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COMPARISON OF VARIOUS CONTROL TECHNIQUES 
FOR MOTOR-PUMP SETS APPLIED IN SELECTED 

WATER DISTRIBUTION SYSTEMS 
 

Abstract: The water distribution system applied in the thermal-electric power station EC Tychy SA is ana-
lyzed. The economical aspects of various control techniques for motor-pump sets in the aforementioned sys-
tem are presented in the paper on the example of pumps working out of the cold season. The reasons of control 
losses occurring in the present system are depicted. The way of improvement of control effectiveness is pro-
posed but unprofitability of the investment is also shown. 
A control of pumps by throttling and control by rotational speed changes are compared in the paper. It is 
shown that control by rotational speed changes causes similar losses like control by throttling if application of 
variable-speed technique is not preceded by appropriate adaptation of water distribution system, especially by 
adjustment of pump rated parameters. 
 
 

1. Introduction 

Distribution of liquid consumes a lot of electric 
energy in each economy [1], [2], [3], [4]. There-
fore, the reduction of power-consuming of the 
aforementioned process seems to be obvious. 
The increase of energetic effectiveness of pro-
duction and exploitative processes in all branch-
es is one of the most rational ways of providing 
of increasing demand on energy [3]. Thus, users 
of pump objects aim at having the high-duty 
pumps at reasonable price as well as high-duty 
electric drive sets. Techniques applied in order to 
control the pump lift depending on flow change 
in a water distribution system are also meaning-
ful. The control by throttling is inefficient and 
causes the groundless control losses [2]. The 
control by pump rotational speed is much better 
solution [2], [5] but the pump parameters should 
be adjusted before application of variable-
rotation technique in order to minimize losses. 
This adjustment lies mainly in decrease of  
a pump lift. The changes in pumping technology 
of the entire water distribution system are also 
necessary in the most cases. 
In the paper [3] the comparative analysis of two 
variants of water distribution system in the 
thermal-electric power station EC Tychy SA 
concerning main pumps used in cold season is 
given. The analysis deals with the present sys-
tem and the planed system modified for the 
station needs. Visiting the station and analyzing 
the data originating from the EC Tychy SA the 
reasons of significant losses occurring in the 
present system were shown. The attention was 
paid to the following issues: 

a) the excessive rated power of existing electric 
motors which results from maladjustment be-
tween pump parameters and operating condi-
tions of the water distribution system, 

b) ineffective exploitation of motors’ power as 
a result of their frequent operation below half 
a rated load what causes that motors work in 
efficiency range differs significantly from the 
range of maximum efficiency, 

c) application of drive systems with slip-ring 
induction motors having less efficiency in 
determined operating range in comparison to 
squirrel-cage induction motors, 

d) application of control by throttling for ad-
justment of pump flow and pressure in water 
distribution system in order to adjust the 
pressure levels in water circuits of heat ex-
changers of both power unit and steam boil-
ers; the control by throttling is a source of 
significant losses. 

The analysis of considered problem resulted in 
main ways of modernization [3], [4]. The fol-
lowing solutions were proposed: 
a) modernization of the water distribution system 

structure leading to reduction of throttling 
losses, 

b) modernization of main pumps in order to 
adjust their rated parameters, mainly the 
pump lift, according to the operating condi-
tions of water distribution system, 

c) providing all drives of main pumps with 
high-efficiency frequency converters allow-
ing for adjustment of actual rotational speed 
of electric motors in wide range below as 
well as over rated speed up to 110% what 
results in higher efficiency of working 
pumps at changing flow of water, 
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d) application of drives based on modern squir-
rel-cage induction motors with high efficien-
cy and rated power lower than the present 
power of motors, i.e. proposed 400-500 kW 
instead of the present 800 kW, what allows 
to decrease the motor current, especially its 
reactive inductive component causing addi-
tional losses in the output power circuits of 
frequency converters, 

e) decreasing the investment costs at purchase 
of new converters with reduced rated power. 

The auxiliary pumps are installed in the water 
distribution system apart from main pumps. The 
auxiliary pumps have been designed in order to 
work out of cold season mainly for covering own 
needs of the power station. The economical 
aspects of various control techniques for motor-
pump sets in the selected water distribution sys-
tem are presented in the paper on the example 
of auxiliary pumps. The analysis originates 
from the study prepared for the thermal-electric 
power station EC Tychy SA and ZM Elektro 
Co. in Katowice being a contractor of moderni-
zation plan for the EC Tychy SA. 

2. Parameters of water distribution system 

The data coming from EC Tychy SA that concern 
operating parameters of water distribution system 
in the period of 01.05.2008 to 30.09.2008 were 
analyzed. The average values of the pressure in 
feeding collector and return collector as well as 
the average values of total flow through the 
water distribution system were determined. The 
determined values are given in Table 1. 
 
Table 1. The average values of pressure and 
flow in water distribution system (WDS) 

Period 

Average 
pressure 
in feed-
ing col-
lector 

Average 
pressure 
in return 
collector 

Average 
flow 

through 
WDS 

01.05–07.05 7,7 bar 2,3 bar 1500  
1200 t/h 

08.05–19.05 7,3 bar 2,2 bar 700  
500 t/h 

20.05–26.06 Pumps did not work 

27.06–31.08 7,2 bar 2,2 bar 400 t/h 

01.09–15.09 7,3 bar 2,2 bar 430  
650 t/h 

16.09–30.09 7,7 bar 2,3 bar 
1000 – 

2700 t/h 
 

As it results from the abovegiven table the ap-
plication of two, installed in the power station, 
auxiliary pumps with the same parameters may 
be considered in periods of 08.05 – 19.05 and 
27.06 – 15.09 as an alternative for main pump 
PS9. The parameters of auxiliary pumps and 
main pump as well as their driving motors are 
as follows [6], [7]: 
1. Auxiliary pumps: producer “Wafapomp”, sym-

bol 12A32-AN, pump lift 126,5 m, flow 378 
m3/h, rotation 2978 rpm, efficiency 76,8%; 
driving motor: rated power 220 kW, supply 
voltage 400 V, efficiency at given load 
100/75/50% amounts to 92,7/93,0/92,5%. 

2. Main pump PS9: producer “Wafapomp”, 
symbol 35W50, pump lift 160 m, flow 1250 
m3/h, rotation 1480 rpm, efficiency 76,8%; 
driving motor: type Sf450X4s, rated power 
800 kW, supply voltage 525 V, efficiency at 
given load 100/75/50% amounts to 
93,2/93,2/92,7%. 

In accordance with modernization assumptions 
the following variants of water distribution 
system operation should be considered: 
a) operation with auxiliary pumps applying the 

control by throttling in both cases, 
b) operation with auxiliary pumps but one 

pump (P1) is controlled by rotational speed 
changes with the application of dedicated 
frequency converter and the second one (P2) 
is controlled by throttling, 

c) operation with main pump PS9 for comparison. 

3. Permitted ranges of pump flows 

The permitted flows of pumps were determined 
on the basis of the universal characteristic of 
impeller pump [8], [9], [10], [11] with putted 
values of rated parameters of the considered 
pump and the rough load characteristic drown 
on the basis of data given in Table 1 assuming 
the pressure drop 1,8 bar in heat exchanger of 
power unit. 
The permitted ranges of flows were determined 
on the basis of the graphs: 
a) for auxiliary pump P1 controlled by rotatio-

nal speed changes the permitted range of 
flows amounts to (Q1mn; Q1mx) i.e. (166 m3/h; 
386 m3/h), 

b) for auxiliary pump P2 controlled by throt-
tling the permitted range of flows amounts to 
(Q2mn; Q2mx) i.e. (227 m3/h; 454 m3/h), 

c) for the set of cooperating auxiliary pumps P1 
and P2 with the application of different con-
trol the permitted range of flows amounts 
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approximately to (Q1mn + Q2mn; Q1mx + Q2mx) 
i.e. (393 m3/h; 840 m3/h), 

d) for the set of cooperating auxiliary pumps 
controlled by throttling (each) the permitted 
range of flows amounts to (2Q2mn; 2Q2mx) 
i.e. (454 m3/h; 908 m3/h), 

 
Fig. 1 Determination of the permitted flows of 
pump 12A32-AN with rated parameters Hn = 
126,5 m and Qn = 378 m3/h, at control by rota-
tional speed changes (Q1mn; Q1mx) and control 
by throttling (Q2mn; Q2mx); Min, Max are permit-
ted flows, minimal and maximal, respectively, 
Obc is the rough load characteristic 
 

 
Fig. 2 Determination of the permitted flows of 
the pump 35W50 with rated parameters Hn = 
160 m and Qn = 1250 m3/h, at control by rota-
tional speed changes (Q9mn; Q9mx) 
 
e) for the set of cooperating auxiliary pumps 

controlled by rotational speed changes (each) 
the permitted range of flows amounts to 
(2Q1mn; 2Q1mx) i.e. (332 m3/h; 772 m3/h), 

f) for main pump PS9 the permitted range of 
flows amounts to (Q9mn; Q9mx) i.e. (450 m3/h; 
1100 m3/h), 

The working point of pump should not be lo-
cated in vicinity of permitted flows. It concerns 
especially maximal flows due to the danger of 
cavitation. It means, that by the majority of 

time at average flow amounting to 400 m3/h, 
the pump P1 controlled by rotational speed 
changes would be out of action. This fact calls 
into question the purposefulness of application 
of variable-speed technique only for one auxil-
iary pump. Considering the determined ranges 
of permitted flows and high efficiency of the 
system controlled with the application of rota-
tional speed technique it can be stated that the 
set of two auxiliary pumps controlled by rota-
tional speed changes (each) is the most optimal 
variant of the water distribution system opera-
tion out of the cold season. The group drive for 
the set of two auxiliary pumps may also be 
applied but the possibility of disconnection of 
one pump together with the driving motor from 
frequency converter at extremely low flows 
(below 330 m3/h) should be considered. 

4. Estimation of electric energy 
consumption by analyzed systems 

In the abovegiven analysis the following vari-
ants were taken into account: 
a) Variant I – one auxiliary pump with the flow 

controlled by throttling (the first graph in Fig. 3). 

 

 
Fig. 3 The universal characteristics of impeller 
pump with values of rated parameters of one 
pump (Variant I) and two cooperating pumps 
(Variant II) of type 12A32-AN together with 
average flow coordinate (Qśr = 400 m3/h) out of 
the cold season (dashed line) 
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In accordance with previous analysis, the av-
erage flow amounting to 400 m3/h is located 
out of the permitted flow range for the single 
pump driven by inverter (variable-speed con-
trol), 

b) Variant II – two cooperating auxiliary pumps 
controlled by rotational speed changes (each) 
or with the application of group drive (the 
second graph in Fig. 3), 

c) Variant III – the main pump PS9 controlled 
by rotational speed changes (Fig. 4). In this 
case the working point is not located in per-
mitted range of pump operation. 

 
Fig. 4 The universal characteristic of impeller 
pump with values of rated parameters of the 
pump 35W50 (Variant III) together with aver-
age flow coordinate (Qśr = 400 m3/h) out of the 
cold season (dashed line) 
 

 
Fig. 5 Approximated efficiency curves for consid-
ered induction motors with rated power of 800 
kW (1) and 220 kW (2) at supply frequency 50 Hz 

Based on data of producers of three-phase in-
duction motors, associated in Cantoni Group, 
the approximate efficiency curves were drown 
(Fig. 5) as a function of the load for both driv-
ing motors working in considered motor-pump 
sets. These curves are related to the rated sup-
ply frequency of motor i.e. 50 Hz. Modern, 
high-efficiency motor-pump sets containing 
squirrel-cage induction motor and intermediate 

frequency converter can work in a range of 
rotational speeds of 20 to 110% of rated speed, 
adjusted by supply frequency changes. From 
the economical point of view the reduction of 
rotational speed below 70-80% is not purposeful 
because of significant decrease of pump efficiency. 
The changes of supply frequency corresponding 
to the considered range of rotational speed 
changes (70 – 110%) do not exert as significant 
influence on the efficiency of induction motor 
as in the case of the underloaded motor. 

Variant I 
The coordinates of pump working point read 
from the graph (the first one in Fig. 3): 120 m 
and 400 m3/h. 
The hydraulic power in working point of the 
pump: 127 kW. 
The power on motor shaft at pump efficiency of 
0,76 read from the first graph in Fig. 3: 167 kW. 
The supply electric power at: (1) efficiency of 
induction motor 93% read from the graph in 
Fig. 5, (2) efficiency of frequency converter 
98,4% (according to the producer): 182 kW. 
A cost rate of water distribution: 0,46 kWh/m3. 
The electric energy estimated for the analyzed 
period out of cold season that lasts 93 days (on 
the basis of Table 1) considering the assumed 
average values of working parameters of water 
distribution system: 406 MWh. 
The difference in pressure between feeding 
collector and return collector: 4,9 bar. 
The output hydraulic power: 54 kW. 
The efficiency of water distribution system: 30%. 

Variant II 
The coordinates of pump working point read 
from the graph (the second one in Fig. 3): 74 m 
and 400 m3/h. 
The hydraulic power in working point of the 
pumps: 78,4 kW. 
The power on motor shaft at pump efficiency of 
0,63: 124 kW. This power is distributed fifty-
fifty on both motor-pump sets. Determination 
of efficiency of driving motors on the basis of 
efficiency curves drown in accordance with 
producers’ data (Fig. 5)  is not possible due to 
the low load falls on each motor. This load av-
erages about 30% and it is located out of the 
range of approximated efficiency curves. Ap-
plying general knowledge, it can be estimated, 
that efficiency of induction motors loses a cou-
ple of percents in the case of considered under-
load. Finally, the efficiency equal to 90% was 
assumed to calculation. 
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The supply electric power at efficiency of in-
duction motor 90%, efficiency of frequency 
converter 98,4%: 140 kW. 
A cost rate of water distribution: 0,35 kWh/m3. 
The electric energy estimated for the analyzed 
season considering the assumed average values 
of working parameters of water distribution 
system: 312 MWh. 
The efficiency of water distribution system: 39%. 

Variant III 
The coordinates of pump working point read 
from the graph (Fig. 4): 74 m and 400 m3/h. 
The hydraulic power in working point of the 
pump: 78,4 kW. 
The power on motor shaft at pump efficiency 
0,48: 163 kW. The calculated power averages 
about 20% of motor rated power. For further 
calculation it was assumed that the efficiency of 
underloaded motor decreases by couple of per-
cents in comparison to rated efficiency like in 
previous case. 
The supply electric power at efficiency of in-
duction motor 90%, efficiency of frequency 
converter 98,4% and efficiency (about 99%) of 
transformer used due to the maladjustment be-
tween motor rated voltage and mains: 186 kW. 
A cost rate of water distribution: 0,46 kWh/m3. 
The electric energy estimated for the analyzed 
season considering the assumed average values 
of working parameters of water distribution 
system: 415 MWh. 
The efficiency of water distribution system: 29%. 

5. Conclusion 

On the basis of the analysis the following detailed 
conclusions may by formulated: 
1. The work of auxiliary pump controlled by 

throttling results in comparable efficiency of 
considered water distribution system like the 
work of main pump PS9 controlled by rota-
tional speed changes with the reservation that 
pump PS9 works out of permitted range of 
operation. 

2. The electric energy saving in a case of varia-
ble-speed control of each auxiliary pump av-
erages about 100 MWh in one period out of 
cold season (93 days) in comparison to cases 
of variable-speed control of main pump PS9 
or auxiliary pump controlled by throttling. 
However, due to significant investment costs 
(adding a new frequency converter at each mo-
tor-pump set) as well as relatively low energy 

consumption out of cold season, the modern-
ization of auxiliary pumps is not profitable. 

3. In accordance with producer’s data the rated 
power of each auxiliary pump (12A32-A) is 
equal to 165 kW, whereas in the EC Tychy 
SA these pumps are driven by motors of 220 
kW i.e. 33% too much. 

Recapping, the control of pumps by rotational 
speed changes allows eliminating the throttling 
losses. However, the excessive decrease of rota-
tional speed results in reduction of pump effi-
ciency. Additionally, the point of pump maxi-
mal flow changes together with rotational speed 
change. Thus, the appropriate adaptation of 
water distribution system should precede the 
application of variable-speed control. 
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