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In 1988 a European committee called ‘CEMEP’ (Committee of 
Manufacturers of Electrical Machines and Power Electronics) made 
a voluntary agreement defining efficiency levels. This covered 

motors from 1,1 to 90 kW, 2 and 4 poles, 50 Hz. The efficiency levels 
were defined as EFF3, EFF2 and EFF1.

The efficiency levels were chosen by CEMEP and the method of 
testing efficiency was according to the IEC60034-2:1996 [1] standard. It 
is important to note that this was a voluntary guideline, not a defining 
standard. As of September of 2008, the IEC60034-30:2008 [2] standard 
became effective. This defines efficiency standards for motors from 
0,75 to 375 kW, 2, 4 and 6 poles, 50 Hz and 60 Hz. This is a regulatory 
standard. Locally it is published as SANS/ 60034-30:2008 [3]. In con-
junction with this standard is IEC60034-2-1:2007 [4] which defines the 
methods of testing efficiency. Efficiency levels in IEC60034-30:2008 
[2] are defined as follows:
• IE1 – Standard Efficiency
• IE2 – High Efficiency
• IE3 – Premium Efficiency
• *IE4 – Super Premium Efficiency
• *IE5 – Ultra Premium Efficiency
*under discussion

It is important to note that both CEMEP and IEC permit manufacturers 
to use their own terminology, for example: ‘Top Premium Efficiency’ 
or ‘Enhanced Efficiency’. However, regardless of manufacturer’s 
terminology, under the IEC standard manufacturers have to stipulate 
the relevant IEC efficiency level and test method.

Furthermore, it is important to note that on 22 December 2009, 
CEMEP declared that from 16 June 2011, the ‘EFF’ trademark is no 

longer permitted. These identifications were registered on 10 February 

2000 by Gimélec (French Motors and Drives Association) on behalf of 

CEMEP and licensed to the participants of the ‘voluntary agreement’.

The result is therefore that efficiency levels defined by IEC60034-

30:2008 and tested according to IEC60034-2-1:2007 [4] replace the 

voluntary efficiency standards defined by CEMEP and tested according 

to IEC60034-2:1996 [1].

It is intended that the IEC efficiency levels be equivalent to the 

CEMEP efficiency levels. IE1 = EFF2 and IE2 = EFF1. It is important 

to note that under CEMEP EFF3 was the lowest efficiency and EFF1 

the highest efficiency. The IEC levels are the reverse of this, with IE1 

being the lowest and IE3 the highest. There is provision for future 

development with yet higher efficiency levels of IE4 and IE5 that will 

come into force in due course.

Table 1 compares the different levels. It is immediately obvious 

that the IE1/ EFF2 and IE2/ EFF1 efficiency levels are not the same. 

The reason for this is that the test methods as defined by IEC60034-

2:1996 [1] (old) and IEC60034-2-1:2007 [4] (new) are different. The 

intent is that if the same motor, for example a 4 kW was tested and 

defined according to CEMEP/ IEC60034-2:1996 [1] (old) it would give 

an efficiency of ≥ 88,3% (EFF1); while if it were to be tested according 

to IEC60034-30:2008 5]/ IEC60034-2-1:2007 [4] (new) it would give an 

efficiency of ≥ 86,6% (IE2). It should be understood though that this 

does not mean that the old CEMEP levels were higher or better. The 

old test methods allowed certain assumptions and tolerances that 

allowed manufacturers to legally declare an efficiency level that was 

higher. The test methods are explained in a later portion of this article.

High or 
premium 
efficiency 
motors
By J van Niekerk and E Cristofolini, 
Zest Automation and Drives

Generically speaking, a high efficiency motor is defined as one that accomplishes more work per unit of electricity consumed than a stand-

ard motor. Standard motors are the ones that comply with the minimum efficiency levels regulated for each country.
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4 Pole 
Motor

CEMEP
EFF2

CEMEP
EFF1

IEC
IE1

IEC
IE2

IEC
IE3

kW  
Rating

Improved
Efficiency

Premium
Efficiency

Standard 
Efficiency

High 
Efficiency

Premium 
Efficiency

0,75 74,40 82,20 72,10 79,60 82,50

1,1 76,20 83,80 75,00 81,40 84,10

1,5 78,50 85,00 77,20 82,80 85,30

2,2 81,00 86,40 79,70 84,30 86,70

3 82,60 87,40 81,50 85,50 87,70

4 84,20 88,30 83,10 86,60 88,60

5,5 85,70 89,20 84,70 87,70 89,60

7,5 87,00 90,10 86,00 88,70 90,40

11 88,40 91,00 87,60 89,80 91,40

15 89,40 91,80 88,70 90,60 92,10

18,5 90,00 92,20 89,30 91,20 92,60

22 90,50 92,60 89,90 91,60 93,00

30 91,40 93,20 90,70 92,30 93,60

37 92,00 93,60 91,20 92,70 93,90

45 92,50 93,90 91,70 93,10 94,20

55 93,00 94,20 92,10 93,50 94,60

75 93,60 94,70 92,70 94,00 95,00

90 93,90 95,00 93,00 94,20 95,20

110 93,30 94,30 95,20

132 93,50 94,60 95,40

160 93,80 94,80 95,60

200 - 375 94,00 95,00 95,80

Table 1: Comparison of efficiency levels

Main components of motor losses

Motor efficiency is basically the ratio between the output power avail-
able at the motor shaft, and the electrical input power or absorbed 
power. The difference between Pout and Pin are the losses.

   % = 

The main components of motor losses are:

Joule losses

These losses are directly dependent on the resistivity of the material 
(copper/ aluminium) and the current flowing in it, as per the formula 
below:

Pj = I 2 x R

Where:
Pj = Joule losses (Watts)
I = current (Amps)
R = resistance of the material (Ohms)

R =

Where:
ρ  = resistivity of the material (ohms-metre)
l  = length (metre)
S  = area (square metre)

Therefore: 

Pj = I 2 x 

Iron losses

Iron losses are losses due to the magnetic field in the rotor and stator 
laminations. These losses are dependent on the magnetic induction, 
frequency and the quality of the magnetic properties of the material 
used. (Hysteresis is also part of iron losses but a very small component 
and is therefore ignored in the formulas below).

Pƒ  = K x ƒ2 x Bmax
2

Where
Pƒ = iron losses
K = constant depending on the material used
ƒ = frequency in Hertz
Bmax = maximum induction in Tesla


Pout

Pin

ρ x l
S

ρ x i
S

IEC –   International and Electrotechnical Commission
EFF –   Efficiency
CEMEP –  Committee of Manufacturers of Electrical Machines and Power Electronics
SLL –    Stray Load Loss
OEM –    Original Equipment Manufacturer
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Mechanical losses

These losses are produced due to the cooling fan coupled on motor 
shaft and also due to bearing friction. These losses are direct affected 
by the motor speed. In addition operating conditions such as ambi-
ent temperature, over greasing or misalignment affect these losses.

Additional or stray load losses

These losses are caused by currents and magnetic flux resulting from 
high frequency components. Design techniques are used to minimise 
additional load losses.

Loss composition summary

There is no standard percentage that can be attributed to each 
component of the motor losses; however it can be seen that Joule 
losses are always the largest, followed by additional load losses, iron 
losses and mechanical losses. The values will vary from motor to 
motor. Joule losses, iron losses and mechanical losses can reliably 
be measured. Additional load losses are very difficult to determine. 
Previously manufacturers were permitted to assume additional load 
losses to be 0,5% of motor absorbed power. Sometimes the 0,5% 
value was much too low and allowed some manufacturers to quote 
efficiency values that were not accurate. This is no longer permitted.

How to improve motor efficiency

In order to improve motor efficiency, we must obviously reduce the 
losses on the motor by working on the main components listed.

Joule losses

The motor R (resistance) is reduced by using more copper in the 
windings. This is done by using winding wire or cables with a larger 
diameter. The motor must still have the same characteristics therefore 
the core length, number of turns or slot design must be changed to 
accommodate the change in winding design. In practice the increase 
of diameter is limited by the slot space available for the windings.

Iron losses

The quality of the magnetic properties of the stator and rotor are 
improved in order to reduce iron losses. There are two approaches 
to this. Firstly, using thinner laminations reduces the losses due to 
eddy currents. There are limits to how thin a lamination can be made. 

Secondly, there are different grades of lamination steel. Each grade 
has lower losses and higher costs.

Mechanical losses

The design of the motor cooling can be improved resulting in a smaller 
fan with lower losses. The cooling design can also improve bearing 
temperatures. Both these improvements result in a very small gain 
in efficiency because the mechanical losses on a motor are very low 
to begin with. We can highlight that a more efficient cooling system 
will also reduce the noise of the motor.

Additional or stray load losses

Design techniques that are proprietary are used to reduce stray load 
losses. The developments in this are mostly unique to each manu-
facturers manufacturing process.

Testing methods

Both the old IEC60034-2:1996 [1] and the new IEC60034-2-1:2007 [4] 
test methods specify two methods of testing: Direct and indirect. 
Under the old method, the additional load losses or stray load losses 
(SLL) were assumed as 0,5% of the motor absorbed power. The new 
IEC60034-2-1:2007 [4] standard continues to specify two methods 
for testing motors: direct and indirect. The main difference is that 
the indirect method is changed and no longer allows additional load 
losses to be assumed as 0,5% of motor absorbed power. The two are 
compared in Table 2.

OLD:  IEC60034-2: 1996 [1] NEW:  IEC60034-30: 2008 [5]

Direct Measure input 
electrical power 
and output me-
chanical power

Direct Measure input electri-
cal power and output 
mechanical power

Indirect Stray load loss 
assumed as 0,5% 
of motor rated 
power

Indirect (a) Measurement
(b) Regression analysis
(c) Assigned allowance
(d) Eh – start test

Table 2: Comparison of motor efficiency test methods.

The direct method may seem the best but it does not practically 
yield the most accurate measurement. The results are a calculated 
efficiency based on measuring the input electrical power and output 
mechanical power. Several measurements must be made and the 
inherent instrumentation errors then make it difficult to achieve an 
acceptably accurate result. The indirect method is the method most 
commonly used since it provides reliable figures and separation of 
losses. The Joule, iron and mechanical losses are first measured. 
Additional load losses may then be determined by any one of the 
following four methods:
• From measurement: the additional load losses are determined by 

measurement of all the other losses and subtracting them from 
the absorbed power and output power.

• From a test with the rotor removed and reverse rotation: in this 
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case as part of the test rotor is removed and a regression analysis 
to the log of power and currents is done to calculate the additional 
load losses.

• From assigned allowance: the value of the additional load losses 
at rated load is assumed as a percentage of input power, as per 
the following figure:

• From an Eh-start test: The additional load losses data shall be 
smoothed by using linear regression analysis and mathematic 
calculation.

The most reliable way to determine the additional load losses is from 
measurement, where you find the actual value. Anyhow, manufactur-
ers are allowed to select the method they want to use to determine 
the additional load losses, but now the standard defines that they 
must state their option on the motor documentation since motors 
tested using different methods are not comparable. For an end user 
to make a sensible comparison, motors of the same efficiency level 
and tested by the same standard method should be compared. The 
following efficiency comparison is not valid:

Manufacturer A:  
IE2 92,8% indirect measurement
Manufacturer B:  
IE2 93,2% indirect assigned

The following efficiency comparison is valid:

Manufacturer A:  
IE2 93,4% Indirect measurement
Manufacturer B:  
IE2 92,9% Indirect measurement

It is not possible to predict the efficiency of the same motor based 
on different test methods. The efficiency can reduce, remain the 
same or even improve. We can evaluate below one example for a 
160 kW motor. 

O n  t h e  o l d  t e s t i n g  m e t h o d o l o g y  ( I E C 6 0 0 3 4 -
2 : 1 9 9 6  [ 1 ] ) ,  t h e  a d d i t i o n a l  l o a d  l o s s e s  w o u l d  b e  
assumed as 0,5% of the motor absorbed power, leading to an ef-
ficiency value of 96,15%.
On the new testing methodology (IEC60034-2-1:2007 [4]), with the 
additional load losses measured using the indirect method, the ef-
ficiency would be 95,92%. It is the same motor, with different testing 
methodologies used to declare efficiency.

Declaring a motor efficiency

Although manufacturers are allowed to specify their product lines 
with different terminology, such as ‘Top Premium Efficiency’ or ‘Ultra 
Energy Saver Range’ they must include the IE classification on the 
motor nameplate and test method selected must be stipulated on the 
motor datasheet. Examples of this are:
• Nameplate showing the IE2 marking

• Data sheet note informing how efficiency was determined.

• Tolerance on efficiency

Besides the different test methods, manufacturers are permitted a tol-
erance in the figures they quote - this in accordance with IEC60034-1: 
2010 [6]. The permissible efficiency tolerances are as follows:
• Motors up to and including 150 kW -15% of efficiency
• Motors above 150 kW -10% of efficiency

Additional
load

losses, in %
of input 
power

Rated output P2 (kW)

{  }Pu
Pi

x 100
Regardless of the manufacturer’s terminology, under 

the IEC standard manufacturers have to stipulate the 
relevant IEC efficiency level and test method.
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Example

Motor of 75 kW with a nameplate efficiency of 94%
Tolerance: 0,15 x (1 – 0,94) = 0,009
Efficiency on the test can come down - up to 93,1%
Such a tolerance is intended to compensate for practical variances that 
are a reality. It does however also allow manufacturers to possibly 
quote efficiency values above that which was tested.

The effect that efficiency increase may have on other 
motor parameters

Starting current

Due to the overall decrease on motor resistance to reduce Joule 
losses and achieve a higher efficiency, the motor starting current may 
increase. The increase however is not a major increase. In addition, the 
increase in starting current is greater for small motors, where the effect 
on the user’s system is less. The following values may be expected:

IE1 to IE2: +4% average
IE2 to IE3: +15% average

Inrush current

Inrush current is a one-half cycle instantaneous peak value which may 
range from one and a half to three times the starting current. Thus 
the slight increase in starting current will lead to a proportional slight 
increase in the inrush current. We must keep in mind that inrush cur-
rent is a sub-transient phenomenon which happens for a short period 
of time at starting and will only achieve its peak when the voltage 
is at zero degrees at the moment the motor is switched on. In rush 
current is only for the duration of a half cycle of a sine wave or 10 ms.

Power Factor

In some cases the changes made to the motor to improve efficiency 
does decrease power factor. This is not universally applicable though. 
In some cases the power factor is improved. Generally speaking the 
power factor change is not detrimental because end users apply 
power factor control. 

The power factor of any installation is not only due to motors 
but also other capacitive or inductive equipment will impact on the 
power factor of the installation. Power factor is something which 
can be corrected.

Torques

In general due to the higher magnetic flux used on higher efficiency 
motors, they will present higher torque values which will accelerate 
the load in a shorter period of time.

Slip

Due to the higher magnetic flux, high efficiency motors might present 
lower slip (higher speed) and depending on the type of load being 
driven, it can deliver more output (flow, pressure). 

This is not true on all high efficiency motors. If one considers 
power over a certain time then generally higher efficiency motors will 
absorb slightly more power. If one considers power versus process 
production such as flow or tonnage, then a high efficiency motor will 
absorb less power.

External items that influence motor efficiency

• Supply voltage – a variance in voltage will reduce the motor ef-
ficiency. In case of a voltage increase, the magnetic flux will in-
crease thus increasing the iron losses and reducing the efficiency. 
In case of a voltage reduction, the stator current will increase thus 
increasing the Joule losses and reducing the efficiency

• Constant or core losses in an electric motor vary with the voltage 
and frequency as by changing one of those two we change the 
magnetic flux on the motor which will change the iron losses

• If a motor is required to operate at different speeds, the mechani-
cal losses will vary

• If bearings are over greased, friction losses will increase
• Misalignment can also increase bearing friction and therefore 

affect motor efficiency
• Rubber sealed bearings have higher friction losses than open 

bearings and should be avoided for optimum efficiency
• A poor fan design of a replacement fan can also decrease motor 

efficiency.
• In a non-sinusoidal supply, the harmonic distortion causes an 

increase in iron losses due to the high frequency of the harmon-
ics. These harmonics can also increase the winding losses, but 
in a smaller proportion since they depend on the square of the 
current.
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Conclusion

The efforts and extra capital spent when purchasing high efficiency 
motors may be lost if the motor selection is not properly done. Effi-
ciency on motors decreases when operated below nominal operating 
point at 100% load. Some motors are designed to deliver equivalent 
efficiency down to 75% load. If one considers less than 75% load, 
there is a definite decrease in efficiency.
Note: Figure images provided by authors.
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