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1. INTRODUCTION  
Electric motors, which transform electricity into mechanical energy, are essential to modern living. They are responsible for a significant 

36% of the world's electricity usage, which in industries can reach an astounding 70%. This study examines ways to improve the energy 

efficiency of industrial electric motors as well as the financial and environmental advantages of doing so. 

 

 
             Figure 1: Energy Efficient Motor 

 
Energy losses occur in electric motors, mostly from rotor losses (15–25%), stator losses (25–40%), windage and friction (5–15%), and core 

losses (15–25%). Reducing these losses is essential to increasing productivity. Across the world, these motors power auxiliary systems and 

essential industrial operations. Their sizes vary from less than one kW to several MW, and they account for about 15% of industry's total 

energy use. 

 

Although there is a great deal of promise for increased efficiency, there are obstacles. Progress is hampered by principal-agent problems, plant 

manager apathy, and the greater initial cost of efficient motors. Developing nations also have to deal with issues like restricted access to capital. 

This paper evaluates these obstacles as well as government initiatives.  
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 2. The Imperative Need for Energy Efficiency  

The workhorses of industry, electric motors, power compressors, 

fans, pumps, and machinery in manufacturing, agriculture, and other 

fields. About 70% of the electricity used in the industrial sector is 

consumed by these motors. It is crucial to address these motors' 

energy efficiency as a result. Improving their efficiency benefits the 

environment in two ways: first, it lowers operating expenses, which 

results in large financial gains; second, it lessens greenhouse gas 

emissions and energy consumption. 

 

3. Identifying Energy Losses in Electric Motors  

Numerous energy losses occur in electric motors, which lead to 

inefficiency. Among these losses are: 

 

3.1 Windage and Friction Loss (5–15%): These losses, which 

result from mechanical friction inside the motor, are affected by 

lubrication and bearing quality, among other things. 

 

3.2 Core Losses (15–25%): The iron core of the motor experiences 

eddy currents and magnetic hysteresis. The use of cutting-edge core 

materials and designs can lower these losses. 

 

3.3 Stator Losses (25–40%): The motor heats up as a result of 

electrical resistance in the stator winding. These losses can be 

reduced by using better insulating materials and copper windings of 

a higher caliber. 

 

3.4 Rotor Losses (15–25%): Caused by heat-producing electrical 

currents created in the rotor. These losses can be minimized by using 

conductive rotor materials and designs. 

 

4. International Classification Standards  

Improving industrial electric motor efficiency requires lowering 

these losses. Organizations such as the European Commission and 

the European Committee of Manufacturers of Electrical Machines 

and Power Electronics (CEMEP) have developed classification 

systems in response to the pressing need to increase motor efficiency. 

These specifications establish benchmarks for improved efficiency 

performance and classify motors according to their energy efficiency. 

Adherence to these guidelines facilitates the process of choosing 

energy-efficient motors for consumers, while also contributing to 

energy savings. 

 

 
Figure 2: International Efficiency Standard for Motors 

 

5. System Efficiency Improvement  

Worldwide, 60–70% of industrial electricity usage is attributable to 

industrial electric motor systems. Numerous sectors, such as 

manufacturing, agriculture, and utilities, depend on these systems to 

supply energy for vital functions. Seeing these systems holistically is 

essential if you want to optimize gains in energy efficiency. 

Improved energy efficiency requires taking into account the motor 

system as a whole, which consists of different parts. This entails 

being aware of the various components that make up a motor system: 

 

5.1 The electric motor itself: The motor's intrinsic efficiency is 

crucial. Energy savings can be significant when high-efficiency 

motors are used to replace older, inefficient ones. Applications with 

high yearly running hours, where the investment pays off quickly, 

benefit most from this. 

 

5.2 Core Motor System: This comprises the motor, connected 

devices (such belts or gears), driven equipment (like fans or pumps), 

and variable speed drives (VSDs). By making this system's 

components operate together more efficiently, total efficiency is 

increased. Especially in systems with changing load requirements, 

VSDs, in particular, are crucial in regulating motor speed based on 

real energy demand, leading to significant energy savings. 

 

5.3 Total Motor System: This broadens the scope of the system by 

taking into account any potential end-use equipment as well as piping 

or ducting systems. An optimisation strategy for the entire system 

aids in finding more ways to save energy, such recovering waste heat 

from the engine. 

 

It is imperative to concentrate on individual motor components in 

addition to system-wide optimisations. There are various ways to 

improve efficiency: 

A. Rewinding: For motors with low yearly running hours, rewinding 

may be an affordable solution, depending on the situation. 

Nonetheless, it's usually wiser to spend money on brand-new, high-

efficiency motors for crucial applications. Rewinding can result in 

higher energy efficiency or, in the event that it is done incorrectly, 

efficiency losses of 1% to 3%. It is imperative to guarantee quality 

assurance during the rewinding process. 

B. Component Selection: It's important to choose energy-efficient 

fans, compressors, pumps, motors, and other components. Within 

each of their respective classes, these components' levels of 

efficiency can differ greatly. Selecting products with greater energy 

efficiency ratings can result in significant energy savings. 

 

 
Figure 3: Losses In Induction Motor 

7. Policy Interventions 

Governments and policymakers have put forward a number of 

initiatives to promote the use of energy-efficient motor systems. The 

following regulations are intended to hasten the switch to more 

energy-efficient electric motor systems: 

 

7.1 Minimum Standards: By ensuring that motors and systems 

achieve baseline efficiency levels, minimum energy efficiency 

standards encourage the development of better efficiency 

technology. 

 

7.2 Motor Labeling Schemes: By giving consumers access to 

energy-saving information, motor labeling programmes enable them 

to choose wisely and install high-efficiency equipment. 

 

7.3 Energy Audit Schemes: With an emphasis on system 

optimisation, energy audit programmes and capacity building efforts 
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assist users in locating and taking advantage of energy-saving 

opportunities. 

 

Developing nations are beginning to understand how critical it is to 

increase the energy efficiency of motor systems. They are investing 

in energy-efficient technologies to gain long-term economic and 

environmental benefits, despite particular difficulties such restricted 

access to money. 

 

8. Global Perspective  

 

8-A) Economic Benefits: 

Improving the energy efficiency of industrial electric motors has 

noteworthy economic benefits: 

 

8.1 Operational Cost Reduction: Energy-efficient motors save 

operating costs by lowering electricity bills. Over time, these savings 

add up and help to boost profitability. 

 

8.2 Enhanced Competitiveness: Businesses that implement energy-

efficient procedures enjoy a competitive edge in the marketplace. 

They can obtain a competitive edge by providing affordable goods 

and services. 

 

8.3 Long-Term Savings: Although high-efficiency motors and 

system optimisations may need larger upfront costs, they offer long-

term financial benefits. Over the course of the equipment's life, 

reduced energy consumption yields significant savings. 

 

8.4 Lower Maintenance expenses: Energy-efficient motors 

frequently require less upkeep and break down less frequently, which 

lowers maintenance expenses. 

 

8-B) Environmental Advantages 

Improving the energy efficiency of industrial electric motors is an 

environmentally beneficial and sustainable practise. 

 

8-B1  Decreased Emissions of Greenhouse Gases: Carbon dioxide 

and other greenhouse gas emissions are decreased when energy usage 

is lower. By doing this, we can lessen climate change and uphold 

global climate agreements. 

 

8-B2  Preservation of Resources: Lower energy usage protects 

priceless natural resources, such water and fossil fuels, which are 

used to generate electricity. 

 

8-B3  Better Air Quality: Less energy use results in less air 

pollution, which enhances both public health and air quality. 

 

8-B4 Support for Sustainability Objectives: Improving energy 

efficiency is consistent with the goals of global sustainability. 

Businesses that put sustainability first are better able to achieve their 

environmental goals. 

 

9. Technical Aspects of Energy-Efficient Motors  

The pursuit of increased efficiency is critical in the field of industrial 

electric motors. Reducing energy losses, expressed in Watts, while 

preserving or improving motor performance is the key objective. For 

both financial and ecological reasons, this efficiency gain within the 

parameters of current design and production technology is crucial. 

It's important to comprehend the locations where Watts losses can be 

reduced and how technical factors are essential to producing energy-

efficient motors in order to fully appreciate the significance of these 

advancements. 

 

 
Figure 4: Comparing standard vs high efficiency motor 

 

 

10. Technical Aspects of Energy-Efficient Motors 

Energy-efficient motors provide several benefits, such as longer 

lifespans and less maintenance needs. Because they operate at lower 

temperatures, the bearing grease lasts longer, which eventually 

means fewer maintenance intervals. In general, a motor's life 

expectancy doubles for every 10°C decrease in operating 

temperature. 

 

Optimal efficiency is achieved by using energy-efficient motors with 

a 1.15 service factor and designing them to run at 85% of the rated 

motor load. 

 

It's crucial to remember that energy-efficient motors might be 

vulnerable to issues with electrical power, particularly low incoming 

power quality. To keep them dependable and efficient, these 

problems must be resolved. 

 

11. Variable Speed Drives (VSDs) 

Drives with variable speeds are essential for improving motor 

efficiency, particularly in situations where speed control is essential. 

Slip is a measurement of motor winding losses in polyphase 

induction motors. Increased efficiency is the outcome of less slip. 

Energy-efficient motors are around 1% faster than their regular 

counterparts because they have less slippage. 

 

It's crucial to keep in mind that efficient motors may have a lower 

starting torque than conventional motors. Applying efficient motors 

to high-torque applications requires careful assessment and 

consideration of the application requirements. 
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Figure 5: Soft Starters effect 

 

13. Variable Frequency Drives (VFDs) 

Another crucial instrument for reaching energy efficiency is the 

VFD. They function according to the idea that an AC induction 

motor's rotational speed can be altered by altering the frequency of 

the applied AC electricity. High switching frequency IGBTs and 

digital microprocessor control are used in modern VFDs to increase 

reliability and cost-effectiveness. In addition to providing accurate 

speed control, they are essential for maximizing motor efficiency. 

 
Figure 6: VFD 

 

14. Variable Torque vs. Constant Torque 

While thinking about energy savings, it is crucial to comprehend the 

differences between loads with variable and constant torque. Because 

of the link between torque, speed, and horsepower, variable torque 

loads—like centrifugal pumps and fans—offer higher opportunity 

for energy conservation. This relationship is defined by the Affinity 

Laws, which also show how variable torque loads can use a lot less 

energy as speed drops. 

 

Variable speed drives provide excellent process control and great 

accuracy, especially in closed-loop operation. They have the power 

to prolong equipment life, lower maintenance costs, and lessen wear 

and tear, all of which can result in significant cost savings and 

increased productivity. 

 

Figure 7: Lifecycle cost reduction when using a energy efficient 

magnet motor instead of a standard motor 

 

15. Conclusion  

Improving industrial electric motors' energy efficiency is not only 

possible, but also necessary. Industries can realize major economic 

and environmental benefits by concentrating on reducing Watts 

losses and utilizing cutting-edge technologies like VSDs and soft 

starts. Energy-efficient motors can help achieve more general 

sustainability goals and lower greenhouse gas emissions in addition 

to offering longer lifespans, less maintenance, and improved process 

control. Consequently, even if making efficiency improvements 

could initially cost a little bit more, the long-term savings and 

environmental protection make these expenditures well worth it. 
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