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ABSTRACT 

An energy audit is a study of a plant to determine how energy is used in abundance and to identify energy losses and 

to implement the methods for energy saving techniques. This paper gives the existing study of the Tiruchirappalli municipal 

water project. This paper gives the concept of variation in voltage, pressure, current, depth of water level, operating condition 

of pump and motor. This paper gives the detailed existing study of water pumping station to find out losses and minimize it. 

The detailed study gives the comparison of motor and pump performance between test conditions and condition given in 

specification.  Due to the deficit energy loss in water pumping station, we have suggested a reasonable solution in which water 

is pumped from collector well I&II to common sump at an average rate of 50 MLD. When these pumps uses throttling the 

efficiency obtained is very poor i.e. 68.29% and the annual power consumption at testing conditions obtained is 

2747448.44kWh with its corresponding annual operating costs is 12500890.4 crores.   With this condition it is suggested that 

without the use of throttling, the loss of energy is minimized and with proper maintenance, operating conditions it is obtained 

that pump gets improved efficiency and life.  This technology can be implemented in any of the water pumping station in India 

with satisfactorily.  

Keywords: Energy Losses, Operating condition, Throttling, Motor and Pump, Energy Efficient Technology. 

1. INTRODUCTION 

 Water is a precious natural resource and management of water is a challenging task in several developing countries. 

Increase in population is causing an ever increasing demand on water pumping systems. Water resources is in severe 

downward crisis so effective use of water supply is to be monitored. The water supplied from the pumping stations will not 

meet the demand due to several reasons like pump with throttling, leakage, poor operating condition and maintenance of the 

pumping system. In Tiruchirappalli city water distribution system it consists of pumps, valves, bends, tanks, pipes, reservoirs 

etc. It is a challenging task for the trichy municipal board to operate the system efficiently to deliver drinking water to the 

society at the necessary time. Every Indian city have intermittent water supply and demand is not met by supply and there is 

considerable amount of gap between demand and supply. To overcome this gap people go for alternate source such as 

groundwater, rainwater harvesting, waste water treatment etc. 

2. ENERGY AUDIT 

 Energy Audit is the key to a systematic approach for decision-making in the area of energy management. It attempts 

to balance the total energy inputs with its use, and serves to identify all the energy streams in a facility. It quantifies energy 

usage according to its discrete functions. Industrial energy audit is an effective tool in defining and pursuing comprehensive 

energy management programmers.     

 As per the Energy Conservation Act, 2001, Energy Audit is defined as "the verification, monitoring and analysis of 

use of energy including submission of technical report containing recommendations for improving energy efficiency with cost 

benefit analysis and an action plan to reduce energy consumption". Energy saving measures can play a significant role for 

lowering energy consumption and energy costs, as well as for environmental protection. Energy consumption is responsible for 

CO2 emissions to the atmosphere that contributes to the “greenhouse effect”. Municipalities and water pumping stations 

everywhere are large consumers of energy, which they use in many different ways. They have a high potential for energy 

savings, estimated to range from 10% up to 44%. Around 10% primary energy savings are often achievable within a single 

year. 

India, officially the Republic of India, is a country in South Asia. It is the seventh-largest country by area, the second-

most populous country with over 1.2 billion people, and the most populous democracy in the world According to a World 

Health Organisation. Water pumping stations everywhere are large consumers of energy, which they use in many different 

ways. They have a high potential for energy savings, estimated to range from 10% up to 38%. Around 10% primary energy 

savings are often achievable within a single year. Sample studies in pumping station sector have shown number of cost 

effective energy conservation opportunities, Good energy management structure can bring in not only an energy efficient 

culture within the municipal water pumping stations but also provide substantial reduction in energy expenses without 

compromising on the quality of water care facilities to the consumers. This Energy Audit has been prepared to address these 

issues, and is expected to raise the level of awareness on energy efficiency among the corporation administrators and managers 

and inspire them to initiate and implement energy conservation program in their facilities. 

3. SITE STUDY AREA 

Tiruchirappalli is the 2nd largest city in Tamil Nadu in terms of land area and ranks 4th in the population. Existing 

water connections account for only 50% of the assessed properties. 35% population has access through Purified fresh water 

supply. Nearly 30% of the roads are yet to have a distribution system in place which would also require additional storage. 

With a capacity to extract 155 MLD, Tiruchirappalli appears adequately placed in terms of supply demand. As of March 2005, 
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Tiruchirappalli had nearly 67,185 household connections (54,450 metered and 12,735 unmetered), 1346 commercial 

connections, 34 industrial connections and 2760 public fountains. Daily supply in covered areas correspond to about 100-110 

LPCD. 

Individual service connections cover only about 50% of the total population through organized water supply system. 

Large parts of the city are uncovered by distribution networks. The distribution main extends only to about 600 km of the 940 

km of roads within TCCs, indicating coverage of distribution network of about 64%. Public fountains cover about 35% of the 

population, while bore wells with hand pump cover another 5% of the population. Nearly 10% of the population are either 

having their own sources or uncovered by the existing water supply distribution system.  

  The per capita distribution of drinking water by the corporation is 135 liters and an average of 85 million liters daily 

from the five water pumping stations. The safe drinking, mixing chlorination, 89 metric ton bleaching powder at the cost of 

11.80lakhs, provides water. Various modern instruments are used in this water pumping houses are electric converters, electric 

motor pump sets, deep pump set wells having 250 mm diameters, wells having 5 meters diameters and mechanical instruments 

(doubt). The expenses incurred for this purpose is 23.90lakhs and is distributed to the general public in a continuous and 

hygienic process. 

4. PROJECT SCOPE 

Water pumping stations are complex, often sophisticated types of buildings, and therefore all engineering systems 

require special consideration because fresh water is a basic necessity for the human kind and these services need to be provided 

24 hours a day, seven days a week, throughout the year. Each Water pumping station is different in terms of its size, the 

services it provides, and the specialized functions it performs. They usually consist of large buildings, and careful control of 

their internal operating condition is necessary. They also require standby diesel generators to ensure a continuous supply of 

power in emergencies. The typical water pumping station building is designed for long-term use and, in practice, is often used 

for longer periods than its builders ever intended. The actual lifetime is frequently over 80 years. During this period the 

building will be retrofitted and renovated many times. Reasons for this include the shorter life of technical equipment, the 

development of new types of equipment, new regulations, new energy-saving technologies and the ageing of the building 

itself. The intensive and extensive energy consumption of municipal water pumping stations can be continuously optimized by 

implementing an energy management program. 

The objective of the project is: 

 To do Pre Audit for site selection and primary data collection. 

 To do Detailed Audit for identifying the causes.   

 To find out Energy losses without affecting services and quality. 

 To find out Energy efficient technologies for minimizing losses and transform that station into Energy conserved 

water pumping station. 

5.  A SYSTEMATIC APPROACH 

 It is observed that to estimate the scope of energy saving in the water pumping station. Set for the reference point to 

collect data parameter. Monitor the data throughout the hour, day and month with skilled labour. Take preliminary data 

collection in terms of parameters by using measuring instruments for energy audit process. Estimate the total running hours of 

motor, total quantity of water pumped in litres/hour, total quantity of water pumped in LPM, Amps reading by using ammeter, 

Voltage reading by using voltmeter, Depth of water level in both the collector wells, Pressure reading by using Pressure gauge, 

Flow of water reading by using digital flow meter. There are several reasons for reviewing the system elements in reverse 

sequence. First, the greatest efficiency improvement opportunities are found in situations where the fluid system is doing more 

work (e.g., delivering a higher flow rate or head) than is needed to support the ultimate purpose of the system. Another 

important reason is that energy savings identified at the end of the energy transfer path are multiplied at the power line (the 

distribution point) because of the inefficiencies in the intermediate elements (e.g., pump, motor). There are methods for 

estimating efficiencies for the individual components (such as the pump) in the field; the systems approach, however, 

encourages looking at overall efficiency or effectiveness. Couplings are important from a reliability standpoint but are 

inconsequential from an energy efficiency perspective. Because pumping systems consist of many of these interrelated 

components, understanding how the entire system operates and its purpose is important in optimizing overall system 

performance. A favourable adjustment to one component may result in another component in the system operating less 

efficiently, with a net loss in system efficiency and higher energy consumption. Thus, any effort toward reducing energy 

consumption should take into consideration the unique interrelationships of the system Components. 

6. ENERGY LOSSES OBTAINED BY COMPARISON 

 From the Priliminary audit, Detailed audit it is observed that the sequence of data is collected as a reference point to 

determine Energy losses, Which is compared through graph between observed practical reading and datas given by 

manufacturers. 

 It is observed that in Fig.1 there is a variation in Liters per minute in common sump of two motors, in Fig.2 there is 

enormous variation in incoming current of both the motors, in Fig.3 there is a variation in Liters per minute in collector well I of 
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two motors, in Fig.4 there is a very large amount of current variation in both the motors, in Fig.5 there is a variation in Liters per 

minute in collector well II, in Fig.6 there is a variation in amount of current in both the motors, in Fig.7 there is a frequent 

variation in voltage in both the motors at Common sump, Collector well I, Collector well II. Hence it is estimated from the 

above graph that there occurs loss in Energy in terms of current and Quantity of water pumped. 

 
 

Fig.1.LPM variation in common sump. Fig.2.Amps variation in common sump 

 

 
 

Fig.3.LPM variation in collector well I Fig.4. Amps variation in collector well I 

 

  

Fig.5.LPM variation in collector well II Fig.6.Amps variation in collector well II 

 

 
Fig.7.Voltage variation in collector well I,II,common sump. 

 

7. FORMULAE OBSERVED TO MINIMIZE LOSSES  

1) Frictional Head is obtained from Hazen William Equations in the conventional form i.e. 

 Hf  = (L)10.5(Q/C) 
1.85

(D) 
4.87                                       

                    (1) 

Hf  = Head loss due to friction (m). 

L = Length of the suction pipe (m). 

Q = Rate of discharge of water (m³/sec). 

D = Diameter of the pipe (m). 

C = Hazen William Frictional Coefficient. 

2) From the continuity equation we can find rate of discharge i.e. 

 Q = V× A.                                                                          (2) 

V = Velocity of fluid (m/sec). 

A = Area of the pipe (m²). 
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3) Minor losses due to bends and pipe fittings can be calculated by;  

 Hm = Ʃ k × (V²/2g).                                                           (3) 

 Hm  = Minor head loss (m). 

 k = coefficient k value. 

 g = centre of gravity. 

4) Hydraulic Power can be calculated by; 

 HP = Q × Total Head × ρ × g.                                           (4) 

 Total Head = Hd – Hs (m). 

 ρ = Density of water (kg/m³). 

5) Power of motor can be observed by; 

 P = √3 × V × I × cos ɸ.                                                     (5) 

 I = current (amps). 

6) Efficiency of the pump can be observed by; 

   Ƞ = (Output Power / Input Power) × 100.                        (6) 

7) Total energy consumed   = Power required to drive the motor × No of motors.                                    

8) Annual power consumed  = Total energy consumed × Total no of running hours × 365 days. 

9) Annual cost of power   = Annual power consumed × Power cost (Rs/kWh). 

8. MEASURED ENERGY CONSUMPTION ON PRESENT WATER PUMPING STATION 

  Out of the total 2 pumps studied most of the pump having efficiency 68.29% with throttling, whereas pump having 

efficiency without throttling also been found 78.40%. The poor efficiency of pump due to throttling, poor maintenance, 

improper selection of pump, extremely lower water depth with operating condition 3.35 m suction head, and high supply voltage 

is 0.415 KV loading to lower out-put 233.58 KW and power consumption with throttling is to higher 2747448.44kWh/Annual. 

In the existing pumping system, we have measured power consumption of present operating condition whereas these existing 

pumps have used throttling. In this condition pump efficiency to archive very poor 68.29% because these existing pumps have 

not operated best efficiency point and discharged of each pump with throttling 2241 m3/hr and to meet 49 MLD per day 

requirement from collector well I and collector well II  to common sump. So these existing pumps are operated 22 hr/day to 

meet 49MLD and in this condition these existing pumps are drawn more power and effected billing side by taking all the fixed 

and variable cost per unit cost for the pumping station is 4.55(Rs/ kWh). Annual power consumption is obtained as 

2747448.44kWh and whereas cost required running the pumping station is 12500890.4 crores. 

9. SUGGESTION 

  During investigation it is observed that if these existing pumps are operated without throttling can achieve efficiency 

higher and pump will operate at best efficiency and energy point without the affected head and discharge. In the new operating 

condition it has been observed that single existing pump operates without throttling, then pump efficiency will increases with 

same discharge, head, and transfer to 49 MLD water from collector well I and collector well II to common sump. Pumps operate 

without throttling will provide huge amount of energy saving without the affect head and discharge. 

  During investigation it is observed that if these existing motors are operated at low voltage, low current which intern 

affects the motor life. So, To neglect the damage caused it is recommended to operate with frequent lubrication and 

maintenance. During investigation it is observed that if these existing pumps are operated with the formation of Scaling at the 

inner layer of the suction pipe without periodic maintenance leads to poor efficiency of pump. This scaling formation can be 

minimized by Aqua freed method (Acid cleaning).The scaling formation can also be eliminated by de-silting chamber.  

10. CONCLUSIONS 

  It was concluded that because of throttling the efficiency of the pump at the new operational point will always be lower 

than at the optimal operational point. This means that the internal losses of the pump increases at the cost of extra energy loss, 

when throttling the control valve, extra frictional losses are deliberately generated within the system and extra friction loss also 

means extra loss of energy. When these existing pumps were throttled, the pump efficiency found to be very poor i.e. 68.29% 

and the annual power consumption of these pump under test amounts to over 2747448.44 kWh with a corresponding annual 

operating cost of 12500890.4crores. On observing the above figures it is recommended that new energy efficient technologies 

are required to improve the efficiency of the operating pumps which involves least investments. 
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Detailed information and case studies on energy audits, www.energymanagertraining.com. 
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