
DECISION SUPPORT FOR THE DESIGN AND OPERATION OF 
VARIABLE SPEED PUMPS IN WATER SUPPLY SYSTEMS 

 Dimitri Nowak1, Michael Bortz2, Helene Krieg3 and Harald Roclawski4, 

1,2,3Fraunhofer Institute ITWM, Kaiserslautern, Germany 

4Faculty of mechanical engineering SAM at the University of Kaiserslautern, Germany 

1dimitri.nowak@itwm.fraunhofer.de, 2michael.bortz@itwm.fraunhofer.de, 

3helene.krieg@itwm.fraunhofer.de, 4roclawsk@mv.uni-kl.de 

 
 

Abstract  

Pumping of drinking water produces substantial energy costs resulting from operation 

in any water supply system.  The operation of a pump can be regulated in three ways: 

via bypass, throttling and speed control, but, the latter is considered to be the most 

energy-efficient method among them [1].  Variable speed pumps, however, increase 

the difficulty to operate the water supply system [3].  They introduce a continuous 

parameter to the operation problem that can no longer be enumerated.   

In water supply systems engineering there are many different approaches to provide 

decision support [5].  Our approach, however, is a bit different: How can the operator 

be involved into the decision process, so that his final decision is satisfactory? 

In this talk/paper we continue our work on an assistance software for local drinking 

water suppliers in medium size cities (approximately 100000 inhabitants) [2].  The 

purpose of the software is to assist German drinking water supply companies in the 

management of the waterworks system, that is to say, operation and selection of new 

pumps.  The emphasis in this talk/paper is on the management of variable speed 

pumps. 

It is of great importance to understand the operation and the selection problem as 

multicriteria.  Guaranteeing supply of drinking water is of highest priority.  But, other 

criteria, such as energy consumption or pump wear, may be difficult to weight up.  

Furthermore, there are technical requirements, such as water exchange in the tank, to 

sustain certain drinking water quality.  And some factors are rather circumstantial, such 

as “this pump can not be used because the pipe system is currently being replaced”.  

All this input is taken into account by the prototype developed at the Fraunhofer 



Institute ITWM.  The operator is involved into the decision process according to our 

preceding work [2]. 

The question that will be answered is: How does this involve speed control?  

First, the computational complexity is addressed.  If the operator decides to consider a 

finite number of speed control values, then the number of alternative operation states 

will increase exponentially and, thus, dramatically slow down the solution generating 

process.  Therefore, the operator has access to a limited number of speed control 

values.  The operation problem stays discrete and can be treated analogously to our 

work in [2].  Much more interesting is to consider a range of speed control values.  

Then, the operation problem in every time step of a one-day cycle can be solved in 

terms of a nonlinear multidimensional optimisation problem.  This way the exponential 

increase is prevented, but, we have to apply more sophisticated gradient methods [4].  

The optimisation process is discussed in the talk/paper in more detail. 

Second, the navigation process is addressed.  The operator can use the interactive 

tool from [2] to compare and modify his decisions.  Additionally, the operator is 

supported to evaluate certain speed control options to make sure that a pump is 

suitable for his daily use. 

Finally, we examine a single tank with multiple pumps system with respect to speed 

control.  The operation problem is solved for different instances of technical 

requirement.  For the selection problem, variable speed pumps are compared with 

respect to energy savings and pump wear.  
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