
The DC output of the fuel cell system can be provided directly to the electric vehicle
without conversion to an alternating current (AC) output or use of power conversion
equipment. As such, the fuel cell system can be connected to the electric vehicle
without utilizing a DC/AC converter to decrease system complexity and costs.

[0012] Fig. 1 is a block diagram illustrating a system for charging
electric vehicles in accordance with an illustrative embodiment. The system includes
a fuel cell generator system 100, a charging station 105, an electric vehicle 110, a
renewable power source 115, and a load 120. In alternative embodiments, the
system may include additional, fewer, and/or different components. In an illustrative
embodiment, electric vehicle 110 can access and utilize charging station 105 to
charge one or more electric batteries that are used to power electric vehicle 110. In
one embodiment, the electricity used to charge the one or more electric batteries can

be generated by fuel cell generator system 100.

[0013] Fuel cell generator system 100 includes a fuel cell system 125, a
DC/DC converter 130, a DC/AC converter 135, a router 138, and a control unit 140.

In alternative embodiments, fuel cell generator system 100 may include additional,

-3-



WO 2009/105448 PCT/US2009/034367

fewer, and/or different components. In another alternative embodiment, DC/DC
converter 130 may be incorporated into charging station 105. Fuel cell generator
system 100 can be utilized to provide electricity to a plurality of charging stations or
to a single charging station, depending on the embodiment.

[0014] Fuel cell system 125 can be a solid oxide fuel cell system, a
polymer electrolyte membrane (PEM) fuel cell system, a molten carbonate fuel cell
system, or any other type of fuel cell system known to those of skill in the art. Fuel
cell system 125 can include a plurality of individual fuel cells arranged in any
configuration known to those of skill in the art. For example, fuel cell system 125
may include one or more fuel cell stacks, one or more fuel cell columns, etc. Inone
embodiment, fuel cell system 125 can be a solid oxide fuel cell system as described
in U.S. Patent No. 7,045,238, U.S. Patent Application No. 10/653,240 (published as
U.S. Patent Application Publication No. 2005/0048334), U.S. Patent Application No.
10/866,238 (published as U.S. Patent Application Publication No. 2004/0224193),
and/or U.S. Patent Application No. 11/002,681 (published as U.S. Patent Application
Publication No. 2005/0164051), all of which are incorporated herein by reference in

their entirety.

[0015] Fuel cell system 125 can generate electricity according to any
method known to those of skill in the art. In an illustrative embodiment, the electricity
generated by fuel cell system 125 can be conveyed to a load such as electric vehicle
110 or load 120 using a split (or middle) bus configuration. The split bus
configuration can include a positive bus, a negative bus, and a neutral bus. An
illustrative split bus configuration is described in more detail in U.S. Patent
Application No. 12/149,488 titled Uninterruptible Fuel Cell System and filed on May
2, 2008, the disclosure of which is incorporated herein by reference in its entirety. In
an illustrative embodiment, the split bus can be configured to provide a voltage of
400 volts (V). Alternatively, any other voltage value may be provided. In another
alternative embodiment, a single bus or any other bus configuration may be used to

convey the electricity generated by fuel cell system 125.
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[0016] Direct current to direct current (DC/DC) converter 130 can be
any device configured to increase or decrease a DC voltage generated by fuel cell
system 125. Direct current to direct current converter 130 can be powered by the
split (or other) bus of fuel cell system 125. Charging station 105 can be electrically
connected to DC/DC converter 130 and can receive an output from DC/DC converter
130. In an alternative embodiment, DC/DC converter 130 may not be included in fuel
cell generator system 100. In such an embodiment, DC voltage conversion can be
performed by a vehicle interface 145 of charging station 105. In another alternative
embodiment, DC/DC converter 130 can be used in conjunction with vehicle interface
145 to perform DC voltage conversion. Vehicle interface 145 is described in more
detail below with reference to charging station 105. In one embodiment, an output of
DC/DC converter 130 can be provided to router 138 for provision to charging station
105 and/or load 120.

[0017] In an illustrative embodiment, an output of DC/DC converter 130
can be adjustable to allow charging of a plurality of batteries with different voltage
ratings. For example, an output of DC/DC converter 130 can have an adjustable
range of between 0 volts (V) and 400 V to accommodate different batteries.
Alternatively, any other range(s) may be used. In an alternative embodiment, a
plurality of DC/DC converters may be used to improve operating efficiency. For
example, a first DC/DC converter may provide an adjustable output from 100 V to
199 V, a second DC/DC converter may provide an adjustable output from 200 V to
299 V, a third DC/DC converter may provide an adjustable output from 300 V to 399
V, and so on. Alternatively, any other number of DC/DC converters and/or voltage

ranges may be used.

[0018] In one embodiment, DC/DC converter 130 can be bi-directional.
In such an embodiment, power from the one or more batteries of electric vehicle 110
can be received by DC/DC converter 130 for use in charging a second electric
vehicle (not shown). The power from the one or more batteries of electric vehicle
110 can also be received by DC/DC converter 130 for powering load 120. Load 120
can be an electrical grid, a building, a peripheral device of fuel cell system 125 (such

as a light, blower, fan, etc.), or any other consumer of electrical power. If load 120 is
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an alternating current (AC) load, the power from the one or more batteries can be
provided to DC/AC converter 135 for conversion to an AC signal. If load 120 is a DC
load, power from the one or more batteries can be provided directly from DC/DC
converter 130 to load 120. If load 120 is a DC load, DC/AC converter 135 may not
be included in fuel cell generator system 100.

[0019] If DC/DC converter 130 is bi-directional, power from the one or
more batteries of electric vehicle 110 can also be used by fuel cell system 125 to
mitigate the effect of electrical load step changes (such as a motor start transient) on
fuel cell system 125. In such an embodiment, renewable power source 115 may not
be used. If DC/DC converter 130 is not bi-directional, renewable power source 115
may be utilized to mitigate the effect of such load step changes on fuel cell system
125. Renewable power source 115 can include one or more batteries, one or more
super capacitors, one or more solar cells, an electric grid, a geothermal unit, a
thermovoltaic subsystem, a thermophotovoltaic subsystem, and/or any other devices
configured to generate and/or store electricity. Renewable power source 115 may be
physically integrated with fuel cell system 125 (i.e., mounted on a casing thereof), or
remotely located from fuel cell system 125, depending on the embodiment. In an
illustrative embodiment, an owner of electric vehicle 110 can be paid in return for use
of his/her battery. The payment can be in the form of a spinning reserve credit, a

direct credit, cash, etc.

[0020] Router 138 can be used to direct power from fuel cell system
125 to charging station 105 and/or to load 120. Router 138 can also be used to
direct power from renewable power source 115 to charging station 105 and/or to load
120. If fuel cell system 125 is a reversible fuel cell system, router 138 can also cause
renewable power source 115 to provide power to fuel cell system 125 when fuel cell
system 125 operates in a charge mode or an electrolysis mode. Router 138 can be
a power router that may be computer-controlled, software-controlled, and/or
hardware-controlled. Depending on the embodiment, router 138 can be positioned
inside or outside of a casing of fuel cell system 125. In an alternative embodiment,

router 138 may not be inciuded.
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[0021] Control unit 140 can be used to control the interaction between
the components of fuel cell generator system 100. Control unit 140 can also use
router 138 to control an amount of power distributed to electric vehicle 110, an
amount of power distributed to load 120, an amount of power received from electric
vehicle 110, and an amount of power received from renewable power source 115. In
one embodiment, control unit 140 can determine whether charging power is to be
provided from fuel cell system 125 or renewable power source 115. The
determination can be made based on a time of day, an ambient temperature, a price
of fuel used by fuel cell system 125, availability of power from fuel cell system 125,
availability of power from renewable power source 115, etc. Similar factors can also
be used to determine an amount and source of power to be provided to load 120. In
another embodiment, control unit 140 can be in communication with a transactional
unit 150 of charging station 105 to control the amount of power distributed to or
received from electric vehicle 110. Control unit 140 can include a memory, a
processor, and a user interface. The memory can be used to store computer-
readable instructions which, upon execution by the processor, cause fuel cell
generator system 100 to perform the operations described herein. The user interface
can allow a user to control, program, and/or override control unit 140. Alternatively,

at least a portion of control unit 140 may be circuit based.

[0022] Electric vehicle 110 can be a land-based vehicle such as a car,
truck, sports utility vehicle (SUV), bus, train, motorcycle, all-terrain vehicle,
snowmobile, tractor, lawnmower, moped, etc. Electric vehicle 110 may also be a
water-based vehicle such as a boat, jet ski, etc., or an air-based vehicle such as an
airplane, glider, etc. Electric vehicle 110 may also be a hybrid vehicle with external
charging capability or a strictly electric vehicle. Electric vehicle 110 can operate at
least in part by utilizing an electrical charge stored in a storage device such as one or
more batteries. The one or more batteries can be lead-acid batteries, nickel
cadmium batteries, nickel metal hydride batteries, lithium ion batteries, lithium ion
polymer batteries, zinc air batteries, molten salt batteries, and/or any other type of
electric vehicle battery known to those of skill in the art. In one embodiment, electric

vehicle 110 may include a flow battery or other liquid electrolyte battery.
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[0023] Electric vehicle 110 can be taken to charging station 105 for
charging the one or more batteries. Charging station 105 can also be used to store
electric vehicle 110 and/or maintain a charge on the one or more batteries of electric
vehicle 110. Charging station 105 can be a stall, parking spot, or other area in which
electric vehicle 110 can be taken to re-charge the one or more batteries of electric
vehicle 110. For example, charging station 105 may be a parking spot located in a
parking lot. In one embodiment, charging station 105 may be associated with an
electricity service station that operates similar to a gas station. Alternatively,
charging station 105 may be within an employee parking lot, a grocery store parking
lot, a movie theater parking lot, a sporting event parking lot, an on-street parking
spot, a garage, a docking area, and/or any other location in which electric vehicle
110 may be parked. Charging station 105 can include a cement slab or other
structure/area on which electric vehicle 110 may be parked. Further, charging station
105 can be enclosed or partially enclosed. As an example, charging station 105 can
include brush curtains or other side walls to help shelter electric vehicle 110 from the
ambient environment. Charging station 105 may also include a roof or other
overhead structure to shelter electric vehicle 110 from precipitation. Alternatively,

charging station 105 may have any other configuration.

[0024] Charging station 105 also includes vehicle interface 145,
transaction unit 150, a waste heat unit 155, and a cooling unit 160. Fuel cell
generator system 100 can be coupled to electric vehicle 110 via vehicle interface 145
of charging station 105. Vehicle interface 145 can be any interface through which
electric vehicle 110 is placed in electrical communication with fuel cell generator
system 100 such that the one or more batteries of electric vehicle 110 can be
charged. As used herein, electrical communication can refer to any direct or indirect
electrical connection. In one embodiment, vehicle interface 145 can be a standard or
custom electrical socket/outlet (or plug). In such an embodiment, electric vehicle 110
can be equipped with an electrical plug (or socket/outlet) configured to couple with
the electrical socket/outlet (or plug). Vehicle interface 145 may also be in the form of
one or more battery clamps configured to be connected to one or more charging

terminals of electric vehicle 110.
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[0025] In one embodiment, vehicle interface 145 can include at least a
primary winding of a transformer (or DC/DC converter). In such an embodiment,
electric vehicle 110 can include a secondary winding of the transformer. The
transformer can be formed as a paddle such that the primary winding and the
secondary winding can be placed in electrical communication without direct contact.
To connect electric vehicle 110 to the transformer, a paddle that houses the primary
winding can be mounted to a paddie that houses the secondary winding. Inductive
coupling can be used to link the primary winding and the secondary winding such
that electricity is conveyed to electric vehicle 110. As such, the primary winding and
the secondary winding can be in electrical communication without direct contact. In
such an embodiment, many different electric battery voltages can be accommodated
because each electric vehicle can have a unique secondary winding configured to
deliver a specific voltage corresponding to a specific battery. Use of a transformer
with inductive coupling can also provide a safety feature in that high voltage

connections are entirely insulated via the paddle configuration.

[0026] In one embodiment, electric vehicle 110 can include a rectifier.
The rectifier can be used to convert alternating current (AC) into direct current for
home charging of the vehicle through a standard AC power outlet. The rectifier can
also be configured to pass DC power to the one or more batteries of electric vehicle
110. In such an embodiment, vehicle interface 145 can include a plug, socket,
clamp, wire, or any other component which is configured to place the rectifier of

electric vehicle 110 in electrical communication with fuel cell generator system 100.

[0027] Transactional unit 150 can include a processor, a memory, and a
user interface. Transactional unit 150 can be used to identify information regarding
electric vehicle 110 and/or an owner of electric vehicle 110, to determine an amount
due for charging electric vehicle 110, and/or to receive payment from the owner of
electric vehicle 110. The identified information can be stored in the memory of
transactional unit 150 for use in future transactions. The user interface can be used
by the owner of electric vehicle 110 to provide identification, enter vehicle
information, provide instruction, provide payment, enter timing information, etc. The

processor of transactional unit 150 can be used to control vehicle interface 145,
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waste heat unit 155, and/or cooling unit 160. In an alternative embodiment, a
separate control unit may be utilized to control the interaction of components in

charging station 105.

[0028] The information identified by transaction unit 150 and regarding
electric vehicle 110 can include a type of battery(s) included in electric vehicle 110, a
condition or health of the battery(s) in electric vehicle 110, any temperature
restrictions regarding the battery(s) in electric vehicle 110, any charging rate
restrictions for the battery(s) in electric vehicle 110, and/or an amount of charge
residing on the battery(s) in electric vehicle 110. This information can be received by
analyzing the battery(s) through vehicle interface 145, from a website of a
manufacturer of electric vehicle 110, from stored literature regarding electric vehicle

110, from inputs received through the user interface, etc.

[0029] The information identified by transactional unit 150 can also
include a distance that the owner of electric vehicle 110 plans to drive prior to
recharging, a destination of the driver, a desired arrival time to the destination, a
route to the destination, etc. The distance, destination, desired arrival time, and/or
route can be used to determine how much charge is needed by the electric battery
and/or a charging schedule for the battery. The information can also include an
amount of time that the owner can allow electric vehicle 110 to charge, which can be
used to determine a rate at which the battery is charged. The information can further
include whether the owner grants the system permission to use any stored power in
the battery(s) of electric vehicle 110. Transactional unit 150 can use the identified
information to determine a voltage at which to charge the battery(s), a rate at which
to charge the battery(s), and an amount of payment due for charging the batteries.
Transactional unit 150 can also use the identified information and the ambient
temperature to determine whether the battery(s) of electric vehicle 110 should be
heated or cooled during charging. As known to those of skill in the art, charging or
discharging an electric car battery at temperatures of O degrees Fahrenheit (F) and
below can severely impact battery lifetime. As such, it may be desirable to keep the
battery(s) warm when charging at low temperatures. It is also well known that I*R

heating can occur when charging a battery, where | is the charging current and R is
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the internal resistance of the battery. As such, it may be desirable to keep the
battery(s) cool when charging at high temperatures. If it is determined that climate
control is desirable, transactional unit 150 can cause waste heat unit 155 to heat the

battery(s) or cooling unit 160 to cool the battery(s).

[0030] Waste heat unit 155 can utilize waste heat from fuel cell system
125 to heat at least the battery(s) of electric vehicle 110. The waste heat can be
obtained from an anode or cathode exhaust system of fuel cell system 125, from
heat radiated off the fuel cells of fuel cell system 125, etc. In one embodiment, waste
heat unit 155 can include one or more fans or blowers to circulate the waste heat
under electric vehicle 110 to keep the battery(s) warm. Alternatively, the waste heat
can be directed under electric vehicle 110 by circulating heated fluid in the pavement
or other surface upon which electric vehicle 110 is parked. Brush curtains, walls, a
ceiling, and/or any other structure of charging station 105 can be used to prevent
heat loss and to help keep electric vehicle 110 warm. In one embodiment, the waste
heat may also be delivered via the heating/cooling system of electric vehicle 110. In
such an embodiment, the waste heat can be delivered to electric vehicle 110 via
heated air and the blowers/pumps of the heating/cooling system can be activated by
waste heat unit 155 to circulate the heated air throughout electric vehicle 110. if
electric vehicle 110 includes a flow battery or other liquid electrolyte battery, waste
heat unit 155 can pump the liquid electrolyte from the battery, place the liquid
electrolyte into contact with the waste heat, and circulate the heated liquid electrolyte

back into the battery.

[0031] Waste heat unit 155 can also be configured to warm up electric
vehicle 110 at a predetermined time. For example, charging station 105 may be in a
parking lot where an owner of electric vehicle 110 works. Transactional unit 150 may
know (based on user input or pattern recognition) that the owner goes out for lunch
at 12:00 pm every day and gets done with work at 5:00 pm every day. As such,
transactional unit 150 can cause waste heat unit 155 to heat electric vehicle 110
several minutes (i.e., 5-10 minutes) prior to 12:00 pm and 5:00 pm every day such
that electric vehicle 110 is warm when the owner gets behind the wheel. Similarly,

charging station 105 may be located at a grocery store parking lot. Transaction unit
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150 and/or waste heat unit 155 can receive checkout information from a checkout
system of the grocery store. As such, waste heat unit 155 can be used to heat
electric vehicle 110 upon an indication that the owner is at the checkout register.
The determination regarding whether or how much to heat electric vehicle 110 can

also be based at least in part on the ambient outside temperature.

[0032] Cooling unit 160 can be used by transactional unit 150 to keep
the battery(s) of electric vehicle cool if the ambient temperature is high. Inone
embodiment, cooling unit 160 can directly operate battery cooling fans of electric
vehicle 110 to improve charging conditions. Cooling unit 160 can also use one or
more external fans and/or blowers to circulate air within the battery compartment to
aid in cooling. If electric vehicle 110 includes an electric type air conditioning (A/C)
unit, cooling unit 160 can directly operate the A/C system during charging to aid in
cooling and/or to keep the owner of electric vehicle 110 comfortable if he/she
remains in electric vehicle 110 during charging. Alternatively, fuel cell generator
system 100 may generate cool air in large scale using an A/C or other cooling unit.
The cool air could be blown directly onto and/or into electric vehicle 110 using a
coaxial wiring connection. As an example, a center (or inside portion) of the coaxial
wiring connection can include wiring for electrically connecting cooling unit 160 to the
A/C unit or other component of electric vehicle 110, and an outside portion (or
periphery) of the coaxial wiring connection can be a tube for conveying cool air to
electric vehicle 110. Alternatively, any other configuration may be used to convey
the cool air or other cooled fluid. Cooling unit 160 can also be used to cool electric
vehicle 110 at a predetermined time (i.e., just before the owner is ready to leave work
for the day, upon an indication that the owner is at the checkout register of a store,

etc.)

[0033] Transactional unit 150 can also be used to determine an amount
due for charging electric vehicle 110. In one embodiment, transactional unit 150 can
generate a cost model to determine a charging cost. The cost model can be based
on various factors, including fuel costs for operating fuel cell system 125, grid
electricity costs, other costs associated with running and/or maintaining fuel cell

system 125, carbon dioxide (CO) taxes and credits, an expected driving distance
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before a subsequent re-charge of the battery, customer priority, an amount of charge
required by the customer, battery health, a requested rate of charge (i.e., fast or
slow), whether electric vehicle 110 is to be heated or cooled during the charging, etc.

[0034] Transactional unit 150 can also receive payment from the owner
of electric vehicle 110 and finalize the charging transaction. Payment can be made
through credit card, debit card, cash, or any other method. Finalizing the transaction
can include providing a receipt with transaction information to the owner of electric
vehicle 110. The transaction information can include a date of the transaction, an
amount of charge provided, a cost for charging, a cost for heating or cooling
provided, CO, tax/credit information, an amount of credit for use of the battery during
charging, customer status (i.e., frequent customer, preferred customer, etc.),
customer benefits information such as a discount or points awarded, payment
information, battery status, and/or any other information. In addition to the customer,
the transaction information can also be provided to the site operator (i.e., the entity
that provided the charging service), the owner or operator of fuel cell generator
system 100 (if the owner/operator is not the same as the site operator), and/or the
vehicle manufacturer. The vehicle manufacturer can use the transaction information
to determine whether the battery(s) of electric vehicle 110 should be serviced or

replaced.

[0035] In an alternative embodiment, any or all of vehicle interface 145,
transactional unit 150, waste heat unit 155, and cooling unit 160 may be incorporated
into fuel cell generator system 100. In such an embodiment, charging station 105
can simply be a surface and/or structure upon which electric vehicle 110 is placed in
order to interact with fuel cell generator system 100. In another alternative
embodiment, any of the described components of fuel cell generator system 100
and/or charging station 105 may be combined into one or more single units. In
another alternative embodiment, charging station 105 may also include a renewable
or alternative power source which can be utilized to charge electric vehicle 110 in the

event of a problem with fuel cell system 125 and renewable power source 115.
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[0036] Fig. 2 is a flow chart illustrating operations performed by a
system for charging an electric vehicle in accordance with an illustrative embodiment.
In alternative embodiments, additional, fewer, and/or different operations may be
performed. Further, the use of a flow diagram is not meant to be limiting with respect
to the order of operations performed. In an operation 200, the system receives
electric vehicle information and/or information regarding an owner (or driver) of
electric vehicle. The electric vehicle, which may be electric vehicle 110 described
with reference to Fig. 1, can be located in a charging station such as charging station

105 described with reference to Fig. 1.

[0037] The received information can include any information which may
be utilized to charge the electric vehicle. For example, the received information may
include a type of the electric vehicle, a type of battery in the electric vehicle, a voltage
of the battery in the electric vehicle, temperature ratings and/or restrictions for
charging the battery in the electric vehicle, a battery status or health, a desired or
mandated charging rate of the battery in the electric vehicle, a time at which the
owner (or driver) plans to return to the vehicle, etc. The information can be received
from the owner (or driver) of the electric vehicle through one or more user inputs,
from the electric vehicle through a vehicle interface connected to the electric vehicle,
from a website of a manufacturer of the electric vehicle, from stored literature, from

stored information regarding a prior transaction, and/or from any other source.

[0038] In one embodiment, the received information can include a
destination to which the driver of the electric vehicle intends to travel, a route to the
destination, and/or a desired arrival time at the destination. The destination, route,
and/or desired arrival time may be received from the electric vehicle, from the driver
of the electric vehicle, from a global positioning system (GPS) of the electric vehicle,
from scheduling software or a scheduling website associated with the driver, from
mapping software or a mapping website such as Google Maps, MapQuest, Yahoo!
Maps, etc., and/or from any other source. The system and/or the electric vehicle can
use the destination, the route, and/or the desired arrival time to ensure that the
battery(s) of the electric vehicle have sufficient charge to reach the destination along

the route at the desired arrival time. The system and/or the electric vehicle can also
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determine an appropriate charging schedule for the electric vehicle based on the

determined charge that is to be provided to the battery(s).

[0039] As an example, the electric vehicle may determine an amount of
charge that is desired and a time at which charging is to be completed based on a
destination, a route, and/or a time at which the driver is supposed to be at the
destination. The electric vehicle may receive the destination and the arrival time from
an electronic calendar of the driver. The route can be received from a mapping
website, from mapping software, from a GPS system, etc. Alternatively, the
destination, route, and/or desired arrival time may be received from the driver
through manual entry, from a calendaring/scheduling website, from a GPS system,
from a mapping website and/or mapping software, etc. The electric vehicle can
determine the desired charge and desired departure time for provision to the system.
Based on the received information, the system can determine an appropriate
charging schedule. Alternatively, the electric vehicle may determine the appropriate
charging schedule. In another alternative embodiment, the system may receive the
destination, the route, and/or the arrival time from the electric vehicle and/or any of
the other sources described above. In such an embodiment, the system can
determine the desired charge, the desired departure time, and/or an appropriate

charging schedule.

[0040] In an operation 205, the system determines whether heating or
cooling is to be used during charging. The determination can be made based at
least in part on an ambient temperature of the charging station in which the electric
vehicle is located. The determination can also be made based at least in parton a
temperature rating of the battery in the electric vehicle. If it is determined that
heating or cooling is to be used, the system provides the heating or the cooling in an
operation 210. In an illustrative embodiment, the heating can be provided according
to any of the methods described above with reference waste heat unit 155.
Alternatively, any other heating source and/or method may be used. Similarly, the
cooling can be provided according to any of the methods described above with

reference to cooling unit 160. Alternatively, any other cooling method may be used.
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[0041] Upon provision of heating or cooling, or if it is determined in
operation 205 that heating and cooling are not to be used, a charging source is
determined in an operation 215. In an illustrative embodiment, the charging source
can be a fuel cell system such as fuel cell system 125 described with reference to
Fig. 1. Alternatively, a renewable power source (such as renewable power source
115) in electrical communication with the fuel cell system may be used. A separate
power source associated with the charging station may also be used. The
determination regarding which source to use can be based on factors such as a time
of day, an ambient temperature, a price of fuel used by the fuel cell system,
availability of power from the fuel cell system, availability of power from the

renewable power source, etc.

[0042] In an operation 220, the electric vehicle is charged through a
vehicle interface such as vehicle interface 145 described with reference to Fig. 1.
The electric vehicle can be charged through a two-piece paddle transformer as
described above, through a rectifier of the electric vehicle, through a plug and socket
configuration, through a battery clamp configuration, and/or by any other method.

[0043] In an operation 225, the system determines whether heating or
cooling is to be provided at a predetermined time. The predetermined time can be
several minutes prior a return of the driver to the electric vehicle, and can be
determined based on the information received in operation 200. Alternatively, the
predetermined time can be based on information received from a store checkout
system or other external source. The determination can also be based at least in
part on an ambient temperature of the charging station and/or an ambient
temperature outside of the charging station. If it is determined that heating or cooling
is to be provided, the heating or cooling can be provided at the predetermined time in
an operation 230. In an illustrative embodiment, the heating or cooling can be
provided according to any of the methods described above with reference to waste
heat unit 155 and cooling unit 160 of Fig. 1. Alternatively, any other heating and/or

cooling method may be used.
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[0044] Upon provision of heating or cooling, or if it is determined in
operation 225 that heating and cooling are not to be used, the transaction is finalized
in an operation 235. Finalizing the transaction can include determining a cost for the
charging service, receiving payment for the charging service, and/or providing a
receipt with transaction information to the owner (or driver) of the electric vehicle.
The transaction information can include a date of the transaction, an amount of
charge provided, a cost for charging, a cost for heating or cooling provided, CO,
tax/credit information, an amount of credit for use of the battery during charging,
customer status (i.e., frequent customer, preferred customer, etc.), customer benefits
information such as a discount or points awarded, payment information, battery
status, and/or any other information. In addition to the customer, the transaction
information can also be provided to the site operator (i.e., the entity that provided the
charging service), the owner or operator of fuel cell generator system 100 (if the
owner/operator is not the same as the site operator), and/or the vehicle

manufacturer.

[0045] Any of the components described herein can be implemented in
hardware and/or software, depending on the embodiment. Further, any of the control
processes and other processes described herein may be implemented as
instructions stored in a computer-readable medium. When executed by a processor,
the instructions can cause a computing device to implement the processes as
described. Exemplary computer-readable media can include magnetic storage

devices, optical disks, smart cards, flash memory devices, etc.

[0046] The foregoing description of exemplary embodiments has been
presented for purposes of illustration and of description. It is not intended to be
exhaustive or limiting with respect to the precise form disclosed, and modifications
and variations are possible in light of the above teachings or may be acquired from
practice of the disclosed embodiments. It is intended that the scope of the invention

be defined by the claims appended hereto and their equivalents.
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WHAT IS CLAIMED IS:
1. A method for charging electric vehicles, comprising:

receiving information regarding an electric vehicle, wherein at least a
portion of the information is received through a vehicle interface configured to place
a battery of the electric vehicle into electrical communication with a fuel cell system;

and

delivering a charge from the fuel cell system to the battery of the
electric vehicle through the vehicle interface without use of a direct current to
alternating current (DC/AC) converter, wherein the charge is delivered based at least

in part on the information.

2. The method of claim 1, wherein at least a second portion of the
information is received via user input, stored information, or a manufacturer of the

electric vehicle,

3. The method of claim 1, wherein the information comprises one or more
of a type of the electric vehicle, a type of the battery, a charging rate of the battery, a
temperature rating of the battery, an amount of time in which the charge is to be

delivered, or an estimated driving distance before a subsequent charge.

4. The method of claim 1, further comprising determining, based at least in
part on the information, whether heat is to be provided to the electric vehicle while

the charge is delivered to the battery of the electric vehicle.

5.  The method of claim 4, further comprising providing the heat to the
battery if it is determined that the heat is to be provided, wherein the heat comprises

waste heat from the fuel cell system.

6. The method of claim 5, wherein the waste heat is delivered to the

battery via circulated air or circulated fluid.

7. The method of claim 5, wherein the battery comprises a liquid

electrolyte battery, and further comprising:
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pumping a liquid electrolyte out of the liquid electrolyte battery;
applying the waste heat to the liquid electrolyte; and
returning the liquid electrolyte to the liquid electrolyte battery.

8.  The method of claim 1, further comprising determining, based at least in
part on the information, whether the electric vehicle is to be cooled while the charge

is delivered to the battery of the electric vehicle.

9. The method of claim 8, further comprising cooling the electric vehicle if it
is determined that the electric vehicle is to be cooled, wherein the cooling is provided
through an air conditioning unit of the electric vehicle or via circulation of cool air

generated outside of the electric vehicle.

10. The method of claim 1, further comprising heating or cooling the electric
vehicle based at least in part on a predetermined time at which a driver of the electric

vehicle is scheduled to return to the electric vehicle.

11. The method of claim 10, wherein the heating is performed using waste

heat from the fuel cell system.
12. A charging station comprising:

a transactional unit configured to receive information regarding an

electric vehicle;
a vehicle interface configured to

place a battery of the electric vehicle in electrical communication

with a fuel cell system; and

deliver a charge from the fuel cell system to the battery of the

electric vehicle; and
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a waste heat unit configured to deliver heat to the electric vehicle
during at least a portion of delivery of the charge, wherein the heat comprises waste

heat from the fuel cell system.
13. The charging station of claim 12, further comprising the fuel cell system.

14. The charging station of claim 12, wherein the waste heat is delivered to
the electric vehicle based at least in part on a predetermined time at which a driver of

the electric vehicle is expected to return to the electric vehicle.

15. The charging station of claim 12, wherein the information includes a
temperature rating of the battery, and further wherein the waste heat is delivered to
the electric vehicle based at least in part on the temperature rating and at least in

part on an ambient temperature.

16. The charging station of claim 12, further comprising a cooling unit
configured to cool the battery of the electric vehicle during at least a portion of the
delivery of the charge.

17. The charging station of claim 12, wherein the vehicle interface
comprises a first winding of a transformer, and further wherein a second winding of

the transformer is mounted on the electric vehicle.

18. The charging station of claim 17, wherein the charge is delivered to the

battery via inductive coupling between the first winding and the second winding.

19. The charging station of claim 12, wherein the vehicle interface
comprises a connector configured to connect to a rectifier mounted to the electric

vehicle.

20. The charging station of claim 12, wherein the information includes a
destination and a desired time of arrival at the destination, and wherein the charging
unit is configured to determine a charging schedule based at least in part on the

destination and at least in part on the desired time.
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21. The charging station of claim 20, wherein the destination and the
desired time of arrival are received from an electronic calendar of a driver of the

electric vehicle.

22. The charging station of claim 20, wherein the information further
includes a route to the destination, wherein the charging schedule is determined
based at least in part on the route, and further wherein the route is received from at

least one of mapping software or a mapping website.
23. A fuel cell generator system comprising:
a fuel cell system configured to generate a direct current (DC) signal,

a DC/DC converter configured to receive the DC signal from the fuel
cell system and convert the DC signal to a voltage for a battery of an electric vehicle;
and

a router configured to direct at least a portion of the converted DC
signal from the DC/DC converter for charging the electric vehicle.

24. The fuel cell generator system of claim 23, wherein the voltage
generated by the DC/DC converter is within a first voltage range, and further
comprising a second DC/DC converter configured to generate voltages within a

second voltage range.

25. The fuel cell generator system of claim 23, wherein the DC/DC
converter is bi-directional such that power from a battery of the electric vehicle can

be received for use in handling load transients or powering a load.

26. The fuel cell generator system of claim 23, further comprising a control

unit configured to control the fuel cell system, the DC/DC converter, and the router.

27. The fuel cell generator system of claim 23, wherein the DC/DC
converter comprises a first winding of a transformer, and further wherein a second

winding of the transformer is mounted to the electric vehicle, and further wherein the
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converted DC signal is delivered to the electric vehicle through inductive coupling

between the first winding and the second winding.

28. The fuel cell generator system of claim 27, wherein a size of the second

winding of the transformer is based at least in part on the voltage of the battery.

29. The fuel cell generator of claim 23, further comprising a renewable
power source in electrical communication with the DC/DC converter, wherein at least

a portion of the DC signal originates from the renewable power source.

30. The fuel cell generator of claim 23, wherein the DC/DC converter
comprises an adjustable DC/DC converter.

31. The fuel cell generator of claim 23, wherein the router is configured to
direct at least a portion of the converted DC signal from the DC/DC converter to a
charging station for charging the electric vehicle without use of a direct current to

alternating current (DC/AC) converter.
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