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The steady year-on-year increase in the cost of electricity to the 
agricultural industry has sparked interest in energy manage-
ment tools, such as the variable speed drive (VSD). Literally 

thousands of VSDs from many different manufacturers are suc-
cessfully operational on the Eskom grid in general industry and the 
mining segment throughout South Africa, yet VSDs are a relatively 
new technology to the irrigation farmer. This article focuses on the 
use of VSDs with centrifugal pumps but this is by no means the only 
application where VSDs can be used on a farm.

The most commonly used irrigation pump on farms is an end 
suction centrifugal unit driven by an electric motor. These are gener-
ally fitted to a common base plate and close-coupled by means of a 
flexible tyre coupling. There are an increasing number of variations 
of centrifugal pumps being used such as the vertical multistage; sub-
mersible multistage pumps; however most times the same principles 
will apply to these.

At this point it must be stated that the VSD is not some ‘magic 
wand’ that will create substantial energy savings in all applications. 
There is no ‘one size fits all approach’ to this exercise. The VSD is an 
incredibly useful apparatus in that it is a management tool capable 
of allowing the operator control over the pumping unit. 

When investigating the possible unlocking of energy savings on 
irrigation pumps it is imperative that the hydraulic design of both the 
pump and the whole irrigation system is analysed. 

This requires the expertise of an irrigation designer who is knowl-
edgeable in the practical application of the VSD, has an understanding 
of the Laws of Affinity and general irrigation design practices. The 
management style of the farming operation, including the power 
supply tariff structure which is applicable to the farm, also plays an 
important role.

The correct manner of approaching an analysis of this nature is 
to have input from:
• Eskom or local authority; the tariff structure – ‘time of use’ or 

‘maximum demand’ type structures.
• Local electrician – source supply info; eg transformer size, cable 

sizes etc
• Irrigation designer and adviser to the farm
• VSD panel supplier and manufacturer
• Farm management 

The operative word regarding variable speed drives is ‘variable’. 
To enable unlocking of savings within a project involving irrigation 
pumping there must be certain variables available with which to work.

The process of pumping water with a centrifugal pump is nor-
mally a fairly simple operation when following the rules; however 
problems may occur when these fundamental rules are not under-
stood or adhered to. 

When implementing VSD technology it is possible to inadvert-
ently change values that can cause latent problems. These values 
could be related to best efficiency point (BEP); nett pump suction 
head (NPSH) etc. 

Figure 1: A typical pump performance graph depicting a flow rate to pres-
sure curve, a flow rate to efficiency curve and flow rate to power curve.

When using VSDs on submersible pumps there are further factors 
to consider such as, the cooling of the motor, treatment of motor 
thrust bearings relative to certain motor manufacturers, amongst 
other things.

To pump water, a source of energy (electrical energy in this case) 
is required to lift (move) the liquid (water) from position A to position 
B. Generally when doing this there are resistances involved in respect 
of gravity and friction. Simply put the energy required is – 
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E+C  SPOT ON • September 2013

 input power required (W)
 fluid density (kg/m3)
 standard acceleration of gravity (9,80665 m/s2)
 energy Head added to the flow (m)
 flow rate (m3/s)
 efficiency of the pump plant as a decimal

Deduced from the above, the shaft power required by the pump is a 
product of basically three inputs that can be manipulated:

• System head   -  
• Flow rate   -  
• Efficiency of pump  -  

Basically we only have the head and flow to work with as the efficiency 
is dictated by the manufacturer of the pump and changes only as we 
move the BEP within the best efficiency zone, in practice this does 
not cause dramatic effects. 
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

Flow rate is an important factor but not always the variable factor. 
For instance, centre pivots have a constant flow rate determined by 

the sprinkler package sup-
plied with the pivot which 
determines the precipita-
tion rate capabilities of the 
irrigation system. Where 
flow rate does however 
change during pumping, it 
is worthwhile investigating 
the feasibility of introducing 
variable speed pumping to 
unlock energy savings.

System head is impor-
tant as this is where much of 
the savings can be unlocked 
because kilowatts change 
proportional to the cube of 

change of the speed of the Impeller. 
This can only happen if there are variable heads (duties) within 

the system. Consider a scenario of a centre pivot irrigating a crop 
on a level land. The flow is constant and the head is constant – so 
there are no variables to work with. A VSD will not contribute to 
any major energy savings in this instance if the pump was selected 
correctly from the outset providing the optimal conversion of power 
into pump performance. 

The same can be said for a water transfer system from a river (or 
dam) to a storage dam. A total amount of water needs to be moved 
from A to B. Generally a fixed flow is chosen and the pipeline friction 
calculated on that value and this is added to the static lift between A 
and B to provide the system duty head. The head and flow are more 
or less constant. An existing irrigation system design and pipeline 
layout can also be a hurdle requiring changes to allow the benefits 
of a VSD to be reaped. 

Let us take an example of two centre pivots which have to irrigate 
simultaneously, operating off a single pump and feeder pipeline. The 
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two pivots highest points have an elevation difference of 20 m. The 
pump will be required to pump to satisfy the highest duty at all times. 
If, as an example, both pivots require 250 m³/hr, then the energy 
‘wasted’ on this lower pivot will be in the order of 11 kW/hour for as 
long as it operates at the same time as the higher pivot. A VSD will be 
beneficial only when each pivot is operating on its own. This may not 
always be possible due to operational time constraints on the system.

A further option will be to split the pivots into two systems, each 
with its own pipeline, pump and VSD, at substantial capital costs.

 
Conclusion

The application of VSDs in agriculture is becoming more relevant 
to good farm management practices, however, to summarise, it 
requires an in-depth analysis, utilising adequately qualified people. 
Too often we see variable speed drive units operating as soft starters 
with customers thinking they are saving electricity and money when 
in fact the savings are negligible.

Education of the operator is further of importance. In the introduc-
tion of this article it was mentioned that the VSD is an energy manage-
ment tool – all the correct analyses and calculations and intentions 
are only of value if the VSD is implemented/ managed and is operated 
correctly. This all depends on the human factor in charge as the VSD 
is still not a ‘magic wand’ as mentioned before, but rather an incred-
ible tool at the disposal of a farmer when implemented correctly.


