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Introduction

Modern manufacturing, process industries, water treatment plants, petroleum and natural gas processing
plants, thermal power plants, mining, chemical processing industries, and municipal infrastructure all rely
on industrial pumping systems. Transportation of fluids, maintaining pressure, circulating cooling water,
treating wastewaters, and other processes used in industry are some of the primary applications of pumps.
Industrial pumping systems are considered one of the largest consumers of electric energy in industrial
facilities owing to continuous operation and wide application. As per some researches, industrial pumping
systems consume from 20% to 25% of the total industrial electricity consumption globally and up to 50% of
the plant’s total electrical energy in certain industries [1], [2]. There is an urgent need to enhance energy
efficiency in industries because of the high demands for energy, increases in electricity prices, exhaustion of
fossil fuel reserves, and environmental concerns. Due to the high proportion of emissions of harmful gases
by industries and damage done to the environment, conservation of energy has become a very important
global agenda. Apart from reducing operational costs, improved energy efficiency also helps to protect the
environment [3], [4]. Some industrial energy users include pumps, fans, and compressors, which are
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operated using electric motors. Given that electric drive systems utilize more than two-thirds of power
consumed in industry worldwide, there is a need to enhance the efficiency of such systems [5]. The
importance of pumping systems cannot be overstated since such devices operate under variable conditions
regarding flows and pressures, and therefore, their operation is less efficient when regular control strategies
are used. In several industries, pumps operate at points other than optimum efficiency points (BEP), leading
to substantial energy wastage due to over-sizing of pumps in anticipation of increased production.Some of
the factors behind energy waste in pumping systems include incorrect pump selection, throttling of pumps,
motor oversizing, pipe friction losses, mechanical failures, leakage, cavitation, poor maintenance practices,
and inadequate controls. Because of the fact that traditional flow control methods tend to increase system
resistance without changing pump output according to demand, a considerable amount of energy is wasted
in many cases due to the use of such flow control schemes as valve control and bypassing [7].
Consequently, many pumping systems operate at efficiency levels well below those originally expected,
thus creating plenty of opportunities for optimization.In order to achieve savings in energy expenditure
under the condition of ensuring necessary operating parameters, optimization of a pumping system involves
improving efficiency of the overall system consisting of the pump, the engine driving it, the piping system,
and the control system. Efficient ways of optimization include appropriate pump selection, impeller
adjustment, installation of energy-efficient motors, reduction of pipeline friction losses, preventive
maintenance programs, and state-of-the-art monitoring systems [8]. Among the most effective ways to
reduce energy consumption in centrifugal pumps is the utilization of Variable Frequency Drives (VFDs).
Such a measure reduces unnecessary energy losses associated with fixed speed control and throttling
methods by adjusting the speed of the motor according to process needs [9], [10]. The laws of affinity state
that energy consumption is approximately proportional to the cube of pump speed, which regulates the
relationship between the pump speed and energy consumption. In such a manner, a small reduction in the
speed of a pump leads to considerable energy conservation. It was shown by various studies that energy
consumption from pumps is reduced by 20 to 50 percent when VFDs are used [11], [12]. With the help of
emerging digital technologies, opportunities for the improvement of pump systems have increased
tremendously. In real time, through the application of cloud computing, artificial intelligence, smart sensors,
machine learning, and IloT, the performance of pumps can be monitored and analyzed. The data collected
from the system in terms of flow rate, pressure, vibration, temperature, motor current, and efficiency can be
used to identify areas where energy losses and maintenance needs arise before problems occur. With a
reduction in downtime, operational efficiency and reliability are increased [14].Designing the hydraulic
system is an integral part of optimizing energy use. This is due to the impact of pipeline design, pipe
diameter, and valve positioning. Efficiency losses as well as high pump power requirements are created by
excess friction losses caused by small pipelines or unnecessary pipeline bends. The research claims that
hydraulic system optimization is able to reduce energy consumption and improve pump energy efficiency
by 10% to 20% [15].

The use of international standards and energy management practices has also motivated the industries to
improve their pumping system efficiency. Systematic guidelines for conducting pump system energy
assessment and identifying opportunities to improve energy efficiency are offered in international standards
such as ISO 14414 [16]. Best practices and recommendations on improving pump energy efficiency have
been established by governments and international organizations such as IEA, DOE, and Hydraulic Institute
[17]. Even after significant advancements in technology, many industries continue to operate inefficient
pumping systems due to low consciousness, lack of proper monitoring, aging infrastructure, and inadequate
financing. As such, efforts to reduce energy usage by industries and meet sustainability targets will largely
depend on the analysis and optimization of their pumping systems. The current trend in process
optimization is through incorporating decision-making tools, energy-saving devices, smart controls, and
mechanical innovations [18], [19].In light of analyzing energy-saving technologies and techniques, this
study examines energy optimization in industrial pumping systems. This paper examines the relationship
between energy usage and system efficiency due to system optimization methods such as variable speed
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drives, system maintenance, hydraulic modifications, and system monitoring. It is expected that industries
aiming for cost reduction, sustainability, and operational efficiency will gain much from the results of this
research [20], [21].

Methodology

The study aimed to examine an industrial centrifugal pumping system that is employed for water
transportation and circulation operations. Different approaches for energy conservation and how they impact
the reduction in energy use without compromising the hydraulic performance were examined in the study.
The industrial pumping system consisted of a centrifugal pump driven by a three-phase induction motor,
pipeline systems, control valves, and measuring equipment. Operating information like power usage, flow
rate, pressure, and pump efficiency was recorded under normal operation conditions. Different energy
conservation approaches like pipeline optimization, leak prevention, preventative maintenance, and the
installation of VFD were applied. In order to ensure the precision and correctness of the results, all tests
were done using the same operating conditions. The equipment required for conducting this experiment
included a pressure gauge for hydraulic analysis, an electromagnetic flow meter for measuring flow rates, a
digital power analyzer for taking electrical readings, and a device for collecting the data during the
operating process. From the readings of the electric power input and operating times, the energy use was
calculated. By comparing the hydraulic power output to the electrical power input to the motor, the
efficiency of the system could be evaluated.

Table 1. Specifications of Industrial Pumping System

Parameter Value

Pump Type Centrifugal Pump
Motor Type Three-Phase Induction Motor
Motor Rating 15 kW

Rated Voltage 415V

Rated Frequency 50 Hz

Rated Flow Rate 120 m*h

Rated Head 30 m

Pump Efficiency 68%

Motor Efficiency 92%

Working Fluid Water
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Table 2. Experimental Instruments and Measuring Devices

Equipment Function

Digital Power Analyzer Measurement of Electrical Power
Electromagnetic Flow Meter Measurement of Flow Rate

Pressure Gauge Pressure Monitoring

Clamp Meter Current Measurement

Tachometer Rotational Speed Measurement

Data Acquisition System Data Recording and Monitoring
Variable Frequency Drive (VFD) Speed Control and Energy Optimization

Table 3. Optimization Techniques Evaluated

Optimization Method Purpose

Variable Frequency Drive (VFD) Speed Control and Energy Saving
Pump Impeller Trimming Reduction of Excess Head

Pipeline Optimization Minimization of Friction Losses

Leak Detection and Repair Reduction of Fluid Losses

Preventive Maintenance Improvement of Equipment Efficiency
Real-Time Monitoring Continuous Performance Assessment

Table 4. Experimental Parameters Considered

Parameter Unit
Power Consumption kW
Energy Consumption kWh
Flow Rate m?h
Pump Head m
Pump Efficiency %
Motor Efficiency %
Operating Time h
Energy Saving %

The research methodology provided a scientific approach to determine the efficiency of different energy-
saving techniques. The research determined the extent of reduction in energy usage and the optimal
techniques that would improve the overall efficiency of the industrial pumping process.
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Experimental Details

A centrifugal pumping system was employed for experimentation in order to measure the effectiveness of
energy optimization techniques in minimizing energy consumption. The centrifugal pumping system
comprised a 15 kW pump with an induction motor operating at 415V and 50Hz. Water was the working
medium, and the entire process was conducted in a controlled industrial environment. Before applying any
energy optimization measures, initial data relating to the pump performance, including electrical energy
consumption, flow rate, pressure, and efficiency, were taken. Comparison of the energy performance of the
system before and after energy optimization, without affecting hydraulic requirements, was the objective of
the experiment. The experimental work involved two stages. In the initial stage, the pump operated as usual
without applying any energy-saving approaches. A flow meter and pressure gauges were used to measure
flow and pressure, while a digital power meter was employed to measure energy consumption. The recorded
data served as a baseline for the evaluation of energy savings. The methods of pipeline improvement,
reducing leakage, installation of the Variable Frequency Drive, and preventive maintenance were applied in
the second stage. In order to test the effectiveness of these energy-saving approaches, the same parameters
were measured again under the same load condition.

With the help of the VFD, unnecessary energy consumption associated with constant speed operation was
avoided by adjusting the pump speed according to demand. Reduction of losses through proper tuning and
flow path modification was an important consideration while optimizing the pipeline system. Preventive
maintenance measures to ensure smooth operation involved shaft alignment, bearing lubrication, impeller
cleaning, and mechanical checkup. Average figures were analyzed once the data had been collected
continuously during a number of cycles. Efficiency increase of the system and energy saving (%) were
determined and compared with their initial values.

Table 5. Experimental Operating Conditions

Parameter Value

Pump Type Centrifugal Pump
Motor Rating 15 kW

Rated Voltage 415V

Rated Frequency 50 Hz

Rated Flow Rate 120 m*/h

Rated Head 30 m

Working Fluid Water

Operating Condition Continuous
Control Method (Before) Throttling Valve
Control Method (After) Variable Frequency Drive
Data Collection Period 8 Hours/Day
Number of Trials 3

Table 6. Measured Parameters During Experiment

Parameter Instrument Used Unit
Voltage Digital Power Analyzer A%
Current Clamp Meter A
Power Consumption Power Analyzer kW
Energy Consumption Energy Meter kWh
Flow Rate Electromagnetic Flow Meter m*/h
Pressure Pressure Gauge bar
Pump Efficiency Calculated %
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Motor Speed Tachometer rpm

Table 7. Optimization Measures Implemented

Optimization Technique Expected Benefit

Variable Frequency Drive (VFD) Reduction in Power Consumption
Pipeline Optimization Reduced Friction Losses

Leak Detection and Repair Elimination of Fluid Losses
Preventive Maintenance Improved Mechanical Efficiency
Real-Time Monitoring Continuous Performance Tracking
Impeller Cleaning Improved Hydraulic Efficiency

In addition to providing information about how effective various optimization approaches are in industry
pumps through the provision of quantitative information, the experiments enabled the examination of energy
use trends. The results obtained from these experiments were then analyzed to establish areas where energy
could be saved.

Result & Discussion

From the experimental results, it was evident that optimizing energy through various techniques can lead to
considerable reductions in energy usage within industrial pumping systems. From the baseline data
gathered, the system operated inefficiently because of energy losses associated with throttling, constant
speed operation, and slight inefficiencies in mechanical systems. The performance of the system was greatly
enhanced after implementing various optimization techniques such as Variable Frequency Drive (VFD),
improving the pipeline, fixing leaks, and maintaining the system regularly. To operate in order to deliver
equivalent hydraulic output, the system required less energy. Energy savings from the Variable Frequency
Drive (VFD) were the greatest when compared to all other optimization strategies used. The installation of
VFD reduced energy losses as a result of throttling through the control of speed in correlation with the flow
rate. Furthermore, minimizing friction losses caused by fouling of the impellers, shaft misalignment, and
bearing failure was done through preventive maintenance. Pipeline improvement facilitated smooth fluid
flow through the entire system and therefore reduced energy losses caused by hydraulic resistance and
friction losses.

Table 8. Comparison of System Performance Before and After Optimization

Parameter Before Optimizati After Optimizati Improvement (¢
Power Consumption (kW) 14.2 10.5 26.1

Daily Energy Consumption (kW 341 252 26.1

Pump Efficiency (%) 68 84 23.5

Motor Efficiency (%) 92 94 2.2

Flow Rate (m3/h) 120 120 Maintained
Annual Operating Cost () 7,46,790 5,51,880 26.1

The energy usage decreased from 14.2 kW to 10.5 kW after optimization and led to energy saving of around
26%, based on the data presented in Table 8. The pump performance improved by increasing the efficiency
from 68% to 84%. It is worth mentioning that the required flow rate remained constant during all the tests,
which means that the energy was saved without compromising the performance of the system.
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Table 9. Energy Savings Achieved by Individual Optimization Techniques

Optimization Technique Energy Saving (%)
Variable Frequency Drive (VFD) 18
Preventive Maintenance 6

Pipeline Optimization
Leak Detection and Repair
Impeller Cleaning

N W AW

Real-Time Monitoring

Variable Frequency Drive (VFD) application proved to be the most effective method, with savings of about
18%, as reported in the analysis on individual optimization approaches. This is consistent with the
centrifugal pump affinity laws, where a reduction in the pump speed brings about substantial savings in
terms of power consumption. Pipeline optimization and preventive maintenance were also beneficial in their
own right.

Table 10. Pump Efficiency Variation with Operating Conditions

Operating Condition Pump Efficiency (%)
Conventional Operation 68
After Maintenance 74
After Pipeline Optimization 79
After VFD Installation 84

The cumulative effect of optimization techniques is demonstrated by the efficiency improvement displayed in
Table 10. At first, the pump lost a lot of energy since it was operating far from its Best Efficiency Point (BEP).
Following improvement, the pump reduced energy waste and enhanced overall performance by operating
closer to its ideal efficiency range.

The outcome of this research reveals that there exists much potential in optimizing industrial pumping
systems through energy conservation efforts. This reduction in power consumption by using VFD proves
that it is important to match pump operation with process requirements since even small reductions in speed
lead to great savings in power consumption, which depends on rotational speed. Improved pump efficiency
in these tests shows the significance of hydraulic system design and maintenance in managing energy
consumption, as the efficiency of the system may be greatly affected by leakage, pipeline losses, and
mechanical wear. Thus, ensuring energy efficiency involves regular maintenance and monitoring. The most
effective way of reducing energy consumption while ensuring reliability of the processes involved is by
utilizing VFD technology, optimal hydraulic design, and maintenance. In conclusion, the analysis reveals
that methods of energy efficiency can effectively help in reducing operational expenses, enhancing
efficiency of pumps, saving 25-30% of electrical energy, and sustaining sustainable business operations.
Industrial facilities concerned with energy conservation and minimizing their impact on the environment
would benefit considerably from the findings.
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