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1. 

CUSTOMER SIDE POWER MANAGEMENT 
SYSTEMAND METHOD 

This application is a continuation of application Ser. No. 
08/129,575, filed Sep. 29, 1993, now abandoned, which is a 
continuation of application Ser. No. 071944,796, filed Sep. 
14, 1992, now abandoned, which is a continuation of appli 
cation Ser. No. 07/638,637, filed Jan. 8, 1991, now aban 
doned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to a system and 

method for managing on the customer side the consumption 
of power supplied by an electric utility, and more specifi 
cally relates to a system and method for reducing the 
customer's peak power demand charges from an electric 
utility. Even more specifically, the invention relates to appa 
ratus and a method for sensing stochastic or other peak 
electrical power demands at a power utility customer and for 
controlling the operation of a secondary source of electric 
power situated at the customer side. In addition, the inven 
tion relates to apparatus and a method for shifting loads by 
buying and storing electrical power at the customer side 
during off-peak power demand periods and using the stored 
electrical power during high demand times. 

2. Description of the Prior Art 
Users of large amounts of electric power typically con 

sume such power at uneven rates. This is especially true for 
customers with highly punctuated loads, that is, having 
many pieces of equipment with frequent stops and starts. 
Such customers can be expected to build random and 
cumulative peaks in their power demands. An example may 
be the typical supermarket with perhaps four or more 
different refrigeration systems each with its own indepen 
dent controls generating elements of the combined peak 
load. 
A typical daily load profile for many industrial manufac 

turing facilities, retail establishments and the like is made up 
of several randomly acting loads, such as shown in FIGS. 
1A-1D. FIG. 1A illustrates a constant twenty-four hour 
lighting load. FIG. 1B illustrates a semi-random punctuated 
load. FIG. 1C illustrates semi-random longer cycle loads, 
and FIG. 1D illustrates a composite idealized daily load 
profile, showing high stochastic peaks arising randomly 
throughout the day. 

Despite these fluctuating demands for electric power, 
electric utilities are required to maintain a generating capac 
ity that exceeds the maximum demand for electricity antici 
pated during any given period of time. Therefore, electric 
utilities must maintain generating capacities far in excess of 
average electrical power requirements in order to meet such 
occasional and relatively short-term demands. The forma 
tion and maintenance of such excess capacity is quite 
expensive, and dramatically increases the average cost of 
providing electric power. 

In order to better allocate the cost of providing excess 
power generation capacity to those customers most requiring 
such capacity, and in order to encourage such customers to 
distribute their demand for electric power, the utility rate 
schedule applied to such customers is typically divided into 
at least two components. The first component is an energy 
usage charge which reflects the utility's own energy gen 
eration and transmission costs. The charge is typically 
calculated in cents per kilowatt hour of energy consumed 
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2 
during a particular billing period. The second component is 
a peak demand charge which reflects the utility's capital 
costs, and is based on the deviation from average energy 
consumed by the customer during a predetermined demand 
interval period of time. The peak demand charge is calcu 
lated as cents or dollars per kilowatt of actual peak demand. 
Such peak demand charges can be quite high as a percentage 
of the total utility charge over a particular billing period. 
Owing to the increased use of greater peak demand 

charges by electric utilities, large industrial consumers of 
electricity have begun investigating methods for reducing 
peak power demands from the electric utility. One approach 
is peak demand shedding. Peak demand shedding is the 
practice of sequencing equipment use so that only an accept 
able number of load contributors are allowed to operate 
simultaneously. This method is expensive to control and 
restrictive to the customers. 

Another approach is to increase the efficiency of the 
electrical loads used by the customer. Although this 
approach is in a positive direction, it yields relatively small 
gains in reducing peak demands, and it is peak demand that 
has the greatest effect on the rate that the consumer pays for 
his power. 
A third approach is use peaking generators. Peaking 

generators are generators provided by the power company to 
be used during peak demand portions of the day. These may 
be located in closer proximity to the utility’s customer sites. 
Problems associated with peaking plants (generators) 
involve high capital investment, low duty cycle, serious 
environmental considerations and relatively long time 
before completion. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide a system 
and method for managing electric power on the customer 
side. 

It is another object of the present invention to provide 
apparatus for reducing the peak power demand of a cus 
tomer from an electric power utility by controllably direct 
ing power from a storage battery to a particular relatively 
constant and Substantial load of the customer, such as 
fluorescent lighting, thereby diverting peak power demand 
normally derived from the electric utility. This reduction of 
peak power demand of a customer from an electric power 
facility by controllably directing power from a storage 
battery to a particular load, such as fluorescent lighting, 
thereby diverting peak power demand normally derived 
from the electric utility, is of enormous importance and 
represents a major departure from the prior art in handling 
the rapidly emergent needs of substantial customer loads 
which could be served by direct current power as separate 
and distinct from AC electrical power or from AC electrical 
power converted to DC. 

It is a further object of the present invention to provide 
apparatus used in a power management system for convert 
ing AC power to a DC regulated power based on a high 
efficiency switching mode power supply topology which can 
use a storage battery as part of its intrinsic circuitry. 

It is still another object of the present invention to provide 
apparatus for proportionally directing power from a battery 
storage device used in a power management system in 
response to the magnitude of the demand for peak power 
detected by the power management system. 
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It is yet a further object of the present invention to provide 
a customer side, power management system and method 
which may automatically and substantially increase the 
efficiency of power usage by the customer in major load 
areas, such as lighting and other electronic loads, relative to 
other approaches. 

In accordance with one form of the present invention, a 
customer side, power management system includes a power 
transducer having one or more sensors connected to the 
utility's power lines coming into the customer's facility. The 
power transducer measures the power being drawn by the 
customer's facility, and provides a signal proportional to the 
power drawn. 
The system may further include an integrator connected to 

the output of the power transducer. The integrator averages 
the signal from the transducer for a predetermined integra 
tion period, in much the same way as a utility measures peak 
power consumption. The output signal from the integrator is 
provided to one input of a comparator circuit (or a differ 
ential amplifier circuit which, in effect, acts as a compara 
tor), which is also included in the system. 
The other input of the comparator circuit is connected to 

either an automatically adjustable set point circuit or a 
manually adjustable set point circuit, either of which can be 
coupled to the comparator circuit by an appropriate switch 
ing circuit. The set point circuits provide a threshold signal 
to the comparator circuit. 
The comparator circuit compares the signal from the 

integrator with the set point circuit's threshold signal, and 
provides an output signal of at least one magnitude if the 
integrator's output signal is greater than or equal to the 
threshold signal, and of at least another magnitude if the 
integrator's output signal is less than the threshold signal. 
The power management system of the present invention 

further includes an AC-to-DC converter, which is preferably 
a switching mode type power supply. The power supply has 
a control input to which is provided the output signal from 
the comparator (or differential amplifier) circuit. The switch 
ing power supply receives at least a portion of the AC power 
provided by the utility to the customer's facility, and con 
verts this portion to DC power on its outputs. 
The DC power from the switching mode type DC power 

supply is provided to an isolation and distribution circuit and 
to a storage device, such as a battery. The isolation and 
distribution circuit will control and direct power to a load 
from either the DC power supply or the storage battery or 
proportionally from both, in accordance with the quantity of 
power consumed by the facility and sensed by the power 
transducer of the system. 

These and other objects, features and advantages of this 
invention will become apparent from the following detailed 
description of illustrative embodiments thereof, which is to 
be read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a graph of demand for electric power versus 
time for a constant lighting load of a hypothetical customer 
facility. 

FIG. 1B is a graph of demand for electric power versus 
time for semi-random punctuated loads of a hypothetical 
customer facility. 

FIG. 1C is a graph of demand for electric power versus 
time for semi-random longer cycle loads of a hypothetical 
customer facility. 
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4 
FIG. 1D is a graph of demand for electric power versus 

time for a hypothetical customer facility and illustrating the 
composite idealized daily load profile for such a facility. 

FIG. 2 is a block diagram of a customer side, power 
management system formed in accordance with the present 
invention and illustrating its interface with existing electric 
utility power lines of the customer facility. 

FIG. 3 is a schematic diagram of an alternative power 
management system formed in accordance with the present 
invention. 

FIG. 4 is a graph of demand for electric power versus 
time, which is similar in many respects to FIG. 1D, illus 
trating the results of load clipping by employing the system 
and method of the present invention. 

FIG. 5 is a graph of demand for electric power against 
time similar in many respects to FIG. 4, illustrating the daily 
load profile of a hypothetical customer facility with the 
power management system of the present invention operat 
ing in the facility. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIG. 2 of the drawings, it will be seen 
that a customer side, power management system formed in 
accordance with the present invention may be easily inter 
connected with the existing electric power wiring of the 
customer facility to monitor the load requirements of the 
customer. To facilitate an understanding of the invention, 
FIG. 2 shows three phase power wiring (i.e., wires labeled 
L1, L2 and L3 representing each phase) and a neutral (i.e., 
N) wire coming from the utility and being received by the 
customer facility. The three phase wires, L1, L2 and L3 and 
the neutral wire N are received by a main distribution panel 
2 of the customer facility. The main distribution panel 2 
distributes the power throughout the facility, and in many 
cases provides power to a lighting distribution panel 4 
which, as its name implies, distributes power to the various 
lighting circuits of the facility. That is, the main distribution 
panel 2 conventionally distributes the three phase power 
wiring of the electrical utility throughout the consumer 
facility and in so doing distributes power to the various loads 
served by the customer facility. As is illustrated in FIGS. 
1A-1C, there are three types of very common AC electrical 
loads which may be required to be satisfied by the AC 
electrical power generated at the public or electrical facility 
and emanating from the illustrated consumer facility and 
they are a Lighting Load (see FIG. 1A), Semi-Random 
Punctuated Loads (see FIG. 1B), and Semi-Random Longer 
Cycle Loads (see FIG. 1C). Thus, the three phase power 
wiring L1, L2, and L3 and the neutral wiring N connects 
from the public utility side of the main distribution panel 2 
and issues therefrom as AC electrical conductors on the 
customer side of this panel into connection with the com 
posite of loads which are required to be satisfied by the 
power emanating from the electrical utility, as shown in 
FIGS. 1A-1C. Normally, the main distribution panel 2 and 
the lighting distribution panel 4 are interconnected by one or 
more power lines 6, including a neutral line 8, but for 
purposes of this invention, the interconnecting lines between 
the main distribution panel and the lighting distribution 
panel are interrupted, as illustrated by the broken lines in 
FIG. 2. It will be understood that the interruptions of the 
lines between the main distribution panel 2 and the lighting 
distribution panel 4 with introduction of the inverter 1 are 
necessary only if the Lighting Load is not capable of being 
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powered solely by direct current, as distinct from a situation 
where the Lighting Load may be powered, in whole or in 
part, by AC power. To the extent it is not so capable, the 
inverter 1 must be employed to supply AC power, all in the 
event that there could be failure of the electrical facility to 
deliver any AC at all. 

In accordance with the present invention, the power 
management system includes a power transducer 10. The 
power transducer 10 has associated with it one or more 
voltage or current sensors 12, each sensor being coupled to 
a respective power line phase. The power transducer 10 
measures in real time the power consumed by the customer 
facility from the electric utility, and provides an output 
signal corresponding to this measurement. The output signal 
provided by the power transducer 10 is proportional in 
magnitude to the power consumed by the customer facility. 
For example, the output signal may be in terms of voltage, 
and have a range of from 0 to +10 or -10 volts, which would 
correspond to a power consumption of from 0 to 100 
kilowatts. A suitable power transducer 10 which may be 
used for the power management system of the present 
invention is Part No. PCE-20 manufactured by Rochester 
Instrument Systems, Inc. 
The output signal from the power transducer 10 is pref 

erably provided to an integrator circuit 14. The integrator 
circuit 14 averages the real time power measurement made 
by the power transducer. The integrator circuit 14 simulates 
the operation of a similar integration circuit which the utility 
uses to average the peak power demands of its customers. 
The integrator circuit 14 may be formed in various ways, 

including using an operational amplifier 16 with a feedback 
capacitor 18 and an input resistor 20, as shown in FIG. 2. 
The values of capacitor 18 and resistor 20 are selected to 
provide a desired integration time. The integrator circuit 20 
shown in FIG. 2 provides a negative gain; accordingly, if 
such a circuit is used, it may be coupled to the 0 to -10 V 
output of the power transducer to provide a positive output 
voltage signal which varies in response to changes in power 
drawn from the utility and sensed by the sensors 12. 
The power management system of the present invention 

further includes a comparator circuit which, in a preferred 
form, is a differential amplifier circuit 21. The output of the 
integrator circuit 14 is provided to a first input of the 
differential amplifier circuit 21. A second input of the 
differential amplifier circuit 21 is connected to a switching 
circuit 22, which is functionally depicted in FIG. 2 as a 
single pole, double throw switch 22a. 
More specifically, the "wiper' arm 24 of the switching 

circuit is connected to the second input of the differential 
amplifier circuit 21, one pole 26 of the switching circuit is 
connected to an automatically adjustable set point circuit 28, 
and the other pole 30 of the switching circuit is connected to 
a manually adjustable set point circuit 32. 
The automatically and manually adjustable set point cir 

cuits 28, 32 provide a threshold signal, which may be in the 
form of a voltage, through the switching circuit 22 to the 
second input of the differential amplifier circuit 20. The 
threshold signal represents the power level at which a 
secondary source of DC power, such as a storage battery 34, 
forming part of the power management system is to take 
over in supplying power to one or more various loads in the 
customer's facility, as will be described. 

Various manually adjustable set point circuits are envi 
sioned to be used in the present invention. One example of 
such is a potentiometer 36 connected between positive and 
negative voltages or a voltage V1 and ground, with its wiper 
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6 
arm connected to the pole 30 of the switching circuit 22. 
Such a circuit would provide a threshold voltage to the 
differential amplifier circuit 21. The set point circuit 32 
would be adjusted after an analysis of the customer's energy 
consumption profile. The threshold would be set so that any 
Stochastic or recurrent (i.e., non-random, time of day) peaks 
in the customer's daily power demand would be supplied in 
full or proportionally by the secondary DC power source of 
the power management system, as illustrated by FIG. 3. 
The automatically adjustable set point circuit 28 will 

periodically derive and store the maximum value of the 
actual peak power demands over predetermined time inter 
vals, for example, daily or monthly, and provide a threshold 
which is based on a "moving average' computed by the 
circuit. This threshold signal is provided to the input of the 
differential amplifier circuit 21 through the switching circuit 
22. The automatic set point circuit 28 will automatically 
adjust the threshold signal in accordance with the moving 
average of the customer's peak power requirements which it 
calculates algorithmically. An example of such a circuit is 
disclosed in U.S. Pat. No. 4,731,547, which issued to Phillip 
Alenduff et al., the disclosure of which is incorporated 
herein by reference. 
As its name implies, the comparator (or more preferably 

the differential amplifier) circuit 20 will compare the thresh 
old signal provided by either set point circuit 28.32 which is 
selected by the switching circuit 22 with the output signal 
from the integrator circuit 14, which output signal represents 
the power being drawn from the utility averaged over the 
predetermined integration period. If the output signal from 
the integrator circuit 14 is greater in magnitude than the 
threshold signal, i.e., indicating that excessive or peak power 
is being consumed, the differential amplifier circuit 20 will 
sense this and provide a proportional output signal which is 
compatible with that required to control an AC-to-DC con 
verter or switching mode type power supply 38 forming part 
of the power management system, as will be described. 
One form of a differential amplifier circuit 20 which is 

suitable for use in the present invention is an operational 
amplifier 40 having a feedback resistor 42 and an input 
resistor 44, with the threshold signal being provided to the 
inverting input of the operational amplifier 40 through the 
input resistor 44, and the output signal from the integrator 
circuit 14 being provided to one side of a second input 
resistor 43 whose other side is connected to the non 
inverting input of the operational amplifier and to another 
resistor 45 to ground. When the values of the first input and 
feedback resistors 44, 42 equal those of the second input and 
the grounded resistors 43, 45, respectively, the output signal 
from the differential amplifier circuit 20 will be a voltage 
level equal to the difference between the voltage levels of the 
integrator circuit's output signal and the threshold signal, 
multiplied by the ratio between the values of the feedback 
and first input resistors 42, 44. Accordingly, the output signal 
from the differential amplifier circuit 20 is preferably a 
voltage level which varies proportionally with the difference 
between the output signal from the integrator circuit 14 and 
the set point threshold signal level. 
As will be described in greater detail, many AC-to-DC 

power supplies adjust their output voltage levels in propor 
tionment to the voltage applied to their control signal input, 
and operate on positive control signal voltages, for example, 
0 volts to 10 volts for an output adjustment of from 125 volts 
to 110 volts. To prevent negative voltage swings in the 
output signal from the differential amplifier circuit 20, such 
as when the level of the output signal of the integrator circuit 
is below the set point threshold signal level, one can provide 
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a positive supply voltage to the appropriate supply terminal 
of the operational amplifier 40, and ground the negative 
supply terminal. Alternatively, one may connect a diode (not 
shown) having its anode connected to ground and its cathode 
connected to the output of the operational amplifier 40 to 
clamp the differential amplifier's output signal to 0 volts 
when the output signal from the integrator circuit 14 is less 
than the set point threshold signal level. 

Instead of using the differential amplifiercircuit 20, which 
provides a continuously variable output signal which is 
proportional to the difference between the threshold signal 
and the integrator circuit's output signal, a simple compara 
tor, such as in the form of an operational amplifier, may be 
used. The integrator's output signal and the threshold signal 
are provided to the two inputs of the comparator, and the 
comparator's output signal is provided to the control input of 
the AC-to-DC converter 38. When the integrator circuit's 
output signal is greater than the threshold signal, the output 
signal of the comparator will be in a first state to signal the 
AC-to-DC converter 38 to provide a first output voltage 
level. When the integrator circuit's output signal is less than 
or equal to the threshold signal, the output signal of the 
comparator will be in a second state to signal the AC-to-DC 
converter 38 to provide a second output voltage level. 
As mentioned previously, the power management system 

of the present invention includes an AC-to-DC converter 
circuit 38. Preferably, the converter circuit 38 is a power 
supply of the switching type, which is known to have good 
regulation and high efficiency. The power line 6 and neutral 
line 8 from the main distribution panel 2, which originally 
were provided to the lighting distribution panel 4, are now 
provided to the AC inputs of the switching power supply 38. 
The output signal from the comparator or differential ampli 
fier circuit 20 is provided to the control input of the power 
supply. The switching power supply 38 will convert the AC 
power provided to it into a DC voltage and current to run a 
particular load or loads at the customer facility, such as a 
fluorescent lighting load 46, as illustrated by FIG. 2. A 
suitable AC-to-DC switching power supply 38 which may 
be used in the power management system of the present 
invention is Part No. 2678644 manufactured by Techni 
Power Corp., a Penril Company, located in Connecticut. For 
greater power handling requirements, several power sup 
plies may be connected in parallel, all being controlled by 
the comparator or differential amplifier circuit 20. With 
whichever AC-to-DC converter 38 that is used, the com 
parator or differential amplifier circuit 20 is designed to 
provide the compatible control signal to vary the converter 
output as required. 
The output voltage of the switching DC power supply 38 

is adjustable proportionally to the control signal it receives. 
For example, the power supply 38 may be selected or 
designed such that a control voltage provided to the control 
input of the power supply of from 0 to 10 volts will inversely 
adjust the output DC voltage of the power supply from 125 
to 110 volts. As will be described in greater detail, the 
control of the output voltage of the AC-to-DC power supply 
38 is an important aspect of the power management system, 
as it will allow the lighting or other load to be driven by 
power from the electric utility or from the secondary DC 
source, such as the storage battery 34, situated at the 
customer facility. 
The DC output voltage from the AC-to-DC power supply 

38 is provided to a power isolation and distribution circuit 48 
and to a second source of DC power which, in the preferred 
form of the invention, is a storage battery 34. More specifi 
cally, the positive terminal of the power supply 38 is 
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8 
provided to the input of the power isolation and distribution 
circuit 48, one output of the power isolation and distribution 
circuit is provided to the power line 6 connected to the 
lighting distribution panel 4, and another output of the power 
isolation and distribution circuit is provided to the positive 
terminal of the storage battery 34. The negative output of the 
power supply 38 is provided to the negative output of the 
storage battery 34 and to the neutral line 8 connected to the 
lighting distribution panel 4. Connected in this manner, the 
AC-to-DC power supply 38 will not only provide DC power 
to the lighting or other load 46 of the customer, but will also 
charge the storage battery at times of low power demand. 

In a preferred form of the present invention, the power 
isolation and distribution circuit 48 basically consists of a 
series of three interconnected diodes 50,5254. The first 
diode 50 has its anode connected to the positive output 
terminal of the power supply 38, and its cathode connected 
to the positive terminal of the storage battery34. The second 
diode 52 has its anode connected to the positive terminal of 
the storage battery 34, and its cathode connected to the first 
output of the power isolation and distribution circuit 48, 
which output is connected to the powerline 6 provided to the 
lighting distribution panel 4. The third diode 54 has its anode 
connected to the positive output terminal of the power 
supply 38, and has its cathode connected to the cathode of 
the second diode 52 and to the first output of the power 
isolation and distribution circuit 48. 
The diodes of the power isolation and distribution circuit 

provide isolation between the storage battery 34 and the 
AC-to-DC power supply 38, and provide a larger "dead 
band' or buffer region to allow the storage battery to be 
switched into the circuit, to supply power to the lighting or 
other load 46, or isolated from the circuit. The diodes 50-54 
used in the power isolation and distribution circuit are 
preferably high power, silicon diodes. 
The power isolation and distribution circuit 48, power 

supply 38 and storage battery 34 work in the following 
manner. Assuming the storage battery is 124 volts DC, and 
the output of the AC-to-DC power supply is 125 volts DC, 
for example, then the first and third diodes 50,54 are forward 
biased so that the potential at the first and second outputs of 
the power proportioning circuit is 124.3 volts each, assum 
ing diode drops of 0.7 volts. The second diode 52 is 
essentially back biased and not turned on. The DC power 
supply 38 is supplying current to the lighting or other load 
46 as well as to the storage battery 34 to charge the battery. 
This condition occurs during times when there is no peak 
power demand. 

If, for example, the output of the AC-to-DC power supply 
decreases to 123 volts, then the first and third diodes 50,54 
of the power isolation and distribution circuit are back 
biased, and the second diode 52 is forward biased. Under 
such conditions, the storage battery 34 contributes power to 
the lighting or otherload. This condition occurs during peak 
power demands. The amount of power contributed by the 
battery 34 to the load is substantially equal to the amount of 
power drawn from the utility by the customer which exceeds 
the set point threshold, up to the limit of the load. 

For example, assume that the customer demand is 750K 
watts, the set point threshold is set at 800 K watts, and the 
lighting load controlled by the power management system of 
the present invention is 100 K watts. Since the customer 
demand is below the peak set point threshold, the lighting 
load of the customer will be entirely powered by the utility 
through the AC-to-DC converter, and the storage battery 34 
is being recharged under these conditions. This can be 
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considered a first mode of operation of the power manage 
ment system. 
Assume now that the customer's demand has increased to 

850 K watts, which is 50 K watts over the 800 K watt set 
point threshold set in the management system. Under such 
conditions, the lighting load controlled by the system will 
draw 50 K watts of power from the utility through the 
AC-to-DC converter 38 and 50 K watts of power from the 
storage battery. Thus, there is a proportional sharing of 
power to the load from the utility and the storage battery to 
provide power to the lighting or other load. This can be 
considered a second mode of operation of the system. 

If customer demand increased to 1000 K watts, which is 
200 K watts above the threshold, the lighting load will be 
powered entirely from the storage battery and not by the 
utility. This is a third "uninterruptable” mode of operation of 
the system. 

Preferably, the storage battery 34 is formed from a series 
connection often, 12 volt DC batteries. One form of battery 
which is suitable for use is a sealed, maintenance free lead 
acid Absolyte(TM) series of batteries manufactured by 
GNB, Inc. 
The operation of the power management system of the 

present invention will now be described. A stochastic or 
recurrent peak power demand, such as shown in FIG. 1D, is 
detected by the power transducer 10. The voltage level of the 
output signal from the power transducer will increase, and 
this increase in voltage level will be averaged over a 
predetermined integration period by the integrator circuit 14. 
The output signal of the integrator circuit will accordingly 
also increase in magnitude. If the output signal level of the 
integrator circuit 14 is greater than the threshold signal level 
of either set point circuit 28.32 connected to the system, the 
comparator or differential amplifier circuit 20 will sense this 
and provide an appropriate output signal to the AC-to-DC 
power supply 38 to reduce the power supply output voltage 
to below the potential of the storage battery 34. Since the 
battery potential is greater than the power supply voltage, 
power from the battery 34 will be supplied to the load. 

If electric power demand from the utility decreases, a 
corresponding decrease in the magnitude of the output 
signals from the power transducer 10 and the integrator 
circuit 14 will follow. If the output signal from the integrator 
circuit falls to or below the threshold level set by the set 
point circuits 28,32, the comparator or differential amplifier 
circuit 20 will sense this and will provide the appropriate 
signal to the control input of the switching power supply 38 
to increase the output voltage level of the power supply. If 
the supply's output voltage level is greater than the present 
or "spot” potential of the storage battery 34, the load will 
again be fully served by the power supply, and current will 
also flow to the battery until the battery is fully charged. In 
this mode, no current will flow from the battery to the load. 

Another form of the power management system of the 
present invention is shown schematically in FIG. 3. The 
power transducer 10 is connected to one or more of the 
customer's utility power lines, as shown in FIG. 2, and has 
its output connected to the non-inverting input of an opera 
tional amplifier 60 configured as a non-inverting buffer 
amplifier. The output of the buffer amplifier 60 is connected 
to one side of a differential amplifier circuit including an 
operational amplifier 40, a first input resistor 43 connected 
between the buffer amplifier output and the non-inverting 
input of the operational amplifier 40, and another resistor 45 
connected between the non-inverting input of the opera 
tional amplifier and ground. The differential amplifier 
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10 
includes another input resistor 44 connected to the inverting 
input of the operational amplifier 40, a feedback resistor 42 
connected between the output and inverting input of the 
operational amplifier and a feedback capacitor 62 connected 
in parallel with the feedback resistor. The input resistors 
43.44 are preferably equal in value, as are the feedback 
resistor 42 and grounded resistor 45, as in the previous 
embodiment. The feedback capacitor 62 is provided to slow 
the response time of the differential amplifier. 
A manual set point threshold circuit includes a potenti 

ometer 36 having its opposite legs connected between a 
positive voltage and ground and its wiper provided to the 
non-inverting input of an operational amplifier 64 config 
ured as a non-inverting buffer amplifier. The output of the 
buffer amplifier 64 is provided to the other input resistor 44 
of the differential amplifier. 
The output of the differential amplifier is provided to a 

voltage-to-current converter. The voltage-to-current con 
verter includes an NPN transistor. 66, a base resistor 68 
connected between the output of the differential amplifier 
and the base of the transistor 66, and an emitter resistor 70 
and series connected diode 72 which together are connected 
between the emitter of the transistor and ground. The 
collector of the transistor 66 is connected to one end of a 
fixed resistor 74 and one end and the wiper of a multi-turn 
potentiometer 76, whose other end is connected to ground. 
The remaining end of the fixed resistor 74 is connected to the 
Adjust input of a series regulator 78, such as Part No. 
TL783C manufactured by Texas Instruments, and to one end 
of another fixed resistor 80 whose other end is connected to 
the output (OUT) of the regulator 78. 
As in the previous embodiment, the power management 

system includes an AC-to-DC converter comprising the 
regulator 78 mentioned previously, a full wave rectifier 
circuit consisting of two diodes 82,84, and a conventional pi 
filter consisting of two by-pass capacitors 90.92 and a series 
choke or inductor 94, the filter circuit being connected to the 
output of the rectifier circuit. The output of the filter circuit 
is connected to one leg of a fixed resistor 96, whose other leg 
is connected to the input (IN) of the regulator 78 and to the 
base of a PNP transistor 98 through a base resistor 100. The 
emitter of the transistor 98 is connected to the output of the 
filter circuit, and the collector is connected to the base of an 
NPN power transistor 102. A suitable power transistor 102 
which may be used is Part No. TIPL762 manufactured by 
Texas Instruments. Of course, the power transistor is 
selected in accordance with the power requirements of the 
system. The collector of the power transistor 102 is con 
nected to the emitter of its driving transistor 98 and to the 
output of the filter, and the emitter of the transistor 102 is 
connected to the output of the regulator 78. Transistors 98 
and 102 and their associated components form a current 
booster circuit. 
The power management system shown in FIG. 3 further 

includes an isolation and distribution circuit consisting of 
three interconnected first, second and third diodes 50,52.54, 
as in the previously described embodiment illustrated by 
FIG. 2. The output of the regulator 78 is connected to the 
anodes of first and third diodes 50,54. The anode of the 
second diode 52 and cathode of the third diode 54 are 
connected to the positive terminal of a storage battery 34 
used in the power management system, and the cathodes of 
the second and third diodes 52.54 are connected to the load 
46 which is powered by the system. 
The power management system shown in FIG.3 operates 

in the following manner. When the power drawn from the 
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utility is such that the output level of the transducer 10 is 
below the set point threshold level, the transistor 66 of the 
voltage-to-current converter is non-conducting. This effec 
tively increases the resistance of the lower leg of a resistor 
divider network defined by resistor 80, comprising the upper 
leg, and the combination of resistors 74 and the parallel 
combination of the multi-turn potentiometer 76 and the 
resistance of the voltage-to-current converter, which com 
prise the network's lower leg. Under such conditions, the 
voltage at the anode of the first diode 50 will be greater than 
the voltage at the anode of the second diode 52, which is the 
voltage of the storage battery 34. The first diode 50 will be 
turned on and the second diode 52 will be backbiased so that 
power from the utility through the AC-to-DC converter, i.e., 
the full wave rectifier circuit, the filter and the current 
booster circuit, will be provided to the load 46. 
When the transducer 10 of the power management system 

senses an increase in utility power drawn by the customer, 
the output signal from the buffer amplifier 60 will exceed the 
magnitude of the output signal of the threshold signal's 
buffer amplifier 64. In response, the differential amplifier 
will provide a positive voltage output signal which will 
cause the transistor 66 of the voltage-to-current converter to 
conduct current. This effectively lowers the resistance of the 
lower leg of the resistor divider network which, in turn, 
decreases the voltage on the anode of the first diode 50. If 
the voltage on the anode of the first diode 50 decreases to a 
point where the second diode 52 is forward biased, current 
will flow from the storage battery 34 to the load. As now less 
power is drawn from the utility, the output voltage from the 
power transducer 10 will decrease, which affects the output 
voltage of the differential amplifier and the current drawn 
through the collector of the voltage-to-current converter 
transistor 66. This will change the voltage on the anode of 
the first diode 50 to a point where there is a proportional 
sharing of power from the storage battery and from the 
utility. Thus, the power management system acts as a servo 
system with feedback and has a self-leveling capability. 
As can be seen from the above description, the power 

management system of the present invention can be easily 
implemented in a customer facility with little or no rewiring. 
Because the main distribution panel 2 is usually connected 
to a second, lighting distribution panel 4, the interconnection 
between the two can be broken and connected to the power 
management system. Also, fluorescent lighting, which may 
represent approximately 40% of the total load for some 
utility customers, is a particularly attractive load to work in 
conjunction with the power management system. The light 
ing load remains fairly constant throughout the day and, 
therefore, the power management system parameters may be 
easily optimized for operating such a load. In addition, many 
of the electronic ballasts currently, and increasingly, used in 
fluorescent lighting will function on either direct current 
(DC) or alternating current (AC). If fluorescent lighting, 
either electronically ballasted or magnetically ballasted, is to 
be controlled by the system and powered by AC, this may be 
accomplished by using an inverter 110 interconnected 
between the output of the power isolation and distribution 
circuit 48 (and the negative terminal of the AC-to-DC 
converter 0.38) and the lighting distribution panel 4, as 
shown by dashed lines in FIG. 2. Accordingly, fluorescent 
and other lighting is perfectly suited for operation with the 
power management system of the present invention. 
The power management system of the present inventionis 

designed to remove stochastic or recurrent peak loads from 
the customer's electric utility power line, to the principal 
financial advantage of the customer in avoiding demand 
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12 
charges, as illustrated by FIG. 4 of the drawings, which 
shows by dashed lines the elimination of such peaks from 
the customer's utility demand. Also, the power management 
system provides for load shifting, to the principal advantage 
of the power utility. The threshold is adjustably set by the 
system to remove and shift such demand loads, as illustrated 
by FIG. 5 of the drawings. 
A typical customer load profile is shown by the solid line 

in FIG. 5, with a peak in the profile occurring at or about 
1:00 p.m. During the peak period, the power management 
system automatically turns on to reduce the utility power 
consumed. During such times, the storage battery 34 is 
mainly discharging, as represented by the letter D in FIG. 5, 
to provide power to the lighting or other loads. This reduces 
the customer load profile to that illustrated by the dashed line 
in FIG.S. 
At times of low power demand, the power management 

system will charge the storage battery 34, as described 
previously. The periods that the battery is charging are 
indicated by the letter C in FIG. 5. This load shifting may 
also be performed at preset times. As illustrated by FIG. 2, 
the connection between switching circuit 22 and the differ 
ential amplifier circuit 20 may be broken, as illustrated by 
dashed lines, to add a relay or switching circuit 112 between 
the two. Relay or switching circuit 112 is functionally 
depicted as a single pole, double throw switch 112a, with its 
wiper 114 connected to the differential amplifier circuit 20 
and one pole 116 connected to wiper 24 of switching circuit 
22. The remaining pole 118 may be connected to a voltage 
source V having a magnitude which is less than that of the 
output signal from the integrator circuit 14 or power trans 
ducer 10 expected during the periods when load shifting is 
desired. 
A timing circuit 120 is coupled to the relay or switching 

circuit 112 to control the circuit such that, at predetermined 
times, the connection between switching circuit 22 and 
differential amplifier circuit 20 will be broken by relay or 
switching circuit 112, and voltage V will be applied to 
differential amplifier circuit 20 through relay or switching 
circuit 112. Because voltage V is selected to be less than the 
output voltages of integrator circuit 14 and power transducer 
10, the output signal of the differential amplifier circuit 20 
will ensure that the output voltage of the AC-to-DC con 
verter circuit 38 is lower than the potential of storage battery 
34. Accordingly, battery 34 will provide predetermined 
power to the selected loads during programmed "on' times 
controlled by timer 120. 
An external control input 122 may also be provided and 

connected to the relay 112 to allow an external control signal 
to switch the relay when load shifting is desired. The control 
input may optionally be connected to a modem 124 situated 
at the customer side so that, for example, the utility itself 
may remotely control when load shifting at the customer 
side is to occur by transmitting a signal to the modem 124 
to control relay 112. 

Since the utility charges a premium for peak power 
consumption, removal of stochastic or recurrent peak loads 
from the utility may significantly reduce the electricity 
charges incurred by the customer. 

Since the storage battery 34 is only being used during 
infrequent times of peak power demands, the controlled 
depth of discharge and the charge and discharge cycle of the 
storage battery can be minimized. As a result, the life of the 
battery will be prolonged. 

It should also be noted that other types of secondary 
power sources may be used, such as a power generator or 
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photovoltaic device. These devices may be used instead of 
the storage battery 34, or may be appropriately switched into 
the power management system to substitute for or supple 
ment the storage battery. 
Although illustrative embodiments of the present inven 

tion have been described herein with reference to the accom 
panying drawings, it is to be understood that the invention 
is not limited to those precise embodiments, and that various 
other changes and modifications may be effected therein by 
one skilled in the art without departing from the scope or 
spirit of the invention. 
What is claimed is: 
1. An electrical power management system comprising 

the combination of: 

AC electrical connection means including AC input con 
ductors receiving AC electrical energy from a public 
utility, and AC electrical load means connected to the 
input conductors for routing AC electrical power within 
the power management system to a plurality of elec 
trical loads associated therewith, and at least one DC 
load means associated with the power management 
system, 

said power management system comprising at least two 
DC power supply entities including an AC-to-DC first 
power supply means dedicated to said one DC load 
means and connected to said AC input conductors for 
converting AC electrical power to constitute a first DC 
power supply means and at least one direct current 
power supply means also dedicated to said one DC load 
means and consisting of a direct current source, said 
direct current source and said first DC power supply 
means being isolated from each other and each being 
capable of supplying said one DC load means with all 
of the power required to power it, and 

circuit means interconnecting said first DC power supply 
means, said direct current power supply means and said 
one DC load means for operation in one of three modes, 
1) a mode in which said first DC power supply means 
supplies all of the power for said one DC load means, 
2) a mode in which said first DC power supply means 
and said direct current power supply means share 
power to said one DC load means, and 3) a mode in 
which the direct current power supply means supplies 
all the power for said one DC load means. 

2. An electrical power management system as defined in 
claim 1 wherein said circuit means is in the form of an array 
of steering diodes and includes means for varying the output 
level of said first DC power supply means relative to the 
output level of said direct current supply means. 

3. In combination with a public utility which supplies AC 
electrical energy to a plurality of consuming customer 
entities and which public utility includes a plurality of 
electrical conductors for delivering said AC electrical energy 
to the consuming customer entities; 

each consuming customer entity having an electrical 
distribution box connected to said electrical conductors 
with load conductors issuing therefrom for connection 
to the consuming customer's electrical loads, some of 
the electrical load conductors being connected to one of 
the consuming customer's electrical loads which is a 
special load such as a lighting load, some of the 
electrical load conductors of the customer entity being 
connected to an AC-to-DC power primary source of 
DC power and there being an electrically separate 
source of direct current power in the form of direct 
Current SOLICe means, 
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14 
sensing means coupled with the electrical conductors of 

the public utility for detecting excessive AC electrical 
energy imposed upon the public utility in real time by 
the composite of the consuming customer entities, 

and means responsive to said sensing means for causing 
said special load at each consuming customer entity to 
be powered 1) solely by the primary source of DC 
power supply of the associated consuming customer 
entity, 2) in load-sharing fashion by the primary source 
of DC power supply of the associated consuming 
customer entity and said source of direct current power 
of the associated consuming customer entity, or 3) 
solely by said source of direct current power of the 
associated consuming customer entity, 

4. The combination defined in claim 3 wherein said 
sensing means produces a variable output signal indicative 
of power demand made by the composite of the consuming 
customer entities upon the public entity, each means respon 
sive to said sensing means comprising comparator means 
receiving said variable output signal from said sensing 
means and a reference signal. 

5. The combination defined in claim 4 wherein each 
means responsive to said sensing means also comprises 
diode means connected to an associated consuming entity 
primary source of DC power Supply means, an associated 
one of said consumer's special loads and the associated 
comparator means. 

6. An electrical power management system comprising 
the combination of: 

AC electrical connection means receiving AC electrical 
energy from a public utility, AC electrical load means 
connected to the AC electrical energy for routing AC 
electrical power within the power management system, 
and at least one DC load means within the power 
management system which is isolated from the AC of 
the public utility and may be powered solely by direct 
Current, 

said power management system including two power 
Supply means dedicated to said one DC load means, an 
AC-to-DC first power supply means for providing 
converted DC power to said DC load means, and at 
least one second power supply means consisting of 
direct current source means, 

sensing means tying said AC-to-DC first power supply 
means, said second power supply means and said DC 
load means together for sensing the electrical power 
demand placed upon the public utility by the manage 
ment system and for providing variable signal outputs 
responsive to said power demand and to the output 
level state of said second power supply means relative 
thereto so that: 
said AC-to-DC first power supply means supplies all of 

the power to said DC load means when the level of 
that variable signal output responsive to said power 
demand dominates, 

said DC second power supply means supplies all of the 
power to said DC load means when the output level 
state of said second supply means dominates; and 

said AC-to-DC first power supply means and said 
second power supply means variably share power to 
said DC load means when the levels of said variable 
Signal output due to power demand and said output 
level state of the second power supply means fluc 
tuate with respect to each other. 

7. An electrical power management system as defined in 
claim 6 wherein said DC load is a fluorescent lighting load, 
said sensing means including a power transducer coupled to 
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said AC electrical power and differential amplifier means 
providing said variable signal outputs. 

8. An electrical power management system comprising: 
AC electrical connection means receiving AC electrical 

16 
b) converting the AC power of step a) to DC power at each 

of the plurality of facilities to provide a primary DC 
power source at each facility derived from and depen 
dent upon said AC power, 

energy from a public utility, AC electrical load means 5 c) providing a secondary DC power source at each facility 
connected to the AC electrical energy for routing AC separate and distinct from said AC power and which 
electrical power within the power management system, may be in the from of a storage battery or direct current 
and at least one DC load means within the power SOLICe, 
management system which is isolated from the AC of d) controlling the DC sources of steps b) and c) in accord 
the public utility, 10 with the monitoring of step a) such that the two DC 

said power management system including two DC power power sources at each facility operate in one of three 
Supply means dedicated to said DC load means, an modes, a first mode in which the public utility supplies 
AC-to-DC circuit for converting AC electrical power substantially all of the AC power consumed by the 
from the public utility to provide a dedicated first DC plurality of facilities with the real time AC power 
power supply means having positive and negative is demand within peak power demand limits and the 
leads, and at least one DC dedicated second power primary DC power sources of Step b) in charging States, 
supply means consisting of a direct current source a second mode in which the public utility supplies some 
having positive and negative conductors, of the AC power consumed by the various facilities and 

sensing means sensing the electrical power demand some AC power of the public utility is converted to 
placed upon the public utility by the management secondary DC power to supply some DC power of step 
system for providing a variable signal output propor- b) to various of said facilities with the real time AC 
tional to that power demand, power demand still within peak power demand limits, 

control means tying the positive and negative leads and and a third mode in which the public utility supplies AC 
conductors of said dedicated first power supply means, power and each said primary DC source supplies a 
said dedicated second power supply means and said DC 25 maximum of secondary DC power within its facility 
load means together for responding to the relative and the AC power demand is below peak power 
voltage levels across said positive and negative leads demand limits. 
and conductors and to said variable signal output so 14. The method as defined in claim 13 wherein step d) 
that: involves establishing a plurality of set points to variably 

said DC dedicated second power supply means supplies 30 influence said modes. 
all of the power to said DC load means when the level 15. The method as defined in claim 14 wherein said 
of said variable signal output dominates; primary DC supply of step b) is dedicated to a DC load 

Said DC dedicated first power supply means supplies all which is capable of supply by DC, such as a fluorescent 
of the power to said DC load means when the level of lighting load, and said primary DC supply and said second 
the voltage across said positive and negative conduc- 35 ary DC supply are connected in parallel with said DC load. 
tors of said direct current source is dominated; and 16. The method as defined in claim 15 wherein said 

said first power supply means and said second power primary DC supply and said secondary DC supply are diode 
supply means variably share power to said DC load steered across said DC load. 
means when the levels of said variable signal output 17. The method of generating AC electrical power at a 
proportional to said power demand and the levels of 40 public utility while managing, on the consumer facility side, 
voltage across said positive and negative leads and peak power demands made upon the public utility by a 
conductors fluctuate with respect to each other. consuming facility, which comprises the steps of: 

9. An electrical power management system as defined in i) generating AC electrical power at a public utility and 
claim 8 wherein said sensing means includes a differential transmitting it by electrical conductors to the consum 
amplifier means and a power isolation and distribution 45 ing facility, 
Circuit. ii) providing at least one AC semi-random punctuated 

10. An electrical power and management system as load means within said consuming facility, 
defined in claim 9 wherein said power isolation and distri- - 
bution circuit comprises an array of diodes. iii) connecting some of the electrical conductors of said 

11. An electrical power and management system as 50 consuming facility to said at least one AC semi-random 
defined in claim 8 including set point control means for punctuated load means of step ii) within said consum 
altering the variable signal outputs. ing facility, 

12. An electrical power and management system as iv) converting at least some of said AC electrical power 
defined in claim 11 wherein said set point control means also generated in step i) to direct current within said con 
controls the relative values of said variable signal outputs in 55 suming facility to provide a source of converted direct 
accord with power demand upon the public utility. current and a variable level output signal whose output 

13. The method of cooperatively operating a public AC level is responsive to peak power demand made upon 
power utility in conjunction with a plurality of electrical the AC electrical power generated by the public utility 
power consuming facilities, which comprises the steps of: in step i), 

a) supplying AC power from the public utility to the 60 v) providing an intrinsic direct current power source at 
various consuming facilities according to the individual said consuming facility which produces direct current 
power demands thereof and monitoring the individual separate and distinct from AC electrical power gener 
AC power demands in real time at each facility to ated in step i) and/or from step iv) converted direct 
produce a unique AC power demand signal at each Current, 
facility in which such AC power demand signals cumu- 65 vi) providing at least one intrinsic direct current load 
latively represent the real time AC power demand on 
the power utility, 

means at said consuming facility which consumes 
direct current either as converted direct current of step 
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iv), as direct current from the intrinsic direct current 
power source of step V), or as a combination of the two, 
and 

vii) reducing the peak power demand of the consuming 
facility upon the public utility by controllably directing 
power from step v) to step vi) in accord with said 
variable level signal of step iv), thereby diverting peak 
power demand placed upon the public utility to the 
intrinsic direct current source of step v). 

18.The method as defined in claim 17 including the steps 
of a) diode-isolating said intrinsic direct current power 
source of step v) from said at least one intrinsic direct 
current load means of step vi), and b) allowing one to 
dominate the other in accord with the level of said variable 
level output signal. 

19. The method as defined in claim 18 including the step 
of c) converting the converted direct current source of step 
ii) back to AC electrical power in case the whole or part of 
said at least one intrinsic direct current load means of step 
vi) cannot be served by direct current. 

20. The method as defined in claim 17 wherein said AC 
electrical power is generated at a public utility while that 
power is managed, on the consumer facility side, in accord 
with cumulative peak power demands made upon the public 
utility by one or more consuming facilities, and which 
includes the further steps of: 
A) generating AC electrical power at a public utility and 

transmitting it by electrical conductors to a plurality of 
consuming facilities, 
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B) providing at least one AC semi-random punctuated 

load means within each consuming facility, 
C) connecting some of the electrical conductors of each 

consuming facility to said at least one AC semi-random 
punctuated load means within each consuming facility, 

D) converting at least some of said AC electrical power 
generated in step i) to direct current within each con 
suming facility to provide a source of converted direct 
current and a variable level signal indicative of cumu 
lative peak power demand made upon the public utility 
by the associated consuming facilities, 

E) providing an intrinsic direct current source which is 
associated with each said consuming facility and pro 
duces direct current separate and distinct from AC 
electrical power generated in step A) and from step D) 
converted direct current, 

F) providing at least one intrinsic direct current load 
means which consumes direct current either as con 
verted direct current of step D), as direct current from 
an intrinsic direct current source of step E), or as a 
combination of the two, and 

G) managing, on the consumer facility side, cumulative 
peak power demands made upon the public utility by 
one or more of the consuming facilities, by diverting 
direct current consumption between step D) and step E) 
in accord with said signal of step D). 

k . . . 
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