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CONTROL SYSTEM ANDMETll-IOD FOR 
LIMITING POWER DEMAND OF AN INDUSTRIAL 

PLANT 

BACKGROUND ‘OF THE INVENTION 
When a load is connected by an industrial customer 

on a power system the cost of the energy consumed is 
generally billed by the power supply company on the 
basis of the total amount of power having flow within 
a billing period. The more power that is used, the more 
is the cost to the customer, and a cost-conscious cus 
tomer, provided he has the choice, will at times cut the 
total load or at least reduce it. When a plurality of in 
terruptible loads are connected on the power system, 
the ?nal cost will depend on_the overall distribution of 
the active loads. ltis important for the customer or user 
to decide what the distribution of the loads should be 
within a given demand period, as well as between re 
spective demand periods, and for the purpose to selec 
tively control the load distribution. Such decision mak 
ing is particularly important with electrical loads in 
view of the practice by the power supply utility compa 
nies to charge the cost of supplied power with progres 
sive rates in relation to the higherlamounts of total 
power within a given demand period, and also in rela 
tion to the highest level ofpower reached within the de 
mand period. The rate based on the amount of power 
is an incentive for the user to maximize the consump‘ 
tion duringfthe period, thereby to help improve the uti 
lization of the generating plants and the power trans 
mission systems. The progressive rate on the total de 
mand accounts for the increased facilities provided by 
the power company to meet the user's demand and for 
the capital costs involved. , 

It is known from an article entitled “Electric Demand 
, Can Be Controlled“ published in Power, November 

1970, pages 58, 59 by Norman Peach, to use a digital 
computer controlsystem in order to instantaneously 
determine within a demand period the trend of power 
consumption, to forecast the total amount of power at 
the end‘of the period and to' either add or shed the 
loads of a plant so as to be able to keep the anticipated 
demand as close as possible to a predetermined de 
mand limit. While such a control system, or method, 
‘provides for a ‘more economicaluse of the power avail 
able from a power supply utility company without ex 
ceeding the total amount of KWH permissible at a 
given rate during the demand period, the prior art con 
trol system, and method, do not take into account the 
constraints imposed by the customer’s industrial plant 
on the use of the loads. ' . 

It is an object of the present invention to effect de 
mand control withincreased accuracy, thereby to in 
sure all the economic advantages which can be gained 
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power demand through anticipation of the power de 
mand with a minimum of control operations. 

It is still an object of the present invention to control 
a power demand in relation to anticipated demand and 
concurrently in relation to simulated load conditions. 

SUMMARY OF THE INVENTIONv 
Brie?y, the present invention provides for an im 

proved power demand control system and method for 
maximizing a customer’s power demand rate through 
out a ?nite demand period without exceeding a prede 
termined demand limit of energy at the end of the pe 
riod. 
A control system is provided for regulating the con 

sumption of power supplied by a power supply system 
to an industrial load system having a base load and a 
plurality of interruptible loads and including loads hav 
ing controllable and non-controllable status. The con 
trol system is responsive to time pulses derived from 
the power supply company meter for equal increments 
of energy thereby to continuously sample the power 
consumption. On this basis, the control system com 
putes the anticipated ?nal energy demand which it 
compares with the desirable demand limit to derive a 
demand error. ln response to the demand error the 
control system adds or sheds loads selected in accor 

‘ dance with a predetermined priority schedule. The se 
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by running a load system with as high a load factor as . 
reasonably practical. 

It is another object of the present invention to make 
use of improved digital computer technology at a mini 
mum cost within the economic gain attainable by con 
trol of a power demand. 

It is a further object of the present invention to keep 
the anticipated power demand of a load system within 
limits while respecting the constraints imposed on the 
loads by the load system. 

Still another object of the present invention is to 
achieve an improved control of a customer user’s 

lected loads are controlled to be shed or added against 
a background of non-controllable loads. 

' A deadband is introduced during at least a portion of 
the demand period, and such deadband is made vari 
able under certain conditions, in particular to ease the 
switching of larger loads. 
The‘control system is operated during a portion of 

the demand period with a bias relative to the demand 
limit, and such bias is progressively reduced to zero 
during another portion of the demand period ending 
therewith. _ 

Simulation can be used in order to ascertain the ef 
fects of control under the established priority and con 
straints, and such simulation can be used concurrently 
with actual control to improve decision making and up 
date the information used for decision making, to in 
crease the margin of control or permit emergency 
measures to be taken under anticipated adverse condi 
tions. , 

The present invention can be used for control of the 
consumption of the energy supplied by a power supply 
company, such as electricity, gas, or like energy. The 
control system will be described hereinafter in the con 
text of the consumption of electricity from an electrical 
company. ' 

The loads supplied with energy may be of several 
types: ’ 

a. Lighting and space heating loads which are nor 
mally relatively constant and usually part of the 
base load. 

b. Loads which are either ON or OFF with short run 
up times and reasonable starting curves. 

0. Loads with their own ON/OFF controller. Exam 
ples of these are air or ammonia compressors, air 
conditioners, etc. 

d. Loads with extended run-up times and large start 
ing currents. - Y 

e. Large loads of short duration and relatively infre 
quent occurrence (e.g., test loads). 
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f. Arc furnaces and similar industrial process equip 
ment where production penalties are paid for in 
creased shut-down period. Safety requirements 
need also to be observed (e.g., toxicity of atmo 
sphere). ’ ' 

Most of these loads have established constraints which 
must be respected when attempting to control sepa 
rately or concurrently several kinds of loads to limit the 
power demand. 

BRIEF DESCRIPTION OF THE DRAWINGS ' 
The invention will now be described in the context of 

the supply of electrical energy by a utility power supply 
company to anindustrial plant, and reference shall be 
made to, the accompanying drawings in which: 
FIG. 1 represents the extreme and intermediary 

KWl-I/TIME trajectories toward a total value of the 
KWH established as a limit not to be exceeded when 
controlling the consumption by shedding or adding 
loads against a base of unsheddable loads. 
FIGS. 2A, 28, 3A, 3B, 4A, and 4B are curves repre~ 

20 

senting the, correlation between KW and KWH con- ‘ 
> ‘ sumed during a demand period for three different time 

distributions of power consumption for the same total 
2 of KWH. 

FIG. 5 illustrates diagrammatically the principle of 
calculation of the demand error used in the control sys 
tem according to the present invention. 

FIG. 6 is a diagram showing a strategy of control used 
in the control system according to the present inven 
tion. , 

FIG. 7 represents control between boundaries in the 
early part of the demand period irrespective of the de 
mand limit. 
FIG. 8 illustrates control on either side of the mean 

trajectory in relation to two parallel boundaries. 
FIG. 9 differs from FIG. 8 in that the two boundaries 

are covergingtoward the demand limit at the end of the 
period. , ~ ' 

FIG. 10 illustrates a particular strategy ofv control in 
accordance with the present invention. 
FIG. 11 is an overview of the control system accord 

ing to‘ the present invention. . . ' 

FIG. 12 is aflow chart explaining the operation of the 
Process Interrupt Handler. which is part of the control 
system according to the present invention. 
FIGS. 13A, 13B and 13C show an illustrative logic 

?ow chart of a program according to the present inven 
tion. 
FIGS. 14A and 148 show an illustrative logic flow 

chart of a simulation program that can be used with the 
control system according to the present invention. 
To be in the context of the present invention it will 

be hereinafter assumed that the power demand results 
from a plurality of loads which at least in part can only 
be switched ON or OFF under constraints existing ei 
ther at all times or occurring at least at the instant of 
control. However, by ON and OFF, it is understood 
that the loads, if electrical, need not be switched by 
electrical connecting or disconnecting. A power con 
sumption can be increased or decreased by mechanical 
connection or disconnection of the load as well, such 
as by means of a clutch or valve actuation. 
When several loads are available for being switched 

ON or OFF,‘ to apply the strategies of the prior art just 
discussed, there is an ambiguity as to response that can 
be made for proper control, for example, at times a 
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load switched off by‘the demand controller may al 
ready be off. The particular load to be switched on by 
the demand controller might have been previously put 
out of service. It is also possible that control of the de 
mand be prevented by an overriding'and external con 
trol equipment associated with the load, as is usual with 
air conditioners, chillers, or air compressors, for in 
stance. Other types of constraints can be found in the 
particular industrial plant of a customer to a power 
company, and are within the scope of application of the 
present invention. ' ‘ 

The invention provides for a judicial selection of the 
loads in order to respect these constraints by eliminat 
ing the priorities set among the’loads which are found 
to be in violation of the existing or anticipated con 
straints. Thus the priorities are not only determined by 
a predetermined classification of the loads, they are 
also changed in the‘ course of the control process in - 
order to take into account the history of the loads as it 
appears from a reappraisal of the availability to be 
switched ON, or OFF, during the demand limit control 
process. . ‘I - 

The selection of a load not only depends upon the 
overall status of the different loads, but also upon the 
behavior of any particular load in the user’s plant. The 
control system according to the present invention, 
therefore provides for a dynamic allocation of priorities 
for the 'selection'of the loads to be controlled at any 
particular time. 

. The invention also provides for. relative control, 
rather than an absolute control of the loads, any se 
lected and controlled load change being effected inde 
pendently from the base load and from non-controlled 
loads. . 

The control system also takes into account the estab 
lished constraints. For instance, besides interruptible 
loads which can be selected to be shed or to be added, 

_ there may be in the plant loads‘ having a non 

40 

60 

controllable status, which otherwise could defeat the 
control system.yHowever, the control system according 
to the present invention limits its own capability of 
switching loads in order to accept the non-controllable 
loads as a favorable factor of correction in the demand 
limit control process. In particular, the control system 
according to the invention makes use ofa deadband to 
this effect. , . , 

The invention moreover calls for the'determination 
of the constraints either off-line or on-line in order to 
be able to ascertain with improved accuracy the antici 
pated effect of control and prepare for the right deci 
sion in selecting the loads to be'controlled at a given in 
stant or for an emergency action by the present control 
operation. To this effect a special technique of simula 
tion is provided on the basis of actual load behavior in 
the user’s plant, andsuch technique of simulation is 
used either as an off-line information providing system 
to be used preparatory to running of the control system 
according to the invention, or as an on-line coordinated 
helper system for constantly revising predictions and 
updating data during‘ control of the loads in real time. 

Finally the invention provides for a control system in 
which the technique of shedding loads or adding loads 
to limit the total power demand as desired at the end 
of any given demand period is modified in order to 
maximize the needs for particular loads of the user by 
minimizing the effect of control of the plant’s con 
straints. To this effect, control is not necessarily ex 
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erted during a first portion of the demand period, on 
the assumption that sufficient possibilities of meeting 
the objectives are still left and are available, as a result 
of an improved control and improved selection, the the 
later part of the demand period. Moreover, when con 
trol is performed, during a second and major portion of 
the demand period, the technique involves the use of 

Pt = iS+B) - S 

iaé‘aabaadjaamay the use vector'li'mits within which 
no switching (on or off) of load is effected. In order to 
allow switching of larger loads when they are selected 
under the assigned priorities, the control system pro 15 

Target‘ = l 

Vides' 'rara‘vaaa‘are deadbandjradditio afater?issrsry 
target below the objective is imposed for control until 
a certain time limit relatively close to the end of the de 
mand period and when such limit has'been reached the 
bias so established is progressively reduced to zero until‘ 
the end of the demand period, at which time the de 
mand limit is substantially achieved. 

General Description Of The Limitation Of Power 
Demand 1By Control Of Interruptible Loads 

F orecastingof the trend toward .a total demand at the 
end of a ‘given billing periodis based on the following 
considerations: ' 

A“ common form of presenting graphically the varia 
tions in power-(KW) versus time .isshown on "FIG. 1 for 
a demand period of ‘15 minutes. This diagram is based 
upon ‘pulses from the demand meter (which actually 
records KWI’I-I versus time), ‘which ‘represent time inter 
val (A!) for equal increments of energy. ‘FIG. '5 is a sim 
ilar diagram showing the slope vfor one point M on the 
trajectory. The slope is derived from the following rela 
tron: 

Slope = power = ('KWl-I)/60 

(I) 

If nothing would change among the loads. the trajec-l 
tory from point M would follow MW, until a point W 
where it intercepts the IS minutes ordinate, thus below 
the demand limit C. 
Referring again to FIG. l,the energy curve is shown 

with the KWH plotted against time during a givende 
mand period. The slope of the curves plotted on this di 
agram represent power in KW. In this case the base 
load (non-interruptible) has a slope a. The sum of the 
base and the switchable loads has a slope B. In order 
that a control opportunity exist, the slope must at some 
time be greater than the slope of the mean AC. The 
possibility of control should ?rst be examined under 
the assumption of a single load to be switched ON or 
OFF. The boundaries of acceptable trajectories to meet 
the requirements with a single load are given by lines 
ABC and ADC, and there is an in?nite number of pos 
sible intermediary trajectories, ‘such as a, b, c, d, within 
this envelope. Of course, interception of the 15 minute 
ordinate between C and E would respect the Demand 
Limit requirement but would provide a poor load fac 
tor. In the absence of any other consideration all of the 
trajectories have equal economic merit so far as the 
mere purchase of electrical energy is concerned. The 

6 
“minimum requirement is that a< KW<B, since the 
power in KW is for a given point M on the trajectory, 
the slope from that point. 
A trajectory which would give a uniform reduction in 

power from the maximum ,(Q?illq therninirnum B 
would have a power P, versus time relationship such 
that: 

" It wits'saagts'lsii“ pita") 
tmax ' 

whereinznuy is 15 minutes, S thegniaximum power ofall 
switchable loads ON and B the power of the base load.‘ 
It can be shown that when a point M follows one of the 
trajectories of FIG. 1, in general: ' 

- t)] [f Pt dt + P,c 
o 

“Other continuous relationships between P, and [are 
possible. ' . 

However, the power factor is a further requirement 

(tmax (a) 

' as can be seen from FIGS. 2A, 2B, 3A, 38, 4A and 4B. 
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For instance, an industrial load system may have a base 
load B comprised of a number of small loads such as 
lighting, small meters, etc., and a total switchable-load 
S consisting of a number ofsmaller loads. FIGS. 2 .to 4 
representthree different load distributions which could 
be obtained underthe same maximum demand but with 
three different load factors. Three different trajectories 
can be found on FIG. ‘1 which would correspond ‘to 
these three different distributions of power. FIG. 2A 
shows apower ‘Pl maintained up to time t, and a lower 
power P2 maintained from time t, to the end of the de 
mand period. FIG. 3A shows a power P2 maintained 
from initial time ‘0 to an instant {I and a higher power 
Pl consumed between time I‘, and a later time t2, the 
power vP2 being again supplied from time t2 during the 
remaining portion of the demand period. FIG. 4A is 
similar to FIG. 2A but with'an inverse distribution of 
the powers P1 and P2 before and after time I‘. The tra 
jectory to a common level of HWI-I at C is ABC for 
FIG. 2A, as shown by FIG. 2B, ABDC for FIG. 3A is 
shown in FIG. 3B and ABC for FIG. 4A as shown on 
FIG. 48. Since the power consumed is constant during 
each ofthe time intervals, the integrated power follows 
a demand curve which is linear, the slope being P1, or 
P2, depending upon the level of power maintained dur 
ing the particular time interval. 
FIG. 5- illustrates the principle of calculation of the 

‘error for any point M along the trajectory during a de 
mand period of 15 minutes. A clock installed by the 
power supply company determines theinitial time of 
each demand period, or the ?nal time of a preceding 
demand period). The watthour meter provides a 
“KWI-I pulse” which represent the magnitude of the 
power which has been consumed during a certain in 

" stant A 1 corresponding to a full rotation of the disc-of 
the meter, thus representing a constant increment or 
unit of energy (KWI-I). Thus, the A t intervalappearing 
along the time axis is essentially variable. This time in 
terval is detected as a representation of the slope at 
‘point M and it represents the power P, in KW hour/ 
hour. If the load of the plant is maintained in the same 
condition until the end of the 15 minute period, the en 
ergy curve will follow the tangent MW. However, the 
Demand Limit should be at C therefore, there is an 
error CW by default. Which in terms of power is 
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‘as is evident from the geometry of triangles MNC and 
MWC. Having determined Slope = AP/60 by triangula 
tion, and the sign of the error, depending upon whether 
the intersection point W is above or below the target C, 
control is effected by selectively adding or sheeding 
suitable loads in the plant. In order to more closely fol 
low the target, a deadband is provided on either side of 
the trajectory by de?ning two angles <15 and 9 which 
should not be exceeded. The headband will contain ex 
cessive control but will leave free control of the loads 
as long as the projected tangent'remains within two lim 
its MU and MV (FIG. 5) so de?ned. In accordance 
with the present invention such deadband is made vari 
able as will be explained later. The upper limit MU will 
represent the “decrease vector” and the lower limit 
MV of the deadband will represent the “increase vec 
tor" for control. . 
Since in the early part of the. demand period the pos 

sibility of control greater than in the later part, a dif 
ferential treatment of the load} control during the pe 
riod is beneficial. Referring to FIG. 6 from time 0 to 
time ti vno control is effected. This allows for a maxi 
mum utilization of the loads in the plant at an early 
time in the period when all possibilities of control to 
vmeet the target T are available. After this ?rst ?eld, the 

IO 

25 

control system from time ti to time tend provides control ' 
in a second field in accordance with the general princi 
ples explained hereabove with'reference to FIG. 5. 
Thus, at position M on the trajectory followed from 
time zero,'the slope of the tangent indicates at W that 
the loads as they stand would ‘bring total power con 
sumption under the target T by as much as TW. Im 
proved control is obtained when the distance from the 
point to the target has a reduced slope. It has been sug 
gested therefore to create abias relative to-the target 
either by having an offset at the beginning of the trajec 
tory, or by lowering the targetsuch as at C on FIG. 6. 
This is the type of control achieved in the second field, 
e.g., between time ti and time tend. Therefore the con 
trol system is operative to calculate and correct an 
error from W to C rather than from W to T. When at 
tempting to control the demand to correct the slope of 
MW by switching ON‘ loads, there is a possibility that 
MW raises itself asyfar as to exceed the “increase load 
vector MV'.” The load will not be switched ON in such 
case. However, under the pressure imposed on the sys 
tem by the non-controllable loads which may be 
switched ON nevertheless, it is‘possible that the vector 
MW still reaches a slope above the temporary target C 
or even the desired demand limit T. In such case the 
control system is operative to switch OFF loads against 
the “decrease load vector” MU. - 
Assuming that at time tend the trajectory reaches 

point M2, as shown on FIG. 6, there is still an error RC, 
although very small. At this instant the second ?eld is 
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terminated and a third field of control operation is es- _ 
tablished in the control system operation during which 
the bias CT is progressively reduced to zero at the end 
of the demand period of 15 minutes. Therefore, the tra 
jectory will pass for instance by point M; as shown, 
heading toward the real target T at the end of the third 
period. This differential treatment of error anticipation 
and load control during the demand period affords a 
more judicial selection of the loads and a more effec— 
tive control of the total demand. - 

60 

65 

8 
Other strategies of control are possible. Instead of 

continuous control toward a target, a discontinuous 
strategy can be followed. For instance,'as shown in 
FIG. 7vthe trajectory is ?rst only restricted to the area 
bounded by OX, OY and ZZ which havebeen selected 
irrespective of the demand limit T. T becomes a perma 
nent target once one of the boundaries ZZ and-YY, has 
been reached. , , 

FIG. 8 illustrates another strategy for adding or shed 
ding a load. It is seen here that control is effected so 
that the sum of the on-times is equal to the time neces 
sary to reach B from A. 

(5) , 

(6) 

Should the accumulated KWH intercept line BC, (as 
at P) only the base load mustbe left switched on if the 
limit C is not to be exceeded. In addition to satisfying 
relations (5) and (6), it may be stipulatedat the plant 
that the minimum ON time should be more than “t,,,,-,,” 
and that the ON/OFF ratio for a given cycle should be 
less than “tum.” before the load can be switched ON 
again. Thus, once the load has been switched ON, it 
will remain ON until ~ 

ti > [min 

and once OFF, it willnot be able 
again unless , ‘ 

Such a strategy can be implemented by setting up con 
straints ‘YY and Z2 on either side of the mean curve 
AC, the‘distance from the mean curve being chosen in 
order to'make the ON times and OFF times, and ON/ 
OFF ratios compatible with the slopes of the two load 
conditions. Particular care has to be exercised so that 
proper action is taken whenever the KWH curve inter 
cepts BC. This is achieved by calculating the slope It of 
MC the line joining the point M on the trajectory to C, 
and switching OFF a load other than base load once a 
z a‘ . 

FIG. 9 shows an alternate strategy with pivoted lim 
its. This strategy is taught in‘ the US. Pat. No. 
3,621,271 issued on Nov. 16, 1971 to Carl J. Snyder. 
While ti / X,- < rm“, is being observed, t, > t,,,,-,, would 
not be, since the system would tend towards more fre 

to be switched OFF 

quent switching at the end of the demand period in the ‘ 
case of a single switched load. 

THE DEMAND CONTROL SYSTEM OPERATION 

Referring to FIG. 11 there is shown an overview of 
the control system 1 according to the present invention > 
applied to the control of the loadsof a plant 2 supplied 
with electrical power on the power supply lines 3 of a 
power supply company 4. . 
The loads are classified in the four categories of l 

base load, II inhibited loads, III sheddable loads, and IV 
critical loads. ‘ _ ' 

The base load represents equipment which is con 
stantly present or at least, if the equipment is switched 
on and off, such occurrence has in its narrowness a suf 
?cient pattern to equate to a fairly steady load. There 
fore, the base load is by de?nition a non-sheddable 
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load. If control of the base load is not possible, the base 
load affects'by its presence the control of the sheddable 
loads, since'it accounts for a portion of the KWl-l con 
sumed at any given time. Typical of the base load are 
the lighting and heating loads, and also certain groups 
of motors and equipment. . 
An inhibited load is defined as a load which will be 

permitted to be switched ON during the ?rst minute of 
any demand period but will be switched OFF after a 
certain duration has elapsed and will be inhibited from 
being switched on again until after the next demand pe 
riod has begun. For these loads the control system 
needs to know the duration of ON time from the begin 
ning of a given demand period, and at a given instant 
whether the load is available for use or not. If the load 
is available, it will be quali?ed'as permissive. 
The sheddable loads are by definition the loads which 

may become available on a priority basis to be switched 
ON, or OFF, by the control system. This is a general 
quality of the loads which are not a base load provided 
they have ‘not a “non-controllable” status. Thus, the 
constraints of the present industrial plant may limit 
such “sheddability." . . 

The present invention provides for selection and con 
trol of the loads within such constraints in order to 
maximize the utilization of the'power supplied and min 
imize the cost of the energy. Therefore, a sheddable 
load essentially is, within the concept of the invention, 
a load which can be switchedON or OFF during a cer 
tain demand period without affecting the operation of 
the plant. . _ v 

An important limitation in the control of an inter 
ruptible load is the ON time and the OFF time. It is not 
advisable tostart-up a load too often, for instance, for 
a motor this may have a‘ damaging effect on the wind 
ings. Also electrical surges caused by starting, are 
costly. It might also be economically desirable not to 
leave an equipment off during an excessive time inter 
val. When aniexcessive off time exists, such equipment 
must be switched on and another alternative has to be 
sought if the shedding of some load is the control action 
required atthat time. The ratio- between ON time and 
OFF time may also introduce a limitation, requiring to 
keep ON a load. 
One important consideration in the control system 

operation according to ‘the invention is that vwhile 
sheddable loads may be available for switching, it is 
possible to spread the ON times and OIFF times within 
a given demand period and between demand periods in 
order to spread wear. ' 

The last category of load is the critical load. These 
are loads which are ON and OFF under external re 
quirements at the plant. Forinstance the air condition 
ers and the compressors follow local conditions. Local 
control might override action by the control system. 
Switching ON or OFF of such loads although required 
by the demand control system, could be ineffective 
since the running time for such a load is not known in 
advance. For this type of load switching ON/OFF is 
constantly monitored. 
Referring again to FIG. 11 the loads are controlled by 

a contact output unit 5, which is part of a process con 
trol computer system 6. The contact output unit 5 does 
operate a plurality of load contact outputs 7, each of 
which closes the energizing circuit of a corresponding 
relay 8 to actuate the switching element 9 of a load. 
Such switchingelement may be the starter of an electri 
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cal motor, the plunger of the valve of acompressor, - 
etc. 
When a load is in the switched ON condition, a corre 

sponding status contact interrupt 10 is closed as shown 
on FIG. 11, with the contacts being arranged so as to 
correspond to the loads. There is shown in FIG. 11 two 
such groups of contacts with one group being associ‘ 
ated with a diode l1 and one scan contact output C01, 
and the other group being associated with a diode 12 
and another scan contact output C02. Respective di 
odes 13 are connected in circuit with corresponding 
status contact interrupts 10 to establish a circuit from 
a 48V source 20 provided by the computer system, to 
ground with the associated diode, 11 or 12. As shown 
on FIG. 11, concurrent closing of one scan contact out 
put such as C02 and one particular status contact inter 
rupt 10, ‘such as shown on the Figure, permits identifi 
cation by the interrupt unit 14 of the status of the par 
ticular contact as being one of Group 2 (C02 on the 
Figure). 

In order to control the power demand by shedding or 
adding loads, the control system 1 is responsive to the 
power consumption continuously recorded by the 
meter. 15 of the power supply company. ‘The process 
control computer receives over a line 16 the KWH 
pulse which as a At. characterizes the consumption at 
any particular instant within the demand period. The 
power supply company also provides a clock 17 which 
determines the beginning and the end of each demand 
period. In the instant case it is assumed that each such 
demand period lasts 15 minutes. For eachturn of the 
disc of the meter 15 there is a pulse generated which 
will be hereinafter called “KWH pulse." The succes 
sion of these pulses represent on a time scale the power 
consumed for one turn of the disc. The process control 
computer system 6 through the interrupt unit 14 asses 
ses the status of the status contact interrupts l0, and 
more generally monitors all the input data fed into the 
compute‘rrsystem regarding the individual loads in the 
plant with their constraints, effectuates calculations, 
makes decisions, which are converted, after each of the 
above-mentioned KWH pulses, into whatever load con 
trol action is necessary through the controlled operated 
of the relays 8. . 
Included as part'of the control system 1, is the pro 

cess control computer system 6. This computer system 
can be a digital computer system, such as a Prodac 
2000 (P2000) sold by Westinghouse Electric Corpora 
tion. A descriptive book entitled “Prodac 2000 Com 
puters Systems Reference Manual” has been published 
in 1970 by Westinghouse Electric Corporation and 
made available for the purpose of describing in greater 
detail this computer system and its operation. The 
input systems, associated with the computer processor 
are well known and include a conventional contact clo 
sure input system to effectuate scanning of the contacts 
or other signals representing the status of the equip 
ment. Also operator controlled and other information 
input devices and systems are provided such as the tele 
typewriter 19 shown in FlG. 11. The contact closure 
output system is also conventional and part of the Pro 
dac 2000 general purpose digital computer system sold. 
Although FlG. 11 shows electrical loads which are 

sheddable or which can be picked up by the demand 
control system‘, it should be understood that switching 
of an electrical load is not they only control action 
within the scope of the present invention. If it is found 
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not necessary or desirable to limit the demand by 
switch the‘ actual electrical load on or off in every case, 

. the same result can be obtained by other alternatives. 
For instance, fan loads can be reduced to some 20% of 
normal by closing the inlet vanes or damper by means 
of a servomotor, rather than switching off the motor. 
This operation could be performed relatively fre- 
quently and for short periods (for example towards the 
end of a demand period as a ?ne trim), whereas there 
is a limited number of starts per' hour allowed for larger 
motors. When the load involves eddy current couplings 
or pneumatic clutches, the mechanical loads can be 
disconnected from their motors. Withair compressors 
having inletvalves, these may be held open by the pres 
sure control equipment when the pressure is high. The 
control of compressors to maintain demand below the 
desired level would operate in parallel with the pres 
sure control system with thesame goal. These alterna 
tives avoid increasing the cost of maintenance of plant 
equipment._ ' . 

The computer system used in the control system ac 
cording to the invention includes both Hardware and 
Software. For instance the interruptunit 14 is associ 
ated with an interrupt handler. (50in FIG. 12). Soft 
ware is being used as a convenient means of quickly 
and efficiently performing operations as required in 
monitoring data, doing calculations, making decisions 
and translating treatment of information into control 
action within the short time intervals determined by the 
recurrent transmission of KWH pulses from the power 
supply company meter 15. 

It is observed that the inputs consist of interrupts 
which are successively handled by the process interrupt 
handler_(see FIG. 12). One interrupt will receive the 
48V DC pulse generated by the external clock and is 
used to reset the demand meter owned by the power 
company. This same pulse will reset the associated reg 
isters in the computer when itis received. Another in 
terrupt will receive a train of 48V DC pulses transmit 
ted by the'meter, 15, each pulse representing KWH (or 
KVAH) consumed. Another interrupt could be re 
served fora second KWH meter ‘if needed. Three other 
interrupts (the scan contact interrupts 10 of FIG. 11) 
will receive a status which corresponds to the status ‘of 
one load contact in the plant and belongs to one group 
of three associated with one scan contact output (C01, 
C02 on FIG. 11). " 

' The normal operator interface with the system will be 
via a teletypewriter 19. This device will also provide a 
log of system performance together with any other , 
messages that may be required. Via the typewriter key 
board the operator will also be able to change the val 
ues of various constants relating to the system as a 
whole or to individual items of equipment. The time 
and data and onpeak and off-peak demand levels can 
also be changed using the same keyboard. 
Having considered the Hardware aspect of the con 

trol system. according to the invention, consideration 
will now be given to the software components of the 
computer system referring in particular to the flow 
charts of FIGS. 12, l3A,-13B, 13C, 14A and'14B. Re 
ferring to FIG. 12, the operation of the interrupt han 
dler 50 of the computer system is described. This pro 
gram will receive T (at step 51) an interrupt from the 
clock at the beginning of each demand period together 
with a KWH pulse (at step 60) from the'KWH (or 
KVAH) meter 15 for each revolution of the disc. 
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In response to a ‘clock pulse, the decision at step 51 

is a yes, and the data are transferred to a buffer. These 
data include time (step 52) the demand limit desired at ' 
the end of the ‘demand period (coded as DEMLIN) 
which is set in the total kilowatt register (KWTOT). At 
step 53, the program puts data to be printed out for the 
preceding demand period.- The next step (55) is to 
clear all registers in which accumulated values are 
stored including time into period and KWHduring the 
period (time, number of pulses N, KWHIN, and 
KWHTOT registers). Prorated values vof time and 
KWH are stored in those registers when the KWH pulse 
does not coincide with the clock pulse. The chain re 
turns to the process interrupt handler 50. 

If the interrupt relates to a contact status, as seen at 
step 56, the interrupt is ‘stored at step 51 at the proper 
location to provide a status image .of the array of 
contact interrupts 10 (FIG. 11). The present contact 
output is reset and the nextcontact output is set in the 
status list (at step 58). At step 59 the contact output 
handler which corresponds to the contact output unit 
5 (FIG. 11) is bid, andthe chain returns to the process 
interrupt handler 50. If the interrupt is the KWH pulse 
from the meter, as seen at step 60, this ‘data is stored 
as real time in a “KWH TIME” registenFor each turn 
of the disc of the meter, e.g., for equal increments of 
energy, one KWH pulse is received. The count is- ef 
fected ‘at step 62 (N = N+, l), and whenever required, 
there is a bid for control at step 63.. This chain returns 
also to the process interrupt handler 50. Besides the 
preceding interrupts which directly determine opera 
tion of the control system, there may beother inter 
rupts received, as seen at step 64.~Such “unscheduled“ 
interrupts cause at step 65 the printing of a warning 
message. and there is a return to the task scheduler of 
the computer system. - 

FIGS.‘ 13A, 13B, 13C show a ?owchart of the main 
control program, which is provided to explain the oper 
ation of the control system according to the present in 
vention. . - 

When control starts, “DELTEE," e.g., the At be 
tween two successive KWH pulses, is determined by 
difference. Thisis step 160. Then a rotating tile is up 
dated by adding the last of three successive vectors cor 
responding to three successive times t1, t2, 13 being 'for 
the latest At at step 161. At step 162, the present power 
consumption (IPWR) is computed from the rotating 
'?le, and'from the present status IPWR is translated at 
step 163 into the “Past KWH TIME” register. At step 
162'the present power consumed is calculated by aver 
aging for three successive points on the trajectory cor 
responding to times t1, ' 

where 'O.l<a<0.4, and t,- is in hours and k — 
KWH/pulse. 

It is recalled here that while each KWH pulse is re 
ceived for the same incrementof energy (one turn of 
the disc of the KWH meter), the “DELTEE” repre 
sents the power consumed since the time between each 
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pulse depends upon the speed of the disc rotation. It is 
necessary to. compute the total time into the demand 
period and the total energy consumed within the pe 
riod. The ?rst is obtained by integrating the DELTEES 
corresponding to all KWH pulses received during the 
period. The energy consumed is equal to the number of 
pulses multiplied by the meter factor (KWH/pulse). 
The decision at step 164 (since N is normally greater 
than I) is to go to step 167. where the demand period 
time is found to be the sum of the At’s in the period. 
The DELTEE corresponding to the first pulse after 

the clock pulse (N=l) belongs in part to the last de 
mand period and only in part ‘to the new demand pe 
riod. In such case, the decision at 164 is to go through 
steps 165 and 166 which provide a prorated value of 
the KWI-IIN in proportion to the fraction’ of DELTEE 
pertaining to the new demand period. Accordingly, 
step 165 provides the time difference between KWI-l 
Time and clock time, and at step 166 the prorated ' 
value KWI-IIN is computed. 
Looking to A on FIG. 13A, the next step is to com 

pute KWTOT, e.g., the energy consumed during the 
present demand period until the particular iteration, 
converted to equivalent power at the end ofthe period. 
KWTOT is equal to N (number of pulses) *KWH/pulse 
*Constant plus the fraction prorated at step 66, if there 
is one, e.g., vKWHIN. Since computation is done with a 
?oating point for increased accuracy, conversion to in 
teger is effected as indicated by ITKWl-I _= IFIX 
(KWTOT).(168). 
Then, at step I69 the system looks at the status of the 

ON times and OFF times ofthe loads, while adding the 
At (DELTEE) audit is determined at step 70 whether 
any load exceeds the OFF time assigned to it. In such 
case, a decision is made at 70 to set the contact output 
to switch the particular load ON (step 71) thereby not 
to violate the constraint. Since the load has been 
switched ON, the ON time of this particular load is set 
to zero (step 72). Also, the energy estimated to be con 
sumed in the overall industrial load system (IPWR) 
must be updated in order to take into account the load 
so picked up. However, if the load exceeding its OFF 
time belongs to a class, or priority including several 
other loads in order to reduce wear, all the loads of the 
same class, or priority, are rotated. Rotation is effected 
at step 74.. 
The next decision is at 75 depending upon whether 

the system is under the first ?eld previously mentioned, 
e.g., a first portion of the demand period for which no 
control is effected (NOC). When the first ?eld termi 
nates, the second field begins which is a field of control, 
namely at B after step 75. If in response to the decision 
75 the control system operates in the no control condi 
tion (NOC), the system goes to 109. As a result, the 
contact output handler will ascertain the status of the 
contacts. Considering now the chain starting at B for 
control operation, the second and third fields of con 
trols (from t, to t, and from t, to 15 minutes) should be 
explained again by reference to FIG. 6. C represents 
the BIAS in the second field of control, T the original 
target corresponding to the desired Demand Limit 
(DEMLIN). The target (ITGTI) in the second ?eld is 
represented by C, e.g., DEMLIN-BIAS. The control 
system (FIG. 13B) is set accordingly at step 76. A deci 
sion is made at step 77 to choose between the second 
and third ?eld of control depending upon whether the 
time in demand period has reached te (NFIN) or not. 
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If we are still in the second ?eld, the flowchart goes 
from 77 directly to step 79. If the third ?eld is required, 
at step 78, the BIAS is reduced at each iteration until 
the end of the period. Accordingly, a fraction is used 
to reduce the BIAS by a ratio between the time left in 
the period and the duration of the third field. This 
amounts to a displacement of the target for each point 
on the trajectory. At steps 79 and 80 the demand error 
is calculated. ITGTI represents the ordinate of the tar 
get (C in the second field, I in the third field, T at the 
end of the demand period). The ordinate of N (see 
FIG. 6) is ITKWH obtained at step 168. The ordinate 
of W is ITKWH + ITEM (e.g., WN). Therefore, the 
error due to W being too low, or too high, relative to 
the target is Slope = IGTI — (ITKWH + ITEM). First, 
at step 79 ITEM is calculated, using data obtained at 
step 162 (IPWR = ‘present power consumption), and 
computing the second term in equation (3), e.g., P, 
(T,,,,,r>— vt). Knowing ITKWH and ITEM, the demand 
error is calculated at step 80.,Then the sign of the error 
Y or N at 81 will tell whether the projected point W lies 
above or below the target. If it is above,,the error is 
negative and loads have to be switched OFF. The flow 
chart goes to D. If point W lies below the error is posi 
tive and loads must be switched ON. The ?ow chart 
goes to C. 

First, the situation when the error is positive will be 
considered, by taking the flow chart from C on, in 
order to find ( l ) whether there is a load to be switched 
ON, (2) whether a selected load can be switched ON 
by step 86. ' 
The computer system then ?rst looks for a load. Step 

82 initializes a search for the least sheddable load. 
In the table of priorities, the loads are classified from 

the least sheddable to the most sheddable (which can 
be understood as from the ?rst to be switched ON to 
the last to be switched ON). In other words, the search 
goes from one end of the table when the search is to 
switch ON a load, and from the opposite end if the 
search is to switch OFF a load. (The last situation 
would be at D on the flow chart). 
As a general consideration at this point (valid also for 

OFF switching at D) in a table can be stored or re 
served in memory the following characteristics associ 
ated with each item of equipment to be of the switch 
able load type: 
Equipment Identity No. 
Power Consumed When Starting 
Starting Period 
Power Consumed When Running 
Group Priority 
Subgroup Priority 
Maximum Allowable Off Time 
Minimum On/Off Time Ratio 
Minimum Time Between Starts 
Availability For Use By The Demand Control System 
Address of Associated Contact Output 
Amount of Time ‘Off’ since Being Switched Off - Up 
dated Each sec., or after 

Amount of Time On Since Being Switched On each 
KWH Pulse. 

The group priority is assigned by the user, the most 
sheddable loads being low numbers. Priority, or group, 
numbers increase with the importance of the load to 
the overall plant operation. The programs associated 
with this table will be called immediately after the 
switching decision subroutine, or once per second to 
































