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Improving the efficiency of a motor helps - but it is a comparatively 
small contribution if one compares it to the energy wasted by 
running the motor at low - and even on no - load for long periods. 

Installing and controlling motor operation effectively, by selecting 
suitable ancillary equipment, can result in comparatively large power 
savings in certain applications. 

Low voltage motors are manufactured in standard rated outputs, 
for example ratings of 30, 37, 45, 55 and 75 kW etc. Therefore, if the 
user requires a motor output of 60 kW for his load, a 75 kW motor 
has to be used. If a premium efficiency motor is used, the efficiency 
would be around 94 to 94,5% at full load and possibly very similar 
down to as low as 75% load; whereas a standard efficiency motor 
would have efficiency at around the 93% mark. This means a premium 
efficiency motor gives you approximately 1% saving when running on 
a load between 75% and 100%. Power saving on a 60 kW load would 
amount to approximately 0,6 kW which is fair if you consider all the 
machines running in industry. 

Further savings can be made and some of these will be dis-
cussed… but first some induction motor theory.

Induction motors

What are the losses in an induction motor and how can they be re-
duced? If the total loss is 6%, the motor is 94% efficient, the losses 
would be as follows:
• Core losses: Approximately 1,5%
• I²R losses rotor and stator: Approximately 3,0%
• Windage and friction: Approximately 1,0%
• Stray losses: Approximately 0,5%

Note: These are typical figures and the proportions will differ, depend-
ing on the specific design.

Figure 1: Motor losses.

The losses and proportions of the losses of a motor are determined by 
the design. Essentially the core losses are dependent on the laminated 
core steel properties and the flux in the core; flux is dependent on op-
erating voltage, the number of turns in the winding and the frequency.

(E = 4,44 x flux x frequency x number of turns in the winding)

In essence this means for any given motor (design) - and operating 
at rated voltage - the core losses are fixed. 

Stray, windage and friction losses are basically fixed and are 
determined by the design of the motor.

I2R losses in the motor for any fixed design are solely dependent 
on the current drawn by the motor; the stator and rotor resistances 
are fixed by design and do not change except due to temperature 
changing conditions during the operation of the motor. Both stator 
and rotor currents increase or decrease with load.

It must be noted that an induction motor operates at a power 
factor below unity which again is dependent on design - and for a 
75 kW 4 pole motor, would be of the order of 0,87 at full load and 
down to 0,83 at 75% loading. 
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Since electric motors account for 70% of the electric power energy used in industry, it makes very good sense to explore different methods 

to improve efficiency in the consumption of electricity.
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Abbreviations 

kVA = kW/(PF x efficiency) 

Where:
kW = rated motor output

The PF for any design is fixed for the operating conditions of the 
motor and the PF of the motor cannot change by fitting an external 
capacitor to the motor the supply system. The PF will be improved but 
the actual motor PF will be as determined by the design of the motor 
for the particular operating condition. Consider the characteristics of 
an induction motor.

Figure 2: Characteristics of an induction motor with voltage variations.

It can quite clearly be seen that torque is proportional to the square 
of the voltage. Efficiency tends to drop as the current at operating 
condition will increase resulting in an increase in current.
• Reduced voltage for starting reduces the torque speed character-

istic proportional to the square of the voltage (see Figure 3).

Figure 3: Typical induction motor speed torque curve.

• Motor current characteristic showing DOL (Direct On Line). Start-
ing current (see Figure 4).

Figure 4: Typical induction motor speed torque curve.

Reducing the voltage is effectively the same as increasing the turns in 
the winding - thus maintaining the PF at a reasonable level - increasing 
the voltage results in a decrease in the PF but the torque is increased. 

If motors are operated below optimum operating design condi-
tions they become inefficient. There are many operating motors 
which are run well below operating conditions and even on no load 
for long periods. 

Ways to improve and effectively use induction motors

Due to variable duty cycles, many motors run at less than 50% capacity 
for much of their duty cycle. It is well known that induction motors 
are unintelligent and that in these off-load parts of the duty cycle they 
consume much more electricity than they actually need.

This excess consumption is not only an unnecessary cost on the 
energy bill, but it also serves to damage the equipment and motor 
as the excess energy released is through the winding of the motor in 
the form of heat, vibration and noise. In particular applications, VFD 
drives come to mind and there are a number of features besides just 
speed control that should be considered.
• VFDs readily enable the motor to be started with a high starting 

torque but reduced current; the motors can effectively be run-up 
under controlled conditions (see Figure 5).

• Speed can be controlled to effectively optimise operating conditions.
• The stop function can be controlled to give a ramp down condition.
• Load can be monitored to reduce voltage to optimise power 

usage; when the drive sees a load reduction, the voltage will be 
reduced resulting in a reduction of power usage.

• VFDs are effective where variable speed is necessary, such as 
certain pumping applications, cranes etc.

DOL – Direct On Line
PF – Power Factor
VFD – Variable Frequency Drive

Drives, motors + switchgear

A premium efficiency motor gives you approximately 1% 
saving when running on a load between 75% and 100%.
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Figure 5: Speed torque curves for induction motors at various frequencies.

There are intelligent units on the market that offer a number of func-
tions. These functions effectively save power and reduce the stresses 
on the induction motor - and associated equipment - where VFDs are 
not required due to the nature of the driven equipment.

Stand-alone equipment that can be programmed is available and 
provides the following:
• Soft starting - which significantly increases the life of contactors 

and drive chain components - prevents dips in the supply when 
starting larger motors on a light supply system, allowing the user 
to switch more motor on and off on a supply system because of 
the reduced starting current. Soft starting also reduces shock 
loads to the machines being driven - thus prolonging their life 
and reducing maintenance

• Controlled rundown and stopping - reducing shock loads to the 
driven system

• Automatically shuts down the motor when the load drops below 
a preset value

• Motor efficiency drops dramatically when the load drops below 
50% by reducing the voltage as the load decreases but maintain-
ing sufficient power to drive the load reduced the losses saving 
a significant quantity of power

• Programming these units gives the user a large range of options 
for fixed speed application, such as:
o Starting duty
o Starting current limits
o Starting current time
o Starting torque
o Kick start level
o Kick start time
o Ramp-up time
o Ramp-down time
o Step down voltage

• Digital technology allows this type of equipment to build these 
extra features into the starting panels - reducing the operating 
temperature of the motor, reducing starting currents prolonging 
life of motor, switchgear and driven machinery besides power 
savings.

Figure 6: Typical induction motor efficiency load.

Figure 7: Typical PF curves at full and reduced voltage.

Figure 8: Typical starting current speed curves.

Conclusion

In looking for a more efficient operation and power saving, there 
are more options than just high and premium efficiency induction 
motors. VFDs offer methods of improving efficiency by controlling 
the speed and also offer voltage reduction facilities to reduce power 
consumption at low loads. Besides power optimisation, fixed speed 
controllers with programming facilities are available which provide 
power control, soft start and many more functions to assist in increas-
ing the life and reliability of both motor and driven equipment. This 
solution is ideal for applications where the load is not constant and 
or the motor is run on no-load conditions for periods.
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