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POWER FACTOR BENEFITS OF HIGH EFFICIENCY MOTORS

ABSTRACT
Many high efficiency motors have higher power factors than
the  standard  motors  they  replace.  For  facilities  that  have
power  factor  penalty  charges,  carefully  choosing  a  high
efficiency  motor  that  also has  a  higher  power  factor  can
result in electric cost savings that will improve the payback
time of the more costly, high efficiency motor. This paper
discusses the availability of high power factor motors, and
quantifies the added benefits that come from reduced power
factor  charges.  Several  examples  are  shown  to  illustrate
these economic benefits.

INTRODUCTION
The economic  and energy  savings benefits  of  using high
efficiency motors have been recognized for some time, and
a  number  of  utilities  give  incentives  to  customers  for
replacing  standard  efficiency  motors  with  high  efficiency
models. Recently, it has been noted that many of these high
efficiency  motors  also  have  significantly  better  (higher)
power factors than standard efficiency motors of the same
horsepower  rating  [1].   However,  to  the  present  authors'
knowledge,  no  one  has  quantified  the  added  economic
benefits of this higher power factor.  Not all facilities have
utility rates that  impose some kind of  penalty for  a poor
(low)  power  factor.  But,  for  facilities  that  do  pay  added
electric  costs because  of  a poor power factor,  the careful
selection of a high efficiency motor that also has a higher
power factor can provide a combination of electric savings
that makes the economics of selecting that high efficiency
motor even more attractive.

The task of selecting a high efficiency motor with a high
power factor is greatly aided by using a valuable and user-
friendly  tool  called  MotorMaster,  available  from  the
Washington State Energy Office [2]. MotorMaster contains
a database of over 11,000 motors, and has data on motor
models,  costs,  efficiencies  at  different  loads,  and  power
factors  at  different  loads.  MotorMaster  will  perform  a
complete economic analysis to compare the replacement of
a standard efficiency motor with a high efficiency motor,
but the analysis does not include any power factor benefits.
This  paper  provides  a  method  to  determine  what  this
additional savings will be, and shows several examples of
the  added  savings.  Care  must  be  taken  in  selecting  a
particular  high  efficiency  motor,  since  data  from
MotorMaster shows that not all high efficiency motors have
higher  power  factors  than  their  standard  efficiency
counterparts.  Using  data  available  from  motor
manufacturers or from MotorMaster, motors can be selected
that  do  produce  economic  benefits  both  from  higher
efficiency and from increased power factor.  

The  purpose  of  this  paper  is  twofold.  First,  we  want  to

inform  energy  and  facility  managers,  as  well  as  energy
analysts  and  consultants,  that  high  efficiency  motors  can
also provide power  factor  benefits,  but  these new motors
should be chosen carefully because high efficiency does not
necessarily mean high power factor. The second purpose of
this paper is to highlight some data on the power factors of
high efficiency  motors from MotorMaster,  and using that
data, to quantify the additional economic benefits that come
from these higher power factors. It is important to recognize
that if a facility has no power factor penalty or cost of any
kind, then there is limited economic benefit  to the higher
power  factor  motor.  However,  many  larger  commercial,
manufacturing  and  industrial  facilities  do  have  a  power
factor penalty, and for these facilities, the savings on power
factor  charges  can  help  further  improve  the  cost-
effectiveness  of  replacing  a  motor  with  the  higher  cost
premium efficiency motor. Several examples are shown to
demonstrate  the  additional  cost  savings  from  using  high
efficiency,  high  power  factor  motors  under  some  typical
utility rates which include power factor penalties. 

UTILITY POWER FACTOR CHARGES
Poor  power  factors  are  a  concern  for  electric  utilities
because their equipment is all rated for a maximum kVA
load instead of a maximum kW load. If  a utility charged
only for the real power in kW, it would not be recovering its
actual  costs for  generation,  transmission and distri-bution.
Thus,  utilities  often  penalize  larger  customers  with  poor
power factors to compensate for their additional costs of lost
capacity. A somewhat similar situation occurs in buildings
and industrial facilities, where the capacity of distribution
transformers, distribution panels, and wiring circuits are all
rated  in  kVA  rather  than  kW.  Thus,  it  is  also  to  the
advantage of many facilities to correct their power factor to
allow the greatest kW loads to be served.

The  traditional  approach  to  power  factor  correction  in
facilities is to install capacitors on motors, motor circuits,
fluorescent lighting circuits, and other inductive loads; or to
install capacitors at the entrance of the main power lines into
the facility. The cost of the capacitors is repaid through the
savings  from  the  utility  penalties  that  would  have  been
charged  for  the poor  power  factor.  In  this paper,  we are
proposing that the higher power factors available from many
high efficiency motors be recognized, and considered as an
alternative  approach  to  helping  correct  power  factors  in
facilities. The benefits from power factor improvement will
increase the benefits from the higher efficiencies, and will
result  in  an  even  greater  cost  effectiveness  for  the  new
motors.

There are three principal methods by which utilities charge
for a customer's poor power factor. These are:  direct kVA
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charges; billing demand adjustments for low power factors;
and  charges  for  excess  kVARs (reactive  kVAs).  Each  of
these  is  illustrated  briefly,  and  will  then  be  used  in  the
economic analysis examples used later in this paper.

Utility Rate Example One
A utility has a rate structure that includes a charge of $7.02
($6.50 plus eight percent tax) per month for each kVA of
customer demand, and customers on this rate structure have
a meter that reads directly in kVAs. This is the most severe
power factor penalty since it penalizes any power factor less
than 100%.  

For example, a customer with a demand of 1250 kVA, and a
power factor of 80% would have a real power use of only
1000 kW. Without any power factor penalty, their monthly
demand bill would be 1000 kW  $7.02/kW = $7020. With
the charge  by the kVA, the monthly bill  would be 1250
kVA   $7.02/kVA = $8775.  This represents a penalty of
$1755 each month; or a 25% increase in the demand charge
because of the 80% power factor.

Utility Rate Example Two
A utility has a rate structure that includes a charge of $5.00
per  month  for  each  kW  of  billed  demand,  defined  as
follows:

billed demand = (actual kW demand from meter)  
     (base power factor) / (power factor
      of the facility)

and the base power factor is 90%.

For a facility with a 1000 kW peak demand and a power
factor that averages 80%, the billed demand would be:

billed demand = 1000 kW  (.90) / (.80) 
 = 1125 kW

Without any power factor penalty, the monthly demand bill
would be 1000 kW  $5.00/kW = $5000. With the charge
for the billed demand, the monthly bill would be 1125 kW 
$5.00/kW = $5625. This represents a penalty of $625 each
month; or a 12.5% increase in the demand charge because of
the 80% power factor.

Utility Rate Example Three 
A utility has a rate structure that includes a charge of $5.00
per month for each kW of demand, and a charge of $0.75
per  month  for  each  kVAR in excess  of  60% of  the kW
demand for that month.  

For a facility with a 1000 kW peak demand and an average
power  factor  of  80%,  the  utility  calculates  the  reactive
power use as 750 kVAR. The excess kVARs are then found
from  750 - 0.6   1000 = 150. Without any power factor
penalty,  the  monthly  demand  bill  would  be  1000  kW  

$5.00/kW = $5000.  With the charge for the excess kVARs,
the  monthly  bill  would  be  $5000  +  $0.75/kVAR   150
kVAR = $5112.50. This is a penalty of $112.50 each month,
or a 2.3% increase in the demand charge.
These examples show that the economic penalty from poor
power factor varies tremendously depending on the partic-
ular utility rate structure. Billing on kVA is by far the most
severe penalty, and offers the most incentive for correcting
facility power factors. These three example rate structures
will  be  used  to  evaluate  the  benefit  of  using  the  higher
power  factors  of  high  efficiency  motors  since  they
accomplish  the  same  purpose  as  installing  power  factor
correction  capacitors,  but  do  not  require  an  additional
expenditure for that benefit.

DATA FROM MOTORMASTER
A study of  the  MotorMaster  database  was performed  by
taking  a  sample  of  ten  high  efficiency  motors  and  ten
standard efficiency motors for each horsepower rating. The
efficiency and power factor were recorded for load factors
of 100%, 75%, 50% and 25%. We concluded from the data
that  not  all  high  efficiency  motors  have  a  higher  power
factor at the same load factor than the same size standard
efficiency motor.
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However, with careful selection, a high efficiency motor can
be found that will also have a higher power factor than its
standard  efficiency  counterpart.  Table  1  is  a  sample  of
commonplace  motors  found  in  buildings,  manufacturing,
and industry. It lists the  average  power  factor ratings  of
standard  efficiency motors and the power factor ratings of
specific high efficiency motors that can be purchased for an
additional cost, or cost premium.    

As a side issue, it should be noted from Table 1 that the
power factors of all the motors deteriorate markedly at load
factors  of  50%  and  especially  at  load  factors  of  25%  -
regardless of whether the motors are standard efficiency or
high efficiency. The conclusion from this data should be that
it is not cost effective to run motors at very low load factors.
If a 100 hp motor is being operated at a 25% load factor, it
should  be  replaced  with  a  25  hp  or  a  30  hp  motor.
Efficiencies often peak at 75% load factor, so it is not a bad
idea to somewhat oversize a motor.    

TABLE 1.  MOTOR POWER FACTORS [1]

HP
Rating

Load 
Factor

Standard Motor
Power Factor (%)

Premium Motor
Power Factor (%)

Cost Premium
($)

5 100% 82.4 84.1 69

75% 77.6 80.2

50% 68.7 71.4

25% 47.7 50.1

10 100% 83.2 86.3 111

75% 80.2 83.6

50% 71.4 77.0

25% 50.9 57.5

20 100% 85.8 88.1 186

75% 83.0 87.0

50% 75.9 83.3

25% 57.6 69.2

50 100% 87.9 89.9 469

75% 85.8 87.4

50% 80.3 81.1

25% 61.0 61.9

100 100% 87.2 90.5 887

75% 85.1 89.1
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50% 79.0 84.4

25% 59.9 68.0

POWER FACTOR IMPROVEMENTS
The reactive power is the cause of excess kVA loading for a
given  kW load.  When a motor is  replaced  with a  higher
power factor motor, the kVARs are reduced, and the kVA
requirement for that motor will be less.  The apparent power
reduction (APR) in kVAs realized from a high efficiency
motor is calculated as: 

APR = N  HP  LF  C  
    [((PFpEFFp) - (PFsEFFs))

     /(EFFsPFsEFFpPFp)]
where

N = number of motors of a given size
HP = horsepower
LF = load factor
C = conversion factor, 0.746 KW/hp
EFFs = efficiency of high efficiency motor
EFFp = efficiency of standard efficiency motor
PFs = power factor of standard efficiency motor
PFp = power factor of premium efficiency motor

Because the power factor  and efficiency  of  a  motor vary
with the load of the motor,  the apparent  power reduction
must  be  calculated  with  the  power  factor  and  efficiency
ratings at the given load factor. With a higher power factor,
a motor requires less total current for an equal amount of
work.  Motor  power  factors  begin  to  erode  as  motor
operation  drops  below  75%  of  rated  load  and  decline
sharply below 50% of rated load [1].

The  reactive  power  reduction  (RPR)  in  kVARs is  deter-
mined using the following formula.

RPR = ((kWs/PFs)2-(kWs)2) - ((kWp/PFp)2-(kWp)2)

The apparent power reduction and reactive power reduction
calculations include the energy savings from the improved
efficiency of the motor and the savings from the improved
power factor.

ECONOMIC BENEFITS OF HIGH POWER FACTOR
MOTORS
Manufacturers typically price their products according to 

the efficiency of the motor. Often the particular design of a
motor will lead to a high power factor rating. Consequently,
there is often little or no difference in the cost of a high
power factor motor and a lower power factor motor of the
same horsepower. When replacing a failed motor, the cost-
effectiveness  of  purchasing  the  more  expensive  high
efficiency motor will increase if the new motor has a high
power factor.  

In the following example, we compare two 25 hp motors:
one high efficiency and one standard efficiency model that
each run 4,380 hours per year.  The rate structure for this
example is $7.02/kVA/mo and $0.05/kWH. We assume that
the motors operate with a load factor of 75%, and are rated
at 460 volts and 1800 rpm.

Motor A: Standard Efficiency
    1. Efficiency at rated load = 0.880
    2. Power factor at rated load = 0.803
    3. List Price = $1,984

Motor B: Premium Efficiency
    1. Efficiency at rated load = 0.944
    2. Power factor at rated load = 0.867
    3. List Price = $2,198

The standard analysis examines efficiency only,  and finds
the  demand  reduction  and  energy  reduction  due  to  the
increased efficiency. If Motor B is chosen instead of Motor
A, the real demand reduction is 1.07 kW, found as follows:

kW standard = 25 hp  (.75)  (.746 kW/hp)/(.88)  
= 15.89 kW

kW hi eff = 25 hp  (.75)  (.746 kW/hp)/(.944) 
     = 14.82 kW

kW savings = 15.89 - 14.82 
        = 1.07 kW

The demand cost reduction is found as:

$kW = 1.07 kW  $7.02/kW  12 months/yr
= $90.14/yr

The energy savings would be:

kWH = 1.07 kW  4380 hr 
= 4,687 kWH  

The energy cost savings due to the improved efficiency is:

$kWH = 4687 kWH  $.05/kWH 
= $234.35

The total savings from the high efficiency motor is then the
sum  of  these  two  components,  or  $90.14  +  $234.35  =
$324.49.  The additional  investment,  or cost premium, of
$214 for Motor B will pay for itself in 7.9 months. This
Simple Payback Period, or SPP, is found as:

SPP = $214/$324.49/yr 
= 0.66 yr = 7.9 months
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Using the method suggested in this paper which includes the
savings from the improved power factor,  we can find the
additional savings from the power factor improvement.  
The load of Motor A is:

kVA standard = 15.89 kW / (.803) 
= 19.79 kVA

The load of Motor B is:

kVA hi eff =  14.82 kW / (.867) 
= 17.09 kVA

The apparent power reduction is 19.79 - 17.09 = 2.7 kVA.
(Alternatively, we could have calculated the apparent power
reduction using the formula stated in the previous section.)
Thus,  the  total  demand  savings  from  the  high  efficiency
motor under the kVA billing example is:

$ savings = 2.7 kVA  $7.02/kVA  12 mo/yr
= $227.45

This represents an additional savings of $137.31 ($227.45 -
$90.14)  from  the  first  case  where  only  the  real  power
savings in kW was examined.  The total energy cost savings
from installing Motor B instead of Motor A is $227.45 +
$234.35 = $461.90/yr. This makes the additional investment
an extremely attractive option as the expected investment
recovery time - or Simple Payback Period (SPP) - is now 5.6
months
 
A COMPARISON OF ECONOMICS UNDER THREE
DIFFERENT RATE STRUCTURES
The economic benefits of using high efficiency motors with
high power factors are significantly affected by the partic-
ular utility rate for a facility. The purpose of this section is to
provide  a realistic  example  of  a  group of  motors  from a
typical manufacturing facility, and to perform an economic
analysis of the benefits from using motors that have high
power factors, using the three different example utility rates
described previously.

Consider an aluminum fabrication plant with 400 employees
that runs on three shifts for a total of 8,760 hours per year.
The company spent  1.1  million dollars  in electric  energy
bills last year. Among other energy consuming equipment,
the  plant  uses  numerous  motors  to  drive  process  related
equipment such as shell presses and compound presses.  A
list of these motors can be found in Table 2.  This table
summarizes  the  calculations  for  the  power  factor  cost
savings for each rate structure: kVA billing; billed demand
calculation; and excess kVAR billing. 

The utility company charges the facility an average cost of
electricity without demand of $0.05/kWH.  The following
three  utility  rates  were  used  in  the  economic  analysis  of
demand cost savings.

Utility Rate One: $7.02/kVA
Utility Rate Two: $5.00/kW (billed demand)  
Utility Rate Three: $5.00/kW plus $0.75 for excess

kVAR above 60% of real demand

In  the  economic  analysis  of  replacing  motors,  the
implementation  cost  is  the  cost  premium  for  the  high
efficiency motors, or the difference in the cost between the
high efficiency motor and the standard motor. The total cost
premium (or implementation cost) for replacing the motors
at this facility was estimated as $28,560.  

The efficiency cost savings (ECS) is the energy cost savings
due only to the improved efficiency of the motors while the
total cost savings (TCS) is the energy cost savings realized
from both the higher power factor and the higher efficiency
rating. In Table 2, the subscripts 1, 2 and 3 on the energy
cost  savings and  the total  cost  savings correspond  to the
savings resulting from the three utility rates examined. The
power factor cost savings is the difference between the total
cost savings and the efficiency cost savings. The first rate
structure  is  the  most  beneficial  for  power  factor
improvements  because  the  utility  company  penalizes  its
customers for any power factor less than 100%.  The savings
and  simple  payback  periods  for  the  three  example  rate
structures are shown in Table 3.

Although the operating hours of the motor will affect  the
size of the energy cost savings from high efficiency motors,
the  cost  savings  from  the  higher  power  factor  is  not  a
function of motor run time.  In some cases, the savings from
this improvement can justify the purchase of a higher cost
premium motor on the merit of power factor savings alone.
Thus, the improved cost effectiveness of replacing standard
motors with high efficiency motors which have high power
factors should provide additional incentive to companies to
implement this energy efficiency measure.  

CONCLUSION
In this paper, we have demonstrated that careful selection of
high  efficiency  replacement  motors  can  result  in  power
factor  improvement.  For  facilities  with  power  factor
penalties in their utility rate, there are significant economic
benefits  from  these  improved  power  factors.  The
MotorMaster database provides the comparison data needed
to most cost-effectively select a new high efficiency motor.
Energy managers at this type of facility should incorporate
power factor savings into their economic analyses of high
efficiency motors, and when they do, this will reduce the
payback time for the increased investment in the new high
efficiency motors they recommend.
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TABLE 2.  HIGH EFFICIENCY MOTOR SAVINGS FOR A COMPANY
    UNDER THREE DIFFERENT RATE STRUCTURES



N HP LF EFFs EFFp PFs PFp kWs kWp kWsv APR RPR ECS1

($)
ECS2

($)
ECS3

($)
TCS1

($)
TCS2

($)
TCS3

($)

4 100 0.8 0.919 0.950 0.789 0.851 259.8 251.3 8.50 34.0 47.2 4,439 4,233 4,233 6,587 5,558 4,612

57 7.5 0.4 0.846 0.902 0.643 0.688 150.8 141.4 9.40 29.0 30.5 4,909 4,681 4,681 6,560 5,683 4,905

43 5 0.5 0.839 0.890 0.654 0.710 95.6 90.1 5.50 19.3 21.2 2,872 2,739 2,739 4,035 3,450 2,900

12 15 0.6 0.875 0.916 0.705 0.775 92.1 88.0 4.10 17.1 20.9 2,141 2,042 2,042 3,236 2,719 2,208

14 2 0.6 0.791 0.864 0.558 0.612 15.8 14.5 1.30 4.6 4.8 679 647 647 957 819 683

13 40 0.6 0.908 0.934 0.764 0.797 256.3 249.2 7.10 22.8 27.6 3,708 3,536 3,536 5,030 4,341 3,746

2 60 0.8 0.916 0.940 0.769 0.804 78.2 76.2 2.00 6.9 8.7 1,044 996 996 1,457 1,249 1,063

5 10 0.4 0.864 0.910 0.588 0.640 17.3 16.4 0.90 3.8 4.1 470 448 448 714 599 480

2 1.5 0.4 0.780 0.852 0.642 0.686 1.1 1.1 0.00 0.1 0.2 0 0 0 8 6 1

2 20 0.4 0.886 0.923 0.497 0.546 13.5 12.9 0.60 3.5 3.78 313 299 299 558 454 330

Totals 980.5 941.1 39.40 141.1 169 20,576 19,623 19,624 29,143 24,880 20,931

  

TABLE 3.  COMPARISON OF SAVINGS UNDER THREE UTILITY RATE STRUCTURES

Utility Rate #1 Utility Rate #2 Utility Rate #3

Efficiency Cost Savings $20,576 $19,623 $19,624

Power Factor Cost Savings $8,567 $5,257 $1,307

Total Cost Savings $29,143 $24,880 $20,931

Increase in Savings Due to Power Factor Savings 41.6% 26.8% 6.7%

Overall Simple Payback Period 0.96 yrs 1.1 yrs 1.4 yrs


