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Numerous production facilities around South Africa make use 
of conventional centrifugal end suction-type pumps to circu-
late water through their production cooling systems. Often 

these pumps are either running unnecessarily at full speed while the 
production plant is operating well under maximum production capac-
ity or regulating valves are employed to throttle back the system’s 
operating pressure in an oversized pumping system resulting in a 
huge wastage of power consumed. 

By replacing conventional ac motor starter equipment with vari-
able speed drives (VSDs) and a simple control system, it may well 
be possible to unlock substantial energy savings in the production 
plant’s energy bill.

End suction centrifugal pumps deliver a fixed performance curve 
at a constant operating speed when fitted with a specific impeller 
diameter. An example of this is shown in a typical pump curve as 
illustrated in Figure 1 where the pump is operating at a constant 
speed of 2 900 RPM (using a normal 2 pole motor at standard 50 Hz 
frequency) and fitted with a 259 mm impeller.

Figure 1

By altering the pump’s motor speed it is possible to change this 
performance curve and thus meet the required system’s operating 
pressure or flow. Figures 2 and 3 show how the same pump’s perfor-
mance curve changes with a change in motor speed. The same flow 
is capable of being delivered at the reduced speed yet the system’s 
operating pressure is reduced accordingly.

Figures 2 and 3

The important factor to note is that that the power consumed by 
the pump has reduced substantially with the reduction in motor 
speed as is evident in the red curves as shown in Figures 2 and 3. 
This principle of operation is known as the ‘Affinity Law’ is briefly 
described as follows:

Laws of Affinity with a constant impeller diameter:

  * Change in flow rate proportional to change in impeller speed 
 * Change in head proportional to the square of change in impeller 

speed 
* Change in kilowatt proportional to the cube of change in impeller 

speed
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cooling pump systems
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If VSDs are applied correctly, substantial power savings can be realised. However, find the right person, suitably qualified, to undertake a 

thorough investigation of any pumping plant, before embarking on the capital outlay for this machinery.
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By providing real time system pressure feedback to a VSD, you are 
able to make use of a PID (proportional-integral-derivative controller) 
control loop. This allows the pump’s motors speed to be regulated 
based on the actual pressure in the system versus that which is re-
quired (reference point). In layman’s terms what this means is that 
the more production machinery there is in operation, requiring higher 
system flow, the faster the electrical motor will run in order to meet 
the required preset system pressure (reference point). The opposite is 
also true that when production demand is lower and less machinery 
is operational, requiring less cooling water, the system will reduce 
speed to meet the required preset system pressure (reference point). 
By using the principle of having a preset system pressure, it is also 
now possible to fully open all regulating valves in the system that are 
being used to throttle back the high operating pressure experienced 
in the system when flow demand is lower. Power is now being used 
more efficiently by the cooling pumps and it is possible to unlock 
energy savings.

Case study

Let us look at a typical real life application in the cooling pumping 
plant of a plastic's conversion factory and understand the level of 
energy savings that are achievable. In our case study an existing 
Rapid Allweiler 65/250 pump equipped with a 214 mm impeller and 
coupled to a 30 kW 2 pole (2 900 RPM) motor was in operation. At best 
efficiency point (68,5%) this pump is capable of providing a flow rate 
of 110 m³/Hr to an operating pressure of 5,5 Bar. Currently the plant 
requires considerably less flow due to lower production output and 
as such the operating pressure increases to as much as 6,1 Bar. The 
additional pressure being generated by the pump is throttled back 
to 4,0 Bar using a regulating valve on the delivery side of the pump. 

In order to provide realistic power calculations with which to carry 
out comparisons between full speed pumping versus VSD controlled 
pumping, five different flow rates were selected that could represent 
the changes in the plant’s flow requirements as and when produc-
tion machines were utilised. Table 1 provides a summary of the 
comparisons and the potential power savings that can be unlocked 
by pumping with a VSD.

Table 1: Comparisons and potential power savings.

Motor Speed 
(RPM)

Motor Fre-
quency (Hz)

Operating  
Pressure (Bar)

Power Absorbed (kW)

Flow 
Rate 

(m³/Hr)

Full 
Speed

VSD 
Speed

Full 
Speed

VSD 
Speed

Full 
Speed

VSD 
Speed

Full 
Speed

VSD 
Speed

Saving

40 2 900 2 355 50 40,6 6,1 4.0 13,2 7,7 5,5

60 2 900 2 361 50 40,7 6,1 4.0 16,1 9,6 6,5

80 2 900 2 413 50 41,6 6,0 4.0 18,6 11,9 6,7

100 2 900 2 506 50 43,2 5,7 4.0 20,8 14,6 6,2

120 2 900 2 633 50 45,4 5,2 4.0 23,2 18,9 4,3

Abbreviations

PID – Proportional-Integral-Derivative
RPM – Revolutions Per Minute
VSD – Variable Speed Drive
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If a flow rate of 100 m³/Hr was used as the average flow rate required 
by the plant, and pumping took place over 6 480 hours annually (six 
days per week x 24 hours per day x 45 weeks per year), a potential 
saving on the running of the pump would be R 26 114,40 based on 
an electricity tariff cost of R0,65 per kW/Hr. As one can deduce from 
Table 1 the potential savings are substantial if the plant production 
output was reduced beyond the 100 m³/Hr flow requirement, which 
is evidently the current situation.

Conclusion

During this investigation, it was concluded that the original pump 
selection could have been more optimal, but after consultation with 
the plant manager, it was understood that the pump was originally 
oversized to cater for additional plant growth and is thus currently 
under-utilised at the expense of additional power being consumed. 

With the year-on-year increase in the cost of electricity in South 
Africa, it remains imperative that any quality plant manager would 
be searching for feasible processes and products to achieve energy 
savings. It goes without saying that a VSD is a fantastic tool and, if 
applied correctly, can unlock substantial savings on the power bill 
- but it is imperative that a thorough investigation of any pumping 
plant is conducted by a suitably qualified person before embarking 
on the capital outlay for this machinery. Where the system flow rate 
and system operating pressure can change from time to time during 
operation, it is well worth investigating the feasibility of implement-
ing VSDs as an energy saving measure. VSDs offer many other 
benefits such as enhanced motor protection and, if lower operational 
machinery speeds are achievable, less plant maintenance is likely 
to be required.

Alister Chalmers joined CL Cameron Planned Irrigation in 1981 
where he started out as a system installer, later becoming 
system designer. In 1986 he joined Gili Irrigation and in 1987 
he became area manager for the Overberg region where he 

promoted the concept of automated irrigation. In 1989, in Malawi, he 
worked on large scale irrigation projects for coffee and tea plantations. 
Returning to South Africa in 1991, Alister joined forces with Eppie Steyn 
and the late Pieter Fouche and together they grew and developed Agriplas, 
which was later sold to the WPK group. In 2003, Alister and Martin Giles 
formed Irri-Gator Products with the focus on providing automated irriga-
tion control solutions. Enquiries: Tel. 082 490 5922 or email alisterc@
irrigator.co.za.


