
 

G PULLAIAH COLLEGE OF ENGINEERING & TECHNOLOGY 

DEPARTMENT OF ELECTRICAL & ELECTRONICS ENGINEERING 

ENERGY AUDITING AND DEMAND SIDE MANAGEMENT (15A02706) 

UNIT-2 

ENERGY EFFICIENT MOTORS AND POWER FACTOR IMPROVEMENT 

 

2.1 BASIC TERMS & DEFINITIONS 

 

Terms Definitions 

Efficiency The efficiency of an entity (a device, component, or 

system) in electronics and electrical engineering is defined 

as useful power output divided by the total electrical 

power consumed (a fractional expression), typically 

denoted by the Greek small letter eta 

(η – ήτα). 
Power Factor Power factor is the proportional relation of the active 

power (or working power) to the apparent power (total 

power delivered by the utility or consumed by the load). 

Dissipation Factor This is a measure of the dielectric losses in an electrical 

insulating liquid when used in an alternating electric field 

and of the energy dissipated as heat. A low dissipation 

factor or power factor indicates low ac dielectric losses. 

Distortion Factor The distortion power factor is the distortion component 

associated with the harmonic 

voltages and currents present in the system. 

Displacement Factor Displacement power factor is the power factor due to the 

phase shift between voltage and current at the fundamental 

line frequency. For sinusoidal (non-distorted) currents, the 

displacement power factor is the same as the apparent 

power factor. 



Slip Slip, (s), is defined as the difference between synchronous 

speed and operating speed, at the same frequency, 

expressed in rpm, or in percentage or ratio of synchronous 

speed. 

Energy Efficient Motors Energy efficient motors use less electricity, run cooler, 

and often last longer than NEMA (National Electrical 

Manufacturers Association) B motors of the same size. 

RMS-HP Loading A technique for calculating whether or not the 

 motor can handle a particular cycling 

application is called the RMS (root mean squared) 

horsepower loading method 

Over Motoring an application, i.e., to select a higher- 

horsepower motor than necessary. 

Voltage Unbalance Voltage unbalance can be more detrimental than voltage 

variation to motor performance and motor life. When the 

line voltages applied to a polyphase induction motor are 

not equal in magnitude and phase angle, unbalanced 

currents in the stator windings will result. A small 

percentage voltage unbalance will produce a much larger 

percentage current 

unbalance. 

 

Motors convert electrical energy into mechanical energy by the interaction between the magnetic 

fields set up in the stator and rotor windings. Industrial electric motors can be broadly classified as 

induction motors, direct current motors or synchronous motors. All motor types have the same four 

operating components: stator (stationary windings), rotor (rotating windings), bearings, and frame 

(enclosure). 

2.2 MOTOR TYPES 

Induction motors 

Induction motors are the most commonly used prime mover for various equipments in industrial 

applications. In induction motors, the induced magnetic field of the stator winding induces a current in the 

rotor. This induced rotor current produces a second magnetic field, which tries to oppose the stator 

magnetic field, and this causes the rotor to rotate. 

The 3-phase squirrel cage motor is the workhorse of industry; it is rugged and reliable, and is by 

far the most common motor type used in industry. These motors drive pumps, blowers and fans, 



compressors, conveyers and production lines. The 3-phase induction motor has three windings each 

connected to a separate phase of the power supply. 

Direct-Current Motors 

Direct-Current motors, as the name implies, use direct-unidirectional, current. Direct current 

motors are used in special applications- where high torque starting or where smooth acceleration over a 

broad speed range is required. 

Synchronous Motors 

AC power is fed to the stator of the synchronous motor. The rotor is fed by DC from a separate 

source. The rotor magnetic field locks onto the stator rotating magnetic field and rotates at the same 

speed. The speed of the rotor is a function of the supply frequency and the number of magnetic poles in 

the stator. While induction motors rotate with a slip, i.e., rpm is less than the synchronous speed, the 

synchronous motor rotate with no slip, i.e., the RPM is same as the synchronous speed governed by 

supply frequency and number of poles. The slip energy is provided by the D.C. excitation power. 

2.3 MOTOR CHARACTERISTICS 

Motor Speed 

The speed of a motor is the number of revolutions in a given time frame, typically revolutions per 

minute (RPM). The speed of an AC motor depends on the frequency of the input power and the number 

of poles for which the motor is wound. The synchronous speed in RPM is given by the following 

equation, where the frequency is in hertz or cycles per second: 

Synchronous Speed =  ( 120*Frequency) / Number Of Poles 

POWER FACTOR 

The power factor of the motor is given as: 

                                              Power Factor = COSØ = KW/KVA 

As the load on the motor comes down, the magnitude of the active current reduces. However, 

there is no corresponding reduction in the magnetizing current, which is proportional to supply voltage 

with the result that the motor power factor reduces, with a reduction in applied load. Induction motors, 

especially those operating below their rated capacity, are the main reason for low power factor in electric 

systems. 



 

Motor Selection 

The primary technical consideration defining the motor choice for any particular application is 

the torque required by the load, especially the relationship between the maximum torque generated by the 

motor (break-down torque) and the torque requirements for start-up (locked rotor torque) and during 

acceleration periods. The duty / load cycle determines the thermal loading on the motor. One 

consideration with totally enclosed fan cooled (TEFC) motors is that the cooling may be insufficient 

when the motor is operated at speeds below its rated value. 

Ambient operating conditions affect motor choice; special motor designs are available for 

corrosive or dusty atmospheres, high temperatures, restricted physical space, etc. An estimate of the 

switching frequency (usually dictated by the process), whether automatic or manually controlled, can help 

in selecting the appropriate motor for the duty cycle. The demand a motor will place on the balance of the 

plant electrical system is another consideration - if the load variations are large, for example as a result of 

frequent starts and stops of large components like compressors, the resulting large voltage drops could be 

detrimental to other equipment. 

Reliability is of prime importance - in many cases, however, designers and process engineers 

seeking reliability will grossly oversize equipment, leading to sub-optimal  energy performance. Good 

knowledge of process parameters and a better understanding of the plant power system can aid in 

reducing over-sizing with no loss of reliability. Inventory is another consideration - Many large industries 

use standard equipment, which can be easily serviced or replaced, thereby reducing the stock of spare 

parts that must be maintained and minimizing shut-down time. This practice affects the choice of motors 

that might provide better energy performance in specific applications. Shorter lead times for securing 

individual motors from suppliers would help reduce the need for this practice. 

Price is another issue - Many users are first-cost sensitive, leading to the purchase of less 

expensive motors that may be more costly on a lifecycle basis because of lower efficiency. For example, 

energy efficient motors or other specially designed motors typically save within a few years an amount of 

money equal to several times the incremental cost for an energy efficient motor, over a standard-

efficiency motor. Few of salient selection issues are given below: 

 In the selection process, the power drawn at 75 % of loading can be meaningful indicator of 

energy efficiency. 

 Reactive power drawn (kVAR) by the motor. 

 Indian Standard 325 for standard motors allows 15 % tolerance on efficiency for motors upto 50 



kW rating and 10 % for motors over 50 kW rating. 

 The Indian Standard IS 8789 addresses technical performance of Standard Motors while IS 12615 

addresses the efficiency criteria of High Efficiency Motors. Both follow IEC 34-2 test 

methodology wherein, stray losses are assumed as 0.5 % of input power. By the IEC test method, 

the losses are understated and if one goes by IEEE test methodology, the motor efficiency values 

would be further lowered. 

 It would be prudent for buyers to procure motors based on test certificates rather than labeled 

values. 

 The energy savings by motor replacement can be worked out by the simple relation: 

  kW savings = kW output × [ 1/ηold – 1/ ηnew ] where ηold and ηnew are the existing and 

proposed motor efficiency values. 

 The cost benefits can be worked out on the basis of premium required for high efficiency vs. 

worth of annual savings. 

2,4 ENERGY-EFFICIENT MOTORS 

Energy-efficient motors (EEM) are the ones in which, design improvements are incorporated 

specifically to increase operating efficiency over motors of standard design as shown in Fig. 2.1. .Design 

improvements focus on reducing intrinsic motor losses. Improvements include the use of lower-loss 

silicon steel, a longer core (to increase active material), thicker wires (to reduce resistance), thinner 

laminations, smaller air gap between stator and rotor, copper instead of aluminum bars in the rotor, 

superior bearings and a smaller fan, etc. 

Energy-efficient motors now available in India operate with efficiencies that are typically 3 to 4 

percentage points higher than standard motors. In keeping with the stipulations of the BIS, energy-

efficient motors are designed to operate without loss in efficiency at loads between 75 % and 100 % of 

rated capacity. This may result in major benefits in varying load applications. The power factor is about 

the same or may be higher than for standard motors. Furthermore, energy-efficient motors have lower 

operating temperatures and noise levels, greater ability to accelerate higher-inertia loads, and are less 

affected by supply voltage fluctuations. 

 



                                     

Fig.2.1: Performance characteristics of EEM 

A summary of energy efficiency improvements in EEMs is given in the Table 2.1 

Table. 2.1: A summary of energy efficiency improvements 

S.No Power Loss Area Efficiency Improvement 

1 Iron Use of thinner gauge, lower loss core steel reduces eddy current 

losses. Longer core adds more steel to the design, which reduces 

losses due to lower operating flux 

densities 

2 Stator I2R Use of more copper and larger conductors increases cross 

sectional area of stator windings. This lowers 

resistance (R) of the windings and reduces losses due to current 

flow (I). 

3 Rotor I2R Use of larger rotor conductor bars increases size of cross section, 

lowering conductor resistance (R) and losses 

due to current flow (I). 

4 Friction & Windage Use of low loss fan design reduces losses due to air movement 

5 Stray Load Use of optimized design and strict quality control procedures 

minimizes stray load losses. 

 

 



2.5 Factors Affecting Energy Efficiency & Minimising Motor Losses in Operation 

Power Supply Quality 

Motor performance is affected considerably by the quality of input power, that is the actual volts 

and frequency available at motor terminals vis-à-vis rated values as well as voltage and frequency 

variations and voltage unbalance across the three phases. Motors in India must comply with standards set 

by the Bureau of Indian Standards (BIS) for tolerance to variations in input power quality. The BIS 

standards specify that a motor should be capable of delivering its rated output with a voltage variation of 

+/- 6 % and frequency variation of +/- 3 %. Fluctuations much larger than these are quite common in 

utility- supplied electricity in India. Voltage fluctuations can have detrimental impacts on motor 

performance. 

The effect of unbalanced voltages on polyphase induction motors is equivalent to the introduction 

of a “negative-sequence voltage” having a rotation opposite to that occurring the balanced voltages. This 

negative-sequence voltage produces an air gap flux rotating against the rotation of the rotor, tending to 

produce high currents. A small negative-sequence voltage may produce current in the windings 

considerably in excess of those present under balanced voltage conditions. 

Because of Voltage Unbalance 

 The locked-rotor torque and breakdown torque are decreased when the voltage 

is unbalanced. If the voltage unbalance is extremely severe, the torque might 

not be adequate for the application. 

 The full-load speed is reduced slightly when the motor operates at unbalanced 

voltages. 

 The locked-rotor current will be unbalanced but the locked rotor kVA will 

increase only slightly. 

 The currents at normal operating speed with unbalanced voltages will be 

greatly unbalanced in the order of 6 to 10 times the voltage unbalance. 

2.6 Over Motoring: 

Oversized and Under loaded Motors 

When a motor has a significantly higher rating than the load it is driving, the motor operates at 

partial load. When this occurs, the efficiency of the motor is reduced. Motors are often selected that are 

grossly under loaded and oversized for a particular job. For instance, if motors, on average , operating at 

60% of their rated load. The energy conservation recommendation was downsizing or replacement with a 



smaller energy efficient motor. Despite the fact that oversized motors reduce energy efficiency and 

increase operating costs, industries use oversized motors. 

 To ensure against motor failure in critical processes 

 When plant personnel do not know the actual load and thus select a larger 

motor than necessary 

 To build in capability to accommodate future increases in production 

 When an oversized motor has been selected for equipment loads that have not 

materialized 

 To operate under adverse conditions such as voltage imbalance. 

Variable Duty Cycle Systems : 

Now a days, in almost every applications, electric motors are used, and to control them electrical 

drives are employed. But the operating time for all motors are not the same. Some of the motors runs all 

the time, and some of the motor's run time is shorter than the rest period. Depending on this, concept of 

motor duty class is introduced and on the basis of this duty cycles of the motor can be divided in eight 

categories such as 

 Continuous duty 

 Short time duty 

 Intermittent periodic duty 

 Intermittent periodic duty with starting 

 Intermittent periodic duty with starting and braking 

 Continuous duty with intermittent periodic loading 

 Continuous duty with starting and braking 

 Continuous duty with periodic speed changes 

2.7 RMS-HP Loading : 

Repetitive Duty Cycle - Variable Torque 

Many applications involving hydraulics and hydraulically-driven machines have load 

requirements that fluctuate greatly. In some cases, the peak loads last for relatively short periods during 

the normal cycle of the machine. It might seem initially that a motor should be sized to handle the worst 

part of the load cycle. For example, it would be natural to utilize a 20-hp motor for a case needing 18 hp 

for a period of time. 



There's a more practical approach, however. It takes advantage of a motor's ability to handle substantial 

overloads as long as they are relatively short compared to the total cycle time. A technique for calculating 

whether or not the motor can handle a particular cycling application is called the RMS (root mean 

squared) horsepower loading method. The calculations required are relatively simple. 

The RMS calculations take into account that heat buildup within the motor is greater at a 50% overload 

than at normal operating conditions. Thus, the weighted average horsepower is what is significant. The 

RMS calculations determine the weighted average horsepower. Besides reducing the size and cost of a 

motor for a particular application, RMS loading also helps improve the overall efficiency and power 

factor on a duty cycle-type load. For example, when an oversized motor is operated on a light load, the 

efficiency is generally fairly low. So working the motor harder (with a higher average horsepower) will 

generally result in improved overall efficiency and reduced operating cost. 

2.8Variable Speed Drives : 

Adjustable speed drive (ASD) or variable-speed drive (VSD) describes equipment used to control 

the speed of machinery. Many industrial processes such as assembly lines must operate at different speeds 

for different products. Where process conditions demand adjustment of flow from a pump or fan, varying 

the speed of the drive may save energy compared with other techniques for flow control. Where speeds 

may be selected from several different preset ranges, usually the drive is said to be adjustable speed. If the 

output speed can be changed without steps over  a range, the drive is usually referred to as variable speed. 

Adjustable and variable speed drives may be purely mechanical (termed variators), 

electromechanical, hydraulic, or electronic. An adjustable speed drive might consist of an electric motor 

and controller that is used to adjust the motor's operating speed. The combination of a constant-speed 

motor and a continuous ly adjustable mechanical speed-changing device might also be called an 

adjustable speed drive. Power electronics based variable frequency drives are rapidly making older 

technology redundant. 

2.9 POWER FACTOR 

 

The power factor of an AC electrical power system is defined as the ratio of the real power 

flowing to the load to the apparent power in the circuit, and is a dimensionless number in the closed 

interval of −1 to 1. The power factor is defined as the ratio of real power to apparent power. As power is 

transferred along a transmission line, it does not consist purely of real power that can do work once 

transferred to the load, but rather consists of a combination of real and reactive power, called apparent 



power. The power factor describes the amount of real power transmitted along a transmission line relative 

to the total apparent power flowing in the line. 

Methods for Power Factor Improvement 

The following devices and equipment are used for Power Factor Improvement. 

 

 Static Capacitor  

 Synchronous Condenser  

 Phase Advancer 

2.10 Power factor with linear loads 

When the loads connected to the system are linear and the voltage is sinusoidal, the power factor 

is calculated with the following equation: 

pf = cos(ϕ ) 

Unfortunately, this formula has led to a misunderstanding of the power factor concept. Power factor is the 

proportional relation of the active power (or working power) to the apparent power (total power delivered 

by the utility or consumed by the load). Using this definition, the power factor must be calculated as: 

pf = P/S 

When the loads are linear and the voltage is sinusoidal, the active, reactive and apparent power are 

calculated with the following equations: 

P = VI cos(ϕ ) 

Q = VI sin(ϕ ) 

S = VI 



Vector Diagram 

    

A low power factor means a that a low amount of the total power delivered or consumed (S) is 

used as working power (P) and a considerable amount is reactive power (Q). the purpose of power factor 

correction is to reduce the reactive component of the total power. This achieves a more efficient use of the 

energy because when the power factor is improved the working power is equal (or nearly equal) to the 

total power, and reactive power is zero or negligible. The most common way to correct power factor is by 

adding a capacitor bank connected in parallel with the power system. The capacitor bank (QC) supplies 

most of the reactive power needed by the load and a small amount is supplied by the utility (Q2), as 

shown in figure 2. The original angle (ϕ1 ) between the apparent and active power is reduced to a smaller 

value (ϕ 2 ) and the power factor is improved because cos (ϕ2) > cos (ϕ1) . It is very important to note 

that the reduction in the angle obtained by the power factor improvement is a result of the vector 

relationship between the active, reactive and apparent power, but what we are really doing is reducing the 

reactive power, consequently the apparent power is also reduced and the power factor is increased. 

IMPORTANT QUESTIONS 

1. Explain the factors affecting of energy efficient motors. 

2. Explain in detail about the loss distribution and constructional details of a motor. 

 3. Explain about RMS hp, voltage unbalance with suitable examples 

 4. Explain power factor improvement methods 

 5. Define voltage Unbalance. What are the causes and consequences of voltage unbalance 

 6. Explain about the over motoring and motor energy audit 

 7. Discuss how capacitors can be employed for improvement of power factor of an electrical system 


