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Abstract: The focus of this paper is the need to achieve energy efficient work regimes in the operation of actual pump systems, because of the 
impact which energy efficiency has on the utilization of electricity by a system. Some of the main factors influencing the efficiency of a 
system’s crucial elements also have been examined. A quick and easy method for a quantitative assessment of a pump system’s efficiency 
also has been presented. The reliability of this methodology has been tested and confirmed. In conclusion, a method for the theoretical 
determining of the effective work regimes for a centrifugal pump with a trimmed impeller has been given. 
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Introduction 

Pump systems are huge energy consumers and they are widely 
disseminated in industry, farming and throughout society. The 
electricity used in pump systems transporting fluids is steadily 
increasing around the world. Because of this, it is necessary to 
establish a strategy for its rational use and to achieve the energy 
efficient work regimes of these systems. The accomplishment of an 
effective work regime in a given pump system consists in the 
effective relationships between each of its key elements (pump, 
motor, binders and the pipe system). A determinative factor for the 
effective work of a given pump system is the provided flow rate, 
which has to be fully consistent with the needs of the consumers. 
Various methods to ensure the necessary flow rate are well known, 
but for the obtaining of a concrete assessment concerning the 
efficiency of the work process it is necessary to have a methodology 
for the estimation of the specific energy consumption (the energy 
used in transporting of 1m3 liquid).  
 

Effective work of pump systems  

In achieving the effective working of a given pump system it is 
necessary to have a good knowledge of the main factors influencing 
the efficiency of each of the pump system’s key elements [3].  

The energy efficient properties of a pump can be determined by 
the characteristic of its coefficient of efficiency - ηP:  
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where POUT is the pump’s output power, and PIN - the pump’s input 
power.  

The efficiency of a motor depends on its coefficient of 
efficiency, which can be a function of many different factors as: 
electric power, frequency of the voltage, torque, speed of rotation, 
etc. and it can be determined by the following equation:  
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where PMECH is the motor’s output power, PEL - the motor’s input 
power and ΔP' are power losses inside the motor.  

The coefficient of efficiency for a given pump system ηSYS 
depends on the pump’s construction and quality of the different 
constituent elements, but it also depends on the flow rate at the 
moment and can be determined by the following equation: 

 
TRMPSYS η.η.η=η  (3) 

where ηTR is the coefficient of the transmission between the pump 
and motor (the pipe system hasn’t been included here).  

To improve the efficiency of a whole pump system, first it is 
necessary to check the possibilities for reducing the losses, and then 
a work regime which is close to the best efficiency point (BEP) to 
be provided. The methods used to achieve an energy efficient work 
regime for a given pump system can be divided in two main groups 
– constructive and operating. Some of the constructive methods are: 
the correct selection of a pump and motor; the use of more and 
better materials; the change of old machines with new and more 
effective, the use of adjustable electric; better cooling; improvement 
of the production process, etc. Using the operating methods the 

main goal is to change some of the factors influencing the motor’s 
efficiency (respectively the pump’s efficiency also) – speed, 
frequency of the voltage, torque, provision of the feeding electric 
power, rate of load, etc., with the goal of improving the efficiency 
[6].  
 

Determining the specific energy consumption and providing 
an energy efficient work regime  

As a criterion to estimate the liquid transport’s efficiency for a 
given pump system the invested energy in transporting of a unit 
volume of fluid can be used [5]:  
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where eV is the specific energy consumption; E - the invested input 
energy of the system, usually electrical, which the pump systems 
need to get started; V - the transported fluid’s volume, most 
measured in [m3].  

After some mathematical calculations and substitutes in the 
equation (4) have been done, the following equation can be used to 
estimate the specific energy consumption [5]:  
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where ηSYS is the total pump system’s coefficient of efficiency 
(ηSYS=ηM.ηTR.ηP) and kev - a coefficient of the specific energy 
consumption (kev=0,002725).  

By this coefficient eV an analysis of the pump system’s 
efficiency can be accomplished, when different methods of 
regulating the flow rate are used.  

When the flow rate Q is known, using the equations of the 
pump’s characteristics for the head and coefficient of efficiency for 
the coefficient eV could be presented [5]:  
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where a, b, c and d, e, f are the coefficients respectively of the 
equations of head and coefficient of efficiency.  

The accomplishment of the necessary flow rate so that the 
volume of transported liquid meets the consumer’s need is one of 
the main problems associated with the achieving of an energy 
effective work regime for a given pump system. The most used and 
well known methods to regulate the flow rate of centrifugal pump 
systems are the throttle method and frequency method and in some 
cases a method where a part of the flow is sluiced by the outflow 
pipe (known as the “bypass” method) also can be used. A well-
known fact is that the most effective method of regulating the flow 
rate to achieve an energy effective work regime for a concrete pump 
system is the frequency method. Nevertheless, in some particular 
cases using either the throttle or “bypass” method is recommended. 
The specific energy consumption for a new and smaller flow rate 
can be determined in different ways for the different methods of 
regulation (calculated in kWh/m3) [5]:  
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 The specific energy consumption when throttle method has 
been used:  
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 The specific energy consumption when frequency method 
has been used:  
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 The specific energy consumption when “bypass” method 
has been used: 
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where Hst is the static head of the system, Q1 - the pump’s flow rate 
after it has been regulated, QN- the pump’s flow rate when it works 
with its nominal speed of rotation, QP- the pump’s flow rate before 
the regulation.  

Using the equations (7), (8) and (9) as a part of the methodology 
presented in [5] it can be found a relatively quick and easy way to 
estimate the specific energy consumption of pump systems 
operating with turbo pumps. For this purpose it is necessary to 
know the equations of a pump's head chasracterictic and the 
characteristic of efficiency. To analyse how effective a particular 
method used to regulate the flow rate will be, it is necessary for its 
specific energy consumption to be estimated by some of the 
equations (7), (8), and (9), depending on which method is chosen 
exactly. For a given flow rate the specific method to regulate the 
flow rate that produces the lowest energy consumption is the most 
effective method in terms of energy efficiency [5].  

According to [4], this numerical investigation of the impact of 
the specific energy consumption in regulating the flow rate of 
systems operating with turbo pumps shows:  
 The pump type doesn't influence the fact that the “bypass” 

method is always associated with the highest value of energy 
consumed in transporting a unit volume of liquid. The specific 
energy consumption decreases when the flow rate also 
decreases, only in cases where the frequency method is used.  
 The work regimes where the flow rate is overloaded are 

characterized by a decrease in the specific energy 
consumption. Reducing the flow rate by using the throttle 
method, until the best efficiency work point is found, does not 
improve the system's efficiency. The head characterictic, 
determined by the specific speed of rotation, directly 
influences the rate of change in energy consumption.  
 The systems static heads influence is different if the frequency 

method to regulate the flow rate is used rather than the 
“bypass” method. The relative static head decreases with a 
decreasing of the energy consumption when a frequency 
method of regulation is used. If the “bypass” method is used, 
then the specific energy consumption increases when the 
relative static head decreases. For systems operating with 
axial pumps this increase is significantly smaller than if 
centrifugal pumps are used.  

As a criterion (indicator) of the reliability of the methodology 
given in [5] and used to estimate the specific energy consumption it 
is necessary for a comparison between the theoretical and 
experimental results to be done. As a result of the comparison done 
in [1], the experimental curves of the specific energy consumption 
for the three different methods of regulation of the flow rate fully 
corresponds with the theoretical data presented in [4].  
 

Ensuring an energy effective work regimes of pump systems 
by trimming the pump's impeller  

It is a well-known fact that the trimming of a centrifugal pump’s 

impeller can be used to regulate its flow rate, when it is necessary a 
lasting change of the flow rate to be achieved. To ensure the wanted 
flow rate and to accomplish an energy effective work regime using 
a change into the external diameter (D2) of the impeller it is 
necessary for the pump’s characteristic of the head H=f(Q) and 
pump’s characteristic of the coefficient of efficiency η=f(Q) for 
different values of D2 to be known. These characteristics are mainly 
experimentally determined. In the literature, some equations for the 
theoretical estimation of these characteristics can be found. The 
methodology given in [2] ensures a possibility for the relevant flow 
rates and heads of the investigated interval to be determined by 
using the following equations:  
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The reliability of this methodology could be verified by 
comparing the theoretical data with the data received by using the 
characteristics given by the pump producers. As a criterion 
(indicator) showing the reliability of this methodology which also 
gives a numerical assessment for the accuracy of the theoretical 
estimation can be used the relative error δ:  
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where HP is the pump’s head received after a theoretical estimation 
has been done and HP,U - is the pump’s head estimated using the 
characteristics given by the pump’s producer.  

The results given in [2] shows that, for the investigated pumps 
whose impellers have been trimmed, the values of a pump’s 
indicators theoretically found by using the well-known equations of 
trimming gives significant errors in some cases. The analytical 
expressions obtained when a pump’s characteristics have been 
modeled could be used in finding a solution for the different 
problems associated with the determination of work regimes or 
investigating the energy efficiency of pump systems, but it can’t be 
used as a general solution of the problem.  
 

Conclusion  

The problems associated with the various aspects of energy 
efficiency are very complicated and finding a general solution to the 
problem of improving the efficiency is really difficult. By having a 
good knowledge of the main factors influencing energy efficiency 
and using the appropriate tested methodology it is possible for a 
numerical assessment of the energy invested in transporting a unit 
of liquid to be established. The theoretical determining of the 
pump’s characteristics when the pump’s impeller has been trimmed 
can also give good results, unfortunately it cannot be recognized as 
a general solution of the problem. 
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