Chapter 13

MAXIMUM DEM AND CONTROL



Maximum Demand Control

Electricity isa form of energy which can not be
stored easily and economically. Coal, Oil and
Gas can be stored easily

Electricity supply and demand hasto match
Instant to instant. There is no storage of
electricity in generation, transmission and
distribution of electricity

Electricity generation (4-5crores/MW) and T&D
system (2-3crores/ MW) are very expensive
and must be used at full capacity all the time.
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System Load Characteristics

Electricity System Supply residential,
agriculture, commercial and industrial loads.
Except for few large process industries, load
varies widely depending on time of day.
Systems face peak demand during morning
and evening  hours. Demand drops
significantly during night hours. Suppliers and
users of electricity face the challenge of
utilizing expensive electrical system to the
fullest extent
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Maximum Demand

Maximum demand Is measured every half
hour in KVA or KW for a billing month.

In 1 month of 30 days there are 30x24x2 =
1440 measurements of maximum demand.
Highest of these readings Is taken as
maximum demand for the month. The
objective Is to manage with as low a demand
as possible without affecting production.
Demand charges are Rs.200n500 /KVA/ M onth.

254



Load Factor

Load Factor gives how maximum demand is
utilised in a plant.

Monthly Load Factor = Average Demand
Peak Demand

Peak demand isa measured quantity

Average demand is calculated as follows

Average Demand = KWH in a month
Working Hours (24x30)

Ideal Load factor is Unity
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Control of Maximum Demand - 1

Maximum Demand can be controlled by proper
scheduling of operations. A demand curve can
be plotted for a month to find out when and
why maximum demand Is occurring. Many
operations like water pumping, repair and
maintenance can be scheduled during off-
peak hours. Heavy loads like testing, heating
can be done during night hours or holidays
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Control of Maximum Demand -2

Electricity can not be stored but products
made by electricity can be stored. Chilled
water, Hot water, ice, all can be made in off-
peak hours and used during peak hours.
Number of production machines can be
Increased so as to get maximum production
during night hours
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Control of Maximum Demand - 3

Improvement of power factor leads to maximum
demand in KVA

KVA = KW / PF

Automatic Maximum Demand Controllers are
now commonly used to switch off non
essential loads during peak periods
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Demand M anagement by Utilities

New Generation capacities are very expensive.
Many regulators through out the world insist
on demand management options before
approving new capacities

Time of Day Tariffs
Direct control of loads like heaters, ACs
Co-generation and new sources of energy

Consumer guidance for load control
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CHAPTER - 14
POWER FACTOR



P.F.IM PROVEMENT

* ELECTRICEQUIPM ENTSUKE M OTORS, FURNACES, W ELDING TRANSFORM ERS,TUBELIGHTS
* ALLDRAW REACTIVE CURRENT FROM POW ER SUPPLY.THISCURRENT AFFECTS HEATING OF
LINES,CABLES,CONDUCTORS AND HENCE THEIR UTILIZATION.

* A3 PHASECIRCUITOF415V AND 10 AM PS CAN CARRY DIFFERENT AMOUNTSOF POWER
FORDIFFERENT P.F.

\Y4 I PF. |POWER = /3 VI COS®

415 {10 0.5 [3590 WATTS

415 {10 0.7 5025 WATTS

415 (10 | 1.0 |7179 WATTS

FOR POWER SYSTEM OPERATION, HIGHEST PF IS DESIRED
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P.F. INCENTIVE

M ANDATORY PE FOR H.T. CONSUM ERS WAS

0.8 EARLIE
ITISO.9 NOW

INCENTIVE AVAILABLE FOR PFE HIGHER THAN

0.95

REBATE OF 0.5 % IN ENERGY AND DEM AND

CHARGES

FOR 1% RISEIN PF ABOVE 95%

PENALTY OF 1% FORPFE B

OW 90%
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P.F. IM PROVEM ENT

PFE IS IMPROVED BY CONNECTION OF CAPACITORS
NEAR LOAD CENTERS LIKE M OTORS,TUBE LIGHTS.

PLEASE SEE TABLE FOR SELECTION
CONNECT CAPACITORS NEAR M OTORS

AUTOMATIC PFE CORRECTION REQUIRED IN FEW
CASES OF FLUCTUATING LOADS LIKE INDUCTION
FURNACESWELDING
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REACTIVE KVAR REQUIRED TO ACHIEVE VARIOUS

P.E. VALUES (kVAr per kW)

OLD P.F. DESIRED NEW POWER FACTOR

0.80
0.85
0.90
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

0.90
0.266
0.135
0.000

0.95

0.421
0.291
0.156
0.126
0.097
0.067
0.034
0.000

0.96

0.458
0.328
0.193
0.164
0.134
0.103
0.071
0.037
0.000

0.97

0.499
0.369
0.234
0.205
0.175
0.145
0.112
0.078
0.041
0.000

0.98

0.547
0.417
0.281
0.253
0.223
0.192
0.160
0.126
0.089
0.048
0.000

0.99

0.608
0.477
0.342
0.313
0.284
0.253
0.220
0.186
0.149
0.108
0.061
0.000

0.999
0.705
0.575
0.440
0.411
0.381
0.350
0.318
0.284
0.247
0.206
0.158
0.098
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OTHER ADVANTAGES

P.F IMPROVEM ENT REDUCES KVA DEM AND
KVA = KW/PF

P F IMPROVEM ENT REDUCES DISTRIBUTION
LOSSES

PF IM ROVEM ENT WILL BE REQUIRED IN FUTURE
BY RESIDENTIAL,COM M ERCIAL CONSUM ERS
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TIM E OF DAY TARIFFS

POWER SYSTEM S GET PEAK LOADS IN M ORNING AND EVENING

PEAK LOADS ALSO COME IN SUMMER DUE TO FANS, COOLERS, AIR
CONDITIONING.

SINCE1 MW REQUIRES 4 CRORE TO 6 CRORE INVESTM ENT, UTILITIES
REQUIRE CONSTANT DEM AND

FOR OPTIMUM CAPACITY USE LARGE CONSUM ERS GIVEN INCENTIVE TO
SHIFT LOAD TO NIGHT FROM PEAK PERIOD

FOR GUJARAT

85 PAISEKWH EXTRA 7.0 TO11 A.M.
18.0 TO 22 HRS.

40 PAISE KWH REBATE 10 PM. TO 6 PM

FOR ALL CONSUM PTION
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CHAPTER 15

MANAGEMENT OF
ENERGY CONSERVATION
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MANAGEMENT OF ENERGY
CONSERVATION

ENERGY CONSERVATION REQUIRES CO-OPERATION
BETWEEN DIFFERENT DEPARTMENTS LIKE
PRODUCTION, PROCESS, ENGINEERING, R & D, FINANCE,
PERSONNEL ETC.

IT ALSO REQUIRES INPUTS FROM DIFFERENT
ENGINEERING DISCIPLINES LIKE CHEMICAL,
ELECTRICAL , MECHANICAL, CIVIL, ETC.

SUCCESSFUL ENERGY CONSERVATION REQUIRES LOT
OF MANAGEMENTS INPUTS, IT IS NOT MERELY A
TECHNICAL PROBLEM.

ENERGY CONSERVATION PROGRAMMES MUST BE
INTEREGRATED INTO THE COMPANY’S MANAGEMENTS
PLAN.
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MANAGEMENT OF ENERGY
CONSERVATION

A STRONG COMMITM ENTS FROM TOP MANAGEMENT IS
ESSENTIAL FOR A SUCCESSFUL ENERGY CONSERVATION
PROGRAM M E FOLLOWED BY COMMITMENT OF
PRODUCTION/ OPERATIONALM ANAGERS; OTHERS CAN
FOLLOW THE TOP TEAM.

IT MUST BE CLEARLY UNDERSTOOD THAT ONLY
COMMITMENT ORENTHUSIAM ISNOT SUFFICIENT, THE
ROAD TO SUCCESSFUL ENERGY CONSERVATION ISLONG
AND DIFFICULT.

IT REQUIRES CHANGESIN M AN, M ACHINES, AND
PROCESSES. THOSE NOT PREPATED FOR CHANGE CAN AS
W ELL FORGET ABOUT ENERGY CONSERVATION.
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PLANT CHIEF

EXECUTIVE
PRODUCTION | < ¢ - FINANCE
ENERGY
¢ CONSERVATION
CELL >
ENGINEERING
< ¢ -
R&D PROCESS
ENERGY MANAGER

FIG 18.1 ENERGY MANAGEMENT SYSTEM
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ENERGY MANAGER & ENERGY CELL

FOR A MULTI-LOCATION, MULTI-PRODUCT
COMPANY, IT IS NECESSARY TO HAVE A SENIOR
EXECUTIVE FUNCTION AS CORPORATE ENERGY
MANAGER OR ENERGY CO-ORDINATOR.

HE/SHE CAN COLLECT AND ANALYSE PLANT-WISE
INFORMATION.

HE/SHE CAN ALSO FACILITATE NECESSARY
INFORMATION EXCHANGE BETWEEN DIFFERENT
PLANTS SO THAT EXPERIENCES ARE SHARED.

HE/SHE CAN ALSO PREPARE A COMPANY PLAN FOR
ENERGY MANAGEMENT AND ENSURE THAT IT IS
INCORPORATED IN THE COMPANY’S ANNUAL PLAN,
ESPECIALLY IN ITS FINANCIAL PLAN.
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ENERGY MANAGER & ENERGY CELL

AT THE PLANT LEVEL, IT ISNECESSARY TO APPOINT AN ENERGY
OFFICER OR M ANAGER, JUST ASIT IS CONSIDERED NECESSARY TO
APPOINT A PERSONNEL M ANAGER/ OFFICER. HE SHE CAN HAVE
THE OVERALL RESPONSIBILITY FOR ENERGY CONSERVATION AND
MANAGEMENT. IN SOME COUNTIRESTHISISA M ANDATORY
REQUIREM ENT.

ITIS ALSO ESSENTIALTO HAVE PLANT ENERGY CELL. THE ENERGY
OFFICER OR M ANAGER CAN BEITSCONVENOR AND THE CHIEF
EXECUTIVE CAN BE ITS CHAIRPERSON.

M ULTI-LOCATION COM PANIES CAN ARRANGE M EETINGS (M AY BE
ONCEIN SIXMONTHS) OF ENERGY M ANAGERS.

KEY PERSONS OF THE ENERGY CELLS OF DIFFERENT LOCATIONS
CAN ALSO M EET AT LEAST ONCE IN A YEAR TO SHARE
EXPERIENCES.
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FUNCTIONS OF ENERGY MANAGER

THE FIRST IMPORTANT DUTY OF THE ENERGY MANAGER IS
TO SET UP A PROPER ENERGY INFORMATION SYSTEM.

DETAILED ANALYSES AND QUANTIFICATION OF THE
ENERGY PERFORMANCE PARAMETERS AT EVERY STAGE OF
THE OPERATION IS REQUIRED.

IT IS NOT ONLY NECESSARY TO HAVE INFORMATION ABOUT
INDIVIDUAL MACHINE/PROCESS ENERGY CONSUMPTION, IT
IS ALSO NECESSARY TO HAVE INFORMATION ABOUT ITS
OUTPUT OR PRODUCTION AND HENCE ITS SPECIFIC
ENERGY CONSUMPTION.
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FUNCTIONS OF ENERGY MANAGER

BENCHMARKING WITH THE BEST PERFORMANCE LEVELS
IN THE WORLD CAN HELP IN UNDERSTANDING THE SCOPE
AND POTENTIAL FOR ENERGY EFFICIENCY IMPROVEMENT.

AS CONVENOR OF THE ENERGY CELL, THE ENERGY
MANAGER OR OFFICER SHOULD ENSURE THAT THE
ENERGY CELL MEETS AT LEAST ONCE A MONTH WITH A
WELL-DEFINED AGENDA.

THE SECOND FUNCTION IS TO PREPARE A COMPANY
PLAN FOR ENERGY CONSERVATION.

AN ENERGY AUDIT BY AN IN-HOUSE TEAM OR AN
EXTERNAL AGENCY IS THE FIRST ESSENTIAL STEP. AN IN-
HOUSE TEAM CAN DO IT AT LEAST ONCE EVERY YEAR AND
EXTERNAL AGENCY CAN DO IT ONCE IN TWO OR THREE
YEARS. THE PRIORITY MUST BE GIVEN TO STUDY OF
ENERGY INTENSIVE EQUIPMENT AND PROCESSES.
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ENERGY CONSERVATION PLAN
PUBLICITY AND PROMOTION

INFORMATION OF THE PLANT’S ENERGY CONSUMPTION, ITS
COST, RISE IN COST OVER THE PAST FEW YEARS, THE
CHANGE IN PRODUCT PRICES IN THE PAST FEW YEARS ETC.
SHOULD BE WIDELY PUBLICISED. THIS MAY HELP IN
STARTING THE THINKING PROCESS IN CONSCIOUS
PERSONS.

DISPLAY OF DAILY ENERGY CONSUMPTION, PRODUCTION
AND SPECIFIC ENERGY CONSUMPTION AT ‘EYE-CATCHING’
LOCATIONS CAN BE A STARTING POINT.

POSTERS, PAMPHLETS, FILMS, EXHIBITIONS AND VISITS TO
OTHER PLANTS HAVING GOOD ENERGY MANAGEMENT
PRACTICES.
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ENERGY CONSERVATION PLAN

MEASURES THAT CAN BE IMPLEMENTED IMMEDIATELY WITH
LITTLE INVESTMENT.

MEASURES THAT REQUIRE SMALL INVESTMENT AND WHICH
CAN BE IMPLEMENTED IN SIX TO TWELVE MONTHS.

PROJECTS REQUIRING LARGE CAPITAL INVESTMENT. THIS
REQUIRES DETAILED FINANCIAL ANALYSIS AND SHOULD BE
I’NL?A?\IRPORATED IN THE COMPANY’S CAPITAL EXPENDITURE

INSTALL GOOD INSTRUMENTATION.
TARGET SETTING AND MONITORING

ANNUAL REVIEW AT THE BOARD LEVEL.
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ENERGY CONSERVATION PLAN PUBLICITY AND

PROMOTION

COMPETITION TO GENERATE IDEAS FOR SAVING ENERGY.
VISIBLE REWARDS MAY BE GIVEN FOR GOOD SUGGESTIONS.
SOME COMPANIES GIVE SMALL CASH REWARDS FOR ALL
SUGGESTIONS (BOTH PRACTICAL AND IMPRACTICAL), WHERE
SUFFICIENT THINKING HAS GONE INTO THE SUGGESTION.

FOR MULTI-LOCATION COMPANIES, ANNUAL AWARD FOR
ENERGY CONSERVATION FOR THE BEST PLANT CAN HELP.

CONTRIBUTION TO ENERGY CONSERVATION CAN BE
RECOGNISED DURING THE ANNUAL APPRAISAL OF
EMPLOYEES. ENERGY PRODUCTIVITY BONUS CAN BE PART OF
AGREEMENTS WITH TRADE UNIONS.

CELEBRATION OF ENERGY CONSERVATION WEEK. 14TH
DECEMBER, WHICH IS THE NATIONAL ENERGY CONSERVATION
DAY.
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ENERGY CONSERVATION PLAN

STAGE-1

EEE

E

ENERGY AUDIT
LOSS REDUCTION
TUNING OF PLANT
FOR ENERGY
EFFICIENCY
TRAINING OF
PERSONNEL
MONITORING AND
TARGETTING

SAVING
10-30%

l

STAGE-2
i PROCESS
OPTIMISATION SAVING
i INSTRUMENTATION 5.25%
& CONTROL
& EQUIPMENT
MODIFICATION
\ 4
i NEW PROCESS
TECHNOLOGY
i NEW ENERGY
EFFICIENT
EQUIPMENT

STAGE-3

SAVING
20-70%
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A)

B)

C)

D)

E)

ANNUAL COMPANY ENERGY PLAN

THE ENERGY PLAN SHOULD INDICATE A CLEAR OPERATING
STRATEGY TO ACHIEVE TARGETS. IT CAN COVER THE
FOLLOWING:

CURRENT AND PAST ENERGY CONSUMPTION.

INFORMATION ON PAST, PRESENT AND LIKELY FUTURE
ENERGY PRICES.

ENERGY USE OF IMPORTANT EQUIPMENT AND PROCESSES.

STATUS OF ENERGY CONSERVATION PROJECTS.

ENERGY SAVING ACHIEVED AGAINST TARGETS.
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ANNUAL COMPANY ENERGY PLAN

F) CONSTRAINTS IN EFFECTIVE ENERGY M ANAGEM ENT.

G) TARGETS AND BUDGETS FOR THE NEXT THREE YEARS. THIS
INCLUDES BOTH PHYSICAL AND FINANCIAL TARGETS.

H) SHORT TERM AND LONG TERM PLANS FOR CAPITAL
EXPENDITURE FOR ENERGY CONSERVATION PROJECTS. SOME
FLEXIBILUTY MAY BE PROVIDED TO ACCOM M ODATE NEW IDEAS
WITH FAST PAY BACK PERIODS.

) ACTION PLAN FOR TRAINING AND M OTIVATIONAL PROGRAM S.

J INCLUDE SIGNIFICANT ACHIEVEM ENTS.
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INCORPORATION ON ENERGY EFFICIENCY
CRITERION IN PURCHASE POLICY

EQUIPMENT AND PROCESS DESIGNS AND CONCEPTS
ARE CHANGING CONSTANTLY TO IMPROVE EFFICIENCY.

PURCHASING HIGH EFFICIENCY EQUIPMENT AT A
PREMIUM MAY, IN MANY CASES, BE MORE SENSIBLE
THAN PERMANENTLY PAYING HIGH ENERGY BILLS.

LIFE CYCLE COSTING MAY BE ADOPTED FOR EQUIPMENT
CONSUMING SIGNIFICANT AMOUNT OF ENERGY.

THE PURCHASE POLICY OF THE COMPANY SHOULD
CLEARLY SPECIFY THE ENERGY CRITERION IN
EQUIPMENT SELECTION.
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INFORM ATION TO BEINCLUDED IN ANNUAL
DIRECTORS REPORT,
AS PER THE COM PANY LAW.

A) ENERGY CONSERVATION MEASURES TAKEN

B) ADDITIONAL INVESTMENT AND PROPOSALS

FOR REDUCTION OF CONSUMPTION OF
ENERGY

C) IMPACT OF THE ABOVE MEASURES

D) TOTAL ENERGY CONSUMPTION AND ENERGY
CONSUMPTION PER UNIT OF PRODUCTION.

283



ENERGY CONSERVATION POLICY STATEMENT

(PAPER MILL)

REDUCE CONSUMPTION OF ALL FORMS OF
ENERGY, WATER, RAW MATERIAL

CONTINUOUS IMPROVEMENT OF PROCESS AND
UTILITY

CONTINUOUS REVIEW OF SPECIFIC ENERGY
CONSUMPTION

MONITORING OF ENERGY CONSERVATION
PROCESS

REGULAR TRAINING

PROMOTE ENERGY CONSERVATION AND
ENVIRONMENTAL AWARNESS IN SOCIETY
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ECACT 2001

 APPOINTMENT OF ENERGY MANAGER
AND REPORTING OF ENERGY
CONSUMPTION IS MANDATORY AS

PER EC ACT 2001 FOR DESIGNATED
CONSUMERS.



CHAPTER 16

M aintenance, A Tool For Energy Conservation



M aintenance, A Tool For Energy Conservation

Introduction

Basic function of maintenance is to keep individual plant or
commercial building facility running in a reliable and efficient
manner. Maintenance can be classified in three types.

a) Breakdown or Reactive M aintenance

In this approach Equipment continue to run until it breaks down.
This approach can sometime be extremely costly. Breakdown of a
critical equipment like transformer or chiller may lead to total
shutdown of plant as spare equipment may not be available and
new equipment may have a long delivery time. Unfortunately
many industrial and commercial facilities continue to operate like
this to save cost of manpower and equipment for routine
maintenance.



(B) Preventive Maintenance is basically carrying
out periodic tasks like cleaning, lubricating at regular
time intervals or when some operating parameter like
flow temperature crosses a set limit and an alarm is
raised. Industrial / commercial facility normally do
schedule cleaning of motors, lighting fixtures, heat
exchangers, steam traps every month or on scheduled
holiday. For continuous process plants an vyearly
shutdown is taken for this purpose. With good
instrumentation many failures can be avoided by

taking preventive action.



c) Predictive Maintenance:

In this case all important equipment are provided with detailed
instruments for important performance parameters. A motor
may be provided with Resistance Temperature Detectors
(RTDs), thermostats to indicate winding core temperature at
continuous basis. Similarly large rotating equipments like
compressors may be provided with bearing temperature
measurement, fluid flow measurement so abnormalities can be

successfully attended.



Furnaces:

Furnaces come in wide variety of sizes, configuration &
depends on application. Applications can be melting of

metals, heat treatment of metals, forging & rolling etc.

Oil & gas are commonly used for furnaces. Electricity is used
for special applications like melting, high quality heat
treatment.

For oil & gas fired furnaces, efficiency is low due to the heat
carried by the exhaust gases.

Preventive maintenance is basically a time based activity.
Predictive maintenance looks at performance of machine by
measuring important parameters and take action immediately
rather than wait for scheduled maintenance.



Furnaces:

Now good instruments like thermograph, non contact
flow Meters, and Ultrasonic leak detectors are available

at reasonable costs to help predictive maintenance.

Investments in these instruments as well as people to
use these equipments will help plant to run with high

reliability and efficiency.

Now we will discuss briefly some important equipment

to improve their performance.



BOILERS AND STEAM SYSTEMS.:

Boiler performance depends on many parameters like fuel quality,
load, water quality etc.

On line portable instruments for O2, CO2 measurements immediately
give idea of excess air. Visual inspection is not good enough. Now
portable equipment for complete efficiency measurement are
available. Not only O2 is measured but flue gas temperature, excess
air and even efficiency is calculated.

Similarly all large boiler require proper water purity which requires
chemical treatment. TDS, dissolved oxygen pH are to be maintained
within limits.

Scale formation can lead to loss in efficiency up to 50%.

Controlling Steam leak is important. Steam leaks can be detected
visually or through ultrasonic detector
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Annual Energy Loss from a Steam Leak

Steam Pressure

Annual Heat Loss (M M Btu/ yr)

Hole Size (in.)
20 psig 100 psig 200 psig
0.05 20 100 150
0.25 250 2025 4,000
0.5 1600 4000 >4,000

Maintenance of steam trap is also important

Steam Trap Discharge Rate

Steam Loss (Ib/ hr)
Trap Orifice Annual Pressure (psig)
Diameter
(in.) 15 100 150
1/ 32 0.85 3.3 4.8
1/16 3.40 13.2 18.9
1/8 13.7 52.8 75.8
1/4 54.7 211 303
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Electric motors:

All electric Motors are inherently high efficiency devices
converting electrical energy in to mechanical energy. The
following measures can be used for routine maintenance.

1) Voltage & Current M easurement:

This can be daily checked to see that these are within name
plate limits. A current value which is regularly less than 50% of
rated value means motor is under loaded and can be replaced
with proper Size & high efficiency.

2) RTD thermostats for temperature measurement.

Many important motors are fitted with these indicators.
Most modern motors are now provided with class F (155° C)
insulation with operative temperature restricted to class B 130°
These are hot spot values. Actual winding & core temperature
should be significantly less . Large motors also require vibration
& noise measurements.



Electric motors:

3) It is necessary to check values of voltage as well as
voltage balance. Voltage should be within +/- 5% and
voltage unbalance within +/- 3. Frequency should be
within +/- 1%.

Performance will deteriorate if thisis not taken care of .

Cleaning : Motors should be cleaned every week to
remove dirt and other contaminates.



Compressed Air System:

We have already seen that compressed air is an expensive utility
and should be maintained carefully.
Following parameters can be checked regularly.

1) Compressed air inlet temperature and pressure drops across
air filter. Increased pressure drop means filter should be cleaned
Immediately.

2) Compressed air outlet pressure & temperature.

3) Cooling water inlet and outlet of intercoolers and after coolers.
4) Output air quality of dryer.

5) Compressed air flow for main header as well as important
end user.

Two most important parameters to be checked are compressed
air leakage and compressor capacity.
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Leakage can be found visually, or by ultrasonic detectors or by soap
solution. Importance of leakage can be seen from following table:

Orifice Air Power Cost of Wastage (for
Diameter leakage wasted Kw | 8000 hrs/year) @ Rs.
scfm 4.50/kWh

At 3 bar (45 psig)pressure

1/32* 0.845 0.109 3924

1/16* 3.38 0.439 15804
1/8* 13.5 1.755 63180
Y 54.1 7.03 253080

At 7 bar (100 psig) pressure

1/32* 1.62 0.275 9915

1/16* 6.49 1.10 39719
1/8* 26 4.42 159120
1% 104 17.68 636480

Similarly all compressors are highly complex equipments requiring regular
maintenance, it is necessary to carry out capacity test regularly. Many cases
power consumption may increase by 20% due to wear and tear of cylinders,
leakage of air inside compressor has poor intercooler and after cooler
performance.



Refrigeration and Air conditioner Chiller Performance:

It is necessary to measure temperature at all important points in chillier viz.
Inlet and outlet temperature of chillier, Condenser inlet and outlet, Cooling
Tower inlet and outlet, compressor outlet etc. Similarly flaw measurement of
all important flows of primary and secondary pumps, cooling tower pumps is

necessary.

Load on chillier varies widely dependent on plant or buildings load as well
as ambient weather condition. In India temperature varies form 109 C to 45°
C. In favourable weather or load conditions, all flows need to be controlled.
Modern system provides variable speed drive for chillers, primary and

secondary pumps etc. Even throttling flow control will save energy.

Similarly once plant is operated for some time, all flows and temperature

must be critically examined.
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In many cases, it may be possible to stop one chillier or one pump. We have
already seen earlier how higher temperature settings can save energy.
Similarly cooling tower pumps and fans must be provided same form of
speed control.

Prevention of fouling of all heat exchanger in system, condensers,
evaporators, and cooling towers is necessary. Fouling can deteriorate energy
performance by 100%. A chillier with 0.6 kw/ton can give 1.2 kw/ton. Water
treatment is extremely important as poor quality of water leads to fouling
everywhere and sharp deterioration of performance.

Water quality must meet relevant Indian standard.

Similarly all filters must be cleaned once as a month if not weekly.

In all cases chillers and air-conditioning systems must use automatic control
of buildings or energy management system to achieve overall system

efficiency.



Insulation

Provision and regular maintenance of insulation system provide the cheapest and
quickest energy saving opportunity.

Table 6.4 -Insulation loss table
150 mm pipe at 300 °C - ambient 30 °C

heat loss kcal/ m/hr remark

Bare 3415 with increasing

25 MM INSULATION 505 thickness cost goes up

but savings increase

50 MM INSULATION 307 : :
marginaly economic

75 MM 232 thickness of insulation

100 MM 191 can be studied.

Both hot and cold insulation system must be well checked. Today
thermograph measurement provide powerful tool to pin point weak
insulation points.

Many systems do not provide insulation on valves & fittings.



Both hot and cold insulation system must be well checked.
Today thermograph measurement provide powerful tool to pin
point weak insulation points. Many systems do not provide
insulation on valves & fittings.

Following table gives energy saving (Btu/hr) by providing
removable valve insulation

Table 6.5
Operating Valve Size, inches
Temperature °F 3 6 10
200 800 1560 2900
400 2900 5800 10,800

600 6700 13,300 25,200
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Lighting:

Cleaning of lighting fixtures is absolutely essential as performance
deteriorate by 30% due to dust & other impurities.

Smilarly timers, occupancy sensors and dimmers must be regularly
checked for operational performance and replace when necessary.

Ceiling Fans also must be cleaned and lubricated every year.
Reference:
Energy Engineering Analysis Program (EEAP)

Top Operations and M aintenance (O&M) Efficiency Opportunities at DoD /
Army Sites

A Guide for O& M /Energy Managers and Practitioners by Sullivan G.P.,
Dean JD.,

Dixon D.R., Program M anager

Prepared By : Pacific Northwest National Laboratory
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Carbon Foot Print



Carbon Foot Print

Energy and other resources such as water, various types of metals, etc. are
consumed in every field such as home, industry, agriculture and
transportation. Consumption of energy and other resources lead to
emission of carbon dioxide and other GHG (greenhouse gases) gases such
as methane, nitrous oxide.

The global temperature is increasing due to these gases. Due to the
Increase in temperature, many changes are taking place in the earth's
atmosphere. Melting ice in Arctic and Antarctica results in wide fluctuation
in fall pattern of rain, sea level rise, increase in hurricanes and storms. To
reduce all these effects it is necessary to reduce the emissions of these
gasesin the atmosphere.

Carbon footprint means the amount of carbon
dioxide produced due to the use of energy, other
material in all the field.



Carbon footprint can be calculated by Kwh use of electricity,
petrol, diesel, LPG etc.

Electricity is the mainly generated by coal in India. 1 KWh usage
electricity leads emission of 1 kilogram carbon dioxide. Hydro,
Wind, Solar electricity produces very small amounts of CO,

Oil
»kilograms of carbon dioxide for 1 liter of petrol
»2.7 kilograms of carbon dioxide for 1 liter diesel

» 3 kilograms of carbon dioxide for1 liter heavy oil

Gas
% 2.62 kilograms of carbon dioxide for 1 kilogram Ipg

¢ 1.77 kilograms of carbon dioxide for 1m?3 natural gas



Transportation
The following table give some idea of carbon foot print in transport sector.
Many factors like vehicle occupancy, road condition, distance travelled
determined actual consumption and carbon footprint.

Name of the vehicle Carbon Footprint

Two Wheeler 30 grams. CO2 / km
Small car 160 gm. CO2 / km
Moderate cars 225 grams. CO2 / km
Big cars 300 gm. CO2 / km
Rickshaw 50 grams. CO2 / km
Bus / train 20-25 gm. CO2 / km
Plane 250-400 gm. CO2 / km

Apart from this, CO, emissions are also consumption of food,
clothes, plastic etc. You can get extra information on the internet for
this.



How to reduce carbon footprint?

1 by energy efficiency and energy conservation can reduce energy
consumption & carbon footprint.

LJLED bulbsinstead of incandescent bulbs.

M by using refrigerators, air conditioners etc., with BEE 4 or 5 star
label reduces energy consumption & carbon foot print.

 can be reduce by using walking and cycling.

1 Using buses or trains & other public transport in place of private
vehicle such as scooters, motor cycles, car reduce carbon foot print.

(1 Carbon Emissions are four to five times for non vegetarian food
In place of vegetarian diet. All the organizationsworking on
reducing global warming replace vegetarian food.
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How to reduce carbon footprint?

din kitchen use of pressure cookers, cleaning gas
burners, etc. Reduces energy consumption. Soak food
before cooking, using flat utensils reduces energy
consumption and carbon footprint. Energy saving is also
done by the use of solar cooker.

d reduce use of textile, plastic, metals etc. Reduces
carbon footprint. Use of cloth bags can reduce carbon
footprint because it can be used number of times. Many
times it can be used to bring bags of clothes. Plastic
bags, bottles are thrown away after single use.

Adopting, reduce reuse, recycle will reduce
carbon footprint.



CHAPTER - 18
CASE STUDIES



SAVINGS FOR 2017 AWARDS

ANNUAL SAVINGS

Rs 1895 CRORES

ONE TIME INVESMENT

Rs 1495 CRORES

PAYBACK PERIOD

9.5 MONTHS




ANNUAL ENERGY SAVINGS -2017

2762 MILLION KWH
ELECTRICITY 597 MW
FURNACE OIL | 1.57 LAKH KILO LITRES
GAS 738 LAKH CUBIC METERS
COAL 1.27 LAKH METRIC TON

FROM 2017 AWARDS ARE GIVEN ON ROTATIONAL
BASIS TO INDUSTRIES ON THREE YEAR CYCLE



- ANNUAL SAVINGS | Rs 37212 CRORES

ONE TIME INVESTMENT

Rs 48736 CRORES

PAY BACK PERIOD

16 MONTHS




ENERGY SAVINGS 1999-2017 (19 YEARS)

ELECTRICITY

44120 MILLION KWH

7469 MW
FURNACE OIL
ETC 51 LAKH KL
GAS SAVING 250713 LAKH METER

CUBE




TATA MOTORS LTD - PIMPRI PUNE

PRODUCT - COMMERCIAL VEHICLES

DESCRIPTION UNIT 2013-14 | 2014-15 | 2015-16 | 2016-17
VEHICLE
PRODUCTION NOS. 148117 138535 146651 154442
SPECIFIC
ELECTRICITY Vé(IYI\I,(I;III_E 522 436 422 401
CONSUMPTION
SPECIFIC
MKCAL/V
THERMAL EHICLE 0.378 0.282 0.233 0.208

CONSUMPTION




SOME ENCON PROJECTS 2014 -
2017

WASTE HEAT ENERGY SAVINGS - RS 34.5 LAKHS

RECOVERY SYSTEM

FOR CEO OVEN INVESTMENT - RS 42 LAKHS
VEDS FOR ENERGY SAVINGS - RS 122 LAKHS
BLOWERS AND
PUMPS INVESTMENT - RS 61 LAKHS

OPTIMISATION OF | ENERGY SAVING - RS 464 LAKHS

PAINT SHOP INVESTMENT - RS 50 LAKHS




ENCON PROJECTS 2014-2017

REPLACEMENT OF OLD ENERGY SAVING - RS 15.5 LAKHS
CENTRIFUGAL COMPRESSOR

3000, CFM WITH ENERGY

- ?
EFFICIENT COMPRESSOR | NVESTMENT-RSSLAKRS (7)

WASTE HEAT RECOVERY ENERGY SAVING - RS 16.8 LAKHS

FROM SURFACE AND TOP
COAT OVEN INVESTMENT - RS 42 LAKHS

LDO FIRED INDIRECT HEATING | ENERGY SAVING - RS 68 LAKHS

OVEN REPLACED BY GAS
FIRED DIRECT HEATING OVEN INVESTMENT - RS 100 LAKHS




ENCON PROJECTS 2014-2017

ENERGY SAVINGS - RS 7.96 LAKHS
FLAME PROOF 30 W LED

INVESTMENT - RS 3.6 LAKHS

ENERGY SAVINGS - RS 31.1 LAKHS
20 W LED IN PLACE OF 40 W TUBE

LIGHT (3000 NOS
( ) INVESTMENT - RS 23.6 LAKHS

ENERGY SAVINGS - RS 4.78 LAKHS

180 W LED HIGH BAY LIGHTS
INVESTMENT - RS 10.8 LAKHS




SUBROS LTD — MANESAR - HARYANA

PRODUCT - AUTOMOBILE AIR CONDITIONER

2014-2015 | 2015-2016 | 2016-2017
SPECIFIC ENERGY
CONSUMPTION 10.45 0.93 9.7
(KWH/UNIT)
ELECTRICITY
SAVINGS (LAKH KwH) |  ©8 73 8.58
ENCON PROJECT 19




SELECTED ENCON PROJECT 2014-2017

INSTALLATION OF SHUT OFF VALVES
IN COMP. AIR LINE, LEADING TO ZERO
LEAKAGE IN BREAKS AND HOLIDAYS

ENERGY SAVING - 0.14 LAKH KWH

FUEL - 4.03 KL

INVESTMENT - RS 1.4 LAKHS

VFD ON AIR COMPRESSOR

ENERGY SAVING - 0.53 LAKH KWH

FUEL - 15.13 KL

INVESTMENT - RS 4.8 LAKHS

REDUCTION IN COMP. AIR LEAKAGE
FROM 12% TO 7% BY MONITORING
WITH LEAKAGE DETECTOR AND
OTHER PRACTICES

ENERGY SAVING - 0.45 LAKH KWH

FUEL - 12.48 KL

INVESTMENT - RS 0.2 LAKH

COMP. AIR PRESSURE REDUCTION

ENERGY SAVING - 0.06 LAKH KWH

FUEL - 1.68 KL

INVESTMENT - RS 1.2 LAKHS




SELECTED ENCON PROJECT 2014-2017

FORCED DRAFT COOLING TOWER
BY NATURAL DRAFT COOLING
TOWER

ENERGY SAVING - 0.79 LAKH KWH

FUEL - 22.59 KL

INVESTMENT - 1.0 LAKH

AUTO SWITCHING OFF PUMPS
FANS FOR COOLING TOWER

ENERGY SAVING - 0.67 LAKH KWH

FUEL - 19.16 KL

INVESTMENT - RS 1.5 LAKH

VFD FOR HYDRAULIC POWER
PACK IN INJECTION MOULDING
MACHINES - 3 NOS.

ENERGY SAVING - 1.88 LAKH KWH

FUEL - 53.78 KL

INVESTMENT - RS 3.52 LAKH

AUTO SWITCHING OF FURNACE
BLOWERS LIGHT ETC IN BRAZING
BOOTH

ENERGY SAVING - 0.12 LAKH KWH

FUEL - 3.36 KL

INVESTMENT -

TOTAL FOR 19 PROJECTS

ENERGY SAVING - 10.11 LAKH KWH

FUEL - 288.8 KL

INVESTMENT - RS 21.9 LAKHS

ELECTRICITY SEEMS TO BE GENERATED BY DIESEL GENERATOR SETS
1 LIT =3.5 KWH




CRYSTAL CERAMIC INDUSTRIES PVT LTD

MEHSANA (GUJARAT)

PRODUCT - CERAMIC TILES

ENERGY CONSUMPTION TRENDS

2014-15 | 2015-16 | 2016-17
SPECIFIC ELECTRICITY CONSUMPTION
2 N .
(KWHIM?) 523 | 519 | 4.75
SPECIFIC THERMAL CONSUMPTION | o | o 000 | 0 01600

(MKCAL/M?2)




ENCON PROJECTS

WASTE HEAT RECOVERY

ANNUAL SAVING GAS | SAVINGS
(LAKH M?) (RS LAKH)
REUSE OF HOT GASES OF
KILN-1 INTO AIR DRIER-1 0.99 13.27
REUSE OF HOT GASES OF
KILN-2 INTO AIR DRIER-2 1.01 13.51
REUSE OF HOT GASES OF
KILN-3 INTO AIR DRIER-3 0.34 11.24
REUSE OF HOT GASES OF
KILN-4 INTO AIR DRIER-4 3.10 30.99
5.94 69.00




ENCON PROJECTS

VFD INSTALLATION SAVING SAVING

VFD ON 3 NO OF AGITATORS MOTOR 1.15 LAKH KWH | 9.12 RS LAKH

VFD ON COMBUSTION FAN KILN - 2 0.29 LAKH KWH | 2.29 RS LAKH

VFD ON RAPID COOLING FAN KILN -2 | 0.56 LAKH KWH | 4.42 RS LAKH

VFD ON HOT CIRCULATION BLOWER OF 16,82 RS LAKH
5 LAYER DRIER 2.39 LAKH KWH .

VFD HAVE BEEN INSTALLED IN MANY OTHER APPLICATION LIKE FINAL
COOLING FAN, HOT AIR FAN, SUCTION BLOWER, RAPID COOLING FAN




EON PROJECTS

PLUGGING OF AIR LEAKAGES IN
COMPRESSED AIR DISTRIBUTION

32.54 LAKH
KWH

255.71 LAKH RS

ENERGY AND CARBON POLICY

= ADOPT BEST AVAILABLE TECHNOLOGY TO ENHANCE ENERGY EFFICIENCY

= SELECTING AND USING ENERGY EFFICIENT AND ECO FRIENDLY TECHNOLOGY

= REGULAR ENERGY AUDITS- INTERNAL / EXTERNAL RESOURCES

= MAXIMIZE CAPACITY UTILIZATION AND WASTE ENERGY RECOVERY

» EFFECTIVE ENERGY MANAGEMENT SYSTEM

= AWARENESS PROGRAMS ON ENERGY CONSERVATION FOR GRASS ROOT

WORKER




HERITAGE FOODS LTD

CHITOOR- ANDHRA PRADESH

MILK AND MILK PRODUCTS

ENERGY CONSUMPTION TRENDS

2014 -15| 2015-16 |2016-17
SPECIFIC ELECTRICITY CONSUMPTION | ,q &¢; 29.012 26.08
(KWH/TON)
SPECIFIC THERMAL ENERGY 00535 | 00509 | 0.0470

CONSUMPTION (MKCAL/TON)




ENCON PROJECTS

ENERGY SAVINGS

PROJECT SAVINGS INVESTMENT
ELECTRICITY | FUELWOOD (RS LAKHS) | (RS LAKHS)
(LAKH KWH) (TONS)
HIGH EFFICIENCY
20 KL MILK 0.130 16.77 1.477 16.54
PASTEURISER
105 TR SCREW
COMPRESSOR 0.658 - 4.603 20.88
IE3 MOTOR FOR
180 HP 0.450 - 3.150 2.82
COMPRESSOR
HIGH SPEED
ENERGY
EEEICIENCY 0.208 - 1.456 8.13

CRATE WASHER




ENCON PROJECTS

ENERGY SAVINGS

PROJECT SAVINGS | INVESTMENT
ELECTRICITY | FUELWOOD | oo auns) | (RS LaKHS)
(LAKH KWH) (TONS)
IFB 30 BOILER AR
PRE HEATER 0.172 80.75 3.946 0.26
MODIFICATION
TOTAL PLANT
LIGHTING CHANGED 0.702 : 4.913 7.66
TO LED
IMPROVE P.F BY
CAPACITORS 0.131 : 0.919 0.12
SPLIT A/C IN PLACE
OF WINDOW A/C 0.053 : 0.374 1.26
ENERGY EFFICIENT
PUMPS 0.088 : 0.613 2.02
TOTAL FOR ALL
PROJECTS
IMPLEMENTED (21 4.088 170.20 34.40 84.61

NOS)




RAJASTHAN STATE
ALL MUNICIPAL CORPORATIONS, LOCAL BODIES

STREET LIGHTING BY LED

PROJECT EXECUTED BY EESL — NEW DELHI

ENERGY
CONSUMPTION SAVING | SAVING
YEAR (LAKH (RS
BEFORE | AFTER KWH) | CRORE)
LED LED

2016 - 17 1464.60 | 732.30 | 732.30 58.59

2017 - UPTO 8 OCTOBER 2017 | 1643.98 | 821.99 | 821.99 65.77

TOTAL YEARLY SAVINGS 15.15 191.00
AFTER PROJECT CRORE | .- oc

COMPLETION KWH




SECUNDERABAD STATION BUILDING

330 TRANS/DAY 160,000 PASSANGER/DAY
AREA - 64347 SQ METERS 1128 M? AIR CONDITIONED
CONNECTED LOAD - 3265 KW 100% LED LIGHTING
2015-16 2016-17
ENERGY CONSUMPTION (KWH) 25.4 LAKHS 17.19 LAKH
SPECIFIC CONSUMPTION (KWH/ M?) 39.47 26.17




ENCON PROJECTS

KWH
SAVING |RS SAVING | INVESTMENT
49.81
500 KW GRID CONNECTED SOLAR 607500 1432 LAKH
LAKH
LED LIGHT (100%) 12600 1.03 LAKH | RS 50 LAKH
STAR RATED PUMPS 27229 2.23 LAKH 1.24 LAKH
TIMERS FOR WATER COOLERS (150
6570 0.54 LAKH 0.28 LAKH
LTR)
CONTROL OF A/C TEMP (20° TO 269) 47128 3.86 LAKH -
WATER COOLER TEMP (16° TO 229) 34908 2 87 LAKH -
REDUCE VOLTAGE 415 IN PLACE
77478 6.35 LAKH -

OF 440




ICICI BANK
CHANDIVALI - MUMBAI

CHADIVALI TOWER AREA 2.5 LAKH SQ FT | MANPOWER 2850
ENERGY PERFORMANCE INDEX 2014 | 2015 | 2016 | 2017
(KWH/M?) 222 169 141 123

= INVESTMENT- RS 440.8 LAKHS

= SAVING - RS 291.3 LAKH

= PAYBACK PERIOD - 18 MONTHS

= BEE 5 STAR LEVEL




SELECTED ENCON PROJECT

ANNUAL
ANNUAL
COST INVESTMENT
PROJECT S(Q\x:ﬁ SAVING (RS | (RS LAKHS)
LAKHS)
OPTIMISATION OF HVAC SYSTEM | 124740 15.0 -
STOPPING WASTAGE, IDLE EQUIP | 89166 10.7 -
A/C TEMP AT 24°C 168400 20.20 -
ENERGY EFFICIENT CHILLER 98500 118.2 295.0
USE OF 4X9 W LED (3038 NOS.) | 110280 13.20 29.80
USE OF 15 W LED TUBE (1596 190985 14.50 29 30
NOS.)
CHEMICAL CLEANING OF CHILLED
WATER PIPE 60000 7.20 0.40
BLDG MANAGEMENT SYSTEM 116500 14.00 53.80
PULL CORD SYSTEM FOR 28000 3 40 14.40

INDIVIDUAL LIGHTING




KANSAI NEROLAC PAINTS
REWARI - HARYANA
PRODUCT - DIFFERENT TYPES OF PAINTS

SPECIFIC CONSUMPTION TRENDS

2013-14 201415 | 201516 | 2016-17

SP. ELECTRICITY (KWH/T) 331.5 303.2 302.5 292.5

SP. THERMAL (M KCAL/T) 0.52 0.47 0.36 0.3

THERMAL ENERGY - STEAM

(M KCAL/T) 12308 11159 9347 8016




ENCON PROJECTS

SAVING
PROJECT 'h'(\éisL&MKih;T (RS PAYBACK
LAKH)
POWER PURCHASE THROUGH
OPEN ACGESS 14 263 1 MONTH
VAM CHILLERS REPLACED WITH
SCREW CHILLERS 206 200 1 YEAR
ENERGY EFFICIENT MOTORS 8.14 13 7 MONTHS
5.2 YEARS
(CARBON
SOLAR POWER 220 42 EMISSION
REDUCTION
456 T/ YR)
DEMAND SIDE MANAGEMENT 5 1 5 YEARS

SYSTEM FOR COMPRESSOR AIR

TRACKING STEAM LEAKAGE
AIR, LEAKAGE - FORTNIGHTLY




CARRIAGE AND WAGON WORKSHOP
YAMUNANAGAR - HARYANA

NORTHERN RAILWAY
OVERHAULING OF WAGONS, CARRIAGES, ROLING STOCK
ISO, 50001 ISO 9001 ISO 18001 5 SIGMA

ENERGY CONSUMPTION TREND

2013-14 | 2014-15 | 2015-16 | 2016-17
SP. ELECT. CONSUMPTION
612.98 582.54 534.9 484.80
(KWH/UNIT SERVICED)
SP. THERMAL (M KCAL/UNIT) 0.685 0.546 0.505 0.397




ENCON PROJECTS

SAVINGS SAVING | INVESTMENT
PROJECT (KWH) (RS LAKH) | (RS LAKH)
STOPPING COMP AIR LEAKAGE
18 LOCATION 83,000 8.3 )
USE OF TRANSPARENT SHEET
5 SHEET 30,000 3.0 22
STOP COMP. NO. 15 130,000 13 -
ENERGY SAVER FOR WELDING 56000 5 6 10.75
25 NO
60 WATT FAN TO 35 WATT
BLDC MOTOR 1200 0.12 1.41
400 HP SODIUM BY 140 WATT LED 43,000 4.3 10.16
OCCUPANCY SENSORS 2000 0.2 0.06
CAPACITY BLDG TRAINING FOR
GAS CYLINDERS 23 TONS 22 )
TRAINING FOR FURNACE LOADING,
CONTROL OF SPILLAGES, 44.54 KL 32.06 -

WASTAGE




GMR WARORA ENERGY LTD
WARORA - MAHARASHTRA
2 X 300 MW THERMAL PLANT
COMMISSION IN 2013 — COAL 2.6 MILLION TON/YR

POWER EVACUATION BY 400KV - 33 KM LINE

ENERGY TRENDS
HEAT RATE COAL
YEAR AUX POWER

(KCAL/KWH) (Kg/KWH)
2013-14 10.3% 2489 0.69
2014-15 9.3% 2343 0.60
2015-16 9.2% 2326 0.63
2016-17 8.6% 2306 0.61




ENERGY SAVINGS

FINANCIAL
VEAR LAKH COAL SAVING
(KWH/YR) (T/YR) (LAKH
RS/YR)
2014-15 361.47 119373 8002.454
2015-16 52.03 18569 806.467
2016-17 25.90 17341 1349.460




SELECTED ENCON PROJECTS

ELECTRICITY | FINANCIAL
PROJECT SAVING (LAKH | SAVING (LAKH
KWH) RUPEES)
OPTIMISATION OF WATER
CONSUMPTION- 20% REDUCTION 12.08 36.23
OPTIMISATION OF COMPRESSOR

HOUSE SYSTEM 11.29 33.86
REDUCTION IN GROSS HEAT RATE 17341 TONS 55149

(2320 TO 2300 KCAL/KWH) COAL '
VFO ON CEP PUMP 12.04 36.12
IMPELLER COATING FOR PUMPS 13.95 41.84
VFES FOR SEAL AIR FAN, HOT WELL 7 92 23,76

PUMP, SERVICE WATER PUMP




ENERGY EFFICIENT APPLIANCES

DAIKIN INVERTER AIR CONDITIONERS

ISEER ANNUAL POWER CONSUMPTION
1 TON 5.8 483 KWH
1.5 TON 5.2 744 KWH
1.8 TON 4.85/5.0 957 KWH

HFC - 32 REFRIGERANT FOR REDUCING GLOBAL WARMING

CROMPTON GREAVES
DECO 50 MODE=2
SWEEP 1200 MM

230V 50 HZ

AIR DELIVERY 215 M3/M
SPEED 340 RPM
POWER 50 W

SERVICE VALVE - 4.3




GODREJ AND BOYCE

DIRECT COOL REFRIGERATOR 190 L
MODEL - RD EDGE PRO 190 PDS - 5 - 2
HYDROCARBON REFRIGERANT - ISOBUTANE 600 a
GLOBAL WARMING - 3
OZONE DEPLETION -0
HFCS HAVE GWP — FEW THOUSAND
ANNUAL KWH - 196 (3 STAR)
NOW, 5 STAR — 130 KWH/YEAR
4 STAR - 160 KWH/YR

ARE AVAILABLE BUT USE OF OTHER REFRIGERANTS

LED TV MODEL 3219

SIZE

STAND BY POWER

ON MODE POWER

ANNUAL POWER

80 CM (32”)

0.34 W

17.92 W

42 KWH
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MONEY SAVINGS

ANNUAL SAVINGS RS 2069 CRORES

ONE TIME INVESTMENT RS 1327 CRORES

PAYBACK PERIOD 8 MONTHS

PARTICIPATING UNITS 333



ANNUAL ENERGY SAVINGS

ELECTRICITY | 3917 MILLION KWH
(EQUIVALENT 739 MW)
FURNACE OIL 0.06 LAKH KL

GAS 156 LAKH M3
COAL 2.50 LAKH METRIC



CUMULATIVE SAVINGS
1999-2018

ANNUAL SAVINGS RS 39281 CRORES

INVESTMENT RS 50062 CRORES
AVERAGE PAYBACK 15 MONTHS



CUMULATIVE SAVINGS

ELECTRICITY 48037 MILLION KWH
(EQUAL TO 8208 MW)

FURNACE OIL 51 LAKH KL
GAS 250869 LAKH M?
COAL 229 LAKH METRIC TON
TOTAL PARTICIPATING 9401

UNITS



GRASIM INDUSTRIES LTD
REHLA JHARKHAND

PRODUCT CAUSTIC SODA

SPECIFIC ENERGY CONSUMPTION (KWH/TON)

- ELECTROLYSIS | AUXILIARY TOTAL

2014-15 2320 2530
2015-16 2300 205 2505
2016-17 2245 205 2450

2017-18 2175 190 2365



ENCON PROJECTS

6™ GENERATION CELL IN ELECTROLYSER
VFD FOR CE PUMP, AIR FANS, CT FANS
REPLACEMENT OF IMPELLERS- 2 ID FANS
REDUCING ONE STAGE- BOILER FEED PUMP
IMPELLER REPLACEMENT- MCW PUMPS

- ACW PUMPS

LED LIGHTNING
OVER HAULING OF CAPTIVE POWER PLANT



IPLA LABORATORIES LTD

RATLAM MADHYA PRADESH

PRODUCT- DRUGS AND FORMULATION

SPECIFIC ENERGY CONSUMPTION

- ELECTRICITY | THERMAL MKCAL/T

2015-16 17795 KWH/T 34.12
2016-17 14445 KWH/T 27.10
2017-18 10256 KWH/T 20.70



ENCON PROJECTS

REPLACEMENT OF OLD INEFFICIENT PUMPS
ON/OFF CONTROLS FOR LARGE NUMBER OF PUMPS
600 KVAR AUTOMATIC POWER FACTOR CONTROLLER

VACCUM PUMP IN PLACE OF STEAM EJECTOR
LOAD SHIFT TO BENEFIT FROM TIME OF DAY TARIFF
STOPPAGE OF HVAC, BRINE DURING NO PRODUCTION
REPLACEMENT OF INSULATION FOR STEAM PIPELINE
REPLACEMENT OF 118 STEAM TRAPS
LED LIGHTING

CAPACITY IMPROVEMENT BY EQUIPMENT
DEBOTTLENECKING



BALAJI DAIRY

TIRUPATI ANDHRA PRADESH

MILK, CURD, GHEE, BUTTER
ENCON PROJECTS

500 KW SOLAR PLANT

AUTOMATIC BLOW DOWN SYSTEM FOR
BOILER

MANUAL BLOW DOWN- 202160 KG/YR
AUTOMATIC BLOWDOWN-100046 KG/YR

6 NOS AUTOMATIC PUMPING TRAP TO
IMPROVE CONDENSATE RECOVERY



LED LAMP IN PLACE OF HPSV LAMP

15 KW OLD PUMP WITH 7.5 KW NEW
PUMP

VFD ON CONDENSER FAN MOTOR 18.5
KW

8258 KWH/ MONTH BEFORE VFD
4489 KWH/ MONTH AFTER VFD
VFD ON COOLING TOWER FAN 7.5 KW
958 KWH/ MONTH BEFORE VFD
591 KWH/ MONTH AFTER VFD



JSW STEEL COATED PRODUCTS

LTD

KALMESHWAR MAHARASHTRA
PRODUCT- ZINC COATED GALANIZED STEEL

SPECIFIC ENERGY CONSUMPTION GCAL/MT

201213 10304
2013-14 0.260
2014-15 0.274
201516 0.223
2016-17 0.208

2017-18 0.203



ENCON PROJECTS

37 HPSV LIGHT OF 10.1 KW REPLACED WITH 39
LED LIGHTS OF 2.7 KW (SAME LUX)

30 HPSV LIGHT OF 7.0 KW REPLACED WITH 26
LED LIGHTS OF 3.6 KW (SAME LUX)

VFD DRIVES FOR LARGE NUMBER OF PUMPS

246 HPMV OF 10.9 KW REPLACED WITH 238 LED
OF 5.6 KW (SAME LUX)

29 NO. OF 1.044 KW FLUORESCENT LIGHT
CHANGED TO 29 NO. OF LED OF 0.522 KW

KWH/T-107 TO 95 KWH/T  SAVING 12 KWH/T-
216000 T PRODUCTION



ORIENT PAPER MILLS

SHAHDOL- MADHYA PRADESH
WRITING, PRINTING, INDUSTRIAL PAPER

SPECIFIC ENERGY CONSUMPTION

COAL STEAM TON/T| POWER
TON/T KWH/T

2013-14 2.81 20.05 1910
2014-15 2.78 19.39 1876
2015-16 2.45 18.37 1838
2016-17 2.30 18.28 1805
2017-18 2.20 16.69 1760
2018-19 2.0 16.50 1700

(TARGET)



ENCON PROJECTS

NEW TISSUE MACHINE OF 90 TPD

85 NOS OF VFD ARE PROVIDED FOR THIS
MACHINE

AIR CONDITIONING SYSTEM WITH ALL
VFD

PCC (CALCIUM CARBONATE) PLANT OF
7000 MT

TO TRAP CO, FROM APFC BOILER



ENCON PROJECTS

NEW TANK FOR EFFLUENT TREATMENT PLANT
462 NOS. OF COARSE AIR BUBBLE DIFFUSER
2000 M BLOWER
REPLACED BY
1905 FINE AIR BUBBLE DIFFUSERS
5000 M3 2 BLOWERS
NEW COMPRESSOR IN PLACE OF 2 OLD

INEFFICIENT COMPRESSORS FOR ASH
HANDLING

LED FIXTURES IN PLACE OF CONVENTIONAL
FIXTURES

TRANSPARENT SHEETS FOR GODOWN STORES



CONDENSATE RECOVERY IMPROVED FROM 53%
TO 66% - 100 M3 NEW CONDENSATE TANK

PRE HEATER INSTALLATION FOR 7 DIGESTERS

9 TPD STEAM SAVING - 30 TPD CONDENSATE
RECOVERY

SWITCH OVER FROM HT TO LT MOTOR AND VFD
400 KW ID FAN OF RECOVERY BOILER
SAVING 100 KW
SWITCH OVER FROM HT TO LT MOTOR AND VFD
2* 250 KW MILL WATER SUPPLY PUMP



NILKAMAL LTD
KHARAOPADA SILVASSA
PLASTIC FURNITURE
SPECIFIC ENERGY CONSUMPTION

PRODUCTION KWH/KG
TONS

2015-16 4582 0.91

2016-17 5234 0.74

2017-18 5281 0.70



ENCON PROJECTS

ISO 50001-2011 ENERGY MANAGEMENT SYSTEM
P.F. AT 1.0 AC TEMP 24°C
VFD ON ALL INJECTION MOULDING MACHINE
15% REDUCTION IN POWER AND DEMAND
AEROGEL BARREL HEATER FOR INJECTON MOULDING
ELECTRIC GEAR MOTOR IN PLACE OF HYDRO MOTOR
COMPRESSOR PRESSURE 7.5 BAR TO 5.5 BAR
VFD ON AIR COMPRESSORS SAVING 235 KWH/DAY
REPLACE OLD RECIPROCATING COMPRESSOR WITH
ENERGY EFFICIENT SCREW COMPRESSOR




JKTYRELTD
VIKRANT TYRE
MYSORE KARNATAKA
SPECIFIC ENERGY CONSUMPTION

TOTAL boWER | THERMAL | COMPRES
ENERGY | wwhm) | (MKcALT) SOR
(GJIT) (KWH/T)
2014-15 10560 782 1.787 91.8
2015-16 10098 772 1.658 85.2
2016-17 9797 748 1.635 83.7

2017-18 9722 685 1.455 79.8



ENCON PROJECTS

INSULATION REVAMP OF STEAM, CONDENSATE
AND HOT WATER LINES, VALVES.

USE OF FLASH STEAM TO HEAT BOILER FEED
WATER. SHELLS AND TUBE HEAT EXCHANGER.
ELECTRICAL HEAT TRACING OF PROCESS OIL
LINE.

REDUCING STEAM AND COMPRESSED AIR LEAKS
SAVING RS 15 LAKHS/YEAR .



OPTIMUM SIZING OF PUMPS AND MOTORS
PHASE WISE REPLACEMENT OF
STANDARD MOTOR WITH ENERGY
EFFICIENT MOTORS

VFD FOR PUMPS AND BLOWERS

250 W HPMV TO 80 W LED

250 W HIGHBAY LUMINAIRE 80 W LED

250 W METAL HALLDE WITH 120 W LED



RAILWAY STATIONS

INDIAN RAILWAYS HAVE ADOPTED FOLLOWING
ENERGY SAVING MEASURES.
ENERGY SAVINGS OF 15% TO 30% ACHIEVED

LIGHTING

REPLACE 28 WT-5 BY 18 W LED
400 W METAL HALIDE BY 170 W LED
70 WMH BY 25 W LED
45 W CFL BY 25 W LED



CEILING FANS

90 WATT FANS WITH 50 W FAN

ALSO WITH 30 W TO BLDC FAN

HIGH VOLUME LOW SPEED FANS
ALSO USED WITH INVERTER CONTROL

AIR CONDITIONERS

ALL OLD ACS WITH 5 STAR AC
SOME WITH NEW INVERTER ACS
TEMP 22°C TO 26°C

PUMPS

NON STAR RATED PUMPS 7.5 HP/SHP

REPLACED WITH 5 HP 5 STAR PUMP

MANY RLY QUARTERS ALSO NOW CHANGED TO LED
AND 5 STAR FANS

SOLAR PLANTS OF 50 KW TO 500 KW INSTALLED




LAL BAHADUR SHASHTRI
INTERNATIONAL AIRPORT- VARANASI
ENERGY CONSUMPTION TRENDS

ANNUAL
PASSANGERS 1055614 1430878 1958231 2127124

ELECTRICITY

COMSUMPTION  60.33 60.37 63.72 56.03
(LAKH/UNIT)

SPECIFIC

CONSUMPTION

(KWH/PASSANG

ER)

600 KWP ROOF TOP SOLAR 1.2 MWP GROUND MOUNTED SOLAR

5.72 4.22 3.25 2.63



ENCON MEASURES

ENERGY EFFICIENT CHILLER
5 STAR RATED ACS
CONVENTIONAL LIGHT FITTINGS WITH LED
ELEVATORS, ESCALATORS WITH VFD
APFC PANEL FOR HIGH PF
AUTOMATIC SLIDING DOORS WITH AIR LOCKED LOBBY
AUTOMATIC SWITCHING OFF CONVEYOR BELTS ON NO
LOAD
TIMER CONTROL OF STREET LIGHTS
REGULAR ENERGY AUDIT



CROWNE PLASA HOTEL
CHENNAI TAMILNADU
ENCON PROJECTS

GUEST ROOM INCANDESCENT BULB WITH LED
BANQUET HALLS CFL REPLACED BY LED

GUEST ROOM SHALOGEN BULBSWITH LED

OLD LAUNDRY M ACHINE REPLACED WITH NEW
ONE

ELECTRICALLY OPERATED WASHING M ACHINE,
DRYERS IN PLACE OF STEAM OPERATED M ACHINE



SEWAGE TREATED WATER USED FOR COOLING TOWER
AND GARDENING 100 KL/ DAY SAVINGSRS. 1.5
LAKH/ M ONTH.

CHILLER PLANT A,B,C DESCALING DONE

* ACPLANT LEAKED VALVES CHANGED

* REINSULATION OF PIPES

 SEPARATE SOFTNER PLANT FOR LAUNDRY n 40 PPM

HARDNESS

* MAIN SOFTER PLANT 100 PPM HARDNESS

* TIMERSINSTALLED TO USE DAY LIGHT



BSES YAMUNA POWER LTD, DELHI

IT IS DISCOM - DISTRIBUTION COMPANY
1.6 MILLION CUSTOMERS EAST AND CENTRAL
DELHI
TOTAL TECHNICAL AND COMMERCIAL LOSSES
REDUCED FROM 64% TO 10%
2002 TO 2017/18
RELIABILITY - 99.9%
NO FATAL ACCIDENT (2017-18)
ERP, SCADA, GIS, OMS DMS
AUTOMATIC SMART METERS — 5000 INSTALLED
300,000 TO BE INSTALLED



SOLAR ROOF TOPS - 150 CUSTOMERS 13 MW
ELECTRIC (VEHICLES FOR OPERATION DUTY)
DEMAND RESPONSE 17 MW 2017-18
60 MW 2018-19
ENERGY EFFICIENT EQUIPMENT DISTRIBUTION
2.1 MILLION CFL 27080 TUBELIGHTS
5000 ENERGY EFFICIENT FANS
MANDATORY ENERGY AUDIT
LED REPLACEMENT UNDER UJALA
OLD A/C REPLACED WITH 5 STAR A/C
GREEN BUILDING PROJECT
AWARENESS PROGRAMS FOR ENERGY
CONSERVATION



ENERGY MANAGEMENT CENTRE
KERALA
STATE DESIGNATED AGENCY OF BEE
CENTRE NEW GREEN BUILDING
IGBC- LEED GOLD RATING
‘NET ENERGY POSITIVE
‘CARBON NEUTRAL
NATURAL VENTILATION - WIND TUNNELING,
SOLAR CHIMNEY, STACK EFFECT
BETTER INDOOR AIR QUALITY- VENTILATION AND
USE OF LOW VOC PAINTS
CFC AND HCFC FREE VFD HVAC SYSTEM
COOL ROOF HIGH SOLAR REFECTANCE



ENERGY CONSUMPTION TRENDS

T S e

CONSUMP

TION MU

VERIFIED

SAVINGS 176 281 225 2001 948
MU

% SAVING 1.0 1.5 1.2 9.7 4.1

17563 18494 19419 20625 21840



EMC KERALA

PROMOTION PROGRAMS
ENERGY CONSERVATION DAY RALLY - 140 CENTRES

SMART ENERGY PROGRAM - 4800 SCHOOLS
62400 STUDENTS 41 EDUCATION DISTRICTS
45 URJA UTSAV 14 DISTRICT LEVEL PROGRAM
NATIONAL ENERGY CONSERVATION DAY AT PSU
AND ENGINEERING COLLEGES
420 AWARENESS PROGRAMS THROUGH NGOS
800 WOMEN - 14 DISTRICTS - ENERGY CLINIC
3 LAKH PARTICIPANTS THROUGH
WORKSHOPS/SEMINARS



DEMONSTRATION PROGRAMS

493 SCHOOLS - 5 NO. EFFICIENT FAN
-5NO.18 WLED SNO9WLED
-25 W LED STREET LIGHT
30 MU SAVING THROUGH ENERGY AUDIT
IMPLEMENTATION
609 RESOURCE PERSON TRAINED
NINE ENERGY EFFICIENT PANCHAYAT
855169 W LED 207 W LED STREET LIGHT
4038 5 STAR FANS



CROMPTON GREVES LTD

5 STAR CEILING FAN
1200 MM SWEEP 230 V 1 PHASE
AIR DELIVERY 220 M3/M POWER 49 W
SERVICE VALVE 4.48 SPEED 830 RPM
MOTOR WITH INCREASED CORE LENGTH, HIGHER
COPPER
REDUCED AIR GAP, HIGH QUALITY, ELECTRICAL
STEEL
BLADE ANGLE, CURVATURE, MATERIAL
RE ENGINEERING TO REDUCE AIR RESISTANCE
AUTOMATION IN MANUFACTURING



GODREJ & BOYCE

DIRECT COOL 190 LITRE REFRIGERATION
POWER CONSUMPTION - 124 KWH/YR
FEATURES
HYDRO CARBON REFRIGERANT ISOBUTANE R609
ODP (OZONE DEPLETING POTENTIAL) -0
GWP (GLOBAL WARMING POTENTIAL) - 3
INVERTER FOR COMPRESSOR
COPPER MATERIAL FOR SUCTION TUBE
BETTER SEALING



CRI PUMPS

MODEL CRI 4R/07
SUBMERSIBLE PUMP FOR BOREWELLS OF 4~
AND MORE
EFFICIENCY MORE THAN 5 STAR
OPTIMUM DESIGN OF IMPELLER AND DIFFUSER
SPECIAL THRUST BEARING
1 PHASE 0.75 KW/ 1 HP 2850 RPM
32 M HEAD 29 LPS STAGES -7
OVERALL EFF 28%
220V 50 HZ 8.1 AMP



NATIONAL ENERGY CONSERVATION
AWARDS 2019

BUREAU OF ENERGY EFFICIENCY




Summary of Energy Conservation Award - 2019

* 355 Industrial Units, establishments organisations
participated for awardsin 2019

Total Electrical Energy Saving 566 Million Units

Total Thermal Energy Saving Tons of Oil | 2405531
Equivalent

Total Energy Saving (Tons of Ol 3314216
Equivalent) Thermal + Electrical

CO, Reduction Million Tons CO, 17.3

Since 2017, each year only 1/3 of Industrial sectors are
invited by rotation for awards




CHEM ICALS

Grasim Industries Ltd. Chemical Division, Rehla, Dist.
Palamau (Jharkhand)

Commercial Production started Iin 1984 with
Mercury Cell Technology for production of Caustic
Soda, Liquid Chlorine and Hydrochloric Acid

Capacity n 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. Total

Power 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/Tonnj
2016-17  1.080

2017-18 1.047
2018-19  0.969




Grasim Industries Ltd.

M ajor Energy Conservation Projects

* 4th Generation Electrolyser to 6!" Generation
Electrolyser.

* Chlorine Compression and Liquefaction
system improvement by capacity increase of
Chilled Water VAM.

* Replacement of Energy Eficient Freon
Compressor.

* Reduction of stagesin boiler feed water

—pump-
* VFD for one BFP



M ajor 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. Lid., M ohali (Punjab)
Products- Direct Cool Refrigerator, Washing

M achines Compressors

i Platinum Ratingt, given by Cll Green Company Rating System-
2019, 18 in Country.

Rating System evaluates, Energy Conservation, Renewable
Energy, Water conservation, Waste Management, M aterial
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 n 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 & Forkliftsto reduce
diesel consumption

Press shop retrofit with efficient logic and
motors



MANUFACTURING

SUBROS Limited — IMT M anesar, Haryana
Product: Automobile Air conditioners
Energy Consumption Trends

Power Saving Specific Energy
Lakh KWH Lakh KWH KW H/ 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 valvesin 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

e 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.




=DIBLE OIL

KTV Health Food Pvt. Ltd.-Tiruvallur, Tamilnadu,
Established 2011

Product: Edible oil

Enarnv Conciimntinn Trande

KWH Green Specific Specific Electrical Energy
Million KWH Thermal KWH /Millions
2015-16 6-34 5.63 0.52 38.1
2016-17 °-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 CHL Lightsreplaced with 595 LED Lights.
LUX level at 150

New High Pressure (40 Bar) efficient
compressor

Steam Condensate Recovery

O, 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 HPA30 HP and 100HP- 60HP

VFD for Barometric Pump



FOUNDRY

BAKGIYAM Engg. Works in Foundry Division -

Coimbatore, Tamilnadu
Products— SG Iron, Grey Iron

Reduction in Energy Consumption, Pollution, Recycling waste
material

Specific Power

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 Eficiency Pumps and IE3 Motors

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

Change of compressor pipe line from Gl to PP,
Pressure changed from 8 BARto 7 BAR




ENCON PROJECT

* Manual mixer to VFD with PLC Controlled
Mixer h 10% Power Saving

* Belt Driven Gear Boxes replacing with Direct
Driven Gear Boxes

* 30 HP Sand Cooler Motor IEL1 to IE3
* New spectrometer
* Training of operating for conservation

—CHto D




ARVIND M ILLS — Gandhinagar, Gujarat

Products: Denims, Knits, Khaki, Technical
Textile

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

» Zero effluent discharge
> 1SO 50001 14001 9001
» OHSAS 18001

> Sustainable A arel Coalition score 83%




Energy Consumption Trends

-“ o — -

Sp. Electrical 6648 6331 6210 5245
KWH/Ton

Sp. Thermal 16.7 16.2 15.3 14.3
M KCAL/ Tonne

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 IE3 motorsin place of old rewound motors
85 Lakhs KWH/ Yr Saved

Capacity 18.5 KW to 55 KW

36 X2 Twin Tube Light with 18 W LED i 8000 Nos.
Saving 24 Lakhs KWH/ YR

150 W MH 80 W LED Street Light

6 x 110 KW pump 3 x160 KW Energy Eficient
Pump >

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




ENCON PROJECTS

Replaced Thermic Fluid Heater coil and excess
air control of Huid Heater .

Saving 14 Lakh M3 of Natural Gas

Coating in Steam Line i Insulation

Condensate Recover i Replace Faulty Steam

Trap

Direct Fired Stenters ( In place of Thermic
Fluid)

V

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
M odern High Power Electric Locomotives. Now
State of Art 3 Phase Locos with Ilatest
technology are produced. It also manufactures
Traction M otors and other Steel Casting




Energy Consumption Trend
Specific Energy Consumption Kgoe/ unit

2016-17 3380
2017-18 3550
2018019 4080
Total Energy Lakh No. of Loco
KWH Products
2016-17 400 290
2017-18 390 315
2018019 365 350




Energy Conservation M easures 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. Benchmarkingis
done to improve performance.




Energy Conservation Projects for Workshop
and Colony

J 100 % LED Lights in Service Buildings and
Workshop. Street Lights also changed to LED.

J 100 % LED in 8255 Railway Staff Quarter
J AC Temperature at 24°C

J 5 Star equipment

1 5386 KW Solar Plant Installation

J Awareness programms



Performance Features for Award
Winning Buildings, School, Institutes,

Energy Efficient Ligr)lyi\l{gD Building

CFL, Tube Lights, Sodium Vapor Lamps Replaced by LED

CFL18 W LED 9 W

CFL36 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 M easures

Elevators with Regenerative Braking
Insulation of Roofs, Wall, Windows
Building M anagement System

Light Pipes

Energy M onitoring



Energy Eficient Appliance

Air Conditioners- L G.Electronics
Technical Feature

** Dual Inverter Compressor with High Speed Dual Rotary
M otor

“* High Temperature Cooling Score
Thisis cooling with High Ambient Temperature
Normal A.C. Score lessthan 5. This A.C. scores5.

¢ 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

NS

* High Quality Electrical Steel Lamination

o

* Aerodynamic Design of Blade
* Air Delivery 210 M3
* Power 50 W

o

o



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



PUM PS
C.R.I.PUMPS

= M ore efficient than 5 Star

= Optimum Design of Impeller and Diffuser to
improve Hydraulic Efficiency

= Specially desighing Bearing



LED BULB

1 9 Watt LED Bulb

] BEE 3 Star Rated

1100 LM/W

(J Surge Protection 3.5 KV
 Life — 15 Years

J Zero Mercury

J 100 V-300 VAC

J No Glare



ANNE XURES
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ANNEXURE - 1
ENERGY CONSERVATION ACT ,2001

Parliament passed Energy Conservation Act in 2001.
Bureau of Energy Efficiency was set under the provision of
Act on 1st March 2002.

Some important programmes of BEE

. Energy
Standard and National Energy Conservation

. Conservation
Labelling Awards Building Code
2017

PAT Perform Energy Auditors/
Achieve and Trade M anagers




Standard and Labelling

e 26 Important domestic and Industrial
equipments like Refrigerators, Alir
Conditioners, Transformers, Motors are
covered under this programe. FHve Sar Label
means most Energy Eficient Equipment. This
programme has made tremendous impact in
the market about Energy Efficiency. Detalls are
given separately.



National Energy Conservation Awards

* Under this program, Industries are given
Awards for outstanding achievement. Every
year awards are given on 14t December,
Energy Conservation Day. Nearly 1000

Industries partici
Building, Hotels,
are now coverec

pate every year. Commercial
Rallways and other categories

. Now every year award are

given to different industrial sector on a
rotational business.



Energy Conservation Building Code 2017

* In this programe various categories of
commercial building like office, mall, hospitals
are covered. Various measures like building
envelope, lighting, AC equipment are specified
to meet ECBCrequirement. ECBC* and super
ECBC categories are now included for higher
efficiency. Energy Conservation Code has been
Introduced for Residential Building ECBC-2018



PAT Perform Achieve and Trade

* Thisscheme started with eight Energy
Intensive Sectorsin 2012. Following energy
Intensive industries like aluminium, cement,
chor-alkali, fertilizer, iron and steel, pulp and
paper, textiles and thermal power plants. 478
units from these sectors of industry were
covered In first PAT cycle in 2012-2015. These
unitswere given energy saving targets. M ost
of them achieved the target and were given
Energy Saving Certificate. (contd.)



In PAT cycle Il , 3 new sectors were added. Railway,
Refineries and Electricity distribution companies.

In 2018 : 2 new sectors Petrochemicals and buildings
especially Hotels are added. Each industry is given a
target for energy efficiency to be achieved in three
years period. Those surpassing targets are given
energy saving certificate (EScerts) which can be
traded on power exchange.

Smilarly PAT Cycle Ill, IV, V and VI are now also
notified and more designated consumers are
Included. Commercial building sector, Hotels, Resorts
are included in PAT Scheme



Energy Auditors/ M anagers

* Every year BEE conducts exams for Energy Auditors and
Managers. Those clearing the exams are known as Certified
Energy Managers/ Auditors.

* In addition accredited energy auditors for taking audits of PAT
Consumers are also notified.






Criteria for Designated Consumers (as

per EC Act 2001)

Sector Metric Ton Oil Equivalent
per year & above
Thermal Power Plants 30,000
Fertilizer 30,000
Cement 30,000
Iron & Steel 30,000
Chloro-alkali 12,000
Aluminum 7,500
Pulp & Paper 30,000
Textiles 3,000 »




Assumed Gross Calorific Value

1 KkWh =860 kcal

1 KGOE =10000 kcal

1 kg Furnace QOil 10050 kcal
1 kg HSD 11840 kcal
1 kg Petrol 11200 kcal
1 kg Kerosene 11110 kcal
1 kg LPG 12500 kcal

1 cub.mtr of Natural
Gas

800-10500 kcal (?)

Coal

Actual CV




Designated Consumer Example :
Electricity

Average Load 5000 kW

kWh Consumption | 5000 X 8000 hr/yr

kWh per year 40,000,000 kWh

KCAL 40,000,000 X 860 kcal
Kg OF 40,000,000 X 860 / 10000
TOE 40,000,000 X 860 / (10000 X
1000)
3440 MTOE

MTOE — Metric tons of oil equivalent

426



Annexure - 2

BEE STANDARDS &
LABELING PROGRAM




BEE STAR LABLING SCHEM E

S x Ba\
X A X\

: ~POWER SAVINGS

(B e

am BUREAU OF ENERGY EFFICIENCY

e NSERVE IT




BUREAU OF ENERGY EFFICIENCY HAS ISSUED STAR LABLING SCHEM E FOR
FOLLOWING EQUIPM ENTS

Mandatory Scheme

Frost Free (No-Frost) Refrigerator

TUBULAR FLUORESCENT LAM P

|ROOM AIR CONDITIONERS

DISTRIBUTION TRANSFORM ER

Al H| W[ N =

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

DIRECT COOL REFRIGERATOR

[ELECTRIC GEYSERS

COLOUR TELEVISON

©| O NIO

Variable Capacity Air Conditioner

10 |LED Lamps

'BEE HAS ALSO ISSUED STAR LABLELING FOR OFFICE BLDGS.




BUREAU OF ENERGY EFFICIENCY HAS ISSUED STAR LABLING SCHEM E FOR
FOLLOWING EQUIPM ENTS

Voluntary Scheme

1 |INDUCTION M OTORS 11 | Diesel Generator
2 |AGRICULTURE PUM P SETS 12 | Chillers
3 [CEILING FANS 13 | Microwave Oven
4 [Domestic Liquefied Petroleum Gas 14 | Solar Water Heater
LPG) Stoves
5 WASHING M ACHINE 15 |Light Commercial Air Conditioner
6 [Computer (Note book/ Laptops) 16 | Deep freezers

7 |Ballast (Electronic/ M agnetic)

8 ffice Equipments (Printers, Scanners,
piers, Fax M achinesand Mu

9 |Diesel Engine Driven M onoset Pumps
or Agriculture Purposes

10 [Solid State Inverters

—BEE HAS ALSO ISSUED STAR LABLELING FOR OFFICE BLDGS.




BUREAU OF ENERGY EFFICIENCY - STAR LABLING SCHEM E

¢ SCHEM E IS VOLUNTARY.

* 1 STAR TO 5 STAR RATING

¢ HIGHER STAR RATING M EANS BETTER ENERGY EFFICIENCY.
¢ 5 STAR RATING M EANS M OST ENERGY EFFICIENT PRODUCTS.
s ENERGY PERFORM ANCE IS INDICATED ON LABEL

[ % )

POWER SAVINGS
GUIDE




BUREAU OF ENERGY EFFICIENCY
STAR LABLING SCHEM E

Scheme M andatory For

1 Frost Free (No-frost) Refrigerator
2. Tubular Fluorescent Lamps

3. Room Air Conditioners - Split

4. Distribution Transformer

5. Room Air Conditioners- Window
6. Direct Cool Refrigerator

7. Electric Geysers

8 Colour Television

9 Variable Capacity Air Conditioner
10 LED Lamps
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FROST FREE (NO FROST) REFRIGERATOR

COOLING ISPROVIDED BY FORCED AIR CIRCULATION.
AUTOM ATIC OPERATION TO PREVENT FORM ATION OF FROST ON
REFRIGERATED SURFACES.

NO ACCUM ULATION OF ICE ON STORED FOOQD.

REF STARNDARD ASINZS4474.1.1997
ASINZS4474.2.2001
1IS15750:2006.

TOTAL ADJUSTED VOLUME = FRESH FOOD STORAGE (3°C)

+1.62 FREEZER VOLUM E (-15°C)



STARRATING SCHEM E

CONSUM PTION = Knf X Vad + Cnf
= (KWH / YEAR)

WHERE,

Knf = CONSTANT MULTIPLIER (KWH / LTR/ YEAR)
Vad = TOTAL ADJUSTED STORAGE VOLUME (LTR)

Cnf = CONSTANT FIXED ALLOWANCE (KWH / YEAR)



STAR RATING SCHEM E
(01 January 2014 to 31 December 2015)

1 STAR * >0.4463 311

2 STAR ** >0.3570 249

3 STAR *** > 0.2856 199

4 STAR **** >0.2285 159
5 STAR ***** >0.1828
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STAR RATING SCHEM E
(01 January 2016 to 31 December 2018)

1 STAR * >0.3570 249
2 STAR ** >0.2856 199
3 STAR *** >0.2285 159

4 STAR **** >0.1828 127
5 STAR ***** >0.146
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FOR 280 LITRE REFRIGERATOR - FROST FREE

CONSUM PTION = Knf X Vad + Cnf
= (KWH / YEAR)

01 January 2014 to 31 December 2015

1 STAR=0.4463 x 280 + 389 =128+ 389 =514 (KWH / YEAR)
3 STAR = 0.2856 x 280 + 249 =80 + 249 = 329 (KWH / YEAR)
5 STAR = 0.1828 x 280 + 159 =51+ 159 = 210 (KWH/ YEAR)

01 January 2016 to 31 December 2018

1 STAR=0.3570 x 280 + 311 =100+311=411 (KWH/ YEAR)
3 STAR=0.2285 x 280+ 199 =64 + 199 =263 (KWH / YEAR)
5STAR= 0.146 x 280+ 127 =41+127 = 168 (KWH/ YEAR)
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TUBULAR FLUORESCENT LAMP

1S2418 (PART | & PART I1)-1977 WITH ALLAMM ENDM ENTS
1200 mm TFL UPTO 40 WATTS

6500 °K, FOR HALO PHOSPHATE

6500 °K, 4000 °K, 2700 °K FOR TRI PHOSPHATE

LUM EN EFFICIENCY VALUES TO BE TESTED UPTO 3500 HRS.
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TUBULAR FLUORESCENT LAMP

1 STAR 2 STAR 3 STAR 4 STAR 5 STAR
LUMENS /
WATT @ <061 261 <67 | 267 <86 | 286 <92 292
100HRS
LUMENS /
WATT @ <52 252 <57 | 257 <77 | 277 <83 283
2000HRS
LUMENS /
WATT @ <49 249 <b4 | 264 <73 | 273 <78 278

3500HRS
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ROOM AIR CONDITIONER

SPUT AND UNITARY SINGLE PHASE UNITS UPTO 11kW,
1IS1391 PART 1 AND PART 2 WITH ALL AM M ENDM ENTS,

ENERGY EFFICIENCY RATIO = COOLING CAPACITY
(EER) POWER CONSUM PTION

COOLING CAPACITY IN WATTS
1 TON REFRIGEARATION COOLING CAPACITY = 3515WATTS
POWER CONSUM PTION IN WATTS
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STAR RATING SCHEM E - Split type air conditioners

(01-01-2014 to 31-12-2015)

EER W/W
LABLING

MIN MAX
1 STAR 2.70 2.89
2 STAR 2.90 3.09
3 STAR 3.10 3.29
4 STAR 3.30 3.49
5 STAR 3.50
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STAR RATING SCHEM E - Split type air conditioners

(01-01-2016 to 31-12-2017 ) (01-01-2018 to 31-12-2019)
EER EER
LABLING W/W LABLING W/W
MIN MAX MIN MAX
1STAR | 2.70 2.89 1STAR | 3.10 3.29
2STAR | 2.90 3.09 2STAR | 3.30 3.49
3STAR | 3.10 3.29 3STAR | 3.50 3.99
4STAR | 3.30 3.49 4 STAR 4.0 4.49
5STAR | 3.50 5STAR | 45




EXAM PLE - AIR CONDITIONING

01-01-2018 to 31-12-2019

COOLING CAPACITY = 1.5 TON
1.5x3515 =5272 WATTS

1 STAR EER = Cooling Capacity
Power Consumption
1STAREER = 3.1
COOLING CAPACITY = 5272 Watts
Power Consumption = 5272

3.1

= 1701 Watts.
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EXAM PLE - AIR CONDITIONING

01-01-2018 to 31-12-2019

COOLING CAPACITY = 1.5 TON
1.5x 3515 =5272 WATTS

5STAREER = Cooling Capacity
Power Consumption
= 4.5
= 9272 Watts
Power Consumption
Power Consumption = 5272
4.5
= 1172Watts.

5 Star Air Conditioner consumes 30% less electricity
than 1 Star Air Conditioner
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DIRECT COOL REFRIGERATOR

COOLING PROVIDED BY NATURAL CIRCULATION,
DEFROSTING REQUIRED BY SWITCHING OFF SUPPLY,

STANDARD AS/ NZS4474.1.1997

AS/ NZS4474.2.2001
FRESH FOOD TEM P +39C
FREEZER -6°C

ADJUSTED VOLUM E = FRESH FOOD VOLUM E

+1.31 FREEZERVOLUME
ENERGY CONSUM PTION = Kdc X ADJUSTED VOLUME + Cdc
Kdc=kWH/ LTR/ YEAR
Cdc = CONSTANT
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DIRECT COOL REFRIGERATOR
Star Rating Band valid from
01 November 2006 to 30 June 2014

K Cac
1 STAR 0.645 541
2 STAR 0.516 432
3 STAR 0.413 346
4 STAR 0.330 277
5 STAR 0.264 221
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DIRECT COOL REFRIGERATOR
STAR RATING SCHEM E
1ST Jan 2015 to 31t December 2016

K Cac
1 STAR 0.516 432
2 STAR 0.413 346
3 STAR 0.330 277
4 STAR 0.264 221
5 STAR 0.211 177
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DIRECT COOL REFRIGERATOR
STAR RATING SCHEM E
(15T Jan 2017to 31 December 2018)

K Cac
1 STAR 0.330 277
2 STAR 0.264 221
3 STAR 0.211 177
4 STAR 0.169 141
5 STAR 0.135 113
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Star Rating

1 Star

3 Star

5 Star

DIRECT COOL REFRIGERATOR
STAR RATING SCHEM E
15T Jan 2015 to 31 December 2016

280 Liter

Annual Consumption Annual Consumption
Direct Cool Refrigerator Fost Free Refrigerator

576 Unit 411 Unit

369 Unit 263 Unit

236 Unit 168 Unit
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DISTRIBUTION TRANSFORM ER

OIL IMM ERSED NATURAL AIR COOLED NON SEAL TYPE,

1S: 1180 WITH UPDATES
1S: 2026 WITH UPDATES
|1S: 2500 WITH UPDATES

RATINGS 16, 25, 63, 100, 160, 200kVA @ 11kV
TOTAL LOSSES AT 50% AND 100% LOADING,
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BEE STAR LABEL

TOTAL LOSSES (WATTS)
SATED 1 STAR 3 STAR 5 STAR

KVA 50% | 100% | 50% | 100% | 50% | 100%

16 200 555 150 480 120 | 400

25 290 785 210 695 175 595
63 490 1415 380 | 1250 | 300 | 1050
100 700 2020 520 | 1800 | 435 | 1500
160 1000 | 2800 770 | 2200 | 570 | 1700
200 1130 | 3300 890 | 2700 | 670 | 2100
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Scandard Losses in watts up to 11 KV Class |

50%  100%

87 301
25 190 635 175 585 128 448
63 340 1140 300 1050 270 956 243 870 219 791

S0%  100% 50% 100
Load Load Load %Load
16 135 440 120 400

0 475 0 4 1500 3% 195 3@ 122 817 110

160 670 1950 570 1700 513 1547 462 1408 416 1281
S0 780 2300 670 2000 603 feff 543 1730 488 182

Effective from July 2017
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%
Impedance

4.5
4.5
4.5
45

Star |

ﬁﬁ@&
Load
980
1025
1225

1510

1860
2790
3300

4200

5050

6150

100 %

Load
2930
3100
3450
4300
5300
9200
11800
15000

18500

Effective from Jduly 2017

Star2
Tbﬂﬁé
Load
2700
2750
3330
4100
4850
7000
8400
11300
14100
17500

50 %
Load
864
890
1080
1354
1637
2460
8142
3753
4543
5660

Star3

Stard

100% 50 %.

Load
2488
2440
3214
3909
4438
6364
7670
10821
13254
16554

Load
811
829
1013
1282
1536
2310
3066
3547
4309

5430

Star 5

100% 509  100%

Load
2293
2164
3102
ara7
4061
5785
7003
10363
12459
15659

Load
761
72
951

215,

1441
21701
2991

3353

4088
5209

Load
2113
1920
2994

3717
5259
6394
9924
11711

14813";
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ENERGY EFFICIENT M OTOR

STANDARD I1S: 12615-2011, 1S IEC60034-2-1/ 1S15999-2011
ThisIS: 12615-2011 has been revised and new standard IS: 12615-2018 is nhow
applicable. Details are given in chapter of M OTORS

LABELING SCHEM E
1 Star 21E2 & <IE2(+)
2 Star 21E2 (+) & <IE3
3 Star >= |E3 & < IE3(+)
4 Star >=IE3 (+) &< IE3(++)
5 Star 21E3(++)
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Table 1 - Values of Performance characteristics of 2 pole Energy Efficient Induction Motors (based on IS 12615:2011)

Annexure A- Performance figures

Breakaway Current in terms of

o | St | rame | TS| o | SRS | icadarn (easierbaow e«
(Min.) (Max)) | torque (Min) Star 1 Star 2 Star3 Star 4 Star 5

For IE2 For IE3 1E2 1E2 (+) IE3 1IE3 (+) IE3(+4)

Kw _ RPM Amps Percent Percent Percent Percent | Percent Percent Percent Percent

1 0.37 71| 2750 1.2 170 650 700 722 73.9 755 77.7 79.9

2 0.55 1] 2760 =T . 170 650 700 748 78.5 78.1 80.3 824

3 0.75 80 | 2780 2.0 170 650 700 77.4 79.1 80.7 82.8 84.9

4 1.1 80 | 2790 28 170 650 700 796 81.2 827 84.7 86.7

5 1.5 90S 2800 3.7 170 B850 700 81.3 82.8 84.2 859 87.5

8 22 90L 2810 5.0 170 700 770 83.2 846 85.9 87.5 89.1

7 3.7 100L | 2820 8.0 160 700 770 85.5 86.7 87.8 89.0 80.2

8 55 132S | 2830 11.0 160 700 770 87.0 88.1 89.2 90.4 915

B 7.5 1328 | 2840 15.0 180 700 770 88.1 89.1 90.1 91.1 92.1

10 1.0 160M | 2860 215 160 700 770 89.4 90.3 91.2 92.1 93

11 15.0 160M | 2870 29.0 160 700 770 90.3 91.1 91.9 92.7 93.4
12 18.5 160L | 2880 35.0 160 700 770 90.9 91.7 924 93.1 93.8
13 22.0 180M | 2890 415 160 700 770 91.3 82.0 92.7 93.5 94.2

14 30.0 200L | 2900 54.0 160 700 770 92.0 927 833 938 94.5

15 37.0 200L 2900 67.0 160 700 770 92,5 83.1 93.7 94.3 94.8

16 45.0 225M 2955 80.0 180 700 770 92.9 93.5 94.0 94.6 95.1

17 55.0 250M | 2060 95.0 160 700 770 93.2 93.8 94.3 94.9 95.4

18 75.0 2808 | 2g70 130.0 160 700 770 93.8 94.3 94.7 95.2 95.6

18 90.0 280M | 2970 150.0 160 700 770 94.1 94.8 95.0 95.4 95.8

20 110.0 3155 | 2980 185.0 160 700 770 94.3 94.8 95.2 95.6 96
21 1250 315M | 2980 209.0 160 700 770 94.5 94.9 95.3 95.7 96
22 132.0 315M | 2980 220.0 160 700 770 94.6 95.0 95.4 95.7 9
23 160.0 315L | 2980 265.0 160 700 770 94.8 952 95.6 95.9 96.2
24 200.0 | As per 2980 340.0 160 700 770 95.0 95.4 95.8 96.1 96.3
25 250.0 m‘:“fa"" 2980 425.0 160 700 770. 95.0 95.4 95.8 96.1 96.4
26 315.0 | catalogue | 2980 536.0 160 700 770 95.0 95.4 95,8 96,2 96.5
27 355.0 2980 604.0 160 700 770 85.0 954 95.8 96.2 96.6
28 375.0 2980 604.0 180 700 770 95.0 95.4 95.8 96.2 96.8
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Table 2 - Values of Performance cluractoriiﬁct of 4 pole Energy Efficient Induction Motors (based on IS 12615:2011)

Nominal Efficiency %
Full Load | Full Load | Breakaway Torque 1::: ’%{.cﬁmﬁfm Star 1 S
SrNo m Frame | "Speed | Cument | interms of fulload (equal or below) o 2 Py Shct Sar s
(Min.) (Max) | S (V) ForlE2 | ForlE3 IE2 IE2 (+) IE3 IE3(+) | IE3(+%)
KW RPM Amps Percent Percent Percent Percent Parcent Percent Percent Percent

1 0.37 71 1330 1.4 170.0 600 650 704 71.6 73.0 745 76.0
2 0.55 80 1340 17 170.0 800 850 754 76.6 78.0 79.5 81.0
3 0.75 80 1360 2.2 170.0 800 850 79.6 81.1 825 84.1 85.6
4 11 90S 1370 29 170.0 600 650 81.4 82.8 84.1 85.8 87.4
B 15 0L 1380 38 170.0 600 650 82.8 84.1 85.3 86.7 88.1
P 22 100L 1300 51 B 170.0 700 750 84.3 85.5 86.7 88.2 89.7
7 3.7 112M 1410 8.1 160.0 700 750 86.3 87.4 88.4 89.6 90.7
8 55 1328 1420 11.4 160.0 700 750 87.7 88.7 89.6 90.9 921
9 75 132M 1430 15.4 160.0 700 750 88.7 89.6 90.4 91.5 926
10 1.0 160M 1440 22.0 160.0 700 750 89.8 90.6 91.4 92.5 93.6
11 15.0 160L 1440 30.0 160.0 | 700 750 908 91.4 92.1 93.1 94.0
12 185 180M 1440 36.0 160.0 700 750 91.2 91.9 926 93.5 94.3
13 220 180L 1440 43.0 160.0 700 750 916 92.3 93.0 93.9 94.7
14 30.0 200L 1450 56.0 160.0 700 750 92.3 93.0 93.6 94.3 95.0
15 37.0 2258 1450 69.0 160.0 700 750 92.7 93.3 93.9 94.6 95.3
16 45.0 225M 1460 84.0 160.0 700 750 93.1 93.7 94.2 94.9 95.6
17 55.0 250M 1460 99.0 160.0 700 750 935 94.1 94.8 95.2 95.8
18 75.0 2808 1470 134.0 160.0 700 770 94.0 | 94.5 95.0 95.5 96.0
19 90.0 280M 1470 164.0 160.0 700 770 94.2 94.7 95.2 95.7 96.2
20 110.0 3158 1480 204.0 160.0 700 770 94.5 95.0 95.4 95.9 96.4
21 125.0 315M 1480 234.0 160.0 700 770 94.6 95.1 95.5 96.0 96.5
22 132.0 315M 1480 247.0 160.0 700 770 94.7 95.2 95.6 96.1 96.5
23 160.0 315L 1480 288.0 160.0 | 700 770 94.9 954 95.8 96.2 86.5
24 200.0 | Asper 1480 348.0 160.0 700 770 95.1 95.6 96.0 96.3 96.6
25 2500 | Munufact 1480 435.0 1600 | 700 770 95.1 956 96.0 96.4 96.7
26 315.0 | catalogue 1480 548.0 160.0 700 770 951 95.6 96.0 96.4 96.8
27 355.0 1480 618.0 160.0 700 770 5.1 95.6 96.0 96.4 96.8
28 375.0 1480 653.0 160.0 700 770 95.1 95.6 96.0 96.4 96.8




Table 3 - Values of Performance characteristics of 6 pole Energy Efficient Induction Motors (based on IS 12615:2011)

Nominal Efficiency %
Breakaway Current in
Rated Frame Full Load | Full Load | Breakaway Torque | terms of full load current Star 1 Star 2 Star 3 Star4 Star 5
SrNo Output Size Speed Cumrent | in terms of full load (equal or below)
(Mir) (M) |-tomue: (Min) ForlE2 | ForiE3 IE2 IE2 (+) IE3 3¢ | IE3G)
KW RPM Amps Percent Parcent Percent Percent Percent Percent Percent Percent

| 0.37 80 870 14 160 600 650 69.0 705 719 74.0 76.1
2 0.55 80 870 1.9 160 | 800 650 72.9 74.4 759 78.0 80.1
3 0.75 908 890 2.3 160 600 650 76.9 77.4 789 81.0 83.1
4 11 90L 900 3.2 160 600 650 78.1 79.6 81.0 826 84.1
5 1.5 100L 900 4.0 160 800 850 79.8 81.2 825 844 86.2
6 2.2 112M 910 55 150 700 750 81.8 83.1 84.3 85.7 87.1
7 37 1328 920 8.8 150 700 750 84.3 85.4 86.5 87.9 89.2
8 55 132M 920 12.7 150 700 750 86.0 87.0 88.0 89.1 90.2
9 75 160M 930 16.7 150 700 750 87.2 88.2 89.1 90.3 915
10 11.0 160L 935 23.0 140 700 750 88.7 89.5 90.3 914 92.5
11 15.0 180L 940 30.5 140 700 750 89.7 90.5 91.2 92.2 93.1
12 18.5 200L 940 375 140 700 750 90.4 91.1 91.7 9286 935
13 22.0 200L 945 44.0 140 700 750 90.9 916 922 93.1 93.9
14 30.0 225M 945 59.0 140 700 750 91.7 92.3 92.9 93.6 94.3
15 37.0 250M 950 72.0 140 700 750 92.2 92.8 93.3 94.0 94.6
16 45.0 280S 960 87.0 140 700 750 92.7 93.2 93.7 94.3 94.9
17 55.0 280M 960 107.0 140 700 750 93.1 93.6 94.1 94.7 95.2
18 75.0 3158 970 145.0 140 700 770 93.7 94.2 94.6 95.0 95.4
19 ORAY =M 970 175.0 140 | 700 770 94.0 94.5 94.9 95.3 956
20 110.0 315M 970 214.0 140 700 770 94.3 94.7 95.1 95.4 95.8
21 125.0 315M 970 245.0 140 700 770 94.4 94.8 95.2 95.5 95.7
22 1320 315L 980 257.0 140 700 770 94.6 95.0 95.4 95.6 95.8
23 160.0 as per 980 315.0 140 700 770 94.8 95.2 95.6 95.8 96
2 200.0 ca"‘ggg:‘;’ 980 370.0 140 | 700 770 95.0 95.4 95.8 96.0 961
25 250.0 980 463.0 140 700 770 95.0 95.4 95.8 96.0 96.1
26 315.0 980 583.0 140 700 770 95.0 95.4 95.8 96.0 96.1
27 355.0 980 657.0 140 700 770 85.0 95.4 95.8 96.0 96,1
28 375.0 980 694.0 140 700 770 95.0 95.4 95.8 96.0 96.1
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PUM P SETS

M ONO BLOCK PUM P SETS,
SUBM ERSIBLE PUM P SETS,
OPEN WELL SUBM ERSIBLE PUM P SETS,

SR.
NO TYPE RATING B
3 PHASE OPEN 0.37 TO 15kW,
1 WELL 14220-1994
SUBMERSIBLE 2 POLE
1.1 TO 15kW,
2 3 PHASE 8034-2002
SUBMERSIBLE 2 POLE
0.37 TO 15kW,
; 3 PHASE MONO 00792002
BLOCK 2 POLE
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BEE STAR RATING

OVERALL EFFICIENCY OF PUM P*

STAR RATING EFFICIENggéS\/IiilSJE?NDARDS
1 STAR >1.0 TO <1.05
2 STAR >=1.05TO <1.10
3 STAR >=1.10 TO <1.15
4 STAR >=1.15TO <1.20
5 STAR >=1.20

* INCLUDING M OTOR, AS PER ABOVE STANDARDS
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CEILING FANS

STANDARD
PARAM ETER

IS: 374-1979 WITH ALL UPDATES
AIR DEUVERY, FAN SPEED, POWER INPUT

SERVICE VALUE AIR DELIVERY (m3/ min)

POWERIN WATTS

APPLICATION
MIN AIR DELUVERY

1200 MM FAN
210 (m3/ min)
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CEILUING FANS

STAR LABELING SCHEM E
STAR RATING SERVICE VALUE
1 STAR >=3.2TO <34
2 STAR >=3.4TO <3.6
3 STAR >=3.6 TO <3.8
4 STAR >=3.8TO<4.0
5 STAR >=4.0

BLSservicevalue 3.5 from the year 2010
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CEILUING FANS

STAR LABELING SCHEM E

1 STAR RATINGSERVICE VALUE = 3.2

POWER CONSUMPTION = AIR DELIVERY
SERVICE VALUE
= 210 =65 (Watts)
3.2

5 STAR RATING SERVICEVALUE=4

POWER CONSUMPTION = AIR DELIVERY

SERVICE VALUE
= 210 =52 (Watts)
4——
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LPG STOVES * *

|1S: 4246-2002
THERM AL EFFICIENCY TO BE DETERM INED,
SHOULD NOT BE LESS THEN 64%.

STAR RATING THERMAL EFFICIENCY
ONE If Thermal efficiency > 68% &<72%
TWO If Thermal efficiency > 72% &<75%

THREE If Thermal efficiency > 75% &<78%
FOUR If Thermal efficiency > 78% &<81%
FIVE If Thermal efficiency> 81%
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STATIONARY STORAGE TYPE

W ATER HEATERS

|1S: 2082 - 1993 WITH ALL AMM ENDM ENTS,
1S: 302 - 2 - 21,

PARAMETERS = STANDING LOSSES FOR 24 HOURS
kWH / 24 HRS/ 45°C DIFFERENCE

September 10, 2020 | Slide
464



STANDING LOSSES
Star rating plan valid from 1stJduly 2015 to 30thJune 2017

KWH / 24HRS/ 45°C DIFFERENCE

RATED

CAPACITY 1 STAR 3 STAR 5 STAR
LTRS

10 <0.587 & > 0.534 | <0.485 & > 0.441 < 0.401

50 <1.086 & >0.988 | <0.898 & >0.816 <0.742

100 <1.408 & > 1.280 | <1.164 & > 1.058 < 0.962

200 <1.761 & > 1.601 | <1.456 & > 1.323 <1.203
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COLOUR TELEVISION SETS

6 HRS ON,12 HRS STAND BY
AREA IN INCH 4
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STARRATING - CRT TV’S
From 1st January 2016 to 31 DECEM BER 2017

KWH / YEAR

SCREEN AREA

SIZE INCH2

1 STAR 3 STAR 5 STAR

14” 94 .1 59 49 39

217 211.7 127 104 82

29” 403.7 238 195 153

32" 491.5 289 237 185
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STAR RATING - LCD & PLASM A
From 1st January 2016 to 31 DECEM BER 2017

S%IT;;N AREA KWH / YEAR
(DIAGONAL)|  NCTF 1 STAR 3 STAR 5 STAR
20” 170.9 69 57 45
32” 437.6 172 141 111
427 753.8 294 241 188
50” 1068.2 415 340 265
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From 1st January 2016 to 31 DECEM BER 2017

STAR RATING - LED

SCSFlz;EEN AREA KWH / YEAR
(DIAGONAL) INCH 1 STAR 3 STAR 5 STAR
20” 170.9 36 30 24
32” 437.6 87 72 56
42” 753.8 148 121 95
50” 1068.2 209 171 134
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BEE STAR LABELING — OFFICE BUILDING

CLIM ATE ZONE HOT & DRY
50% OR M ORE AIRCODITIONED AREA,

STAR LABEL |KWH/M?/YEAR

1 180-155
2 155-130
3 130-105
4 105-80

5 BELOW - 80
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BEE STAR LABELING — OFFICE BUILDING

LESS THAN 50% AIRCONDITIONED AREA,

STAR LABEL |KWH/M?/YEAR

1 75 - 65
2 65 - 55
3 55 - 45
4 45 - 35

5 BELOW - 35
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BEE STAR LABELING — Washing
M achines

Semi Automatic and Fully Automatic
Washing M achines

Front load and Top Load Washing machines
1S14155

IEC 60456.
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BEE STAR LABELING - Semi Automatic
Washing M achines

Star Band M AX. Kwh/Kg. MIN. Kwh/Kg.
1 Star 0.0173 2 2 0.0157

2 Star 0.0157 > 20.0143

3 Star 0.0143 > 2 0.0130

4 Star 0.0130 > 2 0.0117

5 Star <0.0117
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BEE STAR LABELING —

Fully Automatic Washing Machine

Star Band MAX. KWh/Kg. | MIN. KWh/Kg.
1 Star 0.0186 2 > 0.0169
2 Star 0.0169 > 2 0.0154
3 Star 0.0154 > 2 0.0140
4 Star 0.0140 > 2 0.0126
5 Star <0.0126
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VARIABLE CAPACITY AIR CONDITIONERS

(a) Sar Rating Plan From 1st January, (b) Sar Rating Plan fi(From 1st January,
2018 to 31st December, 2020) 2018 to 31st December, 2020)
Indian Seasonal Energy Efficiency Indian Seasonal Energy Efficiency
Ratio (kWh/kWh) Ratio (kWh/kWh)

Star Minimum M aximum Star Minimum | Maximum

Rating Rating

1 Sar 2.5 2.69 1 Star 3.1 3.29

2 Star 2.7 2.89 2 Sar 3.3 3.49

3 Sar 2.9 3.09 3 Sar 3.5 3.99

4 Sar 3.1 3.29 4 Sar 4.0 4.49

5> Sar 3.3 5 Star 4.5




VARIABLE CAPACITY AIR CONDITIONERS

(a) Sar Rating Plan From 1st January, (b) Sar Rating Plan fi(From 1st January,
2021 to 31st December, 2023) ) 2021 to 31st December, 2023)
Indian Seasonal Energy Efficiency Indian Seasonal Energy Efficiency
Ratio (kWh/kWh) Ratio (kWh/kWh)

Star Minimum M aximum Star Minimum | Maximum

Rating Rating

1 Sar 2.7 2.89 1 Star 3.3 3.49

2 Star 2.9 3.09 2 Sar 3.5 3.99

3 Sar 3.1 3.29 3 Sar 4.0 4.49

4 Sar 3.3 3.49 4 Sar 4.5 4.99

S Star 3.5 5 Star 5.07;




(a) Star level valid from 1st January,

LED LAM PS

2018 to 30th June, 2020

(b) Star Rating Plan iM andatory
Validity: 1st July, 2020 to 30th June, 2023

Star
Rating

Rated Luminous Efficacy
(lumen/Watt)

268 & <79 Freeze

>79 & <90

>90 & <105

> 105 &< 120

a( b ] wN

>120

Star
Rating

Rated Luminous Efficacy
(IM/Watt)

279 & <90 Freeze

>90 & <105

>105 &< 120

>120 & <135

al|lbr|[wO|DN

>135.";
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Shri JS.Rana

Address:
5, Sarita Sangam, Near Rajesh Appartment, Gotri Road,
Vadodara- 390023. Phone: 0265 - 2397554
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B.E. Electrical
M .E. Electrical

Professional:
Faculty i L.D.Engeenering College (1959-1965)
R& D Manager i Jyoti Ltd. (1965-1983)
Consultant in the field of Power Electronics & Energy
Conservation (1983 i 2005)
Director Devki Energy (1990 i 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 isto
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
conductsvacation programmes, popular lectures, model making workshops, work
shop for teachers, various regular activities in Science club, Computer club,
Astronomy club, Garden club, M aths club and Aero M odelling. We also conduct
out reach programmes on health and hygiene, science and superstition, modern

technologiesin agriculture, organic farming, etc.
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