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(57) Abrégée/Abstract:

A power converter system includes a power converter system including: a DC-to-AC power converter; a first output configured to
be coupled to a power grid; a first input configured to be coupled to the power grid; second outputs each configured to be coupled
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(57) Abrege(suite)/Abstract(continued):

to a corresponding AC load; a power-grid switch coupled to the converter and to the first output; load switches coupled to the
converter, the second outputs, and the first input; and a controller coupled to the load switches and to the first output and
configured to determine whether energy from the power grid satisfies at least one criterion, the controller being further configured
to control the power-grid switch and the load switches to couple the converter to the first output and to couple the first input to the
second outputs If the at least one criterion Is satisfied and otherwise to control the power-grid switch and the load switches to
Isolate the converter from the first output and to couple the converter to at least one of the second outputs.
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(87) Abstract: A power converter system
includes a power converter system including:
a DC-to-AC power converter; a first output
configured to be coupled to a power grid;
a first input configured to be coupled to the
power grid; second outputs each configured
to be coupled to a corresponding AC load; a
power-grid switch coupled to the converter
and to the first output; load switches coupled
to the converter, the second outputs, and the
first input; and a controller coupled to the load
switches and to the first output and configured
to determine whether energy from the power
grid satisfies at least one criterion, the
controller being further configured to control
the power-grid switch and the load switches
to couple the converter to the first output and
to couple the first input to the second outputs
if the at least one criterion is satisfied and
otherwise to control the power-grid switch and
the load switches to isolate the converter from
the first output and to couple the converter to
at least one of the second outputs.
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ALTERNATIVE-SOURCE ENERGY MANAGEMENT

BACKGROUND

[0002] Today, companies and persons rely on having a consistent supply of power to
electronic devices more than ever beforc. Without power, companies may be unable to
manufacture goods, or to operate at all, such as if the company is in the business of
supplying information over the Internet. Without power, businesses and individuals may be
completely incapacitated regarding critical activities, such as making goods, providing
services, and transacting personal finances (e.g., filing tax returns, and paying bills). With
such a heavy reliance on power, individuals and companies frequently like to be able to
have power outages corrected in short order, and/or have backup power supplies so that

their affairs and/or businesses are not significantly affected.

[0003] Alternative energy sources, such as solar energy, are desirable sources of energy
for both home use and commercial use. For home use, users may nced alternative energy
sources due to their homes not being connected to a power grid, or may desire alternative
energy sources to supplement power from a power grid. For off-grid houses, solar panels
may be used to receive solar energy, convert the solar energy to electrical energy, and store
the electrical energy in batteries for future use. For example, the batteries may be used to
provide power at night or other times when the solar energy is unavailable. These off-grid
systems can be complex, expensive, and physically large. For on-grid houses, systems for
converting solar energy do not use batteries and run in parallel with the power grid. If the
power grid is within specifications, then energy obtained through the solar system is used
locally as desired, with excess energy provided by the solar systems being sent to the grid,

and energy above that provided by the solar system being used to power the loads being

drawn from the grid. .

[0004] For on-grid solar energy systems, safety issues exist with respect to servicing the

power grid during brownouts or blackouts. When utility power is out of specification (e.g.,



10

15

20

25

30

CA 02686671 2009-11-06

WO 2008/138016 PCT/US2008/063132

a brownout or a blackout), energy needs to be inhibited from entering the grid during repair
of the grid so that workers repairing the grid are not electrocuted when working downstream

from a power source.

SUMMARY

[0005] An exemplary power converter system in accordance with the disclosure includes
a power converter system including: a DC-to-AC power converter; a first output configured
to be coupled to a power grid; a first input configured to be coupled to the power grid;
second outputs each configured to be coupled to a corresponding AC load; a power-grid
switch coupled to the converter and to the first output; load switches coupled to the
converter, the second outputs, and the first input; and a controller coupled to the load
switches and to the first output and configured to determine whether energy trom the power
grid satisfies at least one criterion, the controller being further configured to control the
power-grid switch and the load switches to couple the converter to the first output and to
couple the first input to the second outputs if the at least one criterion 1s satistied and
otherwise to control the power-grid switch and the load switches to isolate the converter

from the first output and to couple the converter to at least one of the second outputs.

[0006] Embodiments of such power converter systems may include one or more of the
following features. The controller is configured to provide a mode indication signal to the
converter depending upon whether the at least one criterion is satisfied. The converter 1s
configured to operate in a CSI mode or in a VSI mode in accordance with the mode
indication signal received from the controller. In the CSI mode the converter is configured
to provide energy at the voltage of the first output with a corresponding current according to
an amount of power available from the converter, and where in the VSI mode the converter
is configured to provide energy at a predetermined voltage with a current determined by the
AC loads coupled to the second outputs. The predetermined voltage is approximately the
same as a voltage provided by the power grid when the power grid is operational. The at
lcast one criterion includes at least one of an acceptable range of voltage and an acceptable
range of frequency. The controller is further configured to determine that the system is not
unintentionally islanding. The controller is coupled to the second outputs and is configured
to control the AC load switches to change a distribution of power provided by the converter
to portions of the second output if power provided to the second outputs 1s above an amount

of power available to the converter. The controller is configured to cause the AC load
2



10

15

20

235

30

CA 02686671 2009-11-06

WO 2008/138016 PCT/US2008/063132

switch associated with the lowest-priority, presently-connected, non-delayable AC load to
isolate the converter from the corresponding second output if the power provided to the
second outputs 1s above the amount of power available to the converter. The load switches
are configured to be positioned in a first state connecting the second outputs to the
converter, in a second state connecting the second outputs to the first input, and 1n a third
state connecting the second outputs to neither the converter nor the first input. Systems may
include a second input configured to be coupled to an AC power source separate from the
power grid where the load switches are further coupled to the second input. The load
switches are configured to be positioned in a first state connecting the second outputs to the
converter, in a second state connecting the second outputs to the first input, in a third state
connecting the second outputs to the second input, and in a fourth state connecting the

second outputs to neither the converter nor the first input nor the second input.

[0007] A further exemplary power converter system in accordance with the disclosure
includes a power converter system including: a first input configured to receive a DC
voltage from a first DC power source; a second input configured to couple to a power grid;
a first output configured to couple to the power grid; second outputs each configured to
couple to a corresponding AC load; a power routing module coupled to the first output and
the second outputs; and a DC-to-AC converter coupled to the first input and the power
routing module, the converter being configured to selectively operate in either a first or
second mode, in the first mode the converter acting as a current source to convert the DC
voltage received from the first input and to provide an AC current to the power routing
module, and in the second mode the converter acting as a voltage source to convert the DC

voltage received from the first input and to provide an AC voltage of a predetermined level.

[0008] Embodiments of such power converter systems may include one or more of the
following features. The converter is configured to effect the first and second modes 1n
response to a first indication that the power grid is connected to the first output and in an
acceptable state and an unacceptable state, respectively. Systems may include a controller
coupled to the first output and the converter and configured to determine at least one of
whether a voltage from the power grid is acceptable, whether a frequency of energy from
the power grid is acceptable, and whether the system is unintentionally islanding, and to
provide the first indication to the converter. The controller is coupled to the power routing
module and configured to provide a second indication of an acceptability of energy received

by the system from the power grid, and the power routing module is configured to route
3
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energy from the converter to the first output if the received grid energy is acceptable and to
selectively route energy from the converter to the second outputs if the received grid energy
is unacceptable. The power routing module is coupled and configured to selectively route
energy from the second input to the second outputs if the received grid energy 1s acceptable.
Systems may include a DC disconnect module coupled to the first input and contigured to
be manually operated to selectively connect/disconnect a DC voltage source to/from the
converter. Systems may include a third input configured to couple to an AC power source
separate from the power grid. Systems may include: a second DC power source including
an energy storage device; and a bidirectional DC-to-DC converter coupled to the energy

storage device and to the DC-to-AC converter.

[0009] A further exemplary power converter system in accordance with the disclosure
includes a power converter system including: a DC-to-AC power converter configured to
receive DC power from at least one DC power source; a grid switch coupled to the
converter and configured to couple to a power grid; selective couplings coupled to the
converter , the selective couplings including load lines configured to be coupled to AC
loads, the selective couplings being configured to selectively couple the converter to the
load lines; and a controller coupled to the selective couplings and configured to be coupled
to the power grid, the controller being configured to determine whether energy from the
power grid satisfies at least one criterion and to control the grid switch to 1solate the
converter from the power grid, and to control the selective couplings to couple the converter
to at least one of the load lines, if the at least one criterion is unsatisfied, the controller being
further configured to control the selective couplings to change a distribution of power
provided by the converter to the load lines if power provided to the load lines 1s above an

amount of power available to the converter.

[0010] Embodiments of such power converter systems may include one or more of the
following features. The controller is configured to cause the selective couplings to change a
distribution of power provided by the converter to the load lines dependent upon at least one
criterion other than power drawn on the load lines. The controller is configured to cause the
selective coupling associated with a presently-connected, lowest-priority, non-delayable AC
load to isolate the converter from the respective load line if power provided to the load lines
is above an amount of power available to the converter. Systems may include an energy
storage module coupled to the converter and the controller, where the controller 1s

configured to disconnect a presently-connected delayable load from the converter before
4
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attempting to use energy from the energy storage module to power presently-connected
loads if power available from the converter from the at least one solar panel is insufficient
to power the presently-connected loads. Each of the selective couplings are configured to
be positioned in a first state connecting a respective one of the load lines to the converter, 1n
a second state connecting a respective one of the load lines to the power grid, and in a third
state connecting a respective one of the load lines to neither the converter nor the power
grid. The selective couplings are further configured to couple to an AC power source
separate from the power grid. Each of the selective couplings are configured to be
positioned in a first state connecting a respective one of the load lines to the converter, in a
second state connecting a respective one of the load lines to the power grid, 1n a third state
connecting a respective one of the load lines to the AC power source, and in a fourth state
connecting a respective one of the load lines to neither the converter nor the power grid nor
the AC power source. The DC-to-AC power converter is configured to receive DC power
from a first DC power source through a unidirectional connection, and the system may
include: a second DC power source including an energy storage device; and a bidirectional
DC-to-DC converter coupled to the energy storage device and to the DC-to-AC power

converter. The controller is configured to connect and disconnect loads to and from the

converter based upon permitted sources of power for respective loads.

[0011] A further exemplary power converter system in accordance with the disclosure
includes a power converter system including: a DC-to-AC power converter; outputs each
configured to be coupled to an AC load; load switches coupled to the converter and the
outputs; and a controller coupled to the load switches and to the outputs and configured to
control the load switches to selectively couple the converter to the outputs to selectively
provide AC power from the DC-to-AC power converter to the outputs dependent upon at

least one characteristic associated with the outputs other than power drawn on the outputs.

[0012] Embodiments of such power converter systems may include one or more of the
following features. Systems may include a first DC source that is unidirectionally coupled
to the DC-to-AC power converter to supply DC power to the DC-to-AC power converter,
and the system may include: a second DC source including an energy storage device; and a
bidirectional DC-to-DC converter coupled to the energy storage device and to the DC-to-
AC power converter. Systems may include a bidirectional DC-to-DC converter coupled to
the DC-to-AC converter and configured to couple to an energy storage device. The first DC

source includes at least one of a DC-output generator and at least one solar panel. The at
>



10

15

20

25

30

CA 02686671 2009-11-06
WO 2008/138016 PCT/US2008/063132

least one characteristic 1s at least one of whether a particular output 1s permitted to receive
power from a particular source, and whether a particular output is associated with a

delayable AC load. Systems may include an AC generator coupled to the load switches.

[0013] An exemplary method of regulating power delivery by a power delivery system
includes: determining whether a power grid with acceptable first AC power available is
connected to the power delivery system; receiving first DC power at a DC-to-AC converter
from a first DC power source other than an energy storage device and converting the
received first DC power from the first DC power source to second AC power; providing the
second AC power to the power grid if it is determined that a power grid with acceptable
power available is connected to the power delivery system; and providing the second AC
power to a first AC load, of multiple AC loads, connected to the power delivery system if 1t
is determined that no power grid with acceptable power available 1s connected to the power
delivery system; where the second AC power is provided to the first AC load dependent

upon at least one characteristic of the first AC load in addition to power draw ot the AC

load.

[0014] Embodiments of such a method may include one or more of the following features.
The at least one characteristic includes delayability of the respective load. The at least one
characteristic includes permission of the respective load to receive power derived from the
first DC source. Providing the second AC power to the first AC load includes providing the
second AC power in an amount only up to a threshold amount. Methods may include
providing third AC power to a second AC load of the AC loads dependent upon whether the
second AC load is permitted to receive power derived from a source of the third AC power.
Methods may include receiving second DC power at the DC-to-AC converter from a second
DC power source, including an energy storage device, and converting the received second
DC power from the second DC power source to the third AC power. Methods may include
receiving the third AC power from an AC generator. Methods may include: receiving
second DC power at the DC-to-AC converter from a second DC power source, including an
energy storage device, and converting the received second DC power from the second DC
power source to fourth AC power; receiving fifth AC power from an AC generator; and
combining the fourth and the fifth AC power to form the third AC power. The first and
second AC loads are physically separate such that the second and third AC powers are

provided to physically separate loads.



10

15

20

25

30

CA 02686671 2009-11-06

WO 2008/138016 PCT/US2008/063132

[0015] An exemplary method of regulating power delivery by a power delivery system
includes: providing characteristics of AC loads; providing indications of alternative power
sources, which of the alternative power sources are permitted to power which of the AC
loads, and priority of use of the alternative power sources, where the alternative power
sources are connected to the power delivery system, where the alternative power sources are
different from a power grid; and powering the at least one of the AC loads using at least one
of the alternative power sources, without using a power grid, based on the characteristics of
the AC loads, the priority of use of the alternative power sources, and which of the

alternative power sources are permitted to power which of the AC loads.

[0016] Embodiments of such a method may include one or more of the following features.
The characteristics include load delayability. The alternative power sources include a
source of renewable DC power, and methods may include: determining whether a power
erid with acceptable AC power available is connected to the power delivery system; and
providing power to the power grid from the source of renewable DC power if it 1s
determined that a power grid with acceptable power available is connected to the power
delivery system. Powering the AC loads includes powering the AC loads without
exceeding a power threshold. Powering the AC loads includes discontinuing to power a
particular one of the AC loads if a power drawn by the powered loads exceeds an available
power presently provided by the alternative power sources to the AC loads. The
discontinuing includes selecting the particular one of the AC loads based upon at least one
of the load characteristics. The discontinuing includes selecting the particular one of the

AC loads based upon the priority of use of the alternative power sources.

[0017] Various embodiments discussed herein may provide one or more of the following
capabilities. Solar energy may be used in a grid-tied photovoltaic (PV) converter to provide
power to a user (e.g., a house) during times when grid power is out of specification. A solar
energy system can act as both a grid-tied system and an off-grid system, i.e., acting in either
an off-grid mode or an on-grid mode. Power from a limited power source may be
effectively allocated to one or more loads. Electrocution of persons working on a power
orid downstream from a house or other entity using a solar energy system can be inhibited.
A grid-tied and photovoltaic system can be made more robust than previous systems.

Energy efficiency can be improved in a grid-tied photovoltaic system.



10

15

20

25

CA 02686671 2009-11-06
WO 2008/138016 PCT/US2008/063132

[0018] These and other capabilities will be more fully understood after a review of the

following figures, detailed description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 is a diagram of an arrangement with a home connected to receive power

from both a power grid and solar panels.
[0020] FIG. 2 is a block diagram of a split-phase grid-tied photovoltaic converter system.

[0021] FIG. 3 is a block diagram of the system shown 1n FIG. 2.

[0022] FIG. 4 is a block flow diagram of providing power in the arrangement shown in

FIG. 1 using the system shown 1n FIGS. 2-3.

[0023] FIG. 5 is a block diagram of a single-phase grid-tied photovoltaic converter

system.

[0024] FIG. 6 is a block diagram of a split-phase grid-tied photovoltaic converter system

with a back-up energy storage device.

[0025] FIG. 7 is a block flow diagram of portions of the flow diagram shown in FIG. 4.
[0026] FIG. 8 is a block diagram of another grid-tied photovoltaic converter system.
[0027] FIG. 9A is a block diagram of an alternative load switch.

[0028] FIG. 9B is a block diagram of a power switch, AC generator, and DC-to-AC

converter for use in a power delivery system.

[0029] FIG. 10 is a block flow diagram of portions of the flow diagram shown in FIG. 4.

[0030] FIG. 11 is a block flow diagram of portions of the flow diagram shown 1in FIG. 4.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0031] The disclosure provided herein describes, among other things, techniques,
embodied in methods and/or apparatus, for providing solar energy to a grid-tied building.
For example, solar panels may be connected to a DC-to-AC converter (i.e., an inverter) via
a DC disconnect. The converter is selectively coupled via switches to AC loads of the

building and selectively coupled to the power grid. When the power grid is within
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specifications, the converter provides energy from the solar panels to the grid and while the
erid is out of specification, the converter is coupled through the respective switches to
provide energy from the solar panels to the loads. A controller monitors the status of the
grid voltage and controls the switches coupling the converter to the grid and the loads such
that the converter is isolated from the grid and connected to the loads when the grid is out of
specification and the converter is connected to the grid when the grid 1s within
specifications. Further, the controller can regulate the switches coupling the converter to
the loads to effectively use the power from the solar panels if insufficient power 1s available
for appropriately powering all of the loads. Other embodiments are within the scope of the

description and claims.

[0032] Referring to FIG. 1, a powered-home arrangement 10 includes a house 12 and a
power grid 14. The power grid 14 is connected to loads within the house 12 for powering
the loads (not shown). On the house, there is a set of solar panels 16 configured to convert
solar energy to electric energy for powering the loads of the house 12. The solar panels 16
can also convert solar energy to electrical encrgy for supply to the power grid 14 to reduce
the energy bills that need to be paid by the owner of the house 12 for the power from the
orid 14. For example, energy supplied from the solar panel 16 via appropriate circuitry in
the house 12 to the power grid 14 may cause a power meter attached to the house 12 for
monitoring power received from the power grid 14 to run backwards, indicating power

being supplied from the house 12 to the power grid 14.

[0033] Referring to FIG. 2, an energy distribution system 20 includes a DC disconnect
circuit 22, a power distribution and conversion module 24, and a main electric panel 26.
The system 20 may be fully or partially within the house 12. As shown, the DC disconnect
22 is coupled via a line 28 to the solar panels 16. The DC disconnect 22 is further coupled
to the power distribution and conversion module 24, which is connected via a line 30 to the
electric panel 26. The line 30 may in fact contain multiple electrical lines and may be
contained within a single mechanical conduit. The main electric panel 26 is connected via

one or more lines 32 to appropriate AC loads within the house 12 and via appropriate lines

33 to the power grid.

[0034] Referring also to FIG. 3, the DC disconnect circuit 22 contains a switch 34. The
switch 34 is a multi-pole switch configured to selectively connect the solar panels 16 to the

module 24. The switch 34 is mechanically operable using a handle 35 to connect the panel
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16 to the module 24 or to isolate the panel 16 from the module 24, e.g., for service ot the
module 24. In its typical operating mode, however, the switch 34 is closed, thercby
connecting the panel 16 to the module 24, and this mode is assumed for further discussion

below.

[0035] The module 24 includes a DC-to-AC converter 36, a grid switch 40, load switches
42-45, a combined controller and grid voltage sensor 46, and fuses 48, and the electric panel
26 includes lines 50, 52, 54, connected to the power grid 14, lines 62-65 connected to AC
loads, and circuit breakers 72-77. The controller and sensor 46 is referred to below as the
controller 46 or the sensor 46. Also, while only four switches 42-45 and corresponding
fuses 48 and load lines 62-65 are shown, other quantities may be used. Each of the switches
42-45 can be placed in any of three states, connecting its corresponding load line 62-65 to
the corresponding power line 50, 52, connecting its load line 62-65 to the converter 36, or
connecting its load line 62-65 to a disconnect position/terminal 92-95 (e.g., an open circuit,
not connected to the converter 36 or either of the power lines 50, 52). The controller/sensor
46 can include one or more processors (and may share a processor) that can read and
execute software code instructions, stored in memory, to perform functions described
herein. The converter 36 is connected to the DC disconnect switch 34 and configured to
convert DC energy received from the solar panels 16 -to AC energy in accordance with a
signal received from the power grid sensor 46. The converter 36 is configured to operate as
either a current source inverter (CSI) in a CSI mode or a voltage source inverter (VSI) in a
VSI mode in accordance with whether the grid sensor 46 provides a CSI or a VSI signal,
respectively. The sensor 46 will cause the converter 36 to operate in CSI mode if a power
orid with acceptable power is connected, and will cause the converter 36 to operate in VSI
mode if no grid with acceptable power is connected. The VSI mode can be used during
short or long durations of lack of acceptable power grid power, and even in cases where no
power grid is connected at all. The converter 36 has its neutral line connected to the line 54
in the electric panel 26 that is connected to the neutral line of the power grid 14. A first
(e.g., 0° electrical phase) line 82 of the converter 36 is connected to one contact of the
switch 40 and to the switches 42, 44, and a second line 84 (e.g., 180° electrical phase) 1s
connected to the other contact of the switch 40 and to the switches 43, 45. The switches 42-
45 are configured to selectively couple either the power lines 50, 52 from the power grid 14
(via the circuit breaker 72-75) or the power lines 82, 84 from the converter 36 (via the fuses
48) to the AC load lines 62-65 connected to AC loads within the house 12. The switch 40 1s
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configured to selectively couple or decouple the power lines 82, 84 from the converter 36 to
the power lines 50, 52 connected to the power grid 14 (via the circuit breakers 76, 77). In
the CSI mode, the converter 36 provides as much current as i1s available from the energy
received from the solar panels 16 and provides the current, with a voltage dictated by the
power grid voltage to the power lines 50, 52, and optionally 54. In the VSI mode, the
converter 36 is configured to provide a predetermined voltage such as 120 volts from line to
neutral, i.e., from line 82 or 84 to the neutral 54, and 240 volts from line to ling, 1.€., from
line 82 to line 84, to imitate the power grid 14 or otherwise appear as a substitute for the
power grid 14. To properly imitate the power grid 14 in VSI mode, the voltage on the
neutral line 54 is regulated to be approximately at a midpoint between the output voltages
82 and 84 of the DC-AC converter 36. The input voltage to the converter 36 may come
directly from the solar panels 16 or from the panels 16 via a DC-DC converter, which could
be part of the converter 36 itself. The regulation can be done by passive means (e.g., a large
split-capacitor bank) or by active means. The circuitry regulating the neutral line voltage

can be part of the converter 36 or a separate unit in the module 24.

[0036] The controller/power grid sensor 46 is configured to determine whether the power
erid 14 is within power specifications, to control the switch 40, and to provide the CSI/VSI
signal to the converter 36 accordingly. The controller/sensor 46 is connected, via the circuit
breakers 76, 77, to the power lines 50, 52 connected to the power grid 14. This sensor 46 1s
configured to sense the power provided by the power grid 14. The controller/sensor 46 1s
further configured to determine whether the power provided by the power grid 14 1s within
desired specifications (e.g., within acceptable ranges of voltage and frequency such as those
provided in IEEE 1547 or UL 1741) or is out of specification, e.g., during a brownout or
blackout. The controller/sensor 46 is further configured to determine whether the module
24 is unintentionally islanding, and thus creating possible satety hazards (e.g., see U.S. Pat.
No. 7,015,597 for techniques for determining unintentional islanding). The
controller/sensor 46 is further configured and coupled to the switch 40 to control whether
the switch 40 is open or closed. The controller/sensor 46 is configured such that 1f the
power from the power grid is within the specifications, the sensor 46 will control the switch
40 to be closed thereby connecting the converter 36 to the power lines 50, 52 and will send
the CSI/VSI signal to the converter 36 indicating for the converter 36 to operate in the CS1
mode. The controller/sensor 46 is configured such that if the power from the power grid 14

is out of specification, then the switch 40 will be open and the sensor 46 will send the

11



10

135

20

25

30

CA 02686671 2009-11-06

WO 2008/138016 | PCT/US2008/063132

CSI/VSI signal to the converter 36 indicating for the converter 36 to operate in the VSI
mode. The controller/sensor 46 is further coupled and configured to control the switches
42-45 such that if the power grid 14 is within specification, then the switches 42-45 connect
the lines 50, 52 to the AC load lines 62-65, and if the power grid 14 is out of specification,
then the switches 42-45 connect the converter 36 to the AC load lines 62-63.

[0037] The controller 46 is configured to regulate the switches 42-45 to accommodate
different load priorities. The controller 46 is configured to control the state of the switches
42-45 depending on the mode of the converter 36 (i.e., the state of the power grid, 1n or out
of specification, as indicated by the power grid sensor 46). The controller 46 1s further
coupled to the AC load lines 62-65 and is further configured to control the state of switches
42-45 dependent on power available from the converter 36 from the solar panels 16,
amounts of power desired by AC loads connected to the AC load lines 62-65, and priorities
associated with the AC loads. The controller 46 has stored within it priorities associated
with loads connected to the lines 62-65. The controller 46 is programmable, e.g., by a user,
to store the priorities based on various criteria, .g., the existence or absence of closed-loops
controller in the loads associated with the lines 62-65. The controller 46 can be
programmed by receiving indications of loads in response to which the controller 46 can
assign a priority. The controller 46 can assign a higher priority to a load that does not have
a closed-loop controller (e.g., a garage door opener) and assign a lower priority to a load
that has a closed-loop controller (e.g., a refrigerator, or a furnace). The controller 46 can
monitor power being provided to the loads via the lines 62-65, and compare the power
being provided with the priorities associated with the lines 62-65 and desired powers
associated with those lines 62-65, which are also stored in the controller 46. The controller
46 can determine whether more power is desired to be provided to a higher-priority load
than is currently being provided while power is available on a line connected to a lower-
priority load. Higher-priority loads are typically loads that are not delayable or do not have
their own controllers (e.g., lights, garage door openers) while lower-priority loads are
typically delayable and/or have their own controllers (e.g., heaters, refrigerators) and can
thus compensate for temporary denial of power. The controller 46 can control the
appropriate switches 42-45 to open the connections between the converter 36 and the lower-
priority switch(es) 42-45 to maintain power availability for the higher-priority load(s). The
controller 46 will cause lower-switch(es) 42-45 to connect the load line(s) 62-65 to the

disconnect terminal(s) 92-95. This will provide an open circuit between the converter 36
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and the load line(s) 62-65 whose corresponding switch(es) 42-45 1s(are) in the disconnect
position and provide an open circuit between the power grid lines 50, 52 and the
corresponding load line(s) 62-65 so that neither the converter 36 nor the power grid lines
50, 52 arc connected to the corresponding load line(s) 62-65. An example of such a
configuration is described in pending U.S. Patent Application Serial No. 10/952,565.
Preferably, the controller 46 will only cause one or more of the switches 42-45 to be opened
if the loads are trying to draw more power on the lines 62-65 than is currently available
form by the converter 36 and the solar panels 16. The controller 46 thus provides intelligent

load management for powering the AC loads.

[0038] In operation, referring FIG. 4, with further reference to FIGS. 1-3, a process 110
for selectively providing energy from the solar panels 16 to the power grid 14 or the home
loads using the system 20 includes the stages shown. The process 110, however, 1s
exemplary only and not limiting. The process 110 may be altered, e.g., by having stages

added, removed, or rearranged.

[0039] At stage 112, the solar panels 16 convert solar energy to electric energy. The
electric energy is conveyed through the DC disconnect 20 to the module 24, and specifically

to the DC-to-AC converter 36.

[0040] At stage 114, it is determined whether the power grid 14 is providing power within
specification and whether the module 24 is unintentionally islanding. The power erid
sensor 46 monitors the power on the lines 50, 52 from the power grid 14 via the circuit
breakers 76, 77. The sensor 46 determines whether the power is within acceptable ranges of
voltages and frequencies for the power grid 14. It is also determined whether a device
appearing to be the power grid 14 is connected to the module 24. It 1s thus determined
whether a power grid of acceptable power is connected to the module 24. If the sensor 46
determines that power within specification is not being received, then the process 110

proceeds to stage 122, and if the sensor 46 determines that power within specification 1s

being received, then the process 110 proceeds to stage 116.

[0041] At stage 116, the power grid 14 is connected to the AC load lines 62-65. The

controller/sensor 46 controls the switches 42-45 to connect the power grid lines 52-54 to the

AC load lines 62-65.
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[0042] At stage 118, the converter 36 is connected to the power grid 14. The
controllet/sensor 46 controls the switch 40 such that the switch 40 closes to couple the

converter 36 to the power grid lines 50, 52. The converter 36 thus can provide power via

the lines 82, 84 and the switch 40 to the power grid lines 50, 52.

[0043] At stage 120, the controller/sensor 46 sends the CSI/VSI signal to the converter 36
indicating that the power grid voltage is within acceptable ranges of voltages and
frequencies. The CSI/VSI signal indicates to the converter 36 to operate in the CSI mode.
This signal can thus be called a CSI signal. The converter 36 responds to the CSI signal to
operate in the CSI mode to convert power from the solar panels 16 to AC power and

provide the AC power to the power grid 14.

[0044] At stage 122, with the grid sensor 46 determining that the power grid 14 1s not
within specification, the converter 36 is decoupled from the power grid 14. The

controller/sensor 46 controls the switch 40 to open the switch 40 to isolate the converter 36

from the power grid lines 50, 52.

[0045] At stage 124, the controller 46 indicates to the converter 36 to operate in VI
mode. The controller 46 sends the VSI signal to the converter 36 to operate in the VSI
mode. This signal can thus be called a VSI signal.

[0046] At stage 126, the converter 36 responds to the VSI signal to operate in VI mode
and is connected to the AC loads. The controller 46 sends control signals to cause the
switches 42-45 to connect the output lines 82, 84 of the converter 36 to the AC load lines
62-65, respectively. The power from the converter 36 at the pre-determined voltage (e.g.,
120V) is provided from the converter 36 to the AC loads via the AC load lines 62-65. [f
current drawn exceeds an acceptable limit or threshold current (e.g., due to a fault in a load)

at any of the switches 42-45, then the corresponding fuse 48 is blown thereby disconnecting
the converter 36 from the corresponding AC load line 62-65.

[0047] At stage 128, the controller 46 determines whether sufficient power 1s available to
power the AC loads. The controller 46 monitors the power available, which depends on the
solar panels 16 and the converter 36, for the AC load lines 62-65 and compares this power

availability with values stored in the controller 46 as to acceptable, desired power for each
of the loads. Ifthe controller 46 determines that sufficient power is available for the loads,

then the process 110 returns to stage 114. If the controller 46 determines that less power 1S
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available than desired to fully operate the loads connected to the load lines 62-65, then the
process 110 proceeds to stage 130.

[0048] At stage 130, the controller 46 manages how the available power is distributed to
the loads. The controller 46 determines whether the power being provided to the highest-
priority load is sufficient. If the highest-priority load is not being sufficiently powered, then
the controller 46 causes the switches 42-45 corresponding to the lowest-priority load to be
opened to disconnect the converter 36 from the lowest-priority load. This analysis
continues with the next-lowest-priority load being disconnected until sufficient power 1s
being provided to the highest-priority load. The controller 46 then determines if the next-
highest-priority load is being sufficiently powered and disconnects the next-lowest-priority
load from the converter 36 if it is not being sufficiently being powered. This continues until
all of the connected loads are being sufficiently powered. The process 110 returns to stage
114 to determine again whether the power grid 14 is now providing voltage within the
acceptable ranges of voltages and frequencies. If the voltage and frequency from the power
erid 14 returns or becomes within the acceptable ranges, then the process 110 proceeds to
116 and the connection of the converter 36 to the AC load lines 62-65 is terminated and

regulation of the switches 42-45 is not performed.

[0049] Other embodiments are within the scope of the description and claims. For
example, different power grid arrangements may be accommodated. For example, while the
system 20 shown in FIG. 3 is for use with a split-phase power grid, referring to FIG. 5, a
single-phase energy distribution system 510 may be used with a single-phase AC power
orid. As with the converter 36 in FIG. 3, a DC-AC converter 512 is configured to operate as
either a current source inverter (CSI) in a CSI mode or a voltage source inverter (VSI) in a
VSI mode in accordance with whether a grid sensor 546 provides a CSI or a VSI signal,
respectively. In the system 510, the DC-AC converter 512 has its neutral line connected to
a line 554 that is connected to the neutral line of the power grid. The converter 512 has its
output line 514 connected to a switch 540 and to switches 542-545. The switches 542-545
are configured to selectively couple either a power line 550 from the power grid or the
output line 514 of the converter 512 to AC load lines 521-524. The switch 540 1s
configured to selectively couple/decouple the output line 514 of the converter 512 to/from
the power line 550 connected to the power grid. In the CSI mode, the converter 512
preferably provides as much current as is available from the energy received from the solar

panels and provides the current, with a voltage dictated by the power grid voltage, to the
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power line 550. In the VSI mode, the converter 512 provides a predetermined voltage, such
as 230 volts from line to neutral, to imitate the power grid or otherwise appear as a
substitute for the power grid. As with the sensor/controller 46 of FIG. 3, the
controller/power grid sensor 546 is configured to determine whether the power grid is
within specifications, to control the switch 540, and to provide the CSI/VSI signal to the

converter 512 accordingly. Also similar to the sensor/controller 46, the controller 546 1s
further coupled and configured to control the switches 542-545, depending on the status of

the power grid and depending on the availability of power from the solar panels versus the

priority of the AC loads 521-524.

[0050] Further, an energy storage backup may be used. Referring to FIG. 6, an energy
distribution system 230 includes a bidirectional DC - DC converter 232, an energy
storage device 234, here a battery, and a controller 236. In the system 230, the DC-AC
converter 238 has its neutral line connected to a line 254 that is connected to the neutral
line of the power grid. The bidirectional converter 232 is configured to convert power to
the appropriate DC voltage to transfer energy from the solar panels to the battery 234 or
from the battery 234 to the converter 238. The bidirectional converter 232 is coupled to
the controller 236 and controlled by the controller 236 to provide power from the battery
234 to the DC - AC converter 238 if the power grid is out of specification and the solar
panels are providing less power, as converted by the DC - AC converter 238, than is
desired by the AC loads. The converter 232 is further controlled by the controller 236 to
provide power from the solar panels to the battery 234 to charge the battery 234 if the
power grid 1s out of specification and the solar panels are providing more power, as
converted by the DC - AC converter 238, than is desired by the AC loads. The controller
236 i1s further configured to regulate distribution of power to the AC loads to maintain
power availability for power the loads, as described above. The converter 232 may have
its own processor, independent of the processor in the controller 236.

[0051] In operation, referring to FIG. 7, with further reference to FIGS. 1-4 and 6, a
process 710 for determining which loads to connect/disconnect for/from receiving power,
and connecting/disconnecting the appropriate loads, e.g., stages 126, 128, 130 of FIG. 4,
using the system 20 or the system 230, as appropriate, includes the stages shown. The
process 710, however, is exemplary only and not limiting. The process 710 may be altered,
e.g., by having stages added, removed, or rearranged. Also, while the description below
refers to solar power, the process 710 is equally applicable to use with other sources of

power, particularly other renewable energy sources (e.g., wind, geothermal, water, biotfuel,

anacrobic digestions, etc.).
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[0052] At stage 712, one or more characteristics of the AC loads are determined. The
characteristics are preferably in addition to the load (power draw) of each of the AC loads.
For example, the controller 46 determines the delayability of each the AC loads. This

determination can take a variety of forms, such as a user programming the controller 46.

[0053] At stage 714, the available power sources, their priorities, and source/load
permissions are determined. For example, the controller 46 determines the existence of the
solar panels 16 and the energy storage device 234. The controller 46 also determines the
priority of desired order of use of the sources. Further, the controller 46 determines the
permissible combinations of loads and sources. These determinations may be made in a
variety of manners, such as by programming the controller 46. Some loads may be only
permitted to use energy derived from some sources (e.g., a garage door opener may be
permitted to use solar power but not battery power, while a refrigerator could use any
available power source). Also, source/load permissions may change, e.g, as a function of
time (e.g., a microwave oven may be permitted to be connected to the DC-to-AC converter
during the day, but not at night). As a further example, a particular load may only be
permitted to be coupled to the power grid, an alternative AC power source (if alternative
load switches are used (see FIG. 9)), or a particular type of DC source, e.g., solar panels but

not an energy storage device (e.g., battery).

[0054] At stage 716, one or more of the AC loads is powered based on characteristics of
the loads, available power, priority of the sources, and the permitted load/source
combinations. The controller 46 attempts to power the loads based on their characteristics.
For example, the controller 46 attempts to power all the non-delayable AC loads betore
attempting to power any of the delayable loads. The loads may be prioritized within the
categories of delayable and nondelayable. Further, these categories are exemplary of
characteristics that can be used, and not exhaustive. If there is sufficient power available
from the source or sources permitted to power a particular load that the controller authorizes
to receive power, then the controller 46 powers the particular load using the fewest number
of the permitted sources, in order of priority. Further, if the power draw of loads presently
connected exceeds the available power (e.g., available power declined and/or drawn power
increased), then the controller disconnects one or more loads based upon their
characteristics and the source priority until the available power meets or exceeds the drawn
power. Before connecting a particular load to a particular power source, or deciding

whether to disconnect a particular load from a particular source, an inquiry can be made as
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to whether this coupling is permitted, with the coupling made/continued if permitted and not
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made/broken if not permitted.

[0055] At stage 718, excess energy is stored. If the sources are capable of providing more
power than presently drawn by all the AC loads, then excess power is provided to the
energy storage device 234, if present, particularly energy from a renewable energy source,

e.g., the solar panels 16.

[0056] Other embodiments are within the scope and spirit of the appended claims. For
example, due to the nature of software, functions described above can be implemented using
software, hardware, firmware, hardwiring, or combinations of any of these. Features
implementing functions may also be physically located at various positions, including being
distributed such that portions of functions are implemented at different physical locations.
Further, one or more of the fuses 48 may be replaced by circuit breakers. Also, while
monitoring of whether power grid voltage is within specification was described sequentially
(e.g., stage 114 after stage 120 or130), this may be done in parallel intermittently,
periodically, ,or continuously (e.g., stage 114 in parallel with higher-numbered stages in
FIG. 4). Also, while the term “switch” has been used, this term is not limiting and includes

various forms of controllable selective couplers.

[0057] The controller may be configured to regulate the power availability to the AC
loads based on other factors than those described and/or during times when the grid power
is within specification. For example, the controller could receive a signal (¢.g., from a
power company supplying the grid power) to control management of the load switches to
switch off air conditioning, or other items, during peak times. As another example, the
controller could control the load switches to manage power availability dependent on the
time of day (e.g., peak vs. off-peak) to managé power draw from the grid, e.g., based on the

present rate for power.

[0058] Other embodiments are within the scope of the description and claims. For
example, referring to FIG. 8, an energy distribution system 410 includes a communication
module 412, a usage broadcaster 414, measurement nodes 416, 418, and a grid sensor and
load management controller 420. The nodes 416, 418 are configured and connected to
measure/monitor lines connected to loads such that the loads are monitored loads. The

nodes 416, 418 and the broadcaster 414 are preferably configured to wirelessly

communicate (e.g., using radio frequency (RF) signals, ZigBee signals, etc.) such that the
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usage broadcaster 414 can receive information from the nodes 416, 418 regarding the
energy delivered to the monitored loads. Alternatively, the nodes 416, 418 can
communicate with the broadcaster 414 through one or more wired connections. The nodes
416, 418 can be of various forms, e.g., clamp-on monitors, feed-through monitors, "smart
breakers," etc. For example, clamp-on monitors could be used for feeds from a utility to a
user's main panel. The broadcaster 414 is preferably wired to the sensor/controller 420 and
the communication module 412 and configured to send information, e.g., digitally, to the
controller 420 and the module 412. The communication module 412, e.g., a wireless card,
is preferably configured to wirelessly communicate with remotely-located devices to
provide information regarding the system 410, although a wired communication connection
may be used. The system 410 can be remotely monitored by receiving information from the
module 412 and remotely managed by providing commands to the controller 420 through
the module 412. For example, a user such as an end-user/homeowner, an installer/warranty
provider, a third-party owner-operator, a utility company, a third-party "aggregator” selling
information to a utility company, etc. can monitor the system 410. The user can manage
loads for energy efficiency, e.g., controlling an electric water heater as though the heater
had a programmable thermostat. A graphical user interface (GUI) can be provided to the
user via the communication module 412, e.g., at a web page, to show the energy usage,
renewable energy production, etc. by the system 410. A remote terminal (e.g., physically
similar to a programmable thermostat) could be provided to a user to show the energy
usage, renewable energy production, etc. by the system 410. Information regarding the
system 410 can be provided in various forms, €.g., as a percent of optimal operation, as
scientific units (e.g., "The system produced 13.4kWh today."), etc. A user can also be
informed of environmental benefits of the system 410 (e.g., "The system saved X grams of

CO2 today.").

[0059] Still other embodiments are within the scope of the description and claims. For
example, while the description above discussed connecting delayable loads based upon
available power and power used by the loads, other factors may be used, alone or in
combination, at stages 316, 334 to determine which delayable loads to power that may
result in different usage of available power, e.g., not maximizing the amount of available
power used. For example, delayable loads may have priorities associated with them,

maximum off times, and/or minimum on times, etc. Thus, using the example of non-

delayable loads of Loadl of 10 W, Load2 of 20 W (with Load1 having higher priority than
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Load2), and delayable loads Load3 of 30 W, and Load4 of 40 W, with 72 W of solar power
available, Loadl, Load2, and Load4 are initially connected, maximizing utilization of the
available power (using 70 of 72 W available watts). If Load3 has a maximum off time ot 45
minutes and a minimum on time of 10 minutes, then these times may override the power use
maximization at stages 316, 334. After 45 minutes of Load1, Load2, and Load4 being
connected (70 W total), the controller 236 will disconnect Load4 and connect Load3 1n
order to comply with Load3's maximum off time, despite the aggregate load being only 60
W of 72 W available. The controller 236 will keep Load3 connected for its 10 minute
minimum on time, then revert to maximizing the total load by disconnecting Load3 and
connecting Load4 (restoring 70W load). If priorities were assigned to delayable loads, these
could also override maximization of delivered power. For example, if Load3 had a higher
priority than Load4, then the controller 46 would connect Loadl, L.oadZ, and Load3 for a
60W aggregate, despite the 70W combination of Loadl, Load2, and Load4 being higher.

[0060] Still other embodiments are within the scope of the description and claims. For
example, an auxiliary energy source could take forms other than an energy storage device
and a DC-DC converter, such as a DC-output generator. Further still, the load switches may
have other configurations. For example, as shown in FIG. 9, an alternative load switch 900,
for use in systems disclosed herein, has four selectable terminals where a fourth terminal
902 is connected to an AC source 904 other than the grid, such as an AC generator. A load
switch 900 is preferably provided for each AC load. Also, other configurations of a power
switch are possible. As shown in FIG. 9B, a power switch 910 can couple either the electric
orid or the AC generator 904 to the AC load switches. The power from the AC generator
904 may be combined with AC power from the DC-AC converter and provided to the AC
load switches. A sensor and controller 914 is connected and configured to sense power
from the grid and the AC generator 904, control the state of the switch 910, and control the
mode of the DC-AC converter 912. If the sensor/controller 914 determines that an electric
orid with acceptable AC power available is connected to the switch 910, then the controller
914 activates the switch 910 such that the DC-AC converter 912 is connected to the grid
and sends a CSI signal to the DC-AC converter 912 to cause the converter 912 to operate in
CSI mode. If the sensor/controller 914 determines that there is no electric grid with
acceptable AC power available connected to the switch 910 and the AC generator 904 1s
providing acceptable power, then the controller 914 activates the switch 910 such that the
AC generator 904 is connected to the DC-AC converter 912 and sends the CSI signal to the
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converter 912. If the sensor/controller 914 determines that there is no electric grid with
acceptable AC power available connected to the switch 910 and the AC generator 904 1s not
providing acceptable power, then the controller 914 activates the switch 910 such that the
DC-AC converter 912 is isolated from both the electric grid and the generator 904 and sends
a VSI signal to the converter 912. Further still, DC input power may be received from
sources other than solar panels, such as from sources providing electrical energy derived
from wind, geothermal sources, water (e.g., dams, tidal, wave), anaerobic digestion, and/or

biofuels, etc.

[0061] In operation, referring to FIG. 10, with further reference to FIGS. 1-4 and 6, a
process 300 includes the stages shown. The process 300 is an exemplary embodiment of
portions of the process 710 shown in FIG. 7. In the process 300, delayable loads are not
permitted to be powered from an energy storage device. The process 300 provides for
controlling what load connections to make or break depending upon load amounts, available
power, and energy storage capacity. Stages 302, 304, 306, 308, 310, 312, 314, 316 address
attempting to power more loads, stages 318, 320, 322 address handling of excess power,
and stages 318, 324, 326, 328, 330, 332, 334, 336 address management of connections
when the load exceeds power available. The process 300, however, is exemplary only and
not limiting. The process 300 may be altered, e.g., by having stages added, removed, or
rearranged. For example, stages 306, 308, 320, 322, 328, 332 are preferably omitted for
systems such as the system 20 that do not have energy storage devices, but are preferably

included for systems such as the system 230 that include energy storage devices.

[0062] At stage 302, an inquiry is made regarding which non-delayable loads are
connected. The controller 46, 236 determines whether all non-delayable loads are
connected to the DC-AC converter 36, 238 to receive energy from the solar panels 16. If all
of the non-delayable loads are so connected, then the process 300 proceeds to stage 312

described below, and otherwise proceeds to stage 304.

[0063] At stage 304, with less than all non-delayable loads connected to the converter 36,
an inquiry is made regarding the amount of available energy from the solar panels 16. The
controller 46, 236 determines whether sufficient solar power is available for the highest
priority, currently disconnected, non-delayable load permitted to be connected to receive

solar power. If sufficient energy is available from the solar panels 16 for a permitted load,
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then the process 300 proceeds to stage 310 described below, and otherwise proceeds to

stage 306.

[0064] At stage 306, with insufficient energy from the solar panels 16 available for the
highest priority, currently disconnected, non-delayable load permitted to receive solar
power, or for the highest priority, currently disconnected, non-delayable load not permitted
to receive solar power, an inquiry is made as to whether there is sufficient stored energy
available for the highest priority, currently disconnected, non-delayable load permitted to
receive power from stored energy. The controller 46, 236 determines whether an energy
storage device exists and has sufficient energy stores, when combined with the available
solar energy, for powering the highest priority load that is currently disconnected, 1s non-
delayable, and is permitted to be connected to receive power from the energy storage
device. If sufficient stored energy is not available and/or no such permitted load exists, then

the process 300 proceeds to stage 318 described below, and otherwise proceeds to stage

308.

[0065] At stage 308, stored energy is used to help power the highest priority non-
delayable load allowed to receive power from an energy storage device. The controller 236
causes the appropriate switch of the switches 242-245 to connect the highest priority non-
delayable load, that was previously disconnected, and that has permission to receive power
from the energy storage device. The controller 236 further causes energy from the storage
device 234 to be input via the DC-DC converter 232 in parallel with energy from the solar
panels 16 to power the newly-connected load. The process 300 proceeds to stage 318

described below.

[0066] At stage 310, the highest priority, currently disconnected, non-delayable load
allowed to solar power is connected to receive energy from the solar panels 16. The
controller 46, 236 actuates the appropriate switch of the switches 42-45, 242-245 to connect
the currently disconnected, highest priority non-delayable load, with appropriate
permission, to receive energy from the solar panels 16, the controller 46, 236 having
determined that sufficient energy is available from the solar panels 16 for powering this
load and that the load is appropriately cleared for such connection. The process 300

proceeds to stage 318 described below.

[0067] At stage 312, with the controller 46 having determined that all non-delayable loads

are connected, an inquiry is made regarding the connectivity of delayble loads. The
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controller 46, 236 determines whether all delayable loads are currently connected to receive
power. If so, then the process 300 proceeds to stage 318 described below, and otherwise

proceeds to stage 314.

[0068] At stage 314, with less than all delayable loads connected to the converter 36, 2338,
an inquiry is made regarding whether sufficient solar power is available for a disconnected
delayable load that is permitted to receive solar power. The controller 46, 236 determines
whether sufficient additional solar power is available for a currently disconnected delayable
load with clearance to receive solar power. If such power is not available from the solar
panels 16 for a permitted load, then the process 300 proceeds to stage 318 described below,

and otherwise proceeds to stage 316.

[0069] At stage 316, one or more of the delayable loads that are currently disconnected
and permitted to receive solar power are connected to receive such solar power. The
controller 46, 236 preferably connects and disconnects (as appropriate) the delayable load or
loads so that a total load on the DC-AC converter 36, 238 and the solar panels 16 1s
maximized without exceeding a threshold power point (TPP, e.g., a maximum power point,
MPP). Alternatively, criteria other than maximizing the total load within the TPP may be
used to determine which load(s) to connect. The controller 46, 236 preferably determines
which of the disconnected delayable loads with solar power receipt permission can be
connected to receive such power such that the combined power drawn by the then-
connected delayable loads will be the highest available load that is less than the TPP in
aggregate, given the already-connected delayable and non-delayable loads. The process 300

proceeds to stage 318.

[0070] At stage 318, an inquiry is made regarding the total power drawn by the connected
loads versus the TPP. The controller 46, 236 sums the power drawn by the various loads on
the lines 62-65, 262-265 to determine the total power drawn by the loads presently. The
controller 46, 236 can determine the TPP, or its equivalent, in many ways such as by
monitoring the voltage from the solar panels to the converter 36, 238. The controller 46,
236 determines whether the present total load is greater than the TPP. If the present total
load is greater than the TPP, then the process 300 proceeds to stage 324 described below,
and otherwise (if the total load is less than or equal to the TPP), then the process 300
proceeds to stage 320.
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[0071] At stage 320, with the total load being less than or equal to the TPP, an inquiry 1s
made as to whether there is energy storage available. The controller 236 determines
whether there is energy storage available by determining whether the energy storage device
234 is present, and if so, if it is full. If no energy storage is available, e.g., because there 1s
either no storage device 234 or the energy storage device 234 is full, then the process 300

proceeds to stage 302 and otherwise proceeds to stage 322.

[0072] At stage 322, with it having been determined that energy storage is available,
excess energy is stored in the energy storage device 234. The controller 236 sends control
signals to the DC-DC converter 232 to adjust the amount of power drawn from the solar
panels 16 into the DC-DC converter 232. For example, the controller 236 can cause a pulse
width modulator in the DC-DC converter 232 to adjust its duty cycle to draw more power,

causing more power to be sent to the energy storage device 234. The process 300 returns to

the stage 302.

[0073] At stage 324, with the aggregate power drawn by the loads being greater than the
TPP, an inquiry is made as to whether a single load is greater than the TPP and whether
there is stored energy available. The controller 46, 236 determines if there is a single load
whose power draw is greater than the TPP and no stored energy is available. If this is the

case, then the process 300 proceeds to stage 336 described below, and otherwise proceeds to

stage 326.

[0074] At stage 326, with a single load not exceeding the TPP and/or stored energy being
available, an inquiry is made as to the connectivity of delayable loads. The controller 46,
236 determines whether any delayable loads are currently connected to the converter 36,
238. This inquiry is preferably made before an inquiry regarding availability of stored
energy (see stage 328 described below), in order to shed delayable loads before using stored
energy. If there are delayable loads currently connected, then the process 300 proceeds to

stage 334 described below, and otherwise proceeds to stage 323.

[0075] At stage 328, with it having been determined that there are no delayable loads
connected, an inquiry is made regarding available stored energy. The controller 236
determines whether there is sufficient stored energy available in the device 234, in
conjunction with the energy from the solar panels 16, for powering the non-delayable loads

permitted to receive power from stored energy, i.c., to at least make up the difference
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between the present load and the power available from the solar p‘anels 16. If so, then the

process 300 proceeds to stage 332 described below and otherwise proceeds to stage 330.

[0076] At stage 330, with no energy storage device being present or with the controller
236 having determined that there is insufficient stored energy available to be combined with
the energy from the solar panels 16 to power all of the currently-connected non-delayable
loads permitted to receive power from stored energy, the controller 46, 236 actuates the
appropriate switch of the switches 42-45, 242-245 to disconnect the currently-connected,
lowest priority, non-permitted non-delayable load or, if none, the lowest priority, currently-

connected, permitted non-delayable load. The process 300 returns to stage 302.

[0077] At stage 332, stored energy is used to assist in powering the currently-connected

loads. The controller 236 causes energy from the energy storage device 234 to be input in

parallel with energy from the solar panels 16 to make up the difference between the total
load and the TPP from the solar panels 16. For example, the controller 236 can regulate a
pulse width modulator in the DC-DC converter 232 to draw the differential power from the

energy storage device 234.

[0078] At stage 334, with the controller 46, 236 having determined that there are
delayable loads connected for receiving power, one or more delayable loads 1s
disconnected. The controller 46, 236 actuates one or more appropriate switches of the
switches 42-45, 242-245 to disconnect and connect (as appropriate) one or more delayable
loads so that the remaining combination of connected loads draws as much power as
possible, given the power draws of the presently connected delayable loads, from the DC-
AC converter 36, 238 without exceeding the TPP if possible. The process 300 returns to
stage 302.

[0079] At stage 336, with the controller 46, 236 having determined that a single load
exceeds the TPP and insufficient stored energy is available to power the single load when
combined with the solar energy, the load exceeding the TPP is disconnected from the
converter 36, 238. The controller 46, 236 actuates the appropriate switch from the switches
42-45, 242-245 to disconnect the single load whose power draw exceeds the TPP, regardless
of the delayability or priority of this load. The process 300 returns to stage 302.

[0080] The process 300 repeats to continuously adjust the load connections in order to

adjust which loads are connected based on the available power. The controller 46, 236
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preferably causes all non-delayable loads to be powered if sufficient energy is available.
Preferably, non-delayable loads are prioritized and powered in accordance with their
priorities if insufficient energy is available to power all of the non-delayable loads,
including enefgy from an energy storage device. The controller 46, 236 further preferably
causes excess energy to be stored if an energy storage device is available and uses available
stored energy to support non-delayable loads when insufficient energy is available from the
solar panels 16. Further, the controller 46, 236 preferably maximizes the delayable load
power draw within the bounds of available power, e.g., if insufficient energy is available to

power all of the delayable loads.

[0081] Other embodiments of processes for determining which loads to connect to receive
power, and connecting those loads to receive power, may be used. For example, 1n the
process 300, stage 326 is performed before stage 328 in order to shed delayable load betore
using stored energy. The stage 328 inquiry, however, could be made before the stage 326
inquiry, e.g., if it is preferred to use stored energy before shedding delayable load. Further,
in embodiments where no energy storage device is available, determinations of available
stored energy, available energy storage, or existence of an energy storage device, may be

omitted.

Example 1

[0082] For this example, portions of the process 300 are explained for an exemplary
embodiment of the system 20. In this example, there are four loads (L.oadl with a load of
10 W, Load?2 with a load of 20 W, Load3 with a load of 30 W, L.oad4 with a load of 40 W),
two being non-delayable (Loadl being higher priority than Load2) and two being delayable,
and there is no energy storage device. Further, the example begins at or near sunrise, such
that there has been no solar energy for some time, but the solar panels 16 are beginning to
receive solar energy. It is also assumed that the grid power is down and that each of the
switches 42-45 are in the disconnect position, connecting the loads 62-65 to neither the

power lines 50, 52 nor the DC-AC converter 36.

[0083] As solar energy comes available, the controller 46 monitors the solar energy
relative to the load energy for the highest-priority non-delayable load until sufficient solar
energy exists for powering this load. At stage 302, the controller 46 determines that all non-
delayable loads are not connected, and thus the process 300 proceeds to stage 304. In stage

304, the controller 46 determines that insufficient solar energy exists, e.g., 8 W, for
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powering Loadl, leading to stage 306 where the controller 46 determines that there 1s not
sufficient stored energy, here 0 W, for powering Loadl. The process 300 thus proceeds to
stage 318. Here, there is no load and some minor amount of available power, €.g., 2 W, so
the load is less than the TPP. The process 300 proceeds to stage 320 where the controller 46
determines that there is no energy storage available so the process 300 returns to stage 302.

This flow continues until enough solar energy exists for powering the highest-priority non-

delayable load.

[0084] Assuming the solar power available reaches 10+ W, e.g., 11 W, Loadl] 1s
connected to receive the solar energy. Once this condition exists, the controller 46, at stage
310, causes the appropriate switch, e.g., the switch 42, to connect Load] to the converter 36
to receive energy from the solar panels 16. At stage 318, the load is less than the TPP, but
there is no energy storage, so the process 300 proceeds through stage 320 and returns to
stage 302.

[0085] The previous flow through the process 300, namely stages 302, 304, 306, 318 320,
302 . .. recurs until sufficient energy is available for powering the next-highest-priority
non-delayable load, here Load2. Assuming enough energy is eventually provided by the
panels 16, e.g., 32 W, then the process 300 will proceed through stages 302, 304, 310 to
connect Load2 to the converter 36. If further non-delayable loads existed, then the flows
described above would repeat to connect those loads, assuming the panels 16 provided

sufficient energy.

[0086] Once all the non-delayable loads are connected, the controller 46 determines
whether sufficient power exists to connect delayable loads, and if so, does so. With all non-
delayable loads connected to the converter 36, but no delayable loads connected to the
converter 36, the process 300 moves from stage 302 to 312 and then stage 314. If solar
energy exceeding 60 W (power for Loadl + Load2 + Load3 (the lowest-power-using
delayable load)) is not available from the converter 36, then the process 300 proceeds to
stages 318, 320, 302, 312 and returns to stage 314 until at least 60 W, e.g., 64 W, 1s
available, at which point the process 300 proceeds to stage 316. At stage 316, the controller
46 determines that Load3 can be connected to the converter 36 without overloading the
converter 36 to maximize the usage of the available energy. If 75 W were available, then
the controller 46 would connect Load4 to the converter 36, and disconnect Load3 1t

presently connected. The controller 46 causes the appropriate load(s), here Load3 with 64
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W total available, to be connected to the converter 36. The process 300 proceeds through
stages 318, 320, 302, 312, 314 as long as less than all delayable loads are connected and the
load does not exceed the TPP. The process 300 proceeds to connect Load4 when the total
available power exceeds 100 W. Assuming all delayable loads are also connected to the

converter 36 and the total load does not exceed the TPP, then the process 300 will loop
through stages 302, 312, 318, 320, 302. ...

[0087] If at any point the total load exceeds the TPP, then the process 300 works to
reduce the load. The total load may exceed the TPP as a result of the amount of solar
energy available decreasing, e.g., due to cloud cover, sun setting, etc., and/or the desired
load increasing (e.g., a load is turned on and/or increases its power demand, €.g., a user
turns on a microwave, a refrigerator controller increases power usage, etc.). For example, 1f
the TPP decreases from 64 W to 52 W, then at stage 318 controller 46 determines that the
load exceeds the TPP, and the process 300 proceeds to stage 324. At stage 324, the
controller 46 determines whether there is a single load that exceeds the available power, 1.€.,
the TPP and any stored energy (an "impossible" load under the circumstances). If so, then
the controller 46 disconnects the load from the converter 36 at stage 336 by putting the
corresponding switch 42-45 to its disconnect position. Here, the total load exceeds the TPP,
but a single load does not exceed the available power, and thus the controller 46 determines,
at stage 326, that there is a delayable load, Load3, connected to the converter 30, and causes
L.oad3 to be disconnected at stage 334. If the available power had decreased from 104 W
(with all four loads connected) to 93 W, then the controller 46 would disconnect Load3 at
stage 334 and leave Load4 connected to maximize the available power used. If the
available power decreases further, e.g., from 52 W to 26 W, then the controller 46 will
determine that the load exceeds the TPP (stage 318), that a single load is not responsible for
the power deficiency (stage 324), that no delayable loads are connected (stage 326), that no
stored energy is available (stage 328), and thus cause the lowest-priority currently-
connected non-delayable load, here Load2, to be disconnected at stage 330 by moving the
corresponding switch, here the switch 43, to its disconnect position. If available power
drops below 10 W, then the controller 46 will also disconnect Loadl at stage 330. If the
power increases again, €.g., cloud cover clears, then more loads can be connected as

appropriate through stages 316, 310.

Example 2
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[0088] For this example, portions of the process 300 are explained for an exemplary
embodiment of the system 230. In this example, there are four loads (Loadl with a load of
10 W, Load?2 with a load of 20 W, Load3 with a load of 30 W, Load4 with a load of 40 W),
two being non-delayable (Loadl being higher priority than Load2) and two being delayable,
and an energy storage device, here a battery, 234. Further, the example begins at or near a
loss of grid power, with the battery 234 fully charged and capable of providing 25 W, and
the panels 16 receiving solar energy with 200 W of energy being available from the panels
16. Thus, each of the switches 242-245 are connecting their respective loads 262-265 to the
respective power lines 250, 252, not to the converter 238. Referring to FIG. 4, the
controller 236 determines at stage 114 that the power grid is out of spec. Thus, at stage 122,
the controller decouples the converter 238 from the power grid by opening the switch 240,
and at stage 124, sends the CSI/VSI signal to the converter 238 to enter VSI mode. At
stages 126, 128, 130, as more fully illustrated and explained by the process 300 ot FIG. 10,
the controller 236 determines which loads to connect/disconnect for/from receiving power,

and connects/disconnects the appropriate loads.

[0089] Referring to FIGS. 6 and 10, the controller 236 acts to connect loads to the
converter 238 in accordance with their power draws and available power from the panels 16
and the battery 234. The controller 236 determines at stage 302 that less than all, for now
none, of the loads are connected to the converter 238, determines at stage 304 that sufficient
solar power is available to power Loadl, and causes the switch 262 to connect Load] to the
converter 238 at stage 310. The controller 236 determines at stage 318 that the total load of
10 W is less than the 200 W of TPP, and determines at stage 320 that there 1s no energy
storage available because the battery 234 is full. The process 300 returns to stages 302 and
the controller 236 determines at stage 304 that there is enough solar power for Load2 and
connects L.oad2 to the converter 238 at stage 310. The process 300 flows through stages
318 and 320 again and returns to stage 302. At stage 302, the controller 236 determines that
Load1 and Load2 are connected to the converter 238 and thus determines at stage 312 that
less than all, here none, of the delayable loads Load3, Load4 are connected to the converter
238. The controller 236 determines at stage 314 that additional solar power is available for
Load3 and Load4 (200 W - 10 W - 20 W > 30 W + 40 W) and connects Load3 and Load4 to
the converter 238. With all the loads connected, the process 300 cycles through stages 302,
312, 318, 320 until a change 1n status occurs.
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[0090] If the solar energy available decreases and/or the load increases such that the total
load exceeds the TPP, then the controller 236 evaluates whether to disconnect any load(s)
and if so, which load(s). For example, if the solar power available from the panels
decreases below 100 W, e.g., to 78 W, then the controller 236 determines at stage 318 that
the load exceeds the TPP, determines at stage 324 that a single load does not exceed the
TPP, determines at stage 326 that delayable loads Load3, Load4 are connected, and
disconnects Load3 from the converter 238 by moving the switch 244 to its disconnect
position. If the available solar power drops to any power less than the non-delayable load
total plus the currently-connected delayable load total, then the controller 236 re-determines
which, if any, delayable loads to connect to the converter 238. If the power drops to, e.g.,
63 W, then the controller 236 disconnects Load4 from the converter 238 by moving the
switch 245 to its disconnect position and connects L.oad3 to the converter 238 by moving
the switch 244 to connect the load line 264 to the converter 238. If the solar encrgy
decreases below the non-delayable load total, then the controller 236 will attempt to power
the non-delayable loads using the battery 234. For example, if the solar power decreases to
27 W, then the controller 236 will determine at stage 318 that the load exceeds the TPP,
determine at stage 324 that a single load does not exceed the TPP, determine at stage 326
that no delayable loads are connected, determine at stage 328 that sufficient stored energy is
available to supplement the solar energy to power the present total load (27 W +25 W > 30
W), and connect the battery 234 in parallel with the panels 16 at stage 332. The controller
236 controls the duty cycle of the PWM 233 to send the desired amount of power to the
converter 238 (e.g., 3 W positive, i.e., sourced from the converter 232). If the combined
solar and stored energy decreases below the total non-delayable load, e.g., 28 W total, then
the controller 236 disconnects, at stage 330, the lowest priority presently connected non-
delayable load, here Load2. If the total solar power and stored energy drops below the last
connected non-delayable load, e.g., drops to 6 W (6 W solar and 0 W battery), then the
controller 236 determines at stage 318 that the load exceeds the TPP (10 W > 4 W),
determines at stage 324 that a single load exceeds the TPP and that insufficient stored
energy is available to combine with the solar energy to power the load 2 W <6 W (i.e., 10

W - 4 W)), and disconnects the single load at stage 336.

[0091] If the battery 234 has been depleted at least partially, then the controller 236 can
charge the battery 234 if energy is available from the solar panels 16. If the solar energy
available, e.g., 72 W, exceeds the power used by the connected loads, here 70 W (the two
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non-delayable loads, Loadl and Load2, plus the delayable load, Load4), then the controller
236 can determine at stage 320 that energy storage in the battery 234 is available and store
the difference, here 2 W negative (i.e., pulled into the converter 232), between the TPP and
the total load of the connected loads in the battery 234. The controller 236 can manage the
amount of energy stored by controlling the duty cycle of the PWM 233 in the bidirectional
DC-DC converter 232 to draw the appropriate amount of energy from the solar panels 16
while leaving sufficient energy to power the connected loads. The controller 236 may store
slightly less than the difference between the TPP and the load to help ensure proper

powering of the connected loads.

Example 3

[0092] For this example, portions of the process 300 are explained for an exemplary
embodiment of the system 230. In this example, there are four loads (Loadl with a load of
10 W, Load2 with a load of 20 W, Load3 with a load of 30 W, Load4 with a load of 40 W),
two being non-delayable (Load] being higher priority than Load2) and two being delayable,
and an energy storage device, here a battery, 234. Further, the example begins at or near a
loss of grid power, with the battery 234 fully charged and capable of providing 25 W, and
the panels 16 receiving no solar energy and thus 0 W of energy being available from the
panels 16. Thus, each of the switches 242-245 are connecting their respective loads 262-
265 to the respective power lines 250, 252, not to the converter 238. Referring to FIG. 4,
the controller 236 determines at stage 114 that the power grid is out of spec. Thus, at stage
122, the controller decouples the converter 238 from the power grid by opening the switch
240, and at stage 124, sends the CSI/VSI signal to the converter 238 to enter VSI mode. At
stages 126, 128, 130, as more fully illustrated and explained by the process 300 of FIG. 10,
the controller 236 determines which loads to connect/disconnect for/from receiving power,

and connects/disconnects the appropriate loads.

[0093] Referring to FIGS. 6 and 10, the controller 236 can attempt to power non-
delayable loads using the battery 234. The controller 236 determines at stage 302 that none
of the non-delayable loads Load1, Load2 are connected to the converter 238, determines at
stage 304 that solar power for the Load! is not available, determines at stage 306 that
sufficient stored energy in the battery 234 is available for powering Load]1, and provides the
power from the battery 234 to power Loadl by controlling the PWM 233 to draw 10 W
from the battery 234. Similarly, the controller 236 could power Load2 if the battery had at
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least 30 W of power available. Here, however, the controller 236 determines at stage 306

that the battery 234 has insufficient energy to power the highest priority presently
disconnected non-delayable load, i.e., Load2 (25 W <10 W + 20 W).

[0094] In operation, referring to FIG. 11, with further reference to FIGS. 1-4, 6, 7, and 9,
a process 800 includes the stages shown. The process 800 is an exemplary embodiment of
portions of the process 710 shown in FIG. 7, and shares many features with the process 300
shown in FIG. 10. In the process 800, stages similar to those in FIG. 10 have identical
numbers and their descriptions are supplemented, altered for the process 800, or omitted 1n
this discussion. The process 800 controls power provision to loads from alternative power
sources, here a solar power source, €.g., solar panels 16 (although the process 800 1s not
limited to solar power), an AC generator such as generator 904, and an energy storage
device such as the device 234. The process 800 is exemplary only and not limiting. The
process 800 may be altered, ¢.g., by having stages added, removed, or rearranged. For
example, stages 326 and 327 discussed below may have their order interchanged (along
with corresponding stages 333, 334). The process 800 shows that power is preferably used
according to a priority of solar power first, then generator power, then stored energy. The
process 800 also shows that there is a preference to connect non-delayable loads before
delayable loads, and if power consumption is to be reduced, to shed delayable loads before

non-delayable loads, and to shed loads not permitted to use stored energy before using or

increasing the use of stored energy.

[0095] At stages 302 and 312, inquiries are made as to whether all permitted non-
delayable or delayable loads are connected, respectively. Only if a non-connected non-
delayable load is permitted to receive power from one of the alternative energy sources will
the process 800 proceed from stage 302 to stage 304. Similarly, only if a non-connected
delayable load is permitted to receive power from one of the alternative energy sources will

the process 800 proceed from stage 312 to stage 314.

[0096] Stages 304, 305, 306, 308, 309, 310 illustrate that a controller analyzes whether
power is available from the alternative sources in order of priority for powering the
currently-disconnected, highest-priority, non-delayable loads. If there is appropriate power
available, and the source/load combination is permitted (authorized), then the load 1s
connected to the appropriate DC-to-AC converter (e.g., for the sources 16, 234), and/or to
the generator. After stages 308, 309, and 310, the process returns to stages 306, 305, and
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304, respectively, to determine if another load may be connected due to sufficient available

stored energy, generator power, or solar power, respectively.

[0097] Stages 313, 314, 315, 316, 317, 319, illustrate that a controller analyzes whether
power is available from the alternative sources in order of priority for powering the
currently-disconnected delayable loads. At stage 3135, the appropriate load(s) 1s(are)
connected to the generator so that a total load on the generator is preferably maximized
without exceeding a power limit of the generator. At stage 319, power from the energy

storage device is input in parallel with solar power, if any, provided to the corresponding

load(s).

[0098] Decision stages 326, 327, and 329, and their associated operation stages, 1llustrate
that if the power drawn from the DC-to-AC converter exceeds available power, delayable
loads are disconnected before using stored energy to power the loads. At stage 334, with 1t
having been determined at stage 326 that at least one delayable load is connected, one or
more connected delayable loads are selected and disconnected to try to maximize load on
the DC-to-AC converter without exceeding the TPP. At stage 327, with no delayable loads
connected, the controller inquires as to whether any connected loads are not permitted to use
stored energy. If there are such loads, then the process 800 proceeds to stage 333 where one
or more non-delayable loads not permitted to use stored energy are disconnected to try to
maximize the load on the DC-to-AC converter without exceeding the TPP. At stage 329,
with only non-delayable loads permitted to use stored energy connected to draw power, the
controller determines if there is sufficient stored energy available to power the connected
loads. If there is sufficient power, then the process 800 proceeds to stage 332, and
otherwise proceeds to stage 331. At stage 331, the controller causes the lowest priority non-

delayable load to be disconnected, thereby ceasing to draw power.

[0099] At stage 341, the controller determines whether a total load on the generator 1s
greater than the generator power limit. If not, then the process 800 returns to stage 302, and

otherwise proceeds to stage 343.

[0100] At stage 343, the controller determines whether there are any delayable loads

connected. If there are no delayable loads currently connected, then the process 800

proceeds to stage 347 where the controller causes the lowest priority non-delayable load to

be disconnected, thereby ceasing to draw power. If the controller determines at stage 343

that there are delayable loads connected, then the process 800 proceeds to stage 34).
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[0101] At stage 345, with the controller having determined that there are delayable loads
connected for receiving power, one or more delayable loads are disconnected. The
controller actuates one or more appropriate load switches to disconnect and connect (as
appropriate) one or more delayable loads so that the remaining combination of connected
loads draws as much power as possible, given the power draws of the presently connected
delayable loads, from the generator without exceeding the generator's power limit 1f

possible. The process 800 returns to stage 302.

[0102] FIG. 11 is exemplary, and many modifications are possible. For example, flow
from stages 333 and 334 may proceed to stage 318 instead of 341, which may increase the
speed at which a steady state of connected loads is reached. Further, loads may be assigned
maximum off times and/or minimum on times, and/or may have their permissions changed,
and/or may have their characteristics (e.g., delayable/non-delayable status) changed.
Preferably, if status or permission is changed, it is changed on a temporary basis. The
duration of the change may be constant, or may vary depending on desired criteria (€.g.,
time of day). Thus, for example, a delayable load may be assigned a maximum off time
which, if exceeded, causes the controller to reassign the load temporarily from delayable
status to non-delayable status. As another example, a load not permitted to use stored
energy may have its permission changed temporarily to allow it to use stored energy, e.g., it
its assigned maximum off time is exceeded. Further, these alternatives apply to

embodiments other than that shown in FIG. 11, e.g., other embodiments of FIG. 7 including

embodiments of FIG. 10.

[0103] Still other embodiments are within the scope of the description and claims. For
example, DC-AC converters and controllable switches may be physically disposed in a
common container or box. Further, control and/or sensor functionality may be contained in
DC-AC converters. Also, the converter 238 is shown in FIG. 6 with a single pair of inputs
or ports for receiving DC power from multiple DC sources, but in practice the single pair of
inputs shown in FIG. 6 may be implemented with multiple pairs of physically separate
inputs. The multiple pairs may be connected to different points of the converter 238, e.g.,
with lines from the solar panels 16 connected to a voltage boost stage, and lines from the
encrgy storage device 234 connected between the boost stage and a DC-to-AC conversion
stage. The single pair of inputs or multiple pairs of inputs may be referred to as an input.
Similarly, multiple physically separate connections between a power delivery system and a

power grid may be referred to as an input. Also, the DC power provided from multiple
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sources may be combined before conversion to AC power or, equivalently, converted to AC
power and then combined, with portions of the AC power being derived from their
respective DC sources. The AC power provided to one or more AC loads may be solely
from one source or from multiple sources (either DC and/or AC). Further, a unidirectional
source, e.g., the solar panels, is preferably protected from back-feed of power (as opposed to
the bi-directional DC-DC 232), using known techniques such as diodes in the lines

connecting the unidirectional source to the DC-AC converter.

[0104] Still other embodiments are within the scope of the disclosure and claims. For
example, in a grid-tied converter system including an alternative energy source (€.g., solar
panels, wind power source, etc.) and an electric panel connected to a power grid and to
multiple AC loads, a power converter may be configured to act as a current source inverter
providing AC current to the power grid if the power grid is providing an acceptable quality
of power and to act as a voltage source inverter providing AC voltage to the AC loads 1f the
power grid is providing an unacceptable quality of power. As a further example, a power
converter system may include a DC-to-AC power converter; a first output configured to be
coupled to a power grid; a first input configured to be coupled to the power grid; second
outputs each configured to be coupled to an AC load; a power-grid switch coupled to the
converter and to the first output; load switches coupled to the converter, the second outputs,
and the first input; a controller coupled to the load switches and to the first output and
configured to determine whether energy from the power grid satisfies at least one criterion,
the controller being further configured to control the power-grid switch and the load
switches to couple the converter to the first output and to couple the first input to the second
outputs if the at least one criterion is satisfied and otherwise to control the power-grid
switch and the load switches to isolate the converter from the first output and to selectively
couple the converter to the second outputs; a DC source coupled to the controller and to the
DC-to-AC power converter; measurement nodes configured to monitor energy provided to
AC loads and to provide first information regarding the monitored energy; a usage
broadcaster configured to communicate with the measurement nodes and to the controller to
receive the first information from the measurement nodes and provide second information,
related to the first information, to the controller; and a communication module coupled to
the controller and the usage broadcaster and configured to send third information, related to
the second information, toward a device and to receive fourth information from the device

and send commands related to the fourth information to the controller.
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[0105] Still other embodiments are within the scope of the disclosure and claims. For
example, embodiments of power delivery systems may be used that do not connect to, and
possibly do not have a connection for, a power grid. The VSI mode of the DC-to-AC
converter is equally applicable whether or not the system can receive power from, or supply
power to, a power grid. Where no power grid is to be connected to the power delivery
system, some simplifications relative to the systems described above are possible. For
example, the load switches preferably would have no connection point for connection to a
power grid (e.g., the switches 92-95 in FIG. 3 could have only two terminals for connection
to the load terminal), the sensor/controller could be simplified not to include connections

and a sensor to sense a grid, and no power grid switch is needed (e.g., the switch 40 in FIG.

3 could be eliminated).
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What is claimed is:

1. A power converter system comprising:
a DC-to-AC power converter configured to receive DC power from at least one DC power source;
a grid switch coupled to the converter and configured to couple to a power grid;

a plurality of selective couplings coupled to the converter, the selective couplings including load
lines configured to be coupled to AC loads, the selective couplings being configured to selectively couple

the converter to the load lines; and

a controller coupled to the selective couplings and configured to be coupled to the power grid,
the controller being configured to determine whether energy from the power grid satisfies at least one
criterion and to control the grid switch to isolate the converter from the power grid, and to control the
selective couplings to couple the converter to at least one of the load lines if the at least one criterion is
unsatisfied, the controller being further configured to control the selective couplings to change a
distribution of power provided by the converter to the load lines if power provided to the load lines is
above an amount of power available to the converter to dynamically change which loads receive power

from the converter while the at least one criterion is unsatisfied.

2. The system of claim 1 wherein the controller is configured to cause the selective couplings to change
a distribution of power provided by the converter to the load lines dependent upon at least one

criterion other than power drawn on the load lines.

3. The system of claim 2 wherein the controller is configured to cause the selective coupling associated
with a presently-connected, lowest-priority, non-delayable AC load to isolate the converter from a

respective load line if power provided to the load lines is above an amount of power available to the

converter.

4. The system of claim 1 further comprising an energy storage module coupled to the converter and the
controller, wherein the controller is configured to disconnect a presently-connected delayable load from
the converter before attempting to use energy from the energy storage module to power presently-

connected loads if power available from the converter from at least one solar panel is insufficient to
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power the presently-connected loads.

5. The system of claim 1 wherein each of the selective couplings are configured to be positioned in a first
state connecting a respective one of the load lines to the converter, in a second state connecting a
respective one of the load lines to the power grid, and in a third state connecting a respective one of

load lines to neither the converter nor the power grid.

6. The system of claim 1 wherein the selective couplings are further configured to couple to an AC

power source separate from the power grid.

7. The system of claim 6 wherein each of the selective couplings are configured to be positioned in a first
state connecting a respective one of the load lines to the converter, in a second state connecting a
respective one of the load lines to the power grid, in a third state connecting a respective one of the
load lines to the AC power source, and in a fourth state connecting a respective one of the load lines to

neither the converter nor the power grid nor the AC power source.

8. The system of claim 1 wherein the DC-to-AC power converter is configured to receive DC power from

a first DC power source through a unidirectional connection, the system further comprising:

a second DC power source comprising an energy storage device; and

a bidirectional DC-to-DC converter coupled to the energy storage device and to the DC-to-AC

power converter.

9. The system of claim 1 wherein the controller is configured to connect and disconnect loads to and

from the converter based upon sources of power for respective [oads.

10. A power converter system comprising:

a DC-to-AC power converter configured to receive DC power from at least one DC power source,

a grid switch coupled to the converter and configured to couple to a power grid;
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a plurality of selective couplings coupled to the converter, the selective couplings including load
lines configured to be coupled to AC loads, the selective couplings being configured to selectively couple

the converter to the load lines; and

a controller coupled to the selective couplings and configured to be coupled to the power grid,
the controller being configured to determine whether energy from the power grid satisfies at least one
criterion and to control the grid switch to isolate the converter from the power grid and, if the energy
from the power grid does not satisfy the at least one criterion, to selectively couple the converter to the
load lines to selectively provide AC power from the DC-to-AC power converter to the load lines
dependent upon at least one characteristic associated with the load lines other than power drawn on
the load lines to dynamically change the selective coupling of the converter to the outputs to

dynamically change which of the AC loads receive power from the converter.

11. The system of claim 10 wherein the at least one characteristic associated with the load lines
comprises priority and delayability of the AC loads associated with respective load lines, and the
controller is configured to cause the selective coupling associated with a presently-connected, lowest-
priority, non-delayable AC load to isolate the converter from the respective load line if power provided

to the load lines is above an amount of power available to the converter.

12. The system of claim 11 further comprising an energy storage module coupled to the converter and

the controller, wherein the controller is configured to disconnect a presently-connected delayable load
from the converter before attempting to use energy from the energy storage module power presently-
connected loads if power available from the converter from at least one solar panel is insufficient to

power the presently-connected loads.

13. The system of claim 10 wherein the at least one characteristic associated with the load lines
comprises permitted power sources for the AC loads associated with the respective load lines, and the

controller is configured to connect and disconnect loads to and from the converter based upon the

permitted sources of power for respective loads.

14. The system of claim 10 further comprising a first DC source that is unidirectionally coupled to the
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DC-to-AC power converter to supply DC power to the DC-to-AC power converter, the system further

comprising:
a second DC source comprising an energy storage device; and

a bidirectional DC-to-DC converter coupled to the energy storage device and to the DC-to-AC

power converter.

15. The system of claim 10 further comprising a bidirectional DC-to-DC converter coupled to the DC-to-

AC converter and configured to couple to an energy storage device.

16. The system of claim 10 wherein the DC power source comprises at least one of a DC-output

generator and at least one solar panel.

17. The system of claim 10 wherein the at least one characteristic is at least one of whether a particular

output is permitted to receive power from a particular source, and whether a particular output is

associated with a delayable AC load.

18. The system of claim 10 further comprising an AC generator coupled to the load switches.

19. A power converter system comprising:
a DC-to-AC power converter;

a plurality of outputs each configured to be coupled to an AC load;

a plurality of load switches coupied to the converter and the outputs wherein each of the
plurality of load switches is configured to change between load switch positions including an open

circuit position isolating the converter from a respective output and a closed position connecting the

converter to the respective output; and

a controller coupled to the load switches and to the outputs and configured to control the load
switches to selectively couple the converter to the outputs to selectively provide AC power from the DC-
to-AC power converter to the outputs dependent upon at least one characteristic associated with the

outputs other than power drawn on the outputs to dynamically change the seiective coupling of the
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converter to the outputs to dynamically change which of the outputs receive power from the converter
via the load switches in the respective closed positions, and to control the load switches to selectively
position the load switches in the respective open circuit positions to selectively isolate the converter

from the respective outputs.

20. The system of claim 19 further comprising a first DC source that is unidirectionally coupled to the

DC-to-AC power converter to supply DC power to the DC-to-AC power converter, the system further

comprising:
a second DC source comprising an energy storage device; and

a bidirectional DC-to-DC converter coupled to the energy storage device and to the DC-to-AC

power converter.

21. The system of claim 19 further comprising a bidirectional DC-to-DC converter coupled to the DC-to-

AC converter and configured to couple to an energy storage device.

22. The system of claim 20 wherein the first DC source comprises at least one of a DC-cutput generator

or at least one solar panel.

23. The system of claim 19 wherein the at least one characteristic is at least one of whether a particular
output is permitted to receive power from a particular source, or whether a particular output is

assoclated with a delayable AC load.

24. The system of claim 19 further comprising an AC generator coupled to the load switches.
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