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Energy Efficient Motors
This Techdata Sheet is intended to help activity

personnel identify cost effective energy projects
for energy efficient motors. With this guide an
energy manager can identify when an energy effi-
cient induction motor should be used.

MOTOR TYPES AND EFFICIENCIES

Motor Types

There is a wide variety of motor types. One
way to categorize them is by their electrical source.
DC, single phase AC, or three phase AC electrical
supplies are the most common. Examples of each
are:

DC Shunt wound
Series wound
Compound wound

AC - 1 Phase Repulsion
Induction
Repulsion-induction
Series

AC - 3 Phase Induction (Asynchronous)
Synchronous

Another way to categorize motors is by their
application or load. Loads can be classified into
solids, liquids, and gasses (e.g., elevator systems,
water pumps, and HVAC fan systems, respectively)
and define such specifications as horse-power,
speed, and torque design characteristics. Speed clas-
sifications are:

• Constant Speed
• Adjustable Speed
• Multi Speed
• Varying Speed
• Adjustable Varying Speed

The load connection configuration defines speci-
fications such as vertical or horizontal shaft posi-
tion, pulley or direct drive, and speed. The envi-
ronment defines motor specifications through am-
bient conditions and human factors. Ambient con-
ditions such as humidity and ventilation define the
needed enclosure type and cooling methodology.
Human factors such as accidents, failures, or er-
rors define specifications such as splash proof pro-
tection. Common open or totally enclosed enclo-
sures are:

Open Totally Enclosed

Drip proof Non-ventilated
Splash proof Fan cooled
Guarded Fan cooled guarded
Semi-guarded Explosion proof
Drip proof guarded Dust ignition proof
Externally ventilated Pipe ventilated
Pipe ventilated Water cooled
Weather protected, Water air cooled
   types I and II Air-to-air cooled
Encapsulated windings
Sealed windings



Motor Efficiencies

The standards for energy efficient motors apply
only to induction motors. This data sheet addresses
only induction motor applications which are the
most common. Motor efficiency is defined, in its
simplest terms, as delivered shaft power divided
by electrical input power. Not all of the electrical
input is converted to mechanical power. The asso-
ciated losses determine the efficiency of a motor.
Motor losses are attributable to load independent
and or load dependent causes. Typical losses and
their usual range as a percent of total loss are
given below:

Loss
Category (%) Contributing Factors

Core (Iron) 15-25 Type and design of
core material

Friction/Windage 5-15 Bearings and fan

Stator I2R 25-40 Stator conductor
impedance

Rotor I2R 15-25 Rotor conductor
impedance

Stray Load 10-20 Manufacturing and
design

Motor Loss Categories

The National Electrical Manufacturers Associa-
tion (NEMA) established standards for motor effi-
ciency. Following NEMA standard for induction
motors, efficient motor designers and manufactur-
ers have improved overall motor performance with
respect to nominal efficiency and power factor.
Nominal motor efficiencies are defined by the
American National Standards Institute (ANSI) test-
ing standards C50.20.

WHEN TO BUY ENERGY EFFICIENT
MOTORS

Energy efficient motors should be considered in
the following circumstances:

CASE I - When a new motor is being purchased

CASE II - When considering rewinding a failed
motor

CASE III - When an existing motor is operating
inefficiently

The potential electricity saved is dependent on
the horse power (hp), speed, and percent load of
the new and existing motors as defined in Equation
1.

kW
Es = 0.746         . HP . (ηstd

-1 - ηhigh
-1) (1)

HP

where:

ES = energy saved
HP = horse power
ηstd = efficiency of standard motor
ηhigh = efficiency of standard motor

The potential dollars saved can be calculated by
multiplying the energy saved in kW by the cost
per kWh by hours of operation per year.

DS = (ES) (CE) (Hop) (2)

where:

DS = dollars saved
ES = energy saved
CE = cost of electricity in $/kWh
Hop = hours of motor operation per year

For CASE I the simple payback can be calcu-
lated by subtracting the cost of the existing stan-
dard motor from the cost of the efficient motor
and dividing the difference by the dollars saved
per year. For CASE II the simple payback can be
calculated by subtracting the cost of rewinding the
existing standard motor from the cost of the effi-
cient motor including all associated costs and di-
viding the difference by the dollars saved per year,
calculated from Equation (2). For CASE III the
simple payback can be calculated by subtracting
the cost of operating the existing standard motor
inefficiently from the cost of the efficient motor
including all associated costs and dividing the dif-
ference by the dollars saved per year. Equation (3)
summarizes the payback calculation.



Chigh - Cstd

P = (3)
  Ds

where:

P = simple payback in years
Chigh = efficient motor costs
Cstd = standard motor costs
DS = dollars saved per year

An efficient motor typically has a higher start-
ing current than a standard motor and the potential
effects on the motor power circuits should be ana-
lyzed. An efficient motor typically operates at a
faster speed than a standard motor. Particular con-
sideration should be given to the actual operating
rpm specified. In some cases although the efficient
motor is operating more efficiently the faster speed
requires more energy to operate and could result
in a net increase in energy expense, eliminating
the cost effectiveness. For CASE I applications,
speed sensitive loads should be considered care-
fully.

For CASE II applications, special high efficiency
rewinding can yield a higher than manufactured
efficiency for a standard motor, but will still be
less than the NEMA 12-6C efficiency.

For CASE III applications, motor system con-
sultants usually only consider motors with operat-
ing hours in excess of 2,000 hours per year. Ap-
plications such as emergency fire water pumps and
back-up motors are only operated a few hours a
year.

To further define CASE III, Tables 1 and 2
show the minimum operating hours required to
yield simple paybacks between 2 and 10 years.
Values are calculated at electrical rates between
$0.03/kWh and $0.10/kWh. Table 1 is for Open
Drip Proof (ODP) enclosure motors and Table 2 is
for Totally Enclosed Fan Cooled (TEFC) and Ex-
plosion Proof enclosure motors.  The tables are
provided so that the user can quickly identify po-
tential motor projects and eliminate from consider-
ation most of the motors with a long or no payback.
The assumptions include:

• The motors are at 75% of rated load since
motor efficiency is usually the highest at 75% of
rated output.

• The efficient motor is at nominal efficiency
defined by NEMA 12-6C.

• The standard motor is at the average of
the nominal efficiencies of currently manufactured
motors that do not meet NEMA 12-6C.

• The user would choose an ODP, TEFC,
or explosion proof enclosure.

• The demand charge and the incremental
speed increase can be ignored.

To use the payback tables, locate the horse-
power rating and speed rating in the appropriate
columns. Identify the columns that are within your
approximate energy charge in $/kWh. The col-
umns labeled with 2, 3, 4, or 5 indicate the simple
payback years. The minimum annual hours of op-
eration are included within the matrix. In the tables,
spaces marked with a dashed line (---) indicate that
even constant operation, 8760 hours per year, would
not yield a payback in the number of years listed.
For example replacing an existing standard motor
with an efficient motor that is rated a 40 hp and
1,800 rpm operating in a facility with an approxi-
mate energy charge of $0.08/kWh would require
at least 3,598 operating hours per year to yield a
simple payback of 4 years.

Both tables show an increase in efficiency of
approximately 5%. All tables in this article were
generated using the Washington State Energy
Office’s Motor Master software. In general, incen-
tives offered by motor distributors and/or electric
utilities will yield a shorter payback. For example,
a 10% discount on motor price can reduce the
simple payback period by 0.2 to 0.3 years.  Some
typical rebates available from utilities around the
country are:

Horsepower at 1,800 rpm Rebate ($)

10 140
20 260
40 430
50 500
75 730

100 920
200 1,300



Table 1.  Hours of operation at various electrical rates and paybacks
for open drip proof enclosure motors.



Table 1 (Cont).  Hours of operation at various electrical rates and paybacks
for open drip proof enclosure motors.



Table 2.  Hours of operation at various electrical rates and paybacks for totally enclosed,
fan cooled, and explosion proof enclosure motors.



Table 2 (Cont).  Hours of operation at various electrical rates and paybacks for totally enclosed,
fan cooled, and explosion proof enclosure motors.



If you feel you have a feasible project after reviewing the data in
Tables 1 and 2, please contact your EFD or NFESC. These agen-
cies will assist you in validating your project and preparing the
ECIP/ECAP documentation.

If you have any questions about efficient motors, please contact:

      Code ESC22, NFESC
(805) 982-5589 or DSN 551-5589

DEPARTMENT OF THE NAVY

COMMANDING OFFICER
NFESC
560 CENTER DRIVE
PORT HUENEME CA 93043-4328

OFFICIAL BUSINESS


