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Actions to Promote Energy Efficient Electric Motors

Executive Summary

This document presents the results of the study “Actions to Promote Energy Efficient Electric
Motors”, carried out by the European Union Motors Study Group for the European Commission,
and supported by the SAVE programme of the European Union.
The members of the study group are:
•
•
•
•
•
•
•

Edf - Electricite de France - France
ENEL - Italy
ETSU - United Kingdom and Ireland
FhG-ISI - Fraunhofer Institute for Systems and Innovation Research - Germany
ISR - University of Coimbra - Portugal and Spain
NESA - Denmark, Finland and Sweden
NOVEM - Netherlands
*deoi3942070*

Motor electricity consumption is influenced by many factors including: motor efficiency, motor
speed controls, power supply quality, harmonics, systems oversizing, distribution network,
mechanical transmission system, maintenance practices, load management and cycling, and the
efficiency of the end-use device (e.g. fan, pump, etc.). Due to their importance, an overview of these
factors is presented in this report. This study also describes the electricity use in the industrial and
tertiary sectors and the electricity consumption associated with the different types of electric motors
systems in the Member States of the European Union, as well as estimated future evolution until
2010. The studies for individual countries were carried out by the different partners of the motors
study group at a previous stage.
The study has found that there is a lack of accurate information about the motor electricity
consumption, installed motor capacity and the motor market in almost all the European Union
countries and only some general statistical sources are available. There is little field data, which is
mainly available in Denmark, France, Italy and the Netherlands. Due to this lack of primary
information, some common assumptions were made, based on the experience of the members of the
study group. This lack of end-use characterisation data shows the need for improvement from the
point of view of current knowledge. It is therefore recommended that further research is undertaken
to arrive at more accurate figures. These could be the basis for a better understanding for motor use
in practice and - as a consequence - for a more precise appraisal of potentials and barriers to energy
efficiency.
Due to their relative importance, the study analyses only AC polyphase induction motors above
0,75 kW, used either in industry or in the tertiary sector. The current market for motors and drives
1
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in the EU countries was characterised. The European motor market is presented in Figure ES.l,
corresponding to annual sales of 1880 MECUs.

Figure ES.l - Breakdown of the European Market (Monetary Value) by Country (1994)

As already mentioned there are a variety of factors which influence the efficiency of a motor
system. In this study, only improvements in motor efficiency and the application of Variable Speed
Drives (VSDs) are quantitatively assessed with regard to their savings potential. For the other
measures, in general, it is difficult to judge improvement potentials since no accurate picture can be
taken of the current system performance. Nevertheless, case studies have shown considerable
savings potentials, which should be further explored.
Savings Potential
The electricity consumption forecast for 2010 was based in business as usual scenario analyses
(average growth ratio). For European Union countries, those analyses show that by the year 2010
motor consumption is estimated to be around 716 TWh in industrial sector and around 252 TWh in
tertiary sector [1].
As it was already mentioned, many factors play a key role in the efficiency of a motor system. The
use of Energy Efficient Motors (EEMs) in new applications, or when standard motors need to be
replaced represent an important potential for energy savings. The application of speed controls
represent the most important potential for energy savings. But it cannot be ignored that some other
technologies such as gearboxes and belts, are also an important target to achieve large energy
savings.

2
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The large scale application of EEMs can save about 17 TWh by 2010 in the industrial sector, and 10
TWh in the tertiary sector.
Estimating the penetration of Variable Speed Drives (VSDs) and Energy Efficient Motors (EEMs)
by the year 2010 relies on many economic and technological factors that are very hard to predict.
Therefore the estimates of the energy savings potential of VSDs and EEMs have been calculated
using two methods:
• Economic saving potential - This potential is estimated considering cost-effectiveness constraints
and assuming no significant change in market conditions. EEMs are cost-effective in all cases,
assuming the average number of operating hours in each power range. VSDs are only costeffective in the medium and high power ranges, assuming no change in the price of VSDs.
• Technical saving potential - This potential is estimated considering that there are no restrictions
on cost-effectiveness, assuming that all applications which could benefit from EEMs and VSD
control will apply the energy-efficient technologies. While this assumption may overestimate the
energy savings due to the application of VSDs, the price trends and overall performance
advantages seem to point in the direction of large scale use of VSDs.
The large scale application of VSDs is expected to save about 37 TWh by 2010 in the industrial
sector, and 11 TWh in the tertiary sector, considering cost-effectiveness constraints. If a substantial
drop in the price of VSDs occurs, the energy savings may reach the impressive figure of 128 TWh.
Barriers and Possible Strategies
This study also identified the main barriers to the penetration of energy-efficient motor technologies
as well as the strategies which can be used to overcome those barriers and contribute to make cost
effective purchase decisions.
Lack of information, the payback gap, consumers behaviour and concerns, the motor market
structure, split incentives, purchase decision criteria, limited access to capital, lack of internal
incentives, aversion to downtime and innovation, and rewinding, were identified as being the main
barriers to the use of energy-efficient motor technologies. The following barriers appear to be the
most important ones, which will particularly influence the strategies for the promotion of energyefficient motors:•
• Motor market structure
Over 60% of electric motors are sold to OEMs whose main concern is the price and delivery time
of the motors purchased, rather than energy efficiency. Using a cost-benefit analysis, the
optimisation of the whole drive system and other components, based on a life-cycle cost should
be preferred.
• Split incentives
The internal decision structure of companies very often causes split incentives in their
3
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investment behaviour. Single departments of a company, which decide about motor investment,
are under pressure to recover the invested capital as fast as possible. Energy use is seen as an
ongoing revenue cost and is often not attributed to the department which makes the decision on
capital purchase.
The following policy options were identified as possible strategies that can successfully overcome
the hurdles and promote the penetration of energy-efficient technologies: education and training,
technical assistance, financial incentives, labelling, voluntary agreements, efficiency standards and
Demand Side Management (DSM) programmes. As some successful experiences have shown in
North America, a combination of these strategies may be used to transform the motor market.
The previously mentioned barriers will only be overcome and the potential energy savings can only
be reached if there is a positive commitment of all the players in the motor market.
Recommendations
In order to promote the large scale penetration of energy-efficient technologies, the following
recommendations are suggested:
• There is a need to carry out field characterisation on how motors are being used (type of load,
load profile, number of operating hours), in the different economic activities. Furthermore, the
focus of further field studies should be placed on systems and standard applications, in order to
allow to better tap the available savings potential.
• Accurate test methods for the calculation of motor efficiency if possible agreed with other
agencies in other parts of the world (e.g. North America and Japan), need to be developed.
• In order to improve market transparency for efficient motors, efficiency labelling should be
introduced, by including in the motor nameplate the efficiency at full load and part load.
• A premium label for EEMs should be introduced. An agreement should be established by the
motors manufacturers associations to define minimum efficiency levels in order that a motor sold
in the EU can be labelled Energy-Efficient Motor.
• A significant fraction of failed motors (mainly medium and large power motors) is rebuilt. Failed
motors, like new installations, present golden opportunities to apply EEMs. Presently, not only
EEMs are not installed in the vast majority of those conditions, but also the rewinding
technology is in many cases poor, leading to an efficiency drop. These facts show the need for
incentives to replace failed motors with EEMs, in the case of motors with a large number of
operating hours. Additionally, there is a need to perform technology transfer to the many small
businesses which carry the rewinding activities in order that they improve the quality of their
service.
• Efforts to support market transformation towards EEMs and efficient motor systems should be
made. Besides labelling, targeted procurement, incentive programmes and voluntary agreements
with the motor manufacturers need to be carried out to improve the minimum efficiency levels of
the motors sold in the EU. Experience in North America has shown that the promotion of energy
4
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efficiency among their customers by the utilities through Demand Side Management (DSM)
Motor Programmes has successfully been applied to transform the motor market.
• Renewed efforts should be applied to achieve an efficiency fostering environment. Energy audits
and management in enterprises, better education, training and technical assistance to motor
system designers and users, show-cases and demonstration documentation, should be carried out
in an integrated manner.
« The possible definition of minimum efficiency mandatory standards needs to be further analysed
with the motor manufacturers in order to ensure its wide acceptance and to optimise the potential
benefits for the EU.
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1

Introduction

The reduction of energy consumption through improvements in energy efficiency has become an
important goal for the European Union, in order to improve the efficiency of the economy, to
increase energy supply security, and to decrease environmental emissions.
Electric motors use over half of all electricity consumed in developed countries. Typically 60-80%
of the electricity which is used in the industrial sector and about 35% of the electricity used in the
commercial sector in EU is consumed by motors. In industry, a motor consumes an annual quantity
of electricity which corresponds to approximately 5 times its purchase price, throughout its whole
life of around 12 to 20 years [2],
Motors are by far the most important type of electric load. They are used in all sectors and in a wide
range of applications, namely the following: fans, compressors, pumps, mills, winders, elevators,
transports, home appliances, and office equipment, etc. It is their wide use that makes motor drive
systems one of the main targets to achieve significant energy savings. As motors are the largest
users of electrical energy, even small efficiency improvements will produce very large energy
savings, across the EU.
Although individual components in electric motor drive systems perform relatively well, there are
some losses through the power drive system. To reduce these losses, several technologies have been
developed, including Energy Efficient Motors (EEMs), Electronic Variable Speed Drives (VSDs),
improved mechanical transmission systems, high performance end-use devices (e.g. pumps, fans),
etc.
The 1992 Rio Conference CO2 emissions target and the European Standards regarding the control
of electromagnetic interference and electromagnetic compatibility (which were implemented in
January 1996 for all electrical and electronic products), also have an important role in the design of
new more efficient motors and drives.
Motor systems improvements produce substantial electricity savings and bring up opportunities to
improve plant efficiency, to reduce the use of fossil fuels, and to reduce greenhouse emissions.
Additionally, the profitability and competitiveness of many economic activities can be significantly
improved through the use of energy-efficient motor technologies. Motors with VSDs and improved
efficiency motors are shown to present the largest potential for electricity savings.
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Background and organisation of the study
This study is supported by the SAVE programme (Specific Actions for Vigorous Energy
Efficiency), which was adopted by the Council of the European Communities in October 1991.
This study was carried out by the following partners:
• EdF- -Electricite de France - France
• ENEL - Italy
• ETSU - United Kingdom and Ireland
• FhG-ISI - Fraunhofer Institute for Systems and Innovation Research - Germany
• ISR* - University of Coimbra - Portugal and Spain
• NESA - Denmark, Finland and Sweden
• NOVEM - Netherlands.
During the study several meetings were carried out with the motors manufacturers and their
associations. Their contributions were valuable and the study group wants to acknowledge the
positive interaction with the motor industry.
Additional to this report, more information to the subject is available from the proceedings of the
International Conference “Energy Efficiency Improvements in Electric Motors and Drives", Lisbon,
29-31 October 1996, where this report was presented.

* Coordinator
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2

Energy Efficient Motor Systems

The vast majority of the motors used in industry are squirrel-cage induction motors (Figure 2.1 and
2.2 ) due to their low cost, high reliability and fairly high efficiency. There are no electrical
connections to the rotor, which means that there are no brushes, commutator or slip rings to
maintain and replace. The speed of an induction motor is essentially determined by the frequency of
the power supply and by the number of poles of the motor. However the speed decreases a few
percent when the motor goes from no-load to full load operation.

End ring
S-ghase

Rotor bar
(conductor)

supply

Figure 2.1- Diagram of Squirrel Cage Induction Motor

R,

X,

X,

Figure 2.2 - Squirrel Cage Induction Motor Equivalent Circuit
Rl, R2 = Stator and Rotor Resistance, XI, X2 = Stator and Rotor Leakage Reactance and Xm = Magnetising Reactance
co = Synchronous Speed, S = Slip = (go - <0,0,or) / to

Synchronous motors, rotate as name implies at a constant speed - the synchronous speed. The rotor
of this type of motors is a wound rotor, which receives the excitation current from its excitation
system. Synchronous motors, although they are more costly and present more maintenance
problems than induction motors, are used in applications requiring constant speed, such as textile
fibber industry and paper industry, high operating efficiency and controllable power factor. The last
two factors are particularly important above 1000 kW. Synchronous motors, are also used in large
plants to drive the air compressor. A large synchronous motor can be used to control the power
8
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factor of the whole plant, compensating the lagging power factor of a large number of medium and
small induction motors.
The efficiency of a motor driven process depends upon several factors which may include:
• Motor efficiency
• Motor speed controls
• Power supply quality
• System oversizing
• Distribution network
• Mechanical transmission
• Maintenance practices
• Load management and cycling
• Efficiency of the end-use device (e.g. fan, pump, etc.)
It must be emphasised that the design of the process itself can also influence to a large extent the
global efficiency (units produced/kWh).
Process automation in industry can reduce labour intensity and increase productivity, as well as
produce significant electricity savings per unit of output. Process issues tend to be application
specific and are not in the scope of this study. In the following sub-sections, the main factors
influencing efficiency are briefly outlined. Only the first two measures (EEMs and VSDs) are
quantitatively evaluated in chapter 6 for Europe.
Motor Losses
There are four different kinds of losses occurring in a motor: electrical losses, magnetic losses,
mechanical losses and stray losses. These losses can be reduced by using quality materials, as well
as by optimising the design. The electrical losses are of the type I2R, and consequently they increase
rapidly with the motor load. These Joule losses can be decreased by increasing the cross-section of
the stator and rotor conductors. Magnetic losses occur in the steel laminations of the stator and
rotor. They are due to histeresis and eddy currents, and vary with the flux-density and the
frequency. They can be reduced by increasing the cross-section of the iron in the stator and rotor, by
using thinner laminations, and improved magnetic materials. Mechanical losses are due to friction
in the bearings, ventilation and windage losses. They can be decreased using low friction bearings
and improved fan design. Stray losses are due to leakage flux, non-uniform current distribution,
mechanical imperfections in the air gap, and irregularities in the air gap flux density. They can be
reduced by optimal design and careful manufacturing.
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2.1

Energy-Efficient Motors (EEMs)

After World War II and until the early seventies, there was a trend to design inefficient motors
which minimised the use of raw materials (namely copper, aluminium and silicon steel). These
motors had lower initial costs and were more compact than previous generations of motors, but due
to their low efficiency, their running costs were higher. By the mid seventies electricity prices
started escalating rapidly. Most of the large motor manufacturers started offering a line of energyefficient motors besides standard efficiency motors. Efficiency improvements have also been
achieved in the standard motor range. The efficiency of the motor has been a factor of competition
already in the last decades. EEMs feature optimised design, more generous electrical and magnetic
circuits and higher quality materials. Incremental efficiency improvements are still possible with the
use of superior materials (e.g. amorphous silicon steel) and optimised computer aided design
techniques. EEMs typically have 30-50 % lower losses than the equivalent standard motors. Due to
their lower rotor resistance, EEMs normally have lower starting torque than standard motors. EEMs
normally carry a price premium of around 20-25% in relation to standard motors. This translates
into a price premium of 5-22 ECU/kW. In a new application, and for a motor with a large number of
operating hours, the paybacks are normally under two years.

2.2

Speed Controls

Most induction AC motors are fixed speed. However, a large number of motor applications will
benefit if the motor speed is adjusted to match the process requirements.
Motor speed controls are the devices which when properly applied can tap most of the potential
energy savings in motor systems. Motor speed controls are particularly attractive in applications
where there is a variable fluid flow. In many centrifugal pump, fan and compressor applications, the
mechanical power grows roughly with the cube of the fluid flow. To move 80% of the nominal flow
only half of the power is required. Centrifugal loads are therefore excellent candidates for motor
speed control. Other loads which may benefit from the use of motor speed controls include
conveyers, traction drives, winders, machine tools and robotics.
Conventional methods of flow control used inefficient throttling devices such as valves, dampers
and vanes. These devices, although they have a low initial cost, introduce unacceptable running
costs due to their inefficiency. Several speed control technologies can be used to improve motor
system operation. Electronic Variable Speed Drives (VSDs) are discussed in detail because they are
the dominant motor speed control technology. Figure 2.3 shows the power consumed by a motor
driving a fan, using different flow control methods:

10
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,= %

Typicsi power consumption
100 HP 1750 RPM motor
*t 90% efficiency

9

Rated CFM (RPM) - % of full flow

Figure 2.3 - Power Consumption with Different Flow Control Methods in a Fan System

2.2.1

Variable Speed Drives (VSDs)

Electronic VSDs are able to change continuously the speed of an AC motor. They work by
simultaneous varying in a roughly proportional way the voltage and frequency of the power
supplied to the motor. When the voltage applied to the motor varies linearly with frequency a
constant maximum torque over the speed range is achieved (Figure 2.4). For loads with high
starting torque or for very low speed applications, the voltage applied to the motor may need to be
boosted to a compensate for the voltage drop in the motor resistance.

Figure 2.4 - Speed-Torque Curves for an Induction Motor (f1 «cf2<f3<f4<f5)

VSDs have no moving parts, and therefore require little periodic maintenance, presenting high
reliability and efficiency. Because VSDs are not bulky and have flexible positioning requirements
they are easy to retrofit.
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The technology developments in the past two decades in the areas of microelectronics and power
electronics made possible the design of efficient, compact and increasingly cost competitive
electronic VSDs. As VSDs control the currents/voltages fed to the motor through the power
semiconductor switches, it is possible to incorporate in the VSD motor protection features, soft-start
and remote control, at a modest cost.
Presently there are VSDs for all types of motors available in the market. There are different types of
VSDs, but the most common type is the inverter-based VSD. First the 3-phase supply is converted
from AC to DC using a solid-state rectifier. Afterwards the inverter uses this DC supply to produce
a 3-phase adjustable frequency, adjustable-voltage output which is applied to the stator windings of
the motor. The speed of the motor will then change in proportion to the frequency of the power
supply. Usually the output voltage waveforms can be synthesised over the frequency range of 0-100
Hz.
Figure 2.5 shows a general inverter power circuit with motor load:
DC link

3$
AC
input

AC
to DC
converter

Filter

Inverter:
DC to
variable
voltage
frequency
AC

Motor

Figure 2.5 - General Configuration of Inverter Based VSDs

The main benefits of adjusting the motor speed through the use of VSDs include better process
operation, less wear in mechanical equipment, less noise, and significant energy savings (of 50% or
more for some types of applications).
VSDs can have some disadvantages that should be considered. VSDs can produce electromagnetic
interference (EMI) and introduce current harmonics into the supply leading to voltage distortion. To
compensate the extra losses produced by the harmonics, standards, such as DEC-34-17 - “Guide for
the Application of Cage Induction Motors when Fed from Converters” - provide guidance to
determine the derating factor of motor. However, the most effective way to mitigate these problems
caused by harmonics is to install a modified designed motor. Because EEMs have less losses,
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harmonics cause less over-heating than in standard motors and normally it is not necessary to
reduce motor nominal power.
■
The use of VSDs with high switching frequencies (such as units using fast semiconductor power
switches) can also significantly reduce the lifetime of the motor insulation of conventional motors.
Several motor manufacturers have modified the design of the stator coils in order to cope with the
stress caused by the fast switching of the power devices.
Table 2.1 summarises the advantages and disadvantages of different VSD drive types. There is not
an VSD technology which emerges as a clear winner in all cases, when compared with other VSD
types.
VSD Type
PulseWidth
Modulation
(PWM)
Six-step
Voltage-Source
Inverter
(VSI)

Advantages
Good power factor throughout speed range.
Low distortion of motor current.
Wide speed range (100:1).
Multi motor capability.
Good efficiency.
Simple circuit configuration.
Wide speed range (10-200%).
Multi-motor capability.

Force
Commutated
Current-Source
Inverter
(CSI)
LoadCommutated
Inverter (LCI)
Static
Kramer
Drive
Static
Scherbius
Drive

Simple and robust circuit design.
Regenerative capability.
Built-in short circuit protection.
Wide speed range (10-150%).

Cyclo
Converters

Simple and inexpensive circuit design.
Regeneration capability.
Built-in short-circuit protection.
VSD power is less than motor power.
Can be retrofitted to wound rotor induction
motor (W.R.I.M.) with external resistor.
VSD power is less than motor power.
Wider speed range (70-130%).
Can be retrofitted to W.R.I.M. with
external resistor if overspeed is possible.
Can operate down to zero speed.
High torque capability with
field-oriented control.
Can be used with induction and
synchronous motors.

Disadvantages
No regeneration capability.
Limited to VSDs bellow 1000 kW *.
Slightly (about 1%) less efficient than
VSI or CSI
Poor power factor at low speeds (unless a
rectifier/chopper AC/DC converter is used).
No regeneration capability.
Operation below 10% of rated speed can
produce cogging.
Bulky.
Poor power factor at low speed/load.
Possible cogging below
10% of rated speed.
Poor power factor at low speed.
Can only be used with synchronous motors.
Can only be used with W.R.I.M.
Poor power factor at low speeds.
Subsynchronous speed (50-100%)only.
More complex and costly than Kramer drive.
Can only be used with W.R.I.M.

Cannot be used above 33%
of input frequency.
Complex circuit design.
Poor power factor at low speed.

Table 2.1 - Advantages and Disadvantages of VSDs [3],

* Thyristor PWM VSDs can go up to 2 MW (Low Voltage) and 7 MW (High Voltage)
Pulse-width modulation (PWM) VSDs dominate in the low to medium power range (up to a few
hundred kW) due to their lower cost and good overall performance. In situations when several
motor drives must rotate at the same speed, those drives can be supplied by a single PWM VSD
whose power rating is the sum of the motors ratings. In the range above a few hundred kW the
13
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choice of VSD technology depends on several factors including the type of motor, horsepower,
speed range and control requirements. A few typical situations are:
• Large induction motors (above 1000 kW) with normal speed requirements for pumps and fans
can use current source inverters.
• Large synchronous motors (above 1000 kW) use load commutated inverters.
• Large induction or synchronous motors (above 1000 kW) with very low-low speed requirements
can use cyclo-converters
• Wound-rotor induction motors (WRIM) can retrofitted cost-effectively with static Kramer or
static Scherbius drives.

2.2.2

Multispeed and DC Motors

In applications where only a few operating speeds are required, multispeed motors may provide the
most cost-effective solution. Multispeed motors are available with a variety of torque-speed
characteristics (variable torque, constant torque and constant horsepower), able to cope with
different types of loads. Two-winding motors can provide up to four speeds but they are normally
bulkier (one frame size higher) than single-speed motors for the same horsepower rating. Poleamplitude modulated (PAM) motors are single winding, two speed, squirrel cage induction motor
that provide a wide range of speed ratios. Because it uses a single winding, it is often possible to
have the same frame size of single speed motors for the same power, thus being easily retrofitted.
PAM motors are available with a broad choice of speed combinations (even ratios close to unity),
being especially suited and cost-effective for fans and pumps applications which can be met by a
two-speed duty cycle.

2.3

System Considerations

A number of important but often overlooked factors which may affect the overall motor system
efficiency include: power supply quality (high-quality power supply), careful attention to
harmonics, system oversizing (proper equipment sizing), the distribution network that feeds the
motor (attention to power factor and distribution losses), the transmission and mechanical
components (optimised transmission systems), maintenance practices (careful maintenance of the
entire drivepower system) and the match between the load and the motor (good load management
practice), are discussed bellow. All these important factors are beyond the savings potential
characterisation in this study.

14
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2.3.1

Power Supply Quality

Electric motors, and in particular induction motors, are designed to operate with optimal
performance, when fed by symmetrical 3-phase sinusoidal waveforms with the nominal voltage
value. Deviations from these ideal conditions may cause significant deterioration of the motor
efficiency and lifetime. Such deviations include:
Voltage Unbalance
Voltage unbalance wastes energy: it leads to high current unbalance which in turn leads to high
losses. A phase unbalance of just 2% can increase losses by 25%. Additionally, long operation
under unbalanced voltage can damage or destroy a motor (that is why many designers include phase
unbalance and phase failure protection in motor starters). Another negative consequence of
unbalance is the reduction of the motor torque.
Undervoltage or Overvoltage
When the motor is running at or nearly full load, voltage fluctuations exceeding 10% can decrease
motor efficiency, power factor and lifetime.
European Voltage Range
The European Voltage Range has a significant influence on overall power consumption and on the
power factor. The range (220-240V / 380-415V) was fixed by the European supply authorities who
were anxious not to reinvest in new transmission and distribution equipment. Over time there
should be a concerted effort to reduce the voltage range in Europe.
Harmonics
Under ideal operating conditions, utilities supply pure sinusoidal waveforms (50 Hz frequency in
Europe). However there are some loads, namely VSDs and other power electronic devices, arc
furnaces, saturated magnetic cores (transformers, reactors), TVs and computers that cause voltage
distortion. The resulting distorted waveform contains a series of sine waves with frequencies that
are multiples of the fundamental 50 Hz frequency, the so called harmonics.
Harmonics increase the motor losses and noise, reduce torque, and cause torque pulsation and
overheating. Vibration and heat can shorten the motor life, by damaging bearings and insulation.
Harmonics can cause malfuntions in electronic equipment, including computers, induce errors in
electric meters ( one study sponsored by Electric Power Research Institute (EPRI) found
measurement errors ranging from +5,9% to -0,8% in meters subjected to harmonics from VSDs),
produce radio frequency static and destroy power system components.
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2.3.2

System Oversizing

The load factor probably is one of the most discussed factors on motor system efficiency.
Designers usually tend to oversize motor systems to warrant a growth in the system peak
requirements. They assume that the extra capacity cost is a small premium to pay to insure the
system will be able to cope with the maximum mechanical demand.
There are a number of reasonable reasons to install an oversized motor in some kind of applications,
for example: if a process is a critical one, such as mixer in a batch control operation where the
motor loss would mean a large financial loss, the decision maker may choose an oversized motor to
insure against this possibility [4], Oversized motors will allow high starting torque loads, they will
be able to accommodate load fluctuations, and they will be able to operate under adverse conditions,
such as voltage unbalance. If the motor is significantly oversized and operates at partial load, its
efficiency may be reduced, meaning an increment in energy consumption, poor power factor and
additional costs.
As can be seen in Figure 2.6, the peak efficiency occurs normally around 75% of the full load for
most motors except for the smallest motors, and above it does not vary significantly. In most motors
the efficiency starts dropping significantly below 50% of the full load. Some manufacturers
recommend the replacement of motors operating below 50% of the full load by a smaller more
efficient motor.

E 60-

Note: The curves indicate a general
relationship. Values will vary with
individual motor type and manufacturer.

Percent Rated Load

Figure 2.6 - Motor Part Load Efficiency as Percent of Full-load Efficiency [5]
for 1800-rpm Three Phase 60Hz Design B Squirrel Cage Induction Motors

2.3.3

Distribution Network

There are substantial losses through the distribution network from the substation to the loads. These
losses can be reduced by proper selection and operation of efficient transformers, by correctly sizing
the distribution cables and by correcting the power factor. In large industries it is also common to
use a high distribution voltage to reduce the losses.
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Transformers
Distribution transformers normally operate above 95% efficiency, unless they are old or are
operating at very light load. Old, inefficient transformers should be replaced by new models that are
more efficient. It is more efficient to run only one transformer at full load than to run two
transformers at light load.
Cable Sizing
The currents supplied to the motors in any given installation will produce losses (of the I2R type) in
the distribution cables and transformers of the consumer. Correct sizing of the cables will not only
allow a cost-effective minimisation of those losses, but also helps to decrease the voltage drop
between the transformer and the motor. The use of the standard national codes for sizing conductors
leads to cable sizes that prevent overheating and allow adequate starting current to the motors, but
can be far from being an energy efficient design. Ideally the cables should be sized not only taking
into consideration the national codes, but also considering the life-cycle cost.
In general, in new installations it is cost-effective to install a larger cable than that required by code,
if the larger cable can be installed without increasing the size of the conduit, the motors operate at
or near full load, and the system operate a large number of hours per year.
Power Factor Compensation
A poor power factor means higher losses in the cables and transformers, reduced available capacity
of transformers, circuit breakers, and cables, and higher voltage drops.
In the case of motors, the power factor is maximum at full load, and it decreases with the load (see
Figure 2.7).

Percent Rated Load
Figure 2.7 - Typical Power Factor vs Load Curve [6]
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An oversized motor will significantly drop the power factor. Thus, a properly sized motor will
improve the power factor. Low power factor can be corrected by using capacitors connected to the
motor or at the distribution transformer. Reactive power compensation not only reduces the losses
in the network but also allows full use of the power capacity of the power system components.
Additionally, the voltage fluctuations are reduced, thus helping the motor to operate closer to the
voltage for which it was designed.

2.3.4

Transmission System

The transmission system transfers the mechanical power from the motor to the final end-use. The
choice of transmission is dependent upon many factors, namely: the desired speed ratio, motor
power, layout of the shafts, type of mechanical load, etc. The most important kind of transmission
types available include: direct shaft couplings, gearboxes, chains and belts.
Belts
Most motors are connected to their loads through a transmission system, very frequently through a
belt. About one third of the motor transmissions in industry uses belts. Belts allow flexibility in the
positioning of the motor in relation to the load. Additionally, belts can also increase or decrease the
speeds using pulleys of suitable diameters.
There are several types of belts namely: V-belts, cogged V-belts, synchronous belts and flat belts.
While V-belts are the cheapest and are the most common type, other types can offer greater
efficiency (Table 2.2).

V-belts
CoggedV-belts
Synchro
nous Belts

Typical
Efficiency
Range
(%)
90-98

Suitable for
Shock
Loads

Change of
Pulleys
Required

Special
Features

Yes

Periodic
Mainte
nance
Required
Yes

No

Low first cost.

95-98

Yes

Yes

No

97-99

No

No

Yes, with
higher cost

Easy to retrofit.
Reduced slip.
Low-medium speed
applications. No slip.
Noisy.

Table 2.2 - Comparison of Belt Drive Characteristics [7]

The V-belt losses are associated with flexing 4 times per cycle, slippage and a small percentage loss
due to windage. With wear V-belts stretch and need retensioning. They also smooth with wear,
becoming more vulnerable to slip. Thus V-belts need regular maintenance, which is a disadvantage
in relation to other non-stretch type belts. Besides, their efficiency will drop if the load is above or
below the full load (see Figure 2.8)
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Percent Nominal Load
Figure 2.8 - Efficiency Curve for a V-belt [8]

The cogged V-belts have lower flexing losses, since less stress is required to bend the belt and so
they are typically 1-4 percent more efficient than standard V-belts. They can be used on the same
sheaves and pulleys as standard V-belts, last twice and require less frequent adjustments. The
efficiency gained with cogged V-belts is larger when small pulleys are used. Cogged V-belts cost
20-30% more than standard V-belts, but their extra cost is recovered over a few thousand operating
hours.
The most efficient belt is the synchronous design, with 97-99% efficiency, because it has low
flexing losses and no slippage. Synchronous belts have no slippage because they have meshing
teeth on the belt and pulleys. Unlike standard V-belts that rely on friction between the belt and the
pulley grooves to transmit the torque, synchronous belts are designed for minimum friction between
the belt and the pulley. Due to their positive drive, these belts can be used in applications requiring
accurate speed control. Synchronous belts stretch very little because of their construction, do not
require periodic retensioning and they typically last 4 times longer than standard V-belts.
Retrofitting synchronous belts requires installing sprocket pulleys that cost several times the price
of the belt. In cases where pulley replacement is not practical or cost effective, cogged V-belts
should be considered.
Gears
The selection of efficient gear drives can be a potential for important energy savings. The ratings for
gear drives depend on the gear ratio (the ratio of the input shaft speed to the speed of the output
shaft) and on the torque required to drive the load.
Several types of gears can be used in motor transmissions, namely: helical, spur, bevel and worm.
Helical and bevel gears are the most widely used and their efficiency can reach 98% per stage (each
step of reduction or increase in the shaft speed). Spur gears are used for the same purpose as helical
gears but are less efficient, so they should not be used in new applications. Worm gears allow a
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large reduction ratio (5:1-70:1) to be achieved in a single stage. Their efficiency ranges from 55% to
94% and drops quickly as the reduction ratio increases. Thus, worm gears should be whenever
possible replaced with more efficient gears such as helical gears.
Chains
Unlike belts, chains typically have been used in low speed and high-torque applications. Like
synchronous belts chains do not slip. A well-maintained chain may have an efficiency of about
98%, but wear can decrease this efficiency by a few points.
With the exception of silent chains, chains are noisy. Chains need readjustments and adequate
lubrification, which may not be easy to provide. Thus the use of synchronous belts may seem as an
attractive alternative to the use of chains.

2.3.5

Operation and Maintenance Practices

Regular maintenance (such as inspection, cleaning, lubrication, tool sharpening) is essential to
maintain peak performance of the mechanical parts and to extend their operating lifetime.
Lubrification
A regular maintenance with the right frequency is necessary, to reduce to the minimum the friction
of the bearings. Bearing friction wastes energy, increases the motor running temperature, decreases
both the motor and lubrificant lifetimes. Both under or over lubrification can cause higher friction
losses and shorten the bearings lifetime. Additionally, overgreasing can cause the accumulation of
grease and dirt on the motor windings, leading to overheating and premature failure. The use of
synthetic lubrificants can achieve substantial reduction in the friction losses.
Periodic Checks
The temperature, and the electrical and mechanical conditions of a motor should be checked
periodically. Additionally, the mechanical efficiency of the end-use tool (pump, fan, weaving
machine, etc.) directly affects the overall system efficiency. Monitoring wear and erosion in the
end-use tool is especially important as its efficiency can be dramatically affected. For example, the
erosion of the pump impeller will cause the pump efficiency to drop sharply.
In general facilities with good maintenance programmes will inspect the motor driven system every
six months.
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Cleaning and Ambient Conditions
Cleaning the motor casing, which is frequently required in some dusty industries, is also relevant
because its operating temperature increases as dust and dirt accumulates on the case. The same can
be said about providing a cool environment to the motor. The temperature increase leads to an
increase of the windings resistivity and therefore to larger losses. An increase of 25 °K in the motor
temperature increases the Joule losses by 10%.
Commissioning
The proper installation and start-up of the motor system is critical to ensure optimal efficiency and
maximum lifetime. Particularly in large installations it is worth for a third party to thoroughly verify
the whole motor systems and to check if the relevant specifications (electrical and mechanical) are
met in a satisfactory way.

2.3.6

Load Management and Cycling

In addition to energy savings, demand reduction can also be achieved through the use of energyefficient motor systems. Especially in the case of large investments, the economic benefits of
demand reduction should also be taken into account when evaluating the cost-effectiveness of
energy conservation investments. Additionally, motor cycling and scheduling can be performed, for
load management purposes, to further reduce the power demand during peak periods. Typical loads
which may benefit from cycling are loads with large time constants. Such loads include
refrigeration equipment, air-conditioners, heat-pumps and other curtailable loads.

2.4

Summary of Technological Opportunities

Table 2.3 summarises the opportunities for improve the efficiency of electric motor systems,
identified by a recent ACEEE study [9]:
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Measure
Energy-Efficient Motors
Correction of motor oversizing
Improved Drivetrains,
Lubrification, and Maintenance
Improved Electric Supply
Adjustable Speed Drives
Pump and Fan Efficiency
Reduced Compressed Air
Leaks
Compressor Controls
Air Compressor Efficiency
Refrigeration Equipment
Efficiency

Saving Potential as % of
Motor End-use Fraction
1-9 % for applicable
motors
6-9 % for oversized
motors
3-7-% for all motor
load
1-5 % for all motor load
15-40 % for applicable
motors
2-10 % for end-use motor
load
50-75 % reduction in leaks
3-7 % for compressor
load
4-20 % for applicable load

Assumptions
96 % of motor load has energy-efficient replace
ments available
one-third of motor load operates a less than 50%
load

25-75 % of pump, fans, compressor, and
conveyor loads are applicable sites

compressed air leaks are 15 % of compressor
load

50 % of compressor load is applicable for
equipment efficiency improvement

10 % for refrigeration load

Table 2.3 - Summary of Electric Motor System Efficiency Opportunities [9]

2.5

Technology Trends

Advanced motor materials and improved motor design have allowed steady improvement of the
efficiency of induction motors in the past decades. The introduction of new magnetic steel can
further decrease the motor losses in the foreseeable future .
In the low horsepower range, where the efficiency is relatively poor, alternatives to induction
motors with a substantially higher efficiency, may be introduced. Among the alternatives, the
permanent magnet motor and the switched-reluctance motor seem particularly promising. However,
this kind of motors can only be used with electronic speed controls, not as general purpose motors.
The penetration of these higher efficiency alternatives is not considerated to estimate the savings in
the year 2010.
If there is a significant reduction in the cost of permanent magnet materials, the large-scale use of
permanent magnet motors will happen. Improved efficiency (up to 10-15%) and high performance
can be obtained with the use of these motors. It is possible to have a permanent magnet brushless
DC motor coupled with a VSD, presenting an overall efficiency of around 90% in small motors
(e.g. as low as 1 KW).
The principle of the reluctance motor has been known for over 150 years. Reluctance motors are
simple and inexpensive to build, but they need electronic controls. The success of these motors
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depends on the developments in power semiconductors to make them cost-effective for mass
production.
In recent years the price of AC drives has dropped significantly with the introduction of simpler
designs featuring more integration in the electronics and the use of less complex power stages (use
of IGBTs instead of thyristors). It is expected that the price of AC drives will further decline,
namely in the low horsepower range due to the development of power integrated circuits and due to
increased production.
Due to reliability and cost-effectiveness reasons, the market for DC motor drives is expected to fall
and AC drives will increase their market share in the next few years. However the reference data for
motor electricity consumption in 2010 did not consider the diminishing share of DC motors in the
total motor electricity consumption. For the estimates of the potential savings, this study addressed
only AC induction motors.
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3

Basic Assumptions and Methodology

In order to integrate the results from the different countries and prepare this final report, some
common assumptions and guidelines have been established in agreement with the members of the
Study Group. When referring to the members of this Study Group, the abbreviation EU* will be
used.
With certain restrictions in accuracy, an estimate of the electricity use can be built up using a topdown approach (i.e. the accumulation of yearly production corrected for foreign trade over the
motor life-time) to estimate the installed motor capacity and the savings due to energy-efficient
motors and variable speed drives.
With regards to a top-down approach, several common assumptions of motor life-times and power
ranges have been adopted by the members of the study group, based on the available data for the
different countries. The common assumptions were the following:
• Power ranges and motor lifetime:
Power Range
0,75- 7,5 KW
7,5 - 37 KW
37 - 75 KW
> 75 KW

Life-time
12 years
15 years
15 years
20 years

When the average operating hours are calculated in connection to top-down estimates of stock, an
average load factor of 60% was considered.
• For the estimates of electricity savings a consistent approach was further “harmonised”:
- The energy savings due to motor efficiency improvements by replacing standard motors with
EEMs was assumed to be:
Power range
0,75 - 7,5 KW
7,5 - 37 KW
37 - 75 KW
> 75 KW

Energy Savings *
6%
4%
3%
1%
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• These values are based on the average efficiency of standard motors sold in the European Union,
on the motor efficiency measurements carried out by EDF and on the minimum efficiency levels
of the Energy Policy Act (USA).
- In the case of VSDs, an average energy savings of 25 % was assumed, for the loads in each
VSDs can successfully be applied.
• To better characterise the electricity consumption in the industrial and tertiary sectors, the
electricity end-use was been disaggregated into the following categories:
- "Motor Loads" (pumps, fans, compressors, conveyors, mills, elevators, etc.)
- "Lighting"
- "Other Loads" (furnaces, electrolytic process, welders, heating, office equipment, etc.)
• The motor load electricity consumption has also been disaggregated into the main end-use motor
applications:
-

“Pumps”
“Fans”
“Compressors”
“Other”
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4

EU Motor Market

The EU motor market has been growing slightly in recent years and future growth is forecasted to
be slow too. The EU motor market (production) is concentrated in few large manufacturers whose
concern is to increase the share of the market through acquisition, merger and alliance. However
there is still a large number of small and medium companies which produce low voltage AC motors.
Table 4.1 shows the annual sales of AC polyphase motors (DC and other motors are not adressed in
this report) by power range in each country of the study. These data was based on trade statistics,
for the period 92-94 and direct foreign trade represents those motors that are sold separately, and
implicit foreign trade represents those motors that are traded incorporated in end-use equipment.

Country
France

Germany (west)

Iberia

Italy

Netherlands

Scandinavia

United
Kingdom

Power range
0,75-7,5
7,5-75
75-750
>750
0,75-7,5
7,5-75
75-750
>750
0,75-7,5
7,5-75
75-750
>750
0,75-7,5
7,5-75
75-750
>750
0,75-7,5
7,5-75
75-750
>750
0,75-7,5
7,5-75
75-750
>750
0,75-7,5
7,5-75
75-750
>750

Production

Number (1000)
Direct
Implicit
Foreign Trade Foreign Trade

1410
540
15
7
3498
263
13
5
831
164
14

-564
-203
5
4
244
-107
-8
-0,3
-327
-54
5

1528
460
16

-611
-183
-6

283
59
14

32,0
9,0
1,6
0,0
72
-5
-2

673
80
10

-38
5
-0,6

“limited”

-799
-30

-1
0
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846
337
10
3
2943
126
4
4,7
504
110
9
917
277
10

-25
-4
-2

Table 4.1 - Annual Sales of AC Electric Motors above 0,75 kW (1994) [10]

>0 import, <0 export

Remaining

330
50
10
635
75
9,4
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From this available data, it can be concluded that Italy is the largest net exporter. France, Germany
Iberia and United Kingdom are net exporters too. However more detailed data is needed to improve
the characterisation of the EU motor market.
Motor sales in the European Union in 1994 are estimated to be around 1880 MECUs per year.
Figure 4.1 shows the breakdown of the motor market by country, in the year 1994. These shares of
motor market were determined for monetary values. As it can be seen, Germany represents the
largest motor market, with 36% of the total market. France, United Kingdom and Italy represent the
next largest motor markets, with just 14%, 13% and 13%, respectively.

Figure 4.1 - AC Motor Market (Monetary Value) by Country

Figure 4.2 shows the AC polyphase motors sold in EU by power range in monetary values:

Figure 4.2 - AC Motors Sold (Monetary Value) by Power Range
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Figure 4.3 shows the share of AC polyphase motors sold in each country by power range:

Figure 4.3 - Motor Sales (Monetary Value) by Power Range, by Country

European VSDs sales in the European Union are estimated to be around 560 MECUs per year.
Figure 4.4 shows the share of VSDs market by country. These shares were determined from the
monetary values related to sales in 1994.

France
12%

Others

Italy
10%

Iberia
8%

Figure 4.4 - VSDs Market (Monetary Value) by Country
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The breakdown of VSDs by power range sold in 1994 in European Union is showed in Figure 4.5.
It is important to note that although the VSDs' price / kW is higher in the lower power range, they
are mainly used in that range as shown in Figure 4.5. This is because their use is usually related
with process improvement issues, rather than due to energy efficiency reasons.

Figure 4.5 - VSDs Sold (Monetary Value) by Power Range
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5

Characterisation of the Electricity Use in EU

The countries of the study (France, Germany (West), Iberia, Italy, Netherlands, Scandinavia and
United Kingdom & Ireland) represent about 89% of the consumption of all the EU countries, as it
can be seen in Figure 5.1:

France
•< no/

Others

11%

Figure 5.1 - Share of Electricity Consumption in European Union Countries
Based on 2010 Consumption Forecast [1]

Table 5.1 represent the total final electricity consumption by end-use sector in the EU countries of
the study in the reference year of 1992, and the forecasts for 2010.
The electricity consumption forecasts are based on the “Conventional Wisdom” scenario presented
on the European Energy to 2020, published by European Commission, since not all the partners
were able to provide those forecasts.
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Others
Industrial Tertiary Residential Agriculture
113,4
2,2
117,1
93,0
34,8%
0,7%
28,6%
35,9%
France
171,7
146,5
5
181,8
2010
34%
1%
36%
29%
7,4
12,2
190,2
85,4
105,8
1992
2%
21%
3%
47%
26%
Germany
129,6
10,8
27,0
253,8
118,8
2010
(West)
2%
22%
24%
5%
47%
42,3
4,2
39,8
1992
79,1
24%
26%
3%
48%
Iberia
74,5
62,9
4,6
90,8
2010
2%
32%
27%
39%
47,4
55,7
4,3
120,6
1992
24,4%
1,9%
52,9%
20,8%
Italy
65,5
4,7
78,9
2010
124,9
28,8%
23,9%
1,7%
45,6%
17,5
32,7
25,3
1992
1,4
42%
33%
23%
2%
Netherlands
34,4
17,8
39,0
1,8
2010
37%
2%
42%
19%
45,2
65,6
4,8
90,9
1993
32%
44%
2%
22%
Scandinavia
79,5
5,7
133,4
65,3
2010
2%
47%
23%
28%
103,4
4,0
15,3
1992
89,0
77,8
27%
1%
5%
31%
36%
United
123,4
107,4
143,2
3,9
2010
19,9
Kingdom
36%
1%
5%
31%
27%
Table 5.1 - Total Final Electricity Consumption by End-Use Sector (TWh)
1993

Total
325,6
100%
505
100%
400,7
100%
540,0
100%
165,4
100%
233
100%
228,0
100%
274
100%
76,9
100%
93
100%
206,5
100%
284
100%
289,5
100%
398
100%

Figure 5.2 shows the shares of electricity consumption by end-use sector in EU* in 1992 and in
2010. The sector with the largest growth between 1992 and 2010 is the tertiary sector, (annual
average growth of 2,2%).
1992

2010
Agriculture

2%

Tertiary
27%

Figure 5.2 - Share of Electricity Consumption by End-Use Sector in EU*
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Figure 5.3 shows the share of electricity consumption by end-use in the industrial sector and in the
tertiary sector, in the EU*. To estimate the share of motor electricity consumption in EU* countries,
this share was determined by considering the motor electricity consumption in each country. The
same procedure has been followed for the other loads.

Industrial Sector

Tertiary Sector

30%
Figure 5.3 - Shares of Electricity Consumption by End-Use

The distribution of motor electricity consumption by end-use in the industrial and tertiary sectors in
the EU* countries was also calculated based on the motor end-use consumption in each country and
is shown in Figure 5.4.

Industrial Sector

Tertiary Sector

Pumps

Others

40%

Compressors
21%
Figure 5.4 - Shares of Application
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5.1

Number of Motors, Installed Motor Capacity and Motor Electricity
Consumption

With the exception of the previous section (section 5), all motor statistics in this report refer to AC
polyphase squirrel cage induction motors only, since it is accepted that these motors account for the
bulk of the energy saving potential. They represent about 90% of the motors' consumption. The
remaining fraction is mostly DC motors' consumption.

The number of motors in the lowest power range in the industrial and in the tertiary sectors, has a
large uncertainty, because it is very difficult to determine the exact figure of small motors installed.
The tables are more accurate in relation to the larger motors.
Motors above 750 kW were only estimated in Germany and France. Their potential for energy
savings is low because they already have high efficiency levels.
When accurate data was not available, the calculation of number of motors has been prepared with
basis in statistics from manufacturers, and also taking into account the energy audits carried out by
some partners.
Data on the tertiary sector is scarcer than data on the industrial sector. Some individual figures have
been calculated with basis on data from those countries where data was available, and then
extrapolated to the desired country. Due to lack of more accurate data, the number of operating
hours in the tertiary sector for some countries, has been considered the same as industrial sector.

Table 5.2 summarises the number of motors, electricity consumption, installed capacity and average
operating hours of EU* industrial sector.
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Range kW

Country

7,5-37

Inst. Capacity GW

Oper. hours

14,9

14,9

3440

3,1
3,4

38,7

950

4257500

12,9

14,5

1200

2,9

22,5

17,8

1262

Italy

6097210

Netherlands

1596000

Scandinavia

4092000

2,2

10,7

9,0

3325

U Kingdom

4620000

2,3

7,4

10,6

1151

Total EU*

40201910

2,6

96,0

105,5

1213

France

622900

15,5

14,4

9,7

3440

Germany West

729300

17,8

16,7

17,9

1400

Iberia

380400

22,5

14,6

8,6

2500

Italy

1524040

12,3

22,1

18,7

1181

108000

Scandinavia

615600

14,1

16,3

8,7

3725

U Kingdom

725601

17,8

8,9

12,9

1151

Total EU*

4705841

16,2

92,9

76,4

1743

France

123500

42,9

8,9

5,3

3440

Germany West

153450

50,3

1400

142350

8,0

3450

Italy

364244

56,3
39,4

9.8
18,3

10,5

Iberia

17,2

14,3

1200

Netherlands

27000

Scandinavia

127200

56,2

125354

50,8

11,4
4,4

7,1
6,4

3260

U Kingdom
Total EU*

1063098

48,6

70,0

51,7

2030

France

1151

88500

201,1

42,6

17,8

3787

112380

340,1

64,5

38,2

2700

Iberia

20300

137,9

7,0

2,8

3958

Italy

66320

169,6

13,5

11,3

1200

Netherlands

32000

Scandinavia

156940

164,0

16,8

25,7

3238

U Kingdom

187153

213,9

28,8

40,0

1151

Total EU*

663593

203,5

173,2

135,0

2053

Germany West
>75

Consumpt TWh pa

2,1

Iberia

Netherlands

37-75

12459200

Averg Pow kW

27,6

Germany West
0,75-7,5

Number in Use
7080000

France

Table 5.2 - Motor Electricity Use in the EU* Industrial Sector (1992)

Table 5.3 summarises the number of motors, electricity consumption, installed capacity and average
operating hours of EU* tertiary sector.
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Range kW

0,75-7,5

Averg Pow kW

Consumpt TWh pa

Inst. Capacity GW

Oper. hours

France

4200000

2,1

13,2

8,8

2000

Germany West

6589000

20,5

950

1786120

3,1
3,4

14,6

Iberia

4,3

6,1

950

Italy

2613090

2,1

6,8

5,4

1262

Scandinavia

2700000

2,2

8,9

5,9

2000

U Kingdom

3000000

2,3

4,8

6,9

1151

Total EU*

_ 20888210

2,6

52,6

53,6

1309

Number in Use

Country

Netherlands

7,5-37

France

337079

15,5

7,0

5,2

2000

Germany West

385688

17,8

8,8

9,4

1400

Iberia

178444

22,5

4,9

4,0

1800

Italy

653160

11,2

6,6

5,6

1181

235955

14,1

5,0

3,3

2000

U Kingdom

280899

17,8

3,4

5,0

1151

Total EU*

2071225

15,7

35,7

32,6

1568

France

14469

42,9

0,9

0,6

2200

Germany West

43312

50,3

2,7

2,9

1400

Iberia

48518

56,3

3,6

2,7

2000

Italy

79956

39,6

3,8

3,2

1200

Scandinavia
U Kingdom

10611

56,2
50,8

1,0
0,3

0,6
0,5

2200
1151

Total EU*

206511,6

50,9

12,3

10,5

1755

5000

201,1
311,0

1,4
4,2

1,0

2200

3,5

1900

137,5
102,7

0,5

0,3

2300

0,7

0,6

1200
2200

Netherlands
Scandinavia

37-75

Netherlands
9646

France

>75

Germany West
Iberia
Italy

11250
2477
5680

Netherlands
Scandinavia

3334

164,0

0,9

0,5

U Kingdom

4167

200,7

0,5

0,75

1151

Total EU*

31908

212,0

8,2

6,8

1936

Table 5.3- Motor Electricity Use in the EU* Tertiary Sector (1992)

5.2

Total EU* Average Operating Hours

It is not clear how the number of operating hours depends upon the size of the motor. Different
figures for the number of operating hours for the same power range can be obtained depending on
the methodology used.
The average number of operating hours for EU* was determined using the available stock data
(number and capacity of motors in operation) and data on motor electricity consumption (Table 5.2
and Table 5.3), assuming an average load factor of 60% and typical average efficiencies by power
range. A mean value of the number of operating hours by power range was calculated as the product
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of energy consumption and the efficiency divided by the product of the load factor and the installed
capacity:

Consumption x Efficiency
OperatingHours =------------------------------------60% x InstalledCapacity

The calculated number of average operating hours should be taken with care. They seem to be very
low figures, specially in the highest power range. As it as been already mentioned, there are
significant different differences among the countries, concerning the number of operating hours.
As it can be seen from Tables 5.2 and 5.3, there are significant discrepancies in the number of
operating hours among the different countries. Although the countries have different industrial
structures, those Tables show considerable uncertainty in the data.
One reason for such uncertainty and disparity on electric motors annual operating hours is the fact
that many industries may have a substantial number of unused spare motors. Those motors are taken
into account in number and in power but they only operate in case of emergency, which means only
few hours per year.

Figure 5.5 and Figure 5.6 show the installed motor capacity, the electricity consumption, the
weighted average losses and the average operating hours in the industrial and tertiary sectors
respectively:
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Fig. 5.5 - Installed Motor Capacity, Electricity Consumption and
Average Motor Losses in Industry
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Fig. 5.6 - Installed Motor Capacity, Electricity Consumption and
Average Motor Losses in Tertiary Sector
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6

Electricity Savings Potential in the Year 2010

Introduction
This section presents the potential savings which can be achieved by the application of energyefficient motor technologies (EEMs and VSDs), by the year 2010, in the industrial and commercial
sectors in the European Union. From the different factors influencing efficiency, only the
application of VSDs and EEMs can be quantified with reasonable reliability and are presented in
this section.
The annual average growth of the electricity consumption for the industrial sector in EU countries is
estimated to be 1,5 %, and the annual average growth for the tertiary sector is estimated to be 2,2 %.
Table 6.1 shows the electricity consumption in the industrial and tertiary sectors in the base year
(1992) and the forecast for the year 2010, and it also shows the total motor electricity consumption
in 2010 [1],
The figures in this section refer to all the countries in the European Union. Based on the countries
of the Motors Study Group, an extrapolation of the data was made for whole European Union.

Industrial
Tertiary

Electricity
Consumption TWh
(1992)

Annual Average
Growth
(1992-2010)

Electricity
Consumption TWh
(2010)

Motor Electricity
Consumption TWh
(2010)

794
474

1,5%
2,2%

1038
701

716
252

Table 6.1 - Electricity Consumption in the Industrial and Tertiary Sector [1]

Based on these values, the AC motor electricity consumption in the industrial and tertiary sectors by
power range in 2010 was calculated and is given in table 6.2. As already mentioned, the shares of
motor electricity consumption in 2010 are assumed to be the same as in 1992 and it is considered
that DC motors and other non induction motors will represent 10% of the motor consumption.
AC Motor ElectricityY Consumption TWh
Power Range (kW)
0,75 - 7,5
7,5 - 37
37-75
>75
Total

Industrial
148
136
103
258
645

Tertiary
109
75
25
18
227

Table 6.2 - AC Motor Electricity Consumption by Power Range in 2010
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6.1

Potential Savings with the Application of EEMs

For a long time motors have been designed with the minimum material requirements in order to
reduce its initial costs. Because of this situation, lower efficiency motors with higher operating costs
were produced. With the increase in energy prices, the utilisation of energy-efficient motors can
produce significant savings in the operating costs, that outweigh the higher first cost of an EEM.
However, since there is no definition of EEM minimum efficiency levels in Europe, it is assumed an
efficiency gap between a standard motor and an EEM, in line with the U.S. EPAct levels and the
measurements made by Electricite de France (EdF). The EPAct motor standards that will go into
effect in October 1997 in USA, mandates minimum efficiency standards, testing and labelling
requirements for general-purpose induction motors sold in the United States, in the power range 1200hp. Table 6.3 compares the efficiency of standard motors and the improved efficiency of EEMs,
both running at full load, by the considered power ranges:
Power Range
kW
0,75-7,5
7,5-37
37-75
>75

Standard Motor
Average Efficiency

EEMs
Average Efficiency

0,80
0,86
0,90
0,95

0,86
0,90
0,93
0,96

Table 6.3 - Standard and Efficient Motors Efficiency.
On Average EEMs Have 30% Lower Losses than Standard Motors

The most obvious benefit of EEMs is energy savings. Even in the largest motors, where the
efficiency improvement between standard and efficient models is small in terms of percentage, a
small improvement can yield significant savings. The replacement of standard motors with EEMs is
normally cost-effective either in the replacement of a failed motor or in new installations. The costeffectiveness of EEMs depends on the number of operating hours and on the motor load: the larger
the operating hours, the larger the potential savings. It must be emphasised that despite their
availability from some manufacturers, the penetration of EEMs in the EU is very small.
It is important to note that there are some situations where replacing a standard motor by an EEM
may not bring the expected savings. In the case of retrofitting, careful analysis of the entire system
is recommended. Due to the lower losses in EEMs, their speeds are normally higher. If an EEM is
retrofitted to a centrifugal pump or fan, the energy savings may be lower than expected, since a 1%
increase in the motor speed will typically lead to a 3% increase in the power consumption.
Therefore, either the EEM chosen to replace the standard motor has the same speed as the replaced
motor, or it is necessary to trim down the mechanical requirements. This can be done by adjusting
the pulleys in fan drives or by trimming the impellers in pump drives.
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The energy savings potential was evaluated with two methods: considering cost-effectiveness
constraints (economic potential) and without any economic restrictions (technical potential), and
considering the average number of operating hours.
Method 1 - Estimated Economic Energy Savings Potential
With energy-efficiency savings in mind, motor manufacturers now offer energy-efficient motors
which use low-loss lamination steels, longer core lengths, thicker copper conductors, redesigned
slot numbers and tooth/slot geometries. These motors are typically quieter and more reliable, since
they have lower losses, leading to a lower operating temperature, etc. Of course there will be a price
premium in purchasing a more efficient motor of about 25% relatively to a standard motor.
However, based on cost-benefit analysis, whose result is the cost of saved energy (CSE), this
additional cost is justified by the energy savings.
Table 6.4 shows the payback time of EEMs for the industrial and tertiary sectors by power range, if
the average operating hours and the average power by power range (tables 5.2 and 5.3) are
considered, and assuming a price premium of 25%:

Payback
Time
[Years]

Power Range

0,75-7,5 KW

7,5-37 KW

37-75 KW

>75 KW

Industry

5,8

2,3

2,3

6,5

Tertiary Sector

3,2

1,5

1,6

4,2

Table 6.4 - Payback Time of EEMs in Industry and in the Tertiary sector

It is assumed that as motors fail in the period up to 2010, they are replaced by EEMs. The share of
EEMs in the larger power ranges is not 100%, because of their longer lifetime.
Power Range

kW

AC Motor Cons, in 2010
Average Operating Hours
Potential Savings
Cost of Implementation
Cost Saved Energy CSE
Share of EEMs in 2010
Savings by 2010

TWh
h
%
ECU/kW
ECU/kWh
%
TWh
%

0,75-7,5
148
1213
6
22,0
0,059
100
8,9

7,5-37
136
1743
4
7,5
0,020
80
4,4

37-75
103
2030
3
6
0,019
80
2,5

Table 6.5 - Estimated Economic Energy Savings Potential of EEMs in Industry

40

>75

Total

258
2053
1
5,3
0,049
60

645

1,5

17,3
2,7
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0,75-7,5

Power Range

kW

AC Motor Cons, in 2010
Average Operating Hours
Potential Savings
Cost of Implementation

TWh
h

109
1309

%
ECU/kW

Cost Saved Energy CSE
Share of EEMs in 2010

ECU/kWh
%

6
22,0
0,055
100

Savings by 2010

TWh
%

6,5

7,5-37

37-75

>75

Total

75
1568
4

25
1755
3

18
1936
1

7,5
0,023
80
2,4

6
0,022
80
0,6

5,3
0,051
60

227

0,1

Table 6.6 - Estimated Economic Energy Savings Potential of EEMs in Tertiary Sector

The CSE was determined according to the equation:
Clxi
CSE =--------------------- =—
SEx(l-(l + i) ")

Meaning:
• CSE - Cost of Saved Energy
• Cl - Cost of Implementation
• i - Interest Rate (10%)
• SE - Saved Energy (kWh/year)
• n - Average Lifetime
Method 2 - Estimated Technical Energy Savings Potential
The CSE is inferior to the typical average price of a kWh in the industrial and in the tertiary sectors
in the EU, which is around 0,06 ECU/kWh and 0,10 ECU/kWh respectively, [11]. In these
conditions it is cost-effective to introduce EEMs in all power ranges. Thus, the economic energy
savings potential of EEMs is equal to its technical potential.

6.2

Potential Savings with the Application of VSDs

Variable speed drives were developed about 25 years ago. Early versions were complex, expensive
and moderately reliable. The advantages of VSDs have increased with the advances in drive design
and semiconductor technology (power devices and specially microelectronics). Their costs have
decreased substantially and their performance and reliability have improved, so VSDs are becoming
more and more attractive to potential users.
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VSDs can be easily retrofitted because they are more compact than other low energy-efficient
alternatives such as mechanical or hydraulic adjustable-speed controls, and because they do not
have to be mechanically coupled to the motor. It is possible to replace throttling valves, vanes and
dampers, with VSDs and obtain energy savings with an attractive payback. The possibility of
regenerative braking also exists with the utilisation of VSDs, which enables the reduction of the net
demand from the supply, thereby gaining extra cost savings.
The cost-effectiveness of VSDs depends on the motor power range that will be controlled by the
VSD and on the application (pumps, fans, compressors). However, there are other factors that can
influence the VSDs cost-effectiveness such as the number operating hours and the motor load
profile (the more variable the load, the greater is the potential savings).
The estimation for energy savings by 2010 with the use of VSDs has been made considering 2
different conditions: cost-effective constraints, and no restrictions on cost-effectiveness. VSDs can
typically be applied with controllable loads such as pumps, fans and compressors. The energy
savings vary greatly by application, but 25% average savings per VSD were assumed, in agreement
with the members of the study group. Controllable loads represent 60% of the motor electricity
consumption in industry and 80% in the tertiary sector (section 5).
Method 1 - Estimated Economic Energy Savings Potential
Based on a cost-benefit analysis, the utilisation of VSDs in the 0,75-7,5 kW power range is very far
from cost-effective if we assume 0,06 ECU per kWh in industry and 0,10 ECU per kWh in the
tertiary sector [11]. Therefore the use of VSDs in motors between 0,75 kW and 7,5 kW is not
considered in this scenario. Tables 6.7 and 6.8 show the potential energy savings by power range, in
the industrial and tertiary sector, respectively.
Power Range

kW

AC Motor Cons, in 2010
Controllable Loads
Average Operating Hours
Potential Savings of VSDs
Cost of Implementation
Cost Saved Energy CSE
Share of VSDs in Contraliable Loads in 2010
Savings by 2010

0,75-7,5

7,5-37

TWh
TWh
h
%
ECU/kW

148
89
1213
25
550

ECU/kWh
%

0,355 *
0

TWh
%

0

136
82
1743
25
240
0,104

37-75

Total

258
155
2053
25
150
0,05
50

645

40

103
62
2030
25
170
0,06
60

8,2

9,3

19,3

36,9
5,7

Table 6.7 - Estimated Economic Energy Savings Potential of VSDs in Industry
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Power Range

kW

AC Motor Cons, in 2010
Controllable Loads
Average Operating Hours
Potential Savings of VSDs
Cost of Implementation
Cost Saved Energy CSE
Share of VSDs in Contro
llable Loads in 2010
Savings by 2010

TWh

0,75-7,5

7,5-37

37-75

>75

Total

75

25

TWh

109
87

60

20

18
14

h
%
ECU/kW

1309
25
550

1568
25
240

ECU/kWh

0,329 *
0

0,115
40

1755
25
170
0,07
60

1936
25
150
0,06
50

0

6,0

3,0

1,8

%
TWh
%

227
181

10,8
4,8

Table 6.8 - Estimated Economic Energy Savings Potential of VSDs in Tertiary Sector

* The application of VSDs in this power range is not cost-effective.
It must be noted that cost-effectiveness calculations were based on the average number of operating
hours. With this condition the VSDs were marginally not cost-effective in the power range 7,5 37kW. It was assumed that in this power range, 40% of the motors applied to controllable loads
have a larger number of operating hours which make the application of VSDs cost-effective.
Figure 6.1 shows the minimum number of operating hours for VSDs to be cost-effective by power
range, in the industrial and in the tertiary sector.

8000
7000
6000

2

5000

g 4000
1 3000
2000
1000
0

0,75-7,5 kW

7,5-37 kW
□ Industry

37-75 kW

>75 kW

■Tertiary

Figure 6.1 - Levels of Hours at which VSDs are Cost-Effective,
by Power Range Assuming 25% Energy Savings
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A similar reasoning was applied in the range 37 - 75 kW where the penetration of VSDs was
assumed to be 60%. Although larger motors (>75 kW) have a large number of operating hours, they
are less likely to be used in variable load conditions, leading to an estimated 50% penetration of
VSDs.
Method 2 - Estimated Technical Energy Savings Potential
This scenario does not consider any restrictions on cost-effectiveness. The prices of VSDs have
significantly been decreasing in recent years which means that the use of VSDs in the lower power
ranges may be cost-effective in the near future. Tables 6.9 and 6.10 show the potential energy
savings by power range, in the industrial and tertiary sector. The penetration of VSDs in
controllable loads was assumed to be 90 % because an estimated 5% may already have speed
controls and for another 5% VSDs may not be suitable.
Power Range

kW

AC Motor Cons, in 2010
Controllable Loads
Average Operating Hours
Potential Savings of VSDs
Cost of Implementation
Cost Saved Energy CSE
Share of VSDs in Contraliable Loads in 2010
Savings by 2010

0,75-7,5

7,5-37

37-75

>75

Total

TWh
TWh
h
%
ECU/kW
ECU/kWh
%

148
89
1213
25
550
0,35
90

136
82
1743
25
240
0,10
90

103
62
2030
25
170
0,06
90

258
155
2053
25
150
0,05
90

645
388

TWh
%

20,0

18,5

14,0

34,9

87,4
13,6

Table 6.9 - Estimated Technical Energy Savings Potential of VSDs in Industry
Power Range
AC Motor Cons, in 2010
Controllable Loads
Average Operating Hours
Potential Savings of VSDs
Cost of Implementation
Cost Saved Energy CSE
Share of VSDs in Contraliable Loads in 2010
Savings by 2010

kW

0,75-7,5

7,5-37

37-75

>75

Total

25
20
1755
25
170
0,07
90

18
14
1936
25
150
0,06
90

227

0,32
90

75
60
1568
25
240
0,11
90

19,6

13,5

4,5

3,2

40,8
18,0

TWh
TWh
h
%
ECU/kW

109
87
1309
25
550

ECU/kWh
%
TWh
%

Table 6.10 - Estimated Technical Energy Savings Potential of VSDs in Tertiary Sector
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6.3

Potential Savings with the Joined Application of EEMs and VSDs

Method 1 - Economic Energy Savings Potential
Tables 6.11 and 6.12 show the economic savings potential in applications where it is possible to use
EEMs and VSDs in the industrial and tertiary sectors. This estimation is also based on cost-benefit
analysis, and the same assumptions made in the previous sections are also made. The savings which
can be achieved in both sectors reach 74 TWh, presenting one of the most attractive opportunities
for the EU to save electricity in a cost effective way.

7,5-37

37-75

>75

Total

Power Range

kW

0,75-7,5 *

AC Motor Cons, in 2010
Average Operating Hours
Potential Savings
Share of EEMs in 2010
Share of VSDs in Contro
llable Loads in 2010
Savings by 2010

TWh
h
%
%
%

148
1213
6
100
0

136
1743
9,1
80
40

103
2030
11,2
80
60

258
2053
8,1
60
50

645

TWh
%

8,9

12,4

11,5

20,9

53,7
8,3

Table 6.11 - Estimated Economic Energy Savings Potential of EEMs and VSDs
in the Industrial Sector

>75

Total

kW

0,75-7,5 *

AC Motor Cons, in 2010
Average Operating Hours
Potential Savings
Share of EEMs in 2010
Share of VSDs in Controliable Loads in 2010
Savings by 2010

TWh
h

109
1309
6
100
0

75
1568
10,9
80
40

25
1755
14,1
80
60

18
1936
10,5
60
50

227

6,5

8,2

3,5

1,9

20,1
8,9

%
%
%
TWh
%

7,5-37

37-75

Power Range

Table 6.12 - Estimated Economic Energy Savings Potential of EEMs and VSDs
in Tertiary Sectors

* As shown in section 6.2 - method 1, the use of VSDs in this power range is not cost-effective.
Thus to estimate the energy savings by 2010 it was only considered the introduction of EEMs.
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Method 2 - Technical Energy Savings Potential
Table 6.13 and 6.14 show the technical energy savings potential with the combined application of
EEMs and VSDs in the industrial and tertiary sectors, respectively. In both situations the electricity
savings which can be achieved are quite impressive, leading to a substantial decrease in the growth
of electricity consumption in the industrial and tertiary sectors.

0,75-7,5

Power Range

kW

7,5-37

37-75

>75

Total

AC Motor Cons, in 2010
Average Operating Hours
Potential Savings
Share of EEMs in 2010
Share of VSDs in Contro
llable Loads in 2010
Savings by 2010

TWh
h
%
%
%

148
1213
18,7
100
90

136
1743
16,4
80
90

103
2030
15,7
80
90

258
2053
14,0
60
90

645

TWh
%

27,7

22,3

16,2

36,1

102,3
15,9

Table 6.13 - Estimated Technical Energy Savings Potential of EEMs and VSDs
in the Industrial Sector

Power Range

kW

AC Motor Cons, in 2010
Average Operating Hours
Potential Savings
Share of EEMs in 2010
Share of VSDs in Controliable Loads in 2010
Savings by 2010

TWh
h
%
%
%

109
1309
22,9
100
90

75
1568
20,6
80
90

25
1755
20,0
80
90

18
1936
18,5
60
90

227

TWh
%

24,9

15,5

5,0

3,3

48,7
21,5

'

0,75-7,5

7,5-37

37-75

Total

>75

Table 6.14 - Estimated Technical Energy Savings Potential of EEMs and VSDs
in Tertiary Sector

Figures 6.2 and 6.3 show the forecast of the AC motor electricity consumption evolution in the
industrial and commercial sectors, in the EU, until 2010, using standard technologies and energyefficient technologies, if there are restrictions on cost-effectiveness, and considering that there are
no restrictions on cost-effectiveness.
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700.0
600.0
500.0
400.0

TWh

300.0

1992

2010
Business as Usual Scenario—*—Efficient Technologies

Figure 6.2 - Forecast of the AC Motor Electricity Consumption Evolution in the Industrial and Tertiary
Sectors, Considering Cost-Effectiveness Constraints

700.0

Industry

600.0
500.0
400.0
TWh

300.0

Tertiary

200.0
100,0
0,0
1992

2010
Business as Usual Scenario —A - Efficient Technologies

Figure 6.3 - Forecast of the AC Motor Electricity Consumption Evolution in the Industrial and Tertiary
Sectors, Considering no Restrictions on Cost-Effectiveness
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6.4

Other Savings

Although the large scale application of EEMs and VSDs can lead to huge cost-effective electricity
savings, other technologies and operating conditions (such as: mechanical transmissions, proper
sizing, power factor compensation, etc., -section 2) can increase those savings even further.
In addition to electricity savings, the reduction of the costs due to decreasing the total installed
capacity is also a very important factor. This and other potential indirect savings (such as reduced
transmission and distribution losses) have not been considered in this study, but they can be
important factors to reduce the energy consumption and other costs in some applications.
Additionally, the possibility of energy recovery in dynamic drive operations was not considered and
also presents a large energy savings potential.
Some of the reasons for not assessing these additional savings potentials include:
• Complexity of measuring “efficiency” in industrial applications.
• Each process has different specifications, which necessitate a considerable expertise to assess
and to improve efficiency.
As a consequence no general and reliable field data are available but case studies have shown large
savings potentials in process design, that cannot be generalised. Therefore tools for system design
and assessment etc. (expert systems, etc.) should be developed and field studies in specific branches
undertaken in order to tap these potentials.
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7

Barriers to the Penetration of Energy-efficient Motor
Technologies

Energy efficient motor technologies (EEMs and VSDs) still have not been widely adopted despite
the estimated potential for significant savings and the programmes to promote such technologies.
There are some barriers that can hinder the adoption of energy efficient technologies. The main
barriers to the introduction of energy efficient technologies are identified bellow:

7.1

Lack of Information

Ignorant Consumer
Normally energy-efficient options require extra consumer investments to purchase the technologies,
and specific knowledge to make an informed and appropriate decision.
The implementation of energy efficiency improvements in every sector requires the awareness,
support and participation of the ultimate consumer of energy. This involvement depends upon the
consumer knowing about the energy technology, being aware of the possible efficiency
improvements and understanding the costs and benefits of the different options. However, many
consumers are quite ignorant of the possibilities of efficiency measures.
Consumers should also be aware of the function of the driven system (need for ventilation,
compression etc.; how much, how long, at which load is it necessary to fulfil the function). They
should also know about the range of solutions available and about the optimal design of the whole
drive system adapted to the specific application.
Savings Difficult to Measure
It is often difficult for utility customers to know the contributions of individual end-uses from the
more general information typically offered on an electric bill.
Kempton and Layne (1989) suggests that utilities need to provide considerably more information
and technical support if consumers are to have the necessary information to make “rational”
decisions on energy use [9].
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7.2

Payback Gap

The "payback gap" is a key impediment to investment in more efficient equipment. The concept is
simple. Industrial and commercial customers are likely to make calculations of payback periods
when making decisions on the acquisition of new equipment. In general commercial and industrial
consumers will invest in energy-efficiency improvements only if the resulting energy savings will
yield a simple payback period of two to three years. This contrasts sharply with utility investment
perspectives: utilities invest in power plants that take up to 20 years to payback. This gap in
payback requirements causes society to invest too little in energy savings and too much in the
supply-side.
In the E. U. this payback gap results in societal losses of more than one hundred billion ECUs per
year in electricity savings, as well as the needless generation of millions of tons of environmental
pollutants.
Capital Market Imperfections
The market for energy efficiency, determined by the decisions of millions of individual investors,
operates at discount rates much higher than electric utilities cost of capital. Utilities are able to
borrow money with low interest rates (typically 4-10%). Indeed, in most cases the decision on
efficiency choice is made with a discount rate several times greater than the utility cost of capital.
Considering that energy efficiency can successfully replace new energy supplies, these differences
in the decision criteria for investment in efficiency and in new supply means that capital will be
preferentially allocated to supply.
Like the energy utilities, the financial institutions that provide the capital are also supply biased.
According to the conventional approach to energy investments followed by the financial
institutions, the purpose of the energy system is to increase energy consumption which means
increasing the energy supply. Efficiency improvements, which serve to reduce the supply, have
been automatically ignored. Thus new power plants are built instead of investing in efficiency.
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7.3

Consumers Behaviour and Concerns

Scepticism
Consumers often do not believe the technology performance claimed by manufacturers.
Manufacturers often claim savings which may be exaggerated under certain conditions. This creates
some scepticism about technology performance. The following remark illustrates this point:
"The commercial and industrial marketplace for energy-efficient devices is replete with stories of
installations which did not work, promised savings which did not materialise, and at reversion to old
systems because new ones were too complicated or cumbersome to operate" [12].
Customer Indifference
There are some energy informed consumers who are indifferent to energy efficiency improvements.
There are two major factors account for this attitude:
• energy cost is just one (and often not a very important factor) of many factors (such as brand
names, aesthetic appeal, etc.) concerning energy equipment purchases.
• energy costs of these consumers are not so significant to motivate them to implement energy
efficiency improvements, even thought the savings coming from these improvements are very
important to society at large.
The following illustrative example could be useful in order to underline the importance of life
cycling costing and the tendency of users in underestimating all costs other than the direct initial
investment: “ After 10 years of operation at 2000 h/year, a 1,1 kW (11 kW) motor accumulates
electricity costs more than 7 (respectively 14) times higher than the initial investment costs.”
In developing countries, in particular, the unrealistic pricing of energy carriers serves to exacerbate
this problem. One common barrier to the introduction of Energy Efficiency Motors is the low price
of electricity. Many customers preferred to pay the low initial costs of standard motors rather than
the benefits of improved efficiency [13].
Risk/Corporate Image
Another important customer requirement concerns the reliability. When making a significant
purchase, consumers, builders and installers all want to know that the purchase will last for at least
15 years without any problem. But some energy efficient technologies do not have such extensive
track record because they are so new.
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For the manufacturing process one primary and very important issue is the effect that a new and
unproved technology may have in the quality of the final product. This issue is more and more
important as quality is a key factor to ensure competitiveness. If it is true that the large customers
are more and more receptive to the efficient technologies, their priority is still the investment in well
known and reliable conventional technologies.

7.4

Motor Market Characterisation

Market Structure
One of the difficulties to promote EEMs is the way how motors are sold. There are three different
ways to sell motors:
• through original equipment manufacturers (OEMs); which incorporate motors in their
equipment, sold through various intermediate distributors and retailers to end-user.
• through motor distributors or vendors; they sell equipment directly to end user.
• through direct sales; industry directly orders manufacturers the motors that they need.
Because Original Equipment Manufacturers (OEMs) compete largely on the basis of price, they
tend to avoid the use of more expensive, high-efficiency motors. And because they are several steps
away from the end-users in the market chain, they rarely receive direct requests for efficiency
improvements.
The motor market structure can be characterised as follows:
• about 60% of all electric motors are purchased directly by OEMs, and only 40% by end-users.
• about 60% of the end-user motor sales are to replace old equipment and 40% of the end-user
motor sales are to new installations or renovations. Maintenance staff usually make purchase
decisions on replacement and they typically do not have the necessary expertise or incentives to
make energy-efficient choices. Engineering staff typically make purchase decisions on new
applications and because of their expertise, they are more receptive to the application of energyefficient motor technologies.
Turnover Rate
The turnover rate for a given product helps determine the annual market for that product. The
turnover rate is difficult to influence.
For example: in the case of motors, which will typically last for 15 years, this means that the
maximum potential market penetration for a EEM is about 6% in any year. Due to other factors,
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such as rewinding practices, the variety of applications, and the number of decision makers, it is
virtually impossible for EEMs to achieve the entire 6% penetration [12].
Distribution System
One factor that influences in a significant way a product market penetration is the capability of the
product distribution system to make the product available and to supply it to the customer who
wants it. If supply cannot keep up with demand, there is a potential for loosing consumer interest to
the inefficient options.
Technical Assistance
When customers make a purchase, they always choose a model (or brand) that ensures them a
reliable repair service in the case of a failure in their new technology.

7.5

Split Incentives

OEMs have no motivation to buy more EEMs because they will not have to pay the bill. Their main
concern is price and time of supply.
Unlike OEMs, end users have a strong interest in the efficiency of the motor because they have to
pay the energy bills
Because of their relative importance, the main challenge is the incorporation of EEMs by OEMs.

7.6

Purchase Decision Criteria

A substantial proportion of those in charge of purchasing drive power equipment are typically
untrained and uninvolved in the energy-use consequences of their choices. They are quite ignorant
about energy efficiency costs and benefits. They select products primarily on the basis of price (first
cost) and delivery terms, leading to poor or inefficient choices.
For example, discussion over the allocation of resources between managers and technical personnel,
or between shareholders and management, may result in biases against energy-efficiency
investments [9].
Usually technical information related to energy efficiency is unclear and not "transparent". To
understand that information requires specific knowledge from consumers that normally they do not
have. As a result they often make sub-optimal choices among the set of available options.
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7.7

Limited Access to Capital

Even an informed consumer who wishes to invest in more efficient equipment may have limited
access to capital, for which energy savings must compete with many other potential investments.
The typical end-user is more restrictive with capital than with operating funds. Capital expenses are
generally closely scrutinised and require approvals at multiple levels in a company. To minimise
capital outlay, companies tend to choose the least expensive equipment that will do the job
satisfactorily. On the other hand, operating funds are easier to obtain since they are required for
production. It is easier for production staff to pay higher electricity bills every year than to get the
authorisation and budget for efficiency improvements.
Operating budgets are typically done based on the expenses of the previous years and are only
seriously examined when out of line with expectations. Moreover, unlike capital costs, operating
costs are paid with pre-tax money.

7.8

Lack of Internal Incentives

Many firms are organised in some individual departments each one having their own budget. This
situation implies the partitioning costs of equipment through the different departments: the purchase
department supports the capital for efficiency improvements and the maintenance department
supports the operating costs. Thus the purchase department has no incentive to invest in energy
efficiency improvements that will reduce operating costs, because this practice just will benefit
another department. Besides, there is a lack of internal rewards for departments and / or people to
pursue energy efficient investments.

7.9

Aversion to Downtime and Innovation

It is difficult in most cases to justify replacing operating motors with EEMs [14]. It is more
reasonable to replace existing motors when they fail with EEMs. Motors are routinely rewound,
which can involve an outage of a day or more. In industry downtime can mean losing thousands of
dollars per hour in forgone production. Such penalties may induce an understandable aversion to
downtime and may cause many facility managers to shy away from new, unfamiliar technology that
they fear might to be less reliable than the equipment they are used to. If an EEMs is not stocked in
order to save time, the user will likely buy a standard substitute or simply will repair the old motor.
With proper planning, (e.g. adding EEMs to inventory, either on site or at the local distributor), a
failed motor can be quickly replaced with a new EEM which is -being an EEM- probably more
reliable.
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A common consequence of aversion to downtime is also that motors tend to be oversized for
(unjustified) security reasons and therefore may run inefficiently at part-load.

7.10

Rewinding

A motor is usually repaired one or more times to extend his useful life, because it is economic in
terms of first costs. Motor repair consists of rewinding (process of stripping out old windings and
replacing them with new wire) and replacing bearings.
Repair is usually more cost effective than a new motor purchase. However it can be more cost
effective to replace the failed motors with EEMs in the case of small motors or if the motors have a
large number of operating hours.
In theory, rewinding can produce a motor with the same efficiency rating as it had when it was new.
In practice, motor efficiency is often degraded through normal rewind practices, making the initial
low cost a potentially poor investment.
This practice establishes a common barrier that is difficult to overcome and became more important
because there is not enough data available to precisely estimate the decline in efficiency caused by
poor rewind. The experience in USA shows that on average each time a motor is rewound, its
efficiency drops by 1%.
Repair Shops Compete on Speed and Price
When a motor fail it must be repaired as fast as possible to reduce at minimum the downtime. This
situation pressures repair shops to be faster than the competition. So repair shops must compete
through price and speed. One of the most effective ways to hasten a motor rewind is to increase the
temperature of the oven used to bum out the motor windings. The higher the temperature is, the
more the motor core is damaged, which may lead to significant losses of efficiency and to shorten
the motor life.
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8

Possible Strategies to Promote Energy Efficiency Motors

Introduction
As it was described above there are many barriers to the introduction of EEMs and energy efficient
motor technologies, as well as there is a significant potential for energy savings if efficient
technologies are used in industrial and tertiary sectors by 2010. In fact, the need to promote such
technologies in a effective way is very timely.
Some possible strategies are now examined to help motor users to overcome those barriers and
contribute to make efficient purchase decisions.
In the absence of a strong demand for energy efficient equipment by consumers, the most effective
way to promote EEMs is through programmes that involve all the market players: utilities, trade
allies, end-users, distributors, OEMs, etc. Financial incentives coupled with a suitable regulatory
framework are a more effective way to promote EEMs than individual programmes.
Some of the most important strategies to promote EEMs are described bellow:

8.1

Education and Training

More education on energy efficiency is needed on many fronts. Motor system efficiency should be
incorporated into engineering and technicians curricula. Junior engineers need one-on-one field
training with experienced engineers and practising professionals should have ready access to
continuing education programmes. Training consumers is a powerful way to raise their awareness
with regard to the benefits of EEMs. Training vendors so that they promote EEMs by their own
desire and encourage end users to trust in vendors’ advice also yield market transformation.
A good example of education and training is the documentation on the Swiss RAVEL project
(technical reports, exhaustive collection of demonstrated examples etc.) or the Best Practice
Programme in the UK.
Most end-users and many consulting engineers lack adequate information on EEMs performance
(and on drivepower system), economics and applications. This information gap should be filled
through several means:
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Publications
Comprehensive publications relating to motor system efficiency, (including leaflets, brochures,
handbooks and videos), should be issued and distributed by manufacturers, trade associations,
electric utilities, government agencies, etc.
Databases
With the widespread use of personal computers, computerised databases represent another type of
very important source of data to make optimised choices. Databases can be available as a diskette or
CD-ROM. In North America the Motor Master data base is successfully being used by equipment
designers and maintenance technicians to optimise motor selection both in new and retrofit
applications.
With the proliferation of information technologies (such as Internet), another potential to promote
EEMs emerge. Actions that will help to provide greater access to quality technical marketing and
financial information are needed.
Seminars and Courses
Seminars that target engineering and maintenance staff are very important to promote EEMs. But is
also important that seminars will target managers too, because management must be committed if
efficiency improvements are to be implemented. If there is some kind of inducement, technical and
maintenance staff is likely attend seminars.
Energy Audits
Detailed engineering analyses can be provided by several industrial audit programmes operated by
utilities, regional energy offices, universities and private motor distributors. This procedure could
increase awareness of electricity consumption and foster future measures to improve the efficiency
situation.
Carolina Power Administration (USA), for example, provided free detailed audits to its large
industrial customers (peak demand greater than 1 MW). From 1983 to 1989, approximately 200
customers received audits, resulting in demand reduction of about 75 MW. Audits cover all energy
using systems in a plant, including motors and other electric equipment. Audits were provided by
six to eight full-time industrial engineers who work out of utility’s central office. The utility has
found that the best auditors were those who have worked as engineers within industry - they can
best establish a rapport with industrial customers
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8.2

Provide Technical Assistance

Technical assistance programmes fall into two categories: calculation aids, and on-site assessment
and assistance.
Calculation Aids
Motor systems are not properly optimised because those who make purchase decisions do not have
the time or skills to do the necessary calculations. Calculation aids coupled with the motor
databases address this problem with the use of reference tables, slide rules and computer
programmes. This aids to estimate costs and savings for a specific application based on limited
amount of information gathered by the user, and to evaluate the economics of rewind versus
replacement decisions.
The DOE and some of the major motor manufacturers in USA have printed brochures to explain
how to make the calculations for evaluating the costs and energy savings.
Programmes to assist motor maintenance practices and to improve efficiency are also very
important. Information on recurring maintenance tasks can be input into the computer, and work
orders will be prepared by the computer according to a schedule set by the user.
Software packages covering various facets of motor systems technologies need to be available and
to be distributed as well as it is important to train all the market players to use them.
Successful examples occurred in North America can be mentioned:
• Ontario Hydro (Canada) distributes to motor distributors and customers a free spreadsheet
programme that calculates the energy savings, demand savings, return on investment and simple
payback of efficiency versus standard efficiency motors. User inputs are motor power, operating
hours, efficiency and a peak coincidence factor. British Columbia Hydro (B.C.Hydro) distributes
a similar package.
• Electric Power Research Institute (EPRI) distributes two programmes to assess the economic
feasibility of retrofitting fan and pump motors with VSDs.
On-site Assessment and Assistance
The simplest of these programmes feature computerised audits furnished by utilities or government
energy agencies. These audits often assess opportunities for using EEMs.
Technical assistance services that offer information and advice on efficiency improvements, without
providing a full engineering audit are also a very important step.
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Demonstration projects
One of the key factor that limit the adoption of EEMs and energy-efficient motor technology, is the
strong scepticism about their viability. People doubt about their durability, performance and real
savings. To overcome these difficulties, demonstration projects should be implemented, that
effectively address market deficiencies, and generate technical information about the costeffectiveness and performance of this technologies. Demonstration provides a forum between
promoters and end-users that can give some feedback to promoters about end-users needs and
wants. One successful example was the B. C. Hydro Power Smart Programme which had a
travelling “Energy Bus” which had motor demonstrations and was running a series of seminars on
motors, VSDs and drivepower equipment [13].
Procurement
This strategy aims to promote the appearance in the market of very high efficiency equipment with
reasonable costs. A competition is promoted among manufacturers to produce the best equipment.
The winning participant receives either a guarantee for a large purchase or is given a large prize
(“Golden Carrot Incentives”).
Procurement has successfully been applied in Europe and USA, for example to promote the
introduction in the market of high efficiency refrigerators.
In the case of motors, procurement may be justified in the low horsepower range where substantial
improvements can be achieved through the application of advanced technologies.

8.3

Financial Incentives

Customers will typically only implement measures with two-three years payback or less.
Financial incentives are elaborated to overcome financial barriers (namely the payback gap and the
capital availability gap) to EEMs adoption and may represent one of the most cost effective way to
promote energy efficient motors.
The most common financial incentives are described bellow:
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Motor Rebates
Motor rebate programmes can be offered by utilities because these programmes are likely to be cost
effective in most potential applications of EEMs.
Rebates, in the USA, are typically about $10 per hp. Programme eligibility levels and rebate
formulas vary with motor horsepower and sometimes with motor speed and enclosure type. A
typical rebate schedule is shown in Table 8.1 [5].
Most programmes target new applications or situations where a new motor will replace a failed
motor.

Qualifying Efficiency*
84,0
84,0
85,4
88,3
88,5
90,6
90,8
91,7
92,4
93,0
93,4
94,0
94,1
94,6
95,0
95,3
95,3
95,7
95,9

Horsepower (HP)
1
1,5
2
3
5
7,5
10
15
20
25
30
40
50
60
75
100
125
150
200

Incentive (US$)
$12
$18
$24
$36
$60
$90
$120
$180
$240
$300
$325
$375
$425
$475
$550
$675
$800
$925
$1175

Table 8.1- Sample Motor Rebate Schedule (Source: Long Island Lighting Company)
* Nominal efficiency

Generic Rebates
Generic rebates reward customers for savings achieved through measures of the customers'
choosing. They generally take one of the following forms:
• payments per kW or kWh saved (either in the first year or over the measure life time)
• payments as a percent of measure cost
• payments to bring the simple payback for a measure down to a specific level
Direct Incentives to Motor Distributors
Motor distributors are well placed to understand consumer needs and wants. Perhaps the best way to
involve distributors in utility programmes is to give them financial incentives (e.g. B.C. Hydro's
1992 programme for EEMs offered rebates of US $293/kW saved to customers and $59/KW saved
to distributors [13]).
60

Actions to Promote Energy Efficient Electric Motors

Loans
Loans can compensate the limited access to capital that can prevent many customers from investing
in efficiency. Subsidised loans with zero or low interest rates are particularly attractive to
customers.
Leasing
Leasing specific pieces of energy-saving equipment also obviates searching for investment capital.
New Installation Incentives
New installations are golden opportunities to use efficient technologies. To incorporate efficiency
measures when a facility is built is much less expensive than retrofitting them later, because the
extra capital, design, and installation costs are much lower for new installations.
Bidding
Under bidding programmes, utilities request proposals from outside parties to supply demand-side
and supply-side resources. Bids are selected on the basis of price, and other factors. One purpose of
bidding programmes is to allow the marketplace to determine the price of savings. Bidding
programmes must address the following issues:
• the resources to be solicited and sectors to be targeted
• bid evaluation criteria
• bid ceiling prices
• mechanisms for measuring the savings.
Bidding is likely to contribute most significantly to savings in the large commercial and industrial
sectors, where motors are heavily used.

8.4

Testing

There is no single standard method all over the world. The most common standards are [14]:
• IEEE 112-USA
• ANSI C50.20 - USA
• C390 - M1985 Canadian
• IEC - 34 - 2 - International

61

Actions to Promote Energy Efficient Electric Motors

• BS - 269 - British
• JEC - 37 - Japanese
There is a need to promote the development of uniform world-wide testing standards to measure the
efficiency of motors, since testing standards are significantly different depending on the test
method. Table 8.2 shows the efficiency determined by different methods in Japan, Europe and
USA.
Efficiency Determined by Different Methods

hp

JEC 37,
Circle
Diagram

IEC 34-2
Loss
Summation

IEEE 112,
Method B

5

88,8

88,3

86,2

10

89,7

89,2

86,9

20

91,9

91,4

90,4

75

93,1

92,7

90,0

Table 8.2- Testing standards in Japan, Europe and USA
Source: R. E. Osterlei, Proceedings of the National Conference on Power Transmission, Gould Inc.,
St. Louis, MO, 1980.

8.5

Labelling

Labelling helps to bridge the information of consumers about motor performance. Labelling also
increases competition among manufacturers to raise the efficiency over the whole motor range.
Motor testing and labelling can help consumers make informed choices about motor efficiency.
Labelling also should help consumers to compare relative performance against models from other
manufacturers. Table 8.3 shows that in the European Union the same type of standard motor can
have significantly different efficiencies, depending on the manufacturer:
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kW
0,75
7,5
37
75

Minimum Efficiency
%
69,0

Best Efficiency
%

Efficiency Gap
%

77,0

8,0

85,0

89,0
93,2

4,0
3,7

94,9

1,9

89,5
93,0

Table 8.3 - Maximum Efficiency Differences in European Standard Motors for 4-Poles ISOOrpm
Source: Manufacturers Catalogues.

The label also should inform about:
• equipment efficiency (Ideally at 25%, 50%, 75%, 100% load and no-load losses)
• typical operative costs with a range of electricity prices
If available (in Europe it is not the case), motor efficiency labelling is normally only given for full
load operation. As a motor seldom operates at full-load all the time, it would be desirable to have
motor efficiency labelling covering also partial load conditions (no-load losses, 25%, 50% and 75%
load). (See Figure 8.1). This information would help to optimise motor selection as a function of the
load diagram of the motors. The no-load losses would help to verify if the rewinding work in a
failed motor is carried out in a proper way.
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hand, efficiency information about EEMs, on catalogue listings can be very useful in the new motor
market.

8.6- Voluntary Agreements
This strategy involves agreements between manufacturers, trade associations and regulatory
authorities, to establish minimum efficiency energy levels that meet the desired performance level
of contenders. On the end-use side, a similar effect can be reached by Bench-Marking-Systems of
Associations. These systems allow comparison of the relative ranking in regards to energy/
electricity use in comparison to other companies etc. The results of energy audits (mentioned in
section 8.1) can be used for this purpose.
One successful example of voluntary agreements is the Energy Star Programme applied to personal
computers, monitors and printers.

8.7

Efficiency Standards

An important market transformation tool arrives through the establishment of minimum efficiency
standards for motors. Standards define minimum efficiency levels and help to overcome the
following barriers:
• lack of information of energy performance
• market inertia to introduce high efficiency equipment
• split incentives barrier
• energy costs have little influence on the buyer’s decision
• remove inefficient equipment from market
This measure has been already adopted with success in the British Columbia - Canada in January
1995, and it was extended to other Canadian provinces in January 1996. In USA it will be enforced
in October 1997, through the Energy Policy Act-EPAct, mandated in October 1992. Table 8.4,
shows the minimum nominal full-load efficiency of electric motors* mandate by EPAct:
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Motor Horsepower

Efficiency (%)

1

82.5

5

87.5

10

89.5

25

92.4

50

93.0

100

94.5

200

95.0

Table 8.4- Minimum nominal full-load efficiency of electric motors
* - 4-Pole closed motors, TEFC

These standards will particularly be effective for OEMs, obliging them to incorporate EEMs in their
equipment. These standards recommend or require motors to exceed specific efficiency levels,
which vary with motor size, motor speed and enclosure type.

8.8

Utility Integrated Resource Planning (IRP)

The increasing concern about the environmental consequences of electricity production and
transportation (e.g.: global warming and acid rain), and the frequent strong local resistance to new
power plant construction has lead utilities to work closely in cooperation with customers: utilities
can cooperate to reduce the customers’ electrical demand for energy and power. One of largest
potential for electricity savings is associated with drivepower. Therefore, utility promotion of
energy efficiency among their customers through IRP programme can be one important costeffective way to promote EEMs.

8.9

Best Rewind Practice

It is widely accepted that typical rewind practices cause damage to the motor and reduce its
efficiency. Because of that, some utility programmes encourage consumers to substitute a failed
motor with an energy efficient motor. But on the other hand, this perspective is in conflict with the
interests of motor repair/rewind shops. The solution is to develop best practices, perform training of
staff and encourage motor repair shops to provide quality rewind services.
A certification programme for rewind shops is another option worth exploring: to be certified, shops
would have to use approved procedures.
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8.10

Substitute Standard Motors before they Break by EEMs

The vast majority of motors in operation are standard motors. If an economical perspective is
considered, it will be preferable to substitute some of these old motors by new EEMs, if the motors
operate a large number of operating hours. Actions are needed to encourage motor users to replace
old inefficient motors by EEMs. For example the assessment of existing industrial systems may
show that current process requirements can be more efficient and cost-effective by the replacement
of existing equipment [15].

8.11

Use of Combined Strategies

All the identified strategies can produce the motor market transformation, but while enforced
regulation and financial incentives (e.g.: tax incentives for those companies who buy energyefficient motors) will guarantee a large scale penetration of EEMs, educational programmes alone
will produce marginal changes.
A combination of strategies may be used to transform the motor market. An outstanding example of
motor market transformation has occurred in Canada in the service territory of British Columbia
Hydro (see Figure 8.2):
B.C. Hydro's Influence on the Motor Market

Incentives

-Legislation

Figure 8.2 - Example of Successful Market Transformation [13]
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B.C. Hydro's programme of education and financial incentive increased the market share of
efficient motors from 3% to 60% in a period of three years. The utility is now supporting legislated
efficiency standards to sustain the market, and will ramp down the programme as market forces and
standards take effect.
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9

Conclusions and Recommendations

This study shows that there are most attractive opportunities to significantly improve the efficiency
of motor systems, leading to large cost-effective energy savings, to an improvement of the EU
economic efficiency and to a substantial reduction in the environmental impacts.
Although end-use data is scarce and incomplete, the partners of the Study Group were able to build
estimates on the characterisation of the electricity used by motors in the industrial and commercial
sectors. For both sectors the share of motor electricity consumption was identified. In 1992 motors
used 547 TWh in the industrial sector, which corresponds to 69% of the consumption of that sector
in the European Union. In the commercial sector, motors used 170 TWh, which correspond to 36%
of the consumption of that sector.
Motor electricity consumption in both sectors was further characterised in terms of:
• Consumption by power range
• Consumption by type of end-use
• Number of operating hours for the different power ranges
There are significant discrepancies among the countries in the number of operating hours, which
cannot be explained by the different industrial structures of the countries involved in the study.
Load profiles and the number of operating hours significantly influence the cost-effectiveness of
energy-efficient technology options. Thus, possible regulatory actions are also influenced by the
lack of more accurate information on motor end-use data. This fact strongly points to the need to
improve motor end-use data for the main sub-sectors of the industrial and tertiary sectors.
The motor market was also characterised for the countries of the European Union, considering the
different power ranges. The sales of integral horsepower polyphase induction motors in EU are
estimated to be around 1880 MECUs in 1994, and a moderate growth (around 2%) is expected in
the next few years.
Energy Efficient Motors (EEMs) and Variable Speed Drives (VSDs) appear to be the technologies
with the largest savings potential. EEMs are cost-effective in all power ranges, whereas VSDs are
not cost effective in the lower power ranges. This situation may change in the time-horizon of this
study, as the price of VSDs is expected to steadily fall, particularly for the smaller drives. This is
due to expected progress in microelectronics and power electronics, and due to mass production.
The potential electricity savings in the year 2010, which can be achieved through the use of
efficient technologies (energy-efficient motors and variable speed drives) was estimated for the
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industrial and tertiary sectors, considering cost-effectiveness constraints and no economic
restrictions, as shown in Table 9.1:
Economic Potential TWh
Tertiary
Total
Industrial
EEMs
VSDs
EEMs+VSDs

17,3
36,9
53,7

9,6
10,8
20,1

26,9
47,7
73,8

Technical Potential TWh
Industrial
Tertiary
Total
17,3
87,4
102,3

9,6
40,8
48,7

26,9
128,2
151,0

Table 9.1 - Potential Electricity Savings in the Year 2010

The values presented in Table 9.1 show the importance of electric motors and drives, which deserve
to be considered as a key priority in the energy efficiency policy of the European Union.
Other technologies and methods presented in Section 2 also offer additional opportunities for large
savings. High quality power supply, careful attention to harmonics, proper equipment sizing,
attention to power factor and distribution losses, optimised transmission systems, careful
maintenance of the entire drive power system, good load management practice, and efficiency of
end-use device (e.g. pump, fan, etc.), are also important factors that influence the reliability, the
longevity and the efficiency of a motor system, and therefore produce energy savings.
The main barriers which prevent the large-scale penetration of energy-efficient motor technologies
were identified and are the following:
• Lack of information
• Payback gap
• Consumers behaviour and concerns
• Motor market characterisation
• Split incentives
• Purchase decision criteria
• Limited access to capital
• Lack of internal incentives
• Aversion to downtime and innovation
• Rewinding practices
To overcome these barriers possible strategies were identified, which include:
• Education and training
• Provide technical assistance
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• Financial incentives
• Testing
• Labelling
• Voluntary agreements
• Efficiency standards
• Utility integrated resource planning (IRP)
• Best rewind practice
• Substitute standard motors before they break by EEMs
Experience in other parts of the world, namely in North America, has shown that with the positive
involvement of the main stakeholders involved, it is possible to implement a market transformation
leading to impressive energy savings and to large societal benefits.
In order to make progress towards tapping the huge electricity savings potential, which can be
achieved by the large scale application of energy-efficient motor technologies, the following actions
are recommended:
• There is a need to carry out field characterisation on how motors are being used (type of load,
load profile, number of operating hours), in the different economic activities. Furthermore, the
focus of further field studies should be placed on systems and standard applications, in order to
allow to better tap the available savings potential.
• Accurate test methods for the calculation of motor efficiency if possible agreed with other
agencies in other parts of the world (e.g. North America and Japan), need to be developed.
• In order to improve market transparency for efficient motors, efficiency labelling should be
introduced, by including in the motor nameplate the efficiency at full load and part load.
• A premium label for EEMs should be introduced. An agreement should be established by the
motors manufacturers associations to define minimum efficiency levels in order that a motor sold
in the EU can be labelled Energy-Efficient Motor.
• A significant fraction of failed motors (mainly medium and large power motors) is rebuilt. Failed
motors, like new installations, present golden opportunities to apply EEMs. Presently, not only
EEMs are not installed in the vast majority of those conditions, but also the rewinding
technology is in many cases poor, leading to an efficiency drop. These facts show the need for
incentives to replace failed motors with EEMs, in the case of motors with a large number of
operating hours. Additionally, there is a need to perform technology transfer to the many small
businesses which carry the rewinding activities in order that they improve the quality of their
service.
• Efforts to support market transformation towards EEMs and efficient motor systems should be
made. Besides labelling, targeted procurement, incentive programmes and voluntary agreements
with the motor manufacturers need to be carried out to improve the minimum efficiency levels of
the motors sold in the EU. Experience in North America has shown that the promotion of energy
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efficiency among their customers by the utilities through Demand Side Management Motor
Programmes has successfully been applied to transform the motor market.
• Renewed efforts should be applied to achieve an efficiency fostering environment. Energy audits
and management in enterprises, better education, training and technical assistance to motor
system designers and users, show-cases and demonstration documentation, should be carried out
in an integrated manner.
• The possible definition of minimum efficiency mandatory standards needs to be further analysed
with the motor manufacturers in order to ensure its wide acceptance and to optimise the potential
benefits for the EU.
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