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APPARATUS, SYSTEM, AND METHOD TO MANAGE THE GENERATION

AND USE OF HYBRID ELECTRIC POWER
CROSS-REFERENCES TO RELATED APPLICATIONS

This application claims the benefit of United States Provisional Patent Application
Number 60/951,925 entitled “APPARATUS, SYSTEM, AND METHOD TO MANAGE THE
GENERATION AND USE OF HYBRID ELECTRIC POWER” and filed on July 25, 2007 for
Ken Pearson, et. al which is incorporated herein by reference. This application incorporates by
reference U.S. Patent Applications Serial Nos. 10/459,991 filed 6/11/2003, 11/270,947 filed
11/12/2005, 11/740,349 filed 4/26/2007, 11/828,265 filed 7/25/2007, 11/829,019 filed
7/26/2007, 11/829,035 filed 7/26/2007, 12/179,554 filed 7/24/2008, and 12/179,578 filed
07/24/2008; and U.S. Provisional Patent Applications Serial Nos. 60/951,903 filed 7/25/2007,
60/951,907 filed 7/25/2007, and 61/059,743 filed 6/6/2008, each of which is incorporated by
reference herein in its entirety.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

This invention relates to hybrid electric power and more particularly relates to managing
the generation, storage, and distribution of hybrid electric power.
DESCRIPTION OF THE RELATED ART

As the cost of fossil fuels increases, pollution increases, and the worldwide supply of
fossil fuels decreases, alternative energy sources are becoming increasingly important. Non-
fuel-based energy, such as that provided by most renewable resources, is often efficient, readily
available, and environmentally friendly. However, users have little control over the sources of
most non-fuel-based energy, such as the sun and the wind. When one desires more
power/energy, one cannot increase the sunlight or the wind speed accordingly to deliver it.
Alternatively, if one is using less power/energy than is being generated, one cannot easily store
excess sunlight or wind for later use.

Fuel-based energy, such as that provided by hydrogen or fossil fuels, can be generated on
demand as power/energy needs arise. A request for increased power/energy cannot always be
met instantaneously, however, because of energy conversion delays inherent in fuel-based
energy generation. For example, increasing a flow of hydrogen to a hydrogen fuel cell may not
cause an immediate increase in the output of electrical power from the hydrogen fuel cell. The
increased hydrogen may also need to be converted to hydrogen from a hydrogen fuel source,

which may introduce additional delays. Other fuel-based energy often has similar delays.
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Accordingly, what is needed is an improved apparatus, system, and method for managing
the generation and use of hybrid electric power that overcome the problems and disadvantages of
the prior art. The apparatus, system, and method should provide efficient, on demand
power/energy, and should conserve excess power/energy. In particular, the apparatus, system,
and method should manage energy conversion delays, and efficiently balance power/energy that
is delivered to an electric load.

SUMMARY OF THE INVENTION

From the foregoing discussion, it should be apparent that a need exists for an apparatus,
system, and method that manages the generation and use of hybrid electric power. Beneficially,
such an apparatus, system, and method would efficiently manage energy conversion delays and
balance electric power that is delivered to an electric load.

The present invention has been developed in response to the present state of the art, and
in particular, in response to the problems and needs in the art that have not yet been fully solved
by currently available hybrid electric power generation and management systems. Accordingly,
the present invention has been developed to provide an apparatus, system, and method for
managing the generation and use of hybrid electric power that overcome many or all of the
above-discussed shortcomings in the art.

The apparatus to manage the generation and use of hybrid electric power is provided with
a plurality of modules configured to perform the steps of managing the generation and the use of
hybrid electric power. These modules, in the described embodiments, include a meonitoring
module, a determination module, a regulation module, an energy conservation module, a
prioritization module, a user override module, and a prediction module.

In one embodiment, the monitoring module receives signals from one or more sensors.
The signals, in a further embodiment, comprise energy level information of an electric energy
storage device, power/energy level information of one or more energy converters, and power
level information of an electric load. In another embodiment, the signals may comprise
hydrogen or other fuel pressure or status information.

The determination module, in one embodiment, compares the signals to determine
whether power/energy from the one or more energy converters satisfies the electric load. In a
further embodiment, the determination module determines whether a power level of the electric
energy storage device satisfies a predefined threshold level. The predefined threshold level, in
one embodiment, is based on an energy conversion delay of one or more of the one or more

energy converters.
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In another embodiment, the regulation module adjusts the electric power from the one or
more energy converters in response to a determination by the determination module that the
electric power from the one or more energy converters does not satisfy the electric load
threshold. In a further embodiment, the regulation module increases the electric power from the
one or more energy converters in response to a determination by the determination module that
the electric power from the one or more energy converters does not satisfy the electric load and
that the power level of the electric energy storage device does not satisfy the predefined
threshold level.

In one embodiment, the energy conservation module stores excess electric energy from
the one or more energy converters as an alternate energy type in response to a determination by
the determination module that the electric power from the one or more energy converters
satisfies the electric load. In another embodiment, the energy conservation module causes at
least one of the one or more energy converters to convert a secondary fuel to a primary fuel, and
the primary fuel comprises the alternate energy type. The alternate energy type, in one
embodiment, is selected from the group consisting of hydrogen gas, heat energy, chemical
energy, and potential energy. The energy conservation module, in another embodiment, charges
the electric energy storage device in response to a substantially full alternate energy storage
device.

The prioritization module, in one embodiment, balances a supply of electric power
delivered to the electric load based on a prioritization of electric sources. In one embodiment, in
the prioritization of electric sources, a priority of the non-fuel-based energy converters is higher
than a priority of the electric energy storage device, and the priority of the electric energy storage
device is higher than a priority of the fuel-based energy converters. In another embodiment, the
prioritization of electric sources is selected based on one or more of an energy conversion cost,
an energy conversion efficiency, and an energy conversion delay. In another embodiment, the
user override module overrides the prioritization of electric sources based on user input.

In one embodiment, the prediction module makes a prediction of an upcoming power
draw of the electric load based on a historic power draw of the electric load. In another
embodiment, the determination module is further configured to adjust the electric power from the
one or more energy converters based on the prediction.

A system of the present invention is also presented to manage the generation and use of
hybrid electric power. The system may be embodied by one or more energy converters, an

electric energy storage device, one or more sensors, a controller, and a power interface.
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The one or more energy converters, in one embodiment, each convert an energy source to
electric power. In one embodiment, the electric energy storage device stores and supplies the
electric power from the one or more energy converters. The electric energy storage device, in a
further embodiment, comprises an energy storage capacity configured to substantially satisfy an
power draw of the electric load for at least twelve hours, and the one or more energy converters
are configured to output an amount of electric power satisfying an average power draw of the
electric load and less than a peak power draw of the electric load. In one embodiment, at least
one of the one or more energy converters comprises a collapsible structure. In a further
embodiment, at least one of the one or more energy converters is a non-fuel-based energy
converter selected from the group consisting of photovoltaic cells, wind turbines, water turbines,
geothermal turbines, solar concentrators, and waste heat co-generators.

In another embodiment, at least one of the one or more energy converters is a fuel-based
energy converter selected from the group consisting of fuel cells, microturbine systems,
hydrogen reformers, hydrogen electrolysis systems, and internal combustion engine generators.
In a further embodiment, at least one of the one or more energy converters is configured to
convert a secondary fuel to a primary fuel. In another embodiment, the secondary fuel is selected
from the group consisting of water and hydrocarbons, and the primary fuel comprises hydrogen.
In one embodiment, the secondary fuel comprises a chemical hydride, and the primary fuel
comprises hydrogen. In a further embodiment, the chemical hydride comprises a solid
anhydrous chemical hydride reactant and an activating agent.

The one or more sensors, in a further embodiment, measure a power level of the electric
energy storage device, a power level of the one or more energy converters, and a power level of
an electric load coupled to the one or more energy converters and to the electric energy storage
device. In another embodiment, the sensors further receive an energy source status and an
electric power generation potential of the one or more energy converters. The electric power
generation potential, in one embodiment, comprises a measured gas pressure of produced
hydrogen generated by the one or more energy converters.

In one embodiment, the power interface is configured to electrically couple the one or
more sensors, the electric energy storage device, and the controller. In a further embodiment, the
power interface comprises one or more standardized ports, each of the standardized ports
configured to transfer communication signals and electric power from a corresponding pluggable
connector of one of the one or more energy converters. In a further embodiment, the
standardized ports removably couple the corresponding pluggable connector to the power

interface.
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In one embodiment, the controller determines whether the power level of the one or more
energy converters satisfies the electric load. In a further embodiment, the controller determines
whether the power level of the electric energy storage device satisfies a predefined threshold
level. In another embodiment, the controller increases the power level of the one or more energy
converters in response to a determination that the power level of the one or more energy
converters does not satisfy the electric load and that the power level of the electric energy storage
device fails to satisfy the predefined threshold level. In a further embodiment, the controller is
further configured to receive customized energy converter type definitions and to control energy
converters corresponding to the customized energy converter type definitions.

A computer program product of the present invention is also presented to perform the
operations for managing the generation and use of electric power. The operations, in one
embodiment, substantially include the steps of operation of the apparatus to manage the
generation and use of hybrid electric power presented above.

In one embodiment, the computer program product comprises an operation for receiving
signals from one or more sensors, the signals comprising power level information of an electric
energy storage device, power level information of one or more hydrogen-based energy
converters, pressure level information of a hydrogen storage device, and power level information
of an electric load. In another embodiment, the computer program product comprises an
operation for determining whether electric power from the one or more hydrogen-based energy
converters satisfies the electric load. In a further embodiment, the computer program product
comprises an operation for determining whether a power level of the electric energy storage
device satisfies a predefined threshold level.

The computer program product, in one embodiment, comprises an operation for
increasing hydrogen generation of a hydrogen generating device in response to a determination
that the electric power from the one or more energy converters does not satisfy the electric load
and that the power level of the electric energy storage device does not satisfy the predefined
threshold level. In one embodiment, the computer program product comprises an operation for
storing excess electric energy from the one or more energy converters as an alternate energy type
in response to a determination that the electric power from the one or more hydrogen-based
energy converters satisfies the electric load and that the power level of the electric energy storage
device satisfies the predefined threshold level, and an operation for charging the electric energy
storage device in response to a full alternate energy storage device. In a further embodiment, the

computer program product comprises an operation for charging the electric energy storage
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device in response to a determination that the electric energy storage device does not satisfy the
predefined threshold level.

Reference throughout this specification to features, advantages, or similar language does
not imply that all of the features and advantages that may be realized with the present invention
should be or are in any single embodiment of the invention. Rather, language referring to the
features and advantages is understood to mean that a specific feature, advantage, or characteristic
described in connection with an embodiment is included in at least one embodiment of the
present invention. Thus, discussion of the features and advantages, and similar language,
throughout this specification may, but do not necessarily, refer to the same embodiment.

Furthermore, the described features, advantages, and characteristics of the invention may
be combined in any suitable manner in one or more embodiments. One skilled in the relevant art
will recognize that the invention may be practiced without one or more of the specific features or
advantages of a particular embodiment. In other instances, additional features and advantages
may be recognized in certain embodiments that may not be present in all embodiments of the
invention.

These features and advantages of the present invention will become more fully apparent
from the following description and appended claims, or may be learned by the practice of the
invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the invention will be readily understood, a more particular
description of the invention briefly described above will be rendered by reference to specific
embodiments that are illustrated in the appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not therefore to be considered to be
limiting of its scope, the invention will be described and explained with additional specificity
and detail through the use of the accompanying drawings, in which:

Figure 1 is a schematic block diagram illustrating one embodiment of a system for
managing the generation and use of hybrid electric power in accordance with the present
invention;

Figure 2 is a schematic block diagram illustrating one embodiment of a controller in
accordance with the present invention;

Figure 3 is a flow chart diagram illustrating one embodiment of a method for managing

the generation and use of hybrid electric power in accordance with the present invention; and
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Figure 4 is a flow chart diagram illustrating another embodiment of a method for
managing the generation and use of hybrid electric power in accordance with the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

Many of the functional units described in this specification have been labeled as modules,
in order to more particularly emphasize their implementation independence. For example, a
module may be implemented as a hardware circuit comprising custom VLSI circuits or gate
arrays, off-the-shelf semiconductors such as logic chips, transistors, or other discrete
components. A module may also be implemented in programmable hardware devices such as
field programmable gate arrays, programmable array logic, programmable logic devices or the
like.

Modules may also be implemented in software for execution by various types of
processors. An identified module of executable code may, for instance, comprise one or more
physical or logical blocks of computer instructions which may, for instance, be organized as an
object, procedure, or function. Nevertheless, the executables of an identified module need not be
physically located together, but may comprise disparate instructions stored in different locations
which, when joined logically together, comprise the module and achieve the stated purpose for
the module.

Indeed, a module of executable code may be a single instruction, or many instructions,
and may even be distributed over several different code segments, among different programs,
and across several computer readable media. Similarly, operational data may be identified and
illustrated herein within modules, and may be embodied in any suitable form and organized
within any suitable type of data structure. The operational data may be collected as a single data
set, or may be distributed over different locations including over different storage devices, and
may exist, at least partially, merely as electronic signals on a system or network. Where a
module or portions of a module are implemented in software, the software portions are stored on
one or more computer readable media.

kAN 11

Reference throughout this specification to “one embodiment,” “an embodiment,” or
similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention.
Thus, appearances of the phrases “in one embodiment,” “in an embodiment,” and similar
language throughout this specification may, but do not necessarily, all refer to the same

embodiment.
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Reference to a computer readable medium may take any form capable of storing
machine-readable instructions on a digital processing apparatus. A computer readable medium
may be embodied by a compact disk, digital-video disk, a magnetic tape, a Bernoulli drive, a
magnetic disk, a punch card, flash memory, integrated circuits, radio frequency identification
(RFID), or other digital processing apparatus memory device.

Furthermore, the described features, structures, or characteristics of the invention may be
combined in any suitable manner in one or more embodiments. In the following description,
numerous specific details are provided, such as examples of programming, software modules,
user selections, network transactions, database queries, database structures, hardware modules,
hardware circuits, hardware chips, etc., to provide a thorough understanding of embodiments of
the invention, One skilled in the relevant art will recognize, however, that the invention may be
practiced without one or more of the specific details, or with other methods, components,
materials, and so forth. In other instances, well-known structures, materials, or operations are
not shown or described in detail to avoid obscuring aspects of the invention.

Figure 1 depicts one embodiment of a system 100 for balancing the generation and use of
hybrid electric power. In one embodiment, the system 100 may include one or more non-fuel-
based energy converters 102, one or more fuel-based energy converters 104, one or more electric
energy storage devices 130, and an electrical and control system 106.

In one embodiment, the one or more non-fuel-based energy converters 102 convert one or
more non-fuel-based energy sources to electric power. The non-fuel-based energy sources may
comprise the sun 108, the wind 112, geothermal sources, waves, water flow, and other natural,
free, or other non-fuel-based energy sources. The non-fuel-based energy converters 102 may
comprise photovoltaic cells 110, wind turbines 114, water turbines (not shown), geothermal
turbines (not shown), solar concentrators/collectors (not shown), waste heat co-generation (not
shown), and the like.

In one embodiment, the system 100 is configured to be portable, and the one or more
non-fuel-based energy converters 102 are physically modular such that each of the one or more
non-fuel-based energy converters 102 may be detached from and reattached to the system 100.
Each of the one or more non-fuel-based energy converters 102 may comprise a mechanical
connector configured to removably couple the non-fuel-based energy converter 102 to the system
100 (such as through an energy interface described below). For example, the photovoltaic cells
110 may comprise a connection arm or the like that detachably mounts the photovoltaic cells 110

on the system 100. The connection arm may be manually or automatically adjustable, such that
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the photovoltaic cells 110 may be positioned to optimize generation efficiency substantially
independent of the position of the system 100.

In one embodiment, one or more sensors 116, such as directional sensors, sunlight
sensors, wind sensors, or the like, send signals to the electrical and control system 106 allowing
the electrical and control system 106 to position one or more of the one or more non-fuel-based
energy converters 102 or to position parts of the non-fuel-based energy converters 102 such as
solar collectors. The mechanical connectors may comprise a standardized communications and
power transfer interface, as described below in connection with the power/energy interface 158.
In a further embodiment, one or more of the one or more non-fuel-based energy converters 102
is configured for portability, and may comprise a collapsible structure. Examples of non-fuel-
based energy converters 102 having collapsible structures include photovoltaic cells 110 that
comprise two or more panels that fold together, or wind turbines 114 that comprise collapsible
turbine arms or the like.

In one embodiment, the non-fuel-based energy converters 102 comprise one or more
sensors 116. In one embodiment, the one or more sensors 116 may comprise electrical sensors
that monitor voltages and/or currents produced by the non-fuel-based energy converters 102. In
one embodiment, either the voltage or the current has a substantially constant known value, and
the one or more sensors 116 measure the other value that is not known. The measured value may
be either the voltage or the current. With the constant known value and the measured value the
controller 154 may calculate the electric power output of the non-fuel-based energy converters
102 using the known value and the measurement from the one or more sensors 116. In another
embodiment, the one or more sensors 116 may comprise one or more energy source sensors such
as sunlight sensors, wind speed sensors, water speed sensors, temperature sensors, and the like
that measure an energy source status of the non-fuel-based energy sources. The one or more
sensors 116 may be in communication with the electrical and control system 106, the one or
more sensors 116 sending communication signals comprising power level information of the
non-fuel-based energy converters 102 such as temperatures, speeds, voltages, currents, and the
like, to the electrical and control system 106.

In one embodiment, the fuel-based energy converters 104 convert one or more fuel-based
energy sources 118, 122 to electric power. The fuel-based energy sources 118, 122 may
comprise hydrocarbons such as gasoline, diesel, kerosene, propane, natural gas, coal and the like;
uranium or other nuclear fuels; hydrogen or hydrogen sources such as chemical hydrides,
hydrocarbons, and water; biomass fuels; and other fuel-based energy sources. The fuel-based

energy converters 104 may comprise one or more of a fuel cell system 120, such as proton
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exchange membrane (PEM) fuel cells or solid oxide fuel cells (SOFC), a microturbine system
124, hydrogen reformers (not shown), hydrogen electrolysis systems (not shown), hydrocarbon
or hydrogen based electric generators (not shown) such as an internal combustion engine
generator, and the like. The fuel-based energy converters 104 may make multiple conversions
before generating electric power. For example, a fuel-based energy converter 104 may derive a
fuel from a fuel-based energy source 118, 122 such as a chemical hydride, a hydrocarbon, water,
or the like. The derived fuel source, in one embodiment, may be hydrogen, and the fuel-based
energy converters 104 may perform a second conversion, converting the hydrogen to electric
power.

In one embodiment, the system 100 is configured to be portable, and the one or more
fuel-based energy converters 104 are physically modular such that each of the one or more fuel-
based energy converters 104 may be detached from and reattached to the system 100. Each of
the one or more fuel-based energy converters 104 may comprise a mechanical connector
configured to removably couple the fuel-based energy converter 104 to the system 100. The
mechanical connectors may comprise a standardized communications and power transfer
interface, as described below in connection with the power/energy interface 158. In a further
embodiment, one or more of the one or more fuel-based energy converters 104 is configured for
portability.

The fuel-based energy sources 118, 122 may provide a primary fuel directly to the fuel-
based energy converters 120, 124, or the fuel-based energy sources 118, 122 may provide one or
more secondary fuels to a converter subsystem 128 for conversion to a primary fuel by the fuel-
based energy converters 120, 124. For example, the fuel-based energy source 118 may comprise
a pressurized storage tank of hydrogen gas that provides a hydrogen flow, or primary fuel,
directly to the fuel cell system 120. Alternatively, the fuel-based energy source 118 may
comprise a chemical hydride, water, natural gas, bio-diesel or another secondary fuel, and the
converter subsystem 128 may comprise a converter such as a reformer, electrolysis system or the
like that converts the secondary fuel source to hydrogen that the fuel cell system 120 or another
fuel-based energy converter 124 such as a combustion engine may use for generating electric
power.

In embodiments where one or more of the fuel-based energy sources 118, 122 comprise
secondary fuels, the fuel-based energy sources 118, 122 may comprise an alternate energy
storage device 119. The alternate energy storage device 119 may store excess primary fuel or
potential energy for later conversion to electric power. Examples of potential energy storage

include storing heat, creating steam, elevating an object such as water, winding a spring, or other
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potential energy storage that the fuel-based energy converters 104 and/or the non-fuel-based
energy converters 102 can convert into electric power when requested. The alternate energy
storage device 119 increases the efficiency of the system 100 by allowing excess electric energy
generated by the non-fuel-based energy converters 102 and/or the fuel-based energy converters
104 to be stored as a primary fuel and/or as potential energy, instead of being wasted.

In one embodiment, the fuel-based energy converters 104 comprise one or more
converter subsystems 128. Each of the converter subsystems 128 may receive control signals
from the electrical and control system 106. The converter subsystems 128 may comprise air
pumps, water pumps, cooling blowers, solenoid valves, electrical switches and the like that affect
the rate that the fuel-based energy converters 120, 124 convert secondary fuels to primary fuels
or the rate that the fuel-based energy converters 120, 124 generate electric power. For example,
the converter subsystems 128 may comprise variable speed air pumps that pump air into the fuel
cell system 120 to fuel the generation of electric power, water pumps that pump water into a
chemical hydride to facilitate the generation of hydrogen by the fuel cell system 120, a valve on
one of the fuel sources 118, 122, or the like.

Each of the fuel-based energy converters 104, in one embodiment, includes an inherent
conversion delay, based on the fuel-based energy source 118, 122 that is used. The conversion
delay may be greater for fuel-based energy converters 104 that are configured to convert a
secondary fuel to a primary fuel by way of a converter subsystem 128 and to convert the primary
fuel to electric power, than the delay for fuel-based energy converters 104 that are configured to
use a primary fuel directly.

The conversion delay may comprise an amount of time from when the electrical and
control system 106 sends a control signal to the fuel-based energy converters 104 to when the
electric power output of the fuel-based energy converters 104 reflects the control signal. The
control signal may be a startup signal, a shutdown signal, an electric power increase or decrease
signal, or another control signal. The conversion delay may comprise an electric power
generation time, the duration of time that the fuel-based energy converters 120, 124 take to
convert a primary fuel to electric power, or the conversion delay may comprise both an electric
power generation time and an energy source conversion time, the duration of time that the fuel-
based energy converters 120, 124 in cooperation with one or more converter subsystems 128
take to convert a secondary fuel to a primary fuel, and the primary fuel to electric power.

In one embodiment, the fuel-based energy converters 104 comprise a fuel source 118 of
hydrogen and a hydrogen fuel cell system 120. As described in the example above, the hydrogen

source 118 may store hydrogen gas, or the hydrogen source 118 may comprise one or more
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hydrogen sources, such as chemical hydrides, water, hydrocarbons, and the like. In one
embodiment, the hydrogen fuel cell system 120 may comprise one or more reformers (i.e.
converter subsystems 128) that convert natural gas or other hydrocarbons from the hydrogen
source 118 to hydrogen gas. In a further embodiment, a hydrogen converter subsystem 128 may
use electrolysis to break down hydrogen containing compounds such as water from the hydrogen
source 118 to release hydrogen gas for use in the fuel cell system 120. In an alternative
embodiment, the fuel cell system 120 may use hydrogen directly from the hydrogen source 118
to generate electric power.

In another embodiment, the hydrogen converter subsystem 128 may use water and a
chemical hydride from the hydrogen source 118 to generate hydrogen. In a further embodiment,
the hydrogen converter subsystem 128 may introduce a liquid such as water to a liquid
permeable pouch comprising one or more cavities containing a solid reactant such as a solid
anhydrous chemical hydride. The solid reactant, in another embodiment, may further comprise a
solid anhydrous activating agent to facilitate a reaction between the water and the reactant. In
one embodiment, a chemical hydride may be considered a reducing compound containing
hydrogen that generates hydrogen gas when it reacts with water or other oxidizing agents.

Example embodiments of a system to generate hydrogen from a chemical hydride,
including examples of pouches, chemical hydrides, and activating agents are disclosed in United
States Patent Application Serial No. 11/829,019 filed July 26, 2007, which is incorporated herein
by reference in their entirety. Chemical hydrides may comprise organic or nonorganic
compounds. Nonlimiting examples of chemical hydrides may include sodium borohydride,
lithium borohydride, lithium aluminum hydride, lithium hydride, sodium hydride, and calcium
hydride.

In one embodiment, the fuel-based energy converters 104 comprise a microturbine fuel
source 122 and a microturbine system 124. In one embodiment, the microturbine system 124 is a
hydrogen microturbine, and the microturbine fuel source 122 is substantially similar to the
hydrogen source 118. In another embodiment, the microturbine system 124 is a natural gas
microturbine or another hydrocarbon microturbine, and the microturbine fuel source 122 is a
natural gas or other hydrocarbon fuel source. The microturbine system 124 may also be
configured for co-generation of electric power from the excess heat that the microturbine system
124 generates. As discussed above, the fuel-based energy converters 104 may comprise
converter subsystem 128 such as hydrogen reformers (not shown), hydrogen electrolysis (not

shown), hydrocarbon electric generators (not shown) or other fuel-based energy converters 104.
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In one embodiment, the non-fuel-based energy converters 102 provide the fuel-based
energy converters 104 with electric power. The fuel-based energy converters 120, 124 and the
converter subsystem 128 may use the electric power from the non-fuel-based energy converters
102 to convert a secondary fuel to a primary fuel, such as converting liquid water to hydrogen
using electrolysis. In another embodiment, the non-fuel-based energy converters 102 and the
fuel-based energy converters 104 both provide electric power to the electrical and control system
106 for powering of the system 100 and delivery to an electric load 166.

In one embodiment, the fuel-based energy converters 104 comprise one or more energy
source sensors 126 and one or more energy converter sensors 127. The one or more energy
source sensors 126 may comprise pressure sensors, weight sensors, volume sensors, counters,
flow sensors, level sensors, floats, or other sensors that measure an energy source status of the
fuel-based energy sources 118, 122. In one embodiment, the energy source sensors 126 monitor
a state of fill, or remaining fuel, of the fuel-based energy sources 118, 122. The type of energy
source sensor 126 employed depends on the type of fuel-based energy source 118, 122. For
example, if the fuel based energy source 118, 122 is compressed hydrogen, the energy source
sensor 126 may comprise a hydrogen pressure sensor.

In embodiments for which the fuel-based energy source 118, 122 provides a secondary
fuel source such as a chemical hydride, a hydrocarbon, or water, the energy source sensor 126
may be positioned downstream from the converter subsystem 128. Similarly, the type of energy
source sensor 126 employed depends on the type of converter subsystem 128. For example,
where the fuel-based energy source 118, 122 is water and the converter subsystem 128 is an
electrolysis system that converts the water to produce hydrogen, the energy source sensor 126
may comprise a hydrogen flow rate sensor, a hydrogen pressure sensor, or a combination of
these.

The one or more energy converter sensors 127 may comprise electrical sensors that
monitor one or more voltages and/or currents produced by the fuel-based energy converters 120,
124. The one or more energy converter sensors 127 may comprise one or more temperature
sensors, pressure sensors, or other operating data or safety sensors. The energy source sensors
126 and the energy converter sensors 127 may be in communication with the electrical and
control system 106, the energy source sensors 126 and the energy converter sensors 127 send
communication signals comprising power level information of the one or more fuel-based energy
converters 104, such as temperatures, speeds, voltages, currents, pressures, and the like to the

electrical and control system 106.
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In one embodiment, the system 100 maintains a generated fuel pressure, volume, flow
rate, temperature, or the like at a substantially constant level based on readings by one or more of
the energy converter sensors 127 and one or more energy source sensors 126. To maintain the
sensor reading at a substantially constant level, the system 100 balances the consumption of
energy, such as the consumption of hydrogen fuel in a fuel cell system 120, with the fuel
provided by the fuel-based energy sources 118, 122, by increasing the release of fuel from the
fuel-based energy sources 118, 122, by increasing the conversion of a secondary fuel to a
primary fuel by a converter subsystem 128, or by increasing the release of power from the
electric energy storage devices 130, to maintain a substantially constant sensor reading level
while substantially satisfying electric power requirements of an electric load 166 coupled to the
system 100. Alternatively, the system 100 may maintain the sensor readings at a dynamic level,
based on the requirements of the electric load 166.

The system 100 provides two types of balancing. The first type of balancing is a
balancing of the electric power supplied from the one or more non-fuel-based energy converters
102, from the one or more fuel-based energy converters 104, and from one or more electric
energy storage devices 130 delivered to an electric load 166 coupled to the system 100. The
electric power supplied may be balanced by switching between the non-fuel-based energy
converters 102, the fuel-based energy converters 104, and the one or more electric energy storage
devices 130 in response to monitored changes in the electric load 166, and/or by manipulating
the amount of electric power generated by the fuel-based energy converters 104.

The second type of balancing is between the fuel-based energy converters 120, 124, non-
fuel based energy converters 102, and one or more converter subsystem 128. The controller 104
uses the data from the energy source sensors 126 and the energy converter sensors 127 to
determine how to maximize use of available energy regardless of the form of the energy. The
form of the energy may be solar, mechanical (such as wind, wave, etc), and chemical, such as
primary chemical sources such as hydrogen, secondary chemical sources such as chemical
hydrides, water for electrolysis, photolysis, thermolysis or the like, and hydrocarbons for
reformation.

The controller 104 processes the data from the energy source sensors 126 and the energy
converter sensors 127 and determines whether to open certain switches or valves and or activate
certain pumps and/or subsystems in order to make the most of the available non-fuel-based
energy sources, primary fuel sources, secondary fuel sources, and other tertiary fuel sources as
appropriate. For example, suppose a system 100 having non-fuel-based energy converter 102

such as photovoltaic cells 110, a fuel cell system 120, a microturbine system 124, and one or
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more electric energy storage devices 130 such as electric batteries. The controller 104 reviews
the data from the energy source sensors 126 and the energy converter sensors 127 and the
electric load 166. In this example, the controller 104 may determine that the load 166 demand is
low, that the electrical output of the photovoltaic cells 110 is high, but that the batteries 130 are
sufficiently charged. Consequently, in order to make the best use of available energy, the
controller 104 may activate a converter subsystem 128 to generate hydrogen from water using
electrolysis and store the generated hydrogen in the alternate energy storage device 119 (by
activating pumps or the like) that holds hydrogen. In this manner, the non-fuel-based energy
sources, primary fuel sources, secondary fuel sources, and other tertiary fuel sources are used as
efficiently as possible.

Similarly, in a scenario in which the load 166 increases or endures for a prolonged period
of time, the controller 104 detects a change in energy source sensors 126 that indicates that the
electrical power currently being supplied cannot be maintained without bringing other non-fuel
based energy converters 102 and or fuel-based energy converters 104 online to supplement the
currently provided electrical power. The controller 104 may use thresholds for these energy
source sensors 126 such that converters 104, 102 and potentially converter subsystem 128 are
brought online before the impact of a conversion delay negatively affects the electrical power
level being provided. Short term spikes in load 166 demand are overcome using the electric
energy storage devices 130.

In one embodiment, the system 100 comprises an electrical and control system 106. In
general, the electrical and control system 106 monitors communication signals from the sensors
116, 126, 127, balances a supply of electric power delivered to an electric load 166 between the
electric power generated by the one or more fuel-based energy converters 104 and the electric
power stored by an electric energy storage device 130, such that the supply of electric power
satisfies the electric load 166, and controls the one or more converter subsystems 128 such that
the communication signals from the sensors 116, 126, 127 satisfy one or more predefined
threshold values.

The system 100 balances the electrical load 166 with fuel-based energy converters 104,
non-fuel based energy converters 102 and electric energy storage devices 130. In one
embodiment, this is done by controlling the water supplied to a chemical hydrides so that a fuel
cell system 120 that uses hydrogen from the chemical hydride will generate the right amount of
the electrical power required by the load 166.

If the chemical hydride converter 128 and fuel cell system 120 have a conversion delay

or may not deliver the required amount called for by the electric load 166, the controller 154
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compensates to improve the dynamic (transient) response of the system 100 to provide an
instantaneous response to variations from the load 166, from the non-fuel-based energy
converters 102, and/or from the other fuel-based energy converters 104. In some cases the
controller 154 draws power from an electric energy storage device 130 such as a battery which
acts as a reservoir to store the energy surplus from the fuel-based energy converters 104 and to
compensate for power shortages if the power from the non-fuel-based energy converters 102
and/or the fuel-based energy converters 104 is insufficient. In addition, the system 100 may
increase an electric power output of the fuel-based energy converters 104, by supplying water to
the chemical hydride or the like, to replenish electric energy storage devices 130 like batteries so
that a certain amount of electricity is always available.

In one embodiment, the electrical and control system 106 comprises one or more electric
energy storage devices 130. In one embodiment, the electric energy storage devices 130 are
rechargeable, and are charged by the non-fuel-based energy converters 102 and/or the fuel-based
energy converters 104 when a portion of the electric power is not in use by the load 166, or after
the load 166 has been disconnected, to use excess electric power and fuel during a shutdown
cycle. The electric energy storage devices 130 provide instantaneous power to the load 166
during a startup cycle of the system 100 and during conversion delays of the fuel-based energy
converters 104. This means that a load 166 connected to the system 100 will have instantaneous
power, and will not have to wait for the conversion delay of the fuel-based energy converters 104
before receiving electric power.

In one embodiment, the one or more electric energy storage devices 130 are coupled to
the fuel-based energy converters 104 in a parallel configuration, and act to level the load 166 on
the fuel-based energy converters 104 so that the fuel-based energy converters 104 can operate at
their most efficient power level without constantly varying their output based on the load 166.
The electric energy storage devices 130 will supplement the power generated by the fuel-based
energy converters 104 during a spike in the electric power drawn by the load 166 and during
conversion delays after startup or a change in power demands. The electric energy storage
devices 130 may be selected from a group consisting of batteries, such as sealed lead acid
batteries, lithium ion (Li-ion) batteries, nickel metal hydride (NiMH) batteries, or a variety of
rechargeable batteries, a capacitor, a super capacitor, an ultra capacitor, and other devices
capable of storing electric energy. In one embodiment, the electric energy storage devices 130
are selected for use with energy capacities that may be larger than are necessary to supplement
the fuel-based energy converters 104 in order to avoid deep cycling of the electric energy storage

devices 130, and to increase the life of the electric energy storage devices 130. In another
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embodiment, the non-fuel-based energy converters 102 are also electrically coupled to the fuel-
based energy converters 104 and the one or more electric energy storage devices 130 instead of
providing electric power to the fuel-based energy sources 118, 122.

In one embodiment, the non-fuel-based energy converters 102, the fuel-based energy
converters 104, and the electric energy storage devices 130 are each electrically coupled to a
power/energy interface 158. In a further embodiment, the non-fuel-based energy converters 102,
the fuel-based energy converters 104, and the electric energy storage devices 130 may also be
removably coupled to the power/energy interface 158 using one or more pluggable connectors.
The power/energy interface 158, in one embodiment, comprises one or more converter ports 160,
one or more electric storage ports 162, and a power output port 164. In one embodiment, the one
or more converter ports 160 and/or the electric storage port 162 have a standardized
communications and power transfer interface. In addition, the non-fuel-based energy converters
102, the fuel-based energy converters 104, and/or the electric energy storage devices 130 each
are configured to implement the standardized communications and power transfer interface. In
one embodiment, the standardized communications and power transfer interface may be
integrated with a mechanical connector, as described above with regard to the one or more non-
fuel-based energy converters 102 and the one or more fuel-based energy converters 104, and
may removably couple a corresponding pluggable connector to the power interface.

A standardized communications and power transfer port and pluggable connector
interface for different types of non-fuel-based energy converters 102, fuel-based energy
converters 104, and/or electric energy storage devices 130 provides the system 100 with a
modular, customizable architecture, and allows additional converter and/or energy storage types
to be added or removed from the system 100. The modular, customizable architecture also
allows the system 100 to scale, from small portable systems to large residential or commercial
systems, and allows end users to connect components without jeopardizing the system 100.

The communications interfaces of the one or more converter ports 160 and/or the electric
storage port 162, in one embodiment, allow the electrical and control system 106 to receive
signals from sensors 116, 126, 127, 131, and/or to receive converter type information. Converter
type information identifies the specific type of energy converter and/or energy storage that is
connected to the one or more converter ports 160 and/or the electric storage port 162. Examples
of converter type information include a converter type identifier, an energy converter type
definition identifier, an energy converter type definition, or the like. Energy converter type

definitions are described in greater detail below with regard to the controller 154.
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The power transfer interfaces of the one or more converter ports 160 and/or the electric
storage port 162, in one embodiment, allow the transfer of electric power to the power/energy
interface 158, and through the power output port 164 to the rest of the electrical and control
system 106. In one embodiment, the power/energy interface 158 comprises one or more
switches or other electric routing/converting means such as transistors, diodes, relays, converters
such as the direct current (DC) to DC converter 132 described below, and the like, that may be
controllable by a controller 154 to balance, route, convert, and otherwise manage the electric
power received from the non-fuel-based energy converters 102, the fuel-based energy converters
104, and/or the electric energy storage devices 130. In one embodiment, one or more of the non-
fuel-based energy converters 102 and/or the fuel-based energy converters 104 generate
alternating current (AC) electric power, and one or more of the converter ports 160 are configure
to receive AC electric power. For example, turbine based energy converters, such as the wind
turbines 114, may be more efficient at generating AC electric power.

In another embodiment, the electric energy storage devices 130 comprise a capacitor
coupled directly to the fuel-based energy converters 104 in a parallel configuration, and a battery
or other energy storage device 130 coupled indirectly to the fuel-based energy converters 104 in
parallel after a DC to DC converter 132 or other electrical device. In one embodiment, the
electrical and control system 106 is coupled for electric power and control signal communication
with the sensors, valves, and other components of the system 100. In one embodiment, the
electrical and control system 106 may comprise one or more voltage and current sensors 131, a
DC to DC converter 132, a circuit breaker 134, a ground fault circuit interrupter (GFCI) device
136, an electronic switch 138, a DC outlet 140, an AC inverter 142, an AC outlet 144, a circuit
breaker switch 146, a GFCI switch 148, a display 150, a keypad 152, a controller 154, and a
computer communication interface 156.

In one embodiment, the voltage and current sensors 131 are configured to measure at
least one of the voltage and the current at both poles of the electric energy storage devices 130.
The electrical and control system 106 may use the voltages and/or the currents at the poles of the
electric energy storage devices 130 to determine the charge level/power level of the electric
energy storage devices 130. Based on the measurements of the voltage and current sensors 131
the electrical and control system 106 determines whether to charge the electric energy storage
devices 130 or to draw on the electric energy storage devices 130 to supplement or proxy for the
fuel-based energy converters 104 and/or the non-fuel-based energy converters 102. The
electrical and control system 106 may also provide the power status of the electric energy storage

devices 130 to a user.
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In one embodiment, the DC to DC converter 132 is configured to convert the variable
voltage of DC generating members of the fuel-based energy converters 104 circuit and/or the
non-fuel-based energy converters 102 to a substantially constant voltage. The electric power
from AC generating members of the fuel-based energy converters 104 circuit and/or the non-
fuel-based energy converters 102, in one embodiment, bypasses the DC to DC converter 132. In
one embodiment, the substantially constant voltage is a standard voltage, such as 5 Volts, 9
Volts, 12 Volts, 14 Volts, 24 Volts and the like. In one embodiment, the DC to DC converter
132 is a switching converter, such as a buck, boost, buck-boost, inverting, forward, flyback,
push-pull, half bridge, full bridge, Cuk, or SEPIC DC to DC converter. In a further embodiment,
the DC to DC converter 132 comprises a voltage regulator. In general, use of a switching DC to
DC converter results in less power loss than a voltage regulator DC to DC converter. The DC to
DC converter 132 may provide electric power to the electrical components of the system 100 and
to an electric load 166 that is coupled to the system 100. In a further embodiment, the DC to DC
converter 132 is integrated with the power/energy interface 158.

In one embodiment, the circuit breaker 134 interrupts the electric circuit in response to an
electrical overload or an electrical short in the circuit. An overload in the circuit may occur if the
electric load 166 requires more current than the system 100 can provide. In one embodiment, the
rating of the circuit breaker 134 is determined by the electric power generating capabilities of the
system 100. In one embodiment, the circuit breaker 134 is a standard rated circuit breaker rated
for the current level of the electrical and control system 106. In one embodiment, the circuit
breaker switch 146 is configured to reset the circuit breaker 134 after the circuit breaker 134
interrupts the circuit.

In one embodiment, the GFCI device 136 interrupts the electric circuit in response to an
electrical leak in the circuit. The GFCI device 136 can interrupt the electric circuit more quickly
than the circuit breaker 134. The GFCI device 136 is configured to detect a difference in the
amount of current entering the circuit and the amount of current exiting the circuit, indicating a
current leak, or a separate path to ground. In one embodiment, the GFCI device 136 is able to
sense a current mismatch as small as 4 or 5 milliamps, and can react as quickly as one-thirtieth of
a second to the current mismatch. In one embodiment, the GFCI switch 148 is configured to
reset the GFCI device 136 after the GFCI device 136 interrupts the circuit.

In one embodiment, the electronic switch 138 disconnects the load 166 from electric
power, without disconnecting the rest of the circuit. In one embodiment, the electronic switch
138 disconnects the load 166 after a user initiates a power down phase of the system. During a

shutdown state, the system 100 may activate the electronic switch 138 and disconnect the load
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166, continue to generate electricity to charge the electric energy storage device 130 and to use
excess fuel generated by the fuel-based energy sources 118, 122.

In one embodiment, the DC outlet 140 provides one or more outlet or plug interfaces for
supplying DC power to DC devices. In one embodiment, the DC power has a standard DC
voltage. In one embodiment, the standard DC voltage is about 9 to 15 Volts DC. In a further
embodiment, the DC outlet 140 is a “cigarette lighter” type plug, similar to the DC outlets found
in many automobiles.

In one embodiment, the AC inverter 142 converts DC power from the DC to DC
converter 136 to AC power. In one embodiment, the AC inverter 142 converts the DC power to
AC power having a standard AC voltage. The standard AC voltage may be chosen based on
region, or the intended use of the system 100. In one embodiment, the standard AC voltage is
about 110 to 120 Volts. In another embodiment, the standard AC voltage is about 220 to 240
Volts. In one embodiment, the AC inverter 142 converts the DC power to AC power having a
standard frequency, such as 50 Hz or 60 Hz. The standard frequency may also be selected based
on region, or by intended use, such as 16.7 Hz or 400 Hz.

In one embodiment, the AC outlet 144 provides one or more outlet or plug interfaces for
supplying AC power from the AC inverter 142 to AC devices. In one embodiment, the AC
outlet 144 is configured as a standard AC outlet according to a geographical region. The AC
outlet 144 may also comprise multiple AC outlets, or a system of AC outlets disposed throughout
a room or a building.

In one embodiment, the display 150 is configured to communicate information to a user.
The display 150 may be a liquid crystal display (LCD), a light emitting diode (LED) display, an
organic LED (OLED) display, a cathode ray tube (CRT) display, or another display means
capable of signaling a user. In one embodiment, the display 150 is configured to communicate
error messages to a user. In a further embodiment, the display 150 is configured to communicate
the amount of energy stored by the electric energy storage devices 130 to a user. In another
embodiment, the display 150 is configured to communicate the usage status of the fuel-based
energy sources 118, 122 to a user.

In one embodiment, the keypad 152 is configured to receive input from a user. In one
embodiment, the user is a technician, and the keypad 152 is configured to facilitate system error
diagnosis or troubleshooting by the technician. The input may be configured to signal the system
100 to begin a start up or shut down phase, to navigate messages, options, or menus displayed on

the display 150, to signal the selection of a menu item by the user, or to communicate error,
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troubleshooting, or other information to the system 100. The keypad 152 may comprise one or
more keys, numeric keypad, buttons, click-wheels, and the like.

In one embodiment, the controller 154 is configured to control one or more components
of the system 100. The controller 154 is discussed in greater detail with regards to Figure 2 and
Figure 3. In general, the controller 106 monitors communication signals from the sensors 116,
126, 127, 131, balances the supply of electric power delivered to the electric load 166 between
the electric power generated by the one or more fuel-based energy converters 104 and the
electric energy stored by the one or more electric energy storage devices 130 such that the supply
of electric power substantially satisfies the electric load 166, and controls the one or more
converter subsystems 128 such that one or more of the communication signals from the sensors
116, 126, 127, 131 satisfy one or more predefined threshold values. The controller 154 may be
an integrated circuit such as a micro-processor, an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA), an embedded controller, or the like and related control
circuitry. The controller 154 communicates with the non-fuel-based energy converter sensors
116, the fuel-based energy source sensors 126, the fuel-based energy converter sensors 127, the
converter subsystems 128, the electrical sensors 131, the display 150, the keypad 152, the
power/energy interface 158, and/or other components of the system 100.

In one embodiment, the controller 154 uses a control bus to communicate with various
components of the system 100. The control bus may be one or more wires, or another
communications medium providing control commands and data in series or parallel. The
controller 154 may communicate on the bus using digital or analog communications. The
controller 154 may monitor and optimize system efficiency and system safety, as discussed
below with regards to Figure 2 and Figure 3. In one embodiment, the controller 154 may store
one or more system status messages, performance data, or statistics in a log that may be accessed
by a user using the display 152 or the computer communication interface 156. In one
embodiment, the controller 154 and other circuitry are positioned to prevent shorts and fire due
to water within the system 100. For example, in one embodiment, the controller 154 and other
circuitry are position towards the top of the system 100.

In one embodiment, the controller 154 is further configured to receive a customized
energy converter type definition. The controller 154, in a further embodiment, uses information
from the customized energy converter type definition to control an energy converter
corresponding to the customized energy converter type definition. The energy converter

corresponding to the customized energy converter type definition may be similar to of the non-
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fuel-based energy converters 102, one of the fuel-based energy converters 104, or may be a
different or new energy converter type.

A customized energy converter type definition, in one embodiment, defines a type of
energy converter for the controller 154, such that the system 100 is customizable, updatable, and
upgradeable. For example, the system 100 may comprise one or more default energy converter
type definitions such that the electrical and control system 106 may control members of a set of
default energy converter types when they are coupled to the one or more converter ports 160. A
manufacturer, user, technician, installer, or the like may define one or more customized energy
converter types, enabling the electrical and control system 106 to control additional energy
converter types when they are coupled to the one or more converter ports 160.

Energy converter type definitions, in one embodiment, may comprise priority
information, communication signal/sensor information, converter default settings or information,
currents, voltages, power levels, energy levels, or other information enabling the controller 154
to communicate with and to control an energy converter or energy storage corresponding to the
energy converter type definition. In one embodiment, the controller 154 is configured to
determine a type of energy converter that is plugged into one of the converter ports 160 based on
signals from the energy converter and an energy converter type definition. In one embodiment,
the controller 154 may receive customized energy converter type definitions from the computer
communication interface 156, over the system bus described above, from another module,
system, or device, or through another communications interface.

In one embodiment, the computer communication interface 156 is configured to interface
the controller 154 with a computer or other electronic device. The computer communication
interface 156 may comprise one or more ports, terminals, adapters, sockets, or plugs, such as a
serial port, an Ethernet port, a universal serial bus (USB) port, or other communication port. In
one embodiment, a computer may use the computer communication interface 156 to access
system logs, performance data, system status, to change system settings, or to program the
controller 154.

Figure 2 depicts one embodiment of a controller 200. In one embodiment, the controller
is substantially similar to the controller 154 of Figure 1. The controller 200 may comprise a
monitoring module 202, a determination module 204, and a regulation module 206.

In one embodiment, the monitoring module 202 receives communication signals from the
energy source sensors 126, the energy converter sensors 116, 127, and/or the electrical sensors
131. As discussed above, the communication signals may comprise readings from the sensors

116, 126, 127, 131 such as pressures, temperatures, voltages, currents, speeds, and the like that
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comprise power level information of the non-fuel-based energy converters 102, the fuel-based
energy converters 104, the electric energy storage devices 130, and/or the electric load 166
coupled to the system 100. The communication signals, in another embodiment, may further
comprise a state of fill status of an energy source, a secondary to primary fuel conversion state of
an energy converter, an electrical generation state of an energy converter, an electrical state of a
energy storage device, and the like.

In another embodiment, the communication signals may comprise safety information,
such as fuel leak detection, electrical over-current data or electrical under-current data, and the
like. In one embodiment, each of the sensors 116, 126, 127, 131 are coupled to various
microcontrollers. The microcontrollers may communicate with the monitoring module 202 over
a control bus such as a serial peripheral interface (SPI) bus.

In one embodiment, the determination module 204 compares the communication signals
to determine whether electric power from the non-fuel-based energy converters 102 and/or the
fuel-based energy converters 104 satisfies the electric load 166. In a further embodiment, the
determination module 204 further determines whether a power level of the electric energy
storage devices 130 satisfies a predefined threshold level. The determination module 204 may
balance the supply of electric power delivered to the electric load 166 between the electric power
generated by the one or more non-fuel-based energy converters 102, the one or more fuel-based
energy converters 104, and/or the electric energy stored by the electric energy storage devices
130. The determination module 204 may also balance electric power from other sources, such as
municipal power. The determination module 204 may balance the supply of electric power
based on the communication signals that the monitoring module 202 receives, the electric power
demands of an electric load 166, and/or a prioritization of the energy converters 102, 104 and/or
the electric energy storage devices 130.

In one embodiment, the determination module 204 manages the production of
power/energy between the non-fuel-based energy converters 102, the fuel-based energy
converters 104, and one or more alternate energy storage devices 119. Those of skill in the art
recognize that a alternate energy storage device 119 may comprise a chemical device such as a
battery, a supply of hydrogen, a chemical hydride, a combustible liquid fuel, heat storage, steam,
a spring or winding, a vertically displaced water tank, and the like.

The determination module 204 in one embodiment uses data from one or more energy
source sensors 126 as a determining factor that controls whether to change the operating speed of
one or more fuel-based converters 120, 124, one or more converter subsystems 128, or to

conserve or draw power/energy from one or more of the energy storage devices 103.
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By way of example, suppose an example system 100 includes a fuel-based energy
converter 102 such as a fuel cell system 120. The example system 100 may include a converter
subsystem 128 such as a system that converts a chemical hydride to hydrogen by adding a
controllable amount of water. The example system 100 may include one or more electric energy
storage devices 130 such as lithium ion batteries. The controller 104 reviews the data from the
energy source sensors 126 and the energy converter sensors 127 and the electric load 166. In this
example, the determination module 204 may determine from input from a hydrogen pressure
sensor that the converter subsystem 128 is producing more hydrogen than is currently needed to
get the desired electrical output from the fuel cell system 120 and/or more hydrogen than is
needed to satisfy the electrical load 166. This may be indicated by the hydrogen pressure
exceeding a certain threshold. The thresholds that are set may be set to account for certain
conversion delays of the different components of the system. The determination module 204, in
another embodiment, may make such a determination based on a current and/or a voltage or
other power/energy level information from the energy converter sensors 116, 127.

Consequently, the determination module 204 may increase the electricity production rate
of the fuel cell system 120 in order to use the increased hydrogen. In addition, the determination
module 204 may divert electricity produced by the fuel cell system 120 to the one or more
electric energy storage devices 130. In addition, if the electric energy storage devices 130 are
already sufficiently charged, the determination module 204 may divert the hydrogen produced by
the converter subsystem 128 to a hydrogen storage device 119 (i.e. a hydrogen storage tank), for
example by opening a valve between the subsystem converter 128 and the hydrogen storage tank
119 and/or activating a pump to move the excess hydrogen into the hydrogen storage tank 119.
In addition the determination module 204 may reduce the amount of water being pumped into a
chemical hydride converter subsystem 128 to reduce the amount of hydrogen being produced, or
divert extra electric power generated by the fuel cell system 120 to the generation of hydrogen or
other fuel or potential energy for storage in the alternate energy storage device 119.

In this manner, the non-fuel-based energy sources, primary fuel sources, secondary fuel
sources, and other tertiary fuel sources, the converter subsystems 128, and the electric energy
storage devices 130 are used as efficiently as possible. In light of this specification, one of skill
in the art will appreciate that the operations of the determination module 204, with respect to the
example system above, can be applied in the case where more power is needed to meet the load
166. Similarly, those of skill in the art, in light of this specification, will appreciate how to apply
the concept of adjusting inputs and outputs of the non-fuel-based energy sources, primary fuel

sources, secondary fuel sources, and other tertiary fuel sources, converter subsystem 128, and
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electric energy storage devices 130 in response to associated one or more energy source sensors
126 and one or more energy converter sensors 127.

In one embodiment, the electric energy storage devices 130 have a storage capacity that
is capable of substantially satisfying a power draw of the electric load 166 for at least twelve
hours. With such a storage capacity, the non-fuel-based energy converters 102 and/or the fuel-
based energy converters 104 may be configured to output an amount of electric power that
satisfies an average power draw of the electric load 166, but may be less than an amount required
to satisfy a peak power draw of the electric load 166. This increases the overall efficiency of the
system 100 and lowers the overall cost of the system 100.

The determination module 204 may balance the supply of electric power actively or
passively. For example, each of the fuel-based energy converters 104 and the electric energy
storage devices 130 may be electrically coupled in a parallel configuration, such that the
determination module 204 passively balances the electric power delivered to the electric load
166 between them by controlling how much electric power is generated. The determination
module 204 may balance the electric power by draining the electric energy storage devices 130
under high loads and during conversion delays, and charging the electric energy storage devices
130 under low loads. In one embodiment, the determination module 204 balances the supply of
electric power actively by manipulating switches, converters, and the like within the
power/energy interface 158.

The determination module 204 may control the electrical power provided by the fuel-
based energy converters 104 by controlling the converter subsystems 128. For example, with a
chemical hydride converter subsystem 128, the determination module 204 may adjust the rate at
which water is added to the chemical hydride. Based on the requirement of the electrical load
166, the internal consumption of the system 100, and the electric energy storage device 130
charge level/power level status, the determination module 204 determines and controls how
much power will be delivered from the fuel-based energy converters 104 so that the (long-term)
power requirements from the load 166 and the internal system consumption will be met and the
desirable threshold electric energy storage device 130 charge level will be maintained.

In another embodiment, the determination module 204 may use device switching to
balance the electric power delivered to the electric load 166 based on the communication signals
from the energy source sensors 126, the energy converter sensors 116, 127, and the electrical
sensors 131. The determination module 204 may balance the electric power by sending control
signals to one or more switches coupled electrically to one or more fuel-based energy converters,

non-fuel-based energy converters, and/or energy storage devices. The switches, in one
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embodiment, are disposed within the power/energy interface 158, as described above. In one
embodiment, the control signals are pulse width modulated (PWM) signals, and the switches are
PWM controlled metal oxide semiconductor field effect transistors (MOSFETS).

In another embodiment, the electric energy storage device 130 is directly connected with
the output of the DC-DC 132, so that a short-term high power requirement from the load 166 can
be satisfied instantaneously and the system 100 can provide the much higher power output to the
load 166 than one or more fuel-based energy converters 104 can provide operating at maximum
capacity. The DC-DC converter 132 draws power from the non-fuel-based energy converters
102 and/or the fuel-based energy converters 104 at a controlled rate so that the electrical power
generation is optimized and not interrupted.

In another embodiment, the determination module 204 further comprises a prioritization
module 208 that may balance the electric power based on a prioritization of the energy
converters 102, 104 and/or the electric energy storage devices 130. The prioritization may be an
economic prioritization, an energy conversion cost prioritization, an energy conversion
efficiency prioritization, an environmental prioritization, an energy conversion delay
prioritization, a remaining fuel prioritization, a safety prioritization, a combination of these
prioritizations, and the like. The prioritization may be static, dynamic, based on user input, or
based on readings from the sensors 116, 126, 127, 131. The prioritization may be based on one
or more mathematical or statistical curves. The prioritization module 208 may balance the
electric power by increasing the electric power sourced from a lower priority converter or device
in response to a decrease in electrical output by a higher priority converter or device, a
conversion delay of a higher priority converter or device, an increase in electric power demands
from the load 166, or the like. In one embodiment, the prioritization module 208 disconnects the
system 100 from the electric load 166 when the electric load 166 exceeds the electric power that
the system 100 is capable of producing.

In one embodiment, in the prioritization of electric sources, a priority of the non-fuel-
based energy converters 102 is higher than a priority of the electric energy storage devices 130,
and the priority of the electric energy storage devices 130 is higher than a priority of the fuel-
based energy converters 104. For example, the prioritization of electric sources may comprise
the non-fuel-based energy converters 102 having a high priority, the electric energy storage
devices 130 having a medium priority, and the fuel-based energy converters 104 having a low
priority. Under this prioritization scheme, the prioritization module 208 delivers electric power
to the load 166 first from the non-fuel-based energy converters 102 such that this uncontrollable

source of power is not wasted. If the electric power delivered by the non-fuel-based energy
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converters 102 does not satisfy the electric load 166, the prioritization module 208 delivers
electric power from the electric energy storage devices 130 to the electric load 166. If the
electric load 166 has a higher draw than the non-fuel-based energy converters 102 and the energy
storage devices 130 can provide, the prioritization module 208 may deliver electric power from
the fuel-based energy converters 104 either to the electric load 166, or to the electric energy
storage devices 130 to recharge them such that they satisfy the electric load 166.

In one embodiment, the determination module 204 comprises a user override module
210. The user override module 210, in one embodiment, overrides the prioritization of electric
sources of the prioritization module 208 based on user input. The user input may come from the
keypad 152, the computer communication interface 156, directly from the non-fuel-based energy
converters 102, the fuel-based energy converters 104, and/or the electric energy storage devices
130 over the energy interface ports 160, 162, or from another source.

In one embodiment, the determination module 204 comprises an energy conservation
module 212. The energy conservation module 212, in one embodiment, stores excess electric
power from the non-fuel-based energy converters 102 and/or from the fuel-based energy
converters 104 as an alternate energy type. As discussed above, the alternate energy type may be
stored in the alternate energy storage device 119. The energy conservation module 212 may
store excess electric power as an alternate energy type in response to a determination by the
determination module 204 that the electric power from the non-fuel-based energy converters 102
and/or from the fuel-based energy converters 104 satisfies the electric load 166, and that the
power level of the electric energy storage devices 130 satisfies a predefined threshold level.

The energy conservation module 212 may cause one or more of the fuel-based energy
converters 104 to convert the excess electric power to an alternative energy type such as a fuel,
heat energy, chemical energy, or potential energy. For example, the fuel-based energy
converters 104 may use the excess electric power to convert water to hydrogen using
electrolysis, storing the hydrogen in the alternate energy storage device 119. In another example,
the fuel-based energy converters 104 may use the excess electric power to heat water, using the
heated water and/or steam at a later time to produce electric power using a microturbine, waste
heat cogeneration, in conjunction with concentrators/collectors, to facilitate a hydrogen
producing reaction, or otherwise. In a further example, the fuel-based energy converters 104
and/or the non-fuel-based energy converters 104 may use the excess electric power to wind or
compress a spring, to pump a liquid/lift an object to a higher location, or to otherwise store

potential energy that can be later converted to electric power.
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In one embodiment, the determination module 204 comprises a prediction module 214.
The prediction module 214, in one embodiment, makes a prediction regarding an upcoming
power draw of the electric load 166 based on a previous or historic power draw of the electric
load 166. For example, power usage patterns may be tracked and used to predict time periods in
which the load will be over a selected level. The prediction module 214 may, in one
embodiment, adjust the electric power and/or the fuel generation from the fuel-based energy
converters 104 based on the prediction. In a further embodiment, the prediction module 214 may
be configured to similarly predict the output power level of the non-fuel-based energy converters
102 based on a previous or historic output power level. For example, wind powered converters
104 may produce more power at different times of the day or days of the year. The prediction
module 214 may thus detect patterns in the electric load 166 and/or in the non-fuel-based energy
converters 102. Examples of patterns include running an appliance or device at a certain time
daily, a decrease in an electric power level from a photovoltaic cell 110 at sunset and a
corresponding increase in the electric power level at sunrise, or other regular patterns.

In one embodiment, the regulation module 206 controls the energy converters 104 using
one or more control signals such that the communication signals from the sensors 116, 126, 127,
131 that the monitoring module 202 receive satisfy one or more predefined threshold values.
The regulation module 206 may use the control signals to adjust the electric power output from
the fuel-based energy converters 104 in response to a determination by the determination module
204 that the electric power from the one or more energy converters does not satisfy an electric
load threshold for the electric load 166 and/or that the power level of the electric energy storage
devices 130 does not satisfy a predefined threshold level.

The regulation module 206 may adjust the electric power output either up or down
(increased or decreased) depending on how the electric power output compares to the current
electric load 166 or to a predicted electric load. To increase the electric power output, the
regulation module 206 may signal the fuel-based energy converters 104 to operate at higher
output in order to produce more electric power per minute. The meaning of “higher output” will
vary depending on the type of fuel-based energy converter 104, for example, for an internal
combustion engine increasing the power output may be accomplished by increasing the RPMS of
the engine, for a fuelcell energy converter 104 engine increasing the power output may be
accomplished by increasing the flow rate of Hydrogen delivered to the fuelcell. Those of skill in
the art will recognize first that certain fuel-based energy converters 104 may or may not have a
capability of increasing or decreasing the electric power output and that the factors for increasing

or decreasing the electric power output will vary between fuel-based energy converters 104. For
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the purposes of this description, the regulation module 206 is configured to account for these
variations and signal the fuel-based energy converters 104 accordingly to adjust the electric
power output.

Similarly, to decrease the electric power output, the regulation module 206 may signal
the fuel-based energy converters 104 to operate at lower speeds or flow rates or even take certain
fuel-based energy converters 104 off-line (i.e. a complete shutdown) in order to produce less
electric power per minute. The electric load threshold defines an electric power output that
triggers the regulation module 206 to make an adjustment to the electric power output, either
increased or decreased. The electric load threshold may comprise a value that is equal to the
value of the electric load 166 or less than the value of the electric load 166. Alternatively, or in
addition, the electric load threshold may comprise a percentage of the value of the electric load
166.

The regulation module 206, in one embodiment, may send the control signals to the
converter subsystems 128. The control signals may be PWM signals to MOSFETs or other
control signals to the converter subsystems 128. In one embodiment, the converter subsystems
128 may increase or decrease primary fuel production by the fuel-based energy converters 120,
124 in response to the control signals from the regulation module 206. In another embodiment,
the converter subsystems 128 may increase or decrease electric power generation by the fuel-
based energy converters 120, 124 in response to the control signals from the regulation module
206. In a further embodiment, the converter subsystems 128 may increase a primary or
secondary fuel output from the fuel-based energy sources 118, 122 in response to the control
signals from the regulation module 206.

In one embodiment, the converter subsystem 128 may respond with a change in pump
speed, an adjustment to a cooling system, opening or closing a valve, or another converter
subsystem 128 adjustment. For example, the regulation module 206 may send a control signal to
a converter subsystem 128 that is configured to increase water pumped into a chemical hydride,
increase electric power delivered to an electrolysis system, or increase a hydrogen flow from a
hydrogen tank in response to a hydrogen pressure reading from one of the energy converter
sensors 127 to the monitoring module 202 that is at or below a predefined “low pressure”
threshold.

The threshold values may be target fuel source pressures for the fuel-based energy
converters 120, 124, safe converter temperatures for the fuel-based energy converters 120, 124,
target electric power outputs for the fuel-based energy converters 120, 124, target energy storage

amounts for the electric energy storage devices 130, and the like. In one embodiment, the
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threshold values reflect the converter prioritizations. The threshold values may be static, or may
be dynamic and based on the electric power load 166, the charge status of the electric energy
storage devices 130, and the like. In one embodiment the threshold values comprise
mathematical or statistical curves that coordinate states, speeds, rates, and the like of the
converter subsystems 128 with electric power demands, or with threshold values for the sensors
116, 126, 127, 131.

In one embodiment, the threshold value of the electric energy storage devices 130 may be
based on an power conversion delay of the fuel-based energy converters 104. For example, if the
fuel-based energy converters 104 have a ten minute energy conversion delay, the threshold value
of the electric energy storage devices 130 may be calculated or determined such that the electric
energy storage devices 130 still have enough electric power when the threshold value is met to
satisfy the electric load 166 for at least one or more minutes. For example, the threshold may be
set at sixty percent, knowing that the power level of the electric energy storage devices 130 may
fall to fifty percent or lower before the fuel-based energy converters 104 begin to recharge them.

The schematic flow chart diagrams that follow are generally set forth as logical flow
chart diagrams. As such, the depicted order and labeled steps are indicative of one embodiment
of the presented method. Other steps and methods may be conceived that are equivalent in
function, logic, or effect to one or more steps, or portions thereof, of the illustrated method.
Additionally, the format and symbols employed are provided to explain the logical steps of the
method and are understood not to limit the scope of the method. Although various arrow types
and line types may be employed in the flow chart diagrams, they are understood not to limit the
scope of the corresponding method. Indeed, some arrows or other connectors may be used to
indicate only the logical flow of the method. For instance, an arrow may indicate a waiting or
monitoring period of unspecified duration between enumerated steps of the depicted method.
Additionally, the order in which a particular method occurs may or may not strictly adhere to the
order of the corresponding steps shown.

Figure 3 illustrates a method 300 for managing the generation and use of electric power.
In one embodiment, the system 100 executes 302 a startup cycle. The system 100 may startup
302 in response to a user input such as a button press, a switch flip, another user input, or in
response to a timer or other state change. Executing 302 the startup cycle may comprise
executing one or more self tests, including testing the charge state of the one or more electric
energy storage devices 130, the state of fill of the one or more fuel-based energy sources 118,
122, readings from the energy source sensors 126, the energy converter sensors 116, 127, and the

electrical sensors 131 and the like. In another embodiment, executing 302 the startup cycle may
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comprise executing one of multiple possible startup cycles, such as a normal startup cycle, a
quick startup cycle, and the like. The determination module 204 may balance the electric power
delivered to a load 166 during the execution 302 of the startup cycle such that the electric power
satisfies the power demands of the load 166 during the conversion delays of the one or more
fuel-based power converters 104.

In one embodiment, the monitoring module 202 receives 304 communication signals
from one or more of the sensors 116, 126, 127, 131. The determination module 204 determines
306 whether the communication signals satisfy one or more threshold values. The determination
module 204 may also calculate dynamic threshold values.

If the determination module 204 determines 306 that one or more of the communication
signals do not satisfy the threshold values, the determination module 204 may balance 314 the
electric power that is delivered to the load 166 between the non-fuel-based energy converters
102, the fuel-based energy converters 104, and/or the electric energy storage devices 130. The
balancing 314 may be based on one or more converter prioritizations, conversion delays, electric
power states, and the like. The balancing 314 may comprise increasing or decreasing the
portions of electric power delivered to the load 166 from the non-fuel-based energy converters
102, the fuel-based energy converters 104, the electric energy storage devices 130, and/or other
electric sources. In one embodiment, the determination module 204 may balance 314 the electric
power that is delivered to the load 166 throughout the method 300.

If the determination module 204 determines 306 that one or more of the communication
signals do not satisfy the threshold values, the regulation module 206 may send 312 one or more
control signals to one or more of the converter subsystems 128. The one or more control signals
may be configured to bring the communication signals that did not satisfy the threshold values
within the threshold values, such as increasing fuel output by the fuel-based energy sources 118,
122, increasing secondary to primary fuel conversion by the fuel-based energy converters 120,
124, reducing a temperature, increasing electrical production by the fuel-based energy converters
120, 124, and the like.

If the determination module 204 determines 306 that the communication signals do
satisfy the threshold values, the controller 200 determines 308 whether the system 100 has
reached a shutdown state. The controller 200 may determine 308 whether to shutdown the
system 100 based on a user input such as a button press, a switch flip, another user input, in
response to a timer, a system error condition, a safety hazard, or another system state change. If
the controller 200 determines 308 to shutdown the system 100, the system 100 executes 310 a

shutdown cycle. Executing 310 the shutdown cycle may comprise one or more system purges,
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cool down cycles, self tests, and the like. In one embodiment, executing 310 the shutdown cycle
comprises charging the one or more electric energy storage devices 130. In another embodiment,
executing 310 the shutdown cycle may comprise executing one of multiple possible shutdown
cycles, such as a normal shutdown cycle, a quick shutdown cycle, and the like. The
determination module 204 may balance the electric power during the execution 310 of the
shutdown cycle such that electric power is not delivered to the load 166, but electric power is
delivered to the one or more electric energy storage devices 130. This may charge the electric
energy storage devices 130 and use excess fuel from the fuel-based energy sources 118, 122
without wasting fuel.

Figure 4 illustrates a method 400 for managing the generation and use of electric power.
In one embodiment, the method 400 is substantially similar to the method 300 of Figure 3
described above. In one embodiment, the system 100 executes 402 a startup cycle, as described
above. In one embodiment, the monitoring module 202 receives 404 communication signals
from one or more of the sensors 116, 126, 127, 131. The communication signals may comprise
power levels or power level information of the non-fuel-based energy converters 102, the fuel-
based energy converters 104, the electric energy storage devices 130, and/or the electric load
166.

The determination module 204 determines 406 whether electric power from the non-fuel-
based energy converters 102 satisfies the electric load 166. If the determination module 204
determines 406 that the electric power from the non-fuel-based energy converters 102 does not
satisfy the electric load 166, the determination module determines 408 whether a power level of
the electric energy storage devices 130 is below a predefined threshold level. If the power level
of the electric energy storage devices 130 is below the predefined threshold level, the regulation
module 206 increases 410 the electric power from the fuel-based energy converters 104 and
charges 418 the electric energy storage devices 130 and the method 400 proceeds to a shutdown
determination step 422. If the determination module 204 determines 408 that the power level of
the electric energy storage device 130 is not below the predefined threshold level, the method
400 proceeds to the shutdown determination step 422.

If the determination module 204 determines 406 that the electric power from the non-
fuel based energy converters 102 does satisfy the electric load 166, the energy conservation
module 212 determines 412 whether the electrical energy storage devices 130 have an power
level that is greater than a predefined setpoint. The setpoint may comprise an optimal or target
power level/charge level for the electrical energy storage devices 130. Example setpoints

include, eighty percent, ninety percent, ninety-five percent, or other power levels.
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If the energy conservation module 212 determines 412 that the electric energy storage
devices 130 are not greater than the setpoint, the regulation module 206 charges 418 the electric
energy storage devices 130 using the excess electric power generated by the non-fuel-based
energy converters 102 and the method 400 proceeds to the shutdown determination step 422.

If the energy conservation module 212 determines 412 that the electric energy storage
devices 130 do have an power level/charge level greater than the setpoint, the energy
conservation module 212 may determine 414 whether the alternate energy storage device 119 is
full. If the energy conservation module 212 determines 414 that the alternate energy storage
device 119 is full, the energy conservation module 212 may determine 416 whether the electric
energy storage devices 130 are full, and the regulation module 206 may charge the electric
energy storage devices 130 if they are not full.

If the energy conservation module 212 determined 414 that the alternate energy storage
device 119 is not full, the regulation module 206 may cause the fuel-based energy converters 104
and/or the non-fuel-based energy converters 102 to use excess electrical power to generate an
alternate energy type such as a fuel and/or potential energy to store in the alternate energy
storage device 119. The controller 200 determines 422 whether the system 100 has reached a
shutdown state. If the controller 200 determines 422 to shutdown the system 100, the system
100 executes 424 a shutdown cycle.

The present invention may be embodied in other specific forms without departing from
its spirit or essential characteristics. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of the invention is, therefore, indicated
by the appended claims rather than by the foregoing description. All changes which come within

the meaning and range of equivalency of the claims are to be embraced within their scope.
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CLAIMS

An apparatus to manage the generation and use of electric power, the apparatus

comprising:

a monitoring module configured to receive signals from one or more sensors, the signals
comprising power level information of one or more energy converters, and power
level information of an electric load;

a determination module configured to compare the signals to determine whether electric
energy from the one or more power converters satisfies the electric load; and

a regulation module configured to adjust the electric power from the one or more energy
converters in response to a determination by the determination module that the
electric power from the one or more energy converters does not satisfy the electric

load threshold.

The apparatus of Claim 1, further comprising an energy conservation module configured
to store excess electric power from the one or more energy converters as an alternate
energy type in response to a determination by the determination module that the electric

power from the one or more energy converters satisfies the electric load.

The apparatus of Claim 2, wherein the energy conservation module is further configured
to cause at least one of the one or more energy converters to convert a secondary fuel to a

primary fuel, the primary fuel comprising the alternate energy type.

The apparatus of Claim 2, wherein the alternate energy type is selected from the group

consisting of hydrogen gas, heat energy, chemical energy, and potential energy.

The apparatus of Claim 4, wherein the energy conservation module is further configured
to charge the electric energy storage device in response to a substantially full alternate

energy storage device.

The apparatus of Claim 1, further comprising a prioritization module configured to
balance a supply of electric power delivered to the electric load based on a prioritization

of power/energy sources.

The apparatus of Claim 6, wherein the one or more energy converters comprise fuel-
based energy converters and non-fuel-based energy converters, and in the prioritization of

electric sources, a priority of the non-fuel-based energy converters is higher than a
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priority of the electric energy storage device, and the priority of the electric energy

storage device is higher than a priority of the fuel-based energy converters.

The apparatus of Claim 6, wherein the prioritization of electric sources is selected based
on one or more of an energy conversion cost, an energy conversion efficiency, and an
energy conversion delay, a user override module configured to override the prioritization

of electric sources based on user input.

The apparatus of Claim 1, further comprising a prediction module configured to make a
prediction of an upcoming power draw of the electric load based on a historic power
draw of the electric load, and wherein the determination module is further configured to

adjust the electric power from the one or more energy converters based on the prediction.

A system to manage the generation and use of electric power, the system comprising:

one or more energy converters each configured to convert an energy source to electric
power;

an electric energy storage device configured to store and supply the electric power/energy
from the one or more energy converters;

one or more sensors that measure a power/energy level of the electric energy storage
device, a power/energy level of the one or more energy converters, and a power
level of an electric load coupled to the one or more energy converters and to the
electric energy storage device;

a controller configured to determine whether the power level of the one or more energy
converters satisfies the electric load and whether the power level of the electric
energy storage device satisfies a predefined threshold level and to increase the
power level of the one or more energy converters in response to a determination
that the power level of the one or more energy converters does not satisfy the
electric load and that the power level of the electric energy storage device fails to
satisfy the predefined threshold level; and

an power interface configured to electrically couple the one or more sensors, the electric

energy storage device, and the controller.

The system of Claim 10, wherein the signals further comprise an energy source status and

an electric power/energy generation potential of the one or more energy converters.
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The system of Claim 11, wherein the electric power generation potential comprises a
measured gas pressure of produced hydrogen generated by the one or more energy

converters.

The system of Claim 10, wherein at least one of the one or more energy converters is a
non-fuel-based energy converter selected from the group consisting of photovoltaic cells,
wind turbines, water turbines, geothermal turbines, solar concentrators, and waste heat

co-generators.

The system of Claim 10, wherein at least one of the one or more energy converters is a
fuel-based energy converter selected from the group consisting of fuel cells, microturbine
systems, hydrogen reformers, hydrogen electrolysis systems, and internal combustion

engine generators.

The system of Claim 10, wherein the power interface comprises one or more standardized
ports, each of the standardized ports configured to transfer communication signals and
electric energy from a corresponding pluggable connector of one of the one or more
energy converters, and to removably couple the corresponding pluggable connector to the

power interface.

The system of Claim 10, wherein the controller is further configured to receive
customized energy converter type definitions and to control energy converters

corresponding to the customized energy converter type definitions.

The system of Claim 10, wherein at least one of the one or more energy converters

comprises a collapsible structure.

The system of Claim 10, wherein at least one of the one or more energy converters are

configured to convert a secondary fuel to a primary fuel.

The system of Claim 18, wherein the secondary fuel is selected from the group consisting

of water and hydrocarbons, and wherein the primary fuel comprises hydrogen.

The system of Claim 18, wherein the secondary fuel comprises a chemical hydride, and

the primary fuel comprises hydrogen.

The system of Claim 20, wherein the chemical hydride comprises a solid anhydrous

chemical hydride reactant and an activating agent.
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The system of Claim 10, wherein the electric energy storage device comprises an energy
storage capacity configured to substantially satisfy a power draw of the electric load for
at least twelve hours, and further wherein the one or more energy converters are
configured to output an amount of electric power satisfying an average power draw of the

electric load and less than a peak power draw of the electric load.

A computer program product comprising a computer readable medium having computer

usable program code executable to perform operations for managing the generation and

use of electric power/energy, the operations of the computer program product

comprising:

receiving signals from one or more sensors, the signals comprising power/energy level
information of an electric energy storage device, power/energy level information
of one or more hydrogen-based energy converters, pressure level information of a
hydrogen storage device, and power/energy level information of an electric load,;

determining whether electric power/energy from the one or more hydrogen-based energy
converters satisfies the electric load;

determining whether an energy level of the electric energy storage device satisfies a
predefined threshold level;

increasing hydrogen generation of a hydrogen generating device in response to a
determination that the electric power/energy from the one or more hydrogen-
based energy converters does not satisfy the electric load and that the energy level
of the electric energy storage device does not satisfy the predefined threshold

level.

The computer program product of Claim 23, further comprising storing excess electric
power/energy from the one or more energy converters as an alternate energy type in
response to a determination that the electric power from the one or more hydrogen-based
energy converters satisfies the electric load and that the power/energy level of the electric
energy storage device satisfies the predefined threshold level, and further comprising
charging the electric energy storage device in response to a full alternate energy storage

device.

The computer program product of Claim 24, further comprising charging the electric
energy storage device in response to a determination that the electric energy storage

device does not satisfy the predefined threshold level.
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