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Introduction
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1. Introduction

1.1 Indian MSME Clusters and its energy issues 7z An

Introduction

MSMEs (previously called Small Scale Industries) also popularly known as SSis plays a
huge role in global as wells Indian economy by generating large scale employment,
contributing towards rise in incomes & returns and promoting regional development. In
India, MSMEs has a share of 40% in the industrial production4&f6 of the total
manufactured exports of the codnry. In terms of employment generated, this sector is

next only to agriculture employing approximatef\l million people. This sector has
grown rapidly over the years wherein the number of srsathle units has increased from

an estimated 0.87 million urstin the year 198@1 to overl13 million (as per the latest

data).

Industry has emerged as the major enexpnsuming sector in India as well, with a share
of about 42% of the total energy consumpti¢(lReddy & Balachandra, 2008ven though
Ly RA I (il sectgrRomprises both small and lasrseale enterprises, the former
I 002dzy Gt a ¥ 2NJ I numheBind@tEal uniks NB 2F G241 €

The above mentioned facts clearly highlight the need to focus upon 388 Traditional
Manufacturing Clusters (comprised &MESs) from the energy perspective. The huge
numbers have the immense potential to make large scale impact at the national level.
There are some sectoral variations in this category, however, there are large numbers of
clusters who are highly energy intemsiand have the potential to move towards energy
efficiency (refer Annex 1). Some of the prominent sectors in this category which are
energy intensive are: Foundry, Glass, Tiles and Sanitary ware, Electroplating, Building
materials, Plastic, Mink steel olling mills, Hand tools Sponge iron and forging,
Confectionary and Food processing.

Some of the common methods in which theneegy efficiency in the tratonal
manufacturing clusters can be obtained is as below

1. Processes involving Electrical engrgHere there should be apppriate balance
between capacdor load and inductoload. Generally, adding cap#i increases
the efficiency. Commonly, there is mismatch between the requirement and power
of the motor installed. Putting the appropriate motaize is also one of quick
ways to reduce energy consumption. The efficiency can also be obtained on
lighting load and by line balancing

Foundation for MSME Clusters, New Delhi 2
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2. Furnace related mainly using oil, coal or biomasshanging the line of furnace,
using better quality of bricks and gig training to workers are some of the ways
in which energy efficiency can be obtained in the industries where furnaces are
installed. Also, usage of better technology can have significant impact on energy
consumption.

A study of environmental pollutionybSSI clusters in Karnataka has identified labour skill
levels, owner gualifications, and technology levels as important factors in explaining the
energy consumption and environmental impact of Slorahmanya and Balachandra,
2002) The figure Soelow autlines the multiple factors that affect energy usage and its
efficiency in SMEs.

Figurel: Factors Influencing the Energy Efficiency

Technical Factor

* Age of Plant and Machinery capac
* Quality of energy used * Resource use efficiency
* Process specific variables * Production volume

Organizational and
Behavioral Factor

Human Resource Factor
* Work practices, Layout and

s ; :
hBlsckecning Owner/ Supervisor Education

s .
*importance attached to Energy Expefience of the/awnen

*Labour skill level

* External Interaction Level

Thus, it is implied that while the need for technology up gradation to enhance Energy
Efficiercy and hence sustainability of MSMESs clusters is undisputable, this alone cannot
succeed in meeting the goal either. But, human resource, economic, organizational and
behaviour issues of SSls also need to be properly addressed for fruitful results.

The keyissues at the cluster level from the energy perspective can be briefed as in
following fig6.
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Figure2: Key Energy issues in Indian Clusters

Energy Availability And Energy Usage and its

its Augmentation Efficiency

- (
Distributed energy Short, medium and long
production for 6000 Micro term  Energy  efficiency
Enterprise  Clusters  and measures in the Energy
some of the sectoral SME Intensive SME Clusters.
Clusters in different states.

. _

1.2 About Foundation for MSME Cluster s

History
Clusters of micro, small and medium ergases (MSMES) are found in abundance across

the globe. Since the early nineties, cluster based development of MSMEs has been
adopted in more than fifty countries. The Foundation for MSME Clusters was
conceptualised to contribute towards this process dfister based development of
MSMEs and thus enhance their competitiveness, generate sustainable employment and
alleviate poverty. At the suggestion of the Ministry of Small Scale Industries, Government
of India, the United Nations Industrial Development @ngation (UNIDO) conceptualised
and initiated the process of creating the Foundation for MSME Clusters. Subsequently,
the Foundation was legally constituted as a sgmvernment, norprofit registered trust
under the auspices of the Entrepreneurship Depebent Institute of India (EDI),
Ahmedabad, in the year 2005.

Vision

An economically progressive, socially connected, environmentally sustainable and
spiritually rooted world composed of interconnected yet diverse local secamomic
systems.

Mission
To asist institutions undertake effective and inclusive cluster based local area
development in developing and transition economies.

Foundation for MSME Clusters, New Delhi 4
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Objectives
The Foundation for MSME Clusters seeks to achieve the following objectives:

1 Cluster initiatives become inclusive.

1 Cutting edge methodologies, tools, information and resources with respect to a
cluster development program are accessible.

1 Effective linkages emerge between clusters and important thematic institutions in
the area of finance, infrastructure, environmeninvestment, RD, social
responsibility and local governance.

1 Trained and competent professionals and institutions are available to facilitate
clusterbased development.

1 Models of strong community based civil society organisations emerge to take up
cluster based sustainable development initiatives.

1.3 Relevance of the study

In the current situation of India, energy availability and consumption is prime concern. In

many parts of the country the energy DemamdSupply gap has been increasing
consistently. Te industrial sector accounts for nearl¥2% of the total Energy
consumption in the country. Hence, to bridge the Energy Den@8dpply gap it is very

important that serious effortsare LJdzi Ay GKS RANBOGAZ2Y 2F GSy¢
been observed Hlat there lies a great potential of Energy Conservation in the SMEs

Of dZAaGSNAX GKAOK OFly 06S dziAfAaSR o0& SyKIyOAy
to set up a policy in place for Energy conservation, it is required to determine the
guantum ofenergy intensity of the SME clusteiBhis can be done by carrying out the

Energy Mapping in the concerned cluster. Although Energy Mapping has beau carti

at the firm level in the past by different organisations, it has never been done from entire
cldza G SND& LISNELISOGA OGS 1 Sy0S Al 61 & SEGNBYSH
Tool/Framework which can be used to carry out Energy Mapping in any Indian ciuster.

was equally important that this Energy Mapping Tool is validated by applying it some
Energy intensive clusterd.his study was taken up to met the above stated objective. The

study enables us to find out the energy consumption pattern of a given SME cluster and
possible Energy Efficiency measures to minimise the energy wastage. This salsly d

with the issues of energy consumption and conservation only.

Foundation for MSME Clusters, New Delhi 5
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1.4 Objectives

The Study was carried out with two majaijectives:

1. To Map the Energy Issues in Rourkela Spongeaindrinduction Furnace Clusters
2. To develop a Tool/Methodologyat canbe used to carry out Energy Mapping in
MSME clusters.

1.5 Scope & Limitations

These objectives were studied with reference to amergyintensive cluster in the state

of Orissa inindia. Today Orissa is dynamically growing in the field of industrializeti
India. Because of its richness in termsatfminium ore, Iron ore and Coal reserve, many
big Businessiouseshas gone for big investments. The Environment has been Conducive
for the growth of SMEs also. This study has been confined to the Spomgkndhastries
Clusterand Induction Furnace Clustef Rourkela in the SundardaDistrict of Orissa,
These clusters haveubstantially grown in the past 10 yearthese industriesare
identified asenergy intensivdy Bureau of Energy Intensity.

Limitations of the Study has been Shown below:

i.  Technical Complexities
Some of the Energy Mapping and Energy Efficiency Issues iriaigtiaical Complexities,
which have been kept beyond the scope of the study.

ii. LimitedTime
With respect to the geographical expansf the Rourkela Sponge Iron and Induction
Furnace Clusters, th€ime frame of one monttfor field studywas a considerably short
period for the cluster level study. A broader span of time, availableh®rstudy would
have enabled us
a) Totake larger sarmle sizeof the units Visited
b) To take the views of more stakeholders in the value chain.

iii.  Energy Demand Projection
It was found that the Energy Demand has been const for the sponge Iron units over the
years, unless they go for the capacity expansidhe accurateFuture Energy Demand
Projectionat the cluster levetouldonly be established bstudyingthe Expansion plan of
Each and every unit of the SI Clusténwould have required much longer time for the
Data Collection (Specific to Energy Demarajeetion), hence in current study the Energy
Demand Projection has been done with respect to growth rate of Indian Sponge Iron
Industry over the past five years

Foundation for MSME Clusters, New Delhi 6
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Chapter: 2

Methodology
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2. Methodology

2.1 The Approach
The methodology that wasdoptedd & dza T 2 NILILGO vy BENGEEny claskes,
includes the following steps:

i.  Understanding the cluster
Before carrying the Energy Mapping exercise it is very important to understand the real
life scenario of the given cluster. Thorough information must be gathered abaut th
cluster. A Cluster map should be prepared. This exercise helps in understanding the
cluster dynamics. Also enables in locating the important Support Institutions and their
role/potential in enhancing the energy efficiency of the cluster.

ii.  Understandingthe production process in detalil.
For an accurate Energy Mapping it extremely importemtearn about the production
process being carried out in the concerned unithis will provide us with the insight
about the following points:

a) Important sections othe units.
b) Various energy sources being used in process.
c) Standard operating processes.

Understanding the production process in detail enables in finding out the inefficiencies in
the units being visited.

lii.  Selecting the method of energy mapping
For determinng the energy consumption the firm owners can be inquired about the
various energy sources and their total consumption in the units as a whole. But in this
method will not be equally effective in bigger energy intensive units as the respondents
can miss sme energy sources which are used in less quantity in some activity. Hence, to
RSGSNN¥YAYS GKS | OO0dzNF 4GS SySNHe O2yadzYLIiAz2y
carried out. For this purpose all the activities can be classified and grouped in the
following stages of value chain

i. Atin bound logistic
ii. Handling
iii. Processes (say I, Il and IlI)

Foundation for MSME Clusters, New Delhi 8
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iv. Output product handling

v. Out bound logistic

vi. Light and fan load at all levels
vii. Any other process involved

iv.  Keenly identify the various energy sources and quantify their canption in
each activity.
A questionnaire is developed to achieve the above stated objective which can be easily
customised for a specific cluster. This questionnaire enables in quantifying different
energy sources in various stages. Their quantity canobeearted in the desired Energy
Units.

Total Energy Consumption can be determined by Summing up the energy consumption at
each stage. This way the total energy consumption can be calculated for the sample
firms. And through statistical methods the totalengy consumption can be projected for

the entire cluster.

v. Identify the possible Energy Efficien@gEMeasures
While identifying and quantifying the different energy sources in various activities, some
possible EE measures can be identified.

After develging the above presented methodology it was important to test and validate
it in a real life scenario. For this Rourkela Sponge iron and Induction furnace clusters were
selected.

2.2 Location: justification for selection

For testing and validating the megbologytwo clusterswere selectecone ofthe cluster
selectedwas the Sponge Iron Industries Clustand the Induction Furnace Clustef
Rourkela in the Sundegarh district of Orissa:

These clusters are identified as energy intensive clusteAnd most ofthe units in ths
clusterare going for capacity expansion. Hence energy efficiency becomes very crucial in
these clusters.

Foundation for MSME Clusters, New Delhi 9
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2.3 Source & tools of Data Collection

2.3.1 Primary Data Collection at Cluster level

For Energy Mapping Exercise the primary da&fated to the Energy Consumption and
current status of energy efficiency visits to Sponge Iron and Induction furnace units were
made wherepeople operating in all energy issues related areas were interviewad.
Interview Schedule was developed for primadata collection to meet the desired
objective. This interview schedule is appended as Annexire

2.3.2 Secondary Data Collection
Before carrying out the Primary Data Collection,

Sources of secondary data are shown below:

a) Diagnostic Study of Rourkel@ponge Iron Industries Cluster prepared by
UNIDO.

b) Records available in NSIC.

c) Records available in DIC, Rourkela.

Foundation for MSME Clusters, New Delhi 10



Energy Mapping in Indian MSMEl|usters | 2008

Chapter: 3

Energy Mapping In
RourkelaSponge Iron
Cluster
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3. Energy Mapping in Rourkela Sponge Iron Cluster

3.1 Sponge Iron Industries Cluster z A Profile

Iron and Steel is crucial to developnt of any modern economy and is considered to be
the backbone of the human civilizatioim factlevel of per capita consumption of iron and
steel is treated as one of the important indicators of seea@nomic development and
living standard of the peopl in any country. All major industrial economies are
characterized by the existence of a strong iron and steel industry and growth of many of
these economiesat leastin their initial stages of developmetias been largely shaped

by the strength of the Iron and Steel industriesSponge ironalso called as Direct
Reduced Iron (DRI)s a metallic product formed by direct reduction of iron ore at
temperatures just below the fusion point of Iron. The name sponge iron is derived due to
its porous nature. Smge iron is an alternative to steel melting scramia has become
g2NI RQa I NBS&ad LINPRAzOSNI 2F {LRyYy3S LNRYyO®
9% of the total national Sponge Iron production.

3.1.1 Geographical Location

Rourkela, the industail capital of the state is situated in the north western part of Orissa;
in the mineral rich (iron ore, coal, manganese, limestone, dolomite mines) district of
Sundergarh. Rote-kela means your village in local Sadri dialect. Rourkela located at a
distane of 350kms from state capital of Bubneshwar, is well connected by road and rail
with other part of the country. It lies on the trunk rail route for Calcugtsiumbai.

3.1.2 Economic Profile

Thanks to encouragement provide by state policies, langeber of sponge iron, units
came upin and around Rourkela, catering to the need of not only large and medium scale
but also small individual customerbost of the 46sponge iron unitsare located at
Rourkela Industrial Estate, Kalunga Industrial Estate, KmtejaRajgangpurbanoiand
Bisra area.Most of the units are7-8 years old and are in the medium scale. The
production capacity varies from 50PD to 400rPD.Total production at cluster level is
4600 MT. Total Turnover of the Cluster is Rs. 7.82 Cforget a better understanding of

the Cluster Map is being presented below:

Foundation for MSME Clusters, New Delhi 12
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Figure3: RourkelaSponge Iron Cluster Map
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3.2 Raw Material

Direct reduction processes are very sensitive to chemical and physical charactefistics
raw materials used in the process. Iron ore or pellets, reductant natural gas exakimg

coal and limestone/dolomite are the main raw materials. For the successful operations
the process licensors of DR technology have specified the characteristibe saw
materials to be used in the process. The quality requirements of the raw materials in
general are:

Iron Ore:Lumps or pellets with high iron content, low gangue content, good mechanical
strength, readily reducible and of non decrepitating varielson is procured from
Khandhar, Gandhamardhan, kounjer, and budvill through OMCL.

Non-coking CoalThe characteristic desired for nawking coal are that the necoking

coals should have high fixed carbon content and high volatiles content. Ash, salpdhur
moisture in coal should be low. The ash fusion point of coal is required to be high. The
coal should be highly reactive and should have low coking and swelling indma&sver

the coal available to the cluster is low in qualityostly E/F grade) wbih bears High Ash

and Low Fixed carbon content. Coal is procured from Mahanadi Coal Fields.

Limestone and DolomiteThese should have lime or lime and magnesia content of 45%
or above. The grain size of raw materials is also important factor in directctiedu
processDolomite is procured from Birmitrapur.

3.3 Manufacturing Process

The reduction of Iron Ore can be achieved by using either carbon bearing material, such
as noncoking coal or a suitable reducing gas in the form of reformed natural gas. The
processes employing coal are known as smidctant of coalbased processes while
those employing reducing gases are known ashgesed processes.

All the Rourkela Sponge Iron units employ doaded direct reduction proceshis
process utilizes nenoking coal as reducing agent along with lumpy rich grade iron ore.

The reduction is carried out in an inclined horizontal rotary kiln, which rotates at a
predetermined speedCoal based direct reduction technologies involve reduction of iron
oxides in the otary kiln by using nowoking coal as reductant. Limestone or dolomite is
used as desulphurising agent. The normal operating practice is to feed the kiln with
desired proportion of iron oxide, neooking coal and limestone or dolomite.

The charge is preeated in the preheat zone and the reduction of iron ore is effected by
reducing gases derived from coal gasification. The heat for the process is provided by
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burning coal volatiles and excess carbon monoxide emerging from the charge. This is
done by intralucing controlled quantity of air in the kiln along the preheating and
reduction zones. Part of coal is introduced from the kiln discharge end to supply energy at
discharge end, maintaining reducing atmosphere at discharge end to prevent reoxidation
of DRland for controlling degree of metallisation and carbon content of DRI.
temperature profile ranging from 800050 degree centigrade is maintained along the
length of the kiln at different zones and as the material flows down due to gravity the ore
Is recuced.

The reduction process occurs in solid state. The crucial factor in this is the controlled
combustion of the coal and its conversion to carbon monoxide to remove oxygen from
the iron ore.Chemical reaction is shown below;

C + Q = CQ

CQ + C = 2CO

FeOs + CO = &+ CQ
FeOs, + CO = FeO +2CO
FeO + CO = Fe +,CO

The overall process requires duration of approximately ten to twelve hours inside the kiln
during which iron ore is optimally reduced and disaet to a rotary cooler for cooling

The hot reduced sponge iron along with sésarnt coal, discharged from kiln is cooled in
water-cooled cylindrical rotary cooler to a temperature of 200 degree centigrade.

The discharge from cooler consisting of sge iron, char other contaminations are
passed on through magnetic separators so that sponge iron can be separated from other
impurities. Subsequently the Sponge Iron is stored into Bins through conveyor belts.

The gas @Q and high Ash content) generatein the process (in the Kiln) bears the
temperature in the range of 950000 degree centigrade is taken through heat
exchangers where is cooled to 1280 degree centigrade and then passed through ESP/
Bag Filters where the Ash and Coal dust is separfabead the gas the C£s exhausted in
the atmosphere. The Process Map is shown below:
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Figure4: Manufacturing Process Map
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3.4 Energy Mapping Exercise

There are 46ponge Iron Units in the Rourkela cluster. The Productionctizgxsof these

units rangefrom 50 TPD to 400 TPD. After analysing the capacity wise distribution of
these units(See Annexure 3), they can be cagorised in three stratawhich are shown
below:

Tablel: Sampling Catagories

S. No Category No. of Units
1 0 ¢100 TPD 28
2 101¢ 200 TPD 13
3 201TPD and above 5
Total 46

Hence the Stratified Random Sampling was found to be the most appropriate sampling to
carry out the data collectiorKeeping in mind the time available fdre study, a sample

size of 7 unts was finalised. The sample units represented all three strata.

List of units visited is presentedtime table below

Foundation for MSME Clusters, New Delhi

16



Energy Mapping in Indian MSMEl|usters | 2008

Table2: List of Units Visited for Data Collection

Unit Location Kilns Total Installed
(Capacity Capacity
Meta Sponge Kalunga 1 X 50 50
Maa Tarini Ind. Kalunga 2 X50 100
Utkal Metaliks Kalunga 1 X 100 100
Shri Mahavir Kalunga 2 X 100 200
Sponge udyoge Kalunga 2 X100 200
Nixon Steels Kalunga 1 X 350 350
Adhunik Metaliks Kuarrmunda 5X 100 500

3.5 Shri Mahavir Ferro Alloys z A Case

Shri Mahavir Ferro Alloys was the first SI units which were visited for primary
collection. The unit was established in 2003 in IDC Kalunga. The unit has emerg
dynamically growingcompany over the years. The unit is not only engaged in
Sponge Iron production but also in the trading of Sponge Iron by procuring it
other SI units also. The unit has recently achieved forward Integration to Indu
Furnace for producing Inget Total turnover of the unit is over 25 Lacs.

The unit has installed Captive Power Plant which utilises the steam generat
Waste Heat Recovery Boiler. Total captive power generation is approximately 9
In present situation no power is being consuin&om the grid. The Unit has als
developed a CDM project for WHRB through MITCON Consultants, Pune.

3.6 Energy Consumption Pattern
After Carrying outthe Primary Data Collection the Data was analyzedddferent
ParametersMajor findings of the study are being presented below:

3.6.1 Energy Consumption: Source wise

Seven units were visited for data collection where detailed Energy Mapping was carried
out. All the Energy sources being utilised were identified and quantified through Activity
Based Energy Mapping. On the basis of theadetllected from the unitghrough
Regression Equation®tal consumptionof various energy sources is projected for entire
cluster. For comparing their contribution in the total Energy consumption Emergy
value of various energy sources was convettea common unit (KWH) arious Energy
sources and theidaily consumption at cluster level is shown in the table below:
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Table3: Consumption of various Energy Sources at cluster level (Per Day)

1 Coal 8928.39 Tonnes 46624072
2 Electricity 490610.33 KWH 490610.33
3 Diesel 15632.6 litres 168363.1
4 LPG 192.0077 Kg 2645.361
5 Oxygen 226.15 # 1340.801

Total Energy Consumptio| 47287032

Percentage share ohese energy sources in terms of their KWH Equivalent is shown in
the graphl:

Graph1: Energy Consumptioat cluster level Source Wise

Distribution of Total Energy from different
Sources

Electricity
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Coal
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M Electricity
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From the above graph is it clear that Coal is most importanirceof energy for the
cluster.Energyvalue of the total coal consumed at the cluster leved83% whereas the

rest of the energy sources including Electricity, Diesel, LPG and Oxygen account for only
1.4%.
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3.6.2 Energy Consumption : Activity Wise

Graph2: Process wise distribution of total Energy
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Graphg3: Distribution of Different Energy sources in Different activities
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M Electricity|  0.135 0.415 0.176 0.042 0.156 0.114 0.000
H Coal 0.000 98.598 0.000 0.000 0.000 0.000 0.000
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Graph4: Process wise distribution of Total Electricity Consumption
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3.7 Energy Cost Analysis

The findingsshow that Energy cost accounts for a significant share of total production
cost. Avergge cost of producing one tonne of Sponge Iron comes out t&R§2920 -.
Total Sponge Iron Production at Cluster level comes out to be 4602.5ToRDTurnover

of the cluster isRs7.82 CrordDay and the Energy cost is Rs34 CrordDay. Hence,
Energy cet comes out to be 247 % of theTotal Production Cost

Table4: Cost Analysis

Cluster Level
Total Production/Day 4602.5 Tonng
Total Turnover/Day, Rs 7.82 Crorg
Total Cost of Energy/D3 Rs 1.32 Crorg

Per Tonne production

Total Cost/ Tonne 13600
Energy Source Cost (in Rs. % of Total cost
Coal 2424.86 17.83

Electricity 373.09 2.74

Diesel 118.88 0.87

LPG 2.66 0.02

Oxygen 0.34 0.003

Total Energy Cog 2919.843 21.47

3.7.1 Energy Cost: Source Wise

The Distribution 6Total Energy cost in terms of different energy sources is shown in the
graph below:

Graphb5: Share of different Energy sources in the Total Energy Cost

Distribution of total Energy Cost on different Energy
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3.7.2 Energy Cost: Process Wise

Graph6: Energy Cost: Process Wise

Process wise distribution of Total Energy Cost
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Graph7: Process wise distribution of Energy Cost
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3.8 Energy Demand Projection

The Demand of Sponge Iron has been consistentlyeasing over the years and the
Industry is expected to grow in the future. Energy Demand projedtiothe Si Cluster at
20 % growth rate is shown in the Figure below

Graph8: Energy Cost Projection
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—— Coal (Thousand Tonnes) | 3214.2 3857.1 4628.5 5554.2 6665.0 7998.0

4= Electricity (Lacs Units) 1766.2 21184 2543.3 3052.0 3662.4 4394.9
== Oxygen (Hundred M3) 814.1 977.0 1172.4 1406.8 1688.2 2025.8
== LPG (Quintal) 691.2 829.5 995.4 1194.4 14333 1720.0

3.9 Environmental Impact

The Following Matrix Explains the Environmental impacts of different soatckferent
activities in the Sponge iron Units:

Table5: Sponge Iron Unit: Environmental Impact of energy Sources at differengesa

Electricity Coal Diesel LPG Oxygen
Raw Material )
) - Dust, Noise - - -
Handling
Coaldust, Heat,
Process - . o - - -
Noice, C@ Emission
Coal Dust,
Product Houce - ) - - -
Char Generation
Hot Gas Treatment - Ash Generation - - -
Compressor Noise - - - -
Lighting - - - - -

Maintainance - - - - R
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3.10 Factors affecting the Energy Efficiency
Four important factors which influences are analysed in the context of Rourkela Sponge
Iron Cluster

3.10.1 Technical Factors

Age of the Units varies from 3 to Mears Hence the technical condition is in good
condition. The Plant operation is automated to a Great extant. Manufacturing Process is
DCS/ PLC Controlleis far as quality of energy used is concerned only coal is found to be
of lower Quality. Rest ofite energy sources which include electricity, Diesel, LPG and
Oxygen are Clean Energy Sources.

3.10.2 Economic Factors

In all the units the Capacity Utilization is 100% however, because of the Lower Grade Coal
being used asaw material the Production Effiency being achieved in most of the units

is only 70%.

3.10.3 Organizational & behavioral Factors

In current scenario the Unit owners do not attach much importance to Energy. One
important reason is that the share of total energy coast in the total niacturing cost

has not been realized by therlso there exists no Energy Policy in Most of the Units.

3.10.4 Human Resource Factors

As far as the human resource skills are concerned they are in appropriate. The Owners
and the owners and the Technical d$tak adequately educated for his/her job
requirement.

3.11 Scope of Energy Efficiency
Following areas have been identified which have the potential of improving the Energy
Efficiency of the units.

3.11.1 Use of higher grade Coal

Presently most of the uts use lower grade (E & F) coal which has relatively low Fixed
Carbon Content (229 %) and higher Ash content (46 %).Thisresults in the following
adverse effects on productioand energy consumption

a) Low fixed Carbon and Volatile matter contenvf E/F grade Coal leads to higher
consumption of coalAlso the kiln has a fixed maximum feed rate capacity. Because of
the higher ratio of Coal relatively low quantity of Iron Ore can be chasgeidth
reduces the daily production. With E/F grade Coal maxintih75 % production
efficiency isachieved Use of higher grade coal can drastically reduce the Coal
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consumption. The production efficiency of different grade coal is compared in the
following table;

Table6: Production Efficiency tdifferent coal grades

Coal Grade A B C D E F

Coal Consumption 91 | 1213 1.314 | 155165| 1.71.8 | 2-2.1
(Tonne)/ Tonne Sl
Production

Production Efficiency| 100% | 90% 80% 75% 70% 65%

Since the Kiln operate atonstant power load i.e. almost fixed etdcity
consumption per day, increased production efficiency (higher production/day) will
result inlesser electricity units (KWH)/ToAlso apart from energy all other costs
(Wages, Administration, and Overheads etc) are almost constant, Total cost per
tonne Sl production will bdrasticallyreduced.

b) High Ash content of E/F grade Coal leadsh® higher quantity of Char generation.
High Ash content alsteadsto faster accretion of ash in the kiln further leading to
short Campaign Lifel. This reduces the number of production days/yearAlso
increases the number of shutdowns/yedtach time the kiln is started up, Diesgsl
consumedfor heat up (approx. 1000 L for 100 ton capacity kilalence short
Campaign timeancreases the Diesel consumption/year. Thempaign time can be
increased by using higher grade coal (with low Ash content). The campaign time
which can be achieved with different coal grades is compared in the following table:

Table7: Campaign Time with different coal grade

Coal Grade | Campaign Life (in Days)| No. of Heatups/ Year
A 120 and Above 3
B 100110 34
C 8090 4-5
D 60-70 5-6
E 3540 8-9
F 25 12

! Campaign Life refers to the number of days for which the kiln is continuously run between the startup and
the shut down for maintenance.
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3.11.2 Waste Heat Recovery

For reduction process to takes place in the kiln the temperature is maintained in the
range of 956105C0°C The hot gas (Cfalso bears the temperature in the same range.

the existing practice afhe hot gas treatment the heat contained in the gas is lost in the
environment.Hence there exists a great potential\Waste Heat Recoveny the process.
Following Energy Efficiency measures can be implemented by utilizing the waste heat in
productive ways.

3.11.2.1 Installing Preheating Kiln

Iron Ore enters the kiln at the environmental temperatuFear the reduction process to
take place its necessary that the Iron Ore is heated to the desired temperature. For this
purpose the Kiln is divided in divided into different zoifsexisting practices). The few
zones (two or three) are dedicated for the preheating the Iron Ore. These zones are
cdled PreheatingZones In the preheating zones the Coal charged with Iron Ore acts as
fuel (to generate the heat for preheatinggther as reductant.

This Preheating can be done ifPeeheatingKilnby utilizing the heat of the hagenerated

in the reducton processHence charging of Iron Ore at an elevated temperature will
require lesser number (or nothing at all) pfeheating zones. This wikduce the coal
consumptionfor the purpose opreheatingin mainkiln.

Installing the preheating kiln can béable for all the units (with any range of production
capacity).The Financial Analysis and the technicalities involved in this venture are to be
looked upon.

3.11.2.2 Installing Waste Heat Recovery B oiler (WHRB)

WasteHeat canalsobe recovered by instalg the Waste Heat Recovery Boildfra 100

MTD capacity kiln is operated at maximum capacity, it can generate approximately 10
Tons of steam which have the potential of generating approxim&®yV of electricity.
Operation of WHRB has been successfgponge Iron units with a minimum capacity of
producing 200 TPHence a 200 TPD sponge iron unit can generate approximately 4MW
electricity. Maximumelectricity requirement of a 200 TPD SI unit comes out to/ddW.
Hence the surplus Electricity availalihrough Captive Power Generation can be utilized
by Forward integration of the production operations (Like Induction furnace aeoieg)

or it can be traded.

Captive Power Generation througWHRBIs alsoeligible to be considered as CDM
project. TheCDM revenues can make the WHRB project financially viable.
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3.12 Possible Intervention Model

The recommendations for making the above stated EE options possible and viable are
presented below:

3.12.1 Firm Level

1. Since the Energy cost accounts for a sigaift share (more than 20%) of the total
cost of production, he units should have a clear ciEnergy Policend Energy
Efficiencytargets.

2. The wits must have a Energy Monitoring and Inteal Communication Systeto
quickly bring any energy related dispancy in notice of the management.

3. The unitsshould look into the EE measures suggested 5tv7.1.1, 5.7.1.2, and
5.7.1.3 as per the technical sability to their scale of operationand the
investment option available with them.

4. Studies carried out by rearchers of various institutes@nd the world suggest
that Labour Skill Level is an important factahich influences the Energy
Efficiency. Hence the Sl units haegulartraining programs/workshops on skill
developmentof the Technical Staff involved the operation.

3.12.2 Cluster Level

1. Using higher grade Cohhs a significant potential of EE (refer 5.7.1B)t Non
availability is the biggest barrier in the way of using higher grade Cody few of
S| units have acquired linkages from coal mirldse linkages are provided f&/F
grade coal. Here one important factor is that now the units individually procure
the coal and their individual demand of coal is not large enough that a Mining
block enriched with higher grade cozdn be leased to thenBut collectively the
demand of coal at cluster level can be significant enough to get a mining block of
higher grade coal on lease. Rbis purpose an association/society can be formed
at cluster level that will procure the higher grade coal from leaseal mine and
distribute it among different units as per their individual demand

2. As discussed in 5.7.1.212e WHRB has the potential of generating the electricity
far greaterthan the requirement of the installing unit. But the big investment
required Pr installing WHRB may act as a restraining fatmorindividual units
Hence the big units can make the WHRB and Captive Power Rlantta/enture
in collaborationwith the adjacentsmalker units where the surplus electricity can
be shared among the daborating firms.Total investmentequired for installing
the captive power plant can be made in the ratio of Electricity requirements of the
partnering units. Also the operation, management and distribution can be
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outsourced to a third party to ensurehé¢ transparency.The Captive Power
Generation, Transmission and Trading issues have already been liberalized in
ElectricityAct 2003

As discussed irb.7.2.1 Labour Skill Development is very important. For this
purpose and other technical assistance NRburkela can be an ideal institution
which has not been utilised by the cluster. Even NIT has found it discouraging
when it tried to make interaction with the cluster. Hence the SI industry
Association should work on developing linkages with NIT Rourkela.

3.12.3 Policy Level

1.

Coal Authorities should pay attention to the situation prevalent in the Rourkela
Sponge Iron Clustegnd develop a mechanism so that the availability of better
grade coal can be insured to the SI cluster.

State Electricity board slud purchase surplus Electricity available with the units
where Captive Power Generation is installed. This will this will act as an
encouraging factor for other units to invest in the Captive Power Generé&tion
Waste Heat Recovery. In this attempt EmeSecurity and Energy Efficiency in the
Units will be achieved.

3.12.4 Institutional Level

1.

Institutes involved in Cluster Development Programmes UREDO, SIDBI, TERI
and SBkhould take interest in spreading awareness among the SMEs about the
CDM progcts, and provide assistance in the Development of CDM projasts
there are numerous opportunities of developing CDM projects underghergy
Efficiencyin the cluster
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Chapter: 4

Energy Mapping In
Rourkela Induction
Furnace Cluster
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4. Energy Mapping in Rourkela Induction Furnace Cluster

4.1 Introduction

The foundry sector is well recognizeals one of the supporting industries for the
machinery and assembling industry. With a recent remarkable economic development in
Asia, the production of castings, as a part of process materials in every engineering
industry, has been increased; that of the Asian area is the highest in the world. India is
the third leading nation in the production of Grey Iron and Cast Steel Casting after China
and USA. This has been strengthened and supported by closure of some foundries i
Europe due to global environmental concerns. In fact lot of foundry work has been
shifted to low labour cost centres like India and Eastern Europe.

The induction furnace is of electric heating type, which makes it easy to handle and to
control temperatue and to adjust chemical compositions has an advantage over cupola
in capability to improve the quality of material and ensure the reliability of quality. In
addition, since air is not used for heating, oxidation loss of metal is low, the amount of
carbon dioxide and smoke and dust generated is less, which can improve working
environment; and is useful for the protection of global environment. However, high
equipment cost, comparatively high power rates, etc. make the induction furnace have to
share the mgor part of cast iron melting with the cupola.

In metallic material placed in magnetic field generated by the current in induction coil of
the furnace, electromotive force is induced by the action of electromagnetic induction,
and induced current flows theat up the material by its Joule's heat. Compared to other
types of melting furnace, induction furnace has the following features:

(1) Its heat efficiency is high because the material is directly heated by electromagnetic
induction.

(2) No carbon dioge is produced and little smoke and soot is emitted because cokes are
not used as fuel.

(3) Metal loss by oxidation is little, thus little contamination of in metal because of
heating without air.

(4) Temperature control is simple, uniform compositionn@étal product is attained by
agitation effect and alloyed cast iron is easily produced.
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(5) Induction melting is suitable for high temperature melting because of its energy
concentration, and installing space is reduced as compared with other types lbhgne
furnace.

4.2 Rourkela Induction Furnace Cluster z A Profile

The foundry in Rourkela is distributed into three different groups namely, Steel Foundry,
Cast Iron Foundry and Ndrerrous Foundry. The first two groups generally use Induction
Furnace andCupola for manufacturing ingots and cast iron. The Induction Furnace Units
used by these two groups constitute for the Induction Furnace Cluster of Rourkela. The
main reason for the establishment of Induction Furnace Units in the Rourkela is the easy
avaibbility of Sponge Iron, which is the major raw material for the these units.

Basically, the Induction Furnace Cluster of Rourkela consists of units which are producing
Ingots and comes under the category of Steel Foundry. There are total of 30 Induction
Funace in this cluster with the annual production varying from 3000 Metric tons to
50000 Metric Tons. They employ 60 employees on an average and that too on
contractual basis. This cluster is the highly energy intensive because of the presence of
the Inducton Furnace which solely operates on Electrical energy.

4.2.1 Geographical Location

The units in this cluster are located at different places depending on land and raw
material availability. The areas where these units situated are Kalunga, Kuarmumea, Bis
Rajgangpur, Rampal and Chikatmati. The major concentration of these units are at
Kalunga, Kuarmunda, Bisra and Rajgangpur with respectively 11, 6, 3, 3 units. There are 5
units set up by the sponge iron manufacturers as the part of forward integration.

4.2.2 Evolution

The establishment of cement factory OCL at Rajgangpur in 1951 and the Hindustan Steel
Limited (Now Rourkela Steel Plant) in 1955 were mainly responsible for rapid industrial

development in this area. During the past few decades large, unedind number of

small scale industries and ancillary units in and around Rourkela began to concentrate
and create an industrial complex.

Thanks to encouragement provide by state policies, large number of foundry, Ingot, Re
Rolling and machining units canup in and around Rourkela, catering to the need of not
only large and medium scale but also small individual customBosget a better
understanding of the cluster the Cluster Map is being presented
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below:

Rourkela Induction Furnace Cluster constituB&sinduction furnace units out total 890
units in the country. The major raw material for these units is Sponge Iron and Scrap
which is locally available within the cluster. The total production and turnover of the
cluster is as follows:

Daily Production 1320 tons

Daily Turnover Rs 3.43 Crores

The actual production capacity of the cluster varies from 35 TPD to 190 TPD and total of
2000 employees are working in this cluster. All the labourers are on contractual basis.

4.3 Manufacturing Process
The wholelnduction Furnace Unit can be divided into two different parts depending upon
their power intensiveness. The two parts are as follows:
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