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IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. IA-12, NO. 5, SEPTEMBER/OCTOBER 1976

Computer Analysis of 3-Phase Induction Motor Operation
on Rural Open-Delta Distribution Systems

STEPHEN C. SEEMATTER AND EARL F. RICHARDS

Abstract-Open-delta/open-delta and open-wye/open-delta trans-
former banks are often used as an economic means of supplying simul-
taneous single-phase and 3-phase loads in rural areas. If the 3-phase
load is an induction motor, the inherent voltage unbalance causes in-
creased losses and uneven heating that may lead to motor failure. Of-
ten these motors are submersible or deep well pump motors located in
remote unattended areas or air conditioning motors which may not
have sufficient over-design to handle the voltage unbalance. The theory
analyzing the open-delta distribution system has existed for many
years, however, because of the tedious and almost infinite differences in
distribution topology, the problem has been neglected. The purpose in
this endeavor is to present a simple general approach to the solution of
the problem by utilizing existing motor and network concepts and
theories. Two previously published theories are used to predict motor
heating and the motor derating that is necessary to prevent insulation
failure due to the unbalanced voltages. A general motor model has
been developed. Motor heating and derating are obtained from the
model through a generalized digital computer program.

INTRODUCTION

GROWTH of 3-phase water pumping applications and air
conditioning loads in rural and suburban areas that were

previously single-phase has prompted the utilities to seek a
satisfactory method of installing 3-phase service. Although a
separate 3-phase system could be built, a method that is
economically attractive to the utilities is to supply both single-
phase and 3-phase loads from the same transformer bank.
Often the old system can be expanded to 3-phase service by
simply adding a second transformer to form either an open-
delta/open-delta or open-wye/open-delta transformer bank.

Both leading and lagging open-delta connections are usacd:
They are defined as follows.

1) In the open-delta leading connection, the voltages across
the transformer supplying the single-phase load leads the
voltage across the other transformer by 120 degrees.

2) In the open-delta lagging connection, the voltage across
the transformer supplying the single-phase load lags the
voltage across the other transformer by 120 degrees.

The circuit and phasor diagrams of Fig. 1 describe the above
connections.

Unfortunately, the secondary voltages of the open-delta
systems are subject to voltage unbalance caused by unequal
loading and unequal transformer impedances. Section 14.34 of
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of the IEEE Industry Applications Society for presentation at the 1975
Rural Electric Power Conference, Omaha, NB, April 27-29. Manuscript
released for publication January 27, 1976.
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Fig. 1. Open-delta distribution system. (a) Wiring diagram. (b) Phase
sequence for open-delta lagging connection. (c) Phase sequence for
open-delta leading connection.

NEMA Standard MG 1-1972 defines this unbalance as

percent voltage unbalance

maximum deviation from
average voltage

average voltage

Voltage unbalance is usually small. However, it can become
quite serious when the 3-phase load is an induction motor.
Unbalance in the 3-phase voltage reduces starting and break-
down torques, even if these torques are sufficient to handle
the load, excessive motor heating caused by the unbalanced
conditions may eventually lead to insulation failure. The
amount of voltage unbalance which a motor can constantly
withstand without damage varies with induction motor design.
Winding insulation, winding pitch, type of rotor, and ventila-
tion details may all affect the maximum winding temperature.
To prevent insulation failure, the motor load should be
derated until the maximum winding temperature does not
exceed that of rated conditions. Present methods of calcu-
lating the exact amount of derating are cumbersome.

The purpose of this paper is to develop a computer program
capable of analyzing an open-delta distribution system, pre-
dicting motor heating, and determining the amount of derating
necessary to prevent motor failure. Necessary background
analysis of the open-delta system and the methods used to
predict winding temperatures and to derate motor loads are
presented. Laboratory testing was performed to verify the
modeling procedure, analysis, and digital program.
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An open-delta distribution system, which serves a single-
phase load and 3-phase induction motor, was analyzed by
Anderson and Ruete [2] and by Bankus and Gerngross [3] in
papers written in 1954. Voltage unbalance on open-delta
systems was discussed in both papers. Anderson and Ruete
derived general equations which could be used to calculate
voltage unbalance. Bankus and Gerngross recommended trans-
former sizing that would result in a low voltage unbalance and
in maximum utilization of transformer kVA. In a later paper,
Bankus and Gerngross [41 compared the advantages and dis-
advantages of using either the open-delta leading or open-delta
lagging transformer connections.

Williams [10] analyzed the effects of voltage unbalance on
motor operation and concluded that the unbalanced voltages
cause increased motor losses and uneven heating. Gafford et al.
[7] attributed the rise in motor temperature under unbalanced
conditions to increased copper losses and unbalanced spatial
distribution of stator heating.

More recently, investigations have been made on the spatial
distribution within the motor of the heat resulting from
unbalanced voltages, and methods of derating motor loads to
prevent insulation failure have been proposed. The two
extremes for determining the amount of derating necessary are
presented in discussion by Lee [5, pp. 684-685] and the paper
by Berndt and Schmitz [5]. Lee assumed that the thermal
impedance between stator windings was negligible; therefore,
any additional heating caused by unbalanced voltages is evenly
distributed among all three windings. Therefore, Lee con-
cluded to prevent insulation failure, the motor load should be
derated until the total losses in the stator windings do not
exceed the losses under rated conditions. On the other hand,
Berndt and Schmitz assumed that the thermal impedance
between windings was infinite. According to their theory, the
motor load should be derated until the maximum current in
any phase is equal to or less than rated current. Whereas Lee
presented an optimistic derating of the motor load, Berndt
and Schmitz were overly pessimistic. Later, Rao and Rao [81
presented two additional methods of motor derating by taking
into account winding and insulation details. Because the
methods of motor derating presented by Lee and Berndt and
Schmitz require a minimum knowledge of motor construction,
they were considered in this paper.

DERIVATION OF THE COMPUTER MOTOR MODEL

Determining the exact amount of motor derating requires
an accurate analysis of the open-delta system. The unbalanced
voltages must be calculated and their effect on motor opera-
tion determined. The unbalanced conditions make these cal-
culations laborious. A generalized computer program, which is

capable of analyzing the open-delta system, predicting motor
heating, and determining necessary derating, would be time-

saving. Such a program has been written and is in the files of
the Power Section of the Electrical Engineering Department
at the University of Missouri-Rolla [9] . The derivation of the
system equations and the analysis of motor heating which are
used in the program are presented below.

Open-Delta Service Single- Cable Induction
Transformer Lead Phase Motor
Bank Load

Fig. 2. Model of open-delta distribution system.

+
V

R+(1-s)r

S

Fig. 3. Positive sequence model of one phase of the induction motor.

R5 j (X +x RV~~~~~~~ r r
Rr (a -1)

(2-s)

Fig. 4. Negative sequence model of one phase of the induction motor.

A. System Equations

An equivalent circuit of an open-delta system that includes
transformer secondaries, service leads and cables, single-phase
load, and 3-phase induction motor is shown in Fig. 2. By
writing Kirchhoff's voltage equations for the circuit, the
voltages at the motor terminals can be expressed as

[Vabl (Zl + 2ZL + 2ZC)

LVbcJ LZL

For simplicity, (1) can be written

Vt = [Z] I + V.

ZC ZL _I[
(Zi + 2ZC) Z, _ I2

(1)

(2)

The stator of the induction motor is assumed to be delta-
connected. Each phase of the motor can be modeled by its

positive and negative sequence circuits shown in Fig. 3 and
Fig. 4 [7] . The zero sequence circuit is not considered because
of the assumed delta connection. The total positive sequence
impedance, Z+, and negative sequence impedance, Z-. can be
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Because the zero sequence impedance is infinite, the zero
sequence voltage is zero. The terminal voltage vca can be elim-
inated from (7) to yield

(a)

a

z
b a21 z

aI

C

(b)
Fig. 5. Three-phase sequence models of an induction motor. (a)

Positive sequence model. (b) Negative sequence model.

derived from Fig. 3 and Fig. 4 to be

LVab [(I -a2)/3 (a-a2)/31 Vab1

JVab L( -a)/3 (a2 -a)/3J LVbcJ
Equation (8) can be rewritten as

VPs= [Al Vt

Substitution of (2) and (6) for V't and Vs in (9) gives

[ZS] IS = [A] [Z]I+ [AI V.

(8)

(9)

(10)

Application of Kirchhoff's current law to the circuits in
Fig. 5 and the summation of both positive and negative
sequence components of the line currents I, and I2 (see
Fig. 1) result in the following two equations:

I= (1 -a)I+ + (I -a2)f- (11)

and

I2 = (a -a2)I+ + (a2-a)-. (12)

z [RS + Rr+/S +J(XS + Xr+)]
z +RS + Rr+/S + j(Xs + Xr+)

in which

1RiXm
Z = ±X

(Ri +4 jXm )

A third equation is obtained by applying Kirchhoff's voltage
(3) law to loop 3 (see Fig. 2). Substitution of (11) and (12) for

I, and I2 in this equation and a rearrangement of the terms
results in

I3-
-ZL( -a) + Z1(a-a2)

(2 + 2ZL + Zl)
and

Rr
Z-=RS +± - s) ±(XS + XrJ)(2-S) (4)

From Fig. 5, the positive and negative sequence voltages at
the motor terminals are

[a+ Z+ 01P
IVab = z o L

Lab- z- I

or

VS= [ZS] IS.

-ZL(l-a2) + Z1(a2 -a)

(2 + 2ZL +ZI)

In matrix form, these three current equations are

(5) I2
_

(6)
(1 -a)

(a - a2)

(1 -a2)

(a2 - a)
The phase sequence is assumed to be vab' Vbc, Vca. The

symmetrical components transformation can be applied to the
voltages at the motor terminals to obtain

Iva
+

1 a a2 IVab
IVabI =-[I a2 a jjVbcj (7)

Vahb 1 1 JLVca
where

I-

or

Ia= [W] Is + It2

a2)

(2 + 2ZL + ZI)

(14)

a

b

c

RVBC
(2 + 2ZL + Zl)

(13)

(Z2 + 2AL + Z1)

481
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By inserting (15) into (10) and solvinig for the currents in
the motor sequence models fs one obtains

Is =[Zs] - [A l [Z] [ WI )-1 ( [A I [Z|It2 + [A] V). (16)

With a knowledge of the input voltages and circuit ele-
ments, (16) can be solved for the currents in the motor
sequence models. The line currents at the motor terminals can
then be calculated from (1 5). The sequence voltages at the
motor terminals -P. are determined by iniserting the values of
I into (5). The line to line terminal voltages are then calcu-
lated by rearranging (9) to obtain

Vt= [AI-' Vs. (17)

Onl mlotoir life, the temperatulre rise in the llOtOlr iS calCulated.
The rise in winding temperature AT above ambienit is assuimied
to be directly proportional to thie power- dissipated ini the
winding. The proportionality conistant k is calculated by divid-
ing the designed stator temperatLure rise. -Tdesigned, above an
assumed 400C ambienit temperature by the power dissipated
per phase in the stator under balaniced rated coniditionis. o)r

AT - k152Rs (18)

in which

is total curretnt in Rs
(see Figs. 3 and 4)

( 19)

Knowledge of the voltages and currents in the motor sequence
models permits the calculation of the motor losses.

B. Motor Losses

The prediction of the spatial distribution of heat in an
induction motor is an extremely difficult problem. The wide
variety of induction motors make any general analysis difficult
by requiring intricate details of motor construction.

To keep the computer program in this study as general as
possible and to keep to a minimum the amount of knowledge
of motor construction required, the two methods of derating
presented by Lee [5. pp. 684-685] and Berndt and Schmitz
[5] were considered. Neither method can predict the exact
amount of derating necessary, but they do determine the
bounds which should be considered. These restrictions and
considerations, along with experience and engineering judg-
ment, can then be employed to determine proper derating.

Unbalanced voltages cause an increase in rotor copper loss
[7], [9]. This loss can be calculated by adding the powers
dissipated in Rr+ and Rr,- for all three phases (see Figs. 3 and
4). In some cases, such as machines having deep bar or double
cage rotors, this loss can become significant in determining the
critical temperature [5], [7], [9]. Both derating methods
presented by Lee and Berndt and Schmitz assume that the
rotor copper loss has a neglgible effect on motor operation.

In many motors, the stator copper loss is the determining
factor for derating the motor load [51, [8]. The losses in R,
(the resistance of each of the stator windings) can be calcu-
lated from circuit theory (see Figs. 3 and 4). As a resuLlt of the
unbalanced line currents, these losses are not equal in each
winding. It is here that the two theories presented by Lee and
by Berndt and Schmitz differ. Lee assumed that the thermal
impedance between stator windings is negligible; therefore,
the temperatures of all three phases are equal and proportional
to the average of the powers dissipated in the stator windings.
On the other hand, Berndt and Schmitz assumed that the
thermal impedance is infinite and that overheating will result
in the phase dissipating the most power. Neither theory is
completely correct. The actual critical temperature lies
between the two estimates.

Past evidence has shown that for approximately each 10cC
rise in winding temperature, the insulation life is roughly
halved [1] . To estimate the effects of the unbalanced voltages

and

k TdesignedkS= R
israted 2RS

(20)

To protect the motor, the maximum winding temperature
should not be allowed to exceed the temperature under
balanced rated conditionis. The mnotor load should be derated
until the stator temperature is within safe limits. Bounds on
the amount of derating necessary can be obtained from the
two theories presented above.

Refinements of these two methods to include rotor heating,
type of winding insulation, and winding pitch could be made
to obtain better accuracy. Although the derivatiorn of the
program presented in this paper is derived for two specific
methods of derating, minor changes can make it applicable to
any other derating theory.

C. Impletn'entation o f' Sy,^stetn Equationis anid
Motor Heatinig in a Co)i'opater Model

By using the system equations and derating methods dis-
cussed above, a computer program was written. The program
determines the unbalanced voltages on an open-delta system.
predicts motor heating, and determines load derating limits.
To make the program easier to use and more generalized, the
modifications which follow are included in the program.

It is noted that the impedance of the single-phase load is
required to solve (16). Usually, the data given for the single-
phase load are the total power, kVA, and the power factor
(PF). As a result of the voltage unbalance, the voltage across
the single-phase load is not explicitly known prior to the
analysis; therefore, the exact value of Z, caninot be calculated
before solving ( 16). An iteration technique was, therefore,
introduced to adjust the impedance of ZI until the desired
single-phase load is obtained. The initial guess of Z1 is calcu-
lated by assurning that the voltage across the single-phase load
Vl is VAB- Each suLbsequent guess is made by solving (16).
determining a new value of V1, anid recalculating a nlew guess
of the single-phase load ZlI?+1 by

( VlkP2

kVA

482
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and

z1k+1 = IZlk+1 I (PF) +j Zlk+l (1 -PF2)1/2

in which I Z1k+1 is the magnitude of the kth + 1 guess of ZI.
The iteration loop is executed until the single-phase load is
within a specified tolerance of the kVA and power factor
desired.

In addition to knowing the impedance of the single-phase
load, (16) also requires that the slip of the induction motor be
specified. This is impractical because the programmer may not
always know the value of slip when the motor is operated at
other than the rated load or under unbalanced conditions. A
more reasonable quantity to specify is the output horsepower
of the motor. To achieve this, a second iteration loop is
included in the program. Equation (16) is originally solved by
using the value of slip the motor would have when operating
at nameplate speed. The power output of the motorP is then
determined by summing the power outputs of the motor
sequence models to give

P = 3 Ir+ 12R+ () + 3 1 r-12 2R (-)

FORM ALL MTRICES
AND SOLVE EQ. (16) _

ARE THE SINL-PHASE no
AND 3-PHASE LOADS CORRECr

(23)

in which I I,' and I- are the magnitudes of the currents
in the rotor resistance Rr+ and Rr-, respectively (see Figs. 3
and 4). This power is compared with the desired output power
of the motor. If the error exceeds a specified tolerance, the
slip is adjusted in a direction to minimize the error. The error
criterion used is

E = 746 (hp) -P

in which hp is the desired horsepower of the motor. The new

guess of slip sk+1 can be determined by

sk+l = Sk -E/(aE/ls) (25)

in which

aE[ 1 (l-s)1
-=3IrI+2R L+ ___

±31 ~~(s l)+ 3 Ir- rL(2 ) (21s)2J (26)

The iterations are continued until the power output calculated
in the program is within a specified tolerance of the horse-
power desired.

The program is capable of analyzing both open-delta
leading and lagging connections. The difference between the
two is the phase sequence of the voltages at the transformer
terminals as shown in Fig. 1. The system equations derived in
Section A assume a phase sequence of VAB, VBC, VCA; there-
fore, the system is a lagging open-delta connection. To analyze
a leading connection, the phase sequence must be changed to

VAB, VCA, VBC. This will result in changing (7) and (8).
These two equations will retain their same form; however,

A program written for a lagging connection can also be used to
analyze a leading connection by simply changing the value ofa.

After these modifications, (16) can be solved for each
leading and lagging connections and for specific single-phase
and 3-phase loads. Unbalanced conditions can then be deter-
mined, and the power dissipated in each stator winding can be
calculated. By using the analysis presented in Section B, the
effects of the unbalanced voltages on motor operation can be
estimated.

To obtain the derated value of motor load hpd a third
iteration loop is required in the program. The horsepower is
adjusted until the critical stator power predicted by either of
the derating methods is equal to the power dissipated per

phase in the stator under balanced rated conditions, i.e.,

(27)

The initial guess of the derated horsepower hpdo is the
rated horsepower of the motor. The new estimate of the
derated motor load hpdk+l is determined each time for the
following expression:

hpdk+l = hpk -hP k (Pcrit Prated)
(Pcrit hPrated)

in which

(28)

Prated = Rs(Israted)2

READ DATA

r
(22)

(24)

Fig. 6. Flowchart for comptuer analysis.
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Fig. 7. Comparison of measured and predicted terminal voltages
versus single-phlase kVA.

rated iS the maginitude of the Ccurrent in Rs under- balanced
rated conditionis and is determined fr-omi the positive seqtuence

model (see Fig. 3). Wheni the predicted critical stator power is

within a specified tolerance of the stator heating under rated
conditions, ani exit from the iteration loop occurs. This itera-
tion loop is executed twice to obtaini values for both derating
methods presented in Section B.

The above deratiing procedures assume that the service
factor of the induction mlotor is uinity. For motors havinig
service factors other thani uLnity. derating limits can be approxi-

mated by determining the values of the derated load from the
above procedure anid then multiplying these values by the

service factor. A flow chart of the digital prograam is shown in

Fig. 6.

VERIFICATION OF THE SYSTEM MODEL

An open-delta distribution systemii was simulated in the
laboratory. Two 5-kVA transformers were used in a laoging
open-delta transfor-mer banik to supply botlh a single-phase load
aind 3-phase iniductioI Imlotor.

Tlle 3-phase ImiotorI load was a 220 V, 4 pole, 60 Hz, 3 hip

induction motor havinig a wye-connected stator and was of

deep bar squirrel-cage r-otor conlstrLuCtiOnl The elements in the

sequence models of the motor (Figs. 3 and 4) were determined
to be

RS 0.850 olhmii peI- phiase

Ri 227. ohlims per plhase

RI 0.3190 olhml per pilase

Ri.- 0.780 ohm11i per phlase

Xm =27.1 olihms per phlase

Xs + XI, .54 ohlmlls pei- plase

Xs + XI7- 2.36 olihis per- phalse.

0

a

Computer Program

Laboratory Data

1 2

Single-Phase Load in KVA

4

I ig. 8. Comparison of in easured and predicted currents at the motor
terminals versus single-phase load.

1or

8

4

4

2

--Computer Program

,,- -- Laboratory Data
f/-

0 1 2 3 4

Sinqle-Phase Load in KVA

Iig. 9. Comnparison of melastured and predicted NEMA voltage
Lunbalance at motor terminlals versuis single-phase kVA.

The impedance of thie linies were niegligible; therefore, a

1.35 olhiml resistor was added in series witlh tranisformiier 2

(Fig. 1) to obtain sizable voltage unbalanices for reasonable

values of single-phase loads.
With a motor load of 1 .5 lip, the unity power tfactor- single-

phase load was var-ied between 0 and 4 kVA. The resulting
unlbalanced conlditionis were recorded for sever al values of

sinigle-phase loads in this r-ange. Thle samce systemii Vas tllen
anialyzed in the comiputer program aind the results were coimi-

pared and are slhowni in Figs. 7 through 9. The voltage
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Voltage unbalance 1.7 percent
Maximum stator heating (optimistic) 60 W

U4
U)

0

0.,
'-4

'0

.4-

a)

1. 5

Estimated temperature (optimistic)
I.

II.\

0. 5-

0 1 2 3 4

Single-Phase Load in KVA

Fig. 10. Motor derating limits versus single-phase load for test motor
assuming rated load of 1.5 hp.

unbalance in Fig. 9 was calculated using the definition of
voltage unbalance given in Section 14.34 of NEMA Standard
MGI-1972.

Assuming that the motor was rated at 1.5 hp instead of
3 hp, the motor load was derated to keep the critical winding
temperature equal to the winding temperature when the motor
is operated under balanced conditions at 1.5 hp. Derating
limits were predicted by the computer program for several
values of single-phase loads and are shown in Fig. 10.

EXAMPLE OF AN APPLICATION OF
THE COMPUTER PROGRAM

A theoretical system was analyzed in a computer program

with the analysis presented in this paper. The system consisted
of a leading open-delta transformer bank serving a single-phase
load and 3-phase induction motor. Transformer ratings were

assumed to be 5 and 37.5 kVA, respectively. The single-phase
load was assumed to be 20 kVA at 0.9 power factor and
supplied by the larger of the two transformers. The 3-phase
induction motor was a 10 hp, 240 V, 4 pole, 60 Hz motor

having class B winding insulation. Motor constants were

assumed to be

Rs = 0. 1 53 ohm per phase

Rr+ = 0.188 ohm per phase

Rr-= 0.507 ohm per phase

Xn = 14.3 ohms per phase

Xs + Xr' = 1.26 ohms per phase

Xs + Xr-= 0.982 ohm per phase.

Service leads and cables were each assumed to be 200 ft of
number 2 AWG copper wire.

Without derating the motor load, the computer program

predicted that the following conditions would occur:

1240C

Maximum stator heating (pessimistic) 72 W

Estimated temperature (pessimistic) 1 420C.

Under balanced rated conditions, the power dissipated as
heat in each of the stator windings is 57 W at 1200C.

According to the derating method presented by Lee [5,
pp. 684-685], the motor load should be derated to 9.7 hp.
This would reduce the average power dissipation per phase in
the stator windings to 57 W. The derating method presented
by Berndt and Schmitz [5] would derate the motor load to
8.9 hp and reduce the maximum power dissipated in any of
the stator windings to 57 W.

For this theoretical system, the effects of the unbalanced
voltages on motor operation have been determined. To prevent
insulation failure, the motor load should be derated to a value
between 8.9 and 9.7 hp.

RESULTS AND CONCLUSIONS

This paper has summarized the background necessary to
analyze an open-delta distribution system, predict motor
heating, and determine derating limits. Suggestions have been
made to combine the analysis of the open-delta system and the
motor heating into one computer program. This computer pro-
gram can then be used to estimate the effects of the voltage
unbalance on motor operation and to determine the amount
of derating necessary.

Motor heating and unbalanced conditions do not lend
themselves to easy solutions. Computer simulation is perhaps
the best approach to this problem. Such a program, as pre-
sented in this paper, would be helpful in both field applica-
tions and future research.
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Peak Shaving-A Way to Fight Rising Costs

'7V D,i &
CHARLIE F. JACK, MEMBER, IEEE

I ,

Abstract-The background of rising costs in the production, trans- f,well as transmission lines, distribution substations, distribution
mission, and distribution of electric power and energy is discussed and,lQ.lines, and everything else right up to and including the service
in particular, the significant increases in the cost of generation. It dis- of a consumer's home have increased in cost by a
cusses the adverse annual load pattern experienced by Buckeye Power,
Inc. and the electnc water heater control program of load managemenf similar order of magnitude.
adopted by Buckeye to fight the rising costs of providing electric ser- These cost increases only relate to the physical plant. The
vice. uel required to produce a kilowatthour of electricity has

The Buckeye peak shaving system is described, involving the use of \4ncreased in cost over the past six years in far greater propor-
radio switches installed on electric water heaters which are activated 'ions Six years ago most of us were of the opinion that a
through the use of an automatic central computer control scheme. O i Btu fue cost wasquie high e tremel
The system operating results are discussed and other electric power- 20¢/million Btu fuel cost was quite high. We are extremely
systems are admonished to consider controlling deferrable loads. r lucky nowadays to secure the same fuel for $1 /million Btu.

t There was a day when we did not worry very much about
` peak loads, load factors, power factors, or, in fact, our overall

BACKGROUND j efficiency in providing electric energy to consumers. We did

TDOUBT that anyone representing the rural electric powe--i.not worry because facilities and fuel were relatively cheap and,
l industry has escaped the wrath of dissident electric con- J"in addition, our big problem was competing with alternative

Jenergy sources. In most cases our toughest competition came

bills. Because our industry is highly technical it is extremelyc from natural gas. Now that natural gas is not available to servebills. Becaue or
*new consumers in most areas and alternative fuels are eitherdifficult to give short explanations of why costs are rising in

ot relatively unavailable or very high in price suddenly we findsuch unprecedented proportions. Unfortunately, we cannot'
escape the fact that practically everything involved in getting Y ourselves providing the principal energy source to turn the
cescrap station electric power and energy frorn the wheels of industry and commerce and to operate the appli-central station electric power and energy from the generatina9
plant to the consumer has fallen victim to unbelieveable>ances and comfort conditioning for a high percentage of the.z eo le in this countryincreases in costs during the past five or six years. Large coal- p p m thatcountry.
fired generating plants which could be constructed for less;oasI believe that all of this adds up to an escalation in peak
than $150/kW six years ago now are in the $400-$500/kwWSIloads, declining load factors, increased peak load losses, and
cost range. Transformers and other substation euipment as l generally an adverse effect upon the cost of providing elec-co

tricity to consumers. Confronted with such drastic cost

(increases, we can no longer afford the luxury of inefficiency in
Paper IOD-75-52, approved by the Rural Electric Power Committee our resource utilization.

of the IEEE Industry Applications Society for presentation at the 1975 This reiteration of facts of which you are all aware will help
Rural Electric Power Conference, Omaha, NB, April 27-29. Manuscript
released for publication January 27, 1976. to provide some general background for the main thrust of this

The author is with Buckeye Power, Inc., Columbus, OH 43229. paper, that being "peak shaving".
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