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(57) ABSTRACT 

An intelligent network demand control system provides a 
system and method for controlling demand in an energy 
delivery system. The intelligent network demand control 
system employs a transceiver network with a plurality 
transceivers coupled to meters and appliances residing at a 
plurality of customer premises. Control room operators 
instruct a customer premises (CP) energy management Con 
troller to implement a reduction in system demand. A 
demand reduction control signal is relayed out to a pre 
de?ned group of transceivers to bring their respective Con 
trolled generators on line. The prede?ned transceivers, iden 
ti?ed by their identi?cation codes, are speci?ed in the 
demand reduction control signal. When the transceivers 
bring the generators on line in response to a broadcasted 
demand reduction control signal, the actual demand reduc 
tion is metered and relayed back to the CP energy manage 
ment controller. The total demand reduction is aggregated 
into a single number and then communicated to the opera 
tors. 
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SYSTEM AND METHOD FOR CONTROLLING 
GENERATION OVER AN INTEGRATED 

WIRELESS NETWORK 

CLAIM OF PRIORITY 

[0001] This application is a continuation-in-part of, and 
claims priority to and the bene?t of the ?ling date of, 
copending US. utility application entitled, “SYSTEM AND 
METHOD FOR CONTROLLING POWER DEMAND 
OVER AN INTEGRATED WIRELESS NETWORK,” hav 
ing Ser. No. 09/929,926, ?led Aug. 15, 2001, attorney docket 
number 081607-1220, Which is incorporated herein by ref 
erence in its entirety. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to control 
ling poWer demand in an electric poWer distribution system 
and, in particular, to a system and method for generators at 
customer premises through an integrated Wireless commu 
nication netWork. 

RELATED ART 

[0003] Electric utilities and other organiZations are 
responsible for supplying an economic, reliable and safe 
source of electricity to customers. The electric utility or 
other responsible organiZation, through its energy delivery 
system, provides to its customers electricity at a suitable 
voltage and frequency. This electricity is provided on an 
instantaneous basis. That is, When the customer turns on the 
light sWitch to light a room, the electric utility or other 
responsible organiZation provides the electricity to the cus 
tomer’s light bulb the instant that the customer ?ips the light 
sWitch on. 

[0004] One of the Well knoWn dif?culties in providing 
electricity to customers is precisely matching the aggregate 
amount of electricity consumed by all of the customers on an 
instantaneous basis With the amount of electricity generated 
and/or purchased by the providing electric utility or other 
responsible organiZation. That is, at any instant in time, the 
electric utility or other responsible organiZation must pro 
vide exactly the amount of electricity used by all of the 
customers (plus the associated transmission system losses). 
The total amount of electricity used by all of the customers 
at any given instant in time is commonly referred to as 
demand. Demand typically is measured in units of Watts, 
kilo-Watts (kW), mega-Watts (MW) or the like. For eXample, 
a conventional light bulb may have a demand of 60 Watts. 
One thousand of these light bulbs has a demand of 6 kW. If 
all one thousand of these light bulbs are all turned on at the 
same instant in time, the electric utility or other responsible 
organiZation must instantly provide an additional 6 kW of 
electricity (in addition to any associated increases in trans 
mission system losses) by increasing generation or pur 
chases. 

[0005] Failure by the electric utility or other responsible 
organiZation to eXactly match the electric demand of their 
customers With the supply (generation and purchases), dur 
ing every instant in time, may have very undesirable con 
sequences should the mismatch become signi?cant. When 
signi?cant mismatches betWeen demand and supply occur, 
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distortions in the electric system frequency occurs. Although 
the electric system components are designed to operate 
When the electric frequency is slightly distorted, protective 
devices coupled to selected components in the electric 
system are designed to operate to automatically reduce or 
eliminate signi?cant mismatches betWeen demand and sup 
ply. Furthermore, other electricity characteristics may be 
undesirably distorted, such as voltage, such that other types 
of protective relays begin to operate. 

[0006] For eXample, if the electric utility or other respon 
sible organiZation loses a generator in an unplanned manner, 
the electric system demand Will eXceed supply (because the 
supply decreases When the generator shuts doWn). If the 
mismatch is suf?ciently large, the electric frequency Will 
decrease from its nominal value of 60 hertZ If the 
frequency drops to beloW 59.8 HZ, relays sense the fre 
quency decay and operate to selectively disconnect pre 
de?ned groups of customers from the energy delivery sys 
tem. That is, poWer is shut off to some customers. Thus, 
demand is reduced, hopefully to the point Where demand 
again approximately equals supply such that the frequency 
recovers back to its nominal 60 HZ value. Disconnecting 
customer loads to arrest frequency decay is knoWn as load 
shedding. 

[0007] Although the action of the frequency sensitive 
relays effectively arrests the undesirable frequency decay, 
thereby saving the energy delivery system from a more 
severe decay in frequency and other undesirable associated 
problems, those customers that Were disconnected are 
impacted in an undesirable manner. That is, the customers 
Who Were selected to participate in the load shedding 
scheme had their poWer shut off. The affected customers are 
inconvenienced When they are disconnected from the energy 
delivery system, and the affected customers did not volun 
teer to be selected as participants in the load shedding 
scheme. Furthermore, the electric utility or other responsible 
organiZation loses the associated sales to the affected cus 
tomers, thereby negatively impacting the electric utility’s or 
other responsible organiZation’s revenue stream. 

[0008] Electric utilities and the other responsible organi 
Zations have implemented a variety of techniques to 
decrease the frequency of occurrence of these undesirable 
mismatches betWeen energy demand and supply. One Well 
knoWn technique is to couple selected energy consuming 
appliances to radio frequency (RF) controlled receivers. 
Then, When a mismatch in demand and supply occurs, or 
When the electric utility or other responsible organiZation 
anticipates that a mismatch occurrence is eminent, the 
electric utility or other responsible organiZation orders the 
shut off of the selected energy consuming appliances by 
transmitting a shut-off signal via a RF signal to the RF 
receivers. Typically, a group of appliances are coordinated to 
respond to a single RF frequency or a single command 
delivered to the RF receivers. Such a group of aggregated 
appliances is commonly referred to as a load block. Thus, by 
issuing a single shut-off command, appliances in the entire 
load block can be shut off such that a meaningful decrease 
in demand occurs. 

[0009] Participation in such a load block is typically 
voluntary. Often, customers are offered incentives to par 
ticipate. For eXample, a customer can be given a decrease in 
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rate and/or a rebate to voluntarily allow the utility or other 
responsible organization to couple an RF receiver to their 
appliance. 
[0010] For example, a load block can be formed by 
coupling each one of the above described one thousand light 
bulbs to RF receivers such that a 6 kW demand reduction is 
realiZed (assuming that all of the light bulbs Were on prior 
to sending the shut-off command). HoWever, this is not a 
very effective technique for reducing demand. The 6 kW 
decrease in demand does not provide a meaningful demand 
reduction because the demand decrease is too small to be of 
practical help in matching demand of the entire system With 
supply. Also, the cost of the RF receivers is not likely 
justi?able for so little of a demand reduction. 

[0011] On the other hand, forming a load block by con 
necting one hundred air conditioning units may provide a 
meaningful technique of reducing demand in a controlled 
manner. For example, if each air conditioning unit, When on, 
consumes approximately 10 kW, the electric utility or other 
responsible organiZation can reduce demand by as much as 
1.0 MW. A 1.0 MW demand reduction is sufficiently large to 
make a meaningful reduction in system demand. Even if 
only a portion of the air conditioning units Were on at the 
time the shut-off command Was transmitted to the RF 
receivers, the demand reduction may still be suf?ciently 
large to be meaningful. 

[0012] Typically, electric utilities or other responsible 
organiZations having such RF controlled energy demand 
reduction schemes Will have a plurality of load blocks that 
can be selectively shut off depending upon the particular 
needs at hand. For example, a load block may be designed 
to provide an expected demand reduction of 5 MW. The 
system may have eight such blocks. At some point in time, 
the electric utility or other responsible organiZation may 
determine that a 5 MW demand reduction is needed for a tWo 
hour period. The eight load blocks Would be sequentially 
shut off for ?fteen minute intervals over the tWo hour period. 
Such an approach is desirable in that the negative impact to 
the customers Will be minimiZed since the temperature of the 
customers’ premises is not likely to become noticeably 
uncomfortable during the 15 minute period that their air 
conditioners are shut off. 

[0013] Similarly, the electric utility or other responsible 
organiZation may determine that a 40 MW demand reduction 
is required for ?fteen minutes, thereby providing suf?cient 
time to increase generation or purchase additional poWer. All 
eight load blocks could be simultaneously shut off, thereby 
achieving a 40 MW demand reduction. One skilled in the art 
Will appreciate the signi?cant ?exibility provided to the 
electric utility or other responsible organiZation having 
access to an energy demand reduction system employing a 
plurality of RF controlled load blocks. 

[0014] HoWever, such energy demand reduction systems 
employing a plurality of RF controlled load blocks have 
numerous problems and de?ciencies. Once a load block is 
established by con?guring an RF communication netWork to 
provide a unique shut-off signal, and after a suf?cient 
number of selected appliances are ?tted With RF receivers 
responsive to the shut-off signal, it is difficult to revise, 
update and/or modify the load block. If the shut-off signal is 
modi?ed or changed, each individual appliance RF receiver 
may have to be manually recon?gured. If the amount of the 
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load in the load block is to be changed, individual appliances 
and/or their RF receivers Would have to be added, removed 
and/or recon?gured on an individual basis. Such changes 
require the time of a trained technician. Technician time 
directly equates to an expense to the electric utility or other 
responsible organiZation. Furthermore, making signi?cant 
changes to an established load block Will take a considerable 
amount of time to implement. 

[0015] Furthermore, there is no Way to ascertain the failure 
of an RF receiver or the associated appliance control equip 
ment. Thus, the shut-off signal sent out to the RF receivers 
Would not have an effect on a failed RF receiver. Only during 
a manual inspection Would the failed RF receiver be 
detected and ?xed. 

[0016] Another problem associated With conventional RF 
controlled load blocks arises from the statistical nature of 
loads serviced by an electric poWer distribution system. 
Consider the above described scenario Where each one 
hundred air conditioning units are each in a different resi 
dence. During a hot summer day, it is not probable that all 
one hundred of the air conditioning units Will be on all at the 
same time. An air conditioning unit cycles on and off as 
needed to maintain temperature of the house according to a 
temperature range speci?ed by the thermostat in the house. 
Thus, at any given moment, some of the air conditioners Will 
likely be on and some of the air conditioners Will likely be 
off. Furthermore, the thermostat settings Will not be the same 
for all of the residences. Statistics are used by the electric 
utility or other responsible organiZation to estimate, With a 
reasonable degree of accuracy, hoW many of the air condi 
tioning units Will likely be on at any give instant for an 
ambient temperature. Thus, the amount of load consumed by 
the aggregation of the one hundred air conditioners can be 
estimated. HoWever, an estimate is not an exact number. The 
electric utility or other responsible organiZation cannot 
knoW With certainty exactly hoW much load is shut off When 
the shut-off signal is sent out to the RF receivers. 

[0017] Another related problem arises from the nature in 
Which the loads are metered (measured). Typically, aggre 
gate customer loads are metered on a real-time basis by 
monitoring meters residing in the distribution substations. 
Thus, if the load block is serviced from a single substation 
(Which is not very likely), the electric utility or other 
responsible organiZation may get a good approximation of 
the effect of shutting off the load block by closely monitor 
ing the substation meters. HoWever, other loads are coming 
on, and going off, at precisely the same time that the shut-off 
signal is communicated to the load block. So, the meter Will, 
to some degree, falsely imply that shutting off the load block 
had more, or had less, of an impact than What Was in fact 
achieved by shutting off the load block. For example, the 
shut-off signal may shut off seventy-?ve of the one hundred 
air conditioning units in the load block (tWenty ?ve units are 
not running at the instant that the shut-off signal is sent). 
HoWever, ?ve air conditioning units not part of the load 
block may cycle on at substantially the same time that the 
shut-off signal is transmitted to the load block (a probable 
event if the substation is providing service to a large number 
of homes on a hot day). The substation meter Would incor 
rectly imply that only seventy air conditioning units Were 
shut off, When in fact, seventy-?ve air conditioning units 
Were shut off. Thus, the electric utility or other responsible 
organiZation may at best have a good approximation of the 
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effectiveness of shutting off a load block. But, the electric 
utility or other responsible organization Will not knoW the 
exact amount of demand reduction realized When the load 
block is shut off. 

[0018] Yet another problem With demand reduction sys 
tems employing ?xed-siZe load blocks is that it is dif?cult to 
readjust changes made in demand, or to ?ne-tune the 
demand changes actually realiZed. A load block is pre 
con?gured to affect a predetermined number of customer 
appliances (Which may or may not actually be operating at 
any given instant in time). Thus, a load block designed to 
statistically provide a 10 MW demand reduction cannot be 
easily recon?gured to provide a 12 MW demand reduction. 
Furthermore, if a 10 MW demand reduction is desired, the 
load block designed to statistically provide a 10 MW 
demand reduction Will probably never provide exactly a 10 
MW demand reduction. If, for example, the load block 
provides an actual load reduction of 9 MW, there is no 
convenient and effective mechanism to ?ne tune the energy 
demand reduction system or the load block such that an 
additional 1 MW demand reduction can be ordered. 

[0019] Additionally, blocks of generation may be consid 
ered as part of a load block, or as a generation block. 
Generation is tantamount to a negative load (loads consume 
electricity, generators provide electricity) Accordingly, addi 
tion of generation into the system Will offset load, thereby 
reducing demand from the perspective of the electric utility 
or other responsible organiZation. For example, a customer 
may have one or more generator units installed at their 
customer premises. Often, such generators employ oil, gas 
or another fuel source such that the generator may be quickly 
started and brought on-line during emergency conditions. 
These generators are sometimes referred to as stand-by 
generators. For example, hospitals often include stand-by 
generators. When a poWer service interruption occurs the 
stand-by generators are quickly brought on line, typically in 
a matter of seconds, so that critical loads are maintained. 

[0020] Generally, stand-by generator fuel costs and oper 
ating costs are suf?ciently high that the customer prefers to 
purchase electricity from the electric utility or other respon 
sible organiZation. Accordingly, stand-by generators are 
typically off-line (out of service). Furthermore, since the 
electric utility or other responsible organiZation does not 
oWn or control the stand-by generator(s), the stand-by gen 
erator(s) can not be conveniently and quickly brought on 
line by the electric utility or other responsible organiZation 
When needed to reduce demand. Even When such stand-by 
generation is incorporated into a load control scheme or an 
energy demand reduction scheme, the electric utility or other 
responsible organiZation Will typical place a manual request 
for the customer to start up the stand-by generator(s). Such 
a request, for example, may be made by a telephone call to 
the customer. HoWever, there is no guarantee that the 
stand-by generator(s) Will be brought on line in a timely 
manner, nor at a desirable generation level, since the electric 
utility or other responsible organiZation is not in direct 
control of the generator. 

[0021] Thus, a heretofore unaddressed need exists in the 
industry for providing a demand reduction and control 
system that accurately indicates the true amount of demand 
reduction realiZed When a shut-off signal is transmitted. 
Also, there is a heretofore unaddressed need in the industry 
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to provide a demand reduction and control system that 
provides for real time adjustment of demand on an appli 
ance-by-appliance basis. There is also a heretofore unad 
dressed need in the industry to automatically detect failure 
of RF receivers so that repairs can be initiated. Furthermore, 
there is an unaddressed need to control stand-by generators. 

SUMMARY OF THE INVENTION 

[0022] The present invention overcomes the inadequacies 
and de?ciencies of the prior art as discussed hereinabove. 
One embodiment of the present invention, an intelligent 
netWork demand control system, provides a system and 
method for providing an electric utility or other responsible 
organiZation direct control over selected individual cus 
tomer generators such that the controlled generators may be 
selectively brought on line (started) during periods of time 
When the electric utility or other responsible organiZation 
desires to reduce system demand. The intelligent netWork 
demand control system employs a transceiver netWork With 
a plurality of transceivers residing at a plurality of customer 
premises. A transceiver is coupled to each meter at a 
plurality of customer premises. Customer premises (CP) 
appliance controller units, each having a transceiver, are 
coupled to appliances residing in the plurality of customer 
premises. The transceivers and CP appliance controller units 
each have unique identi?cation codes. In one embodiment, 
transceivers broadcast to and receive radio frequency (RF) 
signals. A site controller provides communications betWeen 
the plurality of transceiver units and a CP energy manage 
ment controller residing in an energy delivery system con 
trol center. 

[0023] Transceivers coupled to the meters provide 
metered demand information to the site controllers such that 
the metered demand information is relayed onto the energy 
delivery system control center. Metered demand information 
from all customer premises transmitted into the transceiver 
netWork are aggregated and then communicated to the 
control room operators. When the control room operators 
determine that a reduction in system demand is required, the 
control room operators instruct the CP energy management 
controller to implement a demand reduction. The CP energy 
management controller provides control signals to the site 
controller specifying a plurality of generators that are to be 
brought on line, thereby effecting a demand reduction. 

[0024] The demand reduction control signal issued by the 
CP energy management controller is relayed to the site 
controllers out to the plurality of transceiver units coupled to 
the appliances. In one embodiment, the transceivers are 
coupled to the generator controller such that When the 
transceivers receive the demand reduction control signal, the 
generator is brought on line. That is, When the control room 
operators instruct the CP energy management controller to 
implement a reduction in system demand, the CP energy 
management controller generates a demand reduction con 
trol signal Which is relayed out to a plurality of prede?ned 
transceivers residing in the transceiver netWork that are 
con?gured to start their respective controlled generators. 
The prede?ned transceivers are identi?ed by their identi? 
cation codes Which are speci?ed in the demand reduction 
control signal. 

[0025] When the transceivers cause the generators to be 
brought on line, a change in demand is metered by the 
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meters. In one embodiment, transceivers coupled to the 
meters detect the change in metered demand and transmit 
the information to the CP energy management controller. 
Thus, When a plurality of generators are brought on line in 
response to a broadcasted demand reduction control signal 
over the transceiver network, the demand reduction occur 
ring at each customer premises is metered and the metered 
demand change is determined by the CP energy management 
controller on a real-time basis such that the total demand 
reduction is aggregated into a single number and then 
provided to the control room operators. 

[0026] In one embodiment, the control room operators 
may revieW the total demand reduction realiZed and may 
then, if desired, instruct the CP energy management con 
troller to implement a second round of demand reduction by 
issuing a second demand reduction control signal out to 
another generation block (plurality of prede?ned genera 
tors). 
[0027] In another embodiment, the CP energy manage 
ment controller may compare the initial total metered 
demand reduction With a speci?ed demand reduction, and if 
the initial demand reduction is less than the speci?ed 
demand reduction, the CP energy management controller 
automatically initiates a second round of demand reductions. 
With this alternative embodiment, if the initial demand 
reduction exceeds the speci?ed demand reduction, the CP 
energy management controller Would issue a control signal 
out to selected transceivers alloWing their generators to 
adjust poWer output, thereby ?ne tuning the actual demand 
reduction to be substantially equal to the speci?ed demand 
reduction requested by the control room operators. 

[0028] The present invention can also be vieWed as pro 
viding a method for controlling demand in an energy deliv 
ery system. In one embodiment, the method includes the 
steps of generating a demand reduction control signal by an 
energy management controller; transmitting the demand 
reduction control signal from the energy management con 
troller to at least one of a plurality of appliance control units, 
each one of the plurality of appliance control units coupled 
to at least one generator; starting the generator coupled to the 
appliance control unit in response to receiving the demand 
reduction control signal; metering a ?rst change in demand 
at a plurality of meters, each one of the meters con?gured to 
detect an output from the generators; and determining a ?rst 
aggregate change in demand. 

[0029] Other features and advantages of the present inven 
tion Will become apparent to one skilled in the art upon 
examination of the folloWing detailed description, When 
read in conjunction With the accompanying draWings. It is 
intended that all such features and advantages be included 
herein Within the scope of the present invention and pro 
tected by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The invention can be better understood With refer 
ence to the folloWing draWings. The elements of the draW 
ings are not necessarily to scale relative to each other, 
emphasis instead being placed upon clearly illustrating the 
principles of the invention. Furthermore, like reference 
numerals designate corresponding parts throughout the sev 
eral vieWs. 
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[0031] FIG. 1 is a block diagram illustrating a portion of 
a plurality transceivers residing at a plurality of customer 
premises. 
[0032] FIG. 2 is a block diagram illustrating selected 
transceivers residing in one of the exemplary customer 
premises of FIG. 1. 

[0033] FIG. 3 is a block diagram illustrating selected 
components of an energy delivery system control center in 
communication With the transceiver netWork of FIG. 

[0034] FIG. 4 is a block diagram illustrating alternative 
communication systems employed by the intelligent net 
Work demand control system of FIGS. 1-3. 

[0035] FIG. 5 is a block diagram illustrating an embodi 
ment of a customer premises (CP) appliance controller unit 
residing in the customer premises appliance controller unit 
of FIG. 2FIG. 6 is a block diagram illustrating an alternative 
embodiment of CP appliance controller unit of FIG. 2. 

[0036] FIGS. 7A and 7B are How charts illustrating a 
process for issuing a demand reduction control signal by the 
CP energy management controller of FIG. 3. 

[0037] FIG. 8 is a How chart illustrating a process for 
receiving a demand reduction control signal by the CP 
appliance controller unit of FIGS. 5 and 6. 

[0038] FIG. 9 is a block diagram illustrating an alternative 
embodiment of a gateWay appliance controller unit. 

[0039] FIG. 10 is a block diagram illustrating an alterna 
tive embodiment of a CP appliance controller unit con?g 
ured to provide noti?cation that the CP appliance controller 
unit has received and implemented a demand reduction 
control signal to its controlled appliances. 

[0040] FIG. 11 is a block diagram illustrating an exem 
plary customer premises of FIG. 1 having generators con 
trolled by transceivers according to the present invention. 

[0041] FIGS. 12A and 12B are How charts illustrating a 
process for issuing a demand reduction control signal by the 
CP energy management controller of FIG. 3 to a generation 
unit. 

[0042] FIG. 13 is a How chart illustrating a process for 
receiving a demand reduction control signal by a CP appli 
ance controller unit of FIG. 5 such that a controlled gen 
erator is brought on line. 

DETAILED DESCRIPTION 

[0043] a. OvervieW of the Intelligent NetWork Demand 
Control System 

[0044] In general, the present invention relates to a system 
and method for providing an electric utility or other respon 
sible organiZation direct control over selected customer 
loads such that the controlled loads are selectively shut off 
during periods of time When the electric utility or other 
responsible organiZation desires to reduce system demand. 
System demand is de?ned herein to be the instantaneous 
amount of electricity, including customer loads and electric 
system transmission losses, that the electric utility or other 
responsible organiZation either generates or purchases to 
provide service to its customers. Customers are de?ned 
herein to include residential customers (individuals or fami 
lies living in homes, apartments, condominiums or the like), 






























































