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Disclaimer

© 2008, @Confederation of Indian Industry

All rightsreserved. No part of thispublication may bereproduced, stored inretrieval system, or transmit-
ted, inany form or by any meansel ectronic, mechanical, photocopying, recording or otherwise, without
the prior written permission from Cl1- Sohrabji Godrel Green Business Centre, Hyderabad.

While every care has been taken in compiling thisManual, neither Cl1- Godrel GBC nor Asian Pecific
Partnership (APP) acceptsany claim for compensation, if any entry iswrong, abbreviated, omitted or
insertedincorrectly either asto thewording space or positionin themanua. TheManua isonly an attempt
to create awareness on energy conservation and sharing of best practicesbeing adopted in Indian cement
industry.

“TheManua on Best practicesin Cement industry” wassupportedin part by agrant from the US Depart-
ment of State (USDOS). Theviewsand information contained herein arethose of Cll —Godref GBC
and not necessarily those of theAPPor USDOS. The APPor US DOS assumes no liability for the
contentsof thismanual by virtue of the support given.

Published by Confederation of Indian Industry, Cll — Sohrabji Godrel Green Business Centre,
Survey # 64, Kothaguda Post, R R District, Hyderabad — 500 032, India.
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FORE WORD

Indiaisthe second largest cement producer in the world, ranking next only to Chinaand
surpassing developed nationslikethe USA & Japaninitsoverall cement manufacture &
consumption. With 160 large plants and over 300 mini cement plants producing over 166
Million Tonsof cement every year, thisindustry representsaturnover of over USD 12 Billion.

India has experienced strong economic growth in recent years. In the last 2 fiscal years,
2005-06 & 2006—07, thegrowthin Indian economy had been 9.0% and 9.2% respectively.
ThePanning Commission hasestimated that investment ininfrastructure- defined broadly to
includetransport, electric power, telecommunications, water supply andirrigation - will need to beof theorder
of about Rs. 14.50 Trillions (US$ 320 billion) during the 11th Plan period. Cement demand in the country grows
at 1.5timestheincreasein GDP.

Cement industry expertspredict the cement capacity toincrease by over 100% inthenext 5years. By theyear
2012, cement manufacturein the country isexpected to cross300 M TPA.

Indian Cement industry contributes over 8% of thetotal carbon emissionsin India. The emission of carbon-
dioxide- both from high energy intensive operation in cement manufacture aswell ascalcination of limestone,
whichisthe basic raw material, makesthe Cement industry one of the high impact industry asfar as carbon
emissionsare concerned.

Indian cement industry, having redlized itsimpact on the environment, hastaken several stridesinloweringits
carbon emissions. Some of themajor stepsinitiated in thisdirection are: adopting energy efficient practicesin
cement manufacture by employing latest energy efficient equipment and waste heet recovery, increased manufacture
of blended cement and utilizing waste asfuel to lower impact onfossil fuels.

A few corporatethought |eaders have goneway ahead in areas of energy efficiency, technology adoption and
sustainable devel opment. Some of thebest practicesinthegloba cement industry haveitsoriginfrom India.

Inspiteof such progressive & forward-1ooking corporate groups setting examplesin the Indian cement industry,
the gap between theindustry |eaders and the companies not doing so good isvery wide. For example, interms
of the specific eectrica energy consumption, the difference between the best plant and theworst plant in the
country ismorethan 100%.

Thereisavital need, both to encourage the thought leadersin theindustry to progressfurther & set newer
benchmarksand practices; and to ass st the compani esfollowing these unitsto adopt the best practi cesestablished
by theleadersin the sector and to bridge the gap dividing them.

‘World ClassEnergy Efficiency’ initiativeof Cll isasmall stepinthisdirection. | waspersondly associated with
thisinitiative over thelast 3 yearsand it is heartening to note the progress happening, extensive sharing of
information & thesgnificant tangible & intangible benefitsachieved by the participating industries.

Whilethe Green Cementech conferences serve asaplatformfor deliberations and discussions, manualslike
these al so go along way in sharing of information on best practicesamong all stakehol ders.

| am sure, thismanual will receive an overwhel ming response from the cross section of theindustry.

e . rd -

(G. Jayaraman)

Confederation of Indian Industry
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EXECUTIVE SUMMARY

Indian cement industry is going through a phase of significant growth and capacity increase. The
rate of increase in cement manufacture and demand has been over 25% in thelast 5 years and the
capacity is expected to double in the next 5 years.

Cement being an energy & resource intensiveindustry, thiskind of increase in the cement demand
would impose tremendous pressure on the environment. It is, therefore, necessary to evolveasystem
for growth of the cement sector in an environment friendly way. Though Indian cement industry has
taken severa stridesin energy efficiency and GHG emission mitigation, severa opportunitiesstill
exist for further improvement.

Thereisavital need, both to encourage thethought leadersin theindustry to progressfurther & set
newer benchmarksand practices; and to assi st the compani esfollowing these unitsto adopt the best
practices established by the leadersin the sector and to bridge the gap dividing them.

With thisbackground, Confederation of Indian Industry (Cl1), ClI — Sohrabji Godrej Green
Business Centre (Cl1 — Godrgl GBC) had taken up the initiative of facilitating the Indian cement
industry achieve *World Class Energy Efficiency’ levelsin cement manufacturing.

Cll —Godrgl GBC definesa‘World Class Energy Efficient’ unit as:
% A trend setter in specific energy consumption norms —the lowest in the world
% A leader inimplementing the latest technol ogies
% Haspractically “nil” Energy Wastage
% Hasadopted the Energy Scorecard

% Hasmade ENCON an*On-going activity” and incorporated it asapart of the management
system

Essentially, aWorld Class Energy Efficient unit will be operating with the world’s lowest specific
energy consumption (electrical & thermal).

Confederation of Indian Industry
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Cll — Godrej GBC has taken the responsibility of overall execution of this project under the able
guidance of an advisory group headed by Mr G Jayaraman, Chair man Green Cementech 2008
and Executive President, Birla Cement Corporation.

The first set of six cement manufacturing companies participating in this World Class Energy
Efficiency initiative of Cll —Godrej GBC are:

1. DamiaCement Bharat Limited, Dalmiapuram

2. MadrasCementslimited, Alathiyur

3. MarathaCement Works (Gujarat AmbujaCement Limited), Upparwahi
4. ShreeCement Limited, Beawar

5. Ultratech Cement Limited, Tadipatri

6. VasavadattaCement, Sedam

Thefollowing activities have been carried out in these six companies:

1. A Comprehensivetraining program on Energy efficiency

2. Detailed Energy Audit was carried out in all the six participating companies and areas for
improvement wereidentified. Several projectsidentified wereimplemented and resulted in
significant energy saving.

3. Representativesfrom the participating cement plantsvisited each others' cement plantsand
an open and transparent information sharing was observed.

4. Vidttointernationa cement plantsin Germany, Belgium, Switzerland, United Kingdom and
Japan was carried out. The mission was designed to focus on the following major areas of
high relevanceto Indian Cement Industry:

% Waste Fuel Utilization
% Waste Heat Recovery opportunities

% Energy Efficiency

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre




This manual contains the following:
1. World Class Energy Efficiency concept
2. Brief profile of participating companies
3. Progressmadein World Class Energy Efficiency initiative and benefits achieved
4. Unique case studies and experiences|earnt over the last 3 years

Theobjectiveof the*World ClassEnergy Efficiency’ Initiativewill befulfilled only if the performance
of al cement plantsin the country improves and achievesworld class standards.

We are sure that the Indian Cement plants will make use of this opportunity, improve their
performance and move towards achieving the status of World Class Energy Efficiency.

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre
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HOW TO USE THISMANUAL

The objective of this manual isto act as a catalyst to promote energy efficiency activitiesin
Indian Cement Plants towards continuously improving the performance of individual unitsand
achieving the World class Energy Efficiency.

% To set aclear goal for improving the performance and moving towards the world-class
standards, unique case studies/ experienceslearnt over thelast few years have beenincluded
inthismanual.

% Thesecasestudies/ best practices may be considered for implementation after suitably fine
tuning to meet the requirementsof individual units.

% Apart from the cast studies / best practices learnt, the progress made by the 6 plants
participating inthisinitiative hasalso been included.

% Suitable latest technologies may be considered for implementation in existing and future
Cement plants for achieving the world-class energy efficiency. Further investigation and
statutory requirements need to be verified for the suitability of these technologies for
Indian Cement Plants.

% Thecollated best operating parameters and the best practicesidentified from various plants
need not necessarily be the ultimate solution. It is possible to achieve even better energy
efficiency and develop better operation and maintenance practices.

Therefore, Indian Cement Plants should view thismanual positively and utilize the opportunity to
improve the performance and to achieve World class Energy Efficiency.

Confederation of Indian Industry
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BRIEF PROFILE OF INDIAN CEMENT INDUSTRY

The Indian Cement industry is the second largest cement producer in the world, with an installed
capacity of 166 million tonnes. The industry has undergone rapid technological upgradation and
vibrant growth during the last two decades, and some of the plants can be compared in every respect
with the best operating plantsin theworld.

The Indian cement industry isamixture of mini and large capacity cement plants, ranging in unit
capacity per kiln aslow as 10 TPD to as high as 10000 TPD. There are morethan 75 large cement
manufacturing facilities having capacities 1 million ton and above and about 365 mini cement plants.
Magjority of the production of cement in the country (94%) is by large plants.

The cement industry isexperiencing aboom on account of the overall growth of the Indian economy.
The demand for cement, being aderived demand, depends primarily ontheindustrial activity, rea
estate business, construction activity, and investment in theinfrastructure sector. Indiaisexperiencing
growth on al these fronts and hence the cement market is flourishing like never before.

Indian cement industry is globally competitive because the industry has witnessed healthy trends
such as cost control and continuous technology upgradation. Global rating agency, Fitch Ratings,
has commented that cement demand in Indiais expected to grow at 10% annually in the medium
term buoyed by housing, infrastructure and corporate capital expenditures.

Indian cement industry meets entire domestic demand and is able to export cement and clinker.
Indian cement industry producesdifferent varietiesof cement like Ordinary Portland cement (OPC),
Portland Pozzolanacement (PPC), Portland Slag Cement (PSC), Oil Well Cement, Sulphate Resisting
Portland Cement, White Cement, etc. The Ordinary Portland Cement enjoysthe major share (nearly
56%0) of thetotal cement productionin Indiafollowed by Portland Pozzolana Cement and Portland
Slag Cement. A positive trend towards the increased use of blended cement can be seen with the
share of blended cement increasing to 43%.

Future Outlook

Future growth will bedriven by expected GDP growth of morethan 8 percent, growth of thehousing
sector and the development of roads, ports, airports and other infrastructure.

Confederation of Indian Industry
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Major Players

Themaor playersin the cement sector areACC, Gujarat AmbujaCement Limited, Grasim Industries
and Ultratech, India Cements Limited, Jai prakash Associates and Shree Cement Limited. Foreign
playerssuch asHolcim, Italcementi, Heldelberg and L afarge have al so entered the cement market.

Energy Scenario

Theindustry ishighly energy intensive and the energy share in manufacturing cost in some of the
plantsisas high as 55%.

Although the newer plants are equipped with the latest state-of-the-art equipment, there exists
substantial scope for reduction in energy consumption in many plants by adopting various energy
conservation measures.

CO, Emissions

Dueto thedominant use of carbon intensivefuelssuch ascoal in clinker making, the cement industry
has been a magjor source of carbon dioxide (CO,) emissions. Besides energy consumption, the
clinker making process aso emits CO, due to the calcining process. Increased atmospheric
concentration of gases such as CO,, methane, and nitrous are believed to be responsiblefor therise
in global mean land and seatemperatures since the 1850s.

The global cement industry contributes about 4% to global CO, emissions, making the cement
industry animportant sector for CO2-emission mitigation strategies. InIndia, while CO, emissions
from cement production hasincreased from 7.32 MT of carbon in 1993 to 16.73 MT in 2003, its
sharein total CO, emissions by Indiahasincreased from 3.3% to 4.8%.

In India, CO, emissions per tonne of cement production have declined with increased share of
blended cements, where energy use and associated emissions are reduced; increased share of dry
processes; energy efficiencies, and other emission mitigation measures. Indian cement plants are
also beginning to explore the use of aternative and waste fuels, such as municipal solid waste,
industrial waste, used tires, rice husk, groundnut shells, etc., to replace the use of coal in cement
kilns.

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre
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Technological Developmentsin Indian Cement Industry

Indian cement industry has been afore-runner asfar asenergy efficiency inthe cement manufacturing
processisconcerned. Continuoustechnological upgradation and assimilation of latest technology
has been going on in the cement industry.

Some of the Indian cement plants are operating with specific energy consumption numberswhich
are the best in the world. The cost of energy had been the predominant driving factor for such
advancementsin energy efficiency. Anaverage cement plant would be operating with energy cost
being about 35 —40% of thetotal manufacturing cost of cement. Thisismuch higher compared to
other western countries.

Energy Efficiency in Cement Industry

Substantial reduction has been observed over thelast 10 yearsin the specific energy consumption
figuresfor al cement plants. Theindustry’saverage electrical energy consumption in 2005-06 was
82 kWh/t of cement and thermal energy consumption was 725 kcal/kg of clinker, whilethe average
in the year 1995 was about 112 kWh / ton of cement and 815 kCal / kg of clinker.

Thisindicatesan averagereduction in el ectrical energy consumption by 26.7% and thermal energy
consumption by 11.0%. Probably, no other sector in the country would have recorded such a
significant reduction in average specific energy consumption figures for al their plants across
their country.

It is expected that the industry’s average thermal energy consumption by the end of Year 2011-12
will come downto about 710 kcal/kg of clinker and the average el ectrical energy consumptionwill
come down to 78 kWh/t of cement.

The improvements in energy performance of cement plants in the recent past have been possible
largely dueto:

% Retrofitting and adoption of energy efficient equipment

% Better operational control and Optimization

Confederation of Indian Industry
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% Upgradation of process control and instrumentation facilities
% Better monitoring and Management I nformation System

% Active participation of employees and their continued exposure in energy conservation
efforts etc.

When onelooks back at how cement industry has been ableto achieve such asignificant reduction
inits specific energy consumption, there had been no external or government pressure. It had been
driven by the tremendous competition in the open market and the need to sustain that fierce
competition. It is also an excellent instance where several stakeholders like the cement
manufacturers, cement machinery & equipment suppliers, consultants, etc, came together with
concerted efforts to reduce the energy consumption in the Indian cement industry.

Another excellent practicein the cement industry had been the sharing of knowledge among other
units. The openness of information sharing, either at plant level or in seminars, conferences and
workshops hasresulted in significant information dissemination and benefit toal. Cement industry
today, stands as an example for severa other sectors of industry, leading the way in following the
path of learning by sharing.

What should bethefuturetarget for thelndian cement industry?

After discussions with several stakeholders — cement manufacturers, equipment suppliers,
consultants, etc. the committee felt that the future target for the Indian cement industry should be
asunder:

Future energy consumption targetsfor Indian cement industry
Electrical Energy Consumption 56 — 62 kWh / Ton Cement

Thermal Energy Consumption : 650 kCal / kg clinker

Confederation of Indian Industry
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Break-up of electrical energy consumption:

Area of activity

Electrical consumption

(kWh / Ton of Cement)
Crushing 1.50
Raw mill 12.00 to 18
Kiln and Cooler 18.00
Coal mill 2.50
Cement mill 18.00
Packing 1.00
Miscellaneous 3.50

Total

56 to 62 kWh / T of cement

Break-up of thermal energy consumption

Parameter

Theoretical heat consumption

Pre-heater loss

Cooler loss(Clinker & Cooler vent gases)

Radiation loss
Heat input

Total

Specific Fuel Consumption
(kCal / kg Clinker)

410
105

90

(-)30

650 kCal / kg Clinker

Confederation of Indian Industry
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WORLD CLASSENERGY EFFICIENCY

Energy conservation practices have acquired top priority, in the present context of increasing energy
prices, acute energy shortage and the ever-widening demand - supply gap.

All industrial units have adopted several measuresto The opposite of world class

optimize the energy costs. Significant reduction in companiesisnot average or bad

units—it isonly the good units!

power consumption and substantial reduction in cost
has been achieved by these units.

On achieving significant reduction, some unitsreach complacence. The open mind tolook forward
to further avenues of improvement no longer exists.

Some units, not succumbing to complacence, continue to strive and achieve excellence in energy
management.

Thisdocument attemptsto bring out the subtle differences between these units, which have achieved
excellence in energy management (“World Class’ units), and the other units (the “Good” units)
which have stopped without exploring full potential.

The various characteristics and the differences between world class units and good units are
elaborated below:

Good units Vs World Class Units

Bench marking & Trend setting

‘Benchmarking’ isthe approach adopted by thegood

units. They try toidentify thebest unitinitsclass, and World Class units follow * next

practices — not “best” practices!

plan to match themselves their performance in line
with the best unit identified.

With the benchmarking approach, at the best, the good units can reach a performancelevel only
closer to the best units, leaving them at the second level only.

Confederation of Indian Industry
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On the other hand, theworld class units adopt an approach of ‘trendsetting’. They start witha
‘zero’ base, look for innovative opportunitiesin each area of operation and implement them.

This approach facilitates the plant to look for the most efficient design / technology / operating
practices without being bounded by the * Benchmark’. World class plantsthus are trendsetters
and emerge asleadersin thefield.

I nformation Sharing

Good Companies— Share Information sharing could be a major differentiator
information ‘Within’. World Class
companies— Extensive and quick
sharing & dissemination of
information

between the good units & best units

The information, either sourced within or obtained

elsawhere, in good companies is shared only within

the organization. It takes a long time for this
information to percolate even to other group companies.

World Class companies, onthe other hand, believeininformation dissemination asquick aspossible.
Thefact that thetimelost dueto delay ininformation transfer could result in asignificant monetary
(energy) lossiswell appreciated.

Some unitslike Philips, BirlaGroup and Coca Colashare best practices acrosstheir unitsworldwide
at avery quick pace and ensure itsimplementation to achieve the benefits at the earliest.

Implementation of latest technologies

A good unit playsavery conservative & defensiverole
Good Companies—Ilook for proven

technologies.
World Class companies — look for
pioneering technologies

in implementing latest technologies.

Good unitsare comfortablewith proven technologies
and arerisk averse. These unitswant successful case

studies of this technology implemented elsewhere,
before considering implementation.

A World Class unit, on the other hand, sees this situation as opportunity to be a pioneer.

Confederation of Indian Industry
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They are willing and have the capacity to take thisrisk at all levels of the organization. Several
rewards accompany thisrisk. They becomethetechnology developer’sfirst preference, and get the
technology at avery low price. Thetechnology devel oper also works hand-in-hand with the plant
team in making the new technol ogy successful.

Oncethefirst few trialsare successful, the technology supplier would then sell thisto “good” units
at amuch higher price (than the best units) to recover the devel opment costs of that technology and
the subsidy offered to best units.

Ultimately, the good unit pays for the world-class unit to get still “better” !l. This competitive
advantage accumul atesin theworl d-class plants and the gap between theworld classand good plants
increases with time.

Energy wastage Good Companies — leakages
visible.

Energy wastagesin agood unit are minimal but will | World Class companies — leakages

bevisibleto atrained eye. not appar ent

In aworld class unit, these are not apparent. Further

energy saving avenues need to be evolved after adetailed and exhaustive study.

EnCon Culture

Energy conservation activity inagood plant isdriven by externa In agood plant, agood idea

factors. An increase in energy costs, cheaper imports, etc. | waitsfor funds; in a World
Class Unit, funds await

enerally drivethe plant towards energy efficiency. Theener
g y P 9y <y 9y good ideas

efficiency activities are therefore momentary and part of the
management culture.

Inaworld class unit, it becomes aroutine activity. Every top management is committed to energy
conservation, but hasdifferent ways of expressing it and finally achieving benefits.

In good units, it could be setting targets or fixing budgets.

Confederation of Indian Industry
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In abest unit, it works based on resource allocation. The top management all ocates resources to

each department. Thismode of operation has 2 benefits—it ensuresfaster implementation of energy

saving projects once technically proven and drives people to identify newer avenuesfor utilizing

the resources all ocated.

Monitoring & energy scorecard

Good unitsaswell asthe best units have an excellent energy monitoring system.

Good units—Data
Generation
World Class units—
Energy Scorecard

Inagood unit, it stopswith datageneration.

On the other hand, the World Class unit compilesthisdatain a

presentableformat (Energy Scorecard) which could beused asa

tool to evaluate the performance of the individual. In some

excellent units, the yearly performance appraisal of an individual or departments is based on the

energy scorecard.

EnCon activity

In a good unit, the energy manager tries to identify and implement al the energy saving projects

himsdlf. Thisnot only resultsin reduced number of projects but aso resultsin longer gestation time.

A World Class unit hasafacilitator in an Energy Manager. The energy conservation cultureis

well entrenched in the organization, that the operation & maintenance team approach the energy

manager with projects. He engages experts with domain expertise to identify newer areas. This

results in more number of projectsidentified & faster implementation.

ApproachtoEnCon
Good Unit - InaGood Plant, Energy conservationisseen asan
‘EnCon’ seen in isolation; isolated activity which involves reduction of

World Class Unit -
Holistic approach
- Life cycle cost considered

operating costs.

Confederation of Indian Industry
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World Class units have a holistic approach to Energy conservation. The Life cycle cost of
implementing Energy Conservation isconsidered.

Characterigics of World Class Energy Efficent Units

A World Class Energy Efficient unitis:
< A trend setter in specific energy consumption norms —the lowest in the world
% A leader inimplementing the |l atest technologies
% Haspractically “nil” Energy Wastage
% Hasadopted the Energy Scorecard

% Hasmade ENCON an“On-going activity” and incorporated as apart of the management
system

Essentially, aWorld Class Energy Efficient unit will be operating with the world’s lowest specific
energy consumption (Electrical & Thermal).

World Class Energy Efficiency in Indian Cement Plants

ClI —Sohrabji Godregl Green Business Centre (Cll —Godregf GBC) started aninitiative“World Class
Energy Efficiency in Indian Cement Plants’ with avision to promote energy efficiency in Indian
cement plants and thereby making Indian cement industry ‘ greenest’ intheworld.

TheWorld ClassEnergy Efficiency initiative of Cll —Godrgl GBC has evoked tremendous response
inthelndian cement industry. Theactivitiesof World Class Energy Efficiency havebeendividedin
three phases.

Phase—1I (First 6 Months)

Participating company & Cl1-Godregg GBC form ateam and work together with the objective of
identifying maximum number of Energy Efficiency projectsin the plant.

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre




_

The Phase- | activitiesinclude thefollowing:

% A Comprehensive training program on Energy efficiency to the technical personnel of
the plant

% ADetailed Energy Audit covering al areas
% Missonstoworld classNationa & International cement plantsto adopt |atest technologies

Theobjectiveof thetraining programistoincreasetheawareness & capacity building of thetechnica
staff of participating company, and also increase the involvement of the plant team in the project.

A compr ehensive detailed ener gy audit isthe next step and isjointly conducted by the plant and
Cll teams.

This approach creates to identification of specific energy conservation projects and creates
ownership for the projects identified. This would also facilitate quicker implementation of the
projects.

Cll — Godrg GBC dso plans for National & International Missions to World-Class Plants.
These activities facilitate generation of newer ideas and also provide a platform for continuous

training.

Phase—11 (Next 12 M onths)
The phase—11 activitiesinclude thefollowing activities:
% Implementation of projectsidentified in phase—|
%  Development of Energy Scorecard
%  WHRsysteminKiln & Cooler system — I ndependently or integrating with Power plant
% Feashility of utilizing Waste fuelsin kiln

%  Globa Benchmarking

Confederation of Indian Industry
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The plant team should prioritize and implement the specific energy saving projectsidentified during
the detailed energy auditin Phase—I. Theentire processesin Phase-l| areaimed at putting in place
effective management and monitoring systems.

The development of “ Ener gy Scorecard” could help infull-fledged implementation. Thiswould
be alogical extension of the specific energy consumption targets developed under phase—1. The
energy scorecard helps in developing ownership at the operationa level and generation of self-
targets.

Waste Heat Recovery (WHR) from the Kiln pre-heater and/ or Cooler isan excellent aternative,
which can substantially improve the operating efficiency of theplant. Thefeasibility of installing a
WHR system either independently or through integration with the power plant is explored during
Phase—II.

The Cement Kiln is an excellent source for utilizing the waste fuels, such as, municipa wastes,
hospital wastes, tyres, biomassetc. Thelong-termfeasibility of installing such asystemisexplored.

Global Benchmarking isone of the major activities of this phase, besides the energy audit. Cll-
Godrgl GBC assiststhe plant team in mapping of technology adopted and equipment installed inthe
World Class units. This helps in developing target specific energy consumption figures for the
plant. Thetargetsdevel oped would include overal plant targetsaswell as section wise and equipment
wisetargets.

Phase—111 (Next 18 months)

Theobjectiveof Phase—111 activitiesisto sustain theimplementation of “ Energy Efficiency projects’
and makethisapermanent “on-going” activity at the plant.

Thisleadsto continuous generation of newer ideasand implementation of mgor investment projects.
Theownership for these activitieswould bewith theindividual department heads.

Confederation of Indian Industry
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Activities carried out in various units so far ...

Six cement companieshaveevinced interest inavailing the services of Cll —Godreg GBC tofacilitate

their units to achieve world class energy efficient levels. The phase-l activities of “World Class

Energy Efficiency” have been completed infirst set of 6 Indian cement plants.

Thefirst set of six companies participating in thisinitiative are:

1
2.

3
4,
5
6

DamiaCement Bharat Limited, Dalmiapuram

Madras Cementslimited, Alathiyur

Maratha Cement Works (Gujarat A mbujaCement Limited), Upparwahi
Shree Cement Limited, Beawar

Ultratech Cement Limited, Tadipatri

VasavadattaCement, Sedam

Thefollowing activities have been carried out in these six companies:

1.

A Comprehensivetraining program on Energy efficiency was carried out for thetechnical
personnel in the plant team. The objective of the training program was to increase the
awareness & capacity building of thetechnical staff, and also increasetheinvolvement of
the plant team in the project.

Detailed Energy Audit wascarried out in all the six participating companiesand areasfor
improvement were identified. Severa projects identified were implemented and has
resulted in significant energy saving. The comprehensive detailed energy audit in the
plants was jointly conducted by the plant and CIl energy teams. This approach led to
identification of specific energy conservation projects and creating ownership for the
projectsidentified. This has also facilitated quicker implementation of the projects.

Visit among the participating companies was carried out. Representatives from the
participating cement plantsvisited each others' cement plants and an open and transparent
information sharing was observed. Thewholeideawasto facilitate adoption of all best

Confederation of Indian Industry
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practices among these 6 units
participatinginthisinitiative. Under the
chairmanshipof Mr G Jayaraman, a
target was set that each plant should
identify and implement a saving

visit. All the plants achieved a f

minimum saving potential of 100 kW

and some of the plantsachieved upto 200
kW saving potential.

Visit to international cement plants in [l
Germany, Belgium, Switzerland, United
Kingdom and Japanwascarried out. The
mission was designed to focus on the

following major areas of high relevanceto Indian Cement Industry:
% Waste Fuel Utilization
% Waste Heat Recovery opportunities

% Energy Efficiency

Some of the plants like, Ultratech, Shree cement and Vasavadatta have taken initiative and

implemented waste heat recovery system.
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Benefits Achieved

Significant reductionin specific energy consumption wasachieved by al the 6 plantswith continuous
efforts of the plant teams. The specific energy consumption values are tabul ated below:

Company Specific Energy consumption (SEC)
Electrical Thermal
(KWH/T of cement) | (kCal/kg of clinker)
DamiaCement, Damigpuram 75.0 760
Madras Cement Ltd, Alathiyur 59.9 684
Maratha Cement Works, Chandrapur 80.7 715
Shree Cement Ltd, Beawar 63.5 710
Ultratech Cement, Tadipatri 87.1 692
Vasavadatta Cement, Sedam 65.5 712

Dalmia Cement Bharat Limited

Damia Cement Bharat Limited, Damiapuram implemented around 29 ener gy saving pr oj ects
during last 3 years and achieved a benefit of Rs 497 Lakhs. The specific electrical energy
consumption has reduced from 74.9 kWh/ton to 71.5 kWh/ton of cement. The specific thermal
energy consumption isalmost same at 745 kCal/kg of clinker.

M adras Cement Limited

Madras Cement Limited, Alathiyur implemented around 21 pr oj ectsduring last 3 yearsand achieved
atotal saving potentia of Rs 181.4 L akhs with an investment of Rs 60 L akhs. Madras Cement
Limited also implemented acoal based power plant couple of years back to reduce the energy cost.
This project alone required an investment of Rs 9,500 L akhs and the annual savings achieved in
energy cost isRs 1,100 L akhs. The specific electrical energy consumption reduced from 61 kWh/
ton to 59.9 kWh/ton of cement and specific thermal energy consumption reduced from 685 kCal/
kg to 684 kCal/kg of clinker. Madras Cement Limited is operating with one of the lowest specific
energy consumption valuesintheworld.
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M ar atha Cement Works

Maratha Cement Works (Gujarath AmbujaCement Limited), Upparwahi hasimplemented several
energy saving projects and achieved substantial energy savings. There is areduction in specific
electrical energy consumption from 88.32 kWh/ton to 80.88 kWh/ton of cement over the last 3

years.

However, there is an increment in specific thermal energy consumption from 704 kCal/kg to 715
kCal/kg of clinker. Thisincrease in thermal energy is dueto:

< High moisture content in the coal
%  Decreased production rate due to high ash content in the coal
% Finegranulation of clinker

Shree Cement Limited

Shree Cement Limited, Beawar implemented 30 number of energy saving projects during last 3
years and achieved an energy saving potential of Rs 736.7 Lakhs. Shree Cement Limited has
significantly reduced the specific energy consumption in last 3 years. Specific electrical energy
consumption hasreduced from 69.17 kwWh/ton to 63.57 kWh/ton of cement. Specific thermal energy
consumption has reduced from 715 kCal/kg to 710 kCal/kg of clinker.

Ultra Tech Cement

Ultra Tech Cement Limited, Tadipatri implemented 79 energy saving projects during last 3 years
and achieved energy saving potential of Rs1166.9 L akhs. Specific electrical energy consumption
hasincreased recently from 76.67 kWh/ton to 87.14 kWh/ ton of cement. Specific thermal energy
consumption has a so increased from 682 kCal/kg to 692 kCal/kg of clinker.

The reasons for increase in specific energy consumption are:

< Highblainrequirement of product
% Increasein OPC quantity

% Lowquality of codl

< Highoneday strength requirement
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Vasavadatta Cement

Vasavadatta Cement, Sedam has implemented several energy saving projects during last 3 years
which resulted in reduction in specific energy consumption. Thereisan increase in specific elec-
trical energy consumption for unit-2 due to increased OPC quantity.

Way Forward

Upon completion of phase-l activities and after achieving tremendous benefits, al the six plants
have decided to carry out the phase-I1 activities. The phase-11 activitiesin the above plants would

commence soon.

These 6 plants have becometrend setters and created impact in Indian cement industry. Another set
of six cement plantswould betaking part in thisinitiative and Phase 1 activitieswould be taken up
inthese plants. This showsthe commitment and enthusiasm of every cement plant to competewith
the world class cement plants and to become one of the world class cement plants.

If thistrend continuesin the future, many Indian cement plantswill emerge asworld class cement
plants and some of the plantswill become ‘the best’ in terms of energy efficiency.

Cll Learnings

ClI has learnt many things during the interaction with various cement plants. Many plants have
implemented innovative projects on their own which resulted in either energy savingsor increased
production or both. CIl has collected some of the new ideas and case studieswhich could result in
similar potential in other plants.

These new ideas and case studies are presented here in this manual in order to disseminate the
information across the industry.

The objective of the *World Class Energy Efficiency’ Initiative will befulfilled only if the
performance of all cement plantsin the country improves and achievesworld class standards.

We are sure that the Indian Cement plantswill make use of this opportunity, improve their
performance and move towards the world class Energy Efficiency.
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BRIEF PROFILE OF PARTICIPATING COMPANIES

DALMIA CEMENT BHARAT LIMITED

I ntroduction

It wasin the year 1939, during the pre-independence era, the company started its cement unit asa
venture towards Building up a self-reliant India with respect to one of the country’s essential
commodities/ Core Sectors. Of the four units so started, onewas|ocated at Dalmiapuram, which
was later incorporated as “DALMIA CEMENT (BHARAT) LIMITED” (whilst two units got
absorbed in Pakistan dueto partition).

In 1939, a 250 Tons per day kiln was started by the Company to manufacture cement by Semi-dry
process. Itisatributeto the engineersof Damia Cement that thisunitisstill actively functioning
at Dalmiapuram Works. 1n 1949, a500 TPD Wet Process Unax Kilnwasinstalled. Againin 1959,
expansion was undertaken with the installation of another 500 TPD wet process Folax Kiln. In
1982, a 200 TPD Vertical Shaft Kiln (First of its kind in India) was installed using Coal Slurry
Process.

Indian cement industry witnessed Partial Decontrol intheyear 1983 and full Decontrol intheyear
1984. Intheyear 1983, Captive Power Gensets supplied wereinstalled. Intheyear 1984, Oil well
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cement production was started and in 1986 the prestigiousAPI Monogram certification wasreceived
from American Petroleum Institute, USA.

Intheyear 1991, aRegional Training Centre sponsored by World Bank DANIDA was started at the
Plant to cater to all South Indian Cement Plants. This is recognition of our Plant as center for
excellence for transfer of Technology.

Intheyear 1997, Cement grinding was modernized by introducing Vertical Roller Mill. A substantial
expansion project was completed in 2002 with upgradation, enhancing the capacity to 3300 TPD,
by installing energy efficient low pressure cyclones and the Kiln Cooler with the latest technology
for improved thermal efficiency. A major capacity expans on project was commissioned during the
year 2006 to enhance the total cement capacity by putting up a most modern & energy efficient
3800 TPD Plant. To meet the increased power requirement at optimum cost, a 27 MW Captive
Thermal Power Plant was put up during the year 2005.

Technical highlights and unique projects implemented

% The plant team has implemented a unique case
study “CFD andysisfor Preheater down comer duct”.
Thisisprobably thefirst case study of thisnaturein
Indian cement industry. This study has resulted in

reduction of pressured drop acrossthe duct from 110
mmWC to 73 mmWC which resulted in reduction
infan power consumption by 63 kW.

% Intheir new brown field cement plant of capacity
3800 TPD, DalmiaCement hasincorporated severa
energy efficiency measuresby design. All themajor
fans were fitted with Variable Frequency Drives at
the design stage itself. Thisrequired an additional
investment of Rs. 2.0 Crores but Dalmia Cement,
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during thedesign stageitself, anticipated saving from damper lossa oneisabout Rs. 84 Lakhs
per annum. Other benefits such as smooth speed control, improved motor lifedueto reduction
in surges, less stress on the equipment due to smooth start & stop, etc were also considered
during thedesign stage.

Moisture in raw material is very high at Damia Cement, and becomes critical during the
rainy/winter months. Thisaspect wasto be considered while deciding on the number of pre-
heater stages. DamiaCement decided to go ahead with 5 stage pre-heatersto save onthermal
energy consumption during 8 months of the year, where the moisture levels are relatively
low. During the 4 months wherethe moisture levelsare very high, provision was made for
hot air supply from Hot Air Generators (HAG). This has resulted in a significant energy
saving of about Rs92 L akhs per annum.

Compressed air system has a so been considered for optimization at the design stageitself.
Unlikeitsoldline, the new line had acentralized compressed air system for the entire plant.
Thishasreduced the cost of maintenance, reduced idle running of compressorsand reduction
in overall leakage air quantity. Compressed air system retrofits such as intermediate
controllersand monitoring systemswereincorporated by design. Theadditiona investment
wasRs. 15.0 Lakhswhilethe anticipated energy saving wasRs. 22 L akhs per annum.

Other aspectsconsidered at thedesign stage
itself at Dalmia Cement are installation of
pipe conveyors. This has reduced the
investment on transfer pointsand main bag
filters. Pipe conveyors operate with no
spillage or dust emission, providing an
environment friendly atmosphere at the
workplace. Installation of energy efficient

motors by design in over 400 applications
had been another notablefactor at Dalmia Cement’snew plant.
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MADRASCEMENT LIMITED

Ramco Group

Under the stewardship and vision of the present chairman Sri P.R. RamasubrahmaneyaRajha, the
group has grown into Rs 2000 Crores conglomerate consisting of well diversified companies and

has become one of the most reputed businessgroupsin India

The group’'sbusinessinterests are:

% Cement 5.
% Cottonyarn
%  Softwaresystems

%  Fibre Cement products

% Wind Energy

Madras Cements Ltd

Madras Cements Ltd istheflag ship company of Ramco Group. The main product of the company
is Portland cement manufactured through the four advanced production facilities spread over South
India. The company isthe sixth largest cement producer in the country and the second largest in
South India.

MCL aso produces Ready Mix Concrete and Dry mortar products. In addition, the company aso
operates one of the largest wind farmsin the country.

The plant has won many prestigious awards and is considered as one of the most energy efficient

company inthe country.
Madras Cements Ltd operates four production facilities:
%  RRNagar, Tamil Nadu (1.2MTPA)

% Jayanthipuram, AndhraPradesh (2.6 MTPA)
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< Alathiyur, Tamil Nadu (3.0MTPA)
%  Mathod, Karnataka(0.2MTPA)

The R R Nagar plant commenced operations in 1962 with 200 TPD. It commissioned the first
1200 TPD dry plant in 1976. A second Kiln with a Capacity of 650 TPD was added in the year
1993-94.

The Jayanthipuram Plant started the operations in 1988 with 2500 TPD and was upgraded to
3200 TPD in1992. It isequipped withamodern computer based quality control system. A new line
of 1 MTPA capacity was commissioned early thisyear.

TheAlathiyur plant Commenced operationsin 1997 with 0.9 MTPA Capacity and was upgraded by
0.2MTPA in 1999-2000. It started the Line-2in 2000-01 with acapacity of 1.5 MTPA. Alathiyuris
thefirst plantin Indiato goinfor 100% Mining by Surface Miners. It has an environ-friendly and
energy Efficient MMD Crusher for Lime Stone Crushing Plant Operations

Technical highlights and unique projects implemented

The Alathiyur unit of Madras Cements Limited operates with one of the lowest specific energy
consumption numbersintheworld. In spiteof theachievement, MCL Alathiyur hasbeen an excellent
exampleof continuousimprovement. Over thelast few years, several energy saving projectshave
been implemented resulting in substantial energy saving. A few of them are asunder:

*

% MCL Alathiyur has carried out extensive modificationsinits raw mill and cement Vertical
Roller Mills (VRMs). The plant team has done well to install VRMs for raw and cement
grinding by design stageitsdlf. Thishasreduced the energy consumption significantly. During
the operation, the plant team has been continuously exploring for opportunitiesto improve
the performance of the mills. Some of the modifications carried out in the VRMs are:

a Modification in the width of the static flaps of the classifier

b. High efficiency dynamic classifier rotor diameter was altered
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c. Classfier bladesintheVRM were modified from flat surfaceto curved surface and the

configuration of the static blades were modified.
d. Replacement of fans operating with lower efficiency with new high efficient fans
e. Armour ring angle modification and grit cone extension

% Some of the other case studiesimplemented at MCL Alathiyur are:

a Providing softwareinterlock to stop the dedusting fan whenever feed conveyor stops

b. Providing dampers in inlet of dust collector fans in packer to control the suction

whenever packer operateswith singledischarge
c. Installation of intermediate controller in compressed air system
d. Instalation of separate conveying and dosing system for aternate fuels
e. Installation of bypass duct for cement mill booster fan from cooler vent fan

f. Replacement of severa fanswith lower operating efficiency with new high efficiency
fans

g Maodifications in fan inlet box to minimize pressure drop, and thereby power

consumption

% Ingdlationof 2x 18 MW coal based thermal power plant to reducethe overall cost of energy
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MARATHA CEMENT WORKS

(Ambuja CementsLimited), Upparwahi

Mar atha CementsWor ks- acompany promoted by Ambuja CementsL td. isoperatinga2 million
plant at Village Bhendvi / Upparwahi in District Chandrapur in the State of Maharashtra. The plant
has subsequently gone through modernization and achieved the consented capacity of 2.85 Million
MT per annum.

Project |plementation

GACL’s (Gujarat Ambuja Cement Limited) first plant was commissioned in 1985-86 within
22 months. The second plant was commissioned in 1993 in just 13 months time. The company
enjoys recognition for high productivity, low power consumption, low fuel consumption, best
pollution control and environmental preservation.

Technical highlights and unique projects implemented

Maratha Cement Works (M CW) has been implementing energy saving projectson aregular basis

and has reduced its specific energy consumption continuously.

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre




CH) =

Some of the projects implemented at Maratha Cement Works are:

% During end conereclaiming (start and end of the pile), MCW observed that the Raw
Mill output was getting reduced from 550 TPH to 370 TPH in spite of increasein drive
speed from 1100 rpm to 1500 rpm. After detailed analysis, MCW team replaced the
drivewith ahigher rpm motor, changed the speed settings accordingly and maintained
the mill output steady during end conereclaiming also. Thishasresulted in significant

energy saving.

% With an objective to minimize radiation losses, the cooler take off duct was modified.
Thevelocity of cooler take off duct wasreduced significantly and therefractory thickness
was increased to reduce the shell temperature. Significant thermal energy was achieved

after installing this project.

% MCW has aso provided a kiln outlet duplex sea to
minimize air infiltration. Replacing the conventional kiln
outlet seal with graphite block seal reduced the leak air
guantity by nearly 70% and increased the secondary air
temperature by about 90°C. Thiscorrespondsto anet energy
saving of 1.50 kCal/kg clinker

% Tertiary duct diameter increase was carried out after the
plant team reviewed the duct vel ocities. The plant capacity hasincreased from 6000 TPD
to 8000 TPD. After theincrease in duct diameter, the
tertiary air temperatureincreased by about 75— 90°C. The net benefit in thermal energy
consumption wasabout 5 kCal /kg clinker

% Other projects carried out

CFD analysisfor reducing / minimizing duct pressure drops

Optimization of RA fan and Bag House fan power consumption

Damper removal to minimize pressure drop in thefans

Installation of several Variable Frequency Drives (VFDs) for energy efficiency

e o T o
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Shree cement is an energy conscious and environment friendly sustainable business origination.
Bangur Cement Unit (111, IV, V & VI) islocated at RAS, 28 km from Beawar in Pali District of
Raasthan. Shree Cement Grinding Unit (KKGU) of capacity 2 x 1.5 million tons is located at
Khush KheraDist.

Capacity The present capacity of Shree Cement Limited (SCL) is8

a0 [ million ton/annum out of which 3.3 million tons is
produced from Beawar plant and 4.5 million tons is
produced from Ras plant.

Shree Cement ismarching ahead with avision of attaining

20 million ton capacity by year 2012.

In 2003, in order
to become salf sufficient in power, Shree Cement installed
itsown 2x18 MW captive power plant to meet the entire
power requirement of the plant including its peak demand.
The capacity of the plant was further enhanced to 44 MW
in year 2006.

Productivity

SCL hasatrack record of over 100% capacity utilization in the eighteenth year of itsexistence. In
2006-07 SCL registered its highest ever production with capacity utilization of 126 % against
industry average of 94 %.

Energy Conservation

SCL consumed 118 kWh/ton of cement in 1985, which hascomedown to 63.57 kWh/ton of cement
in 2006-07, compared to industry average of 82 kwWh/ton of cement.
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Sustainable Development Initiatives:

The concept of sustainable development pre-emptsaworld order whereit would be the only mode
of progress. Taking a proactive stance, Shree joined a forum of International cement companies
formed to help the industry make a transition to the sustainability ethos. Called the cement
Sustainability Initiative (CSl), it has Shree asthefirst Indian Cement company joiningit and partnering
the World Business Council for Sustainable development (WBCSD), Switzerland, in its efforts.
Sustainable development involves meeting commitments pertaining to climate protection,
responsible use of fuels & materials, employee health and saf ety, emission reduction, local impact
on land and community and reporting. Also joined Global Reporting Initiatives asaorganizationa
stake holder in 2005.

Research & Development

Shree R & D center, one of the few in the cement industry, isduly recognized by Depar tment of
Scientific & Industrial Research, Govt. of India. The R&D efforts are directed towards
devel opment of new product and process technol ogies, improvement of product performance and

reduction in costs through use of aternate fuels and raw materials.

People Philosophy

Institutionalized a suggestion scheme called Jo Soche Woh Paave to bring all membersto main
stream, created leader sat every level resultsin strong sense of emotional ownership, implemented
recognition & reward scheme, concepts of multi skilling to optimize manpower enhance skill
and to facilitate cross functional development, small group activitiesfor energy conservation, to
achievetotal prosperity ASCENT groups have been formed,

SCL hasrecaved several awards, national & international, for its efforts in the areas of

ener gy efficiency, environment friendly technologies, productivity and safety.
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Technical highlights and unique projects implemented

Shree Cement has been a forerunner in the Indian cement industry in energy efficiency and

environment friendly practices. Severa energy saving measures have beenimplemented onaregular

basisand hasresulted in continuous reduction of specific energy consumption. Some of the major

projectsimplemented at SCL are as under:

Installation of third cyclone in Preheater tower of unit |1

Upgradation of cement mill inUnit |1

Replacing fansof lower operating efficiency with new fansof higher operating efficiency
Installing VFDsfor several fansfor energy saving

Installation of downcomer water spray system

Installing severa high efficiency fansin dust collector systems

Apart from these, many other projects wereimplemented by small group activities:

@
£ %4

Deltato permanent star conversion in under load motors

Usage of high mast lighting tower / energy efficient lights
Optimisation of operating frequency

Power capacitor provided at motor end

Usage of electronic starter in air conditioners

Usage of FRPfan bladesin place of conventional aluminum fan blades
Usage of transparent sheet for maximum daylight capture

Very high power factor near to unity ismaintained

Modification of reclaimer-1l harrow resulted in increased reclaimer feeding & reduced
power consumption.
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Installation of Waste Heat Recovery System

Shree Cement Ltd (SCL) has installed a waste heat recovery system in its Unit 1 at Beawar to
recover thewaste heat from the pre-heater exit gases, currently being diss pated into the atmosphere,
for steam generation. SCL has integrated the waste heat recovery system with its captive power
plant and the steam generated in waste heat recovery isutilized for pre-heating thefeed water inthe
LP & HP heater of existing power plant.

Waste heat recovery system generates steam of 27.6 TPH at atemperature of 375°C and pressure
of 27 kg/cm?. Thissteam isutilized in the captive power plant for feed water preheating.

With and without thiswaste heat recovery system, the difference in power output from the captive
power plant isabout 5-6 MW. The fuel saving from this project is anticipated at over 20000 tons
per annum and carbon dioxide emission reduction would be over 76000 tons per annum.
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ULTRATECH CEMENT LIMITED
ANDHRA PRADESH CEMENT WORKS(APCW)

To meet the southern market demand, UltraTech is operating 2.7 MTPA cement plant near
Bhogasamudram villagein Tadipatri Mandal in Anantapur district of AndhraPradesh. Thisplantis
referred to asAndhra Pradesh Cement Works (APCW). APCW serves approx. 11% of south Indian
market. This Cement Plant has adopted many latest technologies during itsinstallation:

% Cement plant isfully automated and is Centrally controlled by process Computerslinked
to the plant machinery.

% It hastwo raw mills having aroller diameter of 5 m ATOX 50 mills, these are the two
biggest millsin the country and first of itskind.

% Ithasacovered circular limestone store of 95-m diawith a stacker-reclaimer for feeding
limestone to two raw mills simultaneoudly. This system with a storage capacity of about
45,000 m? isthe largest in the country, and one of the few limestone stacker-reclaimers
of such huge storage capacity in theworld.

% TheRCC chimney at the plant isthetallest in the Indian cement industry of 142 meter height.
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% Theproduction unit and the packing plant have been located at different el evations. Plant
islocated at the hill top (351.5 m.M SL) and Packing plant & wagon tippler are L ocated at
foot of hill (266.0 m.MSL).

Ultratech Cement, APCW has received several awards for its excellent energy efficiency and
environmental friendly practices.

The other state-of-the-art Equipment and facilitiesinstalled at APCW are:

% A largesize single-stage limestone crusher with amaximum capacity of 1,300 tph

% Continuous storage-cum-blending controlled-flow raw meal silo of 22.4 m diaand 60 m
height of capacity 30,000 tonnes for continuous feeding to the kiln with uniform and
homogenised kiln feed.

% 8,000tonnesper day kiln equipped with six-stage doubl e-stream pre-heater cyclonesystem.

% Theplantisequipped with vertical coa mill of capacity 71 tph combining drying, grinding
and classifying operationsin one unit.

% Two clinker storage silos — one of 65 m dia with a capacity of 150,000 tonnes and the
other of 40 m diahaving 57,000 tonnes capacity.

% Thetworoller pressesin APCW for grinding clinker provide an advantage with respect to
specific power consumption and the seven cement storage silos each with astorage capacity
of 6,000 tonnes help in dispatching different varieties of cement as per the market
requirement.

%  Six electronic packersareinstaled for packing cement in bags.

% Inview of the anticipated power shortage in future, APCW is provided with two diesdl
generator sets of 23.74 MW (i.e, 2 x 11.87 MW) which is around 60% of total power

requirement of the plant.

% APCWIislISOcertified, SO 9001:2000 for Quality Management system, 1SO 14001:2004
for Environmental Management & OHSAS 18001 for Occupational Hedlth & safety
management system.

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre




Technical highlights and unique projects implemented

Some of the projectsimplemented at APCW over the recent years are as under:

>

% Installation of HT VFD for cooler ESP fan to minimize damper loss

% Instalation of several VFD’sin various sectionsof plant to minimize energy consumption
% Pressure drop reduction exercisesin several areas.

a Modificationin CS 39 & 5" cycloneriser duct room

b. Installation of dedusting cyclonein KS 2™ cyclone

c. Increasing kiln downcomer duct diameter

d. Modification in fan inlet suction boxes

% Optimization in compressed air system by installing intermediate controllers, reducing
overall pressure of operation and avoiding idle operation

% Severd projectsin electrical areas such as voltage optimization, energy efficient lighting
ystems, avoiding idle operation in several sections, etc.

I nstallation of Waste Heat Recovery System at APCW

Ultratech Cement Limited hasinstalled an Organic Rankine Cycle based waste heat recovery system
of rated output 4.8 MW at itscement plant in Tadipatri. Theenergy converter issupplied by ORMAT
SystemsLimited, |sreal whiletheWaste

Cycle Diagram of Power Generation From Clinker Cooler Waste Gas

Clinker Cooler I Heat Boiler Waste ORC-Equipment Air Condenser Heat Oil Heater (WHOH) W$wppl ied
Heat Source Heat Recovery Power Generation

Cooling - Process

I
!
! by Transparent Energy Systems, Pune.
I

I I
I I
A I IJ o
| M | —p This system is the first of its kind in
iaseoes lZl: : \ ) :+ 4 India and the second application in the
| 1 i =] ¥ | world. Thisprojectwascommissioned
— i : ' ‘ inMarch 2007 and meets about 10% of
Clinker Cooler I Thermal Oil I Pentane-Circuit I Cooaling-Circuit power I’GQUI ranmt aAPCW
Waste Gas | Circuit | |
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This system recovers heat from the
cooler vent gases to heat 247 TPH of
thermic fluid in Waste Heat Oil Heater
(WHOH) from 120°C to 270°C at
designpressureof 7.5 Bar. TheORMAT
energy converter isatwo stageimpulse
type turbine with air cooled condenser
and with pentane as the motive fluid.
While the gross output of the power
plant is designed at 4,0 MW, the net
output is 3.35 MW excluding auxiliary

power consumption of 665 kW. The anticipated annual power generation was 25 Million kWh.

Theplant team had future actions of installing 14.4 MW wind power plant and 20 MW solar power
plant and avapour absorption system of 200 TR.
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A product of the prestigious BK Birla Group of Companies, Vasavadatta Cement stands for

everything that isunique and abovethe ordinary. Buildersover ashort span of time haverecognized
the quality, strength and technology, which clearly have become a tradition, translating into
relationships strong and cemented. Vasavadatta Cement isan | SO 9001 Company.

Vasavadatta Cement isastate-of-the-art Cement Plant of 4.0 MTPA located at Sedam in the state of
Karnataka, India.

Line—1 of the Vasavadatta cement plant was conceived in the year 1983 — 84, Line-2 in the year
1997 and Line-3was commissioned intheyear 2006. The plant isbased of Dry process Precal ciner
Technology.

Vasavadatta Cement hasgot it’'sown two power generation stationsof 15.7 MW & 9.5 MW capacities.
Thelatest power station, Unit— 111 isof 18.0 MW capacity.
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Cement being highly Energy Intensive Industry, Energy conservation has been aconstant endeavor
at Vasavadatta Cement by regular Energy Audits & Continuous monitoring of Energy
Consumption.

Technical highlights and unique projects implemented

Vasavadatta Cement has been implementing energy saving projects on aregular basis and has
reduced its specific energy consumption on a continuous basis. Some of the projects
implemented at Vasavadatta Cement are:

% Installation of belt bucket elevator for kilnfeedinlinell

% Poldos— SC system for main firing in Kiln 1

% Modificationsin Raw Mill — outlet duct modification, body modification, etc.

% Retrofitting low efficiency cooler fans with new fans having higher operating efficiency

% Expert control system for cement mills

% Vasavadatta Cement observed during adetailed study in itscement millsthat the material,
which was going fromtheV — Separator cyclonesto themill inlet, wasvery fine. This
cyclone material was going to the mill along with the v— separator rejects. Circuit
sampl e study indicated that the cyclone material was having specific surface area of
2300 — 2500 cm?/g. After several discussions and observations, Vasavadatta Cement
had diverted the cyclone material of the separator to the mill outlet leaving the coarse
material from SEPOL casing to go to the cement mill inlet.

% Aninnovativeideaof operating aBall Mill intandem with theexisting Vertical Roller Mill
was conceived by Vasavadatta Cement and implemented. The objective of this unique
exerciseislow cost capacity upgradation. Asper the plant equipment supplier, M/sKrupp
Polysius, this unique idea is the first of its kind in the world. After the successful
implementation of this project, Vasavadatta Cement had severa visitors from India and
abroad to see the project implemented. Ball mill feed was taken from the reject cone of
VRM Classifier through a variable speed screw conveyor. Ball Mill is vented through
VRM. Bal mill productisfed by bucket elevator to existing air dide below ESP conveying
raw meal to Silo.
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Case Sudy No 1
OPTIMIZE OPERATION OF CEMENT MILLS

Background (Grinding and Separ ation)

Grinding and separation are distinct operationsthat occur in grinding systems. Both of them havea
great influence upon the other and therefore cannot be seeninisolation. Thiscase study will describe
the separator’ sfunctionin agrinding system, the techni ques used to eval uate separator performance,
and the separator’s effect on the resulting product.

The main function of any separator in agrinding system isto separate all the material that has not
yet been reduced to the desired product size, without removing any of the product material. The
larger material or regjects are returned to the mill for further grinding, while the smaller material or
product isconveyed to storage. Any coarse material that remainsin the product can hurt itsquality,
and any product-sized material that is carried with the rejects will be further ground. Thiswastes
energy and may affect the product by creating too many fines.

Separator evaluation should be carried out as part of amill system audit, wherethe conditionsin the
mill and the rest of the system are aso determined and optimized. During the audit, the mill is
normally crash stopped and the internal conditions are noted, including axial sampling, powder
levelsin the compartments, mechanical condition of theinternals, the charge level, and the extent
of ball charge classification. Also, the system conditions such as specific mill power, feed size &
grindability, product quality, air flows, and material temperatures are evaluated at the sametime.

By evaluating all components at one point of time, the performance of a grinding system can be
compared to aprevioustime or to other similar grinding systems. The techniques used to evaluate
the separation process are the size distributions of the circuit samples, the circulating load
calculations, and the separator efficiency calculations. The separator evaluation techniques and
their significance will be described in detail.
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Casestudy:

Ina2.0 MTPA plant, detail ed assessment of itscement millswere carried out to optimize the power
consumption in its grinding circuit. Detailed flow, pressure measurements & sieve analysis was
conducted in its Cement grinding system. The following observations were made on the system.

The cement mill was operating with a high efficiency separator in closed circuit. The following

were the results of the sieve analysis.

Cement Mill Analysis
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From above observations and grindabilty curve it was evident that, grinding the last areas of the
cement mill isnot doing any useful work. After themill digphragm and thereissharpriseinresidue
in chamber 2.
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Thefollowing opportunities were explored to improve the mill output and grindabilty in cement

mills.
% Utilizing the separator to the maximum
% GM sizeoptimization
% Monitoring of cement product

The latest trend in plants operating in closed circuit with high efficiency separator isto grind as
coarse as possible in the mill and load the separator to the maximum extent possible.

Thiswill result in coarser feed to the separator whichin turn would increase the separation efficiency
of the separator. Thiswould increase the capacity of the cement mill and corresponding reduction
in specific energy consumption.

Oneof thewaysof doing thisisby increasing theair vel ocity through themill. Thiswouldincrease
the coarser material load at the mill outlet. The operation of the separator has to be fine-tuned
accordingly. Insome cases, the bucket elevator could be abottleneck for additional loading. This
has to be ensured before increasing the mill velocity

Oncethemill velocity isincreased the grindabilty curve of the mill hasto be plotted again. Presently
from the grindability curve of this cement mill under study, the last 2 metre length of the cement
mill isnot doing any useful work. So once the grindability curveisdrawn after increasing the mill
velocity the grinding mediasize should be optimized accordingly.

Monitoring of cement product

In many cement plants, it isacommon practiceto monitor cement finenessby measuring the Blaine,
but Blaine is a measure of the porosity of cement. With high efficiency separators and varying
circulation loads Blaine is not a true measure of fineness of cement.

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre




CHr) ==

20
Residue on 1
45 14
1t
s T
4 ¥
0 2 4 a i} 7 8

Circulating Load

An experiment was conducted in aball mill to prove that the measurement / monitoring of cement
product by Blaine alonewould not beindicative. Inthisexperiment, thecirculatingloadinaclosed
circuit mill with ahigh efficiency separator was varied between 0 and 8 and the cement product was
maintained at asame Blaine value of 3000 cm?/gram. The residue measurementsindicated that as
the circulating load was increasing, the residue on 45u kept on reducing. The residue on 45
dropped from 20% to 0.8% as the circulating load was increased from 2 to 7. The corresponding
increase in power consumption was from 24 units/ton to as high as 36 units/ton.

Thisexperiment clearly indicatesthat for closed circuit millswith high efficiency separators, Blaine
can no longer bethe only method of evaluating the product fineness. Blaine measurements should
bein conjunction with residuesfor agiven circulating load.

The result of cement analysis done at various occasions in the cement mill also supports the
experiment described above.

IDENTITY | READING#1| READING#2| READING#3
Blaine 3320 3270 3380

212 0.0 0.0 0.0

90 0.32 0.5 0.48

45 8.16 12.48 10.68
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From the above analysiswe caninfer thefollowing

% For the same Blaine range (3270 to 3320) the residue on 45 micron isvarying from 8.2 to
12.5%.

< For the same mill and for same Blaine values, the variation in 45 micron residue is about
4%, which will have asignificant impact on the power consumption of the mill

Thereason for such avariation in residue for same Blaine is due the variation in circulating load.
From thisit was evident that the Blaine is not the true measure of cement fineness.

Over-grinding in cement mills

Asproved over repeated studiesand experiments, the particle sizesrespons blefor maximum strength
of cement would be in 3 to 30u range. The ultimate objective is to increase the 3 to 30 micron
fraction in the final product. To achieve this, the latest trend to analyze the entire Particle Size
Distribution (PSD) for the cement product.

From the PSD of cement product, <3m residue fraction is analyzed and efforts should be taken to
minimize the 3m residue (affects the cement strength due to over grinding and corresponding
increased power consumption) if greater than 5%.

Coarse grinding with higher mill velocity will help to reduce the <3m residue and optimize the
power consumption of cement mill.

Ultimately, it isessential to establish arelation between the strength devel oped and residues on 45
/ 63 mic sieves. Residue should be maintained as basisfor monitoring the performance of Cement
Mill.

Thusincreasing the mill velocity would result in increased mill output, reduced Blaine for same
strength and corresponding lower grinding power. Thus there is good potential to optimize the
grinding in cement mill which would result in at least 1 unit/ton reduction in power consumption.
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The following activities were carried out in a cement plant to optimize the grinding power

consumption:
% Carring out fresh sieve analysis (PSD) for all mills
% Increasing the mill velocity for coarser grinding and fine tune separator accordingly
% Re-Grading grinding media(GM) composition
% Reducing larger size grinding mediafrom 90 mm to 70 mm (Avg)

% Ultimately establishing arelation between strength & 45/ 63 mic residue. Thisresidueis
maintained as basis for monitoring the performance of Cement Mill.

Benefits :

Optimizing the oper ation of cement mill resulted in an annual ener gy saving potential

ISRs. 45.00 Lakhs. Thisrequired an investment (for Grinding Media Re-Grading) of
Rs. 50.0 L akhs, and had a simple payback period of 14 Months.
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Case Study No 2

L OWER DISPERSION BOX IN RAISER DUCTSOF PRE-HEATER

CYCLONESAND INCREASE HEAT TRANSFER

Background

Pre-heater system in cement plants are an excellent example of heat transfer, where the overall
system is counter current while each stage of heat transfer happens in co-current mode of heat
transfer. This system offers the advantages of both co-current and counter current heat transfer
systems.

It isalso proven over repeated studies and experimentsthat in apre-heater system, maximum heat
transfer between thekiln & calciner exit hot gasesand theinlet feed material takesplaceintheriser
ducts. Almost 80% of the entire heat transferred from the hot gasesto raw meal isinriser ducts. In
the pre-heater cyclones, the separation of feed material and air takes place. The feed material is
then fed to the lower cyclone and the hot air moves to the next higher cyclone.

The Preheater systemisoneof themagjor areasfor potential reductioninthermal energy consumption
intheplant. Themain aim of the PH systemisto recover maximum heat from the kiln exhaust gases
and to reduce overall thermal energy consumption.

Oneof theexcellent opportunitiesin utilizing
the preheater system to maximize the heat

transfer is to lower the feed pipe to utilize
the maximum length of riser duct.

Therefore, to ensure maximum heat recovery

in the riser ducts, the feed pipe from the

higher stage should be lowered as much as

possible.
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Thisincreases the heat transfer between the hot gases and feed material in each stage, before they
are separated in the cyclone. This will result in lowering of exit gas temperatures from the PH
system.

CaseSudy:
Thefeed box heights of the preheater cyclonestop at one of the cement plant are given below:
% KS-Cyclone2-3.15m

KS—Cyclone3-3.26m f—>

KS—-Cyclone4-3.47m

X/
L X4

X/
L X4

X/
L X4

KS—-Cyclone5-3.90 m

X/
L X4

CS—-Cyclone4—-4.15m

% CS—-Cyclone3-4.41m

The feed pipe in the identified cyclones could be lowered by at

least2 m. The optimum point of feed inlet to the riser duct is at

1.0 m height from the cyclone top. Thelowering of the feed pipe hasto be taken up after detailed
discussions with the suppliers and after taking their consent for the same.

One of theissues normally encountered during the feed pipe re-location is the possibility of ‘fall
through’. In‘fall through’, thematerial coming in from the feed pipewould not belifted by the air
going out of thenext cyclone. Inthiscase, the material would fall through the cycloneandjointhe
separated material from the cycloneto the next stage. Thiswill result in improper cal cinations of
material. While lowering the feed pipe, this aspect has to be kept in consideration. This can be
checked by measuring the temperature profile of material at cyclone bottom by inserting 4-6
thermocouples across the cross section of feed pipe. If the variation between the temperature
valuesisvery low, itisanindication of no ‘fal through’. However, if the temperature variationis
more than 80-100°C, it indicatesfall through. If fall through is observed, corrective action can be
taken in the dispersion plate to create enough dispersion of material for the air to pick up.
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The lowering of feed pipesin the identified cyclones would result in additional heat transfer area
available. Thisresultsin areduction of about 7-10°C in preheater gasexit temperature. Thiswould
amount to atleast 3.0 kCal/kg reduction in the thermal energy consumption of the plant.

Detailed discussion with the suppliers and other cement plants revealsthat lowering of dispersion
box inriser duct had been acommon practice. This project had beenimplemented in several plants
and achieved tremendous benefits.

L owering thefeed pipes can bedonein stagesby modifyinginany oneof cyclones. After modifying,
the entire PH system should be closaly monitored for changesin PH exit temperature. Once satisfied
with performance of the PH system the other cyclone can be taken up one by one for further
modifications.

Thetemperature & pressure measurements should be monitored after each reduction and recorded.

Benefits:

Lowering thefeed pipesin the Preheater riser ductswould result in an annual ener gy
saving of Rs. 51.25 Lakhs. Thiscallsfor an investment of Rs. 12.00 L akhsand hasan

attractive smple payback period of 3 Months.
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Case Study No 3

OPTIMIZEBLENDING SYSTEM TOMINIMISE THERMAL ENERGY
CONSUMPTION

Background - Blending system

Blending operation in acement plant isvery vital for both optimal quality parameters and energy
performance. The electrical energy consumption for blending operation varies between 1.0to 1.5
kWh/ton. Blending operation is very vital as far as thermal energy consumption of the cement

operation is concerned.

The homogenization of raw meal prior to the cal cination process has always been avery important
step in the production of clinker. It is widely known that there are four methods of raw med
homogenization utilized in the cement industry. Thefirst and thetraditional oneisthedurry mixing
practiced in the wet-process plants and other methods are adopted in dry process plantsand include
mechanical systems, pneumatic systems, and gravity systems.

Themechanical system consistsof multiple storage silos, each of which isprovided with regul ated
withdrawal facilities. Blending is achieved by an orderly withdrawal of material at variable rates
fromall silos. Whilethistype of mixing consumes|ower power, the system requiresagreat deal of
material handling that increases power consumption. In addition, the required of number of silosis
obviously morethanin other systems. Asaresult of these shortcomings, thiskind of homogenization

systemisnot in wide usein the cement industry.

Pneumatic fluidization: The most common homogenization system used over the past severa
decades is the pneumatic unit, based on the air fluidization method. Air introduced through a
permeable medium in the silo bottom causes the raw meal to behave amost like a fluid. This
agitational method is known to provide high blending efficiency for dry material, But at the same
time this method is the highest consumer of power in relative terms.

Thegravity approach to homogeni zation has been conceived only with the compul sion of achieving
reduced power consumption. Thisisin many ways comparableto the mechanical system. Whilethe
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mechanical system utilizesmultiple silos, the gravity method can work with even one silo but with

multiple discharge points operating on atime cycle.

Continuousblending silos, which are

connected in paralel and fed by a Homogenization system %?V\;gwcr?qrgl”w\)/'\[/lﬁ?t
material flow divided over the | vachanical 2.00 — 2.50
respective silosand whosedischarge Pneumatic fluidization 1.0-150

flows are recombined, can further Gravity (inverted cone) 0.25 - 0.50

improve the blending effects. Gravity (multi-outlet) 0.10 — 0.13

Notwithstanding the effectiveness
and extensive adoption of pneumatic blending systemsin the cement industry, thefollowing issues

have kept the pressure on to search for other options:

1. High power consumption

2. Mantenanceproblems, particularly Continuoushomogenization with onesilocan

of porous media offer a blending factor of 5-7, and it may
improve to 7-12 with two silos.

3. Difficulties of providing clean air

and the high cost of installing oil-
free air compressors

Blending Chemistry:

Thekey reactionin cement operationisone unit of C,Sreacting with one unit of Cto formoneunit
of C,S. Thisreaction between C,Sand Cisadiffusion controlled reaction. The rate controlling
parameter in this process is the meeting of one unit of C,S and one unit of C to form one unit of
CS.

A good blended material would have an even distribution of C,Sand Cindicating lesser distanceto
travel for their meeting and reaction. Thisresultsin faster rate of reaction. Thiswill alsoresultin

lesser free lime at the end of the reaction.
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A poor blended materia, on the contrary, would have dlower rate of reaction and higher freelime. A
higher burning zone temperature would be required to achieve the samefreelime content asagood
blended material. This, inturn, would resultin higher thermal energy consumption.

Casestudy

The Controlled Flow system including suitable kiln feed equipment ensures stable kiln feed
composition at minimum power consumption and investment cost. Two criteria must be met to
achieveahigh degree of homogeneity inacontinuoudy operating, through-flow silowhere blending
isnot achieved smply by air agitation:

1. All theraw meal in the silo must be kept in constant movement towards the outlets.

2. Theraw meal must pass through the silo in flow zones with different residence times.

[ Source: FLSCF SiloArticle]

The blending system at one of the cement plant was studied in detail for possible thermal energy
saving opportunities. The variationsin LSF from the lime stonetill clinker was studied in detail.
The possible reasonsfor variations and opportunities for minimizing the variations were explored
in detail.
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Observations made regarding the variation in LSF in the entire system isas under:

Preblending Stodkpile

i S eetner, B auxite
& Iron-ore

Raw Mill

i LSF — 1.54

Silo

l LSF - 1.47 Coal
Kiln

Kiln Feed

Clinker i LSF - 1.58

Based on the variations in the LSF, it is observed that the blending homogenization efficiency is
lower. One possible reason could be the addition of the bag house material. While the material
collection from bag houseisnot uniform, thismateria isvery highon LSF. Uneven addition of the

bag house material could result in wide variation in product L Sk

Installing abin & continuous extraction system for steady feed of bag house material tothesilo can
lower the variation in LSF significantly. Low homogenization at the blending silo is a cause of
concern at plant. Thetypical blending efficiency in modern silosisabout 8 to 10 whilethe blending
efficiency at this bending silo is very low presently. After the installation of bin and continuous
extraction system for the bag house material, the standard deviation (SD) of the material should be
established. Thetarget homogenization for latest high efficiency silointhisplant should be at | east
7. Some of the steps to be taken up after the continuous feeding system of bag house materia is
installed are:

1. Comparingthedesign extraction vis-a-visactual extraction

2. Re-measuring theactual extraction during stoppage and matching theflow with design rates
by adjusting the gates and modifying the timing suitably
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3. Discusswith supplier onthe possiblereasonsfor low blending efficiency and seek comments

to rectify the same.

Optimization in Stacker

The normal practice in cement plantsisto stack at a constant speed (of about 2 m/s). Stacker belt
stops when there is a no-load condition. Thisis a good step as far as overal blending system is
concerned. Regulating the stacker traverse speed with theload could be an excellent opportunity to
improvethe overall blending system. Installing aprovision for thisinterlock ispossiblein almost
all the stackers. The additional requirement isonly to incorporate a Pl control with bulk analyzer

weighing system.

L SF Variation dueto coal

Significant increasein the L SF standard deviation of kiln feed and clinker wasobserved. Theonly
reason for this variation could be the coa added. With the use of pet coke / imported coal, the
quality of cod isfairly consistent and thevariationsareminimal. Thisbeing the case, thevariation
inthe L SF could be dueto the quantity of coal fired. Thelatest trend in the cement plantsnow isto
adopt Solid Flow based measurement and control system for coal firing. The advantages of this
system are as under:

1. Precise control of coa firing

2. Consistent kiln operation

3. Marginal increasein production

4. Lower thermal energy consumption

The benefitsreported from the optimization of blending system and cod firing system from various

cement plants are as under:

% Optimizing the blending system by improving the blending efficiency in siloswould result
in 2.5 kCal/kg Clinker reduction in thermal energy consumption
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% Instalation of solid flow meter based coal firing system would result in areduction of 5.0

kCal/kg clinker inthermal energy consumption

Benefits:

I mprovingtheblending efficiency in siloand moder nization of coal firing system would

result in an annual energy saving of Rs. 220.00 Lakhs. Thiscallsfor an investment of

Rs. 400.00 L akhs(Solid Flow meter based coal firing system) and hasa ssimple payback

period of 22 months.
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UTILIZATION OF COMPUTATIONAL FLUID DYMANICS(CFD) FOR
ENERGY EFFICIENCY RETROFITSINCEMENT INDUSTRY

Back ground

Case Sudy No 4

Computations Fluid Dynamics (CFD) is an excellent tool to study the behavior of fluidsin ducts
and paths. Extensive adaptations of CFD are in use now and its use for
energy efficiency and performance enhancement has been adopted by
variousindustries. Cement industry, being extremely aware of the benefits
of thisstudy, has adopted CFD study in its performance optimization.

CFD study has been utilized to study thefollowing:
% Reduction of pressuredropsin duct , cyclones, millsand ESP

% Studying the performance of separatorsin mills

< Devolatilisation of coal

% Gaseous phase reaction/combustion
% Mass, momentum, and energy exchange between gasand particle
% Alkalisformation with possible deposition in the system

This has resulted in significant benefits in energy consumption and
performance optimization in Indian and international cement plants

I. Casestudy :
REDUCE PRESSURE DROPIN PREHEATER DOWNCOMER DUCT

Preheater fan isone of the magjor energy consumersin the cement plant, accounting almost 10% of
the total energy consumption in the plant. With continuous capacity increase in cement industry,
increased material loading and flow rates, the pressure drop acrossthe preheater downcomer isone
of the common causes of concern for cement plants.
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The conventional mention of overcoming the pressuredrop in the preheater downcomer isto expand
thedowncomer ducts. Thisstepinvolveslot of time, effort, investment and requiresalong shutdown
of thekiln.

Utilizing CFD for analyzing the preheater downcomer pressure drop and suggesting waysto reduce
the same has evoked tremendous response in Indian cement industry. This step involves low
investment, lesser time and very low shutdown requirement.

Preheater down comer duct (as shown in the picture) in one of the cement plants was of a total
length of 140 m from top stage cyclone to preheater fan.
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Though the gasvel ocity inside the duct wasfound to be at optimum level (19 m/sec), the plant team
was facing the problem of high pressure drop across the duct .The pressure drop in the duct was
about 130 mmWC against the calculated value of 50mmwC. Detailed pressure measurements
indicated that the pressure drop was maximum near the two bends, one at thetop and the other at the
bottom, offering nearly 60% of the total pressure drop. To ascertain the exact reason for the high
pressure drop, CFD analysiswas employed to check if improper flow distribution wasresulting in
high turbulence and hence pressure drop in the downcomer duct.

Computational fluid Dynamic study was conducted and based on the sameflow, distribution plates
wereinstalled at both the bends (two at the top bend and one at the bottom). This has smoothened
the flow and resulted in reduction in pressure drop by 33 mmwW¢C.

Benefits:

CFD analysis and retrofit in the downcomer duct has resulted in energy saving of

63 kW correspondingto cost saving of Rs17.5Lakhsper annum. Theinvestment made

wasaround 1.5 Lakhswith an attractive payback period of lessthan a month.

Ii. Case Sudy :

REDUCE THE PRESSURE DROPIN PREHEATER CYCLONEAND REDUCE THE
DUST LOSSES

Back Ground:

Computationa fluid dynamics (CFD) techniquesis used to verify the performance of cyclonesin
the preheater system. The model is composed of severa time differential equations in a two-
dimensiona (2-D) space domain with a three-dimensiona (3-D) symmetric cyclone inlet. The
model is solved using the finite volume method with staggered grids. The results on collection
efficiency and pressure drop of an experimental study were used to validate the proposed model.
After validation of themodel, it was possi bl e to examine the performance of the cyclone separators
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through acomparison of the numerical resultsand information obtained in the cement industry. The
material that is not collected by the cyclonein the system leaves through the preheater as dust.

In one of the cement plants, dust losses in the preheater system are 10.5% which indicates the
efficiency of the top cyclone is 89.5% against the design efficiency of 94%.

Thedust loss of 10.5% indicates that the dust coming in the system asfeed material at about 75°C
leavesthe system asdust at about 290°C. This, intermsof its heat content, indicates an equivalent
heat |oss of about 6 kCal/kg Clinker.

Increasing the efficiency of top cyclone by about 5% gives an opportunity to reduce the thermal
energy consumption by about 3 kCal/kg clinker, resulting in significant energy saving.

Extensive discussions were held with consultants on reducing the dust loss by improving the top
cyclone collection efficiency through Computational Fluid Dynamics (CFD) analysis. Based on
the discussions, the CFD analysis can reduce the dust loss without increasing the pressure drop
acrossthetop cyclone. This hasbeen successful in several plants and can yield good results.

The design efficiencies of other 5 cyclones (apart from the top cyclone) were also offering good

scope for improvement. The design efficiencies are as under:

% Cyclone2-87%

*

K/
°e

Cyclone3—-85%

K/
°e

Cyclone4-83 %

K/
°e

Cyclone5-78 %
% Cyclone6- 75%

Theactual collection efficiencies of the other 5 cyclones could even be lower than thedesign asin
the case of the top cyclone. The CFD analysis on the other 5 cyclones could also offer excellent
scopeto reducetheoverall return dust losswithout increasein the pressure drop acrossthe cyclones.
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Optimizing the return dust by improving the cyclone efficiency, both in the top cycloneand in the
other cyclones offered excellent potential for thermal energy reduction.

Immediate — As an immediate measure, CFD analysis was carried out in the top cyclone. This
study offered opportunities to reduce the top cyclone dust loss without increasing the pressure
drop. Thisstudy resulted inimproving thetop cycloneefficiency by at least 5% from the previous

vaues.

L ong term — After successful implementation of CFD in top cyclones and tapping the benefits,
CFD analysiswas carried out on all other 5 cyclones. Implementing thefindings of CFD resulted
inincrease of al other 5 cyclones efficiency by at least 4-5%. Over and above the benefitsin the
top cyclone, this step resulted in benefit of at least 4 kCal/kg Clinker without any increasein the

overal pressure drop of the system.

Benefits

Immediate — carrying out the CFD analysisfor top cyclone and reducing the dust loss
resulted in an annual energy saving of Rs. 60.00 Lakhs. Thiscalled for an investment
of Rs. 20.0 Lakhs (for carrying out CFD analysis, engineering and implementing

necessary modifications) and had a smple payback period of 4 months.

Longterm—Carrying out CFD analysisin all other 5cyclones(apart from top cyclone)

and improving the cyclone efficiency resulted in an annual energy saving of
Rs. 82.0 Lakhs. This called for an investment of Rs. 150.0 Lakhs and had a ssimple
payback period of 22 months.
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Case Sudy No. 5

INSTALL VARIABLE FREQUENCY DRIVE (VFD) FOR REVERSE
AIR (RA) FANAND OPTIMISE POWER CONSUMPTION

OF BAGHOUSE FAN

Background-Reverseair and Baghouse

All reverse air fabric filters are divided into a set of compartments operating in paralel. The kiln
gasflow through acompartment is stopped during cleaning, and filtered gasis passed in areverse
direction through the bags.

Reverse air bags are hung from support frames near the tops of the compartments. The bags are
tensioned to 27 to 54 kg force by spring assemblies on the top frame .The tension minimizes
mechanical flexing and abrasion of the vulnerablefabrics. Most reverseair bagsinstalled in cement
kilns have heightsranging from 6 to 9 meters.

Theinlet unfiltered gas stream enters the baghouse near the top of the hopper and then entersthe
inside of each of the reverse air bags. The dust cake accumulates on the interior surfaces of the
bags. The dust cake provides most of the filtration of particles from the inlet gas stream. Bag
cleaning must be performed properly to ensure that a residual dust cake remains in the bag to
maintain high efficiency filtration, even immediately following acompartment cleaning cycle.

During thefiltering mode, the compartment’ s outlet and inlet gas dampersare open. Whenitistime
to clean the compartment, the outlet damper isclosed to block gasflow. After ashort timeto alow
the bags to relax, the reverse air damper located near the top of the compartment is opened to
permit filtered gas from the baghouse outl et to be recycled through the compartment. Thisreverse
flow is sustained for as little as 30 seconds or as long as several minutes. During thistime, large
clumps of dust cake from theinterior of the bags are dislodged and fall by gravity into the hopper.
Gravity settling is obviously important during the cleaning operation. Particle movement to the
hopper isaided by the reverse gas movement downward in the bag. Aslong asthereverseair flow
rateis adequate (volume and flow time), the particles are carried out of the bag by this gas stream.
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Thereverseair passesthrough the compartment’ sinlet damper (which remainsopen during cleaning)
and reentersthe duct leading to theinlet side of other compartments, which continue on-lineinthe
filtering mode. Large clumps and sheets of dust cake dislodged during cleaning are collected in the
hopper underneath the compartment.

Case Sudy:

One of the cement plants utilizes a bag house for raw meal collection apart from cyclonesin the
raw mill section. The bag house is provided with reverse air fan. The operation of RA fanisto
remove the bag house dust, which operates based on the pressure drop across the bag house. The
operation of reverse air fan is ON/ OFF control based on the pressure drop across the bag house.

Operating RA fanin ON/ OFF control isagood step towards opti mization and reducing overall bag
house system power consumption.

Bag
House
P
o N
Cycbne
Q
Raw Mill Reverse B
Fan Air Fan ad
House
fan

The Reverse Air fan is ON when the pressure drop across the bag house is 130 mm WC and gets
OFF when the pressuredropis90 mmWC. During the normal course of operation, thefanisin ON
mode for 40% — 50% of time.
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Thereverseair fan isdamper controlled. The power consumption of thereverseair fanisvarying
between 60 kW to 110 kW. Operating the fan with damper control resultsinloss of pressure across
damper and hence loss of energy. Thisaso indicates the excess capacity availablein thefan.

Good potentia for energy saving existsby optimizing the operation of thereverseair fan by installing
Variable Frequency Drive. Once the Variable Frequency Driveisinstalled, the damper should be
gradually opened and the speed of the fan should be reduced correspondingly.

Variable Frequency Drive for reverse air fan is a proven project and is successfully working in
several other cement plants.

Asanext step, the damper could a so be removed permanently and could be completely controlled
with Variable Frequency Drive.

Installing a Variable frequency driveto RA fan further offers good potential to optimize the entire
bag house system, which offers atremendous opportunity to reduce the power consumption of bag
housefan.

The following obser vations wer e made on the entire bag house system:

The bag house fanisfitted with SPRS, aspeed control device. Any decrease or increaseinthe DP
acrossthe bag houseis sensed by SPRS and variesthe speed of the fan accordingly.

Thetrend analysis of DP acrossthe bag house and the corresponding power consumption of the bag
housefan were studied in detail from the dataavailablefromthe CCR. Thetrend anaysisindicates
the following:

% The DP across the bag house varied between — 94 mmto— 142 mmWC

< Thepower consumption of the bag house fan also varied in accordance with the bag house
DP. Whenever the bag house DPincreasesthe SPRS control of bag housefan sensesthe DP
and increases the speed of bag house fan to maintain same flow rate leading to increased

power consumption and viceversa
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% Thepower consumption of the bag housefanisvarying significantly during different operating
conditionslike Coa Mill & Raw Mill in operation and Raw Mill alonein operation.

>

X/
*

When Coa Mill & Raw Mill isin operation

L)

» DP across the bag house varied between — 94 mm WC to— 134 mmWC
» Bag housefan power consumption varied between 690 kW to 854 kW
% When Raw Mill doneisin operation
» DP across the bag house varied between — 104 mmWC to — 137 mmWC
» Bag housefan power consumption varied between 1021 kW to 1175 kW
% When Reverseair fanin operation
» Bag house fan power consumption reduces by 80 kW to 170 kW

From the above observations, thefollowing approach would result in tremendous reduction in power
consumption of the entire bag house system.

% Increasethereverse-air fan flow rate, which will reduce the DP across the bag house. This

will result in corresponding decrease in the power consumption of the bag house fan.

% Afteringtalling Variable Frequency Drivefor Reverseair fan, its operation could be

effectively optimized by operating it in closed loop with bag house DP asthe feedback to
VFD.

% Theoptimum flow rate of reverse air fan could be attained by conducting trialsin closed
loop with VFD for various DP settings across the bag house.

% Theoptimization procedure would be asfollows:
» Operate RA fanin closed loop with Bag House ‘DP'.

» Operate with different pressure settings of — 90 mmwW¢C, — 100 mmwW¢C, — 110 mmwWC,
—120 mmWC, — 130 mmWC, — 140 mmWC etc.
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% Monitor thetotal power consumption of the BH fan and RA fan
% Fixthe'DP setting, which givesthelowest total power.

The Plant team conducted the abovetrial and achieved significant reduction in power consumption
of both RA fan and Bag housefan. ThisBag house system optimization has beenimplemented in
several cement plants and hasresulted substantial benefits.

The two mgjor steps carried out were:
1. Installed Variable Frequency Drivefor reverseair fan and avoid theloss across the damper.

2. Optimized the operation of reverseair fan based on the optimum ‘DP' acrossthe bag house.

Benefits

Optimizing the operation of reverse air fan resulted in an annual energy savings of

Rs. 44.00 Lakhswith an investment (for RA fan VFD) of Rs. 10.00 L akhs and had an
attractive payback period of 3 months.
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Case Sudy No. 6
OPTIMIZINGAIR FLOW THROUGH VERTICAL ROLLERMILL (VRM)

Back ground

In vertical roller mills, the material is ground on atable rotating about a vertical axis onto which
rollers are pressed down by spring or hydraulic pressure. These mills are air-swept, using hot gas
for drying while grinding, with aclassifier incorporated in an airtight casing within the body of the
machine. Thetableisdriven through thetrains of gearsbelow it.

The external material recirculation for vertical roller mills was first introduced and resulted in
saving power. Since then, numerous devel opments have been incorporated into the design of the
mill internals, such asvariable-arealouvreringsand high-efficiency classfiers. These devel opments
haveresulted in lower pressure drop, improved pre-classification of coarsefractions, and optimum
material conveying velocities. Consequently, the potential power savingsfrom the external materia
recirculation isnot as high in today’s vertical roller mills.

Clazsiad
[ hausing _l"'-.,

Rt
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CaseStudy:
OPTIMIZE RE-CIRCULATIONAIR QUANTITY THROUGH RAW MILL

The Raw Mill useshot gasesfrom the preheater and apart of hot air from the Raw Mill fan discharge
isrecirculated to theraw mill. Remaining air from the RM fan discharge passes through bag house
| ESP before venting out through bag house/ ESPfan.

Air flow through Vertical Roller Mills are governed by three mgjor factors:
1. Nozzleveocity requirement
2. Separator air flow requirement
3. Drying requirement of raw material

In many vertical millsinthe Indian cement industry, thereisagood potentia to optimisethe amount
of re-circulation air to the raw mill by conducting trials/ experiments.

The design specification and actual operating condition of the Raw Mill Fanis:

s DesgnHead : 982 mmWC
% DesignFlow : 234.35 m¥/s
s Design Power : 3200 kW
% Actual Head ; 784 mmWC
% Actud Flow : 221.96 m¥/s
% Actua Power ; 2249 kW

A trial was initiated with an objective of reducing the re-circulation air quantity through the Raw
Mill, thereby reducing the flow rate handled by Raw Mill fan. The ultimate objective isto reduce
the power consumption of raw mill fan. During thetrial both the quantity and quality of theraw meal
handled by the Raw Mill ismaintained constant.
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The procedure adopted for conducting the above trial is given below:
¢+ Present operating condition of the Raw Mill system should be noted
% Remove‘DP vs. ‘Feed loopin Raw Mill and operatein manual mode
% Remove‘Flow’ vs. ‘Fan Speed’ loop in Raw Mill Fan and operatein manual mode

¢ Reducere-circulation air damper gradually and reduce separator speed equally. Maintain
mill feed rate constant

% Monitor Raw Mill vibrations, if vibrations increases reduce separator speed.
% Reducere-circulation air damper to the minimum possible

% Redefine'DP vs.‘Feed' loopinRaw Mill and‘Flow’ vs. ‘ Fan Speed’ loopin Raw Mill Fan

for new parameters

% Check raw meal quality for fineness. If raw meal becomes coarser increase the separator
Speed.

The above tria resulted in significant reduction in power consumption of Raw Mill fan of about
80 kW. After conducting thistrail, it wasclearly evident that therewasaneed to arrive at an optimum
point at which the Raw mill remains stable whilethere-circulation air is minimum.

Thewholeobjective of thistrial should be‘Lowest Possible Re-Circulationair’. Thistria required
no investment, but required a series of trials / experiments to arrive at the lowest possible re-

circulation air quantity

Benefits:

Optimizing the re-circulation air through Raw Mill resulted in an annual savings of

Rs. 17.58 Lakhs. Thisproject did not require any investment.
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Case Study No 7

INTERLOCK APRON CONVEYOR TO CRUSHER MOTOR TO ENSURE

MAXIMUM LOADING OF CRUSHER

Inacement plant, thefeed material to the crusher wasfed through an Apron conveyor. The present
loading of crusher motor varying from 447 kW to 950 kW. The capacity of the crusher is 1200 TPH
and operating capacity isabout 1150 TPH. The operating trend of Apron conveyor, which transfers
the limestone from hopper to crusher, was studied in detail. The apron conveyor isfound to operate
only at 42% of itsfull speed and manually controlled based on crusher motor loading current.

The speed of the conveyor isconstant irrespective of theloading

of crusher motor. There was a good potential to interlock the
Apron Conveyor speed with the Crusher |oading there by reducing
the crusher operating time. The speed of the apron conveyor
should be varied depending on crusher loading.

The apron conveyor has already been fitted with Variable
Frequency Drive (VFD). Theload current signal from the crusher

motor can be given asafeed back to apron conveyor VFD.

Therewasagood potential toincreasetheloading of crusher by interlocking Apron conveyor speed
with crusher loading. Thiswill result in substantial reduction in operating hours of the crusher for

samethroughput of crusher.

Theoverloading of Crusher can beavoided by implementing “ Adaptive Predictive Control system”,
which ensures optimised |oading of crusher. Thissystemisin usein some of the crushersin Indian
cement industry and is resulting in significant benefits

Thisproposal ishighly applicablein many cement unitsand can result in significant energy savings.
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Procedure followed to implement this project is given below:

s Interlocked Apron Conveyor speed with the crusher loading. Increasing / decreasing the
speed of conveyor depending on theload of the crusher.

s Ingtaled“ Adaptive Predictive Control system” for thewhole crushing system, which ensured
optimum loading of crusher and minimised operating time of crusher for same output.
Bengefits:

I nterlocking Apron Conveyor speed with Crusher loading resulted in an annual savings
of Rs. 12.50 Lakhs and the investment required for the implementing Adaptive

Predictive control System was Rs.15.0 Lakhs. The simple payback period for the

investment was 14 Months.
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Case study No. 8

MINIMIZE SUCTION SIDE PRESSURE DROPIN IDENTIFIED
COOLER FANS

Back Ground:

Over thelast few years, Indian cement industry has adopted several energy conservation measures
in cooler fans. One of the significant changes had been to move to speed control instead of Inlet
GuideVane (IGV) mode of control in cooler fans. Thishasresultedin substantial energy savingin
the cement industry.

Studies in cooler fans over the last few years indicated another
significant area for energy saving. It was observed that several
cooler fansare operating with very high suction side pressure drop.
The pressure drop in the suction ducts, over alength of less than
one metre, was measured to bein the range of 70 to 140 mm WC.
Thiscorrespondsto about 10 to 22% additional power consumption
in the cooler fans

Detailed discussonswere held by the cement plantswith theleading
fan manufacturesto identify possiblereasonsfor such high pressure

drop. The suppliers aso agreed that the

suction pressure drop of any cooler fan 140 o

should beintherange of -20mmWCto - - 120 : —i— _ f_ e
25 mm WC only. However, detailed £ '%° : S B o e
discussionsindicated that thehighsuction 8 * [ e

pressure drops are maintained § j: __:,,f:’f =
intentionally. o ==

The present trend in the cooler fansinthe e = & st &

i i i WRAT ¢
cement industry is to use a piezometer FEMWRERE (Cuos e

ring to indicate the flow in the CCR.
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Piezometer rings measure the pressure at the fan suction and indicate the corresponding flow rate.
Each piezometer ring has acharacteristic curve (asample curveisindicated in figure below).

Thevariationin pressure at the piezometer ring iscalibrated to flow reading. Discussionsindicated
that the flow measurements from the piezometer ring were found to be accurate only when the
pressure drops were 60 — 70 mm WC and above. Lower pressure values made the measurement
Inaccurate.

Further from the characteristic curve of piezometer ring it isapparent that astheflow rate of thefan
Increases the suction side pressure drop of the fan aso proportionally increases leading to energy
loss across suction.

To artificially create the high pressure drop at the piezometer ring measurement point, the velocity
of air entry in the cooler fansis increased. While the ideal velocity for air entry in cooler fans
should bearound 10—12 m/s, severa cooler fans are operating with velocities greater than 45my/s.

Case Sudy:

In one of the cement plantsin the country, the plant team had already installed variable frequency
drive (VFD) controlsfor al the cooler fans. Thishas substantially reduced the power consumption
of the cooler fans.

The measured suction pressure at the inlet in the cooler fans is as high as -170 mm WC (the
corresponding velocity of air entering the cooler fan was over 42 m/s), which is about 20% of the
total pressurerise of thefan. Thisindicatesthat nearly 20 % of power consumed by the cooler fans
islost at the suction of fans.

Suction Total Head % LossAcross | Measured Power
Pressure drop | developed by thefan
SNo
mmWC mmWC % kKw
Cooler fan| -170 869 20 90
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Thissuction side pressuredrop iscomparatively onthelower sidein some of the cooler fansdueto
thelower flow rate handled by thefan, which correspondsto the lower suction side pressuredropin
the piezometer installed.

Thereisagood potential to reduce this suction side pressure drop in cooler fans by modifying the
existing suction and adopting awell designed bell mouth for air entry to thefan. Thetypical radius
of the bell mouth should be 0.25 times the effective diameter.

Alternate methods of flow measurement can be adopted in lieu of the piezometer ring. One of the
methodsfor fan flow measurement isby using an aerofoil in the discharge of thefan. The pressure
differential between the top and bottom of the aerofoil can be calibrated to flow measurement.

Pressuredropsacrossaerofoil issubstantially lower compared to the piezometer ring measurement.

Another method of measuring theflow isto estimateit from the characteristic curve of thefan. The
characteristic curve of the fan can be defined as an equation using the curve-fitting method. Once
the curveisdefined as an equation, measuring the total head devel oped by the fan and the speed of
thefan can indicate the flow of thefan inthe CCR.

Many cement plants which were previoudly utilizing the piezometric flow measurement system
have now shifted to other relative indications in CCR like speed of cooler fans or aerofoil flow
measurement. Once alternate methods of flow measurement has been established, plants can then
removethe piezometric ringsand modify the suction of thefan to minimizethe pressuredrop. This

has resulted in tremendous reduction in power consumption of cooler fansin several cement plants.

Thiscase study ishighly applicable both asaretrofit in existing cooler fans, aswell asdefining the
specifications for any new cooler fans procurement.

Sepsto be followed

< Modify inlet of theidentified cooler fans by providing “Bell Mouth” which reducesthe
suction drop to less than -20 mm WC.

% Oncethe Suction drop is reduced, due to |ess suction resistance the fan starts delivering
more flow, since the overall system resistance has reduced.
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% Reducethe speed of thefan by VFD to match the actual flow requirements.

% Good potential for energy saving exists by suitably modifying the suction pressuredrop and
reducing the speed of thefan.

Benefits:

By modifying fan suction with bell mouth will result in Rs5.50 Lakhsand will require

an investment of Rs.5.00 L akhswhich will have a payback period of 12 months.
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Case Study No 9

INSTALLATION OF CORRECT SIZE FANSOF HIGHER OPERATING
EFFICIENCIES

Back ground: Fan Performance Assessment

Fans are the magjor energy consumersin a cement industry, only next to grinding. Indian cement
industry, having realised this, hasworked upon continuously inimproving the operating efficiencies
of itsfans. High operating efficiency fansareavailablefor al the applicationsin the cement industry.

Replacement of fans of lower operating efficiency with ones
of higher operating efficiency hasbeen apracticeof thelndian | 1YPical target efficiency
cementindustry over severa years. However, theunderstanding | >82% for &l magjor fans

of the reasons for lower operating efficiencies is improving | >75% for all other fans

and newer case studies are surfacing over the last few years.

Fan performance evaluation at site is one of the major

opportunities in the Indian cement industry today. The fans are tested for field performance by
measurement of flow, head, temperature and damper position on the fan side and el ectrical motor
kW input on the motor side.

The fan flow is measured using Pitot tube manometer combination or aflow sensor (differential
pressureinstrument) or an accurate anemometer. Care needsto betaken regarding number of traverse
points, straight length section (to avoid turbulent flow regimes of measurement) up stream and
downstream of measurement location. The measurements can be on the suction or discharge side
of thefan and preferably both wherefeasible.

Pressure (draft) devel oped by the fan can be measured by Pitot tube manometer combination, or an
accurate digital draft gauge. The temperatures of the gases/ fluids are measurable by a digital
temperatureindicator and the damper position documented as percentage opening or notch position.
In case of fluid couplings, the % scoop position can bethereference. Pulley diameter and fan rpm
measurementshelp in ng scope for derating. Fan design performance curves are needed to
compare the actual efficiency with respect to design values.
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Drive motor input volts, amps, pf frequency and kW can be measured by aload analyzer, to assess
input KW, pf, motor loading voltageimbalanceif any.

The parametersto be considered while fan selection are:
1. Designoperating point of fan —volume and pressure
2. Normal operating point —volume and pressure
3. Maximum continuousrating
4. Lowload operation
5.  Ambient temperature
6. Dengity of gasat different temperatures
7. Composition of the gas
8. Dust concentration and nature of dust
9. Maximum temperature of thegas
10. Control mechanisms (proposed)

11. Altitude of the plant

The control mechanisms for fans are also undergoing a phase of sea change. Older plants were
complacent regarding the performance of fansonce agood control systemwasinstalled. However,
with deeper understanding of reasons for lower operating efficiency, Indian cement industry has
seen severa cases where the installation of a good control mechanism for fans aone does not
suffice. For the overall system to be efficient, it'simportant for the control mechanism aswell as
thefan to be efficient. One of the case studiesthat has been observed in several plantsisthe case of
fansinstalled with latest Variable Speed Drives (V SD) operating with low efficiencies. The detail

of one such fanisexplained in case study below:
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CaseSudy:

The design and operating parameters for one of the process fansin Cement mill were observed to
be asunder:

The design details of the fan are asfollows:

% Capacity : 60,000 m*¥hr
% Head ; 465 mmWC
% Power : 150 kW
% Specd : 980 rpm

The operating conditionsare given below

% Capacity ; 69,000 m?¥s
% Head ; 322 mmWC
% Power consumption : 110 kW
% Speed : 900 rpm

The actual operating efficiency of thefan isestimated to be 61%, which ison the lower side when
compared to the design operating efficiency of the fan of 79%.

The comparison between the measured parameterswith the design parametersindicatesthat thefan
isoversized for the application in terms of head required by the system.

Designed head of fan is 465 mmWC with the flow rate of 60,000 m®/hr at 990 rpm. Calculating
with the empirical laws of fan performance with change in rpm, the revised design point for a
reduced speed can be calculated. With operating speed of 900 rpm (91% of rated speed), fan
should be operating at 54000 m*/hr and with atotal head of 393 mmWC (corresponding design
point at lower operating speed).
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However, fan was measured to be delivering 67000 m*/hr with the total head of 322 mmWC. This
indicatesthat the fan is delivering excess flow with lower operating head compared to the revised
design point at lower operating speed. Thisindicatesamismatch between therated head and operating
head of thefan. Thisfan, delivering excessflow and operating with lower head devel oped compared
to the design point, operates with low efficiency.

465 \.ooooooooo

This results in operating point of the fan

shifting to an inefficient zone on its
performance curve.

393
Thus, therewasavery good potentia for

322 energy saving by installing anew correct

Static size of high efficiency fan in place of

Pressure

existing fan.

Yolum etric Flow m3/s 54 60 67
x 1000

Recommend correct size fan Specifications
Flow : 85,000 m¥/hr
Heed : 400 mmwC

(With margin availablefor capacity up gradation. Thefanisoptimally sized for present application
with proportional marginsin capacity and head. The operating efficiency of the fan was good at
77% while the rated efficiency of the fan was 79%)

Power : 150 kW (Existing motor)

Benefits :

Replacing the existing fan with correct size fan resulted in an annual saving of

Rs. 11.00 lakhs. This required an investment for proposed new fan only of

Rs. 10.00 lakhs (the existing motor and VFD wer e utilized for the new fan), which had

a simple payback period of 11 months.
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Case Sudy No 10

WASTE HEAT RECOVERY FOR COGENERATION FROM PREHEATER
EXIT AND COOLERVENT

Back Ground:

Cement industry isenergy intensive. Even amodern high efficiency plant would consumethermal
energy of about 700 kCal/kg clinker and electrical energy of about 70 kWh/ton of OPC. Foral
MTPA plant, the approximate power requirement would beto the tune of about 13- 14 MW.

Waste heat recovery has been one area where the Indian cement industry has alot of opportunity
still untapped. Two major sources of waste heat recovery availablein the cement industry are:

1. Pre-heater Exhaust at 280 — 350°C
2. Cooler vent at 250 — 300°C

Waste gas discharged from the clinker cooler system and the kiln pre-heater system al contain
useful energy that can be converted into power.

Now technologies are available to recover the heat from exhaust gas streams from preheater and
clinker cooler and generate electrical energy. More cement plants in India are expected to adopt
such waste heat recovery systems mainly to counteract the power shortage aswell asto reducethe
consumption of natural resources. Now these latest proven technologies are supplied with better
financial models by the suppliers.

Thereareabout 150 larger capacity cement plantsoperating in Indiaand potential power generation
from each plant is about 5-6 MW. This indicates atleast 750 MW power generation is possible
through waste heat recovery in Indian cement industry.

Over thelast few years, Indian cement industry has started adopting waste heat recovery systems.
Some of the cement plantslike Indiacements, Shree Cement, Ultratech Cement, Tadipatri, etc took
an excellent initiative in installing Cogeneration system for power generation in their plants and
many more under active consideration. The present installed capacity through waste heat recovery
inIndiaisaround 12-14 MW while the potentia is much higher.
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CaseSudy:
Factors consider ed while designing the effective system:

1. Avoidance of dust: Methods of avoiding Deposition of Cement Powder on the Heat Transfer
Surface which otherwise resultsin fouling and lesser heat recovery.

2. Design todeal Sticky dust/Abrasive gases. Appropriate design of the system to perform against
gases Sticky dust from pre-heater and abrasive gases from Clinker cooler should be made.

3. Make surface free of dust: Methods of dislodging deposited dust and keep the heat transfer
surface free of dust.

4. No gasesto cold surfaces: Avoiding exposure of the flue gasesto cold surface of the equipment
during start-up or interruptions, otherwise these results in condensation of the flue gas moisture
and when this moi sture comesin contact with the cement powder, cement gets“set” on the surfaces
which aredifficult to remove. Hence slow build-up of such patchesresultsin choking of the system
& reduction in effectiveness of heat transfer surface.

5. Design to conserve water : Availability of the water and its appropriate utilization to conserve
thewater by designing the system judicioudly.

6. Select correct electricals. Selection of appropriate electrical power generation system to

maximizethe power generation.

7. Reducefinal exhaust temp to maximum extent: Bringing down theflue gasexhaust temperature
to sufficiently low level, so that less expensive method of Gas cleaning (after Heat Recovery) of
cement powder separation from flue gases can be utilized.

8. Maintain Low Pressure drop: Keeping flue gas pressure drop as low as possible
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Brief Description Of Some Of The Waste Heat Recovery Systems In Indian Cement
Industry

INDIA CEMENTSLIMITED, VISHNUPURAM

IndiaCementsLimited, in partnership with New Energy Devel opment Organization (NEDO), indalled
the first waste heat recovery system in Indian cement industry at its plant in Vishnupuram. This
waste heat recovery system meets about 30% of the total power requirement in the cement plant
and about 40% of the waste heat availableisrecovered for power generation.

Heat recovery systemsareinstalled both at pre-heater exhaust and cooler vent. Pre-heater boileris
installed inthe pre-heater exhaust gas path after the pre-heater system and beforethe waste gasfan.
The steam generated from the pre-heater boiler isabout 28 TPH at 315°C and 15.7 kg/cm?.

The cooler vent heat recovery system islocated between the cooler and the cooler 1D fan. A pre-
duster isinstalled to reduce the dust load on the boiler. The steam generated from the cooler vent
boiler isabout 14.5 TPH at 345°C and 15.7 kg/cm?

This system has been in operation since September 2004 and the average |oad generated is about
8.5MW. Excluding theinterna power consumption, the net power generationisabout 7.6 MW and
the average cost per unit (excluding depreciation) works out to be about Rs. 0,16 / kWh. The
benefit of reduced carbon dioxide emission into the atmosphere is about 45000 MT per annum.

ULTRATECH CEMENT LIMITED,APCEMENT WORKS, TADIPATRI

Ultratech Cement Limited hasinstalled a Organic Rankine Cycle based waste heat recovery system
of rated output 4.8 MW at itscement plant in Tadipatri. Theenergy converter issupplied by ORMAT
Systems Limited, Isreal while the Waste Heat Oil Heater (WHOH) was supplied by Transparent
Energy Systems, Pune.

Thissystemisthefirst of itskind in Indiaand the second applicationintheworld. Thisproject was
commissioned in March 2007 and meets about 10% of power requirement at APCW.
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This system recovers heat from the cooler vent gases to heat 247 TPH of thermic fluid in Waste
Heat Oil Heater (WHOH) from 120°C to 270°C at design pressure of 7.5 Bar. The ORMAT energy
converter is atwo stage impulse type turbine with air cooled condenser and with pentane as the
motivefluid.

Whilethegrossoutput of the power plant isdesigned at 4,0 MW, the net output is3.35 MW excluding
auxiliary power consumption of 665 kW. The anticipated annual power generation was
25 Million KWh.

SHREECEMENT LTD,BEAWAR

Shree Cement Ltd (SCL) has installed a waste heat recovery system in its Unit 1 at Beawar to
recover thewaste heat from the pre-heater exit gases, currently being diss pated into the atmosphere,
for steam generation. SCL has integrated the waste heat recovery system with its captive power
plant and the steam generated in waste heat recovery isutilized for pre-heating thefeed water inthe
LP & HP heater of existing power plant.

Waste heat recovery system generates steam of 27.6 TPH at atemperature of 375°C and pressure
of 27 kg/cm?. Thissteam isutilized in the captive power plant for feed water preheating.

With and without thiswaste heat recovery system, the differencein power output from the captive
power plant isabout 5-6 MW. The fuel saving from this project is anticipated at over 20000 tons
per annum and carbon dioxide emission reduction would be over 76000 tons per annum.
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Case Sudy No. 11

ENERGY CONSERVATIONASPECTSINAIR COMPRESSORS &
COMPRESSEDAIRSYSTEMS

Back Ground- Compressed air systems

Compressed air systems are one of the most important utilities in cement industry. Compressed
air systemsare used in different parts of the plant, in the bag house Pulse-Jet or Plenum Pulse dust
collector filters, in blasters and other parts. Total energy consumption by compressed air systems
isrelatively highin cement plants. Still, energy efficiency improvement measuresmay befoundin
these systems. Compressed air is probably the most expensive form of energy availablein aplant
because of itspoor efficiency. Some of the practicesfollowed for lowering the energy consumption
in compressed air systems are briefly mentioned bel ow:

Maintenance of compressed air systems. Inadequate maintenance can lower compression
efficiency and increase air leakage or pressure variability, as well as lead to increased operating
temperatures, poor moisture control, and excess ve contamination. Improved maintenancewill reduce
these problems and save energy.

Keep the compressor and inter cooling surfaces clean and foul-free. Blocked filtersincrease
pressure drop. By inspecting and periodically cleaning filters, the pressure drop may be kept low.
Also, consider adding filtersin parallel that decreaseair velocity, and, therefore, decreaseair pressure
drop. A 2% reduction of annual energy consumption in compressed air systems is projected for
more frequent filter changing.

Keep motors properly lubricated and cleaned. Poor motor cooling can increase motor
temperature and winding resistance, shortening motor life, in addition to increasing energy
consumption. Compressor lubricant should be changed at regular intervals and checked to make
sure it is at the proper level. In addition to energy savings, this can help avoid corrosion and
degradation of the system.

Inspect drain traps periodically to ensure they are not stuck in either the open or closed
position and ar e clean. Some users|eave automatic condensate traps partially open at al timesto
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allow for constant draining. This practice wastes substantia energy and should never be undertaken.
Instead, install ssimple pressuredriven valves. Malfunctioning traps should be cleared and repaired
instead of left open. Some auto drains, such as float switch or electronic drains do not waste air.

Maintain the coolers on the compressor to ensure that the dryer gets the lowest possible inlet
temperature

Check beltsfor wear and adjust them. A good rule of thumb isto adjust them every 400 hours of
operation.

Check water cooling systems for water quality (pH and total dissolved solids), flow, and
temperature. Clean and replacefiltersand heat exchangers per manufacturer’ s specifications. Also
try keep 5°C as temperature difference across the inter coolers and after coolers and reduce the

water flow if it islower which will lower the cooler water pump power consumption.

Reduceleaks: Leakscan beasignificant source of wasted energy. A typical plant that has not been
well maintained will likely have aleak rate equal to 20% to 50% of total compressed air production
capacity. Leak maintenance can reduce this number to lessthan 10%. Overall, a 20% reduction of
annual energy consumption incompressed air systemsis projected for fixing leaks. The most common
areasfor leaks are couplings, hoses, tubes, fittings, pressure regul ators, open condensate traps and
shut-off valves, pipe joints, disconnects, and thread sealants. A simple way to detect leaks is to
apply soapy water to suspect areas. The best way to detect leaks is to use an ultrasonic acoustic
detector, which can recognize the high frequency hissing sounds associated with air leaks. After
identification, leaks should betracked, repaired, and verified. Leak detection and correction programs
should be ongoing efforts.

Reducingtheinlet air temperature: Reducing theinlet air temperature reduces energy used by
the compressor. In many plants, it is possible to reduce inlet air temperature to the compressor by
taking suction from outside the building. As arule of thumb, each 3°C will save 1% compressor
energy use.
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Maximize allowable pressure dew point at air intake : Choose the dryer that has the required
pressure dew point, and best efficiency. A rule of thumb is that desiccant (heated / heatless)
dryers consume 7 to 14% of the total energy of the compressor, whereas refrigerated dryers
consume 1% to 2% as much energy as the compressor.

Sizing pipediameter correctly : Inadequate pipe sizing can cause pressure |osses, increase leaks
and increase generating costs. Pipes must be sized correctly for optimal performance or resized to
fit the current compressor system. Increasing pipe diameter typically reduces annual energy
consumption by 3%

Casestudy
I ntroduction

Inal MTPA cement plant, over last several years, 39 compressors (Reciprocating aswell as Screw
type) of different makes with a total installed capacity of 20081m3/h were installed to meet
compressed air demand for various applications. Thetotal installed drive power is 1908.5 KW.

Compressors Energy Consumption

The Compressors were installed near to each application, but connected / interconnected with all
applications—literaly - like aspider web. Almost any compressor’sair can go to any application—

resulting in un-optimized use of Air and
Darnand $1de Managamant

consequent wastage of Energy. | ooy
. iy
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From the preliminary study, it was understood that it is adequate to operate only 12 Screw
compressorswith total installed capacity of 9507 m3/h (and power consumption of 1003.5 kW) to
meet the compressed air demand for all sections. Therest of the compressorswere stopped. It was
observed that the continuous operation of these 12 Screw compressors was also not required
indicating surplus capacity. There existed further scopefor energy saving.

However, this optimization and consequent energy saving waspossibleif asupervisory monitoring
and control system to operate all screw compressors was procured and installed.

Optimization System

EnergAir Automation system for Supply side Management and Control Air System for Demand
sideManagement wasingtalled. Basically thissystem classified plant Air applicationsin Two Groups
— one set of users that consumes compressed air at Steady rate (Process Applications) and the
other that consumes at Cyclic pattern (Fluxo Pump Applications). Two headerswereformed - one
dedicated for each group. Selected applications were provided with Pressure/Flow controllers —
where application pressure can be set. All twelve screw compressors were connected to Central
Controller —which can switch on and off each compressor depending on Demand.

All screw compressors supply air to process header at preset Pressure. From this header, process
applications received air through Flow controller at lesser but steady pressure. The compressors
arerun to maintain header pressure within a set range.

Su Side Management: Intelligent Compressor.Co

L nrases

Lacali -AMF
1

Aterface: Eoard
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Benefits:

Achieved Energy Savings based on observation for a week = 27% & Stoppage of 2-3

Compressors.
Energy Savingswith EnergAir & ControlAiR system = 3,060 kWh / day
% Energy Savingswith EnergAir & ControlAiR system = 27.12%

Thissystem hasa simple payback period of lessthan a year.
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Case Sudy No 12
INSTALL NEW CORRECT SIZE COOLER VENT FAN

Back Ground:

In atypical cement plant, the cooler vent fan consumes about 0.8 — 1.0 kwh / ton of Clinker.
Cooler vent fansoffer excellent potential for reduction in energy consumption. Some of thelowest
numbers recorded for cooler vent fan ranges between 0.08 — 0.1 kwWh / ton of clinker offering a
potential of about 0.7 — 0.9 kWh / Ton of clinker reduction opportunity.

One of the major reasons for such energy saving opportunity in cooler vent fansisover designing
for higher capacities & head. Thisover design on both head and capacity of the cooler vent fanis
primarily to avoid pressurization in system if the pre heater fanstrip. To avoid this condition the
cooler vent fan would be designed to vent all the pressurized gases present in the kiln and preheater
system. Latest plants operate with several interlocks that cut off few cooler fans when the pre-
heater fantrips. Thisavoidstheover design of cooler vent fan, thereby providing an opportunity to

optimize power consumption.

Optimum utilization of thisnatural draft and further increasein stack height could also result
in significant reduction in power consumption of the cooler vent fan.

CaseSudy:

The cooler vent fan isdesigned for aflow rate of 15793 m*/min, pressure rise of 150 mm WC and
the motor israted for 585 kW. The actual power consumption of the fanis 210 kW.

The actual operating condition of cooler vent fanis:

% Actuad Flow : 11686.8 m¥/min
% Actua Head : 52 mmWC

% Operating Speed : 65%

% Actual Power : 210 kW
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From the above observation, it is evident that the fan is designed for excess head. Thisresultsin
operating point of the fan shifting to an inefficient zone on its performance curve. The operating
efficiency of the fan is estimated to be 52.5%.

The study on thefan control mechanism indicatesthat the fan hasbeen controlled by SPRS control.
The fan is operating at 65% speed. To control the fan further, the suction of the fan is damper
controlled. Thisshowsthat thefan had been highly over designed for head.

Pressure measurements indicate that the loss across the damper isamost 100% when the damper
position is40% open. Thefaniscontrolled because thefanishighly over designed for head. The
design head of thefan is 150 mm WC whereas the actual requirement isonly about 15 mm WC.

Further the height of the stack is 40 m, which is sufficient to provide draft, and the draft
measurement in the stack almost equals the static pressure before the damper of cooler vent
fan. Optimum utilization of this natural draft and further increasein stack height could result

in significant reduction in power consumption of the cooler vent fan.

Thus there is a good potential to install a correct size cooler vent fan for normal operation and
keeping the existing fan (in line) as stand by catering to emergency conditions. Good potential for
energy saving exists by installing acorrect sizefan of higher operating efficiency.
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Therefore the plant team installed anew correct size fan with higher operating efficiency.

The design specifications of the new fan were asfollows:

% Flowrate : 12,000 m¥/min
% Pressurerise : 15SmmWC

< Motor rating : 60 kW

< Power consumption : 45 kw

The existing fan was kept as standby, to meet any emergency requirement.

Benefits:

Installing a correct size cooler vent fan resulted in an annual energy saving of

Rs. 37.68 Lakhs. This called for an investment of Rs. 8.00 Lakhs (for new fan and
ducting), which had an attractive payback period of 3Months.
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Case Study No 13
OPTIMIZETHE OPERATION OFBAGFILTERS

Back ground:

Bag filter fans though accounting to small energy consumption individually, when taken in total
contributes to significant energy consumption. Normally, a1 MTPA capacity cement plant will
have around 40 numbers of bag filters and the power consumption of bag filter fans varies from
8 kW to 12 kW on an average.

Thisindicates around 400 kW power is consumed by bag filters alone and which is equivaent to
3 to 3.5 kWh/ton of Cement. Also compressor takes a major role in the operation of bag filter.
Thereisgood potential to reduce at least 1-1.5 kWh/ton of cement by optimising the operation of
bag filters alone.
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Thetotal bag filter fan static pressure consists of the following

< Hood Entrance loss

X/

% Friction losses in Ducts

% Lossthrough dust collector

>

X/
*

Exhaust stack

*

Case Study - Optimise Operation of Raw Mill Silo top bag filter fan

Inal1l.0 MTPA cement plant, Raw mill Silo top bag filter was used to removeair from material inthe
silo. The objective of the bag filter fan wasto remove the air from the silo before extraction of the
raw meal to avoid flushing.

Plant had earlier installed pneumatic conveying system for transporting the materia to silo. The
flow through the bag filter fan was measured to be 21,200 m3/h and the actual power consumption
is33 kW against rated capacity of 45 kW.

Asaninitiativetowardsenergy conservation, the plant team replaced pneumati c conveying system
with mechanical conveying system and this has substantially reduced the volume of air to be handled
by the fan. The same bag filter fan continued its operation for mechanical conveying system too.
When the flow requirements reduced, the fan was damper controlled. The position of the damper
was about 20-30%, which resulted in pressure drop and consequently higher power consumption.
Damper control in afanisan energy inefficient method.

ThePlant team removed damper control and installed variablefrequency driveto theexistingfanto
reduce power consumption. Thisresulted in marginal savings since the fan efficiency came down
because of mismatching in design and operating flow and head.

Plant team took an excellent step by replacing the existing fan with new correct sizefan with higher
efficiency with variablefrequency drive.
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The specifications of the new fan are given bel ow.

X/
L X4

How : 8000 m3/hr
% Head :200 mmWC
< Power : 9 kW
Thishasresulted in substantial reduction in power consumption of raw mill silo top bag filter fan.
Plant team felt that further potential was availablein bag filter fan by reducing the flow.

Asathumbrule 2 kg of air hasto be vented out per one kg of material from the silo. With this
objective, plant team had conducted many trails to further reduce flow to reduce the power
consumption of bag filter fan.

Finally Plant team arrived at an arrangement after conducting many trials. The bag filter fan VFD
feedback signal hastaken assilo top draft for smooth operation. Theair flow to be vented out from
the silo was observed to be significantly lower than the design of the fan of 8000 m3/hr. Also, it
was observed that the bag filter was operating with much lower DP.
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The compressed air consumption for the bag filter is higher and the bag filter fan operates at flows

higher than the rated flow of the fan. Hence, thereisagood potential to increase the DP of the bag
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filter and reduce the bag filter compressed air consumption. The increasing of the DP of the bag
filter will also increase the pressure resistance of the fan reducing the power consumption of the
bag filter fan also.

The DP of 125 mm WC across the bag filter was given as afeed back to vary the purging air line.
This also resulted in substantial power savings in bag filter fan as well as compressor power
consumption.

Benefits:

Optimizing the Raw mill silo top bag filter fan resulted in an annual saving of

Rs. 5.30LakhsThisrequired aninvestment for proposed new fan only of Rs. 1.50 L akhs
(With VFD) which had a smple payback period of 4 months.

Confederation of Indian Industry
Cll-Sohrabji Godrej Green Business Centre



Case Study No. 14

INSTALLATION OF VARIABLE VOLTAGE CONTROLLER FORBELT

CONVEYORSAND BUCKET ELEVATORS

Background

Belt conveyorsand bucket elevators are a so the major loadsin acement plant. Usualy, theload on
these equipments varies continuously depending upon the process requirement. Mgjority of the
time, the motors of these equipments are under |oaded.

The power factor and operating efficiency of under loaded motor will be poor and hence it will

consume higher power than requirement.

The capacity of motor isproportional to the square of operating voltage. Therefore, itispossibleto
operate the motor at higher efficiency by continuoudly varying the voltage according to theloading.
Thisisachieved by installing Variable voltage controller for continuously variable loads.

Variable voltage controller is an electronic device
which senses the load current for every 0.01 sec. and
variesthevoltageand load current accordingly. Variable
voltage controller always matches the motor torque
with the load torque. Therefore, the capacity of the
motor isvirtually varied to match theload requirement.
The performance of the motor will be improved and
the power consumption will reduce.

Variablevoltage controller also hasabuilt-in software
andfilter to take care of harmonicsgenerated. Variable

voltage controller is well suitable for continuously
varying loads, like, bucket elevators, crushersand belt
conveyors. 20to 25% savingson averageload ispossible by installing Variable voltage controller.
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Casestudy

Ina2.0 MTPA cement plant, the averageload on the bucket elevatorswasvarying from 30 to 50%.
Magjority of the time, the motors of few bucket el evators were under |oaded.

The plant team decided to install avariable voltage controller for one of the bucket elevatorson a
trial basis. The plant teaminstalled avariable voltage controller for raw mill bucket elevatorsrated
for 67.5 kW. Before installing the controller, the raw mill bucket elevator was consuming 30 kW

and theload on the motor was about 44%.

After installing the variable voltage contraller, it started consuming 22 kW keeping thefeed material

constant asprevious.

Benefits:

Therewasareduction in power consumption by 8 kW after installing variable voltage

controller. Theannual savingsachieved wasRs1.96 L akhs. Thisrequired an investment

of Rs2.50 L akhswhich was paid back in 16 months.

After successful trial, the plant team decided to install variable voltage controller for other under

| oaded equipment al so.

Potential

Similar saving potentia existsin belt conveyors, bucket el evatorsand crushersin many plantsacross
theindustry.
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Case Sudy No 15
OPTIMIZETHE OVERALL OPERATING FREQUENCY

Background

The speed of all eectrical driven equipment isproportional to the operating frequency. Mg ority of
theloadsinacement plant are centrifugal in nature. In centrifugal loads, such asfansand pumps, the
power consumption isdirectly proportional to cube of operating speed.

Affinity lawsof centrifugal loads:

% Flowddivered o Speed
% Pressure developed o speed?
% Power consumption o speed®

The power consumption in other linear loadsis directly proportional to operating speed.

Therefore, any attempt to reduce overall operating frequency leadsto substantial reduction in power

consumption.
However, to reducethe overall operating frequency of the plant, two conditions haveto be satisfied.

1. The plant should be supplied from anisland power sourcei.e., from the captive power plant
which is not connected to grid

2. There must be cushion in operating parameters of all the major |oads. Because any
reductioninfrequency will causereductioninflow and pressure which may affect the process.

Usually al the equipments are designed with excess capacity. Therefore, any reductionin frequency
does not affect process parametersin centrifugal equipments.

Effect of frequency in fans, blowersand pumps

In centrifugal loads such asfans, blowers, pumpsetc., therpmisdirectly proportional to frequency
of the electrical supply and power consumption is proportional to the cube of rpm (or frequency).

Hence, any reduction in frequency would result in reduction in power consumption.
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Effect of frequency on Alternator & Motor cooling

Therewill beno effect on cooling of alternator and motorsdueto reductioninfrequency. Inpractical,
reduction in frequency will reducethefrequency related |ossesin motor and al so mechanical [osses

which depend on the operating speed.

Effect of frequency in Compressors

Magjority of the compressorsin any plant operate in load & unload mode due to higher designed
capacity. During the unload time, the compressor does not deliver useful work, but operatesonly to
overcome itsinternal losses. The power consumption during unload time of the compressor isan
indication of wastage of energy.

Reduction in frequency will reduce the speed of compressor. The output of compressor isreduced
due to reduction in operating speed of the compressor. This will reduce the unload time of

compressor and thusresulting in energy savings.

In case of reciprocating compressor, reduction in frequency reducesthe speed of |ubricating pump.
If the operating speed of thelubricating pump isreduced below 30%, the lubrication system will be
failed. However, reduction in frequency by 1 — 2 % will marginally reduce the speed and the
lubrication system will not be affected.

Effect of frequency in Ball millsand VRM's

1 — 2 % reduction in frequency reduces the speed of ball mill by 0.2 to 0.25 rpm. The effect of
marginal reductionin speed over the performance of the ball mill has not been reported from any of

the cement plants.

The effect of frequency reduction on VRM isalso very negligible. Therefore, reduction in overall
operating frequency will reducethe energy consumptioninall centrifugal loadsto agreater extent.

Many of the Indian cement plants, operating with island power source, have reduced the operating
frequency from 50 Hz to 48.5 — 49 Hz and achieved substantial benefits.
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V/F ratio

All the motors are designed to operate at constant V/F ratio. Therefore, voltage should also be
reduced correspondingly to maintain the ratio constant when the frequency is reduced.

Operating voltage and frequency are very critical with respect to the power consumption of
equipment. Optimum voltage and frequency will result in lower power consumption.

CaseSudy

A 2.6 MTPA cement plant had acaptivethermal power plant (TPP) of 45 MW. TPPwas operating at
6.6 kV and 50 Hz inisolation with grid.

The plant team has studied all the individua equipment to identify the feasibility of reductionin
operating frequency. The capacity utilisation of all themgjor fans, pumpswas studied in detail. All
themagjor fansare operated with speed control and the actual operation was at the higher resistance
step. Thisindicated that there were marginsin all major fans.

Theplant team gradually reduced the frequency in stepsof 0.2 Hz. Theoverall operating parameters
of al major equipment was reviewed and the reduction in energy consumption wasnoted. Carrying
thisover 3-4 steps, the plant team finally optimized the frequency at 49.4 Hz. Operating at lower
frequency gave substantial energy saving opportunity

Benefits

Theplant team hasreduced the oper ating frequency from 50Hzto49Hzin stepsof 0.5

Hz. Thishasresulted in ener gy savingsto thetune of Rs 37 Lakhsper annum.
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ACTIONPLANAND CONCLUSION

Action Plan

Theindividual cement plants haveto assessthe present performance and should developits
ownindividual target for improving al the parameters.

Thetarget figure should be based on the collated best performance parameters.

Set and achieve voluntary target of at least 3-5% reduction in specific energy consumption
every year

The best practices and the performance improvement projects compiled in thismanual may
be considered for implementation after suitably fine tuning to match theindividual plant
requirements.

If required, ClI-Godrej GBC will help theindividua cement plantstoimprovethe
performance by providing energy audit servicesand identifying performanceimprovement
projects specific to individua unitsto achieve the targets.

Thepresent level of performance and theimprovements made by theindividual unitshave
to be monitored.

The performanceimprovement of these unitswill bereviewed inthe* Cementech” every
year and theinformation will be disseminated among the I ndian Cement plants.

Phase -1

7
**

The best practices and the performanceimprovement projects compiled in thismanua may
be considered for implementation after suitably fine tuning to match theindividual plant
requirements.

Unitscan establish their present performancelevelsasBaselineand review all improvement
activitiesagainst thisBaseline.
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‘Green Cementech’ will serveasaplatform every year for information dissemination among
all the Cement Plants.

Phase -2

X3

%

Each plant has some unique projectsimplemented against their name. Sharing such best
practices during inter-plant visitswould be the most cost effective way of improvement.
Each visit to agood operating plant should fetch usideasto save at least 1 kWh/ton of
cement.

Phase—-3

*

%

¢

Indian Cement Plantshaveafew uniquefeaturesto observe and implement from international
cement plantsin the areas of:

i. Wastefud utilization
ii. Waste heat recovery opportunities
iii. Automation

Onesuchvisitto Germany, Belgium, Switzerland, United Kingdom and Japan was organised
in the year 2006 and has received agood response from the participants. Such experiences
would give usawider perspective on global operations of cement manufacturing and to
adopt the best practices practiced therein.

Cll - Godrgl GBC will be glad to extend all possible assistants to units in all the three phases of

action plan proposed.
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For further detail sregarding the contents of thismanual or any ass stancein the action plan proposed,

please contact:

Mr.PV Kiran Ananth
Counsellor

Cll-Godrg GBC

Phone: +91 40 2311 2971 — 73

e-mail: kiran.ananth@ciionline.org

Conclusion

The objective of the project will befulfilled only if the performance of al cement plantsimproves

and achievesworld class standards.

We are sure that the Indian Cement plants will make use of this opportunity, improve their

performance and move towardsthe world class Energy Efficiency.

* * * % %
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