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(57) ABSTRACT 

Data aggregation enables a local control response at a con 
Sumer node of a distributed grid network. A consumer node 
includes a local energy meter. The meter receives multiple 
inputs indicating an electrical condition of the grid network 
and local operating conditions. The meter can aggregate the 
grid network and local operation conditions inputs with 
power demand for a local load coupled to the consumer side 
of the point of common coupling monitored by the energy 
meter. The energy meter calculates a mix of real and reactive 
power to output from a local energy source, based on the 
aggregated data. A local power converter outputs the calcu 
lated power from the local energy source. 
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LOCAL METERING RESPONSE TODATA 
AGGREGATION IN DISTRIBUTED GRD 

NODE 

PRIORITY 

0001. The present application is a nonprovisional applica 
tion based on U.S. Provisional Application No. 62/021,085, 
filed Jul. 4, 2014, and claims the benefit of priority of that 
provisional application. The provisional application is hereby 
incorporated by reference. 
0002 The present application is related to the following 
U.S. patent applications filed concurrently herewith, and hav 
ing common ownership: U.S. patent application Ser. No. 
TBD PO16, entitled “HIERARCHICAL AND DISTRIB 
UTED POWER GRID CONTROL U.S. patent application 
Ser. No. TBD PO18, entitled “DISTRIBUTED POWER 
GRID CONTROL WITH LOCAL VAR CONTROL U.S. 
patent application Ser. No. TBDP020, entitled “HIERAR 
CHICAL AND DISTRIBUTED POWER GRID GENERA 
TION.” U.S. patent application Ser. No.TBDP021), entitled 
“TOTAL HARMONIC CONTROL U.S. patent application 
Ser. No. TBDP022), entitled “ENERGY SIGNATURESTO 
REPRESENT COMPLEX CURRENT VECTORS, U.S. 
patent application Ser. No. TBDP026), entitled “POWER 
GRID SATURATION CONTROL WITH DISTRIBUTED 
GRID INTELLIGENCE.” U.S. patent application Ser. No. 
TBD P027, entitled “VIRTUAL POWER GRID, U.S. 
patent application Ser. No. TBDP028), entitled “MODU 
LAR POWER GRID, 
0003. The present application is related to the following 
U.S. patent applications filed concurrently herewith, and hav 
ing common ownership: U.S. patent application Ser. No. 
TBD P019, entitled “GRID NETWORK GATEWAY 
AGGREGATION.” U.S. patent application Ser. No. TBD 
P017, entitled “INTELLIGENT BATTERY BACKUP AT 
A DISTRIBUTED GRID NODE, U.S. patent application 
Ser. No. TBD P024), entitled “DATA AGGREGATION 
WITH OPERATION FORECASTS FORADISTRIBUTED 
GRID NODE.” U.S. patent application Ser. No. TBDP025, 
entitled DATA AGGREGATION WITH FORWARD PRE 
DICTION FORADISTRIBUTED GRID NODE 

FIELD 

0004 Embodiments of the invention are generally related 
to an electrical power grid, and more particularly to a power 
grid gateway that generates control decision based on aggre 
gation of data. 

COPYRIGHT NOTICEAPERMISSION 

0005 Portions of the disclosure of this patent document 
may contain material that is Subject to copyright protection. 
The copyright owner has no objection to the reproduction by 
anyone of the patent document or the patent disclosure as it 
appears in the Patent and Trademark Office patent file or 
records, but otherwise reserves all copyright rights whatso 
ever. The copyright notice applies to all data as described 
below, and in the accompanying drawings hereto, as well as to 
any software described below: Copyright (C) 2015, Apparent 
Inc., All Rights Reserved. 

BACKGROUND 

0006 Traditional utility power grids include a centralized 
power Source (such as a coal-powered generator, a nuclear 
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power generator, a hydroelectric dam generator, wind farm, 
or others) and centralized management. The 'grid may con 
nect to other power sources as well so that power can be 
shared across grid infrastructure from different power sources 
at a macro-level. However, traditionally, the grid includes a 
Substantial amount of infrastructure, Such as utility power 
lines with associated poles and towers, as well as Substations 
to distribute the power. The grid is traditionally based on a 
massive generator that can provide enough power to satisfy 
peak demand of interconnected consumers. A consumer can 
include a dwelling place, a business, a cellphone tower or 
other utility box, or other user of power. The different con 
Sumers can have different peak demands, from the Smallest 
user of energy to large businesses that have high power 
demands for heavy commercial equipment. 
0007 Traditional grid infrastructure is expensive to build 
and maintain. Furthermore, it requires the pushing of energy 
out from the central power source to the consumers, which 
can be hundreds of miles away. The substations and other 
infrastructure such as neighborhood transformers are con 
trolled by the centralized management to keep Voltages in 
phase with current delivered on the grid, and keep Voltage 
levels at regulated levels. Typically, motorized equipment 
drawing power from the grid will cause a degradation of 
power factor of the grid. On a macro scale, the grid manage 
ment has attempted to control the power factor disturbance of 
the grid due to Such motorized equipment. Newer Switching 
power Supply designs in modern electronics further compli 
cate the power factor and Voltage regulation of the grid by 
requiring reactive power and introducing noise back onto the 
grid. 
0008 Power delivered by the grid generally consists of a 
real power component and a reactive power component. Real 
power is power delivered where the voltage waveform and 
current waveform are perfectly aligned in-phase. Reactive 
power is power delivered where the voltage waveform and 
current waveform are not phase-aligned. Reactive power can 
be leading or lagging, based on the phase difference between 
the current and Voltage waveforms. 
0009 Power as seen by a consumer can be understood 
differently from energy itself provided to calculate the power. 
Power is typically represented by W dot h or Watt-hours. 
Multiplying the Watt-hours by the rate charged by the utility 
provides the dollar amount owed by the consumer to the 
utility. But energy can be represented in different ways, and 
can be measured in multiple different ways. Examples 
include (VA) V dot I (voltage vector multiplied by current 
vector for volt-amps), V dot I dot PF (voltage vector multi 
plied by current vector times the power factor for Watts), and 
the square root of W2 (square root of Watts squared for 
Volt-amps-reactive). The consumer typically sees the power 
in Watt-hours which gives the cost of the energy delivered to 
the premises. Utilities have also started to measure and charge 
for reactive power consumption at the user premises. 
0010. There has been a significant increase in grid con 
Sumers adding renewable sources locally at the consumer 
locale to produce power. The renewable energy sources tend 
to be solar power and/or wind power, with a very significant 
number of Solar systems being added. One limitation to cus 
tomer power sources is that they tend to produce power at the 
same time, and may produce more power than can be used on 
the grid. The grid infrastructure is traditionally a one-way 
system, and the real power pushed back from the customer 
premises toward the central management and the central 



US 2016/0087432 A1 

power source can create issues of grid Voltage control and 
reactive power instability on the grid. These issues have 
caused grid operators to limit the amount of renewable energy 
that can be connected to the grid. In some cases, additional 
hardware or grid infrastructure is required at or near the 
consumer to control the flow of power back onto the grid. 
0011. In addition to the issues caused by renewable 
Sources, the increase in use of air conditioning units and other 
loads that draw heavily on reactive power create additional 
strain for the grid management to keep Voltage levels at 
needed levels. Recent heat waves have resulted in rolling 
brownouts and blackouts. Other times there are temporary 
interruptions on the grid as equipment interfaces are reset to 
deal with the changes in load when people return home from 
work and increase power consumption there. Traditionally, 
the central management must maintain compliance of grid 
regulations (such as Voltage levels). Whenever something 
connected to the grid enters an overvoltage scenario, it shuts 
off from the grid, which can then create additional load on 
Surrounding areas, resulting in larger areas of the grid coming 
down before the central management can restore grid Stabil 
1ty. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The following description includes discussion of 
figures having illustrations given by way of example of imple 
mentations of embodiments of the invention. The drawings 
should be understood by way of example, and not by way of 
limitation. As used herein, references to one or more 
"embodiments' are to be understood as describing a particu 
lar feature, structure, and/or characteristic included in at least 
one implementation of the invention. Thus, phrases such as 
“in one embodiment” or “in an alternate embodiment’ 
appearing herein describe various embodiments and imple 
mentations of the invention, and do not necessarily all refer to 
the same embodiment. However, they are also not necessarily 
mutually exclusive. 
0013 FIG. 1 is a block diagram of an embodiment of a 
system with tiered grid control. 
0014 FIG. 2 is a block diagram of an embodiment of a 
system with monitoring and control at a point of common 
coupling within a neighborhood. 
0015 FIG. 3 is a block diagram of an embodiment of a 
distributed grid system. 
0016 FIG. 4 is a graphical representation of an embodi 
ment of components of a current in a system in which har 
monic components of current have angular offsets with 
respect to a primary current component. 
0017 FIG. 5 is a graphical representation of an embodi 
ment of components of a current in a system in which a 
current vector is a composite of a primary current component 
and harmonic current components. 
0018 FIG. 6 is a block diagram of an embodiment of a 
gateway device in a distributed grid system. 
0019 FIG. 7 is a block diagram of an embodiment of a 
gateway aggregator System. 
0020 FIG. 8 is a block diagram of an embodiment of a 
metering device that monitors power at a PCC. 
0021 FIG. 9 is a block diagram of an embodiment of a 
node for a distributed power grid. 
0022 FIG. 10 is a block diagram of an embodiment of a 
system that controls harmonic distortion with a software 
feedback control subsystem coupled to a hardware waveform 
controller. 
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0023 FIG. 11 is a block diagram of an embodiment of a 
system that transfers power from a local source to a grid-tied 
load with power factor conditioning. 
0024 FIG. 12 is a block diagram of an embodiment of a 
consumer node having intelligent local energy storage. 
0025 FIG. 13 is a flow diagram of an embodiment of a 
process for controlling a grid node with data aggregation. 
0026 FIG. 14 is a flow diagram of an embodiment of a 
process for aggregating local and grid-based condition infor 
mation. 
0027 FIG. 15 is a flow diagram of an embodiment of a 
process for generating a grid control operation with an aggre 
gator gateway. 
0028 FIG. 16 is a flow diagram of an embodiment of a 
process for intelligent battery backup control. 
0029 Descriptions of certain details and implementations 
follow, including a description of the figures, which may 
depict some or all of the embodiments described below, as 
well as discussing other potential embodiments or implemen 
tations of the inventive concepts presented herein. 

DETAILED DESCRIPTION 

0030. As described herein, data aggregation enables a 
local control response at a consumer node of a distributed grid 
network. A consumer node includes a local energy meter. The 
meter receives multiple inputs indicating an electrical condi 
tion of the grid network and local operating conditions. The 
meter can aggregate the grid network and local operation 
conditions inputs with power demand for a local load coupled 
to the consumer side of the point of common coupling moni 
tored by the energy meter. The energy meter calculates a mix 
of real and reactive power to output from a local energy 
Source, based on the aggregated data. A local power converter 
outputs the calculated power from the local energy source. 
0031. As described herein, distributed grid network intel 
ligence enables data aggregation at a local control node. In a 
consumer node, a meter is on a consumer side of a point of 
common coupling (PCC). The meter can receive one or more 
external grid inputs and one or more local sensor inputs. The 
grid inputs can come from Sources outside the PCC, and the 
local sensor inputs monitor conditions at the PCC and/or 
within the PCC. The meter can identify power demand within 
the PCC and calculate an output power to generate with a 
local power converter. The calculation is not simply based on 
power demand, but on aggregation information, including the 
one or more external grid inputs, the one or more local sensor 
inputs, and the power demand for the local load. The local 
power converter can then output powerinaccordance with the 
calculated output power. 
0032. In one embodiment, a control node enables distrib 
uted grid control. Multiple independent control nodes can be 
distributed throughout the grid. The control nodes can be 
hierarchically organized by connecting multiple control 
nodes to a common control node of the multiple control 
nodes. Each control node manages a point of common cou 
pling (PCC) to the grid. A PCC is an interconnection point 
where multiple downstream loads and/or local power sources 
connect to the grid. For purposes herein, each control node 
couples to multiple loads and/or energy sources, and is thus 
associated with a PCC. Because each control node manages 
its interface or interconnection to the grid independently of 
any other control node, grid control intelligence can be dis 
tributed throughout the grid. 
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0033. In one embodiment, each control node operates 
independently of other control nodes by monitoring and man 
aging power generation and power demand at its PCC 
between a utility power grid and all devices downstream from 
the PCC or from the control node. The downstream devices 
can include energy sources such as Solar and/or wind power 
generation, loads Such as real and/or reactive power consum 
ers (e.g., consumer nodes), as well as other PCCs or other 
control nodes. In one embodiment, each control node man 
ages its interface or interconnection to the grid to maintain 
compliance with grid regulations. In one embodiment, the 
control node has any number of consumer nodes and any 
number of energy sources connected downstream. A con 
Sumer node can be a customer premises. In one embodiment, 
a customer premises can include multiple consumer nodes. In 
one embodiment, a consumer node can include multiple cus 
tomer premises. In one embodiment, one control node man 
ages multiple customer premises. Each control node can 
monitor power generation and power demand from down 
stream and ensure that demand on the grid is within accepted 
levels. The control node can provide grid control by adjusting 
the interface between the control node and the central grid 
management via the PCC to maintain compliance with grid 
regulations at the PCC. 
0034. In one embodiment, the control node adjusts down 
stream active power consumption. In one embodiment, the 
control node adjusts downstream reactive power consump 
tion. In one embodiment, the control node adjusts down 
stream reactive power generation. In one embodiment, the 
control node adjusts downstream active power generation. In 
one embodiment, the control node controls energy at the PCC 
to manage the amount and types of power seen at the PCC 
from the perspective of the grid (i.e., from the grid side or as 
seen from central grid management or the grid infrastructure 
looking downstream through the PCC). 
0035 FIG. 1 is a block diagram of an embodiment of a 
system with tiered grid control. System 100 represents a 
power grid with tiered control. In one embodiment, system 
100 includes power plant 110 and grid backbone 120, 
although in one embodiment, the tiered grid can be applied 
without connection to a central grid management and central 
grid power plant. System 100 represents a grid system in 
which power consumers are connected to each other and to 
power sources. 
0036 Power plant 110 represents a large-scale power 
plant that powers grid backbone 120. Power plant 110 is 
traditionally a hydroelectric dam generator, a nuclear power 
plant, a coal-powered generator plant, or a large wind farm. 
Recent large-scale solar farms have also been added. Grid 
backbone 120 includes towers, lines, transformers, substa 
tions, and other infrastructure to interconnect consumers to 
power plant 110. Grid backbone 120 includes grid infrastruc 
ture with high Voltage power lines that transport power many 
miles. In practice, multiple power sources or powerplants can 
be connected to the same grid backbone 120, but all are large 
scale and typically designed to generate as much power and 
service as many consumers as possible. Grid backbone 120 is 
traditionally designed for one-way distribution of power from 
power plant 110 to the consumers. Reference to “the grid” or 
a “utility grid” can refer to power plant 110 and the infrastruc 
ture of grid backbone 120. 
0037. In one embodiment, the grid can be thought of as a 
network that can be hierarchically separated into various dif 
ferent segments of the grid. Each grid segment can be con 
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trolled by a separate control node. In one embodiment, sys 
tem 100 includes control nodes 130, 140, and 150. Each 
control node can manage a PCCorpoint of common coupling 
point where multiple loads and/or multiple Sub-segments of 
the grid couple together. The PCCs can connect each segment 
and Sub-segment to each other and/or to the grid. 
0038. It will be understood that a PCC can be both an 
electrical-equivalency point as well as or instead of a geo 
graphical connection. At the top of the hierarchy illustrated is 
PCCI0), which directly connects all downstream segments 
and portions to each other. PCC0 can also connect all down 
stream point to grid backbone 120. Reference to “down 
stream” refers to devices or items that are farther away along 
the path of distribution. Thus, a residence or customer pre 
mises can be at one point on the distribution path of the grid, 
and a customer premises further along the distribution path is 
downstream. It will be understood that other grid segments 
with additional structure can be downstream from PCC0 by 
virtue of being farther away from power plant 110 and thus 
farther down a distribution path as seen from central grid 
management. 
0039 System 100 can be referred to as a grid network, 
which may or may not include grid backbone 120 and power 
plant 110. The grid network can be hierarchical in that each 
PCC can aggregate multiple lower-level PCCs. Each PCC 
provides a connection point for all downstream devices. PCC 
I0 is at the top of the hierarchy of system 100. In one embodi 
ment, multiple additional devices that are not shown can 
connect to PCC0. Such other devices not shown would be 
coupled in parallel with node 130 to PCC0. It will be under 
stood that a lowest level of the grid network hierarchy is a 
control node at a customer premises, such as node 162 at 
customer premises 160, with PCC3). In one embodiment, 
there are one or more control nodes at a customer premises. In 
one embodiment, there are customer premises with no control 
nodes in system 100. 
0040. In system 100, two customer premises are illus 
trated, customer premises 160 and customer premises 180. 
The customer premises can also be referred to as consumers 
or consumer nodes. In one embodiment, customer premises 
can include homes, businesses, parks, loads, thermostats, 
pumps, vehicle charging stations, and/or other consumers of 
power. Each customer premises includes one or more loads or 
devices that rely on electrical power to operate. In one 
embodiment, customer premises 160 includes a single con 
trol node, 162. In one embodiment, customer premises 180 
includes multiple control nodes, 182 and 184. There can be 
Zero or more control nodes at a customer premises. There may 
be many control nodes at a single customer premises, depend 
ing on the design of the grid network and the number of loads 
and power sources at the customer premises. Other customer 
premises can be included in system 100. Zero or more of the 
customer premises can include energy generation, which is 
described in more detail below with respect to other drawings. 
0041. In one embodiment, each PCC is associated with a 
control node. The control node associated with the PCC man 
ages or controls the electrical operation at that control node. 
For example, in one embodiment, in system 100, control node 
130 is associated with PCC1, and manages load demand and 
power generation downstream from PCC1 as seen at PCC 
1 from the grid side. Reference to looking from the grid side, 
or seeing from the grid side refers to what net power demand 
(either power needed or power produced) exists at that point. 
Seeing from the grid side can also refer to what phase offset or 
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reactive power net exists at that point looking downstream 
from that point. The PCCs are aggregation points for genera 
tion and demand. A net power demand can be a difference in 
real and reactive power needed based on load demand against 
real and reactive power generated within the same segment or 
area of the PCC. Within the same segment can be referred to 
as being “within a PCC, meaning within a downstream net 
work connected to the PCC. 

0042. In one embodiment, each control node can indepen 
dently control its own PCC. Thus, control node 130 controls 
PCC1, control node 150 controls PCC2, control node 140 
controls PCC4, and control node 162 controls PCC3. In 
one embodiment, independent control refers to the fact that 
each control node monitors and controls operation at its PCC 
to maintain the PCC as close to compliance with grid rules as 
possible. It may not always be possible for each control node 
to achieve full compliance. In one embodiment, the control 
nodes operate based on what neighboring control nodes out 
put, such as what demand is seen looking toward the neigh 
boring control node from the present control node. However, 
controlling operation by looking at the operation of another 
control node does not imply that the operation of each control 
node is dependent on each other. To the contrary, in one 
embodiment, each control node seeks to make Sure that the 
node as a whole (everything connected “underneath” or 
downstream from it) complies with all requirements, regard 
less of the operation of others. Monitoring the performance or 
operation of neighboring control nodes or neighboring PCCs 
can be a consideration to determine how to operate, and 
whether to provide Support upstream to the grid. In one 
embodiment, each control node is capable of receiving and 
responding to input from a central data center and/or from 
central grid management, but can operate with or without 
Such input. Thus, each control node operates independently to 
control the net power operation as seen at its connection point. 
0043. In one embodiment, each control node includes a 
converter or inverter device and a metering device. In one 
embodiment, the converter is referred to as a power conver 
sion device or simply conversion device. Reference to a con 
Verter can include one or multiple converters that can operate 
together to control operation and/or an interface at a PCC. In 
one embodiment, the control node and converter are separate 
devices. Thus, converter 132 can be part of control node 130, 
or simply connected to it at PCC1. Similarly, converter 142 
is associated with control node 140, converter 152 is associ 
ated with control node 150, converter 164 is associated with 
control node 162, converter 192 is associated with control 
node 182, and converter 194 is associated with control node 
184. Other network configurations are possible. It will be 
understood that the entirety of system 100 is not illustrated. 
0044 As mentioned, each customer premises can be or 
include a load. Customer premises 160 includes one or more 
loads 172. Each load 172 consumes power. Loads 172 can 
generate a demand for power that has a real power component 
to the demand and a reactive power component to the 
demand. Traditionally reactive power has been provided by 
the grid, with the exception of heavy equipment (e.g., capaci 
tor banks and/or inductive motors) on-site at the customer 
premises. Loads 172 can be any form of load, such as lighting, 
computer equipment, entertainment devices, motors, HVAC 
(heating, ventilation, and air conditioning) equipment, house 
hold and kitchen appliances, or any other type of device that 
requires electricity to operate. Such devices can include 
rechargeable devices that are charged by plugging to a power 
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outlet. Many of these devices generate reactive demand. That 
demand for reactive power will be seen at the PCC for the 
load, and can be seen upstream at other PCCs unless the 
demand is satisfied. In one embodiment, node 162 and con 
verter 164 can provide reactive power for loads 172. 
0045. It will be understood that there are loads (not spe 
cifically shown) within customer premises 180. In one 
embodiment, converter 164 is coupled to PCC3 where loads 
172 are coupled. In one embodiment, converter 192 and con 
verter 194 can be coupled between the loads and the PCC 
(PCCI2). Converter 164 is coupled to PCC3), and can be 
configured to operate to maintain certain performance param 
eters at PCC3). In one embodiment, in practice, converter 
164 is coupled between PCC3 and a meter of control node 
162. The performance parameters can be associated with 
controlling real and reactive power at the PCC. In one 
embodiment, when a converter is coupled between the loads 
and the PCC, the converter is configured to maintain the 
particular load or loads coupled to it. 
0046. In one embodiment, each control node includes a 
metering device or energy meter built into or associated with 
or part of the control node. More details about embodiments 
of a metering device are provided below. The metering device 
measures energy usage at the PCC and can determine a net 
power demand or power generation from downstream. In one 
embodiment, the metering device enables monitoring the 
operation of the grid network at the PCC. In one embodiment, 
the metering device can measure energy signatures. Each 
converter can control the power usage at the PCC. In one 
embodiment, the converter controls the use of real and/or 
reactive power at the PCC. 
0047. In one embodiment, the grid hierarchy of system 
100 can include one or more control nodes at a consumer 
premises, one or more control nodes within a neighborhood, 
one or more control nodes at a substation, or other hierarchy. 
Each control node in the hierarchy independently controls 
operation below it and reports upstream. Thus, each control 
node can independently manage compliance of the grid. If a 
segment of the grid network experiences a failure, a node 
higher up the hierarchy or higher upstream can attempt to 
adjust operation to prevent the failure from being seen or 
experienced outside the subnetwork below its PCC. Thus, a 
distributed grid can recover more quickly and efficiently from 
failures, and can reduce the risk that other segments of the 
grid will experience failure. For example, each distributed 
control node of the grid network can dynamically adjust 
reactive and real power consumption to maintain the connec 
tion at its PCC in compliance with connection requirements 
for the grid. 
0048. In one embodiment, each distributed control node of 
system 100 can control how the grid or grid network sees the 
segment of the grid via the associated PCC. Thus, control 
node 130 can control how the grid sees everything down 
stream from PCC1, control node 150 can control how the 
grid or grid network sees everything downstream from PCC 
3, and so on. The ability to control how the grid sees a 
segment of the grid via a PCC can allow more adaptive 
behavior within a segment of the grid network. For example, 
whereas current regulations would require certain inverters to 
drop offline because of the violation of certain conditions 
(overvoltage, overcurrent, islanding, and/or other condition 
(s)), controlling the connection of the PCC to the grid allows 
the grid to see the segment only through the PCC. Thus, each 
control node can control its connection to the grid network at 
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the PCC, which can allow inverters to stay online longer to try 
to recover. Each inverter downstream from a PCC could in 
theory temporarily violate the passthrough requirements and/ 
or overvoltage requirements for a period if collectively the 
devices connected to the PCC comply. In one embodiment, if 
the control node and converter at a PCC can cause Support 
from other converters to be provided, or behavior changed at 
those converters to alter the net condition at the PCC, each 
inverter could similarly temporarily violate grid conditions 
while the control node maintains the PCC within compliance 
by changing operation of other devices within the PCC. 
0049. In one embodiment, distributed control or a grid or 
grid network includes pushing the point of common coupling 
out in the case of a disruption to the grid. Consider a problem 
at PCCI2 that would normally cause a failure of the grid at 
that point. In one embodiment, control nodes 150 and 130 can 
detect the condition. Control node 150 can attempt to change 
the grid condition at PCC2 via operation of converter 152, 
such as by changing reactive power control. Control node 150 
can also notify control node 130 of the condition. In one 
embodiment, control node 130 responds to the condition by 
signaling control node 140 to change its operation (e.g., via 
converter 142) to balance the net condition seen at PCC1. 
Control node 130 can also change the operation of converter 
132 in response to the condition. Based on the operation of the 
control nodes, while PCC2 may experience a failure condi 
tion for longer than is permissible by standard, the condition 
at PCCI1 can be made to comply with standards and regu 
lations. Thus, PCC2 and its equipment can stay up to 
attempt to correct the problem. 
0050. Thus, distribution of control nodes and distribution 
of control operations via those nodes can push the point of 
compliance as far towards the generator and/or grid backbone 
as possible to minimize the impact of a local disturbance. 
Thus, in one embodiment, each point in a hierarchy of grid 
network 100 is a separate point of control for compliance. In 
one embodiment, system 100 provides distributed redundant 
compliance up and down the hierarchy. In one embodiment, 
each control node attempts to operate within compliance. 
Such operation can normally ensure that each segment and 
Sub-segment of the grid operates towards compliance, but if 
there is a failure at one level, it will not result in the grid going 
down if a higher level is able to correct for it. For example, if 
control node 130 can adjust operation in response to a failure 
at PCCI2, then control node 150 and everything downstream 
from it can remain online to attempt to correct the error 
condition. With Such operation, a segment of the grid will not 
go down unless and until there is a last point of control and 
compliance that cannot compensate for the condition. 
0051 FIG. 2 is a block diagram of an embodiment of a 
system with monitoring and control at a point of common 
coupling within a neighborhood. System 200 includes a grid 
network, and can be one example of a grid network and/or 
system in accordance with an embodiment of system 100 of 
FIG.1. Grid 210 represents the grid infrastructure, which can 
include a central generator or power plant and central grid 
control (not specifically shown). 
0052 Neighborhood 230 represents a segment or sub 
segment of the grid network. Neighborhood 230 couples to 
grid 210 via PCC 220. PCC 220 has associated control node 
222. Control node 222 can be a control node in accordance 
with any embodiment described herein, and can include pro 
cessing logic to control the performance of the grid at PCC 
220. In one embodiment, control node 222 includes a con 
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verter to control the operation of the PCC. In one embodi 
ment, neighborhood is one level within a hierarchy of distrib 
uted control for system 200. Other levels of the hierarchy are 
not specifically shown. However, PCC 220 can couple to grid 
210 via other PCC with distributed control nodes. 

0053. In one embodiment, neighborhood 230 can be any 
segment or Sub-segment of the grid. Neighborhood 230 gen 
erally represents a collection or grouping of customer pre 
mises of the grid. The grouping can be any arbitrary grouping 
controlled by a control node. In one embodiment, the group 
ing can be, for example, all customer premises served by one 
transformer, one Substation, or some other grouping. In one 
embodiment, neighborhood can be a large customer premises 
with multiple building and/or loads and power generation that 
couples to grid 210 via a common point (PCC 220). In such a 
scenario, there can be groupings within a single customer 
premises. In one embodiment, everything attached to a con 
trol meter or downstream from the same control meter and/or 
control node can be a separately controlled by other devices 
(loads) coupled to a different control meter. The control 
meters can control the connection of all their attached loads to 
the grid. 
0054 Consider customer premises 240. In one embodi 
ment, customer premises 240 includes meter 242, converter 
244, loads 246, and energy source 248. Loads 246 can include 
any type and number of loads. Converter 244 can be a con 
verter in accordance with any embodiment described herein. 
Energy source 248 can include any type of local source of 
energy. Solar and Wind generation are common local power 
sources. Such sources are typically referred to as “power 
Sources because they generate power that can be used locally 
and/or returned to the grid. However, traditional systems 
regulate the output of the sources interms of power, or Voltage 
times current (P=VI). Such traditional operation fails to con 
sider that energy can be more flexibly used if not fixed to a 
specific current and/or Voltage. Regulation of the power nec 
essarily results in wasting power. 
0055. In contrast to traditional approaches, converter 244 
can convert the energy generated by Source 248 into any type 
of power needed by loads 246, whether real, reactive, or a 
mix. Furthermore, converter 244 can return energy back to 
grid 210 via PCC 220 as real and/or reactive power. Thus, 
source 248 is more properly referred to as an “energy” source 
in the context of system 200, seeing that it transfers the energy 
without regulating the output to specific Voltages or currents. 
More details on such a converter are provided below. 
0056. Just as power is limiting in the sense of generation, 
power metering can be limiting in the sense of monitoring and 
metering the operation of customer premises 240. There are 
multiple ways to perform measurement of energy. In general, 
it will be assumed that it is possible to accurately measure 
energy without going into detail about the ways to perform 
energy measurement. Thus, meter 242 can perform energy 
measurement. In one embodiment, meter 242 is a control 
meter that measures energy instead of Watt-hours (W-h). In 
one embodiment, the operation of meter 242 can be used be 
controlling energy consumption and energy transfer in sys 
tem 200. In one embodiment, meter 242 can track energy 
signatures of loads 246 to determine how to control a point of 
common coupling. While not specifically shown and labeled 
as such, it will be understood that the combination of meter 
242 and converter 244 can provide a control node at customer 
premises 240. Thus, the connection point of loads 246 to 
converter 244 and meter 246 can be a PCC. The PCC of 
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customer premises 240 includes the generation of power via 
energy source 248 in addition to the consumption of power or 
power demand from loads 246. 
0057. In one embodiment, neighborhood 230 includes an 
additional customer premises 250 that similarly includes 
meter 252, converter 254, loads 256, and energy source 258. 
There is no requirement that the amount and type of loads 256 
and/or energy source 258 be the same as loads 246 or energy 
Source 248. Rather, each customer premises can have any 
number of loads and/or power generation. In one embodi 
ment, neighborhood 230 can have any number of customer 
premises with energy sources. In one embodiment, neighbor 
hood 230 can include one or more customer premises that do 
not have energy sources. In one embodiment, a customer 
premises without an energy source can still be fitted with a 
control node, such as a meter and a power converter, in accor 
dance with more details below. 

0058. In meters within neighborhood 230 (e.g., meter 242 
and meter 252, and others) can talk to each other to share 
metering and/or control information. In one embodiment, 
Such sharing of information between meters or between con 
trol nodes can enable the meters and/or control nodes to 
control how the point of common coupling (PCC) for the 
neighborhood (PCC 220) moves in the network or how con 
trol via different PCCs occurs in the network or grid as a 
whole. Any medium can be used for communication between 
the metering nodes. The ability to share information with 
each other and/or with a central data center can enable the 
network or grid to adaptively operate based on what is hap 
pening on the grid. Thus, in one embodiment, system 200 
enables distributed realtime data monitoring and sharing. 
Other devices that receive the data can provide reactive power 
compensation to give Voltage Support and/or change real 
power operation within their control to change net operation 
at a PCC 

0059. As mentioned above, in one embodiment, one or 
more customer premises coupled to a PCC includes an energy 
Source. Such as a Solar system. As illustrated, both customer 
premises 240 and customer premises 250 include respective 
energy sources 248 and 258. Each customer premises within 
neighborhood 230 that includes an energy source can include 
a respective power converter 246 and 256 to control distribu 
tion of the energy from the Source. In one embodiment, each 
converter enables the customer premises to provide real and/ 
or reactive power from the energy source to the local loads 
(such as 246 and 256). In one embodiment, each converter can 
provide real and/or reactive power from the energy source 
back to the grid (e.g., to grid 210 via PCC 220 at which 
neighborhood 230 connects to the grid). In one embodiment, 
the power provided by one converter at one consumer pre 
mises can affect the power usage as seen at the PCC. For 
example, power generated for local consumption and/or for 
return to the grid by converter 244 at customer premises 240 
can change net power usage seen at PCC 220 by meter 252 
and converter 254. In one embodiment, each converter can 
Support the power use of a neighboring customer premises 
within the neighborhood. Thus, each customer premises 240 
and 250 can operate to first be self-sufficient, and extend out 
to neighborhood 230, and then further up the grid hierarchy to 
other neighborhoods and/or to grid 210 as a whole. 
0060. As power can be provided up the hierarchy of sys 
tem 200, system 200 can also achieve isolation at each dif 
ferent level of hierarchy or organization of the grid network. 
In one embodiment, each meter 242 and 252 monitors local 
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operation within the segment of the grid downstream from the 
device itself and to local operation from neighboring meters. 
For example, meters within neighborhood 230 or within each 
hierarchy level of the grid can share or distribute monitoring 
information, which can include power demand and power 
generation information. Thus, each meter can listen to local 
operation and be aware of what is happening outside of its 
local area. In one embodiment, such operation enables system 
200 to move the PCC based on what is happening on the grid 
as a whole. Similar to what is mentioned above, if something 
within neighborhood 230 went down or experienced an error 
condition, neighborhood 230 can reroute isolation to shift the 
reactions of the grid. Neighborhood 230 can reroute isola 
tions via the individual operations of control nodes within the 
neighborhood, and via control node 222. Such operation will 
allow the grid to stay up longer. In one embodiment, neigh 
borhood 230 can effectively control the reactive needs within 
its subgroup of the grid while possibly only taking real power 
from the grid as a whole. Such operation is possible via 
aggregation of information at PCC 220 and other PCCs 
within the grid network hierarchy. Thus, in one embodiment, 
neighborhood 230 itself responds to grid events at PCC 220 
without needing or waiting for central dispatch or grid man 
agement operation of grid 210. In one embodiment, system 
200 can dynamically redefine the scope of the PCC depend 
ing on the event(s) of the grid. 
0061. In one embodiment, in general, two neighborhoods 
can be coupled together as part of a distributed grid network. 
Neighborhoods can be at the same level of hierarchy within 
the grid network, or can be at different levels of hierarchy. In 
one embodiment where one neighborhood provides Support 
(e.g., Voltage Support) to the other, the neighborhoods will 
have sufficient geographic or electrical proximity to allow 
control at one PCC to affect the performance at the other PCC 
as seen from the grid. 
0062. The grid network includes distributed control nodes. 
In one embodiment, distributed control nodes first seek com 
pliance at their respective PCCs, such as within their respec 
tive neighborhoods, and then seek to Support compliance of 
the grid as a whole. In one embodiment, each control node can 
be thought of as a gateway device. The gateway device can 
control the performance, power factor, load control, and/or 
harmonic distortion at its associated PCC. Each control node 
has an associated power converter to control the power output 
to upstream and the power consumption downstream. 
0063. In one embodiment, distributed control nodes are 
position-aware within the grid network. In one embodiment, 
each control node can know where it is in the hierarchy of the 
grid network. Furthermore, in one embodiment, each control 
node can know where it is relative to the grid from the power 
plant. In one embodiment, each node for each neighborhood 
first tries to manage the power consumption of its local neigh 
borhood, and can also Support the grid depending on condi 
tions of the grid (e.g., what is happening at other neighbor 
hoods). The conditions of the grid can include any 
performance parameter, Such as Voltage level, power factor, 
harmonic distortion, and/or other electrical parameter. Posi 
tion awareness can enable the control node to factor condi 
tions related to upstream operation of the grid to enable the 
control node to provide more specific Support. In one embodi 
ment, each control node can be enabled to provide Support to 
the higher level PCC based on what is happening within the 
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grid or the grid conditions. In this way, each control node can 
seek to ensure local compliance, and also provide Support to 
achieve overall compliance. 
0064. In one embodiment, a control node is not associated 
with a PCC and/or is not a gateway device if it does not 
include disconnection management. For example, in one 
embodiment, a neighborhood has only a node associated with 
a PCC, and there are no sub-PCCs within the neighborhood. 
In Such an implementation, the control node associated with 
the PCC can be considered a gateway device. In one embodi 
ment, disconnection management executes only at a gateway 
device. The gateway device presents all downstream devices 
to the grid. 
0065 Position awareness within the grid can be referred to 
as String position awareness, referring to a circumstance 
where a device knows its position in a string of devices from 
the grid. Position awareness can enhance the utility of a 
microinverter or other power converter, by allowing it to 
provide Support outside its own area. For example, microin 
verters or other power converters associated with control 
nodes may be betterable to provide grid support with position 
awareness. In one embodiment, bulk inverters can use posi 
tion awareness to adjust their operation for an overall desired 
output. Bulk inverters refer to inverters connected together in 
a star or cascade arrangement, or other network configura 
tion. Bulk inverters refer to a group of multiple inverters that 
operate in connection to provide control over a consumer 
and/or power generation. Thus, any instance of a control node 
can include one or more power converters. In one embodi 
ment, the head of a string of devices is a gateway device and 
controls the coupling for the entire string. Such a head of the 
string could represent the entire String to the grid. 
0066 FIG. 3 is a block diagram of an embodiment of a 
distributed grid system. System 300 includes a grid network, 
and can be one example of a grid network and/or system in 
accordance with an embodiment of system 100 of FIG. 1 
and/or system 200 of FIG. 2. System 300 may be only a 
segment or portion of one of the previously-described sys 
tems. In one embodiment, system 300 can be an alternative to 
one of the previously-described systems. In one embodiment, 
system 300 is a grid network that operates without central grid 
management. In one embodiment, system 300 is a grid net 
work that operates without a central power plant or other 
large-scale power source that provides power to the entire 
grid. In one embodiment, system 300 is a virtual grid and/or 
a modular grid. In one embodiment, system 300 is a virtual 
grid that can still connect to a traditional grid as an indepen 
dent segment. In one embodiment, system 300 can connect to 
other virtual grid and/or modular grid segments. 
0067 System 300 illustrates neighborhood340 and neigh 
borhood 360, which can be neighborhoods in accordance 
with any embodiment described herein. More specifically, 
neighborhoods 340 and 360 can have any number of consum 
ers that do and do not include local energy sources, and can 
include any number of consumers that do and do not include 
local control nodes. Neighborhood 340 couples to control 
node 332. Similarly, neighborhood couples to control node 
334. Control odes 332 and 334 can represent control nodes in 
accordance with any embodiment described herein. Control 
nodes 332 and 334 are coupled to each other by some infra 
structure, which may be the same as a grid infrastructure, or 
may simply be a power line having Sufficient capacity to 
enable the control nodes to couple to each other and provide 
electrical Support to each other. 

Mar. 24, 2016 

0068. In one embodiment, the control nodes are the PCCs. 
Thus, control node 332 can be PCC 322 and control node 334 
can be PCC 324. In one embodiment, control nodes 332 and 
334 are coupled to a central data center 310. Data center 310 
can aggregate information about the operation of multiple 
distributed nodes within the grid network of system 300. Data 
center 310 is central in that control nodes 332 and 334 provide 
data to and receive information from the data center. In one 
embodiment, data center 310 includes processing and analy 
sis engines that can determine what operation each node 
should take in response to grid conditions. In one embodi 
ment, data center 310 is similar to central grid management, 
but it can be simpler. Whereas central grid management typi 
cally controls interconnection or interface of a central power 
plant to the grid and potentially the operation of a substation, 
data center can provide information to distributed nodes. The 
distributed nodes can independently operate within their seg 
ment of the grid network to respond to grid conditions. In one 
embodiment, data center 310 provides dispatch information 
to the distributed control nodes. 

0069. In one embodiment, neighborhood340 includes one 
or more consumers 342 that do not have local energy sources. 
In one embodiment, neighborhood 340 includes one or more 
consumers 350 that include local energy source 352 and local 
control node 354. The energy source and local control node 
can be in accordance with any embodiment described herein. 
In general, neighborhood 340 has a total load that represents 
the power demand within the neighborhood, and a total 
capacity that represents the power generation within the 
neighborhood. The load minus the capacity can represent the 
net power demand, which can be positive or negative. A 
negative power demand can indicate that neighborhood 340 
generates more energy than will be consumed by its local 
consumers. It will be understood that power demand fluctu 
ates throughout the day and year as consumers use and gen 
erate different amounts of power. Control node 332 can con 
tinuously monitor the net power demand for its associated 
neighborhood 340. 
0070. In one embodiment, neighborhood 360 includes one 
or more consumers 362 that do not have local energy sources, 
and one or more consumers 370 that include local energy 
source 372 and local control node 374. The description of 
neighborhood 340 can apply equally well to neighborhood 
360. Neighborhood 360 also has a total load that represents 
the power demand within the neighborhood, and a total 
capacity that represents the power generation within the 
neighborhood, which can be completely different from those 
of neighborhood 340. 
0071. In one embodiment, either or both of the neighbor 
hoods can include local energy storage. For example, neigh 
borhood 340 is illustrated with energy store 344, and neigh 
borhood 360 is illustrated with energy store 364. In one 
embodiment, at least one neighborhood does not include 
energy storage. In one embodiment, all neighborhoods 
include energy storage. Energy store 344 and 364 represent 
any type of energy storage that can exist within the neighbor 
hoods. Energy store 344 and 364 can represent a sum of all 
local energy storage resources of individual consumers 
within the neighborhood. In one embodiment, one or more 
neighborhood includes a neighborhood energy store. The 
neighborhood energy store can be in addition to or as an 
alternative to local energy storage at the individual consum 
CS. 
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0072. In one embodiment, energy store 344 and 364 can 
include battery resources, which can include any type of 
battery. A battery is a device that stores energy via chemical 
and/or electrical means which can later be accessed. How 
ever, energy storage is not limited to batteries. For example, in 
one embodiment, an energy store, either local to one con 
Sumer or shared among multiple consumers or the entire 
neighborhood, includes a mechanism to perform work to 
convert active energy into potential energy, which can then 
later be recovered via conversion back from potential energy 
to active energy. For example, consider a water storage sys 
tem as an energy store. When excess capacity exists within a 
consume and/or within the neighborhood, the system can 
trigger a pump to operate on the excess power to pump water 
“uphill.” essentially in any manner to pump against gravity. 
Recovery of the energy can include allowing the water to flow 
back downhill with gravity to turn a generator or mini-gen 
erator to generate energy. Another alternative can be to use 
energy to compress air, and then run a generator with the air 
as it is decompressed. It will be understood that other 
examples could also be used where energy storage is not 
limited to traditional battery resources. 
0073. In one embodiment, system 300 is a segment of a 
grid that includes distributed control. In such a scenario, each 
node within a grid network hierarchy can manage its own 
conditions at its PCC for compliance with standards or expec 
tations of performance. In one embodiment, each node can 
also provide electrical Support to neighboring segments or 
PCCs as it sees conditions at the grid network side (upstream 
from its segment) fall in performance. In one embodiment, 
each node can provide electrical Support to neighboring seg 
ments or PCCs in response to receiving information from data 
center 310, from other nodes, and/or dispatch or control infor 
mation from a central management. 
0074. In one embodiment, system 300 includes one or 
more power sources 312 coupled to provide power to the grid 
network. One or more power sources 312 can be in addition to 
local energy sources at consumers. In one embodiment, no 
single power source 312 has sufficient capacity to meet con 
Sumer power demands. For example, rather than an industrial 
or utility-scale power plant, one or more power Sources 312 
can be included local to a segment of the grid. The segment 
can be within a neighborhood or shared among multiple 
neighborhoods. Power sources 312 can include smaller scale 
generators that would be smaller than a full utility implemen 
tation, but larger than what would typically be used at a 
consumer or customer premises. Neighborhood-based power 
sources 312 can be directly associated with a control node (for 
example, power source 312 can be coupled to and controlled 
by control node 332). The control node can manage the output 
of the power source. 
0075 Without a large-scale power plant, and instead with 
Smaller-scale energy generation (e.g., a neighborhood gen 
erator, a neighborhood Solar installation, a Small-scale hydro 
electric generator, or other power sources), a grid network can 
be installed with minimal infrastructure compared to today's 
grids. Such a modular grid network can enable the building 
out of a grid based on current needs and then interconnecting 
to other independent grid network segments. Each segment 
can continue to operate independently, but can then benefit 
from being able to better distribute power generation and 
power demand based on availability to and from neighboring 
segments. Each interface or interconnection can include one 
or more control nodes, which can include one or more power 
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converters each, to control the use of power and the presen 
tation of power upstream. Thus, a local grid network can be 
built, and then later coupled with another local grid network 
as another layer of grid network hierarchy is added to inter 
face the two independent segments. 
0076. In one embodiment, consider that neighborhood 
340 has multiple customer premises 350 that have local 
energy sources 352. Traditionally grids are designed and built 
to be unidirectional, as they are designed to deliver power 
from a single large-scale power plant to the consumers. With 
power generation at customer premises 350, neighborhood 
340 and up through a connected grid can effectively become 
abidirectional system where power can be delivered from the 
central power source to the consumers, but then the consum 
ers can also generate excess capacity that is placed back out 
onto the grid. If the power generation for the neighborhood 
and neighboring neighborhoods exceeds instant power 
demand, the generated power will be pushed back up the grid 
toward to the powerplant. Such a condition can challenge the 
grid infrastructure. 
0077 Grid operators (e.g., utilities) typically set limits on 
how much local power generation can be coupled to the grid, 
to reduce the risk of a scenario where significant amounts of 
energy get pushed back up the grid to the power plant. Such a 
limit is often referred to as saturation, where there is a thresh 
old amount of capacity that is permitted to be attached to the 
grid. If the saturation threshold has been reached, a consumer 
typically has to pay for additional grid infrastructure (addi 
tional equipment) that will enable the utility to selectively 
disconnect the consumer's power generation from the grid. 
Such scenarios also put consumers and utilities at odds with 
each other, as the consumer does not get to see the same levels 
of cost reduction because the power generation cannot be 
used by the grid, and so the grid operator does not pay the 
consumer for it. 
0078. In one embodiment, system 300 can provide an 
alternative mechanism to deal with grid Saturation. In one 
embodiment, the distributed control in system 300 can pro 
vide dynamic control over power demand and power genera 
tion as seen at a PCC and/or as seen at a customer premises or 
anywhere downstream from a control node. In one embodi 
ment, the control node includes a power converter to control 
real and reactive power demand and real and reactive power 
generation. More specifically, the control node can adjust 
operation to affect a real power component of power as seen 
downstream from the PCC, and a real power component as 
seen upstream from the PCC. The control node can adjust 
operation to affect a reactive power component of power as 
seen downstream from the PCC, and a reactive power com 
ponent as seen upstream from the PCC. In one embodiment, 
the control node can include one or more inverters or one or 
more microinverters as power converters to apply control 
over demand and generation. 
0079. In one embodiment, node 332 includes a grid con 
nector to connect upstream in a grid network. The grid con 
nector can include known connectors and high Voltage and 
low voltage signal lines. Node 332 is or connects to a PCC 
(PCC 322) for the grid network segment of neighborhood 
340. Node 332 includes control logic, such as a controller or 
microprocessor or other logic to determine how to operate. In 
one embodiment, node 332 determines that a saturation 
threshold has been reached within neighborhood 340. Such a 
determination can be a result of dynamic monitoring to deter 
mine that power generation exceeds power demand. Such a 
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determination can be in response to a notification from a data 
center or central grid management. Such a determination can 
be in response to data from other distributed control nodes. In 
one embodiment, each energy source 352 in neighborhood 
340 is associated with a control node 354 within the neigh 
borhood. In one embodiment, each control node 354 is con 
figured with information about the capacity of its associated 
energy source 352. In one embodiment, each local control 
node 354 registers with control node 332, which can allow 
node 332 to know a total capacity for neighborhood 340. 
0080. In one embodiment, node 332 knows a total peak 
real power demand for neighborhood 340, such as by con 
figuration and/or dynamic identification via communication 
with meters or other equipment distributed at the consumers. 
In one embodiment, there is a threshold percentage of the 
total peak real power demand that identifies a value of real 
power, and when real power generation capacity exceeds the 
value, neighborhood is considered to be in Saturation. In 
response to the saturation condition, in one embodiment, 
node 332 dynamically adjusts operation of power converter 
(s) to adjust an interface between neighborhood 340 and the 
grid. In one embodiment, node 332 adjusts a ratio of real 
power to reactive power for neighborhood 340 as seen from 
upstream from PCC 322 (e.g., as seen from PCC 324 and/or 
as seen from central grid management or another part of the 
grid network). 
0081. In one embodiment, node 332 receives dispatch 
information from data center 310 or central grid management 
indicating a level of grid saturation for neighborhood 340. In 
one embodiment, node 332 receives information from down 
stream Such as a via meters and/or node(s) 354 indicating 
levels of grid saturation downstream from PCC 322. In one 
embodiment, node 332 adjusts at least an amount of real 
power generation with neighborhood 340, such as by com 
municating to downstream control nodes 354 to adjust their 
real power output. In one embodiment, node 332 can com 
municate downstream to cause control nodes 354 to change a 
ratio of reactive to real power output upstream. In one 
embodiment, node 332 adjusts real and/or reactive power 
generation and/or demand at PCC 322 to adjust the electrical 
conditions as seen upstream from PCC 322. In one embodi 
ment, node 332 and/or node(s) 354 adjust operation to divert 
at least a portion of real and/or reactive power to energy store 
344. 

0082 In one embodiment, system 300 represents a virtual 
gridor virtual grid segment. As a virtual grid, system 300 does 
not require the traditional infrastructure, central power plant, 
or central grid management common to traditional utility 
grids. System 300 can be a virtual grid in that in one embodi 
ment, each neighborhood 340,360 can generate local power 
and satisfy local demand independent of other areas. Despite 
being independent, neighborhoods 340 and 360 can be 
coupled to each other to enable each neighborhood to provide 
Support to and/or receive Support from the other neighbor 
hood. The interconnection between neighborhoods 340 and 
360 can be minimal compared to requiring significant infra 
structure in a traditional grid. 
0083. In one embodiment, nodes 332 and 334 are coupled 
together as a PCC and/or can be considered to couple together 
via another PCC. In one embodiment, PCC 322 and PCC 324 
will couple together via PCC 326, which will have a separate 
control node (not explicitly shown). PCC 326 can be consid 
ered higher up a grid network hierarchy from PCCs 322 and 
324. PCC 326 can be managed from the perspective of a 
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control node seeking to control operation of all downstream 
connections and managing upstream connections. In one 
embodiment, nodes 332 and 334 are coupled together not via 
PCC 326, but are at a highest level of hierarchy of the grid 
network and can communicate and provide grid Support to 
each other. In one embodiment, whatever power generation is 
available within neighborhood 340, even if sufficient to meet 
its own peak power demand, is not sufficient to meet peak 
power demands of neighborhoods 340 and 360. The same 
could be true with respect to power generation of neighbor 
hood 360. 

I0084 Control nodes 332 and 334 independently manage 
their local power sources. From the perspective of each neigh 
borhood, the neighborhood as a whole appears to have a 
“power source' in that power generation resources within the 
neighborhood can generate power. Nodes 332 and 334 con 
trol distribution of the locally generated power, each from its 
respective neighborhood. It will be understood that while 
referred to as neighborhoods, the same principles can apply to 
two distinct consumers, each having local power generation 
and each having a control node. Coupling the two consumers 
together can generate a virtual grid. Thus, the virtual grid can 
operate at the level of individual consumers or large groups of 
consumer and neighborhoods. In one embodiment, each con 
trol node operates based on its local power demand and local 
power generation, as well as based on monitoring and/or 
communication regarding power demand and power genera 
tion from the coupled neighborhood or consumer. 
I0085. In one embodiment, one or more virtual grid net 
work segments can be connected to a utility power grid. In 
one embodiment, one or more additional consumers or neigh 
borhoods can be coupled together as a virtual grid with con 
Sumers or neighborhoods that are coupled together. In one 
embodiment, each control node includes communication and 
control logic to discover the network structure. In one 
embodiment, one control node within system 300 can operate 
as a master node, Such as node 332. A master control node can 
have one or more slave nodes coupled to it. For example, node 
334 could be a slave node to node 332. In a master-slave 
scenario, control node 332 can control the operation of node 
334 to cause node 334 to control its local or downstream 
resources in accordance with one or more commands or 
requests generated by master node 332. Thus, node 332 can 
provide control over its local segment and one or more Sub 
segments connected as slave segments. In such a scenario, 
node 332 can be responsible to ensure compliance of each 
grid network segment with regulations or requirements. Node 
332 can thus control distribution of power and power demand 
throughout system 300. 
I0086. In one embodiment, a grid network of system 300 
can be modularly adjusted in size. Seeing that each neighbor 
hood 340, 360. . . . . in the grid network can independently 
operate, neighborhoods, consumers, and/or other segments or 
groupings of the network, can be added and/or removed from 
the grid network dynamically. For example, in a developing 
area, a first neighborhood 340 can be built with its power 
generation to attempt to satisfy demand for its consumers. In 
one embodiment, a power source 312 can be connected, but it 
insufficient in itself to satisfy peak demand for neighborhood 
340, but can provide demand when local energy sources are 
insufficient to meet demand. In one embodiment, neighbor 
hood 360 can be further developed, and then connected to 
neighborhood 340 (e.g., coupling nodes 332 and 334). Other 
neighborhoods could similarly be added, via a higher level 
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PCC and control node, and/or by coupling neighborhood 
control nodes. In one embodiment, power source 312 can then 
service both neighborhoods by distribution via the control 
nodes, and the neighborhoods would generally rely on local 
power generation, but can receive power from power Source 
312 as a Support power source. In one embodiment, power is 
used from Source 312 when local power generation including 
converting power from energy stores does not satisfy 
demand. In one embodiment, one control node Supports the 
other control node by adjusting reactive power output to 
change Voltages and power flow at the interconnection of the 
neighborhoods. Changing the reactive power or the phase 
offset of power generated and/or consumed locally at the 
neighborhood can cause an electrical condition that will 
cause power to flow a different direction, depending on 
whether the other neighborhood needs to receive additional 
power or offload it. 
0087 FIG. 4 is a graphical representation of an embodi 
ment of components of a current in a system in which har 
monic components of current have angular offsets with 
respect to a primary current component. Diagram 410 pro 
vides a complex vector representation of current. A vector has 
a magnitude and a direction. Instead of simply measuring 
power as traditionally done, in one embodiment, a meter 
and/or a control node can monitor power as an energy signa 
ture including a representation of a complex power vector. In 
one embodiment, each signature identifies characteristics to 
define and/or “name the signature. Each signature includes a 
complex vector representation that provides a vector for pri 
mary current and a vector for one or more harmonics. 
0088 Vector 420 is the vector for primary current. In typi 
cal representation, the X-coordinate is the vector component 
that extends from left to right across the page. The y-compo 
nent goes from bottom to top of the page. It will be understood 
that while not represented here for purposes of simplicity, a 
vector could have a negative y-component. The X-y coordi 
nates define the end of the vector. Now assume that the X and 
y coordinates of primary current vector 420 define a plane. 
The most correct way to envision the harmonics, in accor 
dance with research and work done by the inventors, is to 
represent the harmonics as a three-dimensional vector. Thus, 
if the x-y coordinates of vector 420 define a reference plane, 
one or more of the harmonics can have an angular offset 
relative to the plane of the primary current vector. 
0089 For example, consider the example of diagram 410. 
The first harmonic is illustrated as having vector 430, which 
includes an X component and a y component, where the 
magnitudes of the components can be any magnitude with 
respect to the primary current components. In addition to the 
X and y coordinates, first harmonic vector 430 includes a Z 
coordinate component, which defines angular offset 452 of 
the vector with respect to the reference plane of primary 
current vector 420. It will be understood that the starting 
points of the primary current and the harmonics are the same. 
Thus, the third dimension of the harmonic vectors or the 
complex vectors is not necessarily an absolute Z coordinate 
component, but an angular offset relative to the primary cur 
rent. 

0090. As illustrated, third harmonic vector 440 also has an 
X component and a y component, and angular offset 454, 
which can be different (greater or less than) angular offset 452 
of first harmonic vector 430. The angular shift of the angular 
offsets represents a magnetic effect on the current. The inven 
tors have measured noticeable effects on power consumption 
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up to the fortieth harmonic. Thus, the contribution of har 
monic offsets should not be understated. The harmonics shift 
with respect to the angular offset due to the differing resonant 
effects of magnetic flux when trying to move a current. Pri 
mary current vector 420 is the current the consumer expects to 
see. However, the harmonic components can add significant 
(measurable) power consumption. The offsets of the harmon 
ics can shift the simple expected two-dimensional current 
vector into a three-dimensional current vector (complex cur 
rent vector). The traditional power triangle does not fully 
address the powerusage by the consumer, as additional power 
will be required to overcome the magnetic components rep 
resented by the shifted or offset harmonic components. 
0091 FIG. 5 is a graphical representation of an embodi 
ment of components of a current in a system in which a 
current vector is a composite of a primary current component 
and harmonic current components. Diagrams 510,520, 530, 
and 540 illustrate component parts of a complex current vec 
tor in accordance with an embodiment of diagram 410 of FIG. 
4. As illustrated, diagram 510 represents the primary current 
vector 512. The primary current includes Xandy components, 
and defines a reference frame for the harmonics. 

0092 Diagram 520 represents first harmonic vector 522, 
which includes X and y components and angular offset 524. 
Diagram 530 represents third harmonic vector 532, which 
includes Xandy components and angular offset 534. Diagram 
540 represents fifth harmonic vector 542, which includes x 
andy components and angular offset 544. Each of the primary 
current 512 and various harmonics (522,532,542) are shown 
as two-dimensional “power triangle' representations, which 
is what is traditionally expected for each one. However, as 
mentioned already, the harmonics are frequently at an angular 
offset with respect to the primary current component vector, 
and thus the resulting composite current vector will not be in 
the same plane as primary current vector 512. 
0093. Rather, consider the power triangle of the composite 
current vector as a triangle in a three dimensional box. Dia 
gram 550 provides a simple illustration of this concept. It will 
be observed that primary current vector 512 is on a face of the 
three dimensional box of diagram 550. The harmonics push 
the triangle for the composite current “into the box in some 
way. Composite current vector 552 is both larger in magni 
tude, and offset angularly with respect to primary current 
vector 512. Offset 554 represents the angular offset. It will be 
understood that primary current vector 512 and composite 
current vector 552 define the “shape' of the box. Depending 
on the amount of harmonic contribution, the box shape will be 
different. The composite current vector 552 can be a signature 
stored by the metering device. The reference plane of primary 
current 512 can be defined as a plane of the grid power 
(referring to the power condition as seen at the grid via the 
PCC. 

0094. With respect to the noise and harmonics generated, 
it will be understood that there are regulations on switching 
power Supplies and magnetic resonance in general. Each 
device is tested for compliance (e.g., UL certification). When 
each device or load works individually as designed and tested, 
each one will comply as required per regulations. However, 
when there are multiple loads and/or devices coupled 
together, they tend to create unanticipated resonance. The 
inventors have measured contributions to the energy triangle 
from the first up to the 40th harmonic. Thus, there is typically 
a significant amount of harmonic noise happening on the 
power lines. Harmonic Suppression traditionally includes fil 
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ters that target specific noise components. However, the noise 
components can continue to vary as different devices come 
online and offline, and the electrical resonance structure of the 
network continually changes. In one embodiment, a meter 
detects the characteristics of each load or group of loads. The 
characteristics can be referred to as a signature of the harmon 
1CS 

0095. In one embodiment, the power meter or energy 
meter can detect Such shifts as the angular offsets of the 
harmonic current vectors, by measuring energy contribu 
tions. The power converter can compensate for the actual 
composite current by providing the reactive power needed to 
match the load and/or PCC to the grid. Thus, the current at the 
load can be adjusted by the converter to bring the composite 
current into alignment with the grid, not simply in power 
factor, but in complex vector. Such operation will naturally 
eliminate or at least reduce harmonic distortion caused by 
loading on the grid. 
0096. In one embodiment, what is described in reference 
to loading can also be performed with reference to energy 
generation. In one embodiment, the meter can determine an 
energy signature at the PCC and compute what current would 
be needed to offset the grid to a desired offset (if some power 
factor other than unity is desired) and/or to match to the grid 
in a case where unity power factor is desired. The converter 
can adjust operation to adjust the power output to not only 
match reactive power needs, but complex current vector shift 
as well to more efficiently match the interface of the grid with 
the downstream from the PCC. 
0097. It will be understood that the energy triangle repre 
sented in diagram 550 can be represented as a mathematical 
representation of the effect seen when looking at the current 
component of power drawn by a load or consumer. The effect 
is wasted energy, which usually manifests itself as heat. The 
problem traditionally is that Systems do not match well, and 
there are significant noise components. In one embodiment, a 
control node matches not just impedance, but matches noise 
or harmonic correction to provide a specific energy signature 
connection to the grid. Thus, the control node can provide a 
“cleaner” connection to the grid network with respect to the 
power interface, whether outputting power onto the grid or 
receiving power from the grid. 
0098 FIG. 6 is a block diagram of an embodiment of a 
gateway device in a distributed grid system. System 600 
represents one embodiment of a grid system, and can be a grid 
system in accordance with any embodiment described herein. 
For example, system 600 can be one example of a system in 
accordance with system 100, system 200, and/or system 300. 
Grid 610 represents a grid network, and can be any type of 
grid described herein, whether utility power grid, virtual grid, 
distributed hierarchical grid network, or a combination. 
Meter 620 represents a grid meter, or a meter used within the 
grid to measure and charge for power delivered by the grid. In 
one embodiment, meter 620 can be considered part of the grid 
infrastructure and can be referred to as an entrance meter. 
Meter 634 of gateway 630 is understood to be separate from 
meter 620. In one embodiment, meter 620 monitors power 
delivered by grid 610 to PCC 622, which represents a PCC in 
accordance with any embodiment described herein. 
0099. In one embodiment, system 600 includes gateway 
that can be and/or be part of a control node in accordance with 
any embodiment herein. In one embodiment, gateway 630 
represents “the brains of a control node. In one embodiment, 
gateway includes router 632 to enable gateway 630 to com 
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municate with other devices, such as devices outside of the 
PCC. In one embodiment, router 632 enables gateway 630 to 
communicate with data center 680. Data center 680 can rep 
resent a central data location for a distributed grid network. In 
one embodiment, data center 680 represents central grid man 
agement. Thus, data center 680 represents a source of grid 
based information, such as control, dispatch information, or 
other data about grid operation. Router 632 can include Eth 
ernet connections or other connections that use Internet pro 
tocols. Router 632 can include grid interconnections. Router 
632 can include proprietary connectors. Router 632 can rep 
resent a stack or protocol engine within gateway 630 to gen 
erate and process communication in addition to the hardware 
connectors that provide an interface or connection to the grid. 
0100. In one embodiment, gateway 630 includes meter 
634, which represents a metering device in accordance with 
device 800 of FIG. 8. Meter 634 enables gateway 630 to 
monitor power demand and/or power generation on the con 
Sumer side of PCC 622. The consumer side of PCC 622 is the 
side opposite the grid. The consumer side is the electrical 
point of contact to the loads and/or load control for the con 
Sumer. Typically the PCC includes some type of fuse system 
and/or other disconnection mechanism. The fuse system can 
be soft fuses (e.g., Switches or other mechanisms that can be 
electrically opened and closed) or hard fuses that must be 
mechanically or physically reset or replaced. In one embodi 
ment, meter 634 stores and manages energy signatures. In one 
embodiment, meter 634 performs aggregation. 
01.01 Gateway 630 includes controller 636, which repre 
sents hardware processing resources to control the operation 
of the gateway. Controller 636 can also represent software or 
firmware logic to control the operations of gateway 630. In 
one embodiment, controller 636 can be implemented by more 
than one hardware component. In one embodiment, control 
ler 636 includes or is an embedded computer system. For 
example, controller 636 can include an embedded PC (per 
Sonal computer) board and/or other hardware logic. Control 
ler 636 generally controls the operation of gateway 630, such 
as controlling router 632 and/or meter 634. In one embodi 
ment, if gateway 630 is said to do something, controller 636 
can be considered to execute operations to perform what is 
said to be done. 

0102. In one embodiment, system 600 includes one or 
more loads 640 on the consumer side of PCC 622. In one 
embodiment, system 600 includes one or more energy 
sources 660. Energy source 660 represents a power genera 
tion resource at the consumer or on the consumer side of PCC 
622. In one embodiment, energy source 660 is a renewable 
energy source, such as wind or Solar power systems. In one 
embodiment, energy source 660 generates real power. In one 
embodiment, system 600 includes battery backup 670. Bat 
tery backup can be any form of energy store or energy storage 
described herein. 

(0103. In one embodiment, the consumer includes local 
power converter 650. Converter 650 can be in accordance 
with any embodiment of a converter described herein. Con 
verter 650 performs one or more operations to manage or 
control an interface. In one embodiment, the interface repre 
sents the interconnection of a device to PCC 622. In one 
embodiment, the interface represents the electrical intercon 
nection or electrical coupling of a device to another point. For 
example, converter 650 can operate to adjust an interface 
between PCC 622 and loads 640, such as by changing how 
power or energy is transferred between the grid and the load. 
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In one embodiment, converter 650 can operate to adjust an 
interface between energy source 660 and load 640, for 
example, to deliver power to the load from a local energy 
source. In one embodiment, converter 650 can operate to 
adjust an interface between energy source 660 and PCC 622, 
for example, to deliver power from the energy source to the 
grid. In one embodiment, converter 650 can operate to adjust 
an interface between battery backup 670 and PCC 622 and/or 
energy source 660, for example, to charge the energy store 
and/or provide power from the energy store to use for the load 
and/or the grid. 
0104 FIG. 7 is a block diagram of an embodiment of a 
gateway aggregator system. System 700 is one embodiment 
of a gateway device, and can be or be included in a control 
node in accordance with any embodiment described herein. 
Aggregator 710 represents hardware and Software logic to 
perform aggregation of data. Aggregator 710 can compute a 
determination of how to control an interface based on the 
aggregated information. 
0105 Aggregation logic 720 represents logic that enables 
aggregator 710 to gather multiple elements of data related to 
electrical grid conditions. External I/O 722 represents 
sources external to a PCC that can provide grid condition 
information. Typically such information is provided in light 
of conditions of the grid as a whole or of specific segments or 
sections of the grid that are larger than the consumer or 
neighborhood or portion managed by a control node associ 
ated with aggregator 710. Examples of external I/O 722 can 
include, but are not limited to, dispatch information and grid 
control signals. Dispatch information can be broadcast to a 
grid network or can be sent to specific areas in a grid network. 
Grid control represents specific signals indicating at least one 
electrical condition the PCC is supposed to comply with 
and/or address. For example, the PCC can be requested to 
provide specific output from the PCC. As another example, 
the PCC can be specifically requested to comply with a regu 
lation based on conditions at another location of the grid 
network. 

0106 Sensors 724 represent sources of data within the 
PCC, for example, one or more sensors local to a control node 
or other gateway device or aggregation device. Examples of 
sensor data can include, but are not limited to, load informa 
tion, local temperature, light conditions, and/or other infor 
mation. In one embodiment, load information is gathered or 
monitored by a meter that determines what loads are drawing 
power, Such as by energy signatures that indicate complex 
current vectors for the load. In one embodiment, load infor 
mation can be configured into aggregator 710, which can be 
maximum load capacities allowed for specific load connec 
tions (e.g., breakers, outlets, or other connection). In one 
embodiment, the operation of a local energy source can be 
affected by temperature, or the temperature can be an indica 
tion of expected efficiency and/or demand for certain loads 
and/or energy sources. Light condition is specific to Solar 
systems, but other sensors such as wind sensors could alter 
natively or additionally be used. 
0107 Each sensor can provide information to be consid 
ered when determining how to output power or otherwise 
control interfaces within the PCC and/or external to the PCC. 
In one embodiment, each sensor registers with aggregation 
logic 720. Aggregation logic 720 can include a sensor control 
hub to gather and aggregate information from the various 
sensors. In one embodiment, aggregator 710 stores aggrega 
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tion data and/or raw data in memory 742. Memory 742 can be 
local to aggregator 710 and store sensor and/or grid control 
information. 

0108. In one embodiment, aggregation logic 720 includes 
weights to provide greater weight to certain data over other 
data. The weights can change based on time and/or based on 
other data received. For example, temperature data can be 
considered in determining what operations to perform, but 
can be weighted very low or ignored completely when grid 
control is received. Countless other examples are possible. In 
one embodiment, aggregation logic 720 operates as a type of 
complex state machine. In one embodiment, each condition 
output generated by aggregation logic 720 identifies a state as 
determined based on the various inputs. For example, aggre 
gation logic 720 can make determinations based on ranges of 
data, such as when light conditions are within a given range 
and the temperature is within a specific range, and when the 
grid conditions are within certain ranges, then a particular 
condition output is generated. Other ranges will produce 
other condition outputs. The condition outputs can indicate 
what the state of aggregator 710 is to determinehow to control 
a power converter to operate. 
0109. In one embodiment, aggregation logic 720 gener 
ates one or more conditions for execution by execution logic 
750. In one embodiment, aggregator 710 can include Zero or 
more other logic elements to make changes to the determined 
conditions. In one embodiment, aggregator 710 includes one 
or more of forecast logic 730 and/or forward prediction 740. 
In one embodiment, all logic blocks within aggregator 710 
can be considered control logic for the aggregator. Thus, 
reference to the aggregator performing computations or cal 
culations can include operations of aggregation logic 720, 
forecast logic 730, forward prediction logic 740, execution 
logic 750, and/or other logic not shown. 
0110. In one embodiment, forecast logic 730 can receive 
rate source information 732. Rate source information 732 can 
include consumer rate or price information and/or market rate 
or market price information. In one embodiment, consumer 
rates will include different rates for real and reactive power. In 
one embodiment, market rates will include different rates for 
real and reactive power. Reactive power can generally be 
delivered to the grid for an “ancillary market' or to provide 
ancillary services. Thus, reactive power rates can actually 
include many different rates depending on market conditions 
and the ancillary market selected. It will be understood that 
rate information can change throughout the day, and/or 
through the season or year. Thus, time of day and time of year 
can be information considered in computing operations to 
perform based on rate information. In one embodiment, rate 
Source 732 is a realtime rate information source, and can 
provide data related to a deregulated energy market. Such as 
rate contract information, instantaneous rates, and/or other 
information. In one embodiment, aggregator 710 couples to 
rate source 732 via external I/O 722. 

0111. In one embodiment, forecast logic 730 makes a 
determination or calculates an operation to perform based on 
the condition(s) identified by aggregation logic 720 and rate 
information. Forecast logic 730 can determine one or more 
actions to take based on combining rate information with 
condition information. For example, a determined condition 
as calculated by aggregation logic 720 can identify a specific 
state or Zone of operation for an interface managed by aggre 
gator 710. Aggregator 710 is associated with a control node 
that can provide power to local loads and to the grid. Thus, 
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forecast logic 730 can determine the best use of locally gen 
erated energy, for example. Forecast logic 730 can determine 
how to best control interfaces based on where the maximum 
financial reward is for the consumer. 
0112 For example, in a given day market price might 
fluctuate between real power and ancillary services, depend 
ing on the conditions of the grid network. When real power 
rates are higher, forecast logic 730 can determine to cause an 
associated power converter to generate real power to transmit 
to the grid. If one or more ancillary market prices then goes 
higher than real power market rates, forecast logic 730 can 
determine to cause the power converter to generate reactive 
power to transmit to the grid. In another example, consider 
that the consumer has loads that have load demand. However, 
because market rates are currently higher than the value of 
consuming the energy locally, forecast logic 730 determines 
to transmit the energy to the grid, and draw power from the 
grid to power the loads. Similarly, when market rates drop, 
forecast logic 730 can determine to redirect more energy to 
the local load demand. Thus, aggregator 710 can dynamically 
monitor and control the interface to the grid from the local 
PCC to maximize the value of energy for the local consumer 
and for the grid. 
0113. In one embodiment, forward prediction 740 
accesses historical information from memory 742. The his 
torical information can include one or more conditions with 
associated operations performed, historical trend information 
for rates, electrical conditions, power demand, and/or other 
information. The history or historical information can enable 
aggregator 710 to identify trends or patterns based on previ 
ous operation. Thus, the longer a control node is operational, 
the more its historical data can inform operation. In one 
embodiment, aggregator 710 includes a period of data gath 
ering prior to using history information. The time of data 
gathering can be variable for the different uses of an aggre 
gator, but can be a matter of hours, days, weeks, or even 
months. In one embodiment, Such information can be gradu 
ally “phased in” by gradually giving more weight to historical 
data analysis or evaluation or calculation of what operations 
to perform. 
0114. In one embodiment, historical data can identify par 

ticular states of operation and Subsequent states of operation 
and how long elapsed between them. Thus, for example, 
forward prediction can determine whether or not to perform a 
determined action based on historical information indicating 
whether such a condition or state is likely to persist for long 
enough for economic benefit. In one embodiment, forward 
prediction 740 determines from selected actions or state and 
historical data what operations should be executed by a con 
trol node. In one embodiment, each prediction represents an 
estimate of what decision to make based on present condi 
tions in light of past data of energy loads, energy prices, 
weather conditions, rates, and/or other information. In one 
embodiment, the historical data can be referred to as operat 
ing history or operational data, referring to operations within 
the monitored/controlled grid node. 
0115. In one embodiment, execution logic 750 receives 
one or more conditions, one or more actions, and/or one or 
more predictions, respectively, from aggregation logic 720, 
forecast logic 730, and forward prediction logic 740. Execu 
tion logic 750 can analyze the input data and compute or 
calculate one or more operations to perform based on the 
received data. In one embodiment, collectively, aggregator 
710 can have knowledge of connected local energy sources, 
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entrance meter information, energy store or energy backup 
system, local or onsite loads, and other information. In one 
embodiment, all the information gathered within a gateway 
device such as aggregator 710 is gathered by a local meter. 
Logic within aggregator 710 can receive the data from the 
multiple sources and make decisions based on the data. The 
aggregation of data itself is different from previous control 
nodes. Forecasting and/or prediction can be added to the 
aggregator. In one embodiment, execution logic 750 selec 
tively generates an operation based on computed conditions, 
actions, and predictions. 
0116 Consider an example that a meter detects that a 
refrigeration load has turned on and more reactive power is 
needed. The meter could make Such a determination, for 
example, by computing or processing different load energy 
signatures of the loads. For example, consider a composite 
current that is already present in the system. The addition of 
anotherload coming online will change the overall composite 
current. In one embodiment, the meter can compute a differ 
ence between the new composite current and the previous 
composite current to determine the energy signature of the 
new load(s). As such, the meter can identify the specific load 
and determine to effect a change in operation via aggregator 
710 to respond to the power demands of the specific load. It 
will be understood that such computations could require vec 
tor analysis and/or calculations to distinguish specific loads. 
In one embodiment, aggregator 710 can keep historical data 
for one or more energy signatures, and can thus determine 
how long a given load is expected to be on, based on historical 
averages. Thus, energy signatures can be used with historical 
data and/or other determination data computed in aggregator 
to determine what operation(s) to execute. 
0117 Continuing with the example of the refrigeration 
load coming online, in one embodiment, the meter detects the 
increased demand for reactive power in the system. In one 
embodiment, the meter detects the energy signature of the 
refrigeration load. The gateway can have an attached solar 
system (local energy source) adjust its phase angle (e.g., via a 
converter and/or inverter coupled to the Solar system) to pro 
duce more reactive power to address the refrigeration load. 
Once the refrigeration load turns off, the gateway can then tell 
the Solar system to use the extra power to charge a battery 
backup system, or provide Support to the grid. Again, the 
different possible examples are too numerous to address. 
0118. In one embodiment, execution logic 750 generates 
an operation and executes the operation. In one embodiment, 
execution logic 750 can generate an operation for local output 
752 and/or for market output 754. Example local outputs can 
include, but are not limited to, providing real and/or reactive 
power to a load, providing real and/or reactive power to 
charge an energy storage device, and/or providing power to 
local “capacity,” which can represent one or more load and 
one or more energy storage devices. Examples of market 
outputs can include, but are not limited to, providing real 
power to the grid, and/or providing ancillary services. 
0119 The ancillary services can include many different 
services, which are represented generically, even though not 
all possible services are illustrated. Ancillary services can 
include grid Support, frequency Support, regulation up, regu 
lation down, and/or blackstart services, and/or other services. 
Grid Support represents any type of Voltage Support services 
to boost or reduce the grid voltage condition at the PCC. 
Regulation up and regulation down refer to specific frequency 
Support services. Regulation up and regulation down can refer 
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to controlling load interfaces to change a load seen at the 
PCC. Frequency Support represents other types of frequency 
service, and can include changing an interface to change a 
flow of energy onto the grid to adjust a frequency of the AC 
power as seen at the PCC. Blackstart service represents 
operations performed to ramp a grid up to enable a discon 
nected portion of the grid to reconnect to the grid network. All 
ancillary services can include providing capacity that 
responds to a need by the grid as seen from the PCC. 
0120 In general, in one embodiment, a consumer node 
can include a control node. Typically a control node includes 
an energy meter and a controller. The controller can be in 
accordance with aggregator 710 and/or other gateway device. 
The energy meter and the controller are located on the con 
Sumer side of the PCC, and perform operations within the 
PCC to change an interface as seen from the grid via the PCC. 
The consumer node includes one or more power converters 
that change their operation in response to commands or con 
trols from the controller and/or meter. The power converter 
operation changes the interfaces to the PCC in accordance 
with decisions made by the controller. Operation by the 
power converter(s) can change the flow of energy within a 
grid network at the local node. 
0121 Thus, the power converter can respond to aggrega 
tion information by changing operation in response to a deci 
sion by a controller that determines how to operate based on 
the aggregation information. The aggregation information 
can include information from one or more sensors, one or 
more grid-side controllers or data center, and local power 
demand and local conditions. The decision-making by the 
controller can include computing based on the gathered local 
and grid condition information. In one embodiment, the deci 
Sion-making includes computing based on rate information. 
In one embodiment, the decision-making includes computing 
based on historical information. In one embodiment, the deci 
Sion-making includes computing by execution logic to gen 
erate one or more controls for one or more power converters. 
The power converters change the flow of energy within the 
PCC and/or between the PCC and the grid, in accordance with 
any embodiment described herein. The power converters can 
control a mix of real and reactive power from a local energy 
Source and/or from the grid, in accordance with any embodi 
ment described herein. 

0122 FIG. 8 is a block diagram of an embodiment of a 
metering device that monitors power at a PCC. Metering 
device 800 can be a power meter or an energy meter in 
accordance with any embodiment described herein. In one 
embodiment, metering device 800 is or is part of a control 
node in accordance with any embodiment described herein. 
Device 800 includes hardware components to interconnect to 
a grid network, connecting upstream and/or connecting to 
neighboring grid network nodes. In one embodiment, device 
800 includes hardware components to interconnect to one or 
more loads and/or other devices or nodes coupled down 
stream from the power metering. It will be understood that 
device 800 can be separate from a meter used by the grid to 
measure and charge for power delivered from the grid. There 
can be multiple devices 800 that couple to a single grid meter. 
(0123 Device 800 includes load interface 820. Load inter 
face 820 provides hardware to interconnect to downstream 
devices. Device 800 monitors the energy usage of down 
stream devices. In one embodiment, device 800 includes volt 
age sense hardware 824 and current sense hardware 822. 
Current sense hardware 822 can measure current drawn by 
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the loads, and can include hardware capable to measure har 
monic components of power demand. Current sense 822 can 
include magnitude, phase offset (e.g., power factor), fre 
quency, and/or other electrical properties of a current drawn 
by a load or group of loads. In one embodiment, device 800 
can generate energy signatures and compare such energy 
signature computations to stored energy signatures. Device 
800 can also store new energy signatures computed. Voltage 
sense hardware 824 can measure a Voltage including phase, 
frequency, magnitude, and/or other electrical property of the 
Voltage waveform. 
0.124 Processor 810 represents control logic or a control 
ler for device 800. Processor 810 can be configured or pro 
grammed to perform the energy monitoring. Processor 810 
can be configured to perform computations to compute 
energy signatures and/or compare current and Voltage read 
ings to energy signatures. In one embodiment, processor 810 
determines how current can be adjusted to compensate for 
harmonics, a grid condition, or other condition to bring the 
PCC into compliance, and/or to provide Support to compen 
sate for a failure at another control node. Processor 810 can 
perform operations and include hardware and/or control logic 
to track energy consumption of the grid network segment 
below device 800, and determines how to compensate to 
bring the local grid network segment below it into compli 
ance. While not shown, metering device 800 operates in con 
junction with a power converter to provide the needed reac 
tive power indicated by the monitoring. 
0.125 Device 800 includes external I/O 840 to enable 
device 800 to connect to other metering devices or control 
nodes, and to connect to a data center or other central data 
device. In one embodiment, external I/O 840 enables device 
800 to connect to grid management of a traditional utility 
power grid. In one embodiment, external I/O 840 enables 
device 800 to send data to and/or to receive data from a central 
data center. External I/O 840 can receive dispatch informa 
tion for device 800. External I/O 840 can include any type of 
communication interfaces, including known wired and/or 
wireless communication mechanisms. In one embodiment, 
external I/O 840 includes proprietary and/or customer com 
munication mechanisms, which can include wireline and/or 
wireless communication platforms, including hardware and 
Software stacks or other processing logic to send and receive 
communication. 

0.126 Grid interface 850 represents hardware to enable 
device 800 to couple to the grid network. In one embodiment, 
grid interface 850 enables device 800 to determine a condi 
tion of a grid at a PCC associated with device 800. In one 
embodiment, grid interface 850 represents hardware to 
enable device 800 to couple to a local energy source. In one 
embodiment grid interface 850 and/or other interface within 
device 800 enables device 800 to determine what type (how 
much) energy Support can be provided from its downstream 
devices. For example, device 800 can determine how much 
energy is being produced by local energy source(s). The 
power converter adjusts the interface to the grid at the PCC by 
adjusting its operation, including what current waveform 
appears at the PCC. 
I0127. In one embodiment, device 800 includes storage 
resources, such as memory and/or hard drives or Solid State 
storage. Storage 830 represents memory resources for device 
800. In one embodiment, device 800 stores multiple signa 
tures 832 to be used in monitoring and controlling loads. In 
one embodiment, each signature 832 is a complex current 
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vector representing a condition of a current waveform drawn 
under various loads. In one embodiment, processor 810 can 
generate and store signature 832. In one embodiment, signa 
tures 832 are preloaded on device 800. In one embodiment, 
processor 810 computes composite current waveform infor 
mation to compare to signatures 832. Depending on matching 
to the signatures, processor 810 can calculate a current wave 
form phase and shape that is desired for a given load Scenario 
(power demand) and/or power generation scenario. 
0128. In one embodiment, processor 810 accesses one or 
more items of compliance information 834. In one embodi 
ment, compliance information 834 is stored in storage 830. In 
one embodiment, compliance information 834 is received via 
external I/O 840. In one embodiment, processor 810 com 
putes a current waveform phase and shape desired for a given 
power demand scenario and/or power generation scenario 
based on compliance information 834. Thus, compliance 
information 834 can affect how device 800 operates. In one 
embodiment, external I/O 840 enables device 800 to couple to 
an associated converter or converters. Based on calculations 
made by processor 810, device can signal a converter how to 
operate to achieve the desired current. In one embodiment, 
device 800 simply indicates the desired current to the con 
Verter, which can then separately compute how to generate 
the current. In one embodiment, device 800 computes specific 
parameters as input to a converter device to cause it to adjust 
its operation for the desired current waveform at the PCC. 
0129. In one embodiment, metering device 800 is capable 
of location awareness, inaccordance with location awareness 
mentioned previously. With location awareness, processor 
810 can, in one embodiment, determine its location. Thus, 
based on conditions measured or received for grid interface 
850, processor 810 can compute a reactive power needed 
based on location detection. External I/O 840 can then signal 
the associated converter(s) to generate the power. Device 800 
can detect and determine to provide Voltage Support upstream 
towards the generator or central grid network management by 
causing the control node at the PCC to give negative or 
lagging-phase reactive Support. Device 800 can detect and 
determine to provide Voltage Support downstream away from 
the generator or central grid network management by causing 
the control node at the PCC to positive or leading-phase 
reactive Support. It will be understood that leading Support 
refers to a current waveform that leads an AC voltage of the 
grid in phase. Similarly, lagging Support refers to a current 
waveform that lags the AC voltage of the grid in phase. 
0130 Signatures 832 represent complex current vectors 
for one or more loads. The complex current vectors are com 
posite currents that a drawn when a load is active. In one 
embodiment, each signature has an associated complex cur 
rent vector, with an apparent power component, and harmonic 
components that shift the actual power used by the load. In 
one embodiment, device 800 can track the signatures and 
cause an associated power converter to operate differently 
based on detecting specific loads coming online and/or going 
offline. 

0131. In one embodiment, processor 810 includes can per 
form vector calculations and/or vector analysis of monitored 
currents. Thus, device 800 can identify and track various 
energy signatures or current signatures. Signatures 832 can be 
referred to as current signatures, referring to the fact that 
when the various loads are active or operational, there will be 
a specific, identifiable current vector associated with the load 
coming online. Signatures 832 can be referred to as energy 
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signatures, referring to the fact that the complex vectors them 
selves are representations of the complex energy usage of the 
loads when they are active. 
I0132 Signatures 832 can represent not just the measurable 
power component of energy for a load, but also include infor 
mation about the harmonics or harmonic noise as well. Thus, 
in one embodiment, device 800 can aggregate harmonic 
information as well as measurable energy usage. The result 
ing representation of signatures 832 is not a traditional power 
vector, but includes information about harmonics. In one 
embodiment, knowledge of harmonics can inform the opera 
tion of a converter to adjust an interface to power Supply to 
Suppress harmonics. 
I0133. In one embodiment, an energy signature 832 is 
unique to one or more loads or load conditions based on 
measuring and computing a composite current for the loads. 
In one embodiment, each energy signature 832 represents a 
load condition (a scenario when various loads are concur 
rently on), as opposed to identifying a specific device. Device 
800 can identify a complex current vector for a load including 
identifying a real power component and a reactive power 
component for the primary current, and a real power compo 
nent, a reactive power component, and an angular displace 
ment relative to the primary current for the harmonics. 
0.134 FIG. 9 is a block diagram of an embodiment of a 
node for a distributed power grid. Node 900 represents a 
control node, and can be an example of a control node in 
accordance with any embodiment described herein. Node 900 
includes various hardware elements to enable its operation. In 
general, the hardware can be described as processor 910, 
power distribution hardware 920, and power monitoring 
hardware 930. Each of these elements can include specific 
types and functionality of hardware, some of which can be 
represented by other elements of FIG. 9. 
0.135 Processor 910 represents one or more controllers or 
processors within node 900. In one embodiment, node 900 
includes a power meter, a power converter, and control hard 
ware to interface the two elements and couple to the grid. In 
one embodiment, each separate item includes a controller, 
Such as a controller within the metering device, and a con 
troller within the power converter. The power converter can 
include a power extractor controller, an inverter controller, 
and another controller to manage them. Thus, controller 910 
can represent multiple controllers or elements of control logic 
that enables node 900 to monitor and distribute power. 
0.136 Processor 910 manages and controls the operation 
of hardware within node 900, including any hardware men 
tioned above. Processor 910 can execute to provide MGI 
(modern grid intelligence) for node 900. In one embodiment, 
processor 910 executes logic to provide at least some of the 
functions described with respect to node 910. To the extent 
that functions described are provided by hardware, processor 
910 can be considered a controller to control the operation of 
the hardware. In one embodiment, processor 910 executes a 
control node operating system for node 900. In one embodi 
ment, the operating system is MGIOS (Modern Grid Intelli 
gent Operating System). MGIOS can provide capabilities and 
benefits including at least Some of the following. 
0.137 The MGIOS can provide computing, and general 
control over the operation of node 900. In one embodiment, 
the MGIOS enables the node to collect data and make deci 
sions to send data outside the node. In one embodiment, the 
MGIOS can use the data to control the local system, such as 
the local elements coupled to a same side of a PCC. In one 
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embodiment, the MGIOS also sends data for use by external 
entities, such as a utility manager and/or other nodes in the 
grid network. 
0.138. In one embodiment, the MGIOS controls dispatch 
functionality for node 900. The dispatching can include pro 
viding and receiving data and especially alerts used to deter 
mine how to distribute power. In one embodiment, the 
MGIOS can enable autonomous dispatching, which allows 
the nodes of the grid network to share information among 
themselves that control the operation of the grid. The autono 
mous dispatching refers to the fact that a central grid operator 
does not need to be involved in generating or distributing the 
dispatch information. 
0.139. In one embodiment, the MGIOS enables control 
functionality. The control can be by human, cloud, and/or 
automated control logic. In one embodiment, the MGIOS 
enables node 900 to work independently as an individual 
node and/or work in aggregate with other control nodes in a 
grid network. The independent operation of each can enable 
the distributed network to function without a central power 
plant, and/or with minimal central grid management. 
0140. In one embodiment, the MGIOS can enable black 
start operation. Blackstart operation is where node 900 can 
bring its segment of the grid back up online from an offline 
state. Such operation can occur autonomously from central 
grid management, such as by each node 900 of a grid network 
independently monitoring conditions upstream and down 
stream in the grid network. Thus, node 900 can come online 
when conditions permit, without having to wait for a grid 
operator to control distribution of power down to the node. 
Node 900 can thus intelligently bring its node segment back 
up online by controlling flow of power to and from the grid, 
and can thus, prevent startup issues. 
0.141. In one embodiment, the MGI enables node 900 to 
offer multiple line Voltages. In one embodiment, grid inter 
face 980, which may be through control logic of processor 
910, can be configured for multiple different trip point volt 
ages. Each trip point Voltage can provide a different control 
event. Each control event can cause processor 910 to perform 
control operations to adjust an interface of the control node. 
The interface can be an interface to a load and/or an interface 
to the grid network. 
0142. In one embodiment, the MGI can economize inter 
connects within the grid network. In one embodiment, node 
900 controls backflow onto the grid network by limiting the 
backflow, and/or adjusting output to change a type of power 
presented to the grid. In one embodiment, node 900 provides 
utility control functions that are traditionally performed by 
utility grid management that controls flow of power from a 
central power plant. Node 900 can provide the grid control 
functions to enable a distributed power grid. 
0143 Power distribution hardware 920 includes power 
lines, connectors, phase locked loops, error correction loops, 
interface protection or isolation Such as transformers, and/or 
other hardware that enables the control node to transfer 
energy from one point to another, to control interfaces to 
control how power flows throughout the grid, or other opera 
tions. In one embodiment, a power converter can be included 
within the power distribution hardware. A power converter 
can be a Smart inverter or microinverter, and can be in accor 
dance with what is described with respect to systems 1500 
and 1600. 
0144 Power monitoring hardware 930 includes connec 

tors, signal lines, sampling hardware, feedback loops, com 
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putation hardware, and/or other hardware that enables the 
control node to monitor one or more grid conditions and/or 
load conditions. The grid conditions can be or include Voltage 
levels, phases, frequencies, and other parameters of the grid 
operation. The load conditions can be or include Voltage, 
current, phase, frequency, and other parameters of power 
demand from loads. 

0145. In one embodiment, node 900 includes grid control 
940. Grid control represents hardware and logic (e.g., such as 
Software/firmware logic, configurations) to control an inter 
face to the grid network. In one embodiment, grid interface 
980 represents grid network interfaces. Grid control 940 can 
include real power control 942 and reactive power control 
944. The real and reactive control can be in accordance with 
any embodiment described herein. In one embodiment, real 
power control 942 includes logic (hardware and/or software) 
to provide real power to the grid. In one embodiment, reactive 
power control 944 includes logic to provide reactive power to 
the grid. Providing power to the grid can include changing an 
interface to cause power of the type and mix desired to flow to 
the grid. 
0146 In one embodiment, node 900 includes local control 
950. Local control represents hardware and logic (e.g., such 
as Software/firmware logic, configurations) to control an 
interface to the load or to items downstream from a PCC 
coupled to a grid network. Local control 950 can include real 
power control 952 and reactive power control 954. The real 
and reactive control can be in accordance with any embodi 
ment described herein. In one embodiment, real power con 
trol 952 includes logic (hardware and/or software) to provide 
real power to a load. In one embodiment, reactive power 
control 954 includes logic to provide reactive power to a load. 
Providing power to the load can include changing an interface 
to cause power of the type and mix desired to flow to the load 
from a local energy source and/or from the grid. 
0.147. It will be understood that a utility power grid has rate 
structures that are based on not just the amount of use, but the 
time of use. For example, a utility grid can have tiered rates. 
In one embodiment, processor 910 includes rate structure 
information that enables it to factor in rate structure informa 
tion when making calculations about how to change an inter 
face with grid control 940 and/or with local control 950. 
Factoring in rate structure information can include determin 
ing what type of power (real or reactive) has more value in a 
given circumstance. Thus, processor 910 can maximize value 
of energy production and/or minimize the cost of energy 
consumption. In an implementation where tiered rate struc 
tures exist, processor 910 can instruct grid control 940 and/or 
local control 950 based on how to keep consumption to the 
lowest tier possible, and how to provide power at a highest 
rate possible. In one embodiment, processor 910 takes into 
account utility or grid network requirements when control 
ling the operation of gridcontrol 940 and/or local control 950. 
For example, the grid may have curtailments or other condi 
tions that affect how power should be provided and/or con 
sumed. In one embodiment, node 900 can adjust power output 
as loads dynamically come online and offline. For example, 
local control 950 can reduce output when loads go offline, and 
can increase output when load come online. 
0148 Metering 960 represents metering capability of 
node 900, and can include a meter in accordance with any 
embodiment described herein. In one embodiment, metering 
960 can include load control metering 962. Load control 962 
can include logic to monitor load power demand. In one 
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embodiment, metering 960 can include signature manager 
964. Signature manager 964 includes logic to create, store, 
and use energy signatures in monitoring what is happening 
with loads. More specifically, signature manager 964 can 
manage energy signatures including complex current vectors 
in accordance with any embodiment described herein. 
0149 Traditionally, a net energy meter was required to 
connect to the grid. However, newer regulations may prevent 
connecting to the grid at all unless certain capabilities are met. 
Metering 960 can enable node 900 to control an inverter or 
converter to respond to specific loads and/or to specific 
energy signatures identified on the line. Based on what meter 
ing 960 detects, node 900 can provide realtime control over 
energy production and load consumption. 
0150. In one embodiment, node 900 includes data inter 
face 970. In one embodiment, data interface 970 includes data 
manager 972 to control data that will be sent to a data center 
or data management, and data that is received from the data 
center or data management. Data manager 972 can gather 
data by making a request to a data center or comparable 
source of data. In one embodiment, data interface 970 
includes external manager974, which can manage the inter 
face with a data center, central grid management, other nodes 
in the grid network, and/or other data sources. In one embodi 
ment, data manager972 receives data in response to data sent 
from a data source. In one embodiment, external manager974 
makes a request for data from a data Source. The request can 
be in accordance with any of a number of standard commu 
nication protocols and/or proprietary protocols. The medium 
for communication can be any medium that communicatively 
couple node 900 and the data source. In one embodiment, 
external manager 974 communicates with a data source at 
regular intervals. In one embodiment, external manager974 
communicates with the data source in response to an event, 
Such as more data becoming available, whether receiving 
indication of external data becoming available, or whether 
data manager 972 indicates that local data is ready to send. 
Data interface 970 can enable realtime data for market use. In 
one embodiment, data interface 970 provides data collection, 
which can be used in one embodiment to identify currents for 
energy signatures. 
0151. In one embodiment, node 900 includes grid inter 
face 980. In one embodiment, grid interface 980 includes 
utility interface 982 to interface with a utility grid. In one 
embodiment, grid interface 980 includes virtual interface 984 
to interface with a distributed grid network. The operation of 
the grid interface can be referred to as MGI (modern grid 
intelligence), referring to execution of an MGIOS by proces 
sor 910. Grid interface 980 can include any type of interface 
that couples node 900 to grid infrastructure, whether tradi 
tional utility grid infrastructure and/or distributed grid net 
works. In one embodiment, grid interface 980 can enable 
node 900 to know a power direction. In one embodiment, the 
grid network provides dispatch information, Such as provide 
a signal from a feeder to indicate a power direction. Node 900 
can manage its operation based on the direction of power flow 
in the grid network. Grid interface 980 can also dynamically 
monitor changes in direction of power flow. 
0152. In one embodiment, the MGIOS enables node 900 
to adjust operation of one or more elements connected down 
stream from a PCC, to scale back operation of the grid. 
Consider an example of air conditioners coupled downstream 
from a PCC. In one embodiment, the MGIOS can detect that 
the grid network is experiencing heavy load, and can deter 
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mine to slow down all air conditioners to relieve the grid for 
5 to 10 minutes. Thus, the devices do not need to be stopped, 
and the grid does not need to shut off power to any segment. 
Instead, the power can be reduced for a period of time to 
selected loads to allow the grid can recover itself. Thus, the 
MGIOS can control the load and/or the sources. Such opera 
tion can reduce or prevent brownouts or rolling blackouts, for 
example, by Scaling power demand back instead of com 
pletely shutting Supply down. 

0153. It will be understood that node 900 requires a certain 
amount of power to operate. The power consumed by node 
900 can be referred to as tare loss, which indicates how much 
power the controlling devices consume when the node is not 
generating power. In one embodiment, node 900 includes a 
sleep feature to reduce tare loss. For example, a node that 
controls a metastable energy source such as Solar can sleep 
when there is no Sun, and can wake up when the Suncomes up. 
In one embodiment, the node can default to a low power state 
and awake in response to a signal from a solar detector, power 
over Ethernet, or some other external signal trigger to wake it 
up. In one embodiment, a node can wake up during a sleep 
cycle at night to perform upgrades or perform otherancillary 
services. 

0154 FIG. 10 is a block diagram of an embodiment of a 
system that controls harmonic distortion with a software 
feedback control subsystem coupled to a hardware waveform 
controller. System 1000 includes power source 1004, load 
1006, and converter 1002 to generate output and control of an 
interface between the source and the load. In one embodi 
ment, converter 1002 is in accordance with what is described 
in U.S. patent application Ser. No. 12/708,514, entitled 
POWER TRANSFER MANAGEMENT FOR LOCAL 
POWER SOURCES OF A GRID-TIED LOAD and filed 
Feb. 18, 2010. In one embodiment, the power conversion can 
be in accordance with U.S. patent application Ser. No. 
1 1/849,242, entitled “MULTI-SOURCE, MULTI-LOAD 
SYSTEMS WITHAPOWEREXTRACTOR,” and filed Aug. 
31, 2007. System 1000 can be one example of a system 
includes a converter for a control node in accordance with any 
embodiment described herein. 

(O155 Power path 1010 represents the path of electrical 
power from source 1004 to load 1006, as controlled by con 
verter 1002. Converter 1002 includes input power converter 
1020 to receive input power from source 1004 and convert it 
to another form (e.g., DC to AC). Input power converter 1020 
includes hardware components for receiving a power signal 
to convert, and may include appropriate power components. 
In one embodiment, input power converter 1020 implements 
dynamic impedance matching, which enables the input elec 
tronics to transfer maximum power from source 1004. 
Dynamic impedance matching includes constantly tracking a 
maximum power point, as well as driving an input power 
coupler (e.g., a transformer) to maintain as flat a power slope 
as possible (e.g., slope of Zero). Input power converter 1020 
may receive control signals or information from controller 
1030, as well as providing input to indicate operation of the 
converter. In one embodiment, dynamic impedance matching 
includes high-frequency Switching of the input power 
through a transformer or inductor to charge an internal node 
within converter 1002. The internal node can then act as an 
energy reservoir for high-frequency Switching of an output 
through another transformer or inductor to allow a load to 
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draw whatever power is needed. Thus, input power converter 
1020 can provide unregulated energy transfer from an input to 
an output. 
0156 Input feedforward 1012 provides information (e.g., 
maximum power value, frequency as appropriate, or other 
information to control the input power converter hardware) 
about the source power to controller 1030. Controller 1030 
controls input power converter 1020 based on the input infor 
mation about the input power. Controller 1030 represents any 
type of processor controller that may be embedded in con 
verter 1002. Controller 1030 may be or include any type of 
microcontroller, digital signal processor (DSP), logic array, 
or other control logic. Additionally, controller 1030 may 
include appropriate memory or storage components (e.g., 
random access memory, read only memory (ROM), registers, 
and/or Flash) to store code or values generated or obtained 
during runtime operation or pre-computed. 
(O157 Controller 1030 drives programmable waveform 
generator 1040 to generate the desired output waveform. 
Generator 1040 also lies on power path 1010, and receives 
input power from input power converter 1020 to output. 
While the power may be transferred, it is not necessarily 
output with the same waveform as it is received. For example, 
a DC signal may be output as a sinusoidal signal. Other power 
conversions can similarly be accomplished. In one embodi 
ment, generator 1040 includes a PWM (pulse wave modula 
tor) to generate an output waveform. Generator 1040 receives 
control signals and information from controller 1030, and 
may provide status or operations information or feedback to 
controller 1030. The output waveform may be either current 
or Voltage. In one embodiment, the output is a current having 
a phase offset and an angular offset with respect to a load 
Voltage waveform to enable harmonic-free output. 
0158 Converter 1002 is able to incorporate specific tim 
ing, phasing, or other frequency information, into generating 
the output waveform. Such timing, phasing, or other fre 
quency information may be referred to as "input synchroni 
Zation data. In one embodiment, such input synchronization 
data arrives from real-time load information, in which case it 
may be referred to as “load synchronization input.” The load 
synchronization input or input synchronization data indicates 
information necessary to determine the synchronization sig 
nal discussed above. Such information is indicated in con 
verter 1002 as output sync 1014. In a system where the output 
is anticipated (e.g., connecting to an electrical grid), certain 
Voltage, timing, or other information may be expected (e.g., 
120V at 60 Hz), and an initial estimate programmed in or 
made by the system at startup. Based on load synchronization 
data, the initial estimate may be adjusted. 
0159 Controller 1030 also measures output feedback 
1016 off power path 1010, to determine the actual output 
generated by generator 1040. The actual output is compared 
to an ideal reference to determine if the desired output is being 
generated. In one embodiment, output feedback 1016 is an 
abstraction to represent output measurement by controller 
1030, and does not include separate components in itself. In 
one embodiment, output feedback 1016 includes a sampling 
mechanism or other data selection mechanism to compare to 
the ideal reference signal. The ideal reference signal can be an 
idealized representation of a desired output waveform. The 
output converges on the idealized waveform rather than on the 
target waveform of the load or grid itself. If output feedback 
1016 includes components separate from controller 1030, it 
may be driven by controller 1030, and receive comparison 
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data from controller 1030 and provide error or feedback infor 
mation. In one embodiment, output feedback 1016 is under 
stood to include at least hardware components necessary for 
a feedback control process to interface with the output lines. 
Additionally, output feedback 1016 may include other hard 
ware for performing measurements, computations, and/or 
performing processing. 
(0160 Both output sync 1014 and output feedback 1016 
may be considered feedback loops. It will be understood that 
output sync 1014 and output feedback 1016 are not the same 
thing, and serve different purposes. Output sync 1014 indi 
cates what the ideal reference signal should look like, as 
stored in reference waveform table 1032. Output feedback 
1016 indicates how the actual output varies from the refer 
ence signal. Update table 1034 represents data generated in 
response to output feedback 1016. In one embodiment, output 
sync 1014 is based on voltage information on the output of 
power path 1010, while output feedback 1016 is based on 
output current generated at the output of power path 1010. 
0.161 Based on output sync 1014 (or based on an initial 
estimate of the output sync), converter 1002 stores and/or 
generates reference waveform table 1032, which represents 
an ideal form of the output waveform desired to be generated 
by generator 1040. Reference waveform table 1032 may be 
stored as a table or other set of points (or setpoints) that reflect 
what the output waveform “should look like. The reference 
waveform can be any periodic waveform. In one embodi 
ment, the reference waveform is represented as a series of 
points that have an amplitude and a position. Thus, converg 
ing on the reference waveform can include driving an output 
waveform generator to match sampled output points to the 
setpoints representing the reference waveform. Reference 
waveform table 1032 may alternatively be referred to as a 
reference waveform source. 

(0162 Based on output feedback 1016, converter 1002 
generates update table 1034. Update table 1034 includes 
entries or points to indicate how to modify the operation of 
generator 1040 to provide an output more closely matching 
the waveform of reference waveform table 1032. While indi 
cated as a table, update table 1034 may be a stored table that 
is modified at certain intervals (e.g., each entry is updated as 
necessary to reflect measured error data), or may be generated 
newly at each update interval. Update table 1034 may alter 
natively be referred to as an update data source. The 
“updates' may be modifications of old values, the replace 
ment of values, or may be stored in different locations within 
a memory accessed by controller 1030. In one embodiment, 
each value of update table 1034 indicates an “up,” “down,” or 
no change for each of a set of points. Such values are applied 
to the hardware that controls the output of generator 1040 to 
cause the output signal to converge on the desired ideal wave 
form. 

0163. From one perspective, converter 1002 can be 
viewed as having five features or components. While these 
features are depicted in system 1000 via certain block dia 
grams, it will be understood that different configurations and 
a variety of different components can be used to implement 
one or more of these features. For purposes of discussion, and 
not by way of limitation, these features are described follow 
ing with references such as “Feature 1. “Feature 2. and so 
forth. It will be understood that such a convention is merely 
shorthand to refer to the subject matter of the described fea 
ture or component, and does not necessarily indicate anything 
with respect to order or significance. 
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0164. Feature 1 may include means for incorporating spe 
cific timing, phasing or other frequency information. The 
means includes hardware and/or Software to generate and 
receive the input synchronization data or load synchroniza 
tion input referred to above, which is based on output sync 
1014. Feature 2 includes reference waveform table 1032, 
which may include a table of data or an equation within 
software that represents the ideal form of output waveform 
1008. Feature 3 includes controller 1030, which may be or 
include a Software algorithm that compares the actual output 
waveform generated by generator 1040 with the ideal tabular 
representation as represented by reference waveform table 
1032. Feature 4 includes an algorithm within controller 1030 
that computes or otherwise selects and generates update data 
represented by update table 1034. Feature 5 includes genera 
tor 1040 that uses the update data from update table 1034 to 
generate output waveform 1008 of the desired shape, propor 
tion, timing, and phase. 
0.165. With regard to Feature 1, the specific timing, phas 
ing, or other frequency information provides synchronization 
information to the comparison and update algorithms in con 
troller 1030. The information may come by way of a table, 
equation, Sampling of real-time hardware monitored signals, 
or other source. 

0166 With regard to Feature 2, the data representing the 
reference waveform, can be of any length and of any format, 
integer or non-integer, if within a table. Such a table may be 
generated dynamically at runtime or be hard-coded at com 
pile time. The ideal form of the waveform represented may be 
sinusoidal or non-sinusoidal. The waveform may be repre 
sented by data values evenly spaced in the time domain or 
non-evenly spaced, forward in time or backward in time or 
any mix thereof. The waveform could alternatively be repre 
sented by data values in the frequency domain, and organized 
in any fashion. The data may be compressed or non-com 
pressed. The data may be represented by an equation rather 
than computed data setpoints, or part by an equation and part 
by a table. In one embodiment, the stored setpoints in a table 
are the computed results of an equation. The data may be 
altered during processing at runtime to change the form of the 
ideal waveform to a different ideal. The values in reference 
waveform table 1032 can be modified or replaced with dif 
ferent values if altered at runtime. The data may be aligned to 
be in exact phase with the input waveform or it may be shifted 
in phase. 
(0167. With regard to Feature 3, controller 1030 may 
include any traditional or standard comparison algorithm. A 
control algorithm compares data values representing the out 
put waveform, sampled by hardware, and transformed into 
Software data values through standard or non-standard Sam 
pling techniques. In one embodiment, the controller com 
pares the ideal setpoints of the table or equation computations 
with the synchronization information, point by point, and 
generates error data, point by point. In one embodiment, the 
controller can process multiple points at once instead of 
point-by-point. 
(0168 With regard to Feature 4, controller 1030 includes a 
selection algorithm which creates or generates new data using 
any standard or non-standard technique. In one embodiment, 
the selection algorithm involves performing calculations. 
Alternatively, the selection algorithm may simply select data 
without performing processing or performing calculations. 
The selection algorithm may replace data values in a table of 
setpoints, or leave the data values in the table preferring to use 
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another storage area. The selection algorithm may transform 
the data from the time domain to the frequency domain and 
Vice-versa as part of its selection process. The algorithm 
provides an error update mechanism (e.g., algorithm) in that 
it identifies data values that will correct the output waveform 
when applied. Thus, the output waveform after application of 
the data values appears more like the preferred ideal wave 
form. 

0169. With regard to Feature 5, the new data values rep 
resented by update table 1034 are applied to hardware in 
generator 1040 through standard processes to drive the gen 
eration of the output waveform. In one embodiment, the new 
data values are applied via a PWM mechanism or any other 
mechanism that transforms discrete data values into an analog 
output form. 
0170 FIG. 11 is a block diagram of an embodiment of a 
system that transfers power from a local source to a grid-tied 
load with power factor conditioning. System 1100 illustrates 
a grid-tied converter that couples to an energy source, a load, 
and a grid. Converter 1120 of system 1100 represents a con 
Verter for a control node, which can be in accordance with any 
embodiment described herein. System 1100 represents a 
power system that includes metastable energy source 1110. 
converter 1120, load 1102, and utility power grid 1130. Load 
1102 represents a consumer tied to grid 1130. Grid 1130 can 
be any embodiment of a grid network described herein. Meta 
stable source 1110 (e.g., Solar cells/array, wind power gen 
erator, or other time-varying or green power Source) and 
converter 1120 are local to load 1102, as being on a same side 
of a PCC, and provide power to the load. In one embodiment, 
metastable source 1110 produces a variable/unstable source 
of DC power. The source may be time-varying and/or change 
in available power due to environmental conditions. Con 
verter 1120 represents a dynamic power extractor and inverter 
apparatus. 
0171 Source 1110 is a variable or unstable power source. 
System 1100 includes converter 1120, which includes 
DC/DC converter 1122, coupled to DC/AC inverter 1124, 
both of which are coupled to and controlled by controller 
(CPU) 1140. Additionally, switching device S1126 (e.g., a 
relay) selectively connects the inverter to load 1102 and grid 
1130. Under normal operation, DC power is drawn from 
source 1110, and extracted, inverted, and dynamically treated 
by converter 1120, to dynamically produce maximum AC 
current relatively free of harmonic distortion and variability, 
and at a desired phase with respect an AC Voltage signal from 
grid 1130. Putting the generated AC current in phase with the 
grid AC voltage produces AC power with a power factorator 
near unity to load 1102, meaning that all reactive power 
drawn by the load comes from grid 1130. If source 1110 
produces enough energy to satisfy the real power require 
ments of load 1102, converter can cause the only AC power 
drawn from grid 1130 by the load to be exclusively or nearly 
exclusively reactive power. When source 1110 is unable to 
produce DC power sufficient to completely satisfy the power 
demand from load 1102, converter 1120 can adjust an inter 
face to allow real power to flow from grid 1130 to load 1102. 
0172. In one embodiment, converter 1120 can generate 
AC current intentionally out of phase to a certain extent with 
respect to the AC Voltage signal of the grid. Thus, the single 
converter 1120 can deliverpower at any desired power factor 
to compensate for conditions of power on power grid 1130. In 
one embodiment, multiple converters 1120 can operate in 
parallel at the same interface, and each can generate power 
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with the same power factor, or each can be dynamically 
configured to produce different mixes of real and reactive 
power. 
0173 When energy source 1110 generates sufficient 
power to satisfy load 1102, the inverter current and the grid 
current will flow towards grid 1130. In general, power can be 
given back generally to the grid, and the consumer can be 
appropriately compensated for power provided to the grid. In 
one embodiment, a give back scenario can involve providing 
power to a neighbor consumer, in accordance with any 
embodiment described herein. 
0.174. In one embodiment, power meter 1132 represents a 
meter to measure real power consumed by load 1102. In one 
embodiment, VAR meter 1134 represents a meter to measure 
the reactive power consumed by load 1102. In one embodi 
ment, power meter 1132 and VAR meter 1134 can be com 
bined physically and/or functionally by a meter. The meter 
can be on the side of grid 1130. In one embodiment, the meter 
(combining meters 1132 and 1134) is located with a PCC to 
connect to the grid, and is part of a control node with converter 
1120. Such a meter can be in accordance with any embodi 
ment described herein. In one embodiment, typically meter 
1132 measures the Voltage and current and computes power 
from those measurements. It will be understood that in the 
case only reactive power is drawn from grid 1130, power 
meter 1132 will not measure any power usage by load 1102. 
VAR meter 1134 can measure and compute the reactive 
power drawn, such as by measuring the phase of the current 
and Voltage of the grid power at the load, and performing 
calculations based on the measured values. 
0.175. As discussed, in one embodiment, the power factor 
delivered by converter 1120 to load 1102 is at or near 1.0 
relative to grid 1130. Thus, converter 1120 can perform power 
factor correction. In one embodiment, converter 1120 can 
provide harmonic distortion correction. In one embodiment, 
converter 1120 provides table-based harmonic distortion cor 
rection. Previous harmonic distortion techniques use a hard 
ware-based method or Fast Fourier Transform (FFT). The 
table-based method implemented on a processor or controller 
reduces cost per inverter and Scales better than typical hard 
ware implementations, and can be in accordance with what is 
described with reference to system 800. 
0176 Inverter 1124 of converter 1120 generates output in 
accordance with a desired power factor (unity or otherwise). 
In one embodiment, inverter 1134 monitors the operating 
conditions at the point of connection to load 1102, and pro 
vides maximum power from source 1110 dynamically and in 
real time with changes in the energy source and current load. 
Thus, if the amount of energy generated by source 1110 
changes, converter 1120 can modify the output based on that 
source in real time. Additionally, if the resistive conditions of 
load 1102 (e.g., an inductive motor Such as a vacuum is turned 
on), converter can automatically generate changes to power 
output to track the needs of the load. All Such changes can 
occur in realtime as conditions vary. In one embodiment, 
converter 1120 can provides output adjustments that provide 
total harmonic distortion control for harmonic distortion 
more efficiently than what is required by standards, thus 
complying with standards and improving performance of the 
system by dynamically adjusting to variable and unstable 
power sources, and to a changing load. 
0177. It will be understood that if the output voltage and 
current of converter 1120 are matched in phase with each 
other and with the Voltage on the grid (e.g., through a phase 
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lock loop, or through a power generation sampling and feed 
back mechanism), any reactive power necessary will be 
absorbed from the grid. The more real power provided by 
source 1110, the further out of phase the grid voltage and the 
grid current will be locally at load 1102. If all real power is 
provided locally, the current and voltage of the grid will be 90 
degrees out of phase locally at load 1102, causing the grid real 
power contribution to fall to 0 (recall that Preal 
(Vmax*Imax/2)cos(Vphase-Iphase)). 
0178. In one embodiment, DC to DC converter 1122 of 
power converter 1120 includes input and output portions, as 
represented by the dashed line separating the device into two 
portions. The portion coupled to source 1110 can be referred 
to as an input portion, and the portion coupled to DC to AC 
inverter 1124 can be referred to as the output portion. In one 
embodiment, the operation of converter 1122 is to vary input 
impedance and output impedance to transfer energy from 
source 1110 to inverter 1124. In one embodiment, converter 
1122 can be referred to as a power extractor. 
0179 Converter 1122 can impedance match to change an 
interface on the input to maximize energy transfer from 
source 1110 without fixing the voltage or current to specific 
values. Rather, the input can allow the power to float to 
whatever voltage is produced by source 1110, and the current 
will match based on whatever total power is produced. Simi 
larly, on the output, converter 1122 impedance matches to 
change an output interface to allow the load (in this case, 
inverter 1124) to draw whatever power is needed at whatever 
Voltage the inverter operates at. Thus, the output of converter 
1122 can float to match the voltage of inverter 1124, and 
generate current to match the total power. Converter 1122 can 
generate an output current waveform, where the magnitude is 
determined by how much energy is available, and whatever 
voltage inverter 1124 is at. Thus, the output floats to match the 
load, and is not fixed at current or Voltage. An internal node 
within converter 1122 can act as an energy reservoir, where 
the input impedance matching enables the efficient charging 
of the internal node, and the output impedance matching 
enables the load to draw energy from the internal node. The 
input and output both couple to the internal node via inductors 
and/or transformers to isolate the input and output from each 
other and from the internal node. 

0180 Controller 1140 can monitor the AC current, which 
moves out of DC/AC inverter 1124, and the generated voltage 
of grid 1130, which appears across load 1102. Controller 
1140 controls at least one electrical parameter of the inter 
faces of converter 1122 to control its operation. Parameters 
1142 and/or 1144 represent control from controller 1140 to 
control the operation of converter 1122 within converter 
1120. In one embodiment parameters 1142 and/or 1624 may 
be a duty cycle of a Switching signal of the power extraction, 
which changes input and/or output impedance matching, 
which in turn controls the charging and drawing from the 
internal node. The modification of each parameter can be 
dependent on the quality of the monitored current and Volt 
age. Controller 1140 further controls switching device S1626 
to couple the load to power produced (by converter 1122 and 
inverter 1124 from source 1110), when suitably conditioned 
power is available for use by load 1102. 
0181. In one embodiment, converter 1120 includes tables 
1150, which provides a table-based method for controlling 
power factor, to adjust the operation of converter 1120 to 
generate reactive power as desired. The tables may include 
entries that are obtained based on input conditions measured 
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from the system, to achieve a desired mix of real and reactive 
power. Feedback from the grid-tied node may include Voltage 
Zero crossing, Voltage amplitude, and current waveform 
information. With such information, controller 1140 uses 
tables 1150 to adjust the operation of converter 1122 and/or 
inverter 1124. The tables may include setpoints that provide 
idealized output signals the system attempts to create. By 
matching output performance to an idealized representation 
of the input power, better system performance is possible than 
simply attempting to filter and adjust the output in traditional 
ways. 
0182. In one embodiment, system 1100 can be applied 
without a specific energy source 1110. For example, con 
verter 1120 can be coupled to receive power from grid 1130, 
and generate an output to load 1102 that provides whatever 
mix of real and reactive power is needed by load 1102. In one 
embodiment, converter 1122 can be adjusted to receive AC 
input. In one embodiment, a connection to converter 1122 can 
be configured with hardware to generate DC power from the 
grid, such as an AC to DC converter. However, it will be 
understood that such conversion cause some inefficiency. In 
one embodiment, converter 1122 can be implemented with an 
input transformer that will enable connection between grid 
power and the internal node. 
0183 FIG. 12 is a block diagram of an embodiment of a 
consumer node having intelligent local energy storage. Sys 
tem 1200 represents a consumer node oran area within a PCC 
in accordance with any embodiment described herein. Sys 
tem 1200 specifically shows a configuration where local 
energy storage is combined with local energy generation at a 
consumer node. System 1200 can be or include a control node 
in accordance with any embodiment described herein. 
0184 PCC 1210 represents an interconnection point to a 
grid network. Grid power represents power drawn from the 
grid. In one embodiment, system 1200 includes gateway 1220 
to aggregate information and control operation within system 
1200 based on the aggregation information. Gateway 1220 
can manage the capacity and the demand for system 1200. 
The capacity refers to the ability of system 1200 to generate 
power locally. The demand refers to the load demand locally 
for system 1200, which comes from loads (not specifically 
shown). 
0185. In one embodiment, system 1200 generates capacity 
with one or more local energy sources 1260. Local energy 
Source 1260 can be any type of energy generation system. In 
one embodiment, the energy generation mechanisms of local 
energy source 1260 generate real power. In one embodiment, 
local energy source 1260 represents an energy generation 
mechanism with an associated power converter and/or 
inverter. When source 1260 includes a power converterfin 
Verter, it can be referred to as an energy generation system. 
Solar power systems are commonly used at customer pre 
mises, and source 1260 can be or include a solar power 
system. 
0186 System 1200 includes one or more energy conver 
sion or power converter devices to control the flow of energy 
within the PCC. In one embodiment, converter 1252 and 
inverter 1254 represent power converter devices for system 
1200. In one embodiment, each inverter includes a power 
converter. In one embodiment, a power converter represents 
an energy conversion device that enables efficient coupling 
between a source and a load, such as what is described in 
reference to system 1000 and system 1100. Devices 1252 
and/or 1254 provide control of the interchange of energy 
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within system 1200. In one embodiment, each energy source 
includes an inverter and/or converter. Thus, the devices rep 
resented in the dashed box represent devices that can be 
spread throughout system 1200. Each consumer node can 
include multiple converter devices for the control of energy 
flow. In one embodiment, each energy storage resource 
includes an inverter and/or converter. 

0187 System 1200 includes one or more energy storage 
resources. As illustrated, battery backup system 1230 repre 
sents a system of commercial batteries to store energy. Energy 
store 1240 represents a non-battery backup or energy storage 
device or system, but battery backup will be understood as a 
specific example of energy store. Examples of non-battery 
backup can include systems that include a pump or other 
motorized device that convert active power within system 
1200 into kinetic energy. For example, energy store 1240 can 
pump water or other liquid against gravity, can compress air 
or other gas, can lift counterweights again gravity, or perform 
Some other function to convert energy into work to store in a 
system. The stored energy can be retrieved later by using a 
reverse force (e.g., gravity or decompression) to operate a 
generator. Thus, the energy storage system can convert the 
kinetic energy back into active power for system 1200. 
0188 In one embodiment, converter 1252 can be used to 
charge an energy store (e.g., 1230, 1240) when it is depleted 
or partially depleted. In one embodiment, inverter 1254 can 
be used to convert energy from the energy store into active 
power. Gateway 1220 can intelligently control the use of 
energy storage 1230, 1240. For example, gateway 1220 can 
monitor grid conditions to know when the least “expensive 
time to charge the energy storage is. Sometimes grid power is 
less expensive and can be converted into stored energy for 
later use. Sometimes there is excess capacity from energy 
source 1260 that can be stored locally in energy storage 1230, 
1240. 

0189 In general, in one embodiment, system 1200 
includes local energy source 1260, and local energy store 
1230, 1240 on a consumer side of PCC 1210. System 1200 
also includes a local energy conversion device such as con 
verter 1252 and/or inverter 1254 to control the flow of energy 
to and from the energy storage in System 1200. The energy 
conversion enables system 1200 to access energy from the 
energy store and/or to charge the energy store. In one embodi 
ment, system 1200 charges energy store 1230, 1240 from grid 
power. In one embodiment, system 1200 charges energy store 
1230, 1240 from energy source 1260. In one embodiment, 
system 1200 powers a local load to meet local power demand 
from energy in energy store 1230, 1240. In one embodiment, 
system 1200 transfers power to the grid from energy store 
1230, 1240. The use of stored energy can include the conver 
sion of the energy to any mix of real and reactive power 
needed for the local load and/or the grid, depending on where 
the energy is being transferred. 
0.190 FIG. 13 is a flow diagram of an embodiment of a 
process for controlling a grid node with data aggregation. 
Process 1300 for controlling a grid node with aggregation 
information can be performed by elements of a control node. 
In one embodiment, the control node includes a gateway 
device, which can be or include an aggregator. For simplicity, 
and not by way of limitation, the description of process 1300 
refers to operations by an aggregator. The aggregator can be 
in accordance with any embodiment of an aggregator 
described herein. In one embodiment, the aggregation infor 
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mation includes information gathered by a local meter that 
measures local and/or external grid conditions. 
0191 In one embodiment, the aggregator interfaces with 
one or more sensors and can receive data measurements from 
the sensors, 1302. In one embodiment, the aggregator can 
receive one or more forms of external information about the 
grid. The external information is grid condition information 
that the aggregator can receive, 1304. In one embodiment, the 
aggregator aggregates sensor information about local equip 
ment with grid-based information to determine one or more 
conditions to address with power converter operation, 1306. 
Thus, the aggregator can generate one or more items of grid 
condition information based on the aggregated data, 1308. In 
one embodiment, the grid condition information represents a 
state in a state machine, where the state is determined based 
on relationships between the condition information, which 
can include the grid information and the sensor information. 
In one embodiment, the aggregator includes an aggregation 
engine that implements a relational database of condition 
information. For example, the relational database can include 
tables for conditions and rows that represent specific ranges 
within the condition, which can then be condition keys for 
states. In one embodiment, the aggregator generates a state as 
a “condition for execution by a power converter or as input 
for other decision logic. 
0.192 In one embodiment, the aggregator receives or 
accesses rate information that indicates a value or price of 
power, 1310. In one embodiment, the aggregator uses the rate 
information to forecast a best operation based on the value of 
power in light of the aggregated condition information, or 
state previously determined, 1312. In one embodiment, the 
aggregator access prior history information about the opera 
tion or operating conditions of the consumer node or opera 
tion of the local control node, 1314. In one embodiment, the 
aggregator computes a forward looking prediction based on 
the aggregation information and/or the forecast information 
in light of the historical information, 1316. 
0193 In one embodiment, the aggregator generates one or 
more controls for interface hardware based on the computed 
action(s), and/or predictions, 1318. Thus, the aggregator can 
evaluate grid condition information and local load and oper 
ating conditions together, and can modify the evaluation by 
rate information and/or historical information. The aggrega 
tor can control an interface with converter/inverter hardware 
to provide power to local capacity and/or to the grid in accor 
dance with the operation computed based on the information, 
1320. In accordance with the operation, one or more power 
converters control the flow of power within a node and/or 
between the node and the grid. 
0194 FIG. 14 is a flow diagram of an embodiment of a 
process for aggregating local and grid-based condition infor 
mation. Process 1400 for aggregating local and grid-based 
information to make a decision based on the aggregation of 
information can be performed by elements of a control node. 
In one embodiment, the control node includes a gateway 
device, which can be or include an aggregator. For simplicity, 
and not by way of limitation, the description of process 1400 
refers to operations by an aggregator. The aggregator can be 
in accordance with any embodiment of an aggregator 
described herein. In one embodiment, the aggregation infor 
mation includes information gathered by a local meter that 
measures local and/or external grid conditions. 
0.195. In one embodiment, process 1400 includes monitor 
ing for local sensors and monitoring for grid condition infor 
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mation. In one embodiment, local sensors register with the 
aggregator, 1402. In one embodiment, the aggregator regis 
ters the sensors to configure monitoring the data from the 
sensors, such as frequency of obtaining data from the sensor, 
and parameters for interconnecting with the sensor. The 
aggregator can monitor local conditions by data from the 
sensors, 1404. In one embodiment, the aggregator monitors 
the sensor until updated information is available. If there is 
not updated data, 1406 NO branch, the aggregator can con 
tinue to monitor the sensor for local conditions, 1404. If there 
is updated data, 1406 YES branch, in one embodiment, the 
aggregator records the condition, 1408. 
0196. In one embodiment, the aggregator also configures 
itself for interfacing with grid I/O (input/output), 1410. The 
grid I/O can enable the aggregator to receive information 
about gridconditions from outside the local node of which the 
aggregator is a part. The aggregator can monitor the grid 
conditions indicated by the grid I/O, 1412. If there is not 
updated data, 1414 NO branch, the aggregator continues to 
monitor the grid I/O, 1412. If there is updated data available, 
1414 YES branch, in one embodiment, the aggregator deter 
mines whether the grid I/O indicates a condition that needs to 
be addressed immediately. If there is not an immediate need 
for action, 1416 NO branch, the aggregator can record the 
grid conditions indicated from the external I/O, 1408. 
0.197 After recording conditions from the grid and from 
local sensors, the aggregator can determine to adjust opera 
tion at the local control node, 1418. In one embodiment, the 
aggregator makes a determination based on a schedule. In one 
embodiment, the aggregator makes a determination of what 
action to take on each data event, where a data event can be 
when updated data is available. In one embodiment, if data 
received from the grid needs immediate attention, 1416YES 
branch, the aggregator can determine to adjust the operation 
of a converter of the control node, 1418. 
0198 In one embodiment, the aggregator applies weights 
to aggregated data and calculates a state or condition, 1420. In 
one embodiment, the weights can be applied to factor one 
item of data more than another. In one embodiment where 
grid information is received requiring immediate attention, 
the “weight on that data can be to cause the control node to 
immediately comply with the request. In one embodiment, 
the aggregator generates one or more operations to be 
executed at the consumer node, 1422. In one embodiment, the 
calculation of state and/or the generation of an operation to 
execute can include the execution of a heuristics decision 
algorithm that searches a best match output scenario based on 
the input conditions. 
0199 The operations can be executed by a power con 
verter of the control node, which can be a device of the control 
node itself, and/or of equipment within the consumer node. In 
one embodiment, the operations can include one or more of 
transferring energy to a local load, 1424, transferring energy 
between a local energy store and the PCC, 1426, transferring 
energy between the local energy source and the PCC, 1428, 
and/or transferring energy between the PCC and the grid, 
1430. In one embodiment, energy transfer to the local load 
can include real power, reactive power, and/or a mix of real 
and reactive power. In one embodiment, the power is gener 
ated to offset the complex vector of a loads energy signature. 
In one embodiment, transferring energy between the energy 
store and the PCC can include charging the battery or pow 
ering a load from the energy store. In one embodiment, the 
energy transfer between the local energy source and the PCC 



US 2016/0087432 A1 

can include real power, reactive power, or a mix. In one 
embodiment, the control node can deliver power to the grid 
via the PCC, which can be real power or ancillary services. 
0200 FIG. 15 is a flow diagram of an embodiment of a 
process for generating a grid control operation with an aggre 
gator gateway. Process 1500 for generating control opera 
tions with a gateway aggregator can be performed by ele 
ments of a control node. In one embodiment, the control node 
includes a gateway device, which can be or include an aggre 
gator. For simplicity, and not by way of limitation, the 
description of process 1500 refers to operations by an aggre 
gator. The aggregator can be in accordance with any embodi 
ment of an aggregator described herein. In one embodiment, 
the aggregation information includes information gathered 
by a local meter that measures local and/or external grid 
conditions. 

0201 In one embodiment, a controller or control logic of 
an aggregator receives aggregation data, which can include 
local conditions and grid conditions, 1502. The aggregation 
data can include or can accompany local load demand. In one 
embodiment, the aggregator identifies local power demand, 
1504. The local power demand can be measured by a local 
meter in accordance with any embodiment described herein. 
In one embodiment, the aggregator can also identify local 
power generation capacity, 1506. Certain local conditions 
identified by local sensors can include conditions that affect 
how much power can be generated by the local energy source. 
For example, Solar intensity can determine whether a Solar 
system can provide peak output, or something less based on 
the conditions. 
0202 In one embodiment, the aggregator accesses rate 
information, 1508. The rate information can include con 
Sumer and market pricing information. Based on rate infor 
mation, the aggregator can forecast a best operation from the 
perspective of best monetary benefit to the consumer. In one 
embodiment, the aggregator accesses historical information, 
1510. The historical information can indicate previous con 
ditions, which can allow the aggregator to predict what con 
ditions will come next. Based on the historical data, the aggre 
gator can generate an operation that reflects a prediction of 
what will happen with conditions, rate, or other circumstance, 
or a combination of these. 

0203. In one embodiment the aggregator calculates an 
ability of local energy generation to meet the power demand 
of local loads, 1512. In one embodiment, the power from the 
local energy source can fully satisfy the local power demand, 
1514YES branch. If there is not enough local power to satisfy 
local demand, 1514 NO branch, in one embodiment, the 
system can determine if there is local energy storage. Local 
energy storage can be determined in one embodiment with 
local sensor data, and part of aggregation data. In one embodi 
ment, if there is not a local energy store, 1516 NO branch, the 
system draws power from the grid, 1518. In one embodiment, 
if there is a local energy store, 1516 YES branch, the system 
can draw energy from the local energy store, assuming there 
is capacity in the energy store, 1520. The energy drawn from 
the energy store or the grid can be converted by a power 
converter to a mix of real and reactive power to meet the local 
demand, 1524. 
0204 If there is enough local energy to satisfy demand, 
1514 YES branch, and there is not excess local power, 1522 
NO branch, the local power is converted by a power converter 
to a mix of real and reactive power needed by the load(s), 
1524. In one embodiment, if there is excess local power after 
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satisfying the demand of local load(s), 1522YES branch, the 
system can determine whether to store the excess energy in a 
local energy store. In one embodiment, depending on local 
conditions and grid conditions determined by the aggregator, 
the system can charge the local energy store without fully 
satisfying the local power demand. Thus, in one embodiment, 
determining whether the demand is fully satisfied, 1514, can 
include determining whether the full demand should be sat 
isfied, or whether the local energy is better used in other ways 
(e.g., charge a local energy store with local power while 
drawing grid power for a load. 
0205 If the system determines to charge a local energy 
store with the local power, 1528 YES branch, the system 
charges the local energy store, 1532. In one embodiment, if 
the system determines not to charge the local energy store 
with the local power, 1528 NO branch, the system can apply 
excess local power to the grid, 1530. Applying the local power 
to the grid can include determining how to provide the energy 
to the grid. In one embodiment, the system applies the energy 
as real power. In one embodiment, the system provides ancil 
lary services to the grid. 
0206 FIG. 16 is a flow diagram of an embodiment of a 
process for intelligent battery backup control. Process 1600 
for intelligent backup control can be performed by elements 
of a control node. In one embodiment, the control node 
includes a gateway device, which can be or include an aggre 
gator, which can provide aggregation data. The control node 
and the gateway device can be devices in accordance with any 
embodiments described herein. 

0207. In one embodiment, a control node monitors one or 
more grid conditions at a PCC, 1602. The grid conditions can 
include Voltage levels, phases, frequencies, or other condi 
tions, or a combination. In one embodiment, the control node 
monitors downstream power demand and downstream power 
generation 1604. The downstream power demand represents 
demand for power by one or more loads, which can include 
other grid nodes further down a hierarchical grid network. In 
one embodiment, the downstream power generation repre 
sents one or more sources that generate energy. In one 
embodiment, determining demand can include computing 
and/or identifying one or more energy signatures. 
0208. In one embodiment, the control node computes 
aggregation information via an aggregator associated with the 
control node, 1606. In one embodiment, the aggregator and 
control node can identify local conditions, including a state of 
a battery or other energy backup system, 1608. While battery 
is specifically identified, it will be understood that the same 
descriptions will apply equally well to another energy Stor 
age, which can include a non-battery system. In one embodi 
ment, if the state of the battery is that its energy reserves are 
at least partially depleted, 1610, in one embodiment, the 
control node can determine if there is local energy Supply to 
charge the battery. If there is local Supply to charge the bat 
tery, 1612YES branch, in one embodiment, the control node 
adjusts an interface within the PCC to apply the local energy 
to charge the battery, 1614. If the battery is depleted and there 
is no local energy supply, 1612 NO branch, in one embodi 
ment, the control node can determine to adjust an interface to 
charge the battery from the grid, 1616. In one embodiment, if 
there is no local Supply of energy available, the control node 
will not charge the battery unless certain conditions are met, 
such as time of day, or if the battery is below a predetermined 
threshold of depletion, or the cost of power from the grid is 
within a threshold cost, or other condition, or a combination. 
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0209. In one embodiment, the state of the battery is that 
there is battery power available, 1618. In one embodiment, 
the control node can determine how to use the battery power. 
If there is a local demand for power, 1620 YES branch, in one 
embodiment, the control node can adjust an interface to 
power the local load(s) from available battery power, 1622. In 
one embodiment, if there is no local demand, 1620 NO 
branch, but there is demand for power or services at the 
control node, the control node can adjust an interface to apply 
battery power to the grid, 1624. In one embodiment, a state of 
the battery can be other than depleted to be charged, and 
available to be used, such as depleted but not to be charged 
yet, or available energy to be stored and not used yet, then 
another condition can exist, and the control node can control 
operation consistent with the other condition, 1626. 
0210. In one aspect, a method for interfacing with a power 
grid network includes: receiving one or more external grid 
inputs and one or more local sensor inputs at a meter on a 
consumer side of a point of common coupling (PCC) to the 
grid network; identifying power demand for a local load 
coupled to the consumer side of the PCC; calculating an 
output power to generate with a local power converter 
coupled to the consumer side of the PCC, based on the one or 
more external grid inputs, the one or more local sensor inputs, 
and the power demand for the local load; and outputting 
power from the local power converter based on the calculated 
output power. 
0211. In one aspect, a consumer node in a grid network of 
a power grid System includes: an energy meter on a consumer 
side of a point of common coupling (PCC) to the grid net 
work, the energy meter to receive one or more external grid 
inputs and one or more local sensor inputs, and to identify 
power demand for a local load coupled to the consumer side 
of the PCC; a local power converter coupled to the consumer 
side of the PCC, the power converter to control an interface to 
the PCC to control power flow at the PCC; and a gateway 
controller coupled to receive information from the energy 
meter, to calculate a local output power to generate, based on 
the one or more external grid inputs, the one or more local 
sensor inputs, and the power demand for the local load, and to 
request the power converter to output the calculated output 
power. 
0212. In one aspect, a power grid system includes: a local 
energy source coupled to a consumer side of a point of com 
mon coupling (PCC) to a grid network of the power grid 
system, the local energy source to generate real power; and a 
control node coupled to the local energy source at the PCC, 
the control node including an energy meter on a consumer 
side of a point of common coupling (PCC) to the grid net 
work, the energy meter to receive one or more external grid 
inputs and one or more local sensor inputs, and to identify 
power demand for a local load coupled to the consumer side 
of the PCC; a local power converter coupled to the consumer 
side of the PCC, the power converter to control an interface to 
the PCC to control power flow at the PCC; and a gateway 
controller coupled to receive information from the energy 
meter, to calculate a local output power to generate, based on 
the one or more external grid inputs, the one or more local 
sensor inputs, and the power demand for the local load, and to 
request the power converter to output the calculated output 
power, including generating power from the local energy 
SOUC. 

0213 For the method, the consumer node, and/or the 
power grid system of the preceding three paragraphs, the 
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following embodiments provide examples of embodiments 
that can apply, and are illustrative, but not limiting. In one 
embodiment, the grid network comprises a utility power grid. 
In one embodiment, receiving the external grid inputs com 
prises receiving one or more of dispatch information from a 
central grid controller, specific control signals from a grid 
controller, or grid condition information from other nodes in 
the grid network. In one embodiment, receiving the local 
sensor inputs comprises receiving one or more oftemperature 
information, or information regarding one or more conditions 
that affect an ability of a local energy source to generate 
energy. In one embodiment, calculating the output power 
comprises applying a decision algorithm that applies weights 
to the inputs based on time of day or time of year or both. In 
one embodiment, calculating the output power comprises 
applying a heuristics decision algorithm to search a best 
match output scenario. In one embodiment, outputting power 
comprises outputting power for consumption by a local load. 
In one embodiment, outputting power comprises outputting 
power to charge a local energy storage resource. In one 
embodiment, outputting power comprises outputting real 
power to a power grid market for monetary credit. In one 
embodiment, outputting power comprises outputting power 
to one or more ancillary services, including real and/or reac 
tive power grid Support, frequency Support for the grid net 
work, blackstart operation, regulation up operation, regula 
tion down operation, or a combination. 
0214. In one aspect, a method for interfacing with a power 
grid network includes: monitoring local power demand and 
local energy generation on a consumer side of a point of 
common coupling (PCC) to the grid network; calculating an 
interface operation for a local energy storage on the consumer 
side of the PCC, wherein the interface operation includes 
accessing energy from the local energy storage or charging 
the local energy storage, based on the local power demand, 
and the local energy generation; and triggering a local power 
converter coupled to the consumer side of the PCC to execute 
the interface operation with the local energy storage. 
0215. In one aspect, a consumer node within a power grid 
system includes: a local energy source on a consumer side of 
a point of common coupling (PCC) to the grid network; a 
local energy store on the consumer side of the PCC, an energy 
conversion device on the consumer side of the PCC to execute 
an interface operation, including accessing energy from the 
local energy store or charging the local energy store, to trans 
fer energy between the local energy store and the PCC. 
0216. In one aspect, a power grid system includes: a local 
energy source coupled to a consumer side of a point of com 
mon coupling (PCC) to a grid network of a utility power grid, 
the local energy source to generate real power; and a local 
energy store on the consumer side of the PCC; a control node 
coupled to the local energy source and the local energy store 
at the PCC, the control node including a metering device to 
monitor a grid condition on the consumer side of the PCC, 
wherein the grid condition indicates an electrical condition of 
the grid network; an energy conversion device to execute an 
interface operation, including accessing energy from the local 
energy store or charging the local energy store, to transfer 
energy between the local energy store and the PCC in 
response to a condition of the utility power grid. 
0217 For the method, the consumer node, and/or the 
power grid system of the preceding three paragraphs, the 
following embodiments provide examples of embodiments 
that can apply, and are illustrative, but not limiting. In one 
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embodiment, the local energy storage comprises a battery. In 
one embodiment, the local energy storage comprises a non 
battery energy storage system. In one embodiment, further 
comprising monitoring a grid condition on the consumer side 
of the PCC, wherein the grid condition indicates an electrical 
condition of the grid network; and wherein calculating the 
interface operation comprises generating an operation to 
charge the local energy storage from the grid network. In one 
embodiment, monitoring the grid condition comprises moni 
toring one or more of voltage levels, phases, or frequencies, as 
seen at the PCC. In one embodiment, monitoring the local 
energy generation comprises monitoring an amount of power 
generated by a local Source coupled to the consumer side of 
the PCC that generates real power. In one embodiment, cal 
culating the interface operation comprises generating an 
operation to charge the local energy storage from the grid 
network. In one embodiment, calculating the interface opera 
tion comprises generating an operation to charge the local 
energy storage from a local energy source. In one embodi 
ment, calculating the interface operation comprises generat 
ing an operation to power a local load from the local energy 
storage. In one embodiment, triggering the power converter to 
execute the interface operation comprises triggering the 
power converter to generate a mix of real and reactive power. 
In one embodiment, calculating the interface operation com 
prises generating an operation to provide grid Support from 
the local energy storage. In one embodiment, calculating an 
interface operation further comprises performing calcula 
tions based at least in part on aggregation data, the aggrega 
tion data including one or more of dispatch information from 
a central grid controller, specific control signals from a grid 
controller, grid condition information from other nodes in the 
grid network, local temperature information, or information 
regarding one or more local conditions that affect an amount 
of local energy generation. 
0218. In one aspect, a method for interfacing with a power 
grid network includes: receiving multiple inputs at a meter on 
a consumer side of a point of common coupling (PCC) to the 
grid network, the inputs indicating an electrical condition of 
the grid network and local operating conditions at the PCC: 
identifying power demand for a local load coupled to the 
consumer side of the PCC; calculating a mix of real and 
reactive power to output from a local energy source, based on 
the multiple inputs and the power demand for the local load; 
and outputting power from the local energy source based on 
the calculated output power. 
0219. In one aspect, a consumer node in a grid network of 
a power grid system includes: an energy meter on a consumer 
side of a point of common coupling (PCC) to the grid net 
work, the energy meter to receive multiple inputs indicating 
an electrical condition of the grid network and local operating 
conditions at the PCC, and to identify power demand for a 
local load coupled to the consumer side of the PCC; a local 
power converter coupled to the consumer side of the PCC, the 
power converter to control an interface to the PCC to control 
power flow at the PCC; and a gateway controller coupled to 
receive information from the energy meter, to calculate a mix 
of real and reactive power to output from a local energy 
Source, based on the multiple inputs and the power demand 
for the local load, and to request the power converter to output 
the calculated output power. 
0220. In one aspect, a power grid system includes: a grid 
connector to couple a local consumer node to a utility power 
gridata consumer side of a point of common coupling (PCC); 
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a local energy source coupled on the consumer side of the 
PCC, and a control node coupled to the local energy source at 
the PCC, the control node including an energy meter on a 
consumer side of a point of common coupling (PCC) to the 
grid network, the energy meter to receive multiple inputs 
indicating an electrical condition of the grid network and 
local operating conditions at the PCC, and to identify power 
demand for a local load coupled to the consumer side of the 
PCC; a local power converter coupled to the consumer side of 
the PCC, the power converter to control an interface to the 
PCC to control power flow at the PCC; and a gateway con 
troller coupled to receive information from the energy meter, 
to calculate a mix of real and reactive power to output from the 
local energy source, based on the multiple inputs and the 
power demand for the local load, and to request the power 
converter to output the calculated output power. 
0221 For the method, the consumer node, and/or the 
power grid system of the preceding three paragraphs, the 
following embodiments provide examples of embodiments 
that can apply, and are illustrative, but not limiting. In one 
embodiment, the grid network comprises a utility power grid. 
In one embodiment, receiving the external grid inputs com 
prises receiving one or more of dispatch information from a 
central grid controller, specific control signals from a grid 
controller, or grid condition information from other nodes in 
the grid network. In one embodiment, receiving the local 
sensor inputs comprises receiving one or more oftemperature 
information, or information regarding one or more conditions 
that affect an ability of a local energy source to generate 
energy. In one embodiment, calculating the output power 
further comprises calculating the mix of real and reactive 
power based at least in part on rate information indicating a 
value of power generated. In one embodiment, calculating the 
output power further comprises calculating the mix of real 
and reactive power based at least in part on extrapolating from 
historical information indicating a history of how local power 
demand and local power generation has occurred in the past. 
In one embodiment, outputting power comprises outputting 
power for consumption by a local load. In one embodiment, 
outputting power comprises outputting power to charge a 
local energy storage resource. In one embodiment, outputting 
power comprises outputting real power to a power grid mar 
ket for monetary credit. In one embodiment, outputting power 
comprises outputting power to one or more ancillary services, 
including real and/or reactive power grid Support, frequency 
Support for the grid network, blackstart operation, regulation 
up operation, regulation down operation, or a combination. 
0222. In one aspect, a method for interfacing with a power 
grid network includes: receiving grid condition information 
at a meter on a consumer side of a point of common coupling 
(PCC) to the grid network, wherein the grid condition infor 
mation includes an aggregation of multiple inputs indicating 
an electrical condition of the grid network and local operating 
conditions at the PCC, including local power demand; access 
ingrate information for the grid network, the rate information 
indicating a consumer power price and a market power price; 
calculating an output power to generate with a local power 
converter coupled to the consumer side of the PCC, based on 
the multiple inputs, the local power demand, and the rate 
information; and outputting power from the local power con 
verter based on the calculated output power. 
0223. In one aspect, a consumer node in a grid network of 
a power grid system includes: an energy meter on a consumer 
side of a point of common coupling (PCC) to the grid net 
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work, the energy meter to receive grid condition information 
including an aggregation of multiple inputs indicating an 
electrical condition of the grid network and local operating 
conditions at the PCC, including local power demand; a local 
power converter coupled to the consumer side of the PCC, the 
power converter to control an interface to the PCC to control 
power flow at the PCC; and a gateway controller coupled to 
receive information from the energy meter, to calculate an 
output power to generate with the local power converter, 
based on the multiple inputs, the local power demand, and the 
rate information, and to request the power converter to output 
the calculated output power. 
0224. In one aspect, a power grid system includes: a grid 
connector to couple a local consumer node to a utility power 
grid at a consumer side of a point of common coupling (PCC) 
a local energy source coupled on the consumer side of the 
PCC, and a control node coupled to the local energy source at 
the PCC, the control node including an energy meter on a 
consumer side of a point of common coupling (PCC) to the 
grid network, the energy meter to receive grid condition infor 
mation including an aggregation of multiple inputs indicating 
an electrical condition of the grid network and local operating 
conditions at the PCC, including local power demand; a local 
power converter coupled to the consumer side of the PCC, the 
power converter to control an interface to the PCC to control 
power flow at the PCC; and a gateway controller coupled to 
receive information from the energy meter, to calculate an 
output power to generate with the local power converter 
including power from the local energy source, based on the 
multiple inputs, the local power demand, and the rate infor 
mation, and to request the power converter to output the 
calculated output power. 
0225. For the method, the consumer node, and/or the 
power grid system of the preceding three paragraphs, the 
following embodiments provide examples of embodiments 
that can apply, and are illustrative, but not limiting. In one 
embodiment, receiving the external grid inputs comprises 
receiving one or more of dispatch information from a central 
grid controller, specific control signals from a grid controller, 
or grid condition information from other nodes in the grid 
network. In one embodiment, receiving the local sensor 
inputs comprises receiving one or more oftemperature infor 
mation, or information regarding one or more conditions that 
affect an ability of a local energy source to generate energy. In 
one embodiment, accessing the rate information comprises 
obtainingrate information from a realtime market rate source. 
In one embodiment, accessing the rate information comprises 
accessing rate information indicating prices for consumer 
real power and for market real power. In one embodiment, 
accessing the rate information comprises accessing rate infor 
mation indicating prices for consumer reactive power and for 
ancillary markets. In one embodiment, calculating the output 
power further comprises performing forward prediction 
based on historical data monitored at the meter. In one 
embodiment, calculating the output power comprises deter 
mining operations to be performed by multiple power con 
verters coupled to the consumer side of the PCC. In one 
embodiment, outputting powerfurther comprises activating a 
local energy storage for the calculated output power. In one 
embodiment, outputting power comprises outputting power 
for consumption by a local capacity. In one embodiment, 
outputting power comprises outputting to a power grid mar 
ket or to one or more ancillary services, including real and/or 
reactive power grid Support, frequency Support for the grid 
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network, blackstart operation, regulation up operation, regu 
lation down operation, or a combination. 
0226. In one aspect, a method for interfacing with a power 
grid network includes: receiving grid condition information 
at a meter on a consumer side of a point of common coupling 
(PCC) to the grid network, wherein the grid condition infor 
mation includes an aggregation of multiple inputs indicating 
an electrical condition of the grid network and local operating 
conditions at the PCC, including local power demand; access 
ing operating history for a local control node, the operating 
history including records of previous power output for vari 
ous grid conditions and operating conditions at the PCC: 
calculating an output power to generate with a local power 
converter coupled to the consumer side of the PCC, based on 
the multiple inputs, the local power demand, and the operat 
ing history; and outputting power from the local power con 
verter based on the calculated output power. 
0227. In one aspect, a consumer node in a grid network of 
a power grid system includes: an energy meter on a consumer 
side of a point of common coupling (PCC) to the grid net 
work, the energy meter to receive grid condition information 
including an aggregation of multiple inputs indicating an 
electrical condition of the grid network and local operating 
conditions at the PCC, including local power demand; a local 
power converter coupled to the consumer side of the PCC, the 
power converter to control an interface to the PCC to control 
power flow at the PCC; a memory device to store operating 
history for the consumer node including records of previous 
power output for various grid conditions and operating con 
ditions at the PCC; and a gateway controller coupled to 
receive information from the energy meter, to calculate an 
output power to generate with the local power converter, 
based on the multiple inputs, the local power demand, and the 
operating history, and to request the power converter to output 
the calculated output power. 
0228. In one aspect, a power grid system includes: a grid 
connector to couple a local consumer node to a utility power 
gridata consumer side of a point of common coupling (PCC); 
a local energy source coupled on the consumer side of the 
PCC, and a control node coupled to the local energy source at 
the PCC, the control node including an energy meter on a 
consumer side of a point of common coupling (PCC) to the 
grid network, the energy meter to receive gridcondition infor 
mation including an aggregation of multiple inputs indicating 
an electrical condition of the grid network and local operating 
conditions at the PCC, including local power demand; a local 
power converter coupled to the consumer side of the PCC, the 
power converter to control an interface to the PCC to control 
power flow at the PCC; a memory device to store operating 
history for the consumer node including records of previous 
power output for various grid conditions and operating con 
ditions at the PCC; and a gateway controller coupled to 
receive information from the energy meter, to calculate an 
output power to generate with the local power converter 
including from the local energy source, based on the multiple 
inputs, the local power demand, and the operating history, and 
to request the power converter to output the calculated output 
power. 

0229. For the method, the consumer node, and/or the 
power grid system of the preceding three paragraphs, the 
following embodiments provide examples of embodiments 
that can apply, and are illustrative, but not limiting. In one 
embodiment, receiving the external grid inputs comprises 
receiving one or more of dispatch information from a central 
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grid controller, specific control signals from a grid controller, 
or grid condition information from other nodes in the grid 
network. In one embodiment, receiving the local sensor 
inputs comprises receiving one or more oftemperature infor 
mation, or information regarding one or more conditions that 
affect an ability of a local energy source to generate energy. In 
one embodiment, accessing the operating history comprises 
accessing operating conditions based on time of day. In one 
embodiment, accessing the operating history comprises 
accessing operating conditions based on time of year. In one 
embodiment, calculating the output power further comprises 
accessing rate information indicating prices for consumer 
real power, market real power, consumer reactive power, and 
ancillary markets. In one embodiment, accessing the operat 
ing history comprises accessing historical rate information. 
In one embodiment, calculating the output power comprises 
determining operations to be performed by multiple power 
converters coupled to the consumer side of the PCC. In one 
embodiment, outputting powerfurther comprises activating a 
local energy storage for the calculated output power. In one 
embodiment, outputting power comprises outputting power 
for consumption by a local capacity. In one embodiment, 
outputting power comprises outputting to a power grid mar 
ket or to one or more ancillary services, including real and/or 
reactive power grid Support, frequency Support for the grid 
network, blackstart operation, regulation up operation, regu 
lation down operation, or a combination. 
0230 Flow diagrams as illustrated herein provide 
examples of sequences of various process actions. The flow 
diagrams can indicate operations to be executed by a Software 
or firmware routine, as well as physical operations. In one 
embodiment, a flow diagram can illustrate the State of a finite 
state machine (FSM), which can be implemented inhardware 
and/or Software. Although shown in a particular sequence or 
order, unless otherwise specified, the order of the actions can 
be modified. Thus, the illustrated embodiments should be 
understood only as an example, and the process can be per 
formed in a different order, and some actions can be per 
formed in parallel. Additionally, one or more actions can be 
omitted in various embodiments; thus, not all actions are 
required in every embodiment. Other process flows are pos 
sible. 

0231. To the extent various operations or functions are 
described herein, they can be described or defined as software 
code, instructions, configuration, and/or data. The content 
can be directly executable (“object' or “executable form), 
source code, or difference code (“delta' or “patch” code). The 
software content of the embodiments described herein can be 
provided via an article of manufacture with the content stored 
thereon, or via a method of operating a communication inter 
face to send data via the communication interface. A machine 
readable storage medium can cause a machine to perform the 
functions or operations described, and includes any mecha 
nism that stores information in a form accessible by a 
machine (e.g., computing device, electronic system, etc.), 
Such as recordable/non-recordable media (e.g., read only 
memory (ROM), random access memory (RAM), magnetic 
disk storage media, optical storage media, flash memory 
devices, etc.). A communication interface includes any 
mechanism that interfaces to any of a hardwired, wireless, 
optical, etc., medium to communicate to another device. Such 
as a memory bus interface, a processor bus interface, an 
Internet connection, a disk controller, etc. The communica 
tion interface can be configured by providing configuration 
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parameters and/or sending signals to prepare the communi 
cation interface to provide a data signal describing the Soft 
ware content. The communication interface can be accessed 
via one or more commands or signals sent to the communi 
cation interface. 
0232 Various components described herein can be a 
means for performing the operations or functions described. 
Each component described herein includes software, hard 
ware, or a combination of these. The components can be 
implemented as Software modules, hardware modules, spe 
cial-purpose hardware (e.g., application specific hardware, 
application specific integrated circuits (ASICs), digital signal 
processors (DSPs), etc.), embedded controllers, hardwired 
circuitry, etc. 
0233 Besides what is described herein, various modifica 
tions can be made to the disclosed embodiments and imple 
mentations of the invention without departing from their 
Scope. Therefore, the illustrations and examples herein 
should be construed in an illustrative, and not a restrictive 
sense. The scope of the invention should be measured solely 
by reference to the claims that follow. 
What is claimed is: 
1. A method for interfacing with a power grid network, 

comprising: 
receiving multiple inputs at a meter on a consumer side of 

a point of common coupling (PCC) to the grid network, 
the inputs indicating an electrical condition of the grid 
network and local operating conditions at the PCC: 

identifying power demand for a local load coupled to the 
consumer side of the PCC: 

calculating a mix of real and reactive power to output from 
a local energy source, based on the multiple inputs and 
the power demand for the local load; and 

outputting power from the local energy source based on the 
calculated output power. 

2. The method of claim 1, wherein the grid network com 
prises a utility power grid. 

3. The method of claim 1, wherein receiving the external 
grid inputs comprises receiving one or more of dispatch infor 
mation from a central grid controller, specific control signals 
from a grid controller, or grid condition information from 
other nodes in the grid network. 

4. The method of claim 1, wherein receiving the local 
sensor inputs comprises receiving one or more oftemperature 
information, or information regarding one or more conditions 
that affect an ability of a local energy source to generate 
energy. 

5. The method of claim 1, wherein calculating the output 
power further comprises calculating the mix of real and reac 
tive power based at least in part on rate information indicating 
a value of power generated. 

6. The method of claim 1, wherein calculating the output 
power further comprises calculating the mix of real and reac 
tive power based at least in part on extrapolating from histori 
cal information indicating a history of how local power 
demand and local power generation has occurred in the past. 

7. The method of claim 1, wherein outputting power com 
prises outputting power for consumption by a local load. 

8. The method of claim 1, wherein outputting power com 
prises outputting power to charge a local energy storage 
SOUC. 

9. The method of claim 1, wherein outputting power com 
prises outputting real power to a power grid market for mon 
etary credit. 
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10. The method of claim 1, wherein outputting power com 
prises outputting power to one or more ancillary services, 
including real and/or reactive power grid Support, frequency 
Support for the grid network, blackstart operation, regulation 
up operation, regulation down operation, or a combination. 

11. A consumer node in a grid network of a power grid 
System, comprising: 

an energy meter on a consumer side of a point of common 
coupling (PCC) to the grid network, the energy meter to 
receive multiple inputs indicating an electrical condition 
of the grid network and local operating conditions at the 
PCC, and to identify power demand for a local load 
coupled to the consumer side of the PCC: 

a local power converter coupled to the consumer side of the 
PCC, the power converter to control an interface to the 
PCC to control power flow at the PCC; and 

a gateway controller coupled to receive information from 
the energy meter, to calculate a mix of real and reactive 
power to output from a local energy source, based on the 
multiple inputs and the power demand for the local load, 
and to request the power converter to output the calcu 
lated output power. 

12. The consumer node of claim 11, wherein the gateway 
controller is to calculate the mix of real and reactive power 
further based at least in part on rate information indicating a 
value of power generated. 

13. The consumer node of claim 11, wherein the gateway 
controller is to calculate the mix of real and reactive power 
further based at least in part on extrapolation of historical 
information indicating a history of how local power demand 
and local power generation has occurred in the past. 

14. The consumer node of claim 11, wherein the power 
converter is to output power for local capacity. 

15. The consumer node of claim 11, wherein the power 
converter is to output power to a power grid market, or to one 
or more ancillary services, including real and/or reactive 
power grid Support, frequency Support for the grid network, 
blackstart operation, regulation up operation, regulation 
down operation, or a combination. 
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16. A power grid system, comprising: 
a grid connector to couple a local consumer node to a utility 

power grid at a consumer side of a point of common 
coupling (PCC); 

a local energy source coupled on the consumer side of the 
PCC; and 

a control node coupled to the local energy source at the 
PCC, the control node including 
an energy meter on a consumer side of a point of com 
mon coupling (PCC) to the grid network, the energy 
meter to receive multiple inputs indicating an electri 
cal condition of the grid network and local operating 
conditions at the PCC, and to identify power demand 
for a local load coupled to the consumer side of the 
PCC: 

a local power converter coupled to the consumer side of 
the PCC, the power converter to control an interface to 
the PCC to control power flow at the PCC; and 

a gateway controller coupled to receive information 
from the energy meter, to calculate a mix of real and 
reactive power to output from the local energy source, 
based on the multiple inputs and the power demand 
for the local load, and to request the power converter 
to output the calculated output power. 

17. The power grid of claim 16, wherein the gateway con 
troller is to calculate the mix of real and reactive powerfurther 
based at least in part on rate information indicating a value of 
power generated. 

18. The power grid of claim 16, wherein the gateway con 
troller is to calculate the mix of real and reactive powerfurther 
based at least in part on extrapolation of historical informa 
tion indicating a history of how local power demand and local 
power generation has occurred in the past. 

19. The power grid system of claim 16, wherein the power 
converter is to output power for local capacity. 

20. The power grid system of claim 16, wherein the power 
converter is to output power to a power grid market, or to one 
or more ancillary services, including real and/or reactive 
power grid Support, frequency Support for the grid network, 
blackstart operation, regulation up operation, regulation 
down operation, or a combination. 
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