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Energy Interface System

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority under 35 U.S.C. 119(e) and 37 C.F.R. 1.78(a)(4)
based upon copending U.S. Provisional Application, Serial No. 61/438,179 for ENERGY
INTERFACE SYSTEM filed January 31, 2011, which is incorporated herein in its entirety by
reference and U.S. Provisional Application, Serial No. 61/591,035 for ENERGY INTERFACE
SYSTEM CIRCUITS filed January 26, 2012, which is incorporated herein in its entirety by

reference.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to systems and methods related to

connecting to utility power sources. More specifically, the present disclosure relates to an
energy interface system and method for interfacing alternative energy sources with a utility

power source on a premises.

BACKGROUND
[0003] Typically, residences, office buildings, apartment buildings and the like connect to a

regional utility that provides power to buildings. This connection to the utility is generally
through a meter that measures the amount of energy consumed by the connecting customer for
billing purposes. However, recent trends have included adding to a typical utility power source
on a premises by connecting renewable energy sources, standby power sources and/or electrical
vehicles, among others, to reduce the amount of energy received from the utility and/or to
compensate for a loss of power at the utility connection. For example, renewable energy sources,
such as wind, solar and hydro-electric, may be generated on premises and may reduce the

amount of power needed from the utility. Standby sources of power, such as fossil fuel motor-
generators and battery-based sources, may be utilized as back-up energy sources when the utility

power connection fails.
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[0004] Additionally, many of these renewable or standby power sources may provide energy
back to the utility that may then be provided to other customers of the utility. For example,
electrical vehicles may function as a source of power to the premises as well as consume power,
similar to battery-based storage. Also, energy generated by a wind, solar or hydro-electric
source may be provided back to the utility and credited to offset the cost of the energy consumed
on the premises.

[0005] Figures 1A, 1B and 1C illustrate typical existing utility power source installations
before any additional alternative energy sources are added to the connection. The most common
construction in the United States is currently represented by Figure 1A. Figures 1B and 1C
represent less common constructions that may still occur. Each system depicted in Figure 1A,
1B and 1C contains a meter socket and meter 1 connected to a load center 2. The load center 2
may include a main circuit breaker 3 and a plurality of branch circuit breakers 4 that provide the
access points to the utility power. In Figure 1A, the main circuit breaker 3 is located within the
load center, while in Figure 1B the main circuit breaker is located within the meter 1. In Figure
1C, the meter and load center 2 are combined in what is referred to in the trade as a “meter-main-
load center” or an “all-in-one” 5. Recent changes in the National Electric Code (NEC) require
that no more than 20% of the panel rating in additional power sources be added, and that the
addition is only permitted at the furthest point from the normal input. These changes thus limit
the additional power sources to two sources.

[0006] Figure 2 illustrates a prior art utility power source installation including several
alternative energy sources connected to several of the plurality of branch circuit breakers 4. In
the example, an alternative energy source 6 is connected to the premises electrical system
through an external disconnect switch 7, which is typically required by the National Electric
Code. Each switch 7 connects to the branch circuit breakers 4 in the load center 2 through a
conductive line 9 and an over-current protective device 8, such as a fuse or circuit breaker. Thus,
the alternative energy source 6 is connected to the load center 2 through the disconnect switch 7,
the over-current protective device 8 and the conductive line 9. Shown in Figure 2 are three

separate alternative energy sources 6 connected to the branch circuit breakers 4 in this manner.
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[0007] Figure 3 shows another connection method that is known in the art. In some
instances spaces in the branch circuit breaker 4 may not be available for use, such as if each of
the plurality of branch circuit breakers are already connected or reserved. In this instance, the
alternative energy source 6 may be connected at the line side of the main circuit breaker 3 using
the disconnect switch 7, the over-current protective device 8 and the conductive line 9 discussed
above with reference to Figure 2. However, in this configuration, the utility power supply
provided through the meter socket 1 would likely energize the circuit such that this connection
configuration is not desired.

[0008] Several disadvantages exist for the prior art installation configurations discussed
above. For example, the above connection configurations require a separate externally
accessible disconnect switch 7 for each alternative energy device. Also, in typical load-centers 2,
the circuit breakers 4 used for connection consume a space in the load center 2 that may be
originally intended to be available for a premises load connection of a device. As a result, not
enough spaces may exist in the load center 2 to connect all the devices. Another potential
disadvantage of the prior art is that it may not provide information to a user regarding the amount
of energy consumed or generated at a premises.

[0009] In addition, the prior art systems of connecting the alternative energy source to the
utility connector is that it is “hard-wired” and thus has no ability to adapt to changing parameters
such as utility rate schedules, cost of alternate fossil fuels, and possible utility premiums for
consumption or generation of power at specific times. Also, the prior art connection systems
cannot generally defer loads, such as an electric vehicle charging, until low demand hours to help
relieve loading of the utility grid. While it would be possible to rewire a system to adapt to
changing parameters, it would involve the use of an electrician, more hardware, and substantial

costs to the customer.

SUMMARY OF THE INVENTION

[0010] In view of the above, it will be apparent to those skilled in the art from this disclosure

that there exists a need for an energy interface system for interfacing alternative energy sources

with a utility power source on a premises.
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[0011] There is a need to reduce installation costs by replacing multiple disconnect switches,
each to an alternative energy source, with an externally accessible circuit breaker which provides
both the over-current and disconnect functions for the alternative energy source.

[0012] There is also a need to reduce installation costs by reducing or eliminating the number
of wires and/or conduits required to interface multiple alternative energy sources.

[0013] There is also a need to provide electronic, revenue grade metering of all sources of
loads connected to the system.

[0014] There is also a need to make these meter readings available remotely, such as on the

Internet, through a PDA application or other remote wireless device.

[0015] There is also a need to provide capability for autonomous operation of the electronic
switches.

[0016] There is also a need to provide local storage of operating parameters.

[0017] It is also desirable to provide the capability to connect to a world wide web-based site

to allow system registration, selection of operating preferences, storage and retrieval of
operational data such as kilowatt-hour performance of each device in the system, software
updates, provisions for maintenance alerts and many other valuable functions.

[0018] One aspect of this disclosure permits expansion of the system for larger commercial
or industrial installations through a wired interface (such as RS485) and still allow one web
interface for all units.

[0019] Another aspect of this disclosure permits communications with other loads or devices
that are remote from and not directly wired to the energy interface system, such as thermostats
and appliances, either wirelessly, through PLCC (power line carrier communication) based
interfaces or other optional methods.

[0020] One embodiment of the present disclosure comprises a control module connected to a
plurality of slave modules. Each of the plurality of slave modules includes a switching device.
The embodiment also includes a plurality of circuit breakers electrically connected to the
plurality of slave modules and configured to provide an electrical junction between the switching
device and an electrical system and a control bus configured to transmit one or more control

signals from the control module to at least one of the plurality of slave modules. Further, the
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control signals are configured to enable the switching device of at least one of the plurality of
slave modules to provide energy to the electrical system from an energy source connected to at
least one of the plurality of circuit breakers.

[0021] Another embodiment of the present disclosure includes a method for controlling
energy to at least one electrical component. The method includes an operation of transmitting a
first control signal from a control module to a first slave module on a communication bus, the
first slave module comprising a first switching device disposed between a first energy source and
a power bus and wherein the first control signal opens the first switching device causing the
energy from the first energy source to un-energize the power bus. The method also includes the
operation of transmitting a second control signal from the control module to a second slave
module on the communication bus, the second slave module comprising a second switching
device disposed between a second energy source and the power bus and wherein the second
control signal closes the second switching device causing the energy from the second energy
source to energize the power bus. In this embodiment, the first energy source may be a utility

energy source and the second energy source may be an alternative energy source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Referring now to the attached drawings which form a part of this original disclosure:
[0023] Fig. 1A, 1B, 1C are schematic diagrams illustrating prior art utility power source
installations before any additional alternative energy sources are added;

[0024] Fig. 2 is a schematic diagram illustrating a prior art system in which several
alternative energy sources are added to a utility power source installation;

[0025] Fig. 3 is a schematic diagram illustrating an alternative prior art connection for
alternative energy sources are added to a utility power source installation;

[0026] Fig. 4 is a schematic diagram of an energy interface system according to an
embodiment of the present invention;

[0027] Fig. 5 is a block diagram of a control module of the energy interface system

according to an embodiment of the present invention;
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[0028] Fig. 6 is a block diagram of a slave module of the energy interface system according
to an embodiment of the present invention; and

[0029] Fig. 7 is a schematic diagram of the energy interface system interfacing a utility
power source with a load center.

[0030] Fig. 8 is a schematic diagram of the energy interface system interfacing a utility

transformer source.

DETAILED DESCRIPTION

[0031] Aspects of the present disclosure involve systems, methods, and the like, of an energy

interface system for interfacing alternative energy sources with a utility power source on a
premises. As used herein, alternative energy source or sources includes any energy sources
additional to a utility energy source, including one or more renewable energy sources, one or
more standby sources and/or one or more electrical vehicles, added to a utility power source on a
premises. The energy interface system provides a convenient interface for connecting one or
more alternative energy sources on a local premises in addition to a utility power source
connection. The energy interface system also provides flexibility in the use and distribution of
utility energy sources and alternative energy sources based on several measurements and criteria
of the interface system. For example, the energy interface system may allow for the energy
consumption to adapt to changing parameters, such as utility rate schedules, cost of alternative
fuels and utility premiums for consumption or generation of energy at particular times. The
energy interface system also allows for deferment of charging or other high-energy loads to be
recognized by the system at otherwise low-energy times. In addition, the energy interface
system described herein allows for monitoring and communication with the system for ease of
configuring the system based on one or more criteria or measurements.

[0032] Figure 4 illustrates an energy interface system 10 in accordance with an embodiment
of the present disclosure. The energy interface system 10 includes one or more energy interface
units 12 for interfacing alternative energy sources with a utility power source. The energy
interface unit 12 includes a control module 14 and any number of slave modules 16 connected by

a power distribution bus 20. Each slave module 16 is electrically connected to a circuit breaker
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18 or, in some embodiments, a wire termination that provides a connection point for energy
sources with the interface unit 12, as described in more detail below. A communication bus 21
connects the slave modules 16 to the control module 14. While the communication bus 21 of
Figure 4 shows the slave modules 16 connected in a serial connection, it should be appreciated
that the communication bus 21 may take any form that allows for communication between the
control module 14 and the slave modules. For example, communication bus 21 may take the
form a plurality of communication lines between the slave modules 16 and the control module 14.
In another example, control module 14 may communicate with slave modules 16 wirelessly over
a wireless communication network. The energy interface unit 12 may also include a neutral bus
(not shown) and, as discussed in more detail below, an antenna 48 or other transmitting/receiving
device and/or other external communication port 49 for transmitting and/or receiving one or
more control signals from an external source.

[0033] The plurality of circuit breakers 18 of the energy interface unit 12 offer several safety
features for the interface system 10. For example, the circuit breakers 18 may provide automatic
protection from a pre-determined high current from one or more alternative energy sources into
the energy interface unit 12. Another safety feature includes the accessibility at the exterior of
the energy interface unit 12 permitting the circuit breakers 18 to function as disconnect devices
that may comply with the National Electric Code. The circuit breakers 18 may be configured to
be locked by a padlock, for example. Another possible embodiment of the disconnect function
includes an external handle that operates one or more of the circuit breaker 18 by cable or other
means connected to one or more of the circuit breakers.

[0034] The control module 14 controls the operation of the slave modules 16 by sending one
or more control signals via the communications bus 21 to one or more of the slave modules. In
some instances, the control signals may be transmitted to the slave modules 16 in response to a
changing condition or measurement of the system, or in response to a command received at the
control module from an external system or operator. In addition, the slave modules 16 may
transmit data regarding load and usage to the control module 14 via the communications bus 21

that may be stored or transmitted to an external system or operator. Through these
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communications, the control module 14 provides more flexibility and a smarter management of
the energy sources connected to the energy interface unit 12.

[0035] Referring now to Fig. 5, the control module 14 includes a power supply unit 28, an
optional battery 30 or provisions for connecting to an external battery, a main control unit 32, an
internal communications unit 34 and an external communications unit 36. In general, the power
supply unit 28 provides power to the components of the control module 14. For example, in one
embodiment, the power supply unit 28 may provide power to the main control unit 32 and other
units of the control module. Also, in some embodiments, the power supply unit 28 may provide
power or a power enable signal on the communications bus 21 to power the one or more slave
modules 16. The power supply unit 28 may draw upon the utility power source or one or more
alternative energy sources connected to the energy interface unit 12 through power bus 20 to
provide the power to the units 28, 30,32, 34, 36 and modules 14, 16. Alternatively or in
conjunction, a battery 30 may be included in the control module 14 to supply power to the
control module 14 and/or the slave modules 16, such as, for example, in the event that the utility
power source is lost or until an alternate energy source can be switched on. The control module
14 may also recharge the battery 30 from the connected energy sources should the battery begin
to lose power.

[0036] The main control unit 32 of the control module 14 houses a microprocessor (not
shown) or other processing device that runs a control program that controls the various functions
of the control module 14, as discussed below. The main control unit 32 can also include a
dynamic storage device, referred to as main memory, or a random access memory (RAM) or
other computer-readable devices coupled to the processor for storing information and
instructions to be executed. Main memory also may be used for storing temporary variables or
other intermediate information during execution of instructions by the processor. Main control
unit 32 may include a read only memory (ROM) and/or other static storage device for storing
static information and instructions for the processor.

[0037] According to one embodiment, the techniques described herein may be performed by
main control unit 32 in response to the processor executing one or more sequences of one or

more instructions contained in main memory. These instructions may be read into main memory

-8-



WO 2012/106252 PCT/US2012/023155

from another machine-readable medium, such as a storage device. Execution of the sequences of
instructions contained in main memory may cause the processor to perform the process steps
described herein. In alternative embodiments, circuitry may be used in place of or in
combination with the software instructions. Thus, embodiments of the present disclosure may
include both hardware and software components.

[0038] Returning to Figure 4, communication bus 21 of the energy interface unit 12 sends
power to the slave modules 16 and the control module 14, as well as provides a line of
communication for the control module and the slave modules. In one particular embodiment, the
bus 21 includes a ribbon cable with insulation displacement connectors staked thereon to connect
the slave modules 16 to the control module 14. In another embodiment, the bus 21 may be a
backplane printed circuit board (PCB). In yet another embodiment, the bus 21 may be a plurality
of wireless signal transceivers. As shown in Figure 5, the internal communications unit 34 of the
control module 14 is connected to the bus 21 (FIG.4) to communicate with the slave modules 16.
The internal communication unit 34 is in general communication with the main control unit 32
and acts as a gateway for data transmission to and from the main control unit 32. In one
embodiment, each slave module 16 has its own communication line with the internal
communications unit 34. In this embodiment, the bus 20 includes serial data communications
using the RS485 standard. It will be apparent to one of ordinary skill in the art from this
disclosure that the bus 21 can be a parallel or a wireless bus. One of ordinary skill in the art will
also recognize from this disclosure that other standards for data communication can be used, e.g.,
RS232, RS422 or RS423.

[0039] An external communications unit 36 may also be connected to the main control unit
32 to receive and transmit data to/from an external source. In general, the main control unit 32 is
configured to access external sources of data and/or commands through the external
communications unit 36. The external communications unit 36 includes any number of varying
communication ports, such as a USB port 38, an internet connection 40, a wireless connection 42,
a bus extension 44 and an expansion connection port 46. The USB port 38 and the internet
connection 40 are for direct, wired connections with data storage or monitoring systems, such as

a communications network. The wireless connection 42 includes optional transceivers for RF,
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Zigbee®, cellular, Bluetooth® or other wireless communications. Alternatively, or in addition to,
the wireless connection 42 may also include an Ethernet termination for connection with a router
for access to the internet to transmit and receive information from a network. As shown in
Figures 4 and 7, an internal or external antenna 48 may be provided to assist the wireless
communication. The bus extension 44 (FIG. 5) is a communication port for serial
communications with additional iterations of the invention. For example, a plurality of the
energy units 12 depicted in Figure 4 may be connected at its respective bus extension 44 to
constitute a energy interface system 10 in industrial applications that comprise a plurality of
energy interface units. By connecting the plurality of energy interface units 12 with a
communication line from the respective bus extensions 44, one control module 14 can
communicate with and/or control many energy interface units 12, along with their slave modules
16, such that the energy interface system 10 can be utilized at larger installations, such as
commercial or industrial buildings. The expansion connection port 46 of the external
communications unit 36 provides a space for additional means of communication, such as a
power line carrier communication (PLCC) device, to be plugged into the control module 14.
[0040] Referring now to Figure 6, the slave module 16 of the energy interface unit 12 is
shown. In general, the slave module 16 includes a first voltage sensor 50, a second voltage
sensor 51, a current sensor 52, a meter circuit 54, a switching device 56 and an internal
communications unit 58. As shown in Figure 4, the switching device 56 of the slave module 16
provides a bi-stable switch (or on/off switch) between the line bus 20 and the circuit breaker 18
that is controllable by the control module 14. To facilitate this control, the control module 14
may provide a control signal to the slave module 16 on the control bus 21 to open and close the
switching device 56. Thus, although not shown in Figure 6, the switching device 56 may be in
communication with the internal communication unit 58 to provide control module control of the
switching device. Similarly, other components of the slave module 16 may also be in
communication with the internal communication unit 58 for providing information and/or
receiving command signals from the control module 14.

[0041] Returning to Figure 6, the first voltage sensor 50 is in electrical communication with

the voltage line bus 20 (FIG. 4) and configured to measure voltages at the line side of the
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switching device 56. Similarly, the second voltage sensor 51 is connected to the breaker 18 and
configured to measure voltage at the output of the switching device 56 at the breaker side. The
first voltage sensor 50 and the second voltage sensor 51 may provide data associated with the
measured voltages to the control module 14 through the internal communications unit 58 so that
the main control unit 32 (FIG. 5)can verify the status of the source or loads on the load side of
the switching device 56. In a similar manner, the current sensor 52 is electrically connected to
the line bus 20 and may measure and report a current reading at the line side of the switching
device 56.

[0042] A meter circuit 54 may be included in the slave module 16 that includes an integrated
circuit that accepts inputs from the first voltage sensor 50 and the current sensor 52 for power
readings. Specifically, a processor in the meter circuit 54 may process the inputs from the first
voltage sensor 50 and the current sensor 52 and transmit such information to the control module
14, thereby providing for utility grade metering capability. The meter circuit 54 may also
communicate with the control module 14 through the bus 21 to permit the control module 14 to
exercise its programmed strategy. The transmission may occur through the internal
communications unit 58, which is connected to the internal communications unit 34 of the
control module 14 via the bus 21.

[0043] As previously discussed, the control module 14 (FIG. 4) may utilize the sensors and
switching device 56 of the slave module 16 in response to changes in the operation of the energy
interface system. In one example, the utility power source may be lost and an alternative energy
power source is desired. The control module 14, through the second voltage sensor 51 in the
slave module 16, will verify that a proper amount of voltage is present from the generator. More
particularly, the second voltage sensor 51 may measure the voltage at the breaker side of the
switch and provide the measured voltage to the control module 14 through the internal
communication unit 58. If a proper amount of voltage is detected, the control module 14 may
transmit a control signal to engage the switching device 56 of the slave module 16 to the closed
position. When a stable voltage from the utility power source is sensed by the second voltage
sensor 51, the control module 14 will initiate a programmed sequence to return the energy

interface system 10 to using the utility power source.

-11 -



WO 2012/106252 PCT/US2012/023155

[0044] Referring now to Figure 7, the energy interface system 10 is shown interfaced
between the meter 1 and the load center 2 of Figure 1A. Thus, the energy interface system 10
may be used with a residential, 120/240 volt single phase system that is rated at about 200
amperes, for example. However, it will be apparent to one of ordinary skill in the art from this
disclosure that the system could be adapted to any single phase or three phase, low voltage
(about 600 volt or less) system typically used in the United States. Additionally, it is envisioned
that the energy interface system 10 may be implemented in other aspects of the power grid, as
will be discussed with reference to Figure 8.

[0045] One advantage of the present disclosure is that the energy interface system 10 can be
retrofitted to existing premises’ electrical services. Further, the energy interface system 10
permits the connection of multiple alternative energy sources or loads to one interface that
complies with the National Electric Code requirements for visible disconnect switches. More
particularly and shown in Figure 7, the existing meter socket 1 is connected to the energy
interface system 10 through one of the circuit breakers 18. In this example, the circuit breaker
18 may be a 200 ampere circuit breaker. The energy interface system 10 is also connected to the
load center 2 through another circuit breaker 18. However, in some embodiments, the load
center 2 may be connected to the energy interface system 10 through a wire terminal (not shown)
without a circuit breaker since the load center 2 also contains the main circuit breaker 3. By
connecting the switching device of the slave module 16 in series between the utility connection
and the load center 2, the energy interface system 10 may disconnect from the grid to operate
“off the grid” in response to one or more control signals from the control module 14.

[0046] One example of the energy interface system 10 allowing the connected loads to work
off the grid is as follows. A standby power source, such as a generator 60, may be connected
through the circuit breaker 18. A non-critical load center 62 is also connected to the energy
interface system 10 through a separate circuit breaker 18. The non-critical load center 62 is
generally a panel board or load center that services loads which may not be required in the event
of a loss of utility power. When power loss from the utility is detected at the slave module 16
connected to the utility, the control module 14 may engage the switch of the slave module to turn

off the utility power. The control module 14 may also engage the switching device of the slave
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module 16 connected to the generator 60 to close the switch such that the generator may supply
power to the premises. Additionally, the control module 14 may open the switching device of
the slave module 16 connected to the non-critical load center 62 to remove those loads from the
system. When energy from the utility returns (as detected at the slave module 16), the control
module 14 may then send one or more control signals to return the energy interface system 10 to
utility power.

[0047] This configuration of the energy interface system 10 permits an alternative energy
source, such as a generator 60 with capacity less than that needed by the entire premises, to
power critical loads in the event of a utility power loss without wasting capacity on non-critical
loads. In this manner, one slave module 16 may switch off several or even dozens of non-critical
loads when appropriate.

[0048] Similarly, any additional alternative or renewable energy source may be interfaced
into the energy system through the energy interface system 10 to provide energy when the utility
energy source is removed. For example, a renewable energy source, such as a solar array 64, is
connected through an inverter 66 to the circuit breaker 18. Another renewable energy source, an
induction wind generator 68, may also be connected to a separate slave module 16 through the
circuit breaker 18. As a result, the energy interface system 10 permits the connection of multiple
alternative energy sources to a distribution load center 2 without utilizing any branch breaker
connections 4 in the load center 2, keeping those breaker connections free for other connections.
[0049] To facilitate the conversion to an alternative energy source, the control module 14
may be programmable for automatic operation. That is, the control module 14 may control the
slave modules 16 automatically by executing software programs. More particularly, the
processor of the main control unit 32 (FIG. 5) may execute one or more programs. These
programs may cause the main control unit 32 to transmit one or more control signals to the slave
modules 16 to control the connections within the energy interface system 10. Thus, continuing
the above example, when a loss of utility power is detected, the main control unit 32 may
automatically execute a program to switch the power to the back-up generator energy source 60
in the manner described above without the need for manual operation of the control module. In

another example, the main control unit 32 may automatically switch to a renewable alternative

- 13-



WO 2012/106252 PCT/US2012/023155

energy source when the system 10 detects that the renewable alternative energy source has
achieved enough energy to power the devices connected to the system. Additionally, when the
system 10 detects that the renewable energy source does not have enough energy to power the
system, the control module 14 may automatically return to using utility power.

[0050] Further, the control module 14 may be configured to store one or more executable
programs which reflect and respond to an operational strategy of the user of the system 10. For
example, the energy interface module may be configured to consider which of the energy sources
connected to the interface system 10 provides the most reliability, which source is the most
costly to receive energy from, which source provides the lowest overhead for the user and so
forth. These considerations may be selected at the time of installation and may be changed at a
later date through the external communications unit 36. In general, any operational measurement
or state of the interface system 10 may be considered by the control module 14 when the system
is in use. In addition, other parameters of the system 10 may also be considered by the control
module 14, such as time of day, day of the week, time of year, energy consumption
measurements received from the utility company, states of alternative energy sources, and any
other measurements of the energy system 10 and components connected to the energy system.
[0051] To that end, the control module 14 may also store one or more user profiles that
coincide with the users of the interface system 10 or with different profiles that may be selected
by a single user. Thus, each program stored under the profile may be for one or more operations
performed by the energy interface system 10. For example, the profile may store a program for
controlling the energy interface system to consume the least cost during the winter, a program for
managing load and consumption at peak times during the summer, a program for charging a
battery source at night, a program to return power back to the grid during peak times, a program
to account and manage credits available from the utility company for providing energy to the
system and so forth. In general, any preferences and/or customizations can be stored under the
user profile that responds to a measurement, time or condition of the energy interface system 10
to configure the system accordingly. User profiles may be programmed into the control module
14 at installation, or they may be uploaded through the external communication port 36

following installation.
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[0052] In addition, the control module 14 may also report statuses of the system to a server
through the Internet or other communication port to enable monitoring or adjusting system
performance by a remote device or remote user. For example, the system 10 may send updates
through the external communications unit 36 of the control module 14 and to a communication
network that transmits the information to a personal computer (PC) or other computing device.
In one example, the system information may be sent through an Internet connection. In another
example, the system information may be transmitted through a wireless communication network
utilizing the antenna 48. Upon receipt of the system information, the computing device or
operator of the computing device may monitor and/or adjust the control module 14 in response to
the energy measurements and/or conditions of the system. Computing devices, as used herein,
include a PC connected to the Internet or a wireless connection with, for example, a “smart
phone” or other display module. In this manner, the monitoring of the energy interface system
10 can be done remotely. For example, the monitoring may include a display of meter readings,
status and other data through a web site or on wireless handheld technology, such as a
smartphone, PDA, cell phone, or the like. Monitoring may also include transfer of alerts or
status events based on power events, such as power loss, through electronic mail (e-mail), based
potentially on a user preference.

[0053] In response to receiving the system information at the remote display, a remote device
or remote user may configure the energy interface system accordingly. For example, any of the
programs described above may be performed by the remote computing device to configure the
system 10. Thus, the remote computing device may provide one or more control signals to
control module 14 (utilizing the external communication unit 36 of the control module) to
configure the slave module 14 in response to changing energy consumption conditions, the time
of day, week or year, availability of alternative energy sources, information received from the
utility company (such as to respond to a rolling blackout or potential refund for cutting energy
use) and the like. In general, the remote computing device may perform any function described
herein for the main control unit 32 of the control module 14. Similarly, the system 10 may be

configured by a user in response to the system information received at the remote display by
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providing one or more control signals to the system, either through the external communications
unit 36 of the control module or manually at the site of the interface system.

[0054] The energy interface system 10 is also capable of data storage for subsequent
monitoring and review. The control module 14 can store data, profiles and programs in internal
memory, such as the internal memory device for local use. The control module 14 optionally
utilizes the external communications unit 36 to store data at a remote server. The server may be
accessible via the Internet and a web page can display user-selected data on the server. In a
commercial or industrial setting, where a plurality of energy interface units 12 are in use, the
control module 14 sends data via an intranet to a server for internal monitoring.

[0055] The present invention provides the capability to connect to a server to allow system
registration, selection of operating preferences, storage and retrieval of operational data, such as
kilowatt-hour performance of each energy interface unit 12 in the energy interface system 10,
software updates, provisions for maintenance alerts and many other valuable functions through a
website.

[0056] The energy interface system 10 can control energy consuming units or loads at a
remote location in coordination with parameters in a user selected program. For example, the
control module 14 of the energy interface system 10 can control heating and air conditioning
having a thermostat equipped with wireless communications for communication with the
external communication unit 36. The wireless communications can be used to control the
wireless thermostat to allow or inhibit large heating or air conditioning loads when required to
reduce loads. In yet another example, the control module 14 controls one or more appliances
equipped with wireless communication. Communications with energy consuming units or loads
could also be accomplished through a PLCC based interface. Thus, the energy interface system
10 monitors the energy production of alternative energy sources and the consumption of energy
by various loads to autonomously switch the alternative energy sources and loads on or off to
conform to the pre-programmed user profile. The user can download other operating profile
programs from the World Wide Web for implementation at the control module 14 of the energy

interface system 10.
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[0057] As stated above, the energy interface system 10 may be located anywhere on the low
voltage distribution side of the energy grid to provide an interface system. Thus, as shown in
Figure 7, the energy interface system 10 may be located between the metering socket 1 and the
load center 2. In another example shown in Figure 8, the interface system 10 may be located
between a transformer 100 of the energy grid and one or more customers 102 connected to the
grid. In this example, the service 102 for a residential or business premises may connect to the
energy grid through the one or more slave modules 16 of the energy interface system 10. Such a
configuration would permit remote access to the energy usage information, as well as providing
on/off control of each customer without requiring a separate meter at each user premises. As
such, a user of the interface system 10 (such as the utility company) may utilize the system to
control the power transmitted to and received from the customer connections 102. The energy
interface system 10 may include similar components and functionality as the examples described
above, allowing a user of the interface system local or remote access to configure, control and
measure the components connected to the interface system. In this manner, the energy interface
system 10 may be implemented at any point in the low voltage energy grid to provide control
over the components connected to the interface system.

[0058] In another embodiment, the energy interface system 10 may be incorporated onto a
mobile structure to provide a portable microgrid for in the field applications. In use, the portable
energy interface system 10 may connect to a utility through a traditional means and provide a
plurality of connection points for electrical components to connect to the power grid, including
portable structures and/or components that may be moved from a site. The energy interface
system 10, in this embodiment, provides a portable connection point for the components that
may be controlled through the control module, as described above.

[0059] Further, although the energy interface system 10 has been illustrated in FIGS. 4-8 as
being capable of controlling six alternative energy sources or loads, it will be apparent to one of
ordinary skill in the art from this disclosure that more or less than six slave modules 16 could be
utilized. Furthermore, it should be obvious from this disclosure to those skilled in the art that the

sources or loads that could be connected are not limited to those illustrated or mentioned.
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[0060] While only selected embodiments have been chosen to illustrate the present invention,
it will be apparent to those skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the scope of the invention as defined in
the appended claims. Furthermore, the foregoing descriptions of the embodiments according to
the present invention are provided for illustration only, and not for the purpose of limiting the

invention as defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. An energy interface system comprising:

a control module;

a plurality of slave modules electrically connected to the control module and comprising
a switching device;

a plurality of circuit breakers electrically connected to the plurality of slave modules and
configured to provide an electrical junction between the switching device and an electrical
system; and

a control bus configured to transmit one or more control signals from the control module
to at least one of the plurality of slave modules, wherein the control signals enable the switching
device of at the least one of the plurality of slave modules to provide energy to the electrical

system from an energy source connected to at least one of the plurality of circuit breakers.

2. The energy interface system of claim 1 wherein the control module further
comprises:

a processing device; and

a computer readable medium configured to store executable instructions, that when
executed by the processing device, cause the control module to transmit the one or more control

signals to enable switching the device.

3. The energy interface system of claim 1 wherein the control module further
comprises:
a power supply configured to provide power to the control module from the energy

source connected to at least one of the plurality of circuit breakers.

4. The energy interface system of claim 1 wherein the control module further

comprises:
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an external communication unit configured to receive instructions from a remote
computing device in communication with the external communication unit, wherein the

instructions cause the control module to transmit the one or more control signals.

5. The energy interface system of claim 4 wherein the external communication unit
comprises:

a network communication port for connecting to the Internet.

6. The energy interface system of claim 4 wherein the external communication unit
comprises:

an antenna; and

a wireless communication port, wherein the antenna and wireless communication port are

configured to wirelessly receive the instructions.

7. The energy interface system of claim 1 wherein at least one of the plurality of
slave modules further comprises:

a first voltage sensor configured to measure a voltage at the connected circuit breaker and
wherein the at least one of the plurality of slave modules is configured to transmit the voltage

measurement at the first voltage sensor to the control module.

8. The energy interface system of claim 7 wherein the at least one of the plurality of
slave modules further comprises:

a second voltage sensor configured to measure a voltage at a line side of the at least one
slave module and wherein the at least one of the plurality of slave modules is configured to

transmit the voltage measurement at the second voltage sensor to the control module.

0. The energy interface system of claim 1 wherein the at least one of the plurality of

slave modules further comprises:
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a metering circuit configured to measure a voltage and current of the at least one of the
plurality of slave modules and provide electrical power metering capabilities based on the

measured voltage and current of the at least one of the plurality of slave modules.

10. The energy interface system of claim 1 wherein at least one alternative energy

source is electrically connected to at least one of the plurality of circuit breakers.

11. The energy interface system of claim 1 wherein the energy source comprises a

utility energy source.

12. The energy interface system of claim 10 wherein the energy source comprises the

at least one alternative energy source.

13. A method for controlling energy to at least one electrical component, the method
comprising:

transmitting a first control signal from a control module to a first slave module on a
communication bus, the first slave module comprising a first switching device disposed between
a first energy source and a power bus and wherein the first control signal opens the first
switching device causing the energy from the first energy source to un-energize the power bus;
and

transmitting a second control signal from the control module to a second slave module on
the communication bus, the second slave module comprising a second switching device disposed
between a second energy source and the power bus and wherein the second control signal closes
the second switching device causing the energy from the second energy source to energize the
power bus;

wherein the first energy source is a utility energy source and the second energy source is

an alternative energy source.
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14. The method for controlling energy to at least one electrical component of claim 13
further comprising:

receiving at least one instruction from a remote computing device on an external
communication unit and, in response to receiving the at least one instruction, transmitting the

first control signal and the second control signal.

15. The method for controlling energy to at least one electrical component of claim 13
further comprising:

receiving a voltage measurement of the power bus from a first voltage sensor associated
with the second slave module; and

receiving a voltage measurement of the second energy source from a second voltage

sensor associated with the second slave module.

16. The method for controlling energy to at least one electrical component of claim
15 further comprising:
transmitting a third control signal from the control module to the second slave module on

the communication bus, wherein the third control signal opens the second switching device.

17. The method for controlling energy to at least one electrical component of claim
14 further comprising:
transmitting at least one received measurement associated with the first slave module to a

remote computing device utilizing an external communication unit.

18. The method for controlling energy to at least one electrical component of claim
14 further comprising:

storing a user profile in a computer-readable medium and wherein transmitting the first
control signal and transmitting the second control signal is based at least on the stored user

profile.
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19. The method for controlling energy to at least one electrical component of claim

13 further comprising:

maintaining a date and time and wherein transmitting the first control signal and

transmitting the second control signal is based at least on a time of day.

20. The method for controlling energy to at least one electrical component of claim
13 wherein transmitting the first control signal and transmitting the second control signal is

based at least on information associated with the utility energy source.

-23-



PCT/US2012/023155

WO 2012/106252

Ol 'Old

ALITILN

8/l

14V HOIdd
I 'Ol

dl ‘old Vi Old

d4139N

| F |

ALIMILN ALIMILN



WO 2012/106252

UTILITY

e

PCT/US2012/023155

FIG. 2
PRIOR ART

2/8



WO 2012/106252

UTILITY
|

METER

PCT/US2012/023155

FIG. 3
PRIOR ART

T

3/8



PCT/US2012/023155

WO 2012/106252

8/v

¥ "Old

\\\\INr

8l 8l 8l 8l 8l 8l
¥4 = ¥4 — (¥4 = ¥4 = ¥4 = (¥4 =
14" // 9l 9l J 9l .¢ 9l 9l _J 9l
TOHLINOD JAVYIS JAVIS JAVYIS JAVYIS JAVIS JAVIS
| | | | | | |
\V \Y/ Y/ \Y/ \ Y/ Y/
\\
hMlI/ /DVION
— 8¥




PCT/US2012/023155

WO 2012/106252

8/G

G 'Old

Aoneg nun
\\ Aiddng  f—
0e JoMod ™

8¢
A ‘uedx3
9
sng

'
144 nn
v SSOISJIM |0JJUOD Ul |//
A%
P JouIaU| 4>
oy
- asn
8¢ nn nn
A wwod “WIwoD ///
9¢ [euoIXg [ewsau| e

FTNAON T0H1INOD



PCT/US2012/023155

WO 2012/106252

g| loyealg
InoNIy o)

9l

LG
losusg

abejjon

9¢
801Ae(Qg

Buiyoyms

48]
J919|\

8G

Hun “Wwoy

[euayu|

¢S

losueg
jualng

0g

losueg
abejjon

ATNAOIN IAVTS

L sng
uonesIuNWWoD) o



PCT/US2012/023155

WO 2012/106252

8/L

JARSIE

9

09
®

\.Nr

T

1174

wrj wv/ wrj wvj wv/ wr/

\z allz ol g |olle |alle o]l ¢ |o

// 1 J 1 J 1 J 1 J 1 J ]

vl ol 9l [o1 9l ol 9l

NERE[)

) S S S S S S
| /—\ | $ | L\ | L\ | L\ | $ | =
T | )
== \\gpes ALTILA )




PCT/US2012/023155

WO 2012/106252

\ c0l

8/8

8 'Old

\Nov

\. c0l

- - ]
\l ¢l
\oo_‘
wvj wv/ 8l wvj wa wvj
'z cl be al ld |alld ol le al L (]
/__J__/__J__¢__J__ NINHOA
vl 9l 9l [o1 9l P 9l “SNVYL
) S S S S S S
| | | | | | |
SN
j— \\gpes ALITILN

- 1174




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2012/023155

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO2J 3/14 (2012.01)
USPC - 307/31

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8) - HO1H 79/00; HO2J 3/14, 4/00 (2012.01)
USPC - 307/31, 38, 115

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

MicroPatent; Google Patent; Google Scholar

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7,566,986 B2 (DEBOER et al) 28 July 2009 (28.07.2009) entire document 1-3,9

v 48,1020

Y US 2007/0155349 A1 (NELSON et al) 05 July 2007 (05.07.2007) entire document 4-6,14,17,18

Y US 201070198535 A1 (BROWN et al) 05 August 2010 (05.08.2010) entire document 7,8,15,16

Y US 7,446,437 B2 (PAIK et al) 04 November 2008 (04.11.2008) entire document 10-20

Y US 2010/0002348 A1 (DONOLO et al) 07 January 2010 (07.01.2010) entire document 19

D Further documents are listed in the continuation of Box C.

[]

* Special categories of cited documents:

“A™ document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubits on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“p”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or riority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered 1o involve an inventive
step when the document is taken alone

“y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

22 May 2012

Date of mailing of the international search report

MAY 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report

