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SYSTEM AND METHOD TO CONTROL
DISTRIBUTED POWER GENERATION
NETWORK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from the following U.S.
Provisional Application Ser. No. 60/178,905, filed Feb. 1,
2000, entitled “Business Entity to Control Distributed Gen-
eration Assets Via Central Location Using Market Price Fluc-
tuations of Natural Gas and Electricity”, the disclosure of
which, including all attached documents and appendices, are
incorporated by reference in their entirety for all purposes.

This application further claims priority from U.S. patent
application Ser. No. 09/553/428, filed Apr. 19, 2000, entitled
“Electrical Power Distribution System and Method”, the dis-
closure of which, including all attached documents and
appendices, are incorporated by reference in their entirety for
all purposes.

This application further claims priority from U.S. patent
application Ser. No. 09/594,111, filed Jun. 14, 2000, entitled
“Device for Electrical Source Sharing”, the disclosure of
which, including all attached documents and appendices, are
incorporated by reference in their entirety for all purposes.

TECHNICAL FIELD

The present invention relates to electrical power distribu-
tion systems and, more specifically, to control means used
with distributed generation power systems.

BACKGROUND

Electric power generation and distribution is more than a
$200 billion dollar per year business. Electric utilities have
traditionally been government-regulated monopolies. Utility
companies come in many sizes, with some large enough to
supply an entire state, while others serve only local commu-
nities. These businesses take on many forms, including cor-
porations, co-operatively-owned utilities, and government
owned utilities.

Traditionally, utilities controlled all aspects of making and
delivering electricity. A traditional utility, like Duke Power
for example, generated, transmitted, and distributed electric
power. For instance, a single company might operate coal-
fired steam generation plants, hydroelectric plants, and
nuclear plants, all which covert various fuels into electricity.
The same company would own transformers, power lines,
switches and relays, which transmit the electricity from the
generation facility to the distribution site. The company also
would distribute power to homes and factories by connecting
them to a power grid, supplying a meter, and billing a cus-
tomer for power consumed.

Today, however, state governments are beginning to
deregulate the power industry in an effort to encourage com-
petition. As of spring 2000, all fifty states have begun to
investigate competitive power markets at the retail level. In
fact, eighteen states, including New York, Virginia, and Cali-
fornia, have enacted pilot programs deregulating utility mar-
kets.

As a result of deregulation, “traditional” utility companies
are shifting paradigms. For example, companies who feel that
their strongest asset is generating electricity may sell their
transmission and distribution assets to others. Thus, while in
the past a single company provided power, today there may be
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a distribution company, a generation company, a transmission
company, a meter reading company, and a billing company.

One problem with this “multi-faceted” power organization
is that each company is dependent upon another for success.
For example, if the generation company stops producing
power, the entire power chain ceases to function. When the
power goes out, customers can be literally left in the dark for
days or weeks at a time. Recently, in Atlanta, Ga., more than
500,000 customers were without power in an ice storm for
more than five days. During this time the average daytime
temperature was below 15 degrees Fahrenheit.

Although some homes have local generators, these genera-
tors are usually kept on hand for emergency power outages.
Configuration of local generators is usually done manually,
with local generation being employed during a power outage
and the utility power grid being employed once power is
restored to the grid. Aside from emergency usage, local gen-
eration of electricity using small generators at the consumer’s
home is not currently widespread because there is no system
that efficiently causes power to be supplied by a local genera-
tor when local generation is less expensive and supplied by
the power grid when local generation is more expensive. For
this reason, many homeowners cannot justify the investment
in a generator for backup power only.

Therefore, there is a need for a system that determines
optimal times to actuate alternative power devices based on
economic factors such as the relative costs to generate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one embodiment of a system
incorporating an Aggregator in accordance with the inven-
tion.

FIG. 2 is a block diagram of an Aggregator and power
machine in accordance with the invention.

FIG. 3 is a flow chart for local decision making once data
from an Aggregator has been received.

FIG. 4 is a decision tree illustrating a preferred embodi-
ment of an actuation decision process in accordance with the
invention.

DETAILED DESCRIPTION OF THE INVENTION

A preferred embodiment of the invention is now described
in detail. Referring to the drawings, like numbers indicate like
parts throughout the views. As used in the description herein
and throughout the claims, the following terms take the mean-
ings explicitly associated herein, unless the context clearly
dictates otherwise: the meaning of “a,” “an,” and “the”
includes plural reference, the meaning of “in” includes “in”
and “on”

U.S. patent application Ser. No. 09/553/428, filed Apr. 19,
2000, entitled “Electrical Power Distribution System and
Method”, disclosed a system for providing electrical powerto
customers through a distributed network. In that application,
one preferred embodiment comprised a power machine (like
afuel cell, for example) that is given, free of charge, to at least
one customer. The power machine is placed in and connected
to the customer’s home. The power machine is then con-
nected to the power grid. When the power from the grid goes
off, due to a problem in the grid for example, the fuel cell is
turned on to provide the customer with electric power. Alter-
natively, if the power grid is working properly, the fuel cell
can be actuated to provide power to both the load and the grid
when economically justifiable.

Referring now to FIG. 1, a general illustration of that
system is shown for reference. The system is a combination of
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five main parts: a Systems Integrator 101, a Communications
Hub 102, an Aggregator 103, a Distributor 104, and a Cus-
tomer 105. The Systems Integrator 101 is responsible for
configuring the power machine. The Distributor 104 then
buys the power machine from the Systems Integrator 101 and
installs the machine in the Customer’s home. The Distributor
104 is responsible for maintaining the power machine in the
Customer’s home. The Communications Hub 102 then pro-
vides the data communication network 106 and possibly
some data. The remaining element of the system is the Aggre-
gator, which is the subject of this application.

Before discussing the Aggregator in detail, it is important
to note that in this system, a critical element is broadband
communication circuitry that may be coupled to the power
machine. The data communications circuitry combines con-
trol circuitry, for starting and stopping the cell, and data
transfer circuitry capable of sending data across a network.
Such circuitry was disclosed in U.S. patent application Ser.
No. 09/594,111, filed Jun. 15, 2000, entitled “Device for
Electrical Source Sharing”.

Referring now to FIG. 2, one embodiment 200 of such
circuitry is shown for reference. The circuitry includes a
source sharing control circuit 210 that configures power con-
nections between a power grid 202, a local generator 242 and
a local load 208. The local generator 242 is the energy-
converting device in the power machine. The local generator
242, an electric meter 204 and a fuel meter 206 (such as a gas
meter) are at the local site 240.

The source sharing control circuit 210 works as local com-
munications circuitry and receives information from an exter-
nal data source 230. The source sharing control circuit 210
includes a micro-controller 212 and a power circuit 220 that is
capable of configuring power connections within the source
sharing control circuit 210 based on instructions received
from the micro-controller 212. The micro-controller 212
receives information from the data source 230 via a data port
214 and determines a preferred source sharing configuration
based on data received from the data port 214, and instructs
the power circuit 220 to effect the preferred source sharing
configuration.

Referring now to FIG. 3, one embodiment ofa decision tree
for the source sharing control circuitry is shown. In this
embodiment, the source sharing control circuitry receives
data 302 from external data sources, including an Aggregator,
which will be discussed later. The source sharing control
circuitry determines 304 if there is power on the power grid.
If not, the source sharing control circuitry isolates the load
from the power grid 306 and then configures the system to
fully power the load from the generator 318.

If power is available from the power grid, the source shar-
ing control circuitry determines 308 if the cost of locally
generated power is less than the cost of power from the grid.
If not, the source sharing control circuitry configures 310 the
system so that all power is being received from the grid. If it
is economically desirable to generate power locally, the
source sharing control circuitry determines 312 if the capac-
ity of the generator is less than the power requirement of the
load. If it is, the source sharing control circuitry configures
314 the system so that the generator supplies its full capacity
to the load and so that the load is supplemented with power
from the power grid.

If the generator capacity is not less than the load require-
ment, then the source sharing control circuitry determines
316 if sell back of power is allowed. If the selling back of
power is not allowed, then the system is configured 318 into
the load following mode. If sell back is allowed, the source
sharing control circuitry determines 320 if sell back is
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restricted to putting power onto the grid only if the power
meter shows a positive balance on the user’s account. This
mode is useful in regions that do not require the utility to buy
back power from the user, other than to apply a credit to the
user’s account not to exceed the positive balance in the user’s
account. If there is no reason to restrict the selling back of
power, such as in a fully competitive environment, the source
sharing control circuitry will configure 322 the system so that
the load is fully powered by the generator and any excess
generator power is transmitted to the power grid. If the user is
in a region in which selling back is restricted to current
positive balance of the power meter, the source sharing con-
trol circuitry reads account information stored in the power
meter 324 and determines 326 if the user has a positive
balance. If the result is that there is a positive balance, the
source sharing control circuitry will configure 322 the system
so that the load is fully powered by the generator and any
excess generator power is transmitted to the power grid. Oth-
erwise, if the power meter indicates that the user does not have
a positive account balance, the source sharing control cir-
cuitry configures 318 the system so that full power is supplied
to the load by the generator.

The preceding discussion describes how local decisions
concerning actuation of the power machine are made. As
noted, however, before the source sharing control circuitry
can begin the decision algorithm, input must be received from
an external source. That source can be an Aggregator, which
is the subject of this invention and will be fully described in
the following paragraphs.

Essentially, an Aggregator is an entity that provides deci-
sion data regarding the economic costs involved in receiving
power from the power grid and in generating power from the
local power machine. For example, the Aggregator could
provide the current price of electric power and the current
price of fuel (e.g., natural gas) for the generator. The Aggre-
gator, in one embodiment, could simply provide a binary
indication of whether current price conditions favor local
power generation versus taking power from the grid.

As a simple illustrative embodiment, the Aggregator is
coupled to the power machine via a cable modem. Simulta-
neously, the Aggregator is coupled via a similar means to the
electricity power exchange and to the natural gas exchange.
Occasionally, the cost of generating electricity from a fossil
fuel, such as oil, may be four times the cost of generating
electricity from natural gas with a fuel cell. Under these
conditions, the Aggregator subtracts the cost of oil-fired elec-
tricity from that of fuel cell electricity. Finding a positive
difference, the Aggregator sends a “turn on” actuation signal
to the power machine through the cable modem. The power
machine then imports this signal and processes it per the
decisiontree in FI1G. 3. If local conditions warrant, the control
circuitry turns on the generator.

The Aggregator may also receive data relative to a current
cost of operating the local generator, such as information
concerning: commodity consumption, the efficiency of the
local generator, and the health status of control circuit. The
Aggregator may communicate with the source sharing con-
trol circuitry via the global computer network, via telephone
(employing a modem), via satellite communications, via
cable, via a local area network, via a paging system, or one of
many other types of communication systems. The communi-
cations component will also allow a central office, such as one
working in tandem with the Aggregator to offer future ser-
vices through existing and future networks such as cable,
telephone, and broadband.

The data sent by the Aggregator to the source sharing
control circuitry can be used for actuation of the power















