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In the day and age of energy efficiency and saving, various strate-
gies and methodologies are applied to various plants and facilities 
to reduce their energy consumption without compromising on 

production and operations. Of the numerous solutions available, the 
VFD (Variable Frequency Drive) or the VSD (Variable Speed Drive) has 
prevailed as a tried and tested solution in increasing energy efficiency 
without compromising on production and operations.

VSD basics

A VSD converts the ac (alternating current) supply power at a fixed-
frequency (50 Hz) into dc (direct current) using an integrated rectifier. 
Power electronics integrated into the VSD convert the dc signal into 
a sinusoidal output with a controlled frequency and voltage. In sum-
mary the VSD converts the fixed sine wave input into a variable sine 
wave output. 

The variable output of a VSD allows for a rapid change response 
of the motor to the load, the VSD has no moving parts and thus 
mechanical wear and tear is virtually non-existent - this ensures reli-
ability and longevity.

A typical VSD consists of four elements:
• Rectifier: The rectifier changes the incoming ac supply to dc. The 

type of rectifier used by the VSD will influence the harmonics as-
sociated with the VSD. The rectifier can also control the direction 
of the power flow.

• Intermediate circuitry (dc bus): The rectified dc supply is condi-
tioned by the Intermediate Circuitry.

• Inverter: The inverter converts the conditioned dc supply back to 
ac with the desired frequency and voltage.

• Control unit: The control unit controls the entire VSD to deliver the 
correct electrical output to the motor in response to an external 
control signal.

Figure 1: Basic VSD overview.

When would one use a VSD?

Systems that require control of flow or pressure are most suited for 
VSD use. The most commonly used applications are pumps and fans 
that operate in industrial processes or as part of heating, ventilation 
and air conditioning systems (HVAC). Such systems are governed by 
the Affinity Laws, where consumed power is proportional to the cube 
of the flow or speed of the motor. 

Some examples are:
• Fans and pumps: Applications where fluid flow is variable, con-

siderable energy may be saved by replacing throttle valves and 
dampers with VSDs.

• Conveyors: Conveyors with varying speed or varying flow re-
quirements can utilise the VSD to adapt to the changing load 
requirements.

• Compressors and chillers: As for fans and pumps, varying the 
flow with a VSD may result in significant energy savings.

Figure 2: Comparison of energy usage between a chiller drive with and 
without a VSD installed.

In applications where motor speed and load are constant a VSD will 
not always provide suitable savings of energy usage. However, if a 
load increases over a long period of time a VSD may be a suitable 
solution to curb energy usage.

As an example, consider a mining application: a vent fan is 
installed with the capacity to ventilate a shaft once it has reached 
a particular phase – which is planned for 5 years from today. In the 
initial stages however, the fan is only used at approximately 30% of 
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its rated capacity (orange vertical line - Figure 3) - this corresponds 
to approximately 60 to 70% energy consumption when dampers and 
vanes are used to control the flow. If a VSD were to be used in this 
case, only 10% energy consumption is seen. 

Towards the completion of the development phase in this exam-
ple (green vertical line - Figure 3), when the ventilation requirement 
as near 100%, the energy consumption of either dampers or vanes 
is approximately equal to that of the VSD. However, for five years 
between installing the fan and the fan reaching 100% of its rated ca-
pacity, the use of a VSD would save substantial quantities of energy 
and would most likely yield a favourable RoI (return on investment) 
during the shaft development phase.

In broad terms, the examples given (the chiller drive and mine 
vent fan) utilise a VSD to perform load matching. This a common 
energy management technique used to conserve energy by match-
ing the electrical equipment to the process demands as closely as 
possible, thereby optimising the energy performance. In fixed speed 
applications (eg base-load pumping), load matching can also be 
achieved by selecting a more appropriate size of motor.

Figure 3: Fan controls versus VFD.

How VSDs save energy

Reduce energy consumption and energy costs
Electric motor systems are responsible for more than 65% of the 
power consumption in industry today and with the rising energy 
prices there is a need for energy efficient motor control solutions. 
One can optimise a motor control system by installing VSDs, which 

can reduce energy consumption in a typical facility by up to 70%.
This is due to the fact that VSDs control the speed of the motor by 
varying the frequency and therefore the power supplied to it. They 
allow one to match the speed of the motor driven equipment to the 
load requirement. Even a small reduction in the rotational speed 
can give significant savings in the energy consumed by the motor.

The utilisation of VSDs can also improve product quality and 
reduce production costs. 

They can reduce stress (electrical and mechanical, particularly 
during start-ups) on the motor, which can positively influence lifes-
pan. More precise control over the motor speed can positively influ-
ence product quality, and reduce defects/ wastage (eg in high speed 
manufacturing applications).

Financial incentives in the form of reduced energy bills, energy 
efficiency tax incentives and potential utility rebates, result in attrac-
tive returns on investment for VSD installations, and payback periods 
can often be as quick as six months.

How much energy do VSDs save?

To understand the magnitude of the potential energy savings, we 
must consider the system requirements as well as the relationship 
between the shaft speed of a fan/ pump and the power required. 

Firstly, the governing parameter of the system is usually the flow 
rate required at a specific point in time (this is traditionally controlled 
mechanically by a valve, damper or vane). If we only need 80% of the 
maximum flow rate, the valve/ damper/ vane restricts the flow rate to 
80%, the power required will be 80 - 100% of rated power (depending 
on the flow control system used).

If we use a VSD, we modulate the speed of the fan/ pump to the 
system requirements. Based on the affinity laws, the fan/ pump shaft 
speed versus flow rate is linear: 

This means that for a flow requirement of 80%, we need 80% of 
the shaft speed. If we look at the affinity law governing power and 
speed, we see:

This cubic relationship between power and speed means that if we 
need 80% speed, we will only use (80/100)3 = 51,2% of the maximum 

ac –   Alternating Current
dc –   Direct Current
VSD –   Variable Speed Drive
VFD –   Variable Frequency Drive
HVAC –  Heat, Ventilation, Air-Conditioning
RoI –   Return on Investment
DOL –   Direct Online
SCADA – Supervisory Control and Data Acquisition
BMS –  Building Management Systems
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power! Therefore, by using a VSD, we introduce an energy savings po-
tential of 30 - 50% versus a traditional mechanical flow control system.

Additional benefits of using VSDs

Other benefits of VSDs include, for example, a tighter control of pro-
cesses (such as winders and conveyors) as well as process variables 
(such as pressure, flow-rate and temperature). Control of starting 
and stopping of motors will reduce excessive stress placed on shafts 
and drive trains thus prolonging equipment life. Controlled starts will 
eliminate the large inrush current seen in DOL (Direct Online) starting 
strategies, which reduces strain on components as well as maintains 
system stability during motor starting events. 

Figure 4: Typical motor starting characteristics (red – DOL, black – VSD).

Integration of VSDs with their integrated control systems into SCADA 
and BMS systems will aid in overall energy efficiency strategies, 
controlling speeds of motors in various energy saving initiatives and 
providing feedback – which will enable increased overall performance. 

Dynamic braking is integrated into some modern VSDs, this ena-
bles the energy normally dissipated into heat to be partially recovered 
(ie fed back into the electrical supply) and not wasted. 

Estimated savings from VSD installation- example

A fixed pump operates for 6 000 hours per year at 1 450 rpm delivering 
a flow rate of 125 m3/hour against a pressure head of 32 m, it absorbs 
15,1 kW. It is found that it is possible to reduce the flow demand by 
25% for a portion of the operating time.
The electrical price tariff is R1/kWh.
A reduction of 25% flow rate = 93,75 m3/hour (75% of full flow)
Thus applying the Affinity Laws:
• The new operating head = 0,752 x 32 = 18 m
• The new power absorbed = 0,753 x 15,1 = 6,37 kW
• Power saved = 15,1 – 6,37 = 8,73 kW

Savings:

• 30% duty: 0,3 x 6 000 hours x 8,73 kW x R1/kWh = R15 714
• 60% duty: 0,6 x 6 000 hours x 8,73 kW x R1/kWh = R31 428

Simple payback period:

• A 15 kW VSD will cost between R20 000 to R25 000
• Savings are between R15 714 and R31 428 per annum
• Minimum payback period: Eight months
• Maximum payback period: 19 months

Conclusion

In a facility where variable loading and flow exists the installation of 
VSDs will result not only in potential energy savings, but also poten-
tial process improvement. In addition to the installation of VSDs one 
must ensure correct load matching as well as ensuring the correct 
match between VSD and motor, and if possible older motors should 
be replaced with modern, energy efficient ones. It should be noted 
that simply replacing motors with energy efficient versions without 
careful consideration can actually result in an increase of energy 
consumption.

VSDs should be considered as part of a facility’s energy efficiency 
programme, which should form part of an overall energy management 
policy and strategy. Initiatives such as these require careful considera-
tion prior to implementation, and they require constant monitoring 
and evaluation in order to ensure that savings are maintained. Energy 
management is a constantly evolving process that is as dynamic as 
the facility itself. Continuous monitoring and targeting, re-strategising 
and the application of new technologies should be applied in order 
to yield the best results. When in doubt, consult an energy manage-
ment expert to guide you through the process, and ensure perpetual 
success in your endeavour to reduce energy and costs.
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Reducing the speed of a motor using a VSD from 100% 
to 80% can reduce the energy usage by as much as 50%.


