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ABSTRACT

Methods, devices , and systems for controlling energy gen
eration interactions that bypass the grid may be provided .
Flow control devices may be directly connected with one

another independent of electrical connections to the utility
grid . In some examples, the direct connections between the
devices may enable sharing of power, controlling power
flow over the direct connections, and/or recording relative
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power flows between the devices.
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ENERGY GENERATION INTERACTIONS
BYPASSING THE GRID

over the electrical cable from the first end-user electrical
system of the plurality of electrical systems to the second

CROSS -REFERENCE TO RELATED

end - user electrical system of the plurality of electrical
systems based at least in part on the power draw . Addition

APPLICATIONS
[0001] This application is a continuation application of
U .S . patent application Ser . No. 15 /153 , 037 entitled

of the power over the electrical cable from the second

“ ENERGY GENERATION INTERACTIONS BYPASS

ally , the device may be configured to receive a second flow
end -user electrical system of the plurality of electrical

systems and /or monitor relative power flow between the

ING THE GRID ,” filed on May 12, 2016 , which is herein
incorporated by reference in its entirety for all purposes.
BACKGROUND

plurality of electrical systems based at least in part on the

[0002] In recent years, climate awareness and the cost of

associated with the utility power source . The power draw
may be identified based at least in part on a request received

energy have increased to the point that many consumers

have begun to install renewable energy generation systems

at both residential and non -residential locations. Solar pho

tovoltaic (PV ) systems, for example , have become relatively
popular and can be connected to an inverter for converting

the energy into a usable A / C source for the location . Addi
tionally, battery backup systems can be installed at locations
and can store electricity for later use (e .g., when energy costs

are higher or during an outage ) . However , most of these
alternative -source systems are connected to the grid using

preexisting electrical cables and utility company infrastruc
ture . As such , they are not equipped to effectively manage
power flow between the systems without accounting for
control and/ or regulatory issues . Still, even ignoring utility

infrastructure constraints, current systems lack intersystem
interaction capabilities .

BRIEF SUMMARY
[0003] In the following description , various embodiments
will be described . For purposes of explanation, specific
configurations and details are set forth in order to provide a

thorough understanding of the embodiments . However, it

will also be apparent to one skilled in the art that the
embodiments may be practiced without the specific details .

Furthermore , well-known features may be omitted or sim
plified in order not to obscure the embodiment being

described .
[0004] According to one embodiment, a device for man

first flow of the power and the second flow of power over the
electrical cable .

10005 ] In some embodiments , the electrical cable may not
be connected to a utility power source or the power grid

from the second end -user electrical system of the plurality of
electrical systems. Additionally , in some cases, the second

flow of the power from the second end -user electrical system

may be received based at least in part on a request sent from
the first end -user electrical system to the second end -user

electrical system . In some aspects , the first flow of the first

amount of power over the cable may be controlled by
changing an impedance of the electrical cable. Additionally,

the device may also comprise a rectifier, coupled with the
electrical cable , configured to change the type of power from
the alternating current form to the direct current form , and
the second flow of the power may be received from the
second end - user electrical system in the alternating current
form . The device may also comprise a metering device

coupled with at least one of the electrical cable , thememory ,
or the processor, and the relative power flow between the
plurality of electrical systems may be further monitored
based at least in part on a metric of the metering device . In

some embodiments , the device may also be configured to

calculate a relative power metric for the plurality of elec

trical systems based at least in part on the relative power

flow monitored by the device. Further , the relative power
flow between the plurality of electrical systems may be
further monitored based at least in part on a determination of

relative power consumption of the plurality of electrical

systems.

[0006 ] According to another embodiment, a computer

aging power flow between a plurality of electrical systems is
described . In some examples, the device may comprise an
electrical cable configured to connect, independent of con
nections to a power grid , a first end -user electrical system of

implemented method for managing power flow between a

the plurality of electrical systems to a second end - user

connections to a utility grid , between a first end -user elec

electrical system of the plurality of electrical systems. The

device may also comprise an inverter, coupled with the
electrical cable, configured to change a type of power from
a direct current form to an alternating current form . The
device may also comprise a memory configured to store
computer - executable instructions, and a processor config

ured to access the memory and execute the computer
executable instructions . In some cases , the device may be
configured to identify power generated by a photovoltaic
cell of the first end -user electrical system of the plurality of

electrical systems. The device may also be configured to

change the type of the power, utilizing the inverter , from the
direct current form to the alternating current form and /or

identify a power draw of first amount of the power from the

second end -user electrical system of the plurality of electri

cal systems. In some examples, the device may be config
ured to control a first flow of the first amount of the power

plurality of electrical systems is described . In some
examples, the method may be configured to control a flow

of power over a cable connection , independent of any

trical system of the plurality of electrical systems and a

second end -user electrical system of the plurality of electri

cal systems. The method may also be configured to monitor

relative power flow between the first end -user electrical

system and the second end -user electric system based at

least in part on the flow of the power over the cable
connection . In some examples, the power may comprise
electricity in a direct current form , and the flow of the power
over the cable may be controlled by changing a direct
current voltage of the electricity . In some examples , con

trolling the flow of power over the cable connection may

comprise providing power over the cable connection from

the first end -user electrical system to the second end -user

electrical system . The method may also be configured to
store a metric associated with the relative power flow based
at least in part on an amount of the power provided over the

cable connection from the first end-user electrical system to
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the second end -user electrical system . Themethod may also
be configured to determine an amount to charge an entity
associated with the second end -user electrical system based
at least in part on the metric associated with the relative
power flow .
[ 0007 ] According to another embodiment, a system for
managing power flow between a plurality of electrical
systems is described . The system may comprise a memory
configured to store computer-executable instructions, and a
processor configured to access the memory and execute the
computer -executable instructions. The system may be con

tion interactions that bypass the grid described herein ,

according to at least one example .

[0015 ]. FIG . 7 is a simplified flow diagram illustrating an
example process associated with controlling energy genera

tion interactions that bypass the grid described herein ,
[0016 ] FIG . 8 is a simplified flow diagram illustrating an

according to at least one example .

example process associated with controlling energy genera

tion interactions that bypass the grid described herein ,
according to at least one example.

figured to identify an electrical connection , independent of

[0017 ] FIG . 9 is a simplified flow diagram illustrating an
example process associated with monitoring energy trans

connections to a utility grid , between a first end -user elec

fers that bypass the grid described herein , according to at

second end -user electrical system of the plurality of electri

[0018 ] FIG . 10 is a simplified block diagram of a com
puting system for implementing some of the examples
described herein , according to at least one example .

trical system of the plurality of electrical systems and a
cal systems. The system may also be configured to receive

information that identifies that at least a first device of the

first end -user electrical system provided a flow of power

least one example .

over the electrical connection from the first end -user elec

DETAILED DESCRIPTION

second end -user electrical system of the plurality of electri

[0019 ] In the following description , various examples will

be described . For purposes of explanation , specific configu

monitor relative power flow between the first end -user
electrical system and the second end - user electric system
based at least in part on the flow of the power through the
electrical connection . In some cases, the plurality of elec

rations and details are set forth in order to provide a
also be apparent to one skilled in the art that the examples
may be practiced without the specific details. Furthermore,

trical systemsmay be external to the utility grid . The system

may also be configured to receive flow data from the first
device that identifies the relative power flow between the

not to obscure the examples being described .

first end -user electrical system and the second end -user

among other things , managing interactions between energy
generation systems. In some examples , the interactions may

determine an amount to credit an entity associated with the

network . For example , each energy generation system may
be physically connected to a power grid (e . g ., a utility
company ) ; however, interactions between the systems may

trical system of the plurality of electrical systems to the
cal systems. Additionally, the system may be configured to

electric system . The system may also be configured to

first end - user electrical system based at least in part on the
flow data .

thorough understanding of the examples . However, it will

well -known features may be omitted or simplified in order

[0020 ] Examples of the present disclosure are directed to ,

bypass a utility grid or other public or private energy

BRIEF DESCRIPTION OF THE DRAWINGS

be independent of the physical connections to the power

[0008 ] The detailed description is set forth with reference

power flowing from the grid to the energy generation

to the accompanying figures. In the figures, the left -most
digit(s ) of a reference number identifies the figure in which
the reference number first appears. The use of the same
reference numbers in different figures indicates similar or
identical items.

[0009 ] FIG . 1 is a simplified block diagram illustrating an

example architecture and environment for controlling
energy generation interactions that bypass the grid as
described herein , according to at least one example .
[0010 ] FIG . 2 is another simplified block diagram illus
trating at least some features associated with controlling
energy generation interactions that bypass the grid as
described herein , according to at least one example .
[0011 ] FIG . 3 is another simplified block diagram illus
trating at least some additional features associated with

controlling energy generation interactions that bypass the

grid . In other words, the interactions may not involve the

systems. In some cases, the interactionsmay be facilitated or

otherwise enabled by a flow control ( e . g., a power flow
control device) or other electronic device , as described
herein . The flow control device may be connected to the

grid , other components of the energy generation system

(e .g ., a PV array , a battery backup , etc .), and / or components

or appliances ( e .g ., lights , refrigerators , consumer electron

ics, etc.) at the location of the energy generation system . In

some cases, each energy generation system may be associ

ated with an end -user. For example , a single family home
may have its own energy generation system that is associ
ated with an end- user. Additionally , each unit (or a subset of

units ) of an apartment or condominium building may be

equipped with its own energy generation system and may be

associated with respective end -users ( e . g., the resident of
each unit ) . Thus, end - user energy generation systems may

grid as described herein , according to at least one example .
[0012 ] FIG . 4 is another simplified block diagram illus
trating an example architecture for implementing flow con

not be systems or nodes within a utility power station or

trol devices with a service provider as described herein ,

electrical and /or mechanical components that, together, gen

according to at least one example.

[0013 ] FIG . 5 is a simplified flow diagram illustrating an
example process associated with controlling energy genera

tion interactions that bypass the grid described herein ,

according to at least one example .

100141 FIG . 6 is a simplified flow diagram illustrating an

example process associated with controlling energy genera

other utility -operated systems on the utility grid .

[0021 ] An energy generation system may be any set of

erate and/ or store energy for use by the system itself or for
sharing with / providing to others . In other words , any system

that can act as a source of power for another system may be

considered an energy generation system , regardless of

whether the power to be provided is generated directly by

the system itself. Examples of energy generation systems

may include systems (e.g., located at a house , a commercial
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business location , etc .) with a PV array, a battery backup
(pack ), a hydroelectric generator, a wind turbine , or the like .

control device may request a particular amount of power
from another. Based at least in part on that request , the

End -user energy generation systems may be those that are
associated with an end -user, business , or location . These

source flow control device may control the flow of power to

and/ or rectifiers for converting the power from alternating

relative power flows that occurred before , during , and /or

systemsmay , but need not, be equipped with power inverters

current (AC ) form to direct current (DC ) form or from DC

to AC , as desired . Combinations of any of the above

referenced energy generation devices may also be consid
ered energy generation systems (e . g ., a system may include
a PV array, an inverter, and a battery backup ). Some energy

generation systems may not actually generate any power

( e. g ., an end -user system with a battery pack ) and may , thus ,

be referred to as energy storage systems. However, if the

energy storage system is configured to act as a source to
other systems ( e . g ., other end - user systems), then it may also

be considered an energy generation system for the sake of

this disclosure . As such , an energy storage system may be

considered a type of energy generation system .

[0022] In some examples , an energy generation system

may be equipped with a flow control device configured to
manage and /or control a flow of power from one energy

generation system to another. The flow of power may be
generation system to another, or others. In some cases , the

provided over an electrical cable that connects one energy

electrical cable ( power line) may be the same cable that
connects each energy generation system to the utility grid . In
this use case , controlling the flow of power independent of

the utility grid may include identifying an amount of power
supplied back to the grid and identifying an amount of that

power used by another user connected to the grid . However,

in some examples , the flow of power may instead be
provided over an electrical cable that connects directly from

one energy generation system to another. In this use case , the
electrical cable may provide a direct connection from a first

the requesting device . At least one device , but in some

examples both devices, can keep an accounting of the

after the power flow is provided . As such , total relative

power flows and /or power consumption (usage ) can be
tracked . In some examples, power credits and/ or debits may
be managed between accounts of the two systems such that
one system may “ owe " the other system a certain amount of

power (e .g ., to be provided at a later time). In some
examples, a first end -user may charge a second end -user for

the second end -user's usage of the first end -user 's power.

Any suitable payment system or instrument may be used ,

including actual payment ( e. g ., check , bank transfer, elec

tronic payment, etc .) and/or virtual payment (e .g., using
[0024 ] Flow control devices may be configured with one

points, credits , or the like ).

or more computing / control systems including at least pro
cessors , memory, and/ or communication devices . The com
munication devices may be configured for communicating
with other flow control devices and/or a server accessible
over a network (e . g ., the Internet or other public or private

networks). Further, in some examples , a gateway device

may be located at the location ( e . g ., the location of the flow

control device ) and may be configured to facilitate commu
nication between the flow control devices and the server.

Essentially , the gateway device may route signals from the
flow control devices to the server, and vice versa . In some
examples, environmental condition changes and / or perfor
mance changes may be reported to a remote server. Remote

(e . g ., at the server ) and/ or local ( e . g ., at the device ) diag
nostic checks may be performed to identify current working

conditions or operational data of the system . In some

flow controldevice (e .g., of a first energy generation system )
to a second flow control device (e . g ., of a second energy
generation system ). This direct connection may be indepen
dent of other connections or electrical cables that connect

examples , signals may be sent to the flow control devices
periodically and /or based on a trigger ( e . g ., a request ) to

that is controlled and/ or managed over the electrical cable
may not be accessible by or capable ofbeing provided to the

[0025 ] FIG . 1 shows example system 100 , where two

the site ( location ) to the utility grid . Thus, the flow of power

utility grid at all, although such complete independence is
not required .
[0023 ] Some flow control devices may be configured with

inverters and/ or rectifiers ( converters ) for changing the

power from AC to DC or from DC to AC . In this way , the
flow control devices may be able to take power generated by

a DC source ( e . g ., a PV array or the like) and change it to
AC power that can be used by appliances and /or provided

back to the grid , as desired . Additionally , the flow control
devices may be able to take AC power ( e.g ., from the grid

or from another AC source ) and change it to DC power that

can be stored in a battery or provided over the dedicated

electrical cable described above (e. g., to another energy
generation device or another flow control device ). Addition

ally , flow control devices may be able to communicate with

one another to send and / or receive requests for certain

amounts of power and/or to provide instructions or configu
ration information to one another. The flow control devices
can intelligently provide appropriate amounts of power from
one system to another and / or account for relative amounts of

power flow and /or power usage between the two systems.
For example , if one system needs power, the respective flow

provide instructions for controlling the flow of power and/ or
tracking ( accounting ) relative flow and/ or consumption of
the energy generation systems.

locations 102, 104 may each include end - user electrical

systems ( e . g ., power generation system 106 and power

storage system 108 , respectively ). Power generation system

106 may include PV array 110 and flow control device 112 .
As noted , flow control device 112 may include one or more
inverters and / or rectifiers for converting the power from AC
to DC and vice versa , as appropriate . Location 102 may also

include meter (e.g., a smartmeter ) 114 configured to receive

AC power from and/ or provide AC power to grid 116 that
carries power generated by utility 118 . As shown , flow

control device 112 can be electrically connected to both

meter 114 and PV array 110 . As such , inverters and /or

rectifiers may be placed or integrated appropriately to ensure

that power sent between the components is in the correct
form ( e .g ., AC or DC , voltage , and the like ). Meter 114 may

be configured to account for power from utility grid 116 that
is consumed at location 102 . PV array 110 can generate DC
power and provide that power to flow control device 112

and /or local battery backup .

[0026 ] Power storage system 108 may include battery

backup device 120 and flow control device 122 . Much like
power generation system 106 , power storage system 108
may include one or more inverters and/ or rectifiers for

US 2019 / 0097427 A1

converting the power from AC to DC and vice versa , as

appropriate . Location 104 may also include meter 124

configured to receive AC power from and/ or provide AC
power to grid 116 . As shown, flow control device 122 can be
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existing or new pole, to be suspended over locations . In

some examples, each location may need a single cable
connection for each other location to which it is to be

connected . For example , if location 102 were to be con

electrically connected to both meter 124 and battery backup

nected to location 104 as well as three other locations, a total

integrated within components appropriately to ensure that

connection . However, in some examples, a trunk line may be

120. Again , inverters and /or rectifiers may be placed or

power sent between the components is in the correct form

of four individual cables could be used , one for each direct

used that acts as a bus for all power flow . In this case, each

(e.g., AC or DC ). Meter 124 may be configured to account

location may have its own direct cable connection to the

104. Battery backup 120 can store DC power and provide

line , each flow control device may be configured to control

for power from utility grid 116 that is consumed at location

that power to flow control device 122 and / or other DC
powered components .

[0027 ] In some examples , the flow of power can be
controlled such that power can be provided from flow
control device 112 to flow control device 122 utilizing a

direct electrical connection made with electrical cable 126 .

Electrical cable 126 can be an AC line or a DC line , as
desired . If electrical cable 126 is an AC line, flow control

device 112 may be configured to alter an impedance of
electrical cable 126 in order to control an amount of power

trunk , but not to each individual other location . With a trunk

an amount of power put onto and / or drawn off the trunk line .

Additionally , in some examples, a mesh network may be
utilized where each flow control device is configured with
one or more ports that connect to one or more other flow
control devices . Further, in some examples, a multi - drop

configuration (e .g ., a daisy chain configuration ) may be

utilized where each flow control device is attached to an

adjacent flow control devices in a linear fashion .
[0030 ] Example system 100 of FIG . 1 illustrates location
102 configured with energy generation system 106 (e .g., a

that is provided to flow control device 122 . In some

first end -user electrical system ) and location 104 configured
with energy storage system 108 ( e . g ., a second end -user

may simply provide the flow of power to meter 124 or some

many different configurations that could be used to illustrate
the features described herein . For example , location 102
could instead be configured with an energy storage system
or it could be configured as energy generation system 106
with a battery backup . Other storage and /or generation

examples, location 104 may not be equipped with a flow
control device at all. In this case , flow control device 112

other device configured to receive AC power. Alternatively ,
if electrical cable 126 is a DC line , flow control device 112

may be configured to adjust a voltage amount of DC that is

provided over electrical cable 126 . In some examples , the

DC voltage may be adjusted by changing the output of a

electrical system ). However, this is just one example of

rectifier or other converter that outputs DC power. As noted ,

devices may also be connected at location 102. Similarly ,
location 104 could instead be configured with an energy

flow control devices 112 , 122 can be equipped with one or

generation system or it could be configured as energy

more metering devices for measuring the amount of power
that is provided and /or received over electrical cable 126 . In

storage system 108 with a PV array or other power genera
tion mechanisms.
[0031] FIG . 2 shows example 200 where flow control

some examples , flow control devices 112 , 122 may also be

equipped with a data storage device configured to store a

table or other data structure for tracking relative amounts of

power that are provided and / or received . Additionally, in

some examples, the data may be transmitted to a server that
stores or otherwise manages the relative power flow data .

[0028 ] When electrical cable 126 is a DC line , DC power

from PV array 110 may be provided directly without con

version . However, in some examples , flow control device

112 may control the flow by using a DC to DC converter so

that the output of the converter can act as the voltage control

for the flow of power. Alternatively , the DC power could be

changed to AC by an inverter, and then converted back to

DC by a rectifier. However, in some cases ( e .g ., if location
102 does not have a PV array or if PV array 110 is not
producing power ), power that is received at meter 114 may

be converter using a rectifier to DC form , and then flow

control device 112 can provide a flow of power over

electrical cable 126 . Alternatives to providing DC power

over electrical cable 126 may include AC motors (e.g ., that
are powered by an AC source ) that spin DC generators . The
DC generators may provide an output in DC form that can
be controlled by flow control device 112 .
[0029 ] When electrical cable 126 is an AC line , DC power
that is provided by either PV array 110 or battery pack 120

device 202 of location 204 is directly connected to flow
control device 206 of location 208 via electrical cable 210 .
Flow control device 202 is part of an energy generation

system (e .g ., a first end- user electrical system ) that includes
PV array 210 at location 204 , and flow control device 206 is
part of an energy storage system (e. g., a second end -user
electrical system ) that includes battery backup 212 . Flow
control devices 202 , 206 may both be connected to respec
tive AC power meters that might be receiving AC power
from a utility grid or other source . In some examples,
independent of any power received from the utility grid , DC
power may be generated by PV array 210 ( e. g., during the
day when the sun is shining). At least a portion of the DC
power generated by PV array 210 may then be provided by
flow control device 202 to flow control device 206 over
electrical cable 214 . Depending on the type of electrical
cable 214 (AC or DC ), the DC power that is to be provided
may need to be converted to AC power (e . g ., by an inverter
at location 204 and /or integrated within flow control device

202 ). Further , the flow of the power may be controlled by
changing the impedance of electrical cable 214 . Once

received by flow control device 206 , the power that is

flowing over electrical cable 214 may be stored in battery

techniques . Once inverted to AC , flow control device 112 or

backup 212 . Again , depending on the type of cable (AC or
DC ), the power may need to be converted back to DC power
for storage with battery backup 212 . As noted , in some

by altering the impedance of electrical cable 126 . Electrical

is shining and PV array 210 is capable of generating DC

may need to be changed to AC utilizing an inverter or other

122 could provide a flow of power over electrical cable 126
cable 126 can be buried underground or attached to an

examples, this may occur during the daytime when the sun
power. In some examples, appliances as well as other
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household electronics of both locations 204, 208 may be
powered by the DC power generated by PV array 210 during
the daytime.
[0032 ] At night, PV array 210 may not be capable of
generating power . As such , location 204 may need to rely on
grid power or request power from the energy storage system
of location 208 . For example, during the day, battery backup
212 was charging from power that was being provided by
flow control device 202 . As such , at night, the battery
backup 212 may be fully charged and /or capable of power
ing the appliances and/or household electronics of both
locations 204 , 208 . Flow control device 202 may send a

control devices 308 , 310 by cables 320, 322 , respectively .
Flow control device 310 is connected to each of flow control

devices 302 , 308 by cables 322 , 324 , respectively . Similarly ,
flow control device 308 is connected to each of flow control
devices 302 , 310 by cables 320 , 324 , respectively . As such ,

power flow from flow control device 302 is sent directly
over cable 320 to flow control device 308 . The amount of

power provided can be controlled , monitored , and /or
recorded by either (or both of) flow controldevices 302 , 308 .
Additionally , power flow from flow control device 302 is

sent directly over cable 322 to flow control device 310 . The
amount of power provided can be controlled , monitored ,

request to flow control device 206 , requesting power . Alter
natively , flow control device 202 may begin to draw from

and / or recorded by either ( or both of) flow control devices

electrical cable 214 and flow control device 206 , sensing the

controlled from flow control device 308 to flow control
device 310 ( or vice versa ), it should be understood that this

draw , may provide an appropriate amount of power. The

power provided over electrical cable 214 atnight( e.g ., when

battery backup 212 is the source) may be controlled by flow
control device 206 and provided over electrical cable 214 .
Additionally, both flow control devices 202 , 206 may have
measured the relative amounts of power that flowed over

302 , 310 . While example 300 does not show power being

is completely possible and may be likely . For example , if

one of battery backups 316 , 318 has less charge capabilities,

less charge life , or less power stored , one of the flow control
devices may send power across cable 324 to the other. In
another example , if battery backup 316 was able to collect

electrical cable 214 . In some examples , a record may be kept

more energy (e .g ., from PV array 319) during a period of
time than battery backup 318 , flow control device 310 may

consumed more power from the other. Absolute power flow

utility power costs are high , battery backup 318 is suffi

that indicates which energy generation system has provided
more power to the other and /or which location 204 , 208 has

request power from flow control device 308 at a time when

other end -user systems, and exactly how much power it has

ciently depleted, and / or power from flow control device 302
is not available.
[0035 ] In some examples, relative power flow may be

data may be provided to a server.

measured and stored . For example , example 300 shows that
12 kWh of power have been provided over cables 320 , 322

metrics may also be stored , such that flow control device 202
may know exactly how much power it has provided to which

received from which other end - user systems. Further, this

[0033 ] While example 200 of FIG . 2 shows only two
locations 204 , 206 , any number of different sites may be

configured and/ or connected to one another. One of ordinary
skill will understand how example 200 may scale to a larger
number of sites , locations, and / or end -user systems. Addi
tionally , while example 200 shows a time scale that goes

to flow control devices 308 , 310 . Additionally , example 300
shows that flow control device 308 has used 8 kWh of the

12 kWh provided by flow control device 302 and flow

control device 310 has used 4 kWh of the 12 kWh provided
by flow control device 302 . While this is only one example

ofmany, one of the ordinary skill would recognize that any

from day to night, where PV array 210 is only able to

metrics may be used to track relative amounts of power that
are transmitted across power lines to respective recipients .

alternative scenarios exist with similar results. For example ,

Additionally, while example 300 shows flow control device

may impact the amount of sunlight accessible to PV array
210 during the day. As such , even during the day, if at any

the metrics and/or recordsmay bemore granular in that flow

generate power during the day , it should be understood that

it is possible that cloud cover or other inclement weather

time PV array 210 is unable to generate power, the flow of

power may be reversed as shown in the night example of

302 measuring a total amount of power that was provided ,

control device 302 may actually store a table or other data

structure that keeps track of exactly how much power was
provided over which cable to which end -user system . Thus ,

1 , location 204 and/ or location 208 may be configured as
energy generation and/or energy storage systems. For
example, both locations may be equipped with PV arrays ,

instead of storing “ - 12 " to represent that a total of 12 units
( e . g ., 12 kWh ) were provided , “ - 8 to device 308 ” and “ - 4 to
device 310 " may be stored to recognize what amounts were
provided to which recipients . Additionally , each flow control

instead of just location 204 , and /or battery backups , instead
of just location 206 . Additionally, either or both locations

wired ) radios for transmitting information ( e . g ., instructions

electrical wire other than cable 214 .
[0034 ] FIG . 3 shows example 300 where flow control
device 302 of location 304 is configured with PV array 306 ,
while flow control devices 308 , 310 of locations 312 , 314 ,

with the other flow control devices with which it is con

configured with PV array 319 . It should be noted , however,
that any number of different sites with different energy
generation and /or storage systemsmay be set up and this is

[0036 ] FIG . 4 shows example architecture 400 for con
trolling the flow of power between flow control devices that
bypass a utility grid . As described herein , example archi
tecture 400 includes one or more flow control devices 402

each of the individual flow control devices is directly

more networks 404 , according to at least one example . In

control device 302 is connected directly to each of flow

cate directly with one another ( e. g., utilizing wired connec

FIG . 2 . Additionally , similar to example system 100 of FIG .

204 , 208 may also be connected to a utility grid via an

respectively , are each configured with battery backups 316 ,
318 , respectively . Additionally , location 312 may also be

but one example ofmany possibilities . Still , in example 300 ,

connected by a single electrical cable . For example , flow

device may be configured with one or more wireless (or

to control other devices, requests for power, and /or data
about relative flows) , directly or through a network , such as
the Internet. For example , each flow control device may
reconcile its own data records about relative power flows
nected .

and /or service provider computers 404 connected via one or
architecture 400 , flow control devices 402 may communi
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tions such as the electrical cables described with reference to
at least FIG . 1) or they may utilize networks 406 ( or other

computer -readable instructions , data structures, program

modules , and other data for flow control devices 402 and /or

networks ) to communicate and/ or interact with one another.
In some aspects , the logic for controlling flow control

service provider computers 404 . In some implementations,

devices 402 may be performed locally at each flow control

devices 402 and /or memory 422 of service provider com
puters 404 ) may include multiple different types ofmemory,
such as static random access memory (SRAM ), dynamic
random access memory (DRAM ), or ROM .
[0042] The memory and the additional storage, both

device 402 , or it may be performed by one or more service

provider computers 404. In this way, flow control devices
402 may provide information ( e. g ., amounts of power pro
vided , requested , consumed , etc .) to service provider com

puters 404 and /or controlthe flow of power based at least in
part on instructions received from service provider comput
ers 404 .

[ 0037 ] Service provider computers 404 may , in some
examples, communicate with flow control devices 402

through a gateway device of the end -user energy generation
system and / or located at the location of flow control devices
402 . As such , service provider computer 404 may provide
control signals to the gateway devices for controlling flow
control devices 402 or it may provide the control signals

directly to flow control devices 402 .
[0038 ] In some examples, networks 406 may include any
one or a combination of many different types of networks ,
such as cable networks , the Internet, wireless networks,

cellular networks , or other private and /or public networks . In

some examples, flow control devices 402 may be configured
sible for controlling the output of power flow on the elec

with a controlmodule . The control module may be respon

trical cables described herein .

[0039 ] Flow control devices 402 and /or service provider

thememory of the devices ( e . g .,memory 418 of flow control

removable and non -removable , are examples of computer
readable storage media . For example , computer -readable
storage media may include volatile or non - volatile , remov

able or non -removable media implemented in any method or

technology for storage of information such as computer

readable instructions , data structures, program modules, or

other data . The memory and the additional storage are all
examples of computer-readable storage media . Alterna

tively, computer -readable communication media may

include computer-readable instructions, program modules ,
or other data transmitted within a data signal, such as a
carrier wave , or other transmission . However , as used
herein , computer- readable storage media does not include

computer-readable communication media .
[0043] Flow control devices 402 and/or service provider

computers 404 may also contain communications connec
devices 402 , 404 to communicate with other devices, a
tion ( s ) ( e . g ., communication connections 424 ) that allow

stored database , another computing device or server, user
terminals and/ or other devices on networks 406 . Devices

computers 404 may be ( or may include) any type of com
puting devices such as , but not limited to a server computer,

426 ), such as a meter readout device (e . g ., display ), key

assistant (PDA ), an integrated circuit, a microcontroller, etc .

board , a mouse, a pen , a voice input device , a touch input
device, speakers , etc .

in communication with flow control devices 402 via net
works 406 and/ or through the gateway devices, or via other

detail, memory 418 may include operating system 428 and

network connections. Additionally, flow control devices 402
and/ or service provider computers 404 may be part of a

menting the features disclosed herein including at least

a personal computer, a smart phone , a personal digital

In some examples, service provider computers 404 may be

distributed system .
[0040] In one illustrative configuration , flow control
devices 402 may include at least one memory 418 and one
or more processing units (or processor (s )) 420 . The proces
sor (s ) 420 may be implemented as appropriate in hardware,
computer -executable instructions , firmware , or combina

tions thereof. Computer - executable instruction or firmware

402 , 404 may also include I/ O device( s ) (e . g ., I/ O device

[0044 ] Turning to the contents ofmemory 418 in more

one or more application programs or services for imple
source identification module 430 , flow controlmodule 432 ,
and metering/ recording module 434 . In some cases, source
identification module 430 may be configured to identify or

otherwise determine a source of power. For example , source
identification module 430 may identify whether flow control
device 402 is connected to a PV array, a battery backup ,

and /or a utility grid . Based at least in part on the identifi

cation , flow control device 402 can determine an appropriate

implementations of processor ( s ) 420 may include computer

power type ( e . g ., AC or DC ), whether the power needs to be

executable or machine- executable instructions written in

converted , and/ or how to convert it ( e .g ., using an inverter ,

any suitable programming language to perform the various
functions described .
[0041 ] Memory 418 may store program instructions that

are loadable and executable on processor( s) 420 , as well as
data generated during the execution of these programs.
Depending on the configuration and type of flow control
devices 402 and/or service provider computers 404 , memory
418 and/or memory 422 of service provider computers 404
may be volatile ( such as random access memory (RAM ))

a rectifier , or the like ). Additionally, in some examples ,

source identification module 430 may be configured to
identify and/ or determine the recipient of the power flow ,

including what type/ form of power the recipient will need
(e . g ., AC or DC ) . Further, source identification module 430
may also identify a power draw from an expected recipient
system . For example , if a connected system is attempting to

draw power from the cable , the power draw may be iden
tified .

and / or non - volatile (such as read -only memory (ROM ),

0045 In some examples, flow control module 432 may
be configured to determine an appropriate amount of power

and/ or non -removable storage . Additional storage 422 may

control device to another. For example , flow control module
432 may receive instructions that indicate an amount of

include, but is not limited to , magnetic storage , optical disks ,

power to provide and which other device to send the power

flash memory , etc .). Flow control devices 402 and /or service
provider computers 404 may also include additional storage
(e.g., storage 422), which may include removable storage

and /or tape storage . Disk drives and their associated com -

puter- readable media may provide non- volatile storage of

to provide over the electrical cables that connect one flow

flow . Additionally , flow controlmodule 432 may be config

ured to receive requests (or identification of a power draw )
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from other flow control devices that identify an amount of

receive power requests from one or more flow control

module 432 may also be configured to physically provide

402 are best situated ( e . g ., have the most ability to provide

the power flow and/ or change the impedance of the cable
( e. g ., when the cable is an AC wire ). The amount of power

power) to act as the source of the power to fulfill the request.

power that is being requested ( or drawn ). Flow control

may be provided based at least in part on the power draw that

was identified by source identification module 430 . Flow

control module 432 may also need to be able to control an
inverter , which in some cases will control the amount of the

power to be provided (e.g ., the DC voltage may be con
trolled by changing an output of the inverter ).

[0046 ] Additionally , in some examples, metering/record

ing module 434 may be configured to measure the amount
of power that is provided to other devices and / or received by
flow control device 402 . Metering /recording module 434

may provide a readout on a display of flow control device

402 that indicates an amount of power it has provided , and

to which devices. Metering /recording module 434 may also
be configured to record the amounts of power that were
measured ( e .g ., the data may be stored in memory 418
and/ or storage 422). In some cases, the relative power flow
that is identified , measured , and /or recorded may be moni

tored based at least in part on a metric of a metering device

coupled to flow control device 402 .

[0047] In one illustrative configuration , service provider
computers 404 may also include one or more processing

units (or processor ( s )) 436 . The processor(s ) 436 may be
implemented as appropriate in hardware , computer- execut

able instructions, firmware, or combinations thereof. Com
puter - executable instruction or firmware implementations of
processor(s ) 436 may include computer-executable or
machine - executable instructions written in any suitable pro

gramming language to perform the various functions
described .

[0048 ] Turning to the contents of memory 422 in more
one or more application programs or services for imple
menting the features disclosed herein including at least
power flow monitoring module 440 . In some cases , power
flow monitoring module 440 may be configured to monitor
detail, memory 422 may include operating system 438 and

the power flow of one or more flow control devices 402. For
example , power flow monitoring module 440 may receive

information from flow control devices 402 that include
information about how much power has been provided , from
which flow control devices 402 to which other flow control
devices . Additionally , the information may also indicate
credits and/or debits to power usage accounts that indicate

relative consumption (e . g ., of one devices consumption of

power from another device ) and / or amounts of power that

one device might owe to another device . For example, two
devices may share power during a 24 -hour period (e .g., as in
the example of FIG . 2 ). However, a first device may con
sume more power from a second device than the second
device consumed from the first during that period (or during
any period ). In this example , the first device may “ owe” the

second device some power. As such , the second device may

have a credit in a power account that can be redeemed for

power from the first device at a different time.

10049 ] As such , power flow monitoring module 440 may
store the information that it receives from flow control
devices 402 , manage the credits and / or debits, and /or

instruct flow control devices 402 regarding how much power
flow monitoring module 440 may also be configured to

to provide to each other and when . In some examples, power

devices 402 and determine which other flow control devices

Once determined , power flow monitoring module 440 can

send instructions to the potential source, and instruct that

flow control device 402 to provide the requested amount of
flow monitoring module 440 may be configured to identify

power to the requesting flow control device . Further, power
an electrical connection , independent of connections to a
utility grid , between a first end -user electrical system and a

second end - user electrical system . Power flow monitoring
module 440 may also be configured to receive information

that identifies that at least a first device of the first end - user
electrical system provided a flow of power over the electri
cal connection from the first end -user electrical system to the
second end -user electrical system . Power flow monitoring
module 440 may also be configured to monitor relative
power flow between the first end -user electrical system and
the second end -user electric system based at least in part on

the flow of the power through the electrical connection .
[0050 ] FIGS . 5 -9 show example flow diagrams ofmethods
500 , 600 , 700 , 800 , and 900 for controlling flow control
devices , as described herein . Methods 500 , 600 , 700 , 800 ,
and 900 are illustrated as a logical flow diagrams, each
operation of which represents a sequence of operations that
can be implemented in hardware , computer instructions, or
a combination thereof. In the context of computer instruc
tions, the operations represent computer -executable instruc

tions stored on one or more computer-readable storage
media that, when executed by one or more processors ,
perform the recited operations. Generally , computer - execut

able instructions include routines, programs, objects , com

ponents, data structures , and the like that perform particular
functions or implement particular data types . The order in

which the operations are described is not intended to be
construed as a limitation , and any number of the described
operations can be combined in any order and / or in parallel

to implement the processes .
10051] Additionally , some, any , or all of the processes may
be performed under the control of one or more computer

systems configured with executable instructions and may be

implemented as code ( e . g ., executable instructions, one or
more computer programs, or one or more applications )

executing collectively on one or more processors, by hard
ware , or combinations thereof. As noted above , the code

may be stored on a computer -readable storage medium , for
example , in the form of a computer program comprising a
plurality of instructions executable by one or more proces

sors . The computer- readable storage medium is non -transi
tory .
[0052 ] In some examples , one or more processors ( e. g .,
processors 420 ) of flow control device 402 of FIG . 4 , may
perform method 500 of FIG . 5 . Method 500 may begin at
502 , where a flow control device (e .g ., flow control device
402 ) or a server computer in communication with flow
control device 402 may identify a cable connection ( e . g .,

between two end -user systems). In some examples , the cable
connection may already exist between the two devices , yet

at 502 , flow control device 402 identifies the connection
and / or to which other device it is connected . In some cases,

identifying the cable connection may include enabling the

connection by activating a switch or other actuator that
physically connects the two end -user systems, or at least
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opens the connection at the side of the end -user system
controlled by the device performing the identification . Addi

offer to the second system ( and receive an acceptance ) prior

tionally , at 502 , flow control device 402 may determine the

method 600 may monitor the amount of power transferred

type of the cable connection (e .g ., AC or DC ). At 504 ,

method 500 may control power flow over the cable connec

tion between the two end -user systems. As noted , if the cable

to providing any power to the second system . At 614 ,
across the cable (e. g., the amount of power provided to the

second system ).
[0055 ) Alternatively , if excess power is not identified at

connection is comprised of a DC line, the flow may be

606 ,method 600 may determine whether the first system has

However, if the cable connected is comprised of an AC line ,

comparison of the power generated at the first to the load of

controlled by adjusting the DC voltage drop over the cable .

flow control device 402 may instead alter the impedance of

the cable . Once the flow of power is provided , the relative
power flow between the devices may be monitored at 506 .
The monitoring may include reading or otherwise identify

ing a metric of a metering device that is coupled to flow
control device 402 . Additionally, the relative flow and/or
relative power consumption of each device may be recorded .

[0053] In some examples, one or more processors (e.g.,

processors 420 ) of flow control device 402 of FIG . 4 , may
perform method 600 of FIG . 6 . Method 600 may begin at
602, where an amount of power generation ( e . g ., by a PV
array or other source ) at a first energy generation system

may be monitored . In some cases , the amount of power
generation may be measured by a metering device . Addi
tionally, the power monitored may include power received
from a utility grid or other external source. At 604 , the

insufficient power, at 616 , based at least in part on the

the first system . If not , method 600 may continue monitoring

the amount of power generated by the first system at 602 .

However, if insufficient power is identified at 616 , method

600 may identify a second system with excess power at 618 .

The second system may be identified based at least in part
on information received from the second system . For

example , the second system may provide an offer to the first

system . Based at least in part on the identification of the

second system , method 600 may request power from the
second system at 620 . The request may be formatted as

computer-readable instructions and /or may be based at least

in part on an application programming interface (API)
method call that the two systems are configured to process .

At622 ,powermay be received from the second system . The

power may be in AC or DC form . Further,method 600 may
monitor the amount of power transferred across the cable at

amount of power being generated (or received from an

614 (e .g ., the amount of power received from the second
system ).

local appliances or other devices being utilized at a location

processors 420 ) of flow control device 402 of FIG . 4 , may
perform method 700 of FIG . 7 . Method 700 may begin at

external source ) may be compared to a current load on the
first energy generation system . The load may be made up of
associated with the first energy generation system ( e . g ., at an

end -user 's residence or commercial building ). In some
examples , the first energy generation system may determine

whether there is an excess amount of power being generated

or received by the first system at 606 .
[0054 ] If an excess is identified at 606 , method 600 may
then identify a second energy generation (or energy storage )
system that is in need of power at 608 . The second system
may be identified based at least in part on a load identified
at the second system and/or based at least in part on a request
from the second system . In another aspect , an ability to store
power in an energy storage system may help identify the
second system . In still another aspect, utility pricing data ,
historical usage patterns , predicted usage patterns, and /or
relative power sharing levels may be used to inform a

[0056 ] In some examples, one or more processors (e.g .,

702, where an amount of power at a first system may be

monitored . The power at the first system may be power that

is generated at the first system (e . g ., by a PV array or other

source ), power that is received from a utility grid or other
source, or power that is stored at the first system ( e .g ., in a
battery or other storage device ). At 704 , the amount of power
identified at the first system may be compared to a current
load of the first system . In some examples , the first system
may determine that there is an excess amount of power at the
first system at 706 . Based at least in part on this determi

nation , method 700 may determine whether to provide
power to a utility grid or to another system ( e . g ., a neigh
boring system configured as a power generation system

and /or a power storage system ) at 708 . The determination

selection of a second energy system . At 610 , method 600

may be based at least in part on one or more of a few factors

may accept power from the first system at a flow control

including, but not limited to , utility pricing data ( e . g ., current

device ( e . g ., flow control device 402 of FIG . 4 ) . The power

pricing rates versus historical pricing rates), historical power

may be accepted from a source connected to the first system .

usage data of either the first system or the other systems,

For example , the source may be a PV array or other power

generation device and/ or the source may be a utility grid .

and/or future usage predictions of either the first system or

the other systems. The future usage predictions may, in some

Accepting the power at the flow control device may include

cases , be based at least in part on the historical usage data .

providing an instruction to the flow control device to acti
vate a switch that opens flow of power from the source to the

In some examples , it may be determined (at 708 ) to provide
the excess power to the utility grid when the current utility

flow control device . At 612 , method 600 may configure the
power and /or a cable to allow power flow to the second

system ( e . g ., from the flow control device ). Configuring the
power may include converting the power to DC form so that

the voltagemay be adjusted . In this way, the power flow may
control device so that the DC voltage may flow to the second
system . Alternatively , configuring the cable may include
adjusting an impedance of the electrical cable in order to
control the amount of AC power provided to the second
system . In some examples , the first system may provide an

be controlled by adjusting the output voltage of the flow

pricing data indicates a peak or is above some threshold

value . However, in some examples , it may be determined to

provide the excess power to other systems that are directly
connected to the first system when the utility pricing is

above the threshold value. For example , if the utility pricing
to their neighbor for a lower price than the utility price, but
still at a price above what it cost the first system to acquire
(or generate ) the power initially. Still , in other examples, the
determination may be based at least in part on historical
usage data and/or future usage predictions. For example , if
is very high , the first system may be able to provide power
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the first system is able to predict that a second (or other )
system is going to request or need power at some time in the
future , they may store some of that power (e . g ., in a local
battery pack ) and provide the power to the second system
during that time as opposed to sending back to the utility
grid .
[0057] If it is determined , at 708 , to provide the excess
power to the utility grid ,method 700 may convert/ invert the
power as appropriate ( e.g., if the power is in DC form , it can

be changed to AC form ; however, if it is AC form , no change
may be needed ) at 710 . At 712 , method 700 may provide the

power to the utility grid over a utility cable . Further, method

700 may monitor the amount of power provided over the
utility cable to the utility grid at 714 . Alternatively , if it is
determined , at 08 , to provide the excess power to one or
more other systems, method 700 may convert/ invert the
power as appropriate ( e .g ., the power may be changed to AC
or DC form depending on the type of electrical cable being

used and /or the type of power expected by the other systems)
at 716 . At 718, method 700 may provide the power to the
other systems over a direct cable ( e. g ., a cable that bypasses
the utility grid connection ). Further, method 700 may moni
tor the amount of power provided over the direct cable
connection at 720 .
[ 0058 ] In some examples , one or more processors ( e . g .,
processors 420 ) of flow control device 402 of FIG . 4 , may

perform method 800 of FIG . 8 . Method 800 may begin at

end -user knows how much power it owes to other end -users
and / or how much power is owed back to the first end - user.
In other examples , power credits may be monetary units that

correspond to a dollar amount that the power provided
and/or received is worth . The table may be stored in a
database and/ or the cloud and may be configured to manage

credits owed to each respective other system that is directly
first register and /or join a service (e .g ., the service provider

connected to the first system . In some cases, end - users must

404 of FIG . 4 ) that is configured to aid in tracking and /or
also manage monetary accounts and/or send/receive money
between the accounts of the registered end -users.
[0060 ] At 904, method 900 may receive a request for
power from one of the other systems that is directly con
nected to the first system . As noted , the request may be a
computer- readable instruction (APImethod call or the like )

managing the power credits . The service provider 404 may

and /or may be transmitted over the direct cable connection
or via another network connection ( e .g ., wired or wireless
connections) . Excess power may then be provided from the
first system to one or more of the other systems at 906 .

Additionally , at other times and/ or concurrently ( e .g ., uti

lizing multiple different direct connections ), excess from
some of the other systems may be received over the direct

cable connections at 908 . In some examples , method 900
may update the power credits of the first system , at 910 ,
based at least in part on the amounts of power that were

array or other source ) at a first energy generation system

provided and / or received by the first system . In some
examples, the power credits may be updated on regular

may be monitored . At 804 , method 800 may receive a
request for power from a second system ( e . g ., an energy

method 900 may request and/ or offer power to other systems

802, where an amount of power generation ( e . g ., by a PV

generation and / or energy storage system ). In some
examples , the amount of power being generated ( or received

from an external source ) may be compared to a current load
of the first system at 806 . At 808 , excess power at the first

system may be identified based at least in part on the

intervals and/ or continuously. Further, in some examples,

based at least in part on the updated power credits at 912 .

[0061] FIG . 10 is a simplified block diagram of computer

system 1000 according to an embodiment of the present
disclosure . Computer system 1000 can be used to implement
any of the computer systems/devices ( e .g ., flow control

comparison at 806 . In some cases , the comparison may be

devices 402 and / or service provider computers 404 )

performed based at least in part on the request received from

described with respect to FIGS. 1 - 4 . As shown in FIG . 10 ,

the second system . In other words, the comparison may not

be performed until or unless the second system requests
power. In this way , the first system may reduce computa

tional overhead by not continuously checking for excess
power. However, if another system is requesting power, then
method 800 may perform the comparison at 806 and identify

computer system 1000 can include one or more processors
1002 that communicate with a number of peripheral devices
via bus subsystem 1004. These peripheral devices can

include storage subsystem 1006 ( comprising memory sub
system 1008 and file storage subsystem 1010 ), user interface
input devices 1012 , user interface output devices 1014 , and

the excess at 808 . At 810 , method 800 may accept power

network interface subsystem 1016 .

from the first system at a flow control device (e . g ., flow
control device 402 of FIG . 4 ). As noted , accepting the power

can provide a mechanism for letting the various components

[0062 ] In some examples , internal bus subsystem 1004

at the flow control device may include providing an instruc
tion to the flow control device to activate a switch that opens

and subsystems of computer system 1000 communicate with

flow ofpower from the source to the flow control device . At
812 , method 800 may provide an amount of power to the

embodiments of the bus subsystem can utilize multiple

second system . Further, at 814 , method 800 may monitor the
amount of power provided to the second system .
[0059 ] In some examples, one or more processors (e .g.,

processors 420 ) of flow control device 402 of FIG . 4 , may

perform method 900 of FIG . 9 . Method 900 may begin at
902, where an amount of power credits of a first system are

each other as intended . Although internal bus subsystem

1004 is shown schematically as a single bus , alternative

buses. Additionally , network interface subsystem 1016 can

serve as an interface for communicating data between com

puter system 1000 and other computer systems or networks
(e . g ., networks 406 of FIG . 4 ) . Embodiments of network
interface subsystem 1016 can include wired interfaces ( e .g .,

managed . Managing the power credits may include storing

Ethernet , CAN , RS232, RS485, etc .) or wireless interfaces
( e.g ., ZigBee, Wi-Fi, cellular, etc.).

a table associated with an account of the end- user corre
sponding to the first system . Power credits may be units of

[0063] In some cases , user interface input devices 1012
can include a keyboard , pointing devices ( e .g ., mouse ,
trackball , touchpad , etc . ), a barcode scanner, a touch - screen

measurement that identify how much power has been pro vided to which other systems. For example , it may be
advantageous to track , using the credits , how much power is

provided to each system (for example in kWh), so that a first

incorporated into a display, audio input devices (e .g., voice
input devices. In general, use of the term “ input device ” is

recognition systems, microphones, etc . ), and other types of
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intended to include all possible types of devices and mecha-

nisms for inputting information into computer system 1000 .
Additionally , user interface output devices 1014 can include

a display subsystem , a printer, or non - visual displays such as

audio output devices , etc . The display subsystem can be any
known type of display device . In general, use of the term
" output device ” is intended to include all possible types of
devices and mechanisms for outputting information from

computer system 1000 .

10064 ) Storage subsystem 1006 can include memory sub
system 1008 and file / disk storage subsystem 1010 . Subsys

tems 1008 and 1010 represent non - transitory computer

readable storage media that can store program code and/ or
data that provide the functionality of embodiments of the

switched telephone network , an infrared network , a wireless
network , and any combination thereof.
[0069 ] In embodiments utilizing a network server, the
network server can run any of a variety of server or mid -tier
applications, including HTTP servers, FTP servers , CGI
servers , data servers, Java servers , and business application
servers . The server (s ) also may be capable of executing

programs or scripts in response requests from user devices,
implemented as one or more scripts or programs written in

such as by executing one or more applications that may be

any programming language , such as JavaTM , C , C # or C + + ,

or any scripting language , such as Perl, Python or TCL , as

well as combinations thereof. The server (s ) may also include

database servers , including without limitation those com

present disclosure . In some embodiments , memory subsys

mercially available from Oracle® , Microsoft® , Sybaser ,

tem 1008 can include a number of memories including a
main RAM 1018 for storage of instructions and data during

and IBM® .

program execution and a ROM 1020 in which fixed instruc
tions may be stored . File storage subsystem 1010 can

provide persistent (i. e ., non - volatile ) storage for program

and data files , and can include a magnetic or solid -state hard

[0070] The environment can include a variety of data
stores and other memory and storage media as discussed
above . These can reside in a variety of locations , such as on
a storage medium local to (and/ or resident in one or more

of the computers or remote from any or all of the computers

disk drive , an optical drive along with associated removable
media (e. g ., CD -ROM , DVD , Blu -Ray, etc.), a removable
flash memory - based drive or card , and /or other types of

across the network . In a particular set of embodiments , the
information may reside in a storage - area network (SAN )
familiar to those skilled in the art. Similarly , any necessary

storage media known in the art.

files for performing the functions attributed to the comput

[0065 ] It should be appreciated that computer system 1000

is illustrative and not intended to limit embodiments of the

present disclosure . Many other configurations having more
or fewer components than system 1000 are possible .
[ 00661 Illustrative methods and systems for controlling
flow control devices are described above. Some or all of
these systems and methods may , but need not, be imple

mented at least partially by architectures such as those
shown at least in FIGS . 1 - 10 above. While many of the

embodiments are described above with reference to infor
mation and /or control signals, it should be understood that
any type of electronic content may be managed using these
techniques . Further, in the foregoing description , various
non - limiting examples were described . For purposes of

ers, servers, or other network devices may be stored locally

and / or remotely , as appropriate . Where a system includes

computerized devices, each such device can include hard
ware elements thatmay be electrically coupled via a bus , the
elements including, for example, at least one central pro

cessing unit (CPU ), at least one input device ( e. g ., a mouse ,

keyboard , controller , touch screen or keypad ), and at least
one output device ( e . g ., a display device , printer or speaker ).

Such a system may also includeone or more storage devices ,

such as disk drives, optical storage devices , and solid - state
storage devices such as RAM or ROM , as well as removable

media devices, memory cards, flash cards, etc .

[0071] Such devices also can include a computer -readable
storage media reader, a communications device ( e. g., a

explanation , specific configurations and details are set forth

modem , a network card (wireless or wired ), an infrared

in order to provide a thorough understanding of the

communication device , etc . ), and working memory as

examples .However, it should also be apparent to one skilled
in the art that the examples may be practiced without the

reader can be connected with , or configured to receive, a

specific details . Furthermore , well -known features were
sometimes omitted or simplified in order not to obscure the

example being described .
[0067 ] The various embodiments further can be imple
mented in a wide variety of operating environments , which
in some cases can include one or more user computers ,
computing devices or processing devices which can be used
to operate any of a number of applications . User or client
devices can include any of a number of personal computers ,
such as desktop or laptop computers running a standard
operating system , as well as cellular, wireless and handheld

devices running mobile software and capable of supporting

described above. The computer-readable storage media
non -transitory computer- readable storage medium , repre
senting remote , local, fixed , and/or removable storage
devices as well as storage media for temporarily and / or more

permanently containing, storing , transmitting , and retrieving

computer- readable information . The system and various
devices also typically will include a number of software

applications, modules , services or other elements located
within at least one working memory device , including an
operating system and application programs, such as a client

application or browser. It should be appreciated that alter
nate embodiments may have numerous variations from that
described above . For example , customized hardware might

also be used and / or particular elements might be imple

a number of networking and messaging protocols.
[0068 ] Most embodiments utilize at least one network that

mented in hardware , software ( including portable software ,

communications using any of a variety of commercially

employed .
[0072) Non - transitory storage media and computer-read
able storage media for containing code, or portions of code ,

would be familiar to those skilled in the art for supporting

available protocols, such as TCP/ IP, OSI, FTP , UPnP , NFS ,
CIFS , and AppleTalk . The network can be , for example , a
local area network , a wide -area network , a virtual private
network , the Internet , an intranet, an extranet, a public

such as applets ) or both . Further, connection to other com

puting devices such as network input/output devices may be

can include any appropriate media known or used in the art

such as, but not limited to , volatile and non -volatile, remov
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able and non -removable media implemented in any method

or technology for storage of information such as computer
readable instructions, data structures , program modules or

other data , including RAM , ROM , Electrically Erasable

Programmable Read -Only Memory ( EEPROM ), flash
other optical storage, magnetic cassettes, magnetic tape ,
magnetic disk storage or other magnetic storage devices or
any other medium which can be used to store the desired
information and which can be accessed by the a system
device . Based on the disclosure and teachings provided
herein , a person of ordinary skill in the art will appreciate
other ways and /or methods to implement the various
embodiments . However, computer - readable storage media
does not include transitory media such as carrier waves or
the like .
[0073] The specification and drawings are , accordingly, to
memory or other memory technology , CD -ROM , DVD or

be regarded in an illustrative rather than a restrictive sense .
It will , however, be evident that various modifications and

changes may be made thereunto without departing from the
broader spirit and scope of the disclosure as set forth in the

otherwise understood within the context as used in general
to present that an item , term , etc .,may be either X , Y, or Z ,
or any combination thereof (e.g., X , Y, and /or Z ). Thus, such
disjunctive language is not generally intended to , and should
not , imply that certain embodiments require at least one of
X , at least one of Y , or at least one of Z to each be present.

Additionally, conjunctive language such as the phrase " at
least one of X , Y , and Z ," unless specifically stated other
wise , should also be understood to mean X , Y , Z , or any
combination thereof, including “ X , Y, and /or Z .”

[0077 ] Preferred embodiments of this disclosure are

described herein , including the best mode known to the
inventors for carrying out the disclosure . Variations of those

preferred embodiments may become apparent to those of

ordinary skill in the art upon reading the foregoing descrip
tion . The inventors expect skilled artisans to employ such

variations as appropriate , and the inventors intend for the
disclosure to be practiced otherwise than as specifically

described herein . Accordingly , this disclosure includes all

modifications and equivalents of the subjectmatter recited in

the claims appended hereto as permitted by applicable law .

claims.

Moreover, any combination of the above -described elements

disclosure . Thus, while the disclosed techniques are suscep

disclosure unless otherwise indicated herein or otherwise

tible to various modifications and alternative constructions ,

10078 ] All references, including publications, patent appli

[0074 ] Other variations are within the spirit of the present

certain illustrated embodiments thereof are shown in the

drawings and have been described above in detail . It should

be understood , however, that there is no intention to limit the
disclosure to the specific form or forms disclosed , but on the
contrary , the intention is to cover allmodifications , alterna

tive constructions and equivalents falling within the spirit
and scope of the disclosure , as defined in the appended

claims.

in all possible variations thereof is encompassed by the

clearly contradicted by context.

cations, and patents , cited herein are hereby incorporated by
individually and specifically indicated to be incorporated by

reference to the same extent as if each reference were
reference and were set forth in its entirety herein .

What is claimed is :

1 . A device for managing power flow , comprising :

an electrical cable configured to connect a first electrical

[0075 ] The use of the terms “ a,” “ an ,” and “ the” and

system to a second electrical system independent of

embodiments (especially in the context of the following

a memory configured to store computer -executable

similar referents in the context of describing the disclosed

claims) are to be construed to cover both the singular and the
plural, unless otherwise indicated herein or clearly contra
dicted by context. The terms “ comprising,” “ having,”
" including ,” and “ containing ” are to be construed as open
ended terms (i. e ., meaning " including , but not limited to ,”

connections to a power grid ;
instructions; and

a processor configured to access the memory and execute
the computer -executable instructions to at least:
in accordance with a determination that a first excess

amount of power is identified via a comparison

unless otherwise noted . The term " connected ” is to be

between power generated by a power generation

or joined together , even if there is something intervening.
The phrase " based on ” should be understood to be open

of power drawn by the first electrical system :

construed as partly or wholly contained within , attached to ,
ended , and not limiting in any way , and is intended to be

interpreted or otherwise read as “ based at least in part on ,"
where appropriate. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of referring

individually to each separate value falling within the range ,

unless otherwise indicated herein , and each separate value is
incorporated into the specification as if it were individually
recited herein . All methods described herein can be per
formed in any suitable order unless otherwise indicated

herein or otherwise clearly contradicted by context. The use
of any and all examples , or exemplary language ( e . g ., " such

as” ) provided herein , is intended merely to better illuminate

device of the first electrical system to a first amount
identify that the second electrical system has a deficit
amount of power;

configure the electrical cable to allow power flow to
the second electrical system , and
control a first flow of the first excess amount of
power over the electrical cable from the first

electrical system to the second electrical system
power ; and
in accordance with a determination that an insufficient
amount of power is identified via the comparison
between the power generated by the power genera
based at least in part on the deficit amount of the

tion device of the first electrical system to the first

embodiments of the disclosure and does not pose a limita

amount of the power drawn by the first electrical
system :

No language in the specification should be construed as

identify that the second electrical system has a

tion on the scope of the disclosure unless otherwise claimed .
indicating any non -claimed element as essential to the

practice of the disclosure.
[ 0076 ] Disjunctive language such as the phrase " at least
one of X , Y, or Z ,” unless specifically stated otherwise, is

second excess amount of power ;

request a second flow of the second excess amountof
power over the electrical cable from the second

electrical system to the first electrical system ; and
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receive the second flow of the power over the
electrical cable from the second electrical system
based at least in part on the insufficient amount of
power.

2 . The device of claim 1, wherein the second flow of
power from the second electrical system is received based at
least in part on a request sent from the first electrical system

to the second electrical system .
3. The device of claim 1 , further comprising a rectifier,

10 . The computer- implemented method of claim 7,
wherein the first flow or the second flow of the power over
the electrical cable is controlled by changing an impedance

of the electrical cable .
11 . The computer- implemented method of claim 7 , further
comprising calculating a relative power metric for the first
electrical system and the second electrical system based at
least in part on a relative power flow .
12 . The computer- implemented method of claim 7 ,

coupled with the electrical cable, configured to change the

wherein the power comprises electricity in a direct current

form .

cable is controlled by changing a direct current voltage of
the electricity.

type of power from alternating current form to direct current

4 . The device of claim 3 , wherein the second flow of the
power is received from the second electrical system in the

alternating current form .

5 . The device of claim 1 , further comprising a metering
device coupled with at least one of the electrical cable , the
memory , or the processor.

6 . The device of claim 5 , wherein relative power flow
between the first electrical system and the second electrical
system is monitored based at least in part on a metric of the

form , and wherein the flow of the power over the electrical

13. The computer-implemented method of claim 7 , fur
ther comprising storing a metric associated with relative
power flow based at least in part on an amount of power
provided over the electrical cable from the first electrical
system to the second electrical system .
14 . The computer -implemented method of claim 13 , fur
ther comprising determining an amount to charge an entity

associated with the second electrical system based at least in

metering device.

part on the metric associated with the relative power flow .

system , comprising:

storing computer-executable instructions that, when
executed by one or more processors , configure the one or
more processors to perform operations comprising:
configuring an electrical cable to connect a first electrical
system to a second electrical system independent of

7. A computer -implemented method formanaging power
flow between a first electrical system and a second electrical
configuring an electrical cable to connect a first electrical
system to a second electrical system independent of
connections to a power grid ;

in accordance with a determination that a first excess

amount of power is identified via a comparison
between power generated by a power generation device
of the first electrical system and a first amount of power

drawn by the first electrical system :
identifying that the second electrical system has a
deficit amount of power ;

configuring the electrical cable to allow power flow to
the second electrical system ; and

controlling a first flow of the first excess amount of
power over the electrical cable from the first elec
trical system to the second electrical system based at

least in part on the deficit amount of the power; and
in accordance with a determination that an insufficient
amount of power is identified via the comparison

between the power generated by the power generation

15 . A non -transitory computer - readable storage medium

connections to a power grid ;
in accordance with a determination that a first excess
amount of power is identified via a comparison

between power generated by a power generation device
of the first electrical system and a first amount of power

drawn by the first electrical system :
identifying that the second electrical system has a

deficit amount of power;
configuring the electrical cable to allow power flow to
the second electrical system ; and
controlling a first flow of the first excess amount of
power over the electrical cable from the first elec
trical system to the second electrical system based at

least in part on the deficit amount of the power ; and
in accordance with a determination that an insufficient

device of the first electrical system and the first amount

amount of power is identified via the comparison

of the power drawn by the first electrical system :
identifying that the second electrical system has a

device of the first electrical system and the first amount

second excess amount of power ;
requesting a second flow of the second excess amount

identifying that the second electrical system has a

of power over the electrical cable from the second
electrical system to the first electrical system ; and

receiving the second flow of the power over the elec

trical cable from the second electrical system based
at least in part on the insufficient amount of power.

8 . The computer - implemented method of claim 7 ,

wherein the power generation device comprises a photovol

taic cell of the first electrical system , and wherein control

ling the first flow of power comprises providing the power
over the electrical cable .
9. The computer-implemented method of claim 7 , further
comprising identifying a power draw from the second elec

trical system , wherein the power draw is identified based at

least in part on a request received from the second electrical
system .

between the power generated by the power generation
of the power drawn by the first electrical system :
second excess amount of power ;

requesting a second flow of the second excess amount
of power over the electrical cable from the second
electrical system to the first electrical system ; and
receiving the second flow of the power over the elec
trical cable from the second electrical system based
at least in part on the insufficient amount of power.

16 . The non - transitory computer -readable storage
medium of claim 15 , wherein the first electrical system and

the second electrical system are external to a utility grid .

17 . The non -transitory computer-readable storage
medium of claim 15 , wherein the operations further com
prise receiving flow data from the power generation device
that identifies a relative power flow between the first elec

trical system and the second electric system .
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18 . The non -transitory computer- readable storage

medium of claim 17 , wherein the operations further com

prise determining an amount to credit an entity associated

with the first electrical system based at least in part on the
flow data .

19 . The non - transitory computer -readable storage

medium of claim 15 , wherein the second flow of power from
the second electrical system is received based at least in part
on a request sent from the first electrical system to the
second electrical system .

20 . The non - transitory

computer - readable storage

medium of claim 15 , wherein the power generation device

comprises a photovoltaic cell of the first electrical system ,
and wherein controlling the first flow of power comprises
providing the power over the electrical cable .

