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Energy Scenario of India 

The availability of oil and gas are estimated for 
just 45 and 65 years respectively considering the 
primary energy reserves world over. The coal is 
likely to last about 200 years. The energy 
consumption pattern between developed and 
developing countries indicates that 80 % of the 
world’s population of the developing countries 
consumes only 40 % of the world total energy 
consumption and the rest is consumed by 
developed nations.  

The energy consumption of India is 3.4% of 
global energy consumption which stands India as 
6th

 

 

 

 

 

 

 

from hydroelectric power plants and 4 % from 
nuclear power plants. In July 2009, India unveiled 
a $19 billion plan to produce 20,000 MW of solar 
power by 2020. Coal dominates the energy mix in 
India, contributing to 55% of the total energy 
production. In India, concerted efforts are 
underway to accomplish energy security through 
effective energy management accompanied by 
improved energy efficiency and use of cleaner 
forms of energy.  

Importance of Energy Management 

Energy conservation is one of the central issues 
facing society today. It is reported that about 95-
105 liters of milk can be processed from a liter of 
furnace oil while 10-12 liters of milk can be 
processed using one kWh electric power. The 
conservation of energy is not only significant for 
improving profitability of the dairy plants but also 
helps in reducing the emission of GHGs in the 
environment responsible for global warming.  

 largest energy consumer. In March 2009, the 
installed power generation capacity of India was 
148,000 MW with the per capita power 
consumption at 620 kWh/annum. Electricity is 
generated 75 % from thermal power plants, 21 %  

 

Motors are used throughout a dairy processing 
plants for numerous operations to drive process 
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equipment (e.g., for mixing, beating butter, cheese 
pressing and cutting, filling, and packaging, 
conveyors, ventilation fans, compressors, and 
pumps). The typical industrial plant can reduce its 
electricity usage by around 5% to 15% by 
improving the efficiency of its motor-driven 
systems.  

Pumps are particularly important pieces of motor-
driven equipment in dairy processing plants. 
Pumps are used extensively to transport water and 
other liquids in various operations like cleaning, 
waste water handling operations, circulation, etc. 
Studies have shown that as much as 20% of the 
energy consumed by pumping systems could be 
saved through changes to pumping systems. Some 
of the most significant energy efficiency measures 
available for motors and pumps in industrial 
applications are described below. 

Energy Efficiency Measures for Motor Systems  

A “systems approach” strives to optimize the 
energy efficiency of entire motor systems such as 
pumps, fans, and compressors, and controls, not 
just the energy efficiency of motors as individual 
components. A system approach involves 
identification, location and application of motor in 
plants; documentation of condition and 
specifications for current system inventory; 
assessment of needs and actual usage of motor 
system; information in potential repairs/up-
gradation of motor system for energy and cost 
effective decision making; finally, upgraded 
motor systems should be monitored to determine 
the actual costs saving. The motor system energy 
efficiency measures reflects important aspects of 
systems approach, including matching motor 
speeds and loads, proper motor sizing, and 
upgrading system components. 

Motor management plan 

A motor management plan is one of the essential 
requirements for conservation of energy. The 
energy management strategy in place can help 
dairy and food plants to realize long-term energy 
savings and will ensure that motor failures are 
handled in a quick and cost effective manner. The 
followings are key elements for a sound motor 
management plan:  

• Creation of a motor survey and tracking 
program.  

• Guidelines for proactive repair/replace 
decisions.  

• Preparation for motor failure by creating a 
spares inventory.  

• Development of a purchasing specification.  
• Development of a repair specification.  
• Preparation and implementation of a predictive 

and preventive maintenance program.  

Strategic motor selection 

Several factors such as motor speed, horsepower, 
enclosure type, temperature rating, efficiency 
level and quality of power supply are important 
for selection of motor. In addition to initial 
purchase and installation costs, it is also decisive 
to consider the life-cycle costs of that motor. It is 
established fact that up to 95% of a motor’s costs 
can be attributed to the energy it consumes over 
its lifetime, while only around 5% of a motor’s 
costs are typically attributed to its purchase, 
installation, and maintenance.  For reducing 
motor system life-cycle costs the selection of 
energy-efficient motors can be an important 
strategy, which reduces energy losses through 
improved design, better materials, tighter 
tolerances, and improved manufacturing 
techniques. 
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It has been estimated that, high efficiency motors 
are also most economically attractive when 
replacing motors with annual operation exceeding 
2,000 hours/year. This gives payback periods of 
less than 15 months for 50 hp motors. Payback 
times will vary based on size, load factor, running 
time, local energy costs, etc.  

Instead of purchasing a new motor, it may be 
cost-effective to rewind an existing energy 
efficient motor. As a rule of thumb, when 
rewinding costs exceed 60% of the purchasing 
costs, it is advisable to purchase the new motor. 
When best rewinding practices are implemented, 
efficiency losses are typically less than 0.5% to 
1%. On the other hand, poor quality rewinds may 
result in larger efficiency losses. It is therefore 
important to adopt best practice for rewinding of 
such motors.  

Maintenance of Motor 

The measures for maintenance of motor can be 
categorized as either preventative or predictive to 
foresee a motor failure. Preventative measures are 
subject to prevent unexpected downtime of 
motors, which includes electrical consideration, 
voltage imbalance minimization, load 
consideration, and motor ventilation, alignment, 
and lubrication. The principle of predictive motor 
maintenance is to observe ongoing motor 
temperature, vibration, and other operating data to 
identify when it becomes necessary to overhaul or 
replace a motor to prevent failure. The savings 
associated with an ongoing motor maintenance 
program are significant, and could range from 2% 
to 30% of total motor system energy use.  

Optimum sized motors 

Inappropriate motor size results in unnecessary 
energy losses. Motor size can also be reduced by 
reducing peak loads on driven equipment. 
Replacement of oversized motors with properly 
sized motor can save considerable amount of 
energy. Optimum size of motor can be determined 
through load on the motor, operating efficiency of 
the motor at that load, the full-load speed of the 
motor. It is advisable to monitor the current drawn 
by the motor under operating conditions and to 
estimate the efficiency of the motor in order to 
take decision for replacement. 

Variable frequency drive 

Variable frequency drive (VFD) regulates the 
speed of motor by varying the frequency of the 
power supply to the motor. In many types of 
equipment such as butter churn, dryer feed pump, 
refrigeration compressor, etc., VFD regulates the 
speed of the motor depending on the to load 
requirements and contributes in energy 
conservation. VFDs can used in a wide range of 
applications; typical energy savings are shown to 
vary between 7% and 60% with payback periods 
ranging from 0.8 to 2.8 years. The application of 
ASDs to ventilation fans in storage units for 
potatoes, electricity savings of 40% were 
reported. 

Power factor correction 

Inductive loads like transformers, electric motors, 
and some lighting system may cause a low power 
factor. Lower power factor results in increased 
power consumption, hence increased electricity 
costs. The power factor can be corrected by 
minimizing idling of electric motors (a motor that 
is turned off consumes no energy), replacing 
motors with premium-efficient motors, and 
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installing capacitors in the AC circuit to reduce 
the magnitude of reactive power in the system.  

Minimization of voltage unbalances 

A voltage unbalance degrades the performance 
and shortens the life of three-phase motors. A 
voltage unbalance causes a current unbalance, 
results in pulsations of torque, increased vibration 
and mechanical stress, increased losses, and 
motor overheating, which can reduce the life of a 
motor’s winding insulation. It may be due to 
faulty operation of power factor correction 
equipment, an unbalanced transformer bank, or an 
open circuit. A rule of thumb is that the voltage 
unbalance at the motor terminals should not 
exceed 1%. Even a 1% unbalance will reduce 
motor efficiency at part load operation, while a 
2.5% unbalance will reduce motor efficiency at 
full load operation. For a 100 hp motor operating 
8,000 hours per year, a correction of the voltage 
unbalance from 2.5% to 1% will result in 
electricity savings of 9,500 kWh. 

Energy Efficiency Measures for Pump Systems  

The basic components in a pump system are 
pumps, drive motors, piping networks, valves, 
and controls, which are the potent areas for 
energy conservation in dairy plants. It is 
significant to take a systems approach when 
assessing pump energy efficiency improvement 
opportunities in a plant. The initial capital cost of 
a pump is very small than its total life cycle 
operating costs. In general, maintenance costs and 
energy costs are most significant fraction of a 
pump’s total life cycle costs. Energy costs can 
account up to 90% of the total cost of purchasing 
cost.  

Pump system maintenance 

Inadequate maintenance can lower pump system 
efficiency, cause pumps to wear out more quickly, 
and increase pumping energy costs. The 
implementation of a pump system maintenance 
program will help to avoid such problems through 
optimized pump operation. It is reported that 2% 
to 7% energy saving can be achieved by effective 
maintenance of pumping system. An effective 
pump system maintenance program will generally 
include the following tasks:  

• Replacement of worn impellers  

• Bearing inspection and repair  

• Lubrication and replacement of bearing, on 
periodic basis  

• Inspection and replacement of packing seals 

• Inspection and replacement of mechanical 
seals  

• Wear ring and impeller replacement  

• Alignment of pump/motor should be checked  

• Inspection of motor condition, including the 
motor winding insulation  

Monitoring of Pump System  

Monitoring  pump system can be done manually 
on a periodic basis (e.g., regular bearing oil 
analyses done to detect bearing wear or using 
infrared scanning to detect excessive pump heat) 
or can be done continuously using sensor 
networks and data analysis software (e.g., using 
accelerometers to detect abnormal system 
vibrations). Monitoring can help in systems 
running efficiently by detecting system blockages, 
impeller damage, inadequate suction, clogged or 
gas-filled pumps or pipes, pump wear, and if 
pump clearances need to be adjusted. In general, a 
good pump monitoring program should include 
the following aspects:  
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• Wear monitoring  

• Vibration analysis  

• Pressure and flow monitoring  

• Current or power monitoring  

• Monitoring of differential head and 
temperature rise across pumps   

• Distribution system inspection for scaling or 
contaminant build-up. 

  

Reduction of Pump demand 

An important component of the systems approach 
is to minimize pump demand by matching pump 
requirements to end use loads. The use of holding 
tanks and the elimination of bypass loops are 
effective strategies for reducing pump demand. 
Holding tanks can be used to equalize pump flows 
over a production cycle, which can lead to 10% to 
20% energy savings through efficient pump 
operation. The elimination of bypass loops and 
other unnecessary flows can also lead to energy 
savings of 10% to 20%. Other effective strategies 
for reducing pump demand include lowering 
process static pressures, minimizing elevation 
rises in the piping system, and lowering spray 
nozzle velocities. It is necessary to reduce major 
and minor head losses.  

High-efficiency pumps 

It has been found that many pumps used in dairy 
plants are 15 - 20 years old. Considering that a 
pump’s efficiency may degrade by 10% to 25% 
over the course of its life, the replacement of 
aging pumps can lead to significant energy 
savings. The installation of newer, higher-
efficiency pumps typically leads to pump system 
energy savings of 2% to 10%.  

Optimum sized pumps 

It has been reported that replacing oversized 
pumps with pumps that are properly sized can 
often reduce the electricity use of a pumping 
system by 15% to 25%. The peak loads and size 
can be reduced by improvements to pump system 
design or operation.  If a pump is oversized, often 
its speed can be reduced with gear or belt drives 
or a slower speed motor. Replacement of system’s 
identical pumps with a smaller model strategy can 
reduce the pump system’s annual electricity use 
by more than 20%.  

Multiple pumps for variable loads 

The application of multiple pumps in parallel can 
be a cost-effective and energy-efficient solution 
for pump systems with variable loads. Parallel 
pumps offer redundancy and increased reliability, 
and can often reduce pump system electricity use 
by 10% to 50% for highly variable loads. Parallel 
pump arrangements often consist of a large pump, 
which operates during periods of peak demand, 
and a small pump which operates under normal, 
more steady-state conditions.  

Avoiding throttling valves 

Throttling valves and bypass loops are indications 
of oversized pumps as well as the inability of the 
pump system design to accommodate load 
variations efficiently, and should always be 
avoided. Pump demand reduction, controls, 
impeller trimming, and multiple pump strategies 
should always be more energy-efficient flow 
management strategies than throttling valves.  

Proper pipe sizing 

Pipes that are too small for the required flow 
velocity can significantly increase the amount of 
energy required for pumping. Where possible, 
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pipe diameters can be increased to reduce 
pumping energy requirements, but the energy 
savings due to increased pipe diameters must be 
balanced with increased costs for piping system 
components. Optimized size pipe diameter 
estimates typical industrial energy savings in the 
5% to 20% range.  

Adjustable-speed drives (ASDs) 

In many processing operations, a variation in fluid 
supply is necessary to carry out the process 
successfully. This can be achieved by using 
variable frequency drive or ASDs. It adjusts the 
pump speed to meet the demand and reduces the 
electrical energy requirement for the pumping. 
The resulting energy and maintenance cost 
savings can often justify the investment costs for 
the ASD. However, ASDs are not practical for all 
pump system applications—for example, pump 
systems that operate at high static head and those 
that operate for extended periods under low-flow 
conditions.  

Conclusion 

Selection of optimum size electric motor and 
pumping system are the basic requirement for the 
conservation of energy in dairy plants. 
Implementation of energy management strategy 
plays a vital role to achieve the optimum result. It 
is important to monitor the performance of 
electric motors and pumping systems for 
implementing preventive maintenance and 
decision making policy. Implementation of timely 
updated energy efficient novel technologies and 
equipments can help to improve the magnitude of 
energy conservation in dairy industry.  

 


