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Abstract - Pump consumes significant proportion of electrical energy. Small improvements in efficiency yields significant 
savings in terms of energy and enhances life of the pumps. Increase of pump efficiency by some percent, considering high 
driving capacities or big number of operating hours/year of the pumps results in significant energy saving. Since majority of 
the pumps installed in the Industries are centrifugal pumps, this paper presents the analysis done on centrifugal pumps 
installed in an Industry in which Energy Audit was conducted. The Analysis based on their operating conditions helps us to 
evaluate measures for performance improvement and energy saving potential that is expected after implementation of the 
corrective action necessary to restore the performance of the pumps. 
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I. INTRODUCTION 

 

The function of the pump is to raise the pressure of 

the fluid and to impart velocity to it so that it can be 

transported from one place to another. Centrifugal 

pumps are generally most economical followed by 

rotary and reciprocating pumps. Centrifugal pumps 

account for majority of electricity used by pumps.  [2] 

Although many applications can be served by both 
positive displacement and centrifugal pumps, 

centrifugal pumps are more commonly used because 

they are simple and safe to operate, require minimal 

maintenance, operate under a broad range of 

applications and have characteristically long 

operating lives. They suffer less wear and require 

fewer replacement of parts compared to positive 

displacement pumps. [1] 

Centrifugal pump consists of impeller and diffuser. 

The impeller is the moving part which is attached to a 

shaft and driven by a motor. The velocity developed 
in the fluid by the spinning of the impeller at high 

speed is collected and converted into pressure by 

diffuser.[3] 

 

Centrifugal pumps are used typically in high-flow, 

low-head applications in which fluid viscosity is not 

prohibitively high. These Pumps consume significant 

proportion of electrical energy due to the utilization 

being done in large numbers for flowing fluid through 

utilities like Chillers, Cooling Towers, Boilers, 

Processing Machines, etc. The most critical aspect of 

energy efficiency in pumping system is matching of 
pumps to loads. It is observed that an efficient pump 

will operate at poor efficiency if mismatch to the 

system takes place. [4] 

Increase of pump efficiency by some percent, 

considering high driving capacities or big number of 

operating hours/year of the pumps results in 

significant energy saving. [5] 

II. PROBLEM DEFINATION 

 

As considerable proportion of energy is consumed by 

pumps, it possesses a good scope of energy saving 

and hence we determine the various measures 

according to the operating conditions to increase the 

efficiency and to reduce the specific power 

consumption of the pumps which will lead to 

significant saving potential by reducing units of 
energy consumption and increasing life of pumps. 

The operating conditions demand specific actions 

which lead to operating the pump at its best 

performance and hence appropriate analysis and 

intensive study is required to determine the same. 

Performance assessment of pumps will reveal the 

existing operating efficiencies in order to take 

corrective action. It is necessary to bring operating 

conditions in line with the optimum point of pump 

operational characteristic. [5] 

 

III. METHODOLOGY 

 

The performance of the pump is evaluated by 

measuring its physical parameters which include fluid 

flow rate (using Non-contact type Ultrasonic flow 

meter), Differential Pressure across suction and 

discharge (using Pressure Gauge), Power consumed 

by motor (using Digital clamp meter). The pump 

efficiency can be determined by the following 

formula: 

𝑃𝑢𝑚𝑝 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑄 × Δ𝑃 × 𝜌 × 𝑔 × ŋ

1000 × 𝑃
 

Where, 

Q = Fluid Flow rate (m3/s) 

∆P = Differential Pressure across suction and 
discharge (m) 

ƍ = Fluid Density (kg/m3) 

g= Acceleration due to Gravity (m/s2) 

P= Power consumed by motor (kW) 
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ŋ = Motor Efficiency 

On comparing the measured parameters with the 
rated parameters, we can determine feasible measures 

for enhancing its performance by increasing its which 

will lead to minimizing losses and energy wastage. 

 

The magnitude of power that the pump should 

consume according to the measured parameters can 

be estimated by the formulae mentioned below 

 

𝑃𝑟𝑒𝑞 =  
𝑄 × Δ𝑃 × 𝜌 × 𝑔 × ŋ

1000 × 0.65
 

 

Where, 

Preq = Power required by the pump to deliver the same 

work with 65% efficiency. 
 

The saving potential can be evaluated by using the 

following formula 

𝑆𝑎𝑣𝑖𝑛𝑔 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙  𝑅𝑠/𝑀𝑜𝑛𝑡ℎ 
=  𝑃𝑟𝑒𝑞 − 𝑃 × 𝑁ℎ × 𝑁𝑑 × 𝐶𝑝 

Where , 

Nd = Number of operating days per month 

Nh = Number of operating hours per month 

Cp = Cost of Power 

 

IV. RESULTS AND OBSERVATION 
 

The number of pumps audited are 63 of which 22 

pumps consist of fluid flowing in them with a 

temperature above 150◦C and hence their flow 

couldn’t be evaluated due to the limitation of 

temperature that the transducers can be exposed to. 

The Flow of fluid through 6 Pumps cannot be 
measured due to scaling in the inner surface of their 

pipe due to which their flow couldn’t be detected by 

the instrument. The Pumps whose performance could 

be evaluated and on which analysis is carried out are 

35 pumps. The Pumps audited are of different sizes 

which vary from 10kW to 132kW and hence the 

quantities of the pumps according to their ratings are 

mentioned below. 

 

Pump Rating (kW) Quantity of Pumps 

10kW-35kW 27 

35kW-60kW 4 

60kW-85kW 0 

85kW-110kW 1 

110kW-135kW 3 

Total 35 

Table 1 : Classification of pumps according to their Ratings. 

 

Table 1 represents the classification of the pumps 

according to their rating and as it can be noticed that 

majority of the pumps installed in the plant are 

between the size 10kW – 35kW 

Figure 1 represents the proportion of power rating 

and power consumed by each motor which helps us 
determine the proportion of loading of each pump. 

Efficiencies of each pump is calculated and 

represented in the table below. 

 

 
Figure 1: Representation of Power Rating and Power Consumed by Pumps. 

 

Efficiency of Pump Quantity of Pump 

0-30% 7 

30%-55% 21 

55%-80% 6 

80%-100% 1 
Table 2: classification of pumps with respect to their 

efficiencies. 

 

On calculating the efficiency of each pump, we found 

that the pumps with efficiencies between 0-30% are 

7, pumps while pumps with efficiency ranging 

between 30%-55% are found to be 21 while pumps 

with efficiencies between 55%-80% are 6 and pump 

with efficiency above 80% is 1 respectively. 
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V. CONCLUSION 

 
Pumps P5218A, P5218B, P5102B, P5103C, P3610F, 

P6302, P6303 and P3617 have their head and flow 

rate lower than their designed values and efficiency 

below 35% and hence checking the pump internal for 

replacing damaged parts or replacing the pump with 

the available energy efficient pumps will lead to 

significant energy saving as these pumps are 

consuming twice the power for generating the same 

head and flow. Operating the above mentioned pumps 

with an efficiency of at least 65% possesses a saving 

potential of Rs 303,104/month by reducing its energy 

consumption. 
 

Pumps P5101B, P5102A, P5601B, P3510A, P3511A 

are operating at lower head and hence have a higher 

flow rate than its rated value and P5501C is operating 

at higher head than its rated value hence resizing the 

impeller according to the process requirements has a 

saving potential of Rs 233,447/month. 

Pumps P5101A, P5103B, P5501A, P5501B, P5601A, 

P5506A, P4722A, P4722B, P3510B, P3511B, 

P3513BP3500B, P3616are standby pumps, since 

these pumps are operational for considerably short 
duration throughout the year and hence it isn’t 

advisable to carry any transformation in it as it isn’t 

financially viable to invest in them due to 

considerably long payback period. 

Pumps P3512A, P3513A, P3500A have satisfactory 

performance and hence considerable improvement in 

its performance cannot be expected by carrying any 

measures. 
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