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SYSTEMS APPROACH
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▪ ELECTRICITY IS USED IN INDUSTRY,

COMMERCE, RESIDENCE TO PROVIDE A

SERVICE LIKE LIGHTING, HEATING, MOTIVE

POWER FOR PUMPS, FANS, COMPRESSORS,

PRODUCTION MACHINES, REACTORS

▪ FOR LARGE SAVINGS, TOTAL SYSTEM FROM

INPUT ELECTRICITY TO OUTPUT ENDUSE LIKE

WATER, AIR, LIGHT TO BE STUDIED
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WATER PUMPING

          100%

Motor Input

Motor Eff.
90%

Pump Eff.
85%

Head loss in
valves 20%

Losses due to
Leakage,extra
f low  20%

Losses due to
extra water
use 20%

10%
Motor
Losses

13.5 %
Pump
Losses

15.3%
Throttling
 Losses

12.2 %
Wasted
Energy

Useful energy
         40%

          100%

Motor Eff.
85%

PumpEff.
70%

Head loss in
valves 50%

Losses due to
Leakage,extra
flow  50%

Losses due to
extra water
use 50%

Useful energy
         7.4%

Motor Input

15%            *Over sized  motors
  Motor      *Low efficiency Designs
Losses

25.5 %
Pump          *Oversized/Undersized  pump
Losses        *Low efficiency Designs

29.75%
Throttling   * Large factor of safety leads
 Losses       to selection of high head
                   pumps

14.8 %       *No f low measurement
Wasted      * poor  maintenance
Energy

                 * No flow measurement
                   *Cheap water

Causes for low efficiency

85% pump input90% pump input

76.5% pump output 59.5% pump output

   61.2 % output
29.75%   pump output

     49 %  output       14.8% output

WELL DESIGNED PUMPING SYSTEM PRACTICALLY OBSERVED PUMPING SYSTEM

SYSTEMS APPROACH TO WATER PUMPING
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WELL DESIGNED PUMPING SYSTEM PRACTICALLY OBSERVED PUMPING SYSTEM

CAUSES FOR LOW EFFICIENCY

WATER PUMPING

pump



WATER PUMPING
SYSTEMS APPROACH TO WATER PUMPING 

6

WELL DESIGNED PUMPING SYSTEM

PRACTICALLY OBSERVED PUMPING SYSTEM

WELL DESIGNED PUMPING SYSTEM PRACTICALLY OBSERVED PUMPING SYSTEM

CAUSES FOR LOW EFFICIENCY



SAVING ELECTRICITY IN PUMPING

• MINIMISE USE OF WATER

• REDUCE PIPE FRICTION LOSS

• AVOID FRICTION LOSS IN THROTTLING

• EFFICIENT PUMP – PROPER SIZE

• EFFICIENT MOTOR – PROPER SIZE

• VARIABLE SPEED DRIVES
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COMPRESSED AIR

Motor Input =
100%

Compressor
Input = 90%

Useful energy in
compressed air

available as pressure in
receiver = 18%

Useful energy available
at the end use = 12.6%

Mechanical Output
available at the

pneumatic tool shaft =
4%

Motor Losses
10%

*Mechanical Losses
*Conversion losses removed by
cooling water
 80%

Pressure Drop = 10%

Air Leakage = 20%

Pneumatic tool efficiency = 30%
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SYSTEM APPROACH  - COMPRESSED AIR

• REDUCE COMPRESSED AIR USE

• REDUCE PRESSURE

• REDUCE LEAKAGE

• EFFICIENT COMPRESSOR

• EFFICIENT BELT/GEAR

• EFFICIENT MOTOR

• Pneumatic Transport replaced by Mechanical 
Transport - Cement, Paper ,Dairy Industry

• Pneumatic Tools replaced by Electric Tools

• Saving 60 – 80%
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Systems Approach to Refrigeration and 

Air conditioning

• Reduce need for Refrigeration, Air Conditioning

• Increase Temperature Setting

• Reduce Heat Ingress

• Larger Heat Exchangers

• Energy Storage

• Use of Absorption Chillers (Using Heat For 

Refrigeration)

• Efficient Motor, Compressor and Drive 

Transmission 10



SYSTEM APPROACH  - LIGHTING

• EFFICIENT LIGHT SOURCE- CFL, LED, SODIUM 

VAPOUR,METAL HALIDE

• USE OF DAY LIGHT – GLASS/PLASTIC SHEETS

• TASK LIGHTING – PROVIDE LIGHT WHERE AND 

WHEN REQUIRED

• LIGHTING CONTROL-

SWITCHES,DIMMERS,OCCUPANCY SENSORS
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INTER FUEL SUBSTITUTION

COST HEAT VALUE COST FOR 

1000KCAL

COAL Rs.2000/TON 4000KCAL/KG. 0.50 Rs.

OIL Rs.40/KG 10000KCAL/KG 4.00 Rs.

GAS Rs.30/M3 9000KCAL/M3 3.33 RS.

ELECTRI

CITY

Rs.6/KWH 860KCAL/KWH 6.97Rs.

ELECTRICITY IS MOST EXPENSIVE FOR HEATING



MOTORS
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ELECTRICITY USE BY APPLICATION

• ELECTRIC MOTORS – 75%

• ELECTRIC LIGHTING – 15%

• HEATING ,ELECTROLYSIS – 10%

• INDUCTION MOTORS ACCOUNT FOR 90% OR MORE

• D.C.MOTORS, SYNCHRONOUS MOTORS 10% OR LESS
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Motor life is in range of 10 to 20 years. In fact

motors are repeatedly rewound and continue to

run for 30 – 40 years before they are scrapped.

Even now in 2019 when electricity prices for

Industry/Commerce range between Rs. 7 to Rs. 9

per KWH. Motors continue to be purchased on

basis of initial or first cost. Initial or First Cost is

negligible compared to total cost of running the

Motor.

Importance of Running Cost



Table 1 shows the running cost for 11 KW 4 Pole Motor of different

efficiency classes IE1, IE2, IE3,IE4

IE1 IE2 IE3 IE4 

Efficiency 87.6 89.8 91.4 93.3 

Output (Kw) 11 11 11 11

Input (Kw) = 

Output ÷ Efficiency

12.557 12.249 12.035 11.789

Running Hour/Yr 7000 7000 7000 7000

KWH/YR 87899 85743 84245 82523

Running Cost/Yr (Rs.)- 7RS./KWH  615293 600201 589715 577661

Saving/Yr  (Rs.) 15092 25578 37632

Running Cost/10 Yr (Rs.) 6152930 6002010 5897150 5776610

Initial Cost (RS.) 90,000 100,000 115,000 140,000

Initial Cost       % Of Running Cost 1.46% 1.66% 1.95% 2.42%

Extra  First Cost Compared IE1 (Rs.) 10,000 25,000 50,000

Time To Recover Extra Cost 8 Months 1 Yr 16 Months



•Initial cost of purchasing a Motor is negligible,

(1% to 2 %) compared to running cost of motor

for 10 years.

•Importance should be given to Running Cost

which depends on efficiency of Motor rather

than Initial Cost.

•It can be seen from above table that extra cost

for purchasing High Efficiency Motor is

recovered in about one year.

Following points can be noted from Table 1.



ENERGY SAVING OPPORTUNITIES

• STOPPING IDLE AND REDUNDANT RUNNING OF MOTORS

• REPLACING OVERSIZED MOTORS

• EFFICIENT DRIVE TRNSMISSION

• HIGH EFFICIENCY MOTORS

• IMPROVEMENT IN PUMP,FAN,COMPRESSED AIR SYSTEM
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IDLE RUNNING OF MOTORS
• IDLE AND REDUNDANT RUNNING OF COMPRESSORS,

CONVEYORS, COOLING TOWERS FANS,MACHINES , TO BE

STOPPED.

• PUMPING SYSTEMS, AIR CONDITIONING SYSTEMS ETC. ARE

DESIGNED FOR WORST AMBIENT CONDITIONS AND

MAXIMUM THROUGHPUT

• AIRFLOW,WATER FLOW CAN BE REDUCED IN WINTER ,LOW

PRODUCTION PERIOD

• FOR SYSTEM WITH LARGE NUMBER OF PUMPS,FANS,

COMPRESSORS. SOME CAN BE SWITCHED OFF WITHOUT

AFFECTING SAFETY,QUALITY
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OVERSIZED MOTORS

• VERY COMMON PROBLEM DUE TO LARGE FACTORS 
OF SAFETY USED BY OEMS, CONSULTANTS

• LEADS TO 

HIGH INVESTMENT COST

HIGH RUNNING COST   

HIGH MAXIMUM DEMAND

HIGH SWITCHGEAR, COST

HIGH INSTALLATION COST AND SPACE

HIGH RUNNING COST   

HIGH REPLACEMENT/REWINDING COST            
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MOTOR PERFORMANCE CHARACTRISTICS
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DRIVE TRANSMISSION

• DIRECT DRIVE ALWAYS PREFERRED

• FLAT SYNTHETIC BELTS IN PLACE OF V BELTS 

• SAVINGS 2% TO 8%

• EFFICIENT HELICAL,PLANETARY GEARS IN PLACE 

OF OLD WORM GEARS

• SAVINGS 10% TO 25%
23



HIGH EFFICIENCY MOTORS

• CORE LOSS REDUCED BY LOW LOSS COLD
ROLLED STEEL

• FRICTION & WINDAGE LOSS REDUCED BY
BETTER FAN AND BEARING DESIGN

• STATOR COPPER LOSS REDUCED BY LARGER
COPPER AREA

• ROTOR COPPER LOSS REDUCED BY LARGER
ALUMINIUM SECTION ALSO BY COPPER IN
PLACE OF ALUMINIUM

• STRAY LOSS REDUCED BY BETTER DESIGN AND
MANUFACTURING
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Development of Motor Efficiency Standards

• Motor Efficiency has gained importance after 

the energy crisis of 1973. Concern of global 

warming and climate change has further 

pushed the importance of Energy Efficiency 

and Motor Efficiency. Minimum Motor 

Efficiency standards are now mandated 

around the world, USA, Europe, Japan, China 

and now in India also.



• IEC 600340-30-1-2014 (*Ref.) is the current 

International Standard for Motor Efficiency. It defines 

four classes of efficiency IE1, IE2, IE3, IE4. It also 

mentions IE5 but values are not defined. Standard 

only mentions IE1 IE2 IE3 IE4 but in common 

technical language following nomenclature is used 

• IE1 Standard Efficiency

• IE2 High Efficiency

• IE3 Premium Efficiency

• IE4 Super Premium Efficiency

---------------------------------------------------------------------
*Ref.:  IEC 60034-30-1: 2014Rotating electrical machines – Part 

30-1: Efficiency classes of line operated AC motors (IE code).



• Previous IEC as well as Indian

Standards use to cover only

Induction Motor. Now IEC as well

new Indian Standard include all line

start Motors and not only Induction

Motor.



• Important part of the motor efficiency

development has been how to test motor

efficiency. US Standard IEEE 112 used to

determine efficiency by load test. European and

Japanese standard and also Indian standard

used to prefer summation of losses with value

of stray load losses at 0.5%. IEEE insisted on

measurement of stray losses or take as a value

which is much more than 0.5%. This caused

different efficiency values of Motor by different

standard.



• Now all IEC and American Standard are

harmonized and uses the same test

procedure. Stray loss measurement is very

difficult and few test laboratories or

manufacturers have facility to do it. Following

are stray load loss allowances for new

standard. (*Ref.) gives details of relevant

standard

*Ref.

• IS 15999.2011 (Part 2/Sec 1) Standard Methods for 

Determining Losses and Efficiency from Tests

• IEC 60034-2-1: 2007  Test standard  for rotating Machine IE



IEC 60034-2-1 IEEE-112

1KW - 2.5% 1.8% -100KW

10KW -2% 1.5% -375KW

100KW -1.5% 1.2% -2000KW

1000KW-1% 0.90% - OTHERS

10000KW-0.5%

Table 2



Bureau of Indian Standard has IS 12615

for high efficiency motors since nearly 30 years 1989.

It was revised in 2004 as well as 2011. Now IS 12615 -

2018 has been revised which is in line IEC Standard

60034-30-1-2014(*Ref.). New Indian Standard has

similar efficiency values of IE1 IE2 IE3 IE4 as per

International standard. It covers like IEC all line

operated Motors and not only Induction Motors.

Some differences are as follow.

----------------------------------------------------------------------
*Ref.
IS 15999.2011 (Part 2/Sec 1) Standard Methods for Determining Losses

and Efficiency from Tests

Revised Indian Standard IS12615-2018 (*Ref.).



IEC Standard covers 50 HZ and 60 HZ Motors. Indian Standard

covers only 50 HZ. Indian Standard does not include IE1 now.

Indian Standard specifies following additional performance

values.(*Ref.)

❖ Starting Current

❖ Starting Torque

❖ Breakdown Torque

❖ Rated Speed

❖ Rated Current

• Efficiency to be determined by IS-15999-2011 which is in line 

with revised IEC Standard 60034 -2-1-2007

………………………………………………………………………………………………
*Ref.  IS 12615: 2018 Line operated three phase AC Motors (IE 

Code). Efficiency classes and performance specification 

(Third Revision).



Performance Values for some 4 Pole Motors are given in Table. 3 and Table 4

Table 3 : IS 12615: 2018-PERFORMANCE VALUES FOR 4 POL

Sr. No. Rated Out put Frame Size Nominal  Efficiency 

KW IE2 IE3 IE4 

1 0.55 80 77.1 80.8 83.9 

2 1.1 90S 81.4 84.1 87.2 

3 2.2 100L 84.3 86.7 89.5 

4 3.7 112M 86.3 88.,4 90.9 

5 5.5 132S 87.7 89.6 91.9 

6 7.5 132M 88.7 90.4 92.6 

7 11.0 160M 89.8 91.4 93.3 

8 15.0 160L 90.6 92.1 93.9 

9 22.0 180L 91.6 93.0 94.5 

10 37.0 225S 92.7 93.9 95.2 

11 55.0 250M 93.5 94.6 95.7 

12 90.0 280M 94.2 95.2 96.1 

13 160 315L 94.9 95.8 96.6 



Rated Output 

KW 

Full Load Speed 

rev/min 

Full Load 

Current

Max

A 

Locked Torque 

in Terms of Full 

load Torque

% 

Locked Rotor Current in 

Terms of Full Load Current 

IE2

% 

IE3 

% 

IE4 

% 

0.55 1 340 1.7 170 600 650 700 

1.1 1 370 2.9 170 600 650 700 

2.2 1 390 5.1 170 700 750 830 

3.7 1 410 8.1 160 700 750 830 

5.5 1420 12.0 160 700 750 830 

7.5 1430 15.4 160 700 750 830 

11.0 1440 22.0 160 700 750 830 

15.0 1440 30.0 160 700 750 830 

22.0 1440 43.0 160 700 750 830 

37.0 1450 63.0 160 700 750 830 

55.0 1460 101.0 160 700 750 830 

90.0 1470 164.0 160 700 770 890 

160 1480 288.0 160 700 770 890 

Table 4

IS 12615: 2018-PERFORMANCE VALUES FOR 4 POLE



High Efficiency Motor Technology

Induction Motor Losses are as follows

(a) Stator Copper Losses

(b) Rotor Copper Losses

(c) Iron Losses

(d) Friction and windage Losses

(e) Stray Losses



•Stator Copper losses are reduced by increasing Stator Copper

area, increasing slot fill factor as well as reducing overhang

length by machine winding.

•Rotor Copper Losses are reduced by increasing aluminum

area in rotor slots and endrings. Copper cast rotors are also

being used.

•Iron losses are reduced by better quality of stamping as well

as use of thinner lamination

•Friction Losses are reduced by improved bearing and fan

design. Advantage is also taken of fact that lower cooling is

required in view of lower losses of high efficiency motors

•Stray Losses are controlled by air gap, rotor stator slot

combination and better manufacturing.



Permanent Magnet Synchronous Motors (PMSM)

PMSM Motors are now widely used in industries and

especially in electric vehicles. They are able to achieve

higher efficiency than conventional induction motors.

Since line start Motors are only specified,

Permanent-Magnet Synchronous Motors are other practical

option. Brushless DC motors and Synchronous Reluctance

motors require a static converter to start and run.

PMSM motors are similar to normal induction

motors except rotor has Permanent magnets.



Fig. 2: Stator and Rotor stampings of PMSM Motor

Stator Stamping Rotor Stamping



Motor starts like a Induction Motor but

due to permanent magnets runs at

synchronous speed. Efficiency is improved

as stator current is less because of higher

power factor. Rotor losses are nearly zero.

Iron Losses, Friction, windage, stray losses

are like normal motor



Particulars PMSM  Motor Standard Motor 

Applicable Standard IS 12615-2018 (IE3) IS 12615-2018 (IE2) 

Rating 5.5 KW 5.5 KW 

Rated Speed 1500 RPM 1420  RPM 

Stating Torque 200 % 160  % ( Min) 

Nominal Efficiency 90.0  % 87.7  % 

Power factor 1 0.80  

Rated Current 11.6   A 12.0 A (Max) 

Table 5 gives comparison of Standard and Permanent Magnet 

Synchronous Motors

Table 5: Performance Comparison



Particulars PM Sub. Motor Standard Sub. Motor 

Applicable 

Standard 

- IS 9283-2013 

Rating 5.5 KW 5.5 KW 

Rated Speed 3000 RPM 2810 RPM 

Starting Torque 180 % 125 % (Min) 

Efficiency (%) 83.5 % 77.0 % 

Rated Current 10.5 A 14.5 A 

Table 6 gives data about PMSM for Submersible Pump 

showing significant improvement in efficiency.

Table 6: Performance Comparison



MARKET SHARE INDIA

•IE4  less than 5%

•IE3 15%  to 20%

•IE2  40% to 50%

•IE1 or less 25% or more 



9. Other characteristics of High Efficiency Motors

(a) Lower Temperature Rise & Longer Life

Lower temperature rise lead to longer life for high efficiency

motors     

Figure 3 : (*Ref.) shows temperature rise for IE1 IE2 IE3 IE4 

motors

(*Ref.)

Reliability and operation of high efficiency Induction Motors, Fernando J. T. E.

Ferreira and others, IEEE Transactions on industry applications 52 (6), Nov-Dec 2016,

p 4628-4637



b)  Lower Slip and higher Speed.  

For Motor Loads like Pump, Fans, Output power

varies as cube of speed N3. Input power also may

increase significantly. In such applications use of High

Efficiency Motors require careful application study.

c)  High Starting Current

High efficiency motors also take significantly higher

starting current (up to 900%). Motor protection

especially for large inertia loads, conveyers, blowers

require careful study.



Case Study of Energy Efficient Motors 
Curtsy Mr. Bharat Shah, 

NEOPHASE   MOTORS, Vadodara -390010

Industry – Cotton Ginning

• Rating – 5.7 KW 4 Pole for Ginning Machine

❖ Standard Motor  – Output  - 3200 Watts

• Efficiency – 85%                   Input – 3765 Watts

❖ High Efficiency Motor - Output 3200 Watts

• Efficiency – 89%                Input – 3586 Watts

• Saving - 169 Watts  8000 hrs.

• 1352 KWH Tariff Rs. 7.5/KWH   = 10140 Rs.

• Standard Motor Price – Rs. 12000

• High Efficiency Motor Price – Rs.15000

• Price difference of Rs. 3000 is recovered  by   = 0.295 yrs = 3.5 Months            

• Additional Saving in Cable losses  see Diagram 





Standard Motor Cable Loss 56 Motors – 5660 Watts

High Efficiency Motor Cable Loss    – 4152 Watts

Saving – 1508 Watts

• Standard Motor 7A X 56 Motors

Main Cable Loss of 500 m – 18879 Watts

• High Efficiency Motor 6A X 56 Motors

Main Cable of 500 m – 13870 Watts

Saving - 5009 Watts

Total Saving – 6517    Watts = 6.51 KW

For 8000 Hrs/Yr Saving = 52080 KWH = Rs. 390600

•Extra Price for 56 Motors

56 x Rs. 3000 = Rs. 168,000

Energy Saving 56 Motors  = 56 x10,140 Rs. = 567840 Rs.

Cable Loss Saving  =390600 Rs  
Total  958440 Rs

Pay Back Period  = 0.17Yrs = 2.1 months 



A Pump Driven  by – 40 HP Motor was replaced with  -

30 HP New Motor same pressure ,flow 

Measured Power Saving – 1.15 KW 

2.    CHEMICAL PLANT, March 2019



Rewinding(*Ref)

• Rewinding leads to significant loss of efficiency 

as can be seen by following  case study 

• Ten new 15KW motors were independently 

tested and purposely damaged and sent to 

nine different repair companies

• Efficiency loss varied from 0.3 to 3.4%

• Results of tests carried out on 15 kW motors 

rewound at nine different repair companies is 

given in Table No. 7

(*Ref) Information received from ABB Maneja, 

Vadodara 390013



Motor Efficiency Change %

1 -3.4

2 - 0.9

3 -0.6

4 -0.3

5 -1.0

6 -0.7

7 -0.4

8 -0.9

9 -1.5

Average -1.1

Table No. 7



• Every Failure even if repaired, generally reduces

the overall reliability of Motor

• Core losses are higher because of high 

temperature & lamination damage.

• Higher copper losses for low copper fill.

• Higher frictional losses for universal fans



Table No. 8 showing payback in months.  IE3 in place of IE2

Payback period and Calculation (*Ref.) 

* Ref. Information received from ABB Maneja, Vadodara 390013



PUMPS, FANS, 

VARIABLE SPEED 

DRIVES
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PUMP CHARACTRISTIC
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PUMP CHARACTERISTIC

• AS FLOW INCREASES, HEAD DECREASES

• PUMP EFFICIENCY INCREASES WITH FLOW, REACHES A 

MAXIMUM AND DROPS AGAIN

• DROP IN PUMP EFFICIENCY WITH FLOW FROM MAXIMIUM 

EFFICIENCY IS SIGNIFICANT COMPARED TO MOTOR. AT 50% 

FLOW PUMP EFFICIENCY DROPS BY 20% AT 50% LOAD 

MOTOR EFFICIENCY HARDLY CHANGES

• AT ZERO LOAD (NO FLOW,SHUT OFF) PUMP TAKES 

SIGNIFICANT POWER(30% TO 40%)

• MOTOR  NO  LOAD POWER IS 5% OF FULL LOAD

• ACTUAL FLOW IN A PUMPING SYSTEM WILL BE DETERMINED 

BY SYSTEM CHARACTERISTIC
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MOTOR

PUMP

LOAD, % Shaft power for Motors

Flow for Pumps
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COMPARISION OF MOTOR AND PUMP



PUMP – SYSTEM INTERACTION

57

SYSTEM HEAD=STATIC HEAD+FRICTION HEAD WHICH VARIES AS 

FLOW 2



ENERGY SAVING OPPORTUNITIES IN PUMP

• HIGH EFFICIENCY PUMPS AND FANS

• AVOID THROTTLING /DAMPLER LOSS

• MATCH PUMP/FAN TO SYSTEM BY

1. IMPELLER  TRIMMING

2. CHANGING IMPELLER

3. PROPER SIZE PUMP

4. VARIBLE SPEED DRIVES
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HIGH EFFICIENCY PUMPS AND FANS

• IMPROVED DESIGN AVAILABLE AT SMALL EXTRA 
COST

• BETTER MATERIAL BETTER DESIGN

• BETTER MANUFACTURING TECHNIQUES

• MANY INDUSTRIES REPLACING OLD MOTORS AND
PUMPS WITH HIGH EFFICIENCY DESIGNS
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EFFICIENCY WITH DIFFERENT FANS

TYPE EFFICIENCY IN %

OPEN RADIAL 55% - 60%

CLOSED RADIAL 60%- 65%

RADIAL WITH INDUCER 

DIFFUSER

70% - 75%

BACKWARD CURVE 75% - 85%

AERO FOIL 80%- 90%

60

LARGE NUBER OF FANS CHANGED BY CEMENT 

AND PROCESS PLANTS



Parallel Operation of Two Pumps in a Friction Head Predominant System        

(Piping System is not designed to handle the flow of two pumps)



Parallel Operation of Two Pumps in a Static Head 

Predominant System.
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NO. OF 
PUMPS IN 

OPERATION 

FRICTION HEAD 
PREDOMINANT 

SYSTEM

STATIC HEAD 
PREDOMINANT 

SYSTEM

FLOW

%

HEAD

%

POWER

%

FLOW

%

HEAD

%

POWER

%

SINGLE 100 100 100 100 100 100

TWO IN 

PARALLEL

106 114 154 126 112 160

PARALLEL OPERATION OF PUMPS 

(SYSTEM NOT DESIGNED FOR THE FLOW OF TWO PUMPS)
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THROTTLING LOSS
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TO REDUCE THROTTLING LOSS

• TRIM IMPELLER

• SMALLER IMPELLER

• SMALLER PUMP

• VARIABLE SPEED DRIVE
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PUMP PERFORMANCE WITH THROTTLING CONTROL

Flow LPM 12000 11000 10000 9000 8000 7000 6000

System Pressure 

(m)
23.50 21.40 19.34 17.93 16.00 14.60 13.35

Pump Pressure 23.20 25.00 26.50 27.50 28.50 29.00 29.50

Pump Efficiency 86 85 83 79.50 75 72 69

Pump Input (kw) 53.58 52.86 52.16 50.87 49.67 46.07 41.92

Motor Load (%) 97.41 96.11 94.85 92.49 90.31 83.76 76.20

Motor Effi. (%) 90.00 89.90 89.90 89.60 89.50 89.30 89.00

Motor input (kw) 59.53 58.80 58.02 56.77 55.47 51.59 47.10

Starter Effi. (%) 99.80 99.80 99.80 99.80 99.80 99.80 99.80

Input (kw) 59.65 58.92 58.14 56.88 55.61 51.69 47.20
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Pump performance with Variable Speed

Flow LPM 12000 11000 10000 9000 8000 7000 6000

System Pressure 

(m) (Pump 

Pressure)

23.50 21.40 19.34 17.93 16.00 14.60 13.35

Pump Efficiency 86 86 85.5 85 83 81 78

Pump Input (kw) 53.58 44.73 36.96 31.02 25.20 20.62 16.78

Motor rpm 1450 1335 1280 1210 1130 1065 1000

Motor Load (%) 97.40 81.32 67.20 56.40 45.81 37.40 30.50

Motor Effi. (%) 93.70 94 93.70 93.60 92.50 92 90.00

Motor input (kw) 57.18 47.58 39.45 33.14 27.25 22.41 18.64

Controller Effi. (%) 97 96 95 94 93 92.50 89.50

Input (kw) 58.95 49.56 41.52 35.25 29.30 24.23 20.83

Saving input (kw) 0.70 9.36 16.62 21.63 26.31 27.46 26.37

% saving (throttled 

i/p)

1.12 15.89 28.56 38.03 47.31 53.12 55.80

67

NOTE: MOTOR ALSO REPLACED BY HIGH EFFICIENCY MOTOR. MAJOR SAVINGS FROM 

VARIABLE SPEED 
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ISO-EFFICIENCY CURVES FOR FANS

AT REDUCED SPEED 

EFFICIENCY IMPROVES FOR 

REDUCED FLOW



PUMP – SYSTEM WITH ZERO STATIC HEAD

SPEED FLOW HEAD POWER

N Q ∝ N H ∝ N2 P ∝ N3

100% 100% 100% 100%

90% 90% 81% 72%

70% 70% 49% 34%

50% 50% 25% 13%

69

EVEN 10% REDUCTION IN FLOW REDUCES 

POWER BY 27%

50%REDUCTION IN FLOW REDUCES POWER BY 87%



VARIABLE SPEED DRIVES

• VARIBLE SPPED – MAJOR  OPPURTUNITY IN PUMPS 

AND FANS

• SAVINGS  - 10% TO 70%

• PAYBACK – 1YEAR TO 2 YEAR

• SIZE – WATTS TO MEGAWATTS
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VARIABLE SPEED OPTIONS

• STEAM TURBINE

• PULLEYS

• GEARS

• EDDY CURRENT COUPLING

• HYDRAULIC COUPLING

• MULTI SPEED MOTOR

• SLIP RING MOTOR WITH SLIP POWER RECOVERY

• D C MOTOR

• INDUCTION MOTORS WITH INVERTERS

• INVERTERS NOW PREFERRED. 

AVAILABLE IN ALL SIZES AND RELIABLE
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CONTROL OPTIONS
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COMPRESSED AIR
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INTRODUCTION

• Compressed Air Is Very Inefficient and Expensive

Utility

• Only 10% to 15% Input Energy available to do work.

Rest Is Wasted As Heat

• After Distribution Losses And Leakages Actual Work

done by Compressed Air Is only 5% or So

• 100 CFM at 7 Bar(100lbs/Inch2) require 16 To 17 KW
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COMPRESSORS

• RECIPROCATING, SCREW COMPRESSORS HAVE SIMILAR 

EFFICIENCIES.  CENTRIFUGAL MOST EFFICIENT

PRESSURE RECIP SCREW CENTRIFUGAL

7 BAR 16.0KW 17.0KW 14.0KW

3BAR 10.0KW 10.5KW 8.5KW
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• ABOVE POWER IS FOR 100 CFM

• CENTRIFUGAL COMPRESSOR IS EXPENSIVE AND

AVAILABLE IN LARGE SIZES > 1000CFM

• RECIPROCATING REQUIRES MAINTENANCE

• SCEW PREFERRED AS BASE LOAD MACHINES

• NO LOAD POWER OF  RECIP  /SCREW

• RANGE UPTO 20% TO 40%



ENERGY SAVING OPPORTUNITIES

• ALTERNATIVE TO COMPRESSED AIR

• MINIMISE COMPRESSED AIR LEKAGE 

• REGULAR COMPRESSOR MAINTENENCE 

• PROPER TYPE OF AIR DRIER  

• MINIMISE AIR PRESSURE
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ALTERNATIVES TO COMPRESSED AIR

• VACCUM CLEANING IN PLACE OF COMPRESSED AIR

• MINIMISE AIR PRESURE IF AT ALL USED IN CLEANING. 2BAR 

IN PLACE OF 7BAR

• MECHANICAL TRANPORT OF MATERIAL IN PLACE OF 

PNUMATIC TRANSPORT IMPLEMENTED IN CEMENT, 

PAPERCHIPS, CHEMICALS. SAVINGS 80%

• ELECTRICAL TOOLS IN PLACE OF PNUMATIC TOOLS.  

• IF NECESSARY USE 200HZ SUPPLY(FOR HIGH SPEED)
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COMPRESSED AIR LEKAGE

AT 3BAR(45PSIG)

HOLE DIA AIR LEKAGE

CFM

POWER 

LOST(KW)

ANNUAL 

COST

8000HRS.

7 RS./KWH

1/64” 0.211 0.0207 1156

1/8” 13.5 1.323 74013

1/4” 54.1 5.3 296604

AT 7BAR(100PSIG)

1/64” 0.406 0.069 3861

1/8” 26 4.42 247272

1/4” 104 17.68 989090
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LEAKAGE TEST

• OBSERVE LOADING,UNLOADING TIME WHEN NO ACTUAL 
USE

• LEAKAGE= Q*ONTIME/ON+OFF TIME

• Q – CAPACITY CFM    

• CAN BE DONE WITH DIFFERENT SECTIONS

• TO BE DONE EVERY MONTH

• LEAKAGES FROM  FLANGES , JOINTS, VALVES,   PIPES TO 
BE PLUGGED BY NOTING NOISE  FROM  LEAKAGES

• BETTER TO  OUTSOURCE

• 5% TO 10% ACCEPTABLE

• 20% TO 50% ACTUAL
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COMPRESSOR MAINTENANCE

• CARRY CAPACITY TEST WITH RECEIVER BY P1 INTIAL 
PRESSURE TO P2 FINAL PRESSURE

• Q = P2-P1/Pa*Vr/t

• Q = CFM CAPACITY

• P2 = FINAL PRESSURE BAR

• P1 = INTIAL PRESSURE BAR

• Pa= ATMOSPHRIC PRESSURE, 1 BAR 

• Vr = RECEIVER VOLUME, FOR CFM/FT3

• t    = TIME IN MINUTES

• DO THIS EVERY SIX MONTHS 

• REPLACE WORN OUT PARTS,PROVIDE PROPER OIL 
GREASE
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DRYERS

PRESSURE 

DEW POINT

1ST COST POWER 

CONSUMPT

ION

1000M3/KW

REFRIGERATION -20OC LOW 2.9KW

DESSICANT BY 

COMPRESSED 

AIR PURGING

-20OC LOW 20.7KW

HEAT OF 

COMPRESSION

-40OC HIGH 0.8KW
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NEW TECHNOLOGIES

• AIR AMPLIFIER TAKES OUTSIDE AIR.       USES SMALL 

AMOUNT OF COMPRESSED AIR

• VFDS ARE USED FOR CAPACITY CONTROL OF

RECIPS AND SCREW COMPRESSORS 

• 20% TO 30% SAVING
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REFRIGERATION
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REFRIGERATION

❖ CHILLED WATER, BRINE FOR PROCESSES

❖ ICE PLANTS

❖ AIR CONDITIONING

❖ HUMIDIFICATION – MOISTURE REMOVAL

❖ VAPOUR COMPRESSION SYSTEM RUNS ON 

ELECTRICITY

❖ VAPOUR ABSOBPTION SYSTEM RUNS ON HEAT
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VAPOUR COMPRESSION SYSTEM
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REFRIGERATION COMPRESSORS

• RECIPROCATING - UPTO 200TR

• SCREW                   - 100 TO 750 TR

• CENTRIFUGAL     - 200 TR OR  MORE

• 1TON OF REFRIGERATION = 3023 KCAL/HOUR

12000 BTU/HOUR, OR 3.515 KW
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VAPOUR ABSOBPTION SYSTEM

• LITHIUM BROMIDE AND WATER SYSTEM FOR TEMP 
UPTO 60C

• WATER(ABSORBENT) AND AMMONIA(REFRIGERENT) 
FOR TEMP.         SYSTEM  LESS THAN 00C.

• SAVES 90% POWER BUT HEAT INPUT IS QUITE 
SIGNIFICANT

• OVERALL ECONOMICS DEPEND ON COSTOF HEAT 
SUPPLIED
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VAPOUR COMPRESSION SYSTEM

• COP = COEFFICIENT OF PERFORMANCE

• COP = REFRIGERATION EFFECT/WORK DONE

• VALUE- 4.0 TO 6.0 VAPOUR COMPRESSION

• 1.0 FOR VAPOUR ABSORPTION

• SPECIFIC POWER CONSUMPTION

• KW/TON 0.6 TO 1.0 FOR CHILLED WATER AT 80C

• EER= ENERGY EFFICIENCY RATIO 

• EER = COP = REFRIGERATION EFFECT/WORK DONE
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EFFECT OF TEMPERATURE

EVAPORATOR 

TEMP.

CONDENSER

TEMP.

+400 +500

+50C TR 143 127

POWER 102 117

KW/TR 0.72 0.93

00C TR 118 104

POWER 96.8 108.9

KW/TR 0.82 1.05

-50C TR 96 84

POWER 89.6 99.4

KW/TR 0.93 1.19
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OPERATE AT HIGHEST  POSSIBLE  EVAPORATOR TEMP.

OPERATE AT LOWEST CONDENSER TEMP.



ENERGY SAVING OPPORTUNITIES

• OPTIMUM TEMP. SETTING

• EACH 10C TEMP INCREASE IN AIR CONDITIONED  SPACE  
REDUCES POWER BY 2% TO 3%

• SET A.C. TEMP.  AT 270 TO 300

• USE FANS FOR AIR CIRCULATION

• FOR COLD STORAGE, BETTER AND EQUAL AIR DISTRIBUTION 
ALLOWS HIGHER TEMP.

• BETTER HEAT EXCHANGERS
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REDUCTION IN HEAT LOAD

• PROVIDE AIR CONDITIONING ONLY IN USED AREA

• PROVIDE FALSE CEILING

• REDUCE OUTSIDE HEAT BY INSULATION,SUN CONTROL FILMS 
ETC.

• FOR VEGETABLES 50C REQUIRED

• FOR ICECREAMES -300 C REQUIRED

• SEGREGATE SUCH LOAD

• KEEP MOTORS,HEATING DEVICES OUTSIDE CONDITIONED 
SPACE

• AIR CURTAINS,AUTOMATIC DOOR CLOSURES
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LARGER HEAT EXCHANGER

• LARGER HEAT EXCHANGER,CONDENSER AND
EVAPORATORS ALLOW HIGHER EVAPORATOR TEMP.
AND LOWER CONDENSER TEMP.

• REGULARLY CLEAN ALL HEAT EXCHANGERS

• PROVIDE PROPER WATER TREATMENT

• PERFORMANCE CAN DROP BY 50% IN ABSCENCE OF
CLEANING AND WATER TREATMENT
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NEW TECHNOLOGY

• THERMAL STORAGE TO TAKE ADVANTAGE OF CHEAP

POWER AT NIGHT

• TARIIFF AS WELL AS TEMP. ARE FAVOURABLE

• HEAT RECOVERY SYSTEMS

• HEAT PIPES,HEAT WHEELS VARIABLE SPEED DRIVES,

HEAT PUMPS
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BUREAU OF ENERGY EFFICIENCY 
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GOVERNMENT OF INDIA



Summary of Energy Conservation Award - 2019

• 355 Industrial Units, establishments organisations

participated for awards in 2019

Total Electrical Energy Saving 566 Million Units

Total Thermal Energy Saving Tons of Oil 

Equivalent

2405531

Total  Energy Saving (Tons of Oil 

Equivalent)  Thermal + Electrical 

3314216

CO2  Reduction Million Tons CO2 17.3 

Since 2017, each year only  1/3  of Industrial sectors are 

invited by rotation for awards



CHEMICALS

Grasim Industries Ltd. Chemical Division, Rehla, Dist. 

Palamau (Jharkhand)

Commercial Production started in 1984 with

Mercury Cell Technology for production of Caustic

Soda, Liquid Chlorine and Hydrochloric Acid

• Capacity – 100 TPD

• February 2006 Technology changed to Membrane

Cell of 225 TPD. Enhanced to 3000 TPD in 2013



Grasim Industries Ltd.
Energy Consumption Trends 

Cell Power Aux. 

Power

Total

Power

2016-17 kWh/T 2256 208 2464

2017-18 kWh/T 2193 191 2384

2018-19 kWh/T 2176 179 2355

Gate to Gate SEC (MTOE/Tonn)

2016-17      1.080

2017-18       1.047

2018-19      0.969



Grasim Industries Ltd.

Major Energy Conservation Projects

• 4th Generation Electrolyser to 6th Generation 

Electrolyser. 

• Chlorine Compression and Liquefaction 

system improvement by capacity increase of 

Chilled Water VAM. 

• Replacement of Energy Efficient Freon 

Compressor. 

• Reduction of stages in boiler feed water 

pump.

• VFD for one BFP



Major Energy Conservation Projects 

➢ Impeller replacement for ID Fans and Cooling 

Water Pumps

➢ For part load operation single ID fan in   place 

of 2

➢ VFD for process pumps

➢ Compressed Air system improvement



Godrej & Boyce Mfg. Ltd., Mohali (Punjab)

Products - Direct Cool Refrigerator, Washing  

Machines Compressors

“Platinum Rating”, given by CII Green Company Rating System-

2019, 1st in Country.

Rating System evaluates, Energy Conservation, Renewable 

Energy, Water conservation, Waste Management, Material 

Recycling, Green House Gas Reduction.



Energy Consumption Trend

2016-17    10639  Kcal/Appliance

2017-18     9707   Kcal/Appliance

2018-19     9192    Kcal/Appliance



Energy Conservation Projects

• Compressed Air Leakage reduced to <3.1%

• Energy Efficient Pump

• Low cost automation projects for Washer 

Line.

• 5 Star ACs in plants, Admin, Service

• High velocity law speed fans – 20% Energy 

Consumption 

• Welding process optimisation

• Servo control for injection molding machines 

2500 T- 1000 T



Energy Conservation Projects

• Vacuum system improvement like vacuum 

pressure optimisation, Transvector Nozzles, 

Cycle time reduction by sheet size 

optimisation

• LED lights for shop floor

• Use of Electrical Ovens & Forklifts to    reduce 

diesel consumption

• Press shop retrofit with efficient logic and 

motors



MANUFACTURING

SUBROS Limited – IMT Manesar, Haryana

Product: Automobile Air conditioners

Energy Consumption Trends
Power              

Lakh KWH

Saving

Lakh KWH

Specific Energy

KWH/Kit

2016-17 84.8 8.3 10.45

2017-18 82 9.5 10.2

2018-19 71.8 15.2 9.8



ENCON PROJECT

• Shut off valves in pneumatic lines in breaks and 
holiday leading to zero air leakage

• Natural Draft Cooling Tower in place of Forced 
Draft Cooling Tower (3 Nos.)

• Reduced Running of blowers, Heaters of oven 
during material loading unloading.

• Installation of VFDs.

• Cooling Tower Fan control by temperature 
sensing 

• Reduction in Air Leakage. 



ENCON PROJECT

• Heater Jacket installation

• Reducing cabin size, Reducing AC size

• VFD on  high power pumps (No. 5)

• Reuse of drain water

• 30 KW Compressor in place of 90 KW

Compressor for night shifts and

weekends

• LED Lights. Natural light in daytime

• 965 KWp Roof Top Solar plant.



EDIBLE OIL

KTV Health Food Pvt. Ltd.-Tiruvallur, Tamilnadu, 

Established 2011

Product: Edible oil

Energy Consumption Trends
KWH 

Million

Green 

KWH

Specific 

Thermal

Specific Electrical Energy 

KWH /Millions

2015-16 6.34 5.63 0.52 38.1

2016-17 5.69 5.13 0.46 42.3

2017-18 6.72 6.14 0.35 37

2018-19 7.16 3.08 0.32 32.2



ENCON PROJECTS

• 294 KWp Solar 1650 KW Wind

• 652 CFL Lights replaced with 595 LED Lights. 

LUX level at 150

• New High Pressure (40 Bar) efficient 

compressor

• Steam Condensate Recovery

• O2  monitored with closed loop control for  ID 

fan for 

better combu.ssion



ENCON PROJECTS

• VFD for ID,FD and PA Fans

• 450 TR VFD screw compressor in place of old 

400 TR VAM 

• VFD for cooling tower pumps with water 

temperature closed loop control

• Over sized pump replaced

100 HP–30 HP and 100HP- 60HP

• VFD for Barometric Pump



FOUNDRY

BAKGIYAM Engg. Works – Foundry Division -
Coimbatore, Tamilnadu

Products – SG Iron, Grey Iron

Reduction in Energy Consumption, Pollution, Recycling waste 

material

Specific Power

KWH/TON

2016 878

2017 827

2018 775



ENCON PROJECTS

• New 24 Pulse Furnace in place of old 6 Pulse 
Furnace. 585 KWH/TON in place of 640 
KWH/TON 

• Current harmonic 4.5% in place of 13%

• High Efficiency Pumps and IE 3 Motors

• 60 HP VFD Screw compressor in place of 100 
HP Reciprocating Compressor – 410 KWH/Day 
in place of 850 KWH/Day

• Change of compressor pipe line from GI to PP. 
Pressure changed from 8 BAR to 7 BAR



ENCON PROJECT

• Manual mixer to VFD with PLC Controlled 

Mixer – 10% Power Saving

• Belt Driven Gear Boxes replacing with Direct 

Driven Gear Boxes

• 30 HP Sand Cooler Motor IE1 to IE3

• New spectrometer 

• Training of operating for conservation

• CFL to LED



TEXTILES

ARVIND MILLS – Gandhinagar, Gujarat

Products:  Denims, Knits, Khaki, Technical 

Textile

➢ World’s  fourth  largest producer and 
exporter of denim.

➢ Zero effluent discharge

➢ ISO 50001    14001   9001

➢ OHSAS 18001

➢Sustainable Apparel Coalition score 83%   



Energy Consumption Trends

2015-16 2016-17 2017-18 2018-19

Sp. Electrical 

KWH/Ton

6648 6331 6210 5245

Sp. Thermal

MKCAL/Tonne

16.7 16.2 15.3 14.3

11.6 MW Solar Roof Top

79.6 Lakh KWH/Yr.



ENCON PROJECTS

• New 30 TPH Steam Boiler in place of Old 

Boilers     Saving:   5700Ton/Coal/Yr

• Energy Efficient Air Compressors                           

0.145 KWH/CFM

• Electronic  Drain valves  in Compressor Air 

Line

• No loss drain valves



ENCON PROJECTS

• 79 Nos of IE 3 motors in place of old rewound motors

85 Lakhs KWH/Yr Saved

Capacity 18.5 KW to 55 KW

▪ 36 X 2 Twin Tube Light with 18 W LED – 8000 Nos.

Saving 24 Lakhs KWH/YR

• 150 W MH              80 W LED  Street Light

• 6 x 110 KW pump           3 x 160 KW  Energy Efficient 
Pump

• VFDS For Raw Water, For Aerators, For waste collector 
fan



ENCON PROJECTS

• Replaced Thermic Fluid Heater coil and excess 

air control of Fluid Heater . 

Saving 14 Lakh M3  of Natural Gas

• Coating in Steam Line – Insulation

• Condensate Recover – Replace Faulty Steam 

Trap

• Direct Fired Stenters ( In place of Thermic

Fluid)

• VFD on Blowers of Dryer of Dyeing Machine. 

Saving 6 Lakhs/Yr  



Railway Production Unit

Chitranjan Locomotive Works - Paschim Burdwan, 

West Bengal

CLW Producing Steam Locomotive since 1950.

It is now producing Diesel Locomotives and

Modern High Power Electric Locomotives. Now

State of Art 3 Phase Locos with latest

technology are produced. It also manufactures

Traction Motors and other Steel Casting



Energy Consumption Trend

Specific Energy Consumption  Kgoe/unit
2016-17 3380

2017-18 3550

2018019 4080

Total Energy Lakh

KWH

No. of Loco 

Products

2016-17 400 290

2017-18 390 315

2018019 365 350



Energy Conservation Measures in Electric 

Locos

➢ Regenerative Braking in 3 phase locos. Energy 

produced during braking is fed back to supply. Saving 

15% to 30 %

➢ Power for AC Lighting will now be supplied from Loco in 

place of  D.G.Set.

➢ It has now introduced Aerodynamically designed 

passenger Locomotive to reduce Air Drag at high speed 

to improve efficiency.

➢ Energy Consumption in Electric Locos is monitored  by  

microprocessor based energy meters. Benchmarking is 

done to improve performance.



Energy Conservation Projects for Workshop 

and Colony

❑ 100 % LED Lights in Service Buildings and 

Workshop. Street Lights also changed to LED.

❑ 100 % LED in 8255 Railway Staff Quarter

❑ AC Temperature at 240 C

❑ 5 Star equipment

❑ 5386 KW Solar Plant Installation

❑ Awareness programms



Performance Features for Award 

Winning Buildings, School, Institutes, 

PWD Building
Energy Efficient Lighting

CFL, Tube Lights, Sodium Vapor Lamps Replaced by LED

• CFL 18 W LED 9 W

• CFL 36 W LED 15 W

• Lamp 100 W LED 30 W

• T-8  36 W LED 10 W

• Sodium 400 W  100 W LED

• Sodium 200 W  36 W LED



AIR CONDITIONING

A.C. Temp. 20◦C and above

5 StarAC Inverter ACs

Occupancy Sensors

BLDC 30 Watt Fans

Timers and Switches for Control



Other Energy Conservation Measures

Elevators  with Regenerative Braking

Insulation of Roofs, Wall, Windows

Building Management System

Light Pipes

Energy Monitoring



Energy Efficient Appliance

Air Conditioners - L.G.Electronics

Technical Feature 

❖ Dual Inverter Compressor with High Speed Dual Rotary

Motor

❖ High Temperature Cooling Score

This is cooling with High Ambient Temperature    

Normal A.C. Score less than 5. This A.C. scores 5.

❖ 100% Copper with Ocean Black Protection- works in    

Environment with salt, Sand, Smoke, Pollutants

❖ Easy Clean Filter 

❖ Patented GOLD FIN Condenser - corrosion due to Rain, Dust, 
Salty Air is prevented

❖ Stabilizer Free Operation



5 STAR CELLING FAN

❖ High Quality Electrical Steel Lamination

❖ Aerodynamic Design of Blade

❖ Air Delivery 210 M3

❖ Power  50 W



REFRIGERATOR – Godhrej & Boyce

190 Liter Direct Cool

Technical Features

➢ Hydro Carbon  Refrigerant ( Isobutane 600 a)

➢ ODP Ozone Depletion Potential – 0

➢ GWP Global Warming Potential – 3

➢ Energy Efficient due to lower working pressure

➢ Inverter Technology  for Compressor – Low Vibration. 
Noise and Power

➢ Improved Sealing



PUMPS 

C.R.I.PUMPS

▪ More efficient than 5 Star

▪ Optimum Design of Impeller and Diffuser to 

improve Hydraulic Efficiency

▪ Specially designing Bearing



LED BULB

❑ 9  Watt LED Bulb

❑ BEE 3 Star Rated

❑ 100 LM/W

❑ Surge Protection  3.5 KV

❑ Life – 15 Years

❑ Zero Mercury

❑ 100 V – 300 VAC

❑ No Glare



BEE STANDARDS & 

LABELING PROGRAM
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Dr BG Desai - BEE 2.ppt


BUREAU OF ENERGY EFFICIENCY HAS ISSUED STAR LABLING SCHEME FOR 

FOLLOWING EQUIPMENTS

Mandatory Scheme

1 Frost Free (No-Frost) Refrigerator

2 TUBULAR FLUORESCENT LAMP

3 ROOM AIR CONDITIONERS

4 DISTRIBUTION TRANSFORMER

5 RAC( cassette, floor standing tower, ceiling, corner AC

6 DIRECT COOL REFRIGERATOR

7 ELECTRIC GEYSERS

8 COLOUR TELEVISON

9 Variable Capacity Air Conditioner

10 LED Lamps

BEE HAS ALSO ISSUED STAR LABLELING FOR OFFICE BLDGS.



BUREAU OF ENERGY EFFICIENCY HAS ISSUED STAR LABLING SCHEME FOR 

FOLLOWING EQUIPMENTS

Voluntary Scheme

1 INDUCTION MOTORS 11 Diesel Generator

2 AGRICULTURE PUMP SETS 12 Chillers

3 CEILING FANS 13 Microwave Oven

4 Domestic Liquefied Petroleum Gas 

(LPG) Stoves

14 Solar Water Heater  

5 WASHING MACHINE 15 Light Commercial Air Conditioner

6 Computer (Note book/Laptops) 16 Deep freezers

7 Ballast (Electronic/ Magnetic) 

8 Office Equipments (Printers, Scanners, 

Copiers, Fax Machines and Mu

9 Diesel Engine Driven Monoset Pumps 

for Agriculture Purposes

10 Solid State Inverters

BEE HAS ALSO ISSUED STAR LABLELING FOR OFFICE BLDGS.
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THANK YOU
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DR. BG DESAI

46, ATMA JYOTI NAGAR, VADODARA – 390023

PHONE: 0265 2396243, MAIL: madhvi007@rediffmail.com

ACADEMIC

M.E. ELECTRICAL – GUJARAT UNIVERSITY

Ph.D.  - IIT BOMBAY,

PROFESSIONAL

FACULTY – IIT BOMBAY (1963-1968)

R & D MANAGER – JYOTI LTD. (1969-1975)

FOUNDER DIRECTOR & CHAIRMAN (1975-2005)

DEVKI R & D, DEVKI ENERGY CONSULTANCY PVT LTD.

RETIRED IN 2005, WORKING FOR PROMOTION OF ENERGY 

CONSERVATION

SR. MEMBER IEEE,

FELLOW INSTITUTE OF ENGINEERS
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Late Shri J.S.Rana 

Address:  
5, Sarita Sangam, Near Rajesh Appartment, Gotri Road, 

Vadodara- 390023.  Phone: 0265 - 2397554

Academic:
B.E. Electrical

M.E. Electrical 

Professional: 
Faculty – L.D.Engeenering College (1959-1965)

R & D Manager – Jyoti Ltd. (1965-1983)

Consultant in the field of Power Electronics & Energy

Conservation (1983 – 2005) 

Director Devki  Energy (1990 – 2005)

Since 2005 working for promotion of Energy Conservation   
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Community Science Centre, Vadodara (CSC) is a non-profit charitable trust 

established in 1982 by leading citizens, corporate bodies, and charitable trusts of 

Baroda. It has been recognized by GUJCOST (Gujarat Council on Science and 

Technology) as a Regional Science Centre. The objective of the centre is to 

promote dissemination of knowledge in Science and Technology to our urban and 

rural communities, particularly to the children.  The centre is organising various 

activities and programmes on regular basis, such as celebration of National Science 

Day, Educational tours, Science Exhibitions, Quiz, Elocution competition etc. It also 

conducts vacation programmes, popular lectures, model making workshops, work 

shop for teachers, various regular activities in Science club, Computer club, 

Astronomy club, Garden club, Maths club and Aero Modelling. We also conduct 

out reach programmes on health and hygiene, science and superstition, modern 

technologies in agriculture, organic farming, etc.
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