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In this paper, Wellington’s North American Motor Specialist Sue Sieben explores 
why EC motors are three times more energy efficient than an AC motor.

To understand the difference in nameplate rating and efficiency performance 
between EC and AC (shaded pole and PSC) motors, two factors need to  
be explained.

The input power of an Electronically Commutated (EC) motor is adjusted for the specific performance required 
by an application. The microprocessor in 
the EC motor’s electronics is analogous to 
the driver of a car. 

As you drive the car, to travel at less than 
the maximum speed, you lift your foot off 
the gas. This reduces the power of the 
engine and fuel consumption. With more 
weight in the car, you will need more 
throttle for the same speed, and you will 
use more gas. When you reach a hill, you 
can put your foot down further to maintain 
the same speed up the hill, or you can 
maintain the throttle position and let the 
car go slower. 

The EC motor’s electronics do the same 
thing as a car. If it’s programmed to 
maintain a constant set speed, it will 
automatically adjust the input power to 
do just that. If you use a smaller fan blade with the motor, or if the backpressure reduces, the electronics will 
throttle back the motor to only the minimum power necessary to maintain the set speed. This contrasts with an 
AC motor which operates at full power all the time. When the load is light, this means it uses more power than 
necessary.

One benefit flowing from EC motors is that there is no penalty for using a more powerful motor than strictly 
needed. If you load a 13W motor with only 9W of load, it will throttle itself back and act like a 9W motor. And just 
like a car, there are times when it’s useful to have some extra power up your sleeve.

This is unlike AC motors, where a more powerful motor uses more power all the time, so normal practice is to 
use the lowest power motor that will do the job. This often leads to shaded pole motors seeing higher winding 
temperatures and reduced motor lifespans in “real world” conditions.

1. The EC motor’s ability to adjust the power it consumes 
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AC motors have a speed-power relationship which doesn’t change much between motors. A 60Hz 4-pole motor 
will run unloaded at somewhere near 1800 RPM, and it will reach its peak torque at around 1500-1550 RPM. 
This is true for AC motors of any power level. 

In contrast, an EC motor reaches its 
maximum torque at zero RPM, and its 
maximum speed varies depending on the 
rated power. A more powerful EC motor 
will run faster at no load and develop more 
torque at stall than a less powerful EC motor. 
For example, an EC motor rated at 9W 
@ 1500 RPM will reach about 1750 RPM 
unloaded, whereas the same EC motor in a 
version rated at 13W @ 1800 RPM will run 
at 2200 RPM unloaded. 

This is like pedaling a bicycle. You push the 
pedals hardest when you are just starting, 
and if you stay in a low gear, there will come 
a point where you simply can’t move your 
legs any faster. A stronger person on the 
same bike could push harder at takeoff, but 
they could also pedal faster in the low gears.

This means that when you need higher motor speed, you need an EC motor with higher rated power. However, 
because of the automatic throttling capability in the electronics, a “more powerful” EC motor doesn’t use more 
power.

For example, an EC motor rated at 13W output power will run at 1800 RPM and have an input power of 20W. 
But if this same motor is coupled to an 8” 28° fan, it’s input power will only be 11.4W, because the 8” fan does 
not require all the motor’s available power. If the same EC motor is then attached to a very small fan such as a 
5.5” 25°, and programmed to run at maximum speed, it will run as fast as 2300 RPM – generating much more 
airflow than the same fan attached to a shaded pole motor - but the input power will be as low as 6.2W.

The effect of the motor self-adjusting can be seen in the below chart and corresponding tables, which shows 
the same motor driving a range of different pitched 8” fans. It is clear that the power requirement reduces with 
finer pitched fans.

2. The relationship between speed and power
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The ECR® 2 will also self-protect by reducing output speed and power if it is overloaded, such as with high 
back pressure or larger pitched fans. This can be seen with an 8” 34° fan operating at 1800 RPM. The airflow is 
reduced, compared to an 8” 31° fan. At a higher backpressure, both the airflow and input current are reduced.

RPM

https://hubs.ly/H0smtWq0


5

The two factors described previously explain why most EC motors are usually around three times more energy 
efficient than an AC motor. EC motors operate as high as 70% efficiency with a power factor of up to 0.95, 
while AC motors are typically around 15 -25% efficient with a power factor of around 0.2-0.4. Given the material 
differences in how each motor type is built, EC motors typically last at least two to three times longer than  
AC motors as well. This has powerful implications for equipment reliability, service cost, and lifetime  
ownership cost.
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