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Abstract – Variable speed drive (VSD) can provide reliable 

dynamic systems and essential savings in energy usage and 

costs of the electrical motors.  A variable speed drive (VSD) is 

a device that regulates the rotational force and speed of 

mechanical equipment. VSDs are effective in energy savers in 

fan and pump applications; they strengthen process 

operations, especially where flow control is involved. VSDs 

provide accurate soft-start capabilities, which decrease line 

voltage sags and electrical stresses associated with complete 

voltage motor start-ups, particularly when driving high-

inertia loads. Variable speed drive technology and the 

significance of controlling the speed of existing electrical 

motors have attracted many attentions in the recent years 

with the advent of new magnetic materials and power 

devices. Thus, this paper highlights a comprehensive review 

on applications of VSD in electrical motors energy savings 

and energy use. The purpose is to identify incorporated costs 

of applying variable speed drives and energy saving 

opportunities to the existing applications of electrical motors. 

Author hopes to provide convenient information for future 

variable speed drive applications like pumps, chillers, fans, 

heaters and ventilators.  

 

Keywords – Variable Speed Drive (VSD), Electrical Motor, 

Energy, Savings.  

 

I. INTRODUCTION 
 

Electrical motor drive systems, which are supplied 

directly from alternating cutting (AC) line power, have a 

massive potential for energy saving, when they are 

operated at variable-speed by using variable speed drives 

(VSDs). Energy consumption in centrifugal load 

applications vary in accordance with the affinity laws [1], 

which means that torque is proportional to the square of 

speed, and power is proportional to the cube of speed. This 

variation helps reduce high energy losses compared to 

throttling devices or fixed-speed controllers for a relatively 

small decrease in speed.  

VSD can provide reliable dynamic systems and 

simultaneously contribute significantly to the energy usage 

and costs of electrical motor drives [2]. These drive 

systems are perfect class of the general adjustable speed 

drives (ASDs) [2] because they permit fine-tuning 

processes while reducing costs for motor maintenance and 

energy [3]. Moreover to energy savings, they can offer 

continuous speed control according to the specific 

requirements of the work being performed. 

 

However, the most of motors operate only at full speed 

100% for short periods of time. This frequently results in 

many systems operating inefficiently during long periods 

of time. Therefore, there are significant energy losses 

during the operation time. System loss reduction can be 

achieved by installing VSD systems to match the speed of 

the motor with the related load. VSD has been raising 

popularity due to their advantages over traditional control 

methods. The speed of a generator or motor can be 

adjusted and controlled to any desired speed by using 

VSD. Besides adjusting the speed of an electrical motor, 

VSD is able to keep an electric motor speed at an 

invariable level where the load is variable [4]. 

VSDs along with VFDs are electronic devices, which 

match motor speed to the required speed of the 

application. The output voltage and frequency are 

determined by input power of the motor. Majority of 

motors can benefit from VSD to provide different 

frequency outputs; whether the speed of the drive is set 

manually by an operator or automatically by a control 

system [5].  

VSDs are an economical and efficient contemporary 

option that should be considered for all variable speed 

systems. VSDs allow the motor speed to vary depending 

on actual operating conditions, rather than operating 

continuously at full speed. Varying speed allows matching 

changing load requirements more closely, and because the 

power draw is proportional to the cube of its speed, 

reducing speed can save a lot of energy. For instance, 

reducing a fan’s speed by 20% can reduce its energy 

requirements by about 50% [6]. Installing a VSD on the 

fan motor permits the fan to automatically match this 

reduced capacity, slowing down in response to reduced 

demand, thus saving energy. 

 

II. DIFFERENT APPLICATIONS OF VARIABLE 

SPEED DRIVE (VSD) 
 

Variable speed drives provide constant control, 

matching motor speed to the specific demands of the work 

being performed. Variable speed drives are an excellent 

choice for adjustable speed drive users because they allow 

operators to fine-tune processes while reducing costs for 

energy and equipment maintenance [7]. VSDs can be 

classified as shown in Fig. 1. 
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Fig. 1. Classification of VSD [9]. 

 

VSDs provide continuous control by matching motor 

speed to the specific demands of work being performed. 

They are an excellent choice for adjustable-speed drive 

users because they allow operators to fine-tune processes 

while reducing costs for energy and equipment 

maintenance [8]. Adjustable speed motors conserve energy 

by operating motors at levels only necessary for the 

particular task at a given time. Electric Motors without 

adjustable speed may often operate at a single level that is 

well above the necessary speed for a particular application 

and, therefore, be quite wasteful of energy. The problem is 

exacerbated by the fact that most facilities choose to install 

oversized motors that operate at levels well above the 

necessary speed in order to have spare capacity should the 

required load unexpectedly increase for a new application 

at some point in the future. On average, these motors 

operate at no more than 60% of their rated load because of 

oversized installations or under-loaded conditions, and 

thus at reduced efficiency which results in wasted energy 

[10]. Adjustable speed motors can be used for a variety of 

applications including fans, pumps, compressors, 

conveyors, and robots. They are particularly well suited to 

instances where the applications do not require full output 

all the time and when manufacturers insist on having extra 

capacity. The adjustable speed motor allows for flexibility 

without requiring a continuous high use of energy to 

operate. 

The authors Qureshi and Tassou [9] have reviewed the 

VSD in refrigeration application to decrease energy uses. 

Variable speed drives (VSDs) are generally used to vary a 

fan and pump speed in heating, ventilating and air 

conditioning of buildings as can be seen in Fig. 2. In these 

applications, speed control is used to regulate the flow of 

water or air because speed adjustment is an energy 

efficient method to control the flow. The improving 

performance of the VSDs has resulted from rapidly 

evolving semiconductor technology. Among the improved 

performance characteristics are improving electrical 

characteristics; ability to handle higher power levels; 

easier programming of desired control response steadily 

increasing reliability and ruggedness and smaller size of 

units [11]. 

 
Fig.2. Various components of a variable speed drive [11] 

 

Most electrical motors used in buildings are fitted to 

fans or pumps. The traditional approach to pipe work and 

ductwork systems has been to oversize pumps and fans at 

the design stage, and then to use commissioning valves 

and dampers to control the flow rate by increasing the 

system resistance. While mechanical constrictions are able 

to control the flow rate delivered by fans and pumps, the 

constriction itself increases the system resistance and 

results in increased energy loss. This situation is highly 

undesirable and is one of the main reasons why the energy 

use associated with fans and pumps is so high in many 

buildings. An alternative approach to the use of valves and 

dampers is to control the flow rate by reducing the speed 

of the fan or pump motor [12]. 

The authors Yu and Chan [13] illustrated that load-

based speed control for all-variable speed chiller plants to 

optimize their environmental performance. Authors 

developed thermodynamic-behavior chiller system models 

to perform environmental assessment (in terms of annual 

electricity and water consumption) for typical constant 

speed and all-variable speed chiller systems operating for 

the cooling load profile of a local office building. Authors 

found that the application of load-based speed control to 

the variable speed chiller plant can reduce the annual total 

electricity use by 19.7% and annual water use by 15.9% 

relative to the corresponding constant speed plant. Authors 

also showed that power consumption can be reduced from 

13,500W to 365W by using variable speed drive.  

A. Electrical Motors 
Electrical motors convert electric energy into 

mechanical energy. They play a significant role as 

electromechanical energy is applied in various 

manufacturing operations such as material handling, 

transportation and most production processes. The 

simplicity of controlling electrical motors provides an 

important opportunity in facing user demands that include 

the need for precision and flexibility, which is frequently 

the result of advances in technology within industry. 

Electrical Motors use about one third of the electrical 

energy consumption in industrial sector. They have been 

dominating fixed speed applications for many years; 

however, with the help of VSDs they are also establishing 

themselves in controlled speed applications [6]. The 

necessity for energy conservation in order to protect the 

environment is also a key driver for enhancing efficiency 

when employing VSDs [14]. Improvement in electrical 

motor efficiency offers great energy saving reduces green 

house gases’ (GHG) emissions and decreases the payback 

time. 
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Electrical motors are above 90% efficient while running 

at their rated loads. However, they are not very efficient 

running at part loads, or at load-following. Conventional 

electric motors generally use 60–80% of their rated input 

energy, even when running at less than 50% load. It is 

immensely significant to select an electrical motor of 

suitable power to work efficiently. Generally, motors are 

selected in big capacities to meet extra load demands. 

Large capacities cause motors to work not efficiently at 

low load. Basically, motors are operated more efficiently 

at 75% or above of rated load. Electrical motors operated 

lower than 50% of rated load, because they were selected 

in large capacity, performing inefficiently, and because of 

the reactive current increase, power factors are also 

reduced. These sorts of motors do not use the energy 

efficiently because they have been selected in for big 

motor power, not following to the needs. These motors 

should be replaced with new motors with suitable 

capacities, and while obtaining new motors, energy saving 

motors have to be preferred [15].  

B. Pumping Systems and Applications 
Pumping systems account for nearly 20% of the world’s 

energy consumption by electric motors and 25–50% of the 

total electrical energy usage in industrial facilities. 

Significant opportunities exist to reduce pumping system 

energy consumption through smart design, retrofitting, and 

operating practices. In particular, many pumping 

applications with variable-duty requirements offer great 

potential for energy savings. The savings often go well 

beyond energy, and may include improved performance, 

reliability, and reduced life cycle costs. Most existing 

systems require flow control of bypass lines, throttling 

valves, or pump speed adjustments as shown in Fig. 3.  

 
Fig.3. Pump schematic diagram with traditional control 

[6]. 

 

The most efficient way is pump speed control. When a 

pump’s speed is reduced, less energy is imparted to the 

fluid and less energy needs to be throttled or bypassed. 

Speed can be controlled in a number of ways, with the 

most popular type of VSD [14]. There are many types of 

pump prime movers available such as diesel engines and 

steam turbines, but the majority of pumps are driven by 

electric motors [16]. The schematic of pump using VSDs 

is shown in Fig. 4. 

 
Fig.4. Pump schematic diagram with variable speed drive 

control [6]. 

Variable speed pumping has become more popular in 

recent years due to improvements in speed control 

technology for pumps and the reduction in the initial cost 

of such devices [17]. A centrifugal pump runs with 

alternating current (AC) induction motor which is a single 

speed device because of the fixed frequency of the applied 

power to the motors. VSD permits the frequency of the 

power to be controlled and the speed of the motor’s shaft 

to be adjusted [18].  

Applying a VSD or Variable Frequency Derive to the 

pump allows control of the pump’s speed electrically 

when using only the energy needed to produce a given 

flow. This is analogous to applying a new pump with a 

smaller impeller. Fig. 5 demonstrates the new pump curve 

and the energy consumed by this method. Additionally, 

the pressure is reduced, which helps to decrease the 

mechanical stresses extracted by throttling devices. 

 
Fig.5. System Characteristics Using a Variable Frequency 

Drive [29] 

 

Overlaying the two previous graphs, the difference is 

obvious in Fig. 6. The blue shaded area is the energy saved 

by using a VFD instead of a throttling device. 
 

 
Fig.6. The Difference in Energy Consumption Using a 

Throttling Device versus a Variable Frequency Drive [29] 

 

The application of VSD or VFDs can bring further total 

system cost reductions, because of the elimination of 

components required for valve control only. In a valve 

flow control system, there are losses in the valve and 

additional piping requires to bring the valve to a height 

where it can be adjusted. In the previous instance, the 

valve loss is 15 hp, and the piping loss is 10 hp. Due to 

these losses and the internal pump loss, to receive a head 
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equivalent to 50 hp, an equivalent of a 90 hp pump and a 

100 hp motor is required. With the use of the VSD or 

VFD, there are no pipe or valve losses due to bends or 

additional piping, thereby reducing the piping losses to 8 

hp. With the decrease of these losses, a smaller pump can 

be applied with lower losses. For the similar equivalent of 

50 hp of head, only a 68 hp pump and a 75 hp motor are 

required [29]. This presented results in a substantial 

system cost and installation savings, further economically 

justifying the application of the VSDs. 

 

 
Fig. 7. Energy savings calculation with a computerized analysis [29] 

 

C. Fans 
An on-off switch is an ordinary method to control the 

amount of time that fans are required to operate by 

constant turn them on and off but they are not generic 

ways to control a process since continues on and off 

switching reduction of the motor’s lifetime considerably. 

Fans are the major part of a building’s ventilation system. 

Varying a fan’s speed permits it to match altering load 

requirements more closely, and because power of fan draw 

is proportional to the cube of its speed, reducing speed can 

save a massive energy [6].  

D. Systems of Heating, ventilating and air 

conditioning (HVAC) 
Building ventilation systems are constructed to operate 

at maximum load conditions but they operate at complete 

load only for short periods of time which results in 

inefficient operation during long periods of time. Most 

inefficient operations in buildings are encountered in 

heating, ventilating and air-conditioning systems that are 

generally sized to meet peak load conditions, which are 

experienced only for short periods of day. The efficiency 

of such systems can be enhanced by varying the capacity 

to match actual requirements of loads. The power 

consumption (to drive the pumps or fans) is related to the 

cube of the speed in variable torque applications. The most 

common method is to modulate the speed of the electrical 

motors of fans, pumps and air conditioning systems to 

vary their capacity using VSDs [12]. The load in HVAC 

systems varies from day to day and throughout the day. 

Typical HVAC systems run at partial-load conditions 

during most of operation time. Therefore, methods of 

decreasing the output level to matches with demands are 

required [19]. According to the study conducted by Nadel 

et al. [20], VSDs can save 15–40% of energy in HVAC 

application. Qureshi and Tassou [9] have reviewed the 

VSD in refrigeration application to reduce energy 

consumption. VFDs are used to vary a pump and fan speed 

in HVAC systems in buildings. In these applications, 

speed control is applied to regulate the flow of water or air 

because speed adjustment is an energy efficient method to 

control the flow. Performance of the VSDs has developed 

because of the rapid improvements in semiconductor 

technology such as improvement in electrical 

characteristics, easy programming of desired control, 

ability to handle higher power levels, steadily response, 

increasing reliability, decreasing and ruggedness size of 

units [11]. 

 

III. ENERGY SAVINGS VIA VARIABLE SPEED 

DRIVE (VSD) 
 

Intelligent motor control solutions including high-

efficiency variable speed drives are an essential part of an 

energy savings program. However, not all drives have the 

same capabilities. Programmability and software features 

can further contribute to a drive’s energy savings potential 

by reducing inrush current requirements. 

Neetha et al. (2013) reported that a VSD can reduce 

energy consumption of an electrical motor by as much as 

60%. This is because of the fact that they control the speed 

of the motor by changing the frequency and therefore the 

power supplied to it.  

Even a small reduction in the rotational speed can give 

significant saving in the energy consumed by the motor. In 

order to do so we take a closer look to the so called 

affinity laws which are used in hydraulics to express 

relationships between the variables involved in the 

operation and performance of rotary machines such as 

pumps and fans. Most HVAC equipment is designed to 

perform during peak loads. These loads occur rarely 

during the operating year. To control flow during off-max 

load conditions, flow control devices such as dampers, 
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valves, inlet guide vanes and bypass systems are used 

.These “throttling” devices are effective, but not energy 

efficient. Using variable frequency drives (VFD) varies 

the speed of fans and pumps, referred to as the “affinity 

laws”, allows the equipment to meet the partial load 

requirement and save energy. Affinity Laws are used in 

hydraulic and HVAC system to express the relation 

between several variables involved in pump and fan 

performance such as (such as, shaft speed, and power) 

[28]. 

 
Fig.8. Relationship between motor power reduction and 

rated speed [22] 

 

Employing VSD is the best way to reduce energy 

consumption of electrical motors. Energy consumption of 

electric motors constitute up to 75% of total plant’s energy 

consumption. About two-thirds of the motors in industry 

are applied in fans and pumps which do not need constant 

motor speeds [21]. A small change in motor speed can 

cause a significant change in energy consumption as 

shown in Fig. 8. Using VSD systems provide the 

opportunity to save about 15–40% of the energy and 

extend equipment lifetime by allowing gentle start-up and 

shutdown [22]. Energy savings of motors when installing 

VSDs can be calculated from either Eq. (1) or (2) [1, 23]: 

AESVSD = n × P × 0.746 × Havg-usage × SSR         (1) 

AESVSD = 3(1 ) 100%SRS                                        (2) 

The annual cost savings is related to annual energy 

savings and price of the fuel. The annual bill savings of 

motor when using VSDs can be calculated using [24–26]: 

Annual Bill Savings (ABSVSD) = ABSVSD × C     (3) 

The payback period is the function of the incremental 

cost of VSDs divided by the annual bill savings of VSDs 

in a particular year. Incremental prices of VSDs are shown 

in Table 1 [22]. Thus Payback period can be expressed 

mathematically from the following Equation: 

Table 1: Incremental costs of VSDs [22, 27]. 

Motor Power (Hp) Increment cost (US$) 

3 2216 

5 2461 

7.5 3376 

10 3349 

15 4176 

20 5316 

25 6123 

30 6853 

VSD

VSD

Incremental cost (IC )
Payback period (years) = 

Annual bill savings (ABD )
   

(4) 

It is evaluated that replacing conventional motors with 

adjustable speed motors in suitable applications would 

result in saving 41% of the energy used in industrial 

motors. Energy consumption indeed drops far more than 

the drop in motor speed, so the savings can accumulate 

rapidly. For instance, a 10% reduction in shaft speed 

results in a 27% decrease in power consumption [21]. 

 

IV. CONCLUSION 
 

VSDs are reliable and cost effective means to control 

the speed of electrical motors. Installation of VSDs on 

electrical motor applications enhances the efficiency of the 

systems and saves a massive amount of energy. 

Additionally, they protect the electrical motors while keep 

the process running, decrease pump failure caused by 

pump cavitations, and decrease maintenance on valves and 

piping. Usage of VSDs to the HVAC systems and 

compressed air provide great opportunities to decrease the 

energy consumptions. VSDs are proper option to match 

the required loads thereby savings energy and increase the 

economical features of electrical motors. 

This review also showed quantitatively different kinds 

of losses occurring in electrical motors. It has been 

revealed that highest amount of loss (i.e. 58%) taking 

place at the stator and rotor parts of an electrical motor. It 

can be stated that this is the one potential area where loss 

can be decreased. 

As well as, this review paper could be useful for motor 

designers, operators, energy managers and motor 

manufacturers to completely understand energy saving 

opportunities in electric motors and further to take proper 

actions for energy saving measures to enhance energy 

efficiency in buildings. They could help designers adopt 

proper design concepts and options in the decision-making 

process during the primary planning and design stages (i.e. 

how to decrease losses) and assist operators to apply 

advanced control algorithms in practical operations to 

decrease the global energy consumption in electric motors 

and improve control stability and environmental 

sustainability. It could also be useful and affordable for the 

government to evaluate the current electric motor energy 

policies.  
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