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How this Technology Saves Energy 

Adjustable speed drives save energy by operating alternating current (AC) electric motors at 
speeds slower than the constant speed for which they are designed. Many machines driven by 
electric motors, such as fans and pumps, do not require full output much of the time. The 
conventional way to vary machine output is by use of throttling devices such as valves for 
pumps, and inlet vanes or outlet dampers for fans. Motor speed is constant when machine 
output is throttled with these devices. Some machine drives do control speed with devices 
such as gears or adjustable belt pulley drives, but they may be quite inefficient. Adjustable 
speed drives actually change the characteristics of the electricity (voltage and frequency) 
powering the motor, which changes the speed that the motor rotates. This is usually much 
more efficient than conventional control of machine output.  

  
 
Characteristics of Adjustable Speed Drives  

Adjustable speed drives are available in several types, all similar in that they control motor 
speed by varying voltage and frequency. They differ in how they transform the electrical 
power. The three basic transformation techniques are discussed below. However, many hybrid 
forms combine characteristics of two or more of these three basic techniques. 

Pulse Width Modulated (PWM) adjustable speed drives are the most common type today. 
They are available for all sizes of motors. They use complex computer software to control the 
frequency and voltage delivered to the motor. They have good applicability over a wide range 
of motor speed. Some advantages of this drive type include high power factor over the entire 
speed range, fast response characteristics, and the ability to control several motors from a 
single drive. Some disadvantages include increased motor heating, lack of regenerative 
braking capability, complexity for servicing, and a limited cable length of typically 50 to 100 
feet between drive and motor.  

Voltage Source Inverter (VSI) adjustable speed drives are used for low- to medium-power 
applications, generally up to a few hundred horsepower. They have a simple electronic circuit 
and operate efficiently over a very wide range of 10 to 200 percent of motor speed. Some 
other advantages include simple circuit configuration and ability to control several motors 
from a single drive. Disadvantages include the lack of regenerative braking capability and 
poor performance at speeds below 10 percent.  
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Current Source Inverter (CSI) adjustable speed drives are used for medium and large motors. 
They have a simple electronic circuit and actually use the characteristics of the motor in the 
electrical transformation. They are best suited for motor speeds above 50 percent. Some 
advantages include regenerative braking capability, inherent short-circuit protection, and quiet 
operation. Some disadvantages include poor performance below 50 percent speed, inability to 
test the drive while not connected to motor, and difficulty controlling more than one motor 
with a single drive.  

Opportunities to specify adjustable speed drives, rather than conventional motor drive 
systems, may exist if your are: 

• Designing new facilities.  
• Modifying existing installations or processes.  
• Procuring pre-packaged equipment or systems with electric motor components.  
• Replacing oversized or underloaded motors.  
• Setting up an energy management or preventative maintenance program.  

  

Benefits and Pitfalls  

In many commercial and industrial applications, adjustable speed drives not only reduce 
energy costs but also reduce maintenance costs. Occasionally, though, they may not be worth 
the additional cost, or may be inappropriate for certain situations. Both the benefits and 
pitfalls of adjustable speed drives should be considered before selecting a drive. 

Benefits  

• Energy savings can be very significant in many situations, depending on the existing 
system design, installed equipment and motor load requirements.  

• Speed reduction may extend the life of a machine and motor due to reduced stresses and 
fewer revolutions.  

• Adjustable speed drives start motors gradually, reducing stress on drive components such 
as belts. This reduces maintenance on these components. It also reduces the effect of 
fluctuating voltage due to the sudden start of a large motor.  

• A single adjustable speed drive can control several motors at once. All the motors 
connected to the drive will operate at the same speed.  

• Some adjustable speed drives can operate motors at speeds greater than their original 
design speed. This may be appropriate if the motor is oversized for the machine and 
greater machine output is desired.  

• PWM adjustable speed drives can significantly improve power factor.  
• Some adjustable speed drives provide power regeneration when the motor slows down. 

This may be appropriate for machines that have a large rotating mass that is difficult to 
stop quickly.  
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• Speed control can be accomplished in many ways based on load requirements. Some 
speed control sensors include rpm, temperature, pressure, flow, and power.  



Pitfalls  

• If the motor operates at or near full speed most of the time, adding an adjustable speed 
drive will increase overall energy consumption, due to energy losses in the drive.  

• Adjustable speed drives may increase motor heating, especially at slower speed. Many 
motors rely on internal cooling fans attached to the motor shaft to remove internal heat. At 
slower speeds, the heat generated internally may not decrease in proportion to the fan's 
cooling capacity, and additional cooling arrangements may be required.  

• Some adjustable speed drives can produce electrical interference that may be harmful to 
other electronic equipment at the facility. Appropriate electrical isolation equipment may 
be required to limit such interference.  

• The additional electronics associated with an adjustable speed drive add to the 
maintenance and repair complexity of the drive system.  

• An adjustable speed drive may be less efficient than a two speed motor in situations where 
speeds between high and low are not required.  

• Each adjustable speed drive application needs to be carefully considered and engineered 
for proper installation and compatibility.  

  
 
For More Information  

Contact your PG&E representative or call 1-800-468-4743 for more information about 
PG&E's energy efficiency programs and other services.  

Copyright (c) May 1997, Pacific Gas and Electric Company, all rights reserved. 
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