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BBEEEE--WWBB--GGEEFF  PPrroojjeecctt::  

FFiinnaanncciinngg  EEnneerrggyy  EEffffiicciieennccyy  aatt  MMSSMMEEss  
  

11..11  BBAACCKKGGRROOUUNNDD  

The Indian SME sector is facing high and rising energy costs, unlike certain other 

sectors of the economy such as agriculture that benefit from subsidized energy 

prices, whereas export-oriented Indian SMEs are facing increased global 

competition. Price and cost pressures are of high and increasing importance to 

enterprise owners. Many Indian SMEs are energy-intensive, employing inefficient 

and outmoded technologies and operational modalities that endanger their 

competitiveness and future growth. Investments in cost-effective EE measures would 

improve their productivity and bottom-line profits. 

SMEs, especially those for whom energy costs represent a large portion of total 

production costs, can reap especially high direct economic benefits from improving 

efficiency of energy conversion and reduction of energy losses. In the past, wide-

ranging governmental programs of fiscal incentives and other interventions have 

been offered to SME units to address technology improvements and performance 

efficiency, despite the financial attractiveness of these types of investments and 

several efforts to support the development of EE investment projects and Indian 

technical capacity to deliver EE solutions, only a small number of projects have 

actually been implemented and there has been limited adoption of efficient 

technologies and replication of best practices, due to the existence of numerous 

barriers and market failures. 

These barriers include not just market barriers typically seen in energy efficiency 

projects globally, but additional India-specific constraints in SME access to finance 

which have held back the establishment of small units, their overall growth and 

development, and their eventual graduation to medium sized enterprises. Indian 

SMEs typically face constraints in accessing adequate and timely financing on 

competitive terms, particularly longer tenure loans, but also, in the context of the 

2008/2009 financial crisis, working capital loans. The Reserve Bank of India (RBI) 

statistics show that the year-on-year growth rate of local Indian bank credit to SMEs 

fell from 35.6% in 2007 to 7.4% in 2008, even while the overall year-on-year growth 

rate of bank credit to industry (including large corporations) increased from 24.9% to 

30.2% over the same period. 

A central barrier is the current gap in understanding between energy auditors and 

EE practitioners who prepare technical proposals for SME clients and the local banks 

who evaluate loan proposals as opposed to technical studies. EE investments 

usually do not generate additional revenues, but rather contribute to bottom line 
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earnings through a reduction in energy expenditures. This can make it difficult for 

banks to identify and capture cash flows from such projects, to assess their delivery 

risks, and to treat energy savings as assets of sufficient market value to justify a loan, 

despite the overall benefits which will accrue to the borrower if implemented. This 

often results in either rejection of EE loan applications or offering of unattractive 

financial terms due to high risk perceptions. As the EE components of SME loans are 

often small, they also carry higher transaction costs as a percentage of investment 

when compared to large loans, making them less attractive to the banks as a specific 

lending product. There is also a lack of information among banking sector 

stakeholders on the potential market for lending and the portfolio benefits in terms of 

improving asset quality which can be achieved by increasing their own lending for EE 

to existing clients. Despite several pilot efforts by the GOI and donors, imperfect 

information about EE among SMEs still persists, representing another barrier 

preventing increased adoption of efficient technologies. Many of the previous 

Government and donor programs were focused on outreach and preparation of 

energy audits, with limited translation of these initial audits into actual investments 

and replication by non-participants. SME units also remain generally unfamiliar with 

the performance of readily available efficient equipment in Indian conditions. 

Finally, top tier vendors of energy efficient equipment frequently give lower attention 

to individual SMEs due to their small size and the perceived difficulties in working 

with this customer class. 

 

11..22  HHIIGGHHEERR  LLEEVVEELL  OOBBJJEECCTTIIVVEESS  TTOO  WWHHIICCHH  TTHHEE  PPRROOJJEECCTT  CCOONNTTRRIIBBUUTTEESS  

This project is part of the GEF Programmatic Framework for Energy Efficiency in 

India whose objectives are to: 

 Promote EE in buildings through increased market penetration of EE 

technologies, practices, products, and materials in the residential and 

commercial building markets; 

 Increase deployment of EE technologies and support adoption of energy saving 

practices in the small and medium industrial sector (SMEs); and 

 Implement EE technologies and measures in Indian railways. 

 

While the objective of this project is well coordinated with the overall program 

objective, it will be implemented as a stand-alone project without any direct 

implementing agency linkages with other projects supported under the GEF 

Programmatic Framework. However, the increased FI capacity and knowledge built 

by this project as well as lessons learned would have direct benefits to the project on 

“Promoting Energy Efficiency and Renewable Energy in selected MSME Clusters in 

India” to be implemented by UNIDO. 

The project directly supports the GoI EE program and is consistent with its goal of 

increasing energy efficiency by 20% by 2016-17 through the implementation of a set 

of EE interventions, spearheaded by the BEE. This GEF project also supports 
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broader GoI development goals for the MSME and SSI (Small-Scale Industry) sector, 

particularly increasing access to finance by these small industries, making the sector 

more competitive, and facilitating increased productivity. 

 

11..33  PPRROOJJEECCTT  DDEEVVEELLOOPPMMEENNTT  OOBBJJEECCTTIIVVEE  

The Objective of the Project is to increase demand for energy efficiency investments 

in target micro, small and medium enterprise clusters and to build their capacity to 

access commercial finance. These project objectives would be realize through the 

achievement of the following intermediate outcomes: 

 The project will create increased demand for EE investments by adopting a 

cluster approach to facilitate the development of customized EE products and 

financing solutions in five targeted industry clusters, and will build the capacity of 

identified apex organizations to assist 6 MSME units in identifying additional EE 

projects in the future, aiding in widespread replication. 

 The project will raise the quality of EE investment proposals from a technical and 

commercial perspective, and will increase capacity of both project developers 

and bank loan officers and branch managers to help shrink the gap between 

project identification and successful delivery of commercial finance. 

 The project will expand use of existing guarantee mechanisms for better risk 

management by banks to catalyze additional commercial finance for energy 

efficiency. 

 The project will establish a monitoring and evaluation system for the targeted 

clusters, which could be of use to BEE‟s program.  

The project has significant scope for replication and sustainability as it will develop 

and implement an approach that bridges the gap between the techno-economic and 

financial-institutional aspects related to EE investments. The capacity built in apex 

institutions and among key stakeholders will also support increased investment in 

efficiency in the SME clusters under BEE national programme, and will support 

replication of this project as MSME units become more cognizant of the ultimate 

financial returns available from soft cost expenditure for EE investment identification 

and subsequent project commissioning. 

 

11..44  PPRROOJJEECCTT  DDEESSCCRRIIPPTTIIOONN  

The project will be implemented as part of the larger SME EE program of the BEE. 

The main components of the project consist of, (a) Technical Assistance (TA) and 

Capacity Building in MSME clusters, (b) Activities to increase Investment in Energy 

Efficiency, and (c) Program Knowledge Management. 

 

1.4.1 Component 1: Activities to Build Capacity and Awareness 

The TA component would focus on increasing awareness of EE at the cluster and 

plant level on a large scale through the implementation of outreach efforts, 
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dissemination of information on successful projects and packaging potential 

investment proposals in EE for financing by local banks or other sources. Initially, 

1000 units will receive support for assessment studies, and 500 of them will be 

targeted over a period of five years for DPR completion and investment. This cluster 

sub-component will encompass ongoing EE efforts by BEE in individual clusters. 

Efforts will also be made to increase the capacity of energy auditors, financial 

consultants/chartered accountants, vendors and service providers to improve project 

development capability, service delivery, and to improve the quality and acceptability 

of initial and investment grade audits and loan applications. This component will also 

include provision of major support for the existing and new schemes for EE financing 

by Indian banks. 

 

 Sub-component 1.1: Marketing and Outreach effort to clusters and 

capacity building at industry associations 

 Industry associations (IAs) of the five selected clusters will receive training that 

will enable them to carry out outreach activities in their respective clusters. They 

will also perform the necessary M&E on the project activities in their clusters. In 

this way, industry associations will be able to provide additional valuable services 

to their members and to contribute to the sustainability and replicability of the 

project.  

 The project will also support industry association capacity building in the 25 

additional clusters included in the BEE SME effort tailored to maximize 

effectiveness of the BEE co-financed efforts.  

 Every year a national level workshop (five total) will be held to bring together the 

individual cluster IAs to share lessons from implementation experience and ideas 

for further success.  

 Marketing and general outreach on EE schemes shall be undertaken to support 

dissemination of information about the MSME EE schemes and its project 

development and financing activities in national, regional and industry-specific 

media.  

 A central hotline will be set up to enable MSMEs and other stakeholders to 

quickly and easily access web-based information about the project, experiences 

of completed EE projects in MSME cluster units, referral to energy auditors, 

vendors, and similar information.  

 Capacity building programs will also be offered to units on improving their 

capacity to manage environmental and social issues. 

 

 Sub-component 1.2: TA to energy auditors: training, BEE 

certification, enlistment  

Energy auditors play a crucial role in the Indian MSME EE effort through their 

technical support of MSME EE projects. They need training, however, to ensure that 

the services in project identification and assessment which they provide are of high 

quality, and meet the requirements of clients and financiers, containing a minimum 
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level of financial information. As an additional quality improvement, the project will 

also support their certification within BEE‟s general energy auditor certification 

scheme and their enlistment within the project. 

 

 Sub-component 1.3: Specialized support to Financial Intermediaries  

To reach their MSME clients, bank staff in branch offices shall be better informed 

about EE options and trained in enhanced analysis of presented EE project 

applications from prepared DPRs. This subcomponent shall support expanding 

outreach and uptake of existing schemes such as the Credit Guarantee Fund Trust 

for Micro and Small Enterprises (CGTMSE, see section F. Alternatives) through 

awareness campaigns among potential users and workshops with relevant 

stakeholders. Several banks have developed EE financing schemes for SME clients 

under the 3 Country EE Project, but overall demand for these schemes has been 

low. To increase the uptake of those schemes among SMEs, activities that would 

improve uptake of the banks‟ schemes shall be undertaken. Detailed training support 

through Indian Bank Training Institutes to increase capacity at local branch offices in 

identifying and appraising EE projects shall be provided under this component for at 

least 1000 FI participants, and widespread dissemination of success stories and 

impacts of EE project implementation on improving asset quality shall be presented. 

Efforts will be made to formalize the participation of local banks in the project, either 

through their participation in the direct training programs, stakeholder capacity 

building efforts via conferences, building internal capacities, or project-executed 

consultancies supporting banks‟ own efforts in EE lending. Finally, this 

subcomponent shall also support pilot green rating system for SMEs through a 

focused consultancy activity to develop green rating models for different sectors and 

also to create awareness about green rating amongst SME stakeholders. This 

activity will support and align with the ongoing green rating initiatives taken by 

SMERA, SIDBI‟s associate organization. . 

 

 Sub-component 1.4: Unit-level support to MSMEs in accessing 

finance  

MSMEs in the selected clusters will receive support in accessing finance for the 

previously identified and assessed EE investments. For this purpose financial 

consultants/chartered accountants working with those MSMEs will receive relevant 

training and a sufficient number of them will be enlisted for use in the project. More 

detailed knowledge of financial assessment of EE investments and of banks‟ 

requirements will provide value added to financial consultants/chartered accountants 

and further contribute to the sustainability of the project. 

 

 Sub-component 1.5: Vendor outreach, enlistment and support, REEC  

Major manufacturers of EE equipment usually are not considering SMEs as valuable 

clients and are not in contact with them. The project will carry out an assessment of 

the relevant EE equipment manufacturers and vendors and will support appropriate 
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outreach activities. The project will also provide support in attracting vendors of EE 

equipment to participate actively in program efforts in the clusters. These markets are 

primarily served by so-called “second-tier” manufacturers due to the smaller 

aggregate market demand in the clusters for these specific products. It may be 

possible to attract first-tier manufacturers into subsequent program activities if 

sufficient tie-in with new demand generation is pursued. The project shall also 

engage a regional energy efficiency center of excellence for specialized technical 

capacity building activities for targeted SME clusters in the area of furnace 

optimization1. 

 

1.4.2 Component 2: Activities to Increase Investment in Energy Efficiency 

The objective of this project is to contribute to the growth of EE investments in the 

Indian MSME sector that are financed from local commercial financing sources. 

Experience in many EE financing projects has shown that development of a firm 

project pipeline is a major challenge. This component will provide support in the 

development of this pipeline that goes beyond the TA support of Component 1 by 

decreasing the risks associated with such investments. On the demand side, MSMEs 

are unable to prepare EE projects but are also reluctant to spend any money on the 

preparation of a bankable proposal by a third party, particularly if this is an unfamiliar 

activity in the industry. Similarly fraught with risks and uncertainties is the initial use 

of unfamiliar technologies. This component will therefore cover the costs of 

developing an initial pipeline of about 500 projects and, if required, of performance-

linked grants for the first demonstrations of EE technologies in each cluster. 

 

 Sub-component 2.1: Energy efficiency project development support  

This component will provide grant support to cover the „soft costs‟ of an initial pipeline 

of 500 projects total from the five selected clusters for project development and final 

handholding support. Those costs will include:  

 Conducting pre-assessment studies in 1000-1500 units to assess the possibility 

of cost effective low/medium investment oriented projects 

 Preparation of at least 500 investment grade detailed project reports (DPR) 

 Facilitation with local banks for arranging the loans, if so required and desired 

by the units 

 Developing a vendor identification document to assist in procurement of 

identified measures based upon initial examination and implementation 

experience from provision of advisory services 

 Advisory services to units throughout the implementation of the project, 

including commissioning. 

                                                 
1 Improving the efficiency of small furnaces has been identified as a cross cutting technology of high potential in most of the 

target SME clusters. A new Regional Energy Efficiency Center (REEC) is being established at Nagpur with USAID support 

devoted to increasing awareness on options to improve efficiency in furnaces and increasing penetration rates of efficient 

alternatives. 
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 Sub-component 2.2: Performance linked grants for demonstration of 

efficient technologies 

MSMEs are very reluctant to employ technologies they are unfamiliar with and that 

they consider potentially disruptive. However, it has been shown that MSMEs are 

willing to adopt those technologies once they have been demonstrated to work and to 

be advantageous in similar circumstances. This component shall provide a 

performance linked grant to be disbursed through a conditional cash transfer 

mechanism as an additional financial incentive for actual achievement of energy 

savings from implemented EE measures to encourage the demonstration effect from 

an estimated 25 early adopters. It includes the cost of third party verification. 

Conditions for performance-linked grant payment include: 

 The Sub-Grant shall be obtained through application to SIDBI; 

 The Sub-Grant shall be available to Beneficiaries participating in the Project, 

and receiving energy technical audit and follow up support by the consultants 

appointed under the Project; and 

 The Sub-Grant shall be a one-time cash payment of up to 900,000 Indian 

Rupees, at 75% of capital expenditure upon demonstration of achievement of 

actual energy savings as defined in the SIDBI Operations Manual. 

The procedures for implementation of performance linked grants are further 

elaborated in the SIDBI Project Operations Manual, and include the requirement of 

third party verification of achieved energy savings. 

 

 Sub-component 2.3: Private Sector Financing mobilized by MSME 

units 

This figure includes the expected final investment in energy efficiency goods and 

services ultimately made by the participating MSME units in the five target clusters 

resulting from project related activities. As previously noted, MSMEs shall be free to 

mobilize financing for identified investments from a variety of sources, including their 

own equity, additional loan from their existing bank, new term loan from another 

bank, the line of credit extended by the IBRD to SIDBI for the SME Financing and 

Development project, or other sources. 

 

1.4.3 Component 3: Program Knowledge Management and Sharing 

This component consists of a broad Programmatic EE Knowledge Management 

effort, which includes monitoring and evaluation, collection of best practice examples, 

dissemination, and policy development functions with the goal of ensuring effective 

implementation and replication of not just this individual project, but of BEE's entire 

EE effort implemented with GEF support. The knowledge management element will 

provide key cross-cutting inputs to help better inform GoI policy making and 

implementation of the entire GEF programmatic effort on improving EE in India. 
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11..55  PPRROOJJEECCTT  IIMMPPLLEEMMEENNTTAATTIIOONN  AAGGRREEEEMMEENNTT  

The GEF implementation agency for the project is World Bank. The project will be 

jointly executed by Bureau of energy Efficiency (BEE) and Small Industries 

Development Bank of India (SIDBI).  

BEE will retain overall implementation responsibility for the project, and will directly 

implement activities which support its mandate. These would include project 

oversight, reporting and evaluation, implementation of certain national level outreach 

and capacity building activities, and cross cutting knowledge management activities. 

BEE will maintain implementation responsibility for certain targeted capacity building 

efforts, such as programs designed to improve technical capacity of energy auditors, 

etc, and disbursement of grant support to Industry Associations for monitoring, 

verification and widespread dissemination of success stories. 

SIDBI shall assume implementation responsibility for the following key project 

components: 

 Mobilization activities in WB-nominated clusters for Demand 

Generation 

This will include procurement and supervision of: 

 Consultancy services for outreach and education of EE technologies and 

existing GOI schemes and incentives 

 Consultancy services for energy audits and DPRs 

 Support to empanelled Industry Associations for providing outreach services 

to MSME units, arranging seminars, facilitation meetings with local banks etc, 

 Consultancy services for transactional support in obtaining finance 

 Outreach to vendors to address potential supply chain issues 

 

 Capacity Building Support to participating financial institutions 

This will include supervision responsibility of the following activities: 

 Consultancy services for design and implementation of learning programs on 

Energy Efficiency lending for Bank officers through Bank training institutes.  

 Targeted Marketing and awareness building at lead banks in identified 

clusters (WB-nominated and the 25 BEE clusters) on existing schemes, EE 

program, and availability of risk mitigation options such as the SIDBI-

implemented Credit Guarantee Trust program. 

 Consultancy services for tailored assistance to participating banks on their 

existing schemes-if requested. 
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kkoollhhaappuurr  FFoouunnddrryy  CClluusstteerr  ::  AAnn  OOvveerrvviieeww    
 

22..11  IINNTTRROODDUUCCTTIIOONN  

Kolhapur is a medium sized town in the state of Maharashtra, located at a distance of 

approximately 400 km from the state capital Mumbai. The town, since long, is 

deemed to have great importance from an industrial perspective. Kolhapur is a big 

energy intensive industrial town comprising of a number of iron / steel Foundry units. 

The cluster comprises of more than 250 Foundry units which convert iron/steel scrap, 

pig iron into high end utility castings.  

The foundries in Kolhapur cluster are one of the prominent ones in India and cater to 

the market for high end castings in the automotive and electrical machinery sectors. 

The major components being produced in the cluster include automotive 

components, flywheels, motor and pump casings etc. The location of the Kolhapur 

foundry cluster is shown in following Figure 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 2.1: Location of Kolhapur foundry cluster 

 

The foundry industry in Kolhapur is concentrated in several industrial pockets in 

proximity of Kolhapur city. The main industrial pockets in and around Kolhapur with 

significant number of foundry units are: 

 Shiroli 

 Udyamnagar 

 Gokul Shirgaon 

 Kagal 

Kolhapur 
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The foundry units in Kolhapur foundry cluster have organized themselves into several 

industrial associations. These associations serve as a platform for discussions on 

common issues as well as new research. The important foundry associations in the 

cluster along with coordinates of the contact person are provided in Table 2.1 below. 

 

Table 2.1: Details of foundry associations in Kolhapur 

 

Name of the Association Office Address and contact details 
Coordinating  Person 

and Contact No. 

Kolhapur Engineering 

Association 

Karajgar Road, Shivaji Udyamnagar 

Kolhapur - 416012 

Sh Shrikant D Dudhane, 

Director, 

+91 98220 56246 

Institute of Indian 

Foundrymen, Kolhapur 

Chapter 

Kolhapur Udyam Co-operative Society, 

New Complex, R.S. No.-857, Building "A", 

Y.P. Powar Nagar, Kolhapur - 416008 

Sh Raju Somani,  

Vice Chairman,  

+91 99229 96040 

Shiroli Manufacturers‟ 

Association, Kolhapur 

P-12, MIDC, Shiroli, Kolhapur – 416112 Sh D D Patil, 

Vice Chairman, 

+91 93711 02574 

Gokul Shirgaon 

Manufacturers‟ 

Association, Kolhapur 

P-35,MIDC, Gokul Shirgaon Industrial 

Area, Kolhapur - 416234 

Sh R P Patil, 

Chairman, 

+91 98220 44716 

Manufacturers‟ Association 

of Kagal - Hatkanangale 

A – 84, Five Star MIDC, Kagal 

Hatkanangale, Kolhapur - 416216 

Sh Ashok Dudhane, 

President, 

+91 98225 99188 

  

22..22  PPRROODDUUCCTTIIOONN  PPRROOCCEESSSS  

The raw material for any typical foundry unit consists of different compositions of the 

following: 

 Pig Iron 

 Cast Iron (CI) scrap 

 Mild Steel (MS) scrap 

 Foundry returns 

 Alloying elements – Silicon, Manganese etc 

The composition of each of the above mentioned constituents of raw materials is 

varied to achieve the desired properties of the final product. Besides these 

constituents, other process additives/fluxes are also used, for example, limestone is 

an important constituent in the cupola based foundry process. 

The foundry process consists of several principal operations, namely, sand 

preparation, mould preparation, charge preparation, melting and pouring. A 

schematic of the typical production process employed at foundry units is shown in 

Figure 2.2 below. 
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Figure 2.2: Typical operations in a foundry 

 

The above figure shows that the sand and mould preparation steps are carried out in 

parallel to the charge preparation and melting activities before finally the hot metal is 

poured into the moulds. 

Of all the production steps mentioned above, melting consumes the major share of 

total energy consumption in a foundry unit. in Kolhapur foundry cluster, melting 

process is carried out by either of following two methods: 

 Cupola melting 

 Induction furnace melting 

 

Relevant features of both these methods are discussed in further sections.  

 

22..33  PPOOPPUULLAARR  TTEECCHHNNOOLLOOGGIIEESS  

2.3.1 Cupola furnace melting 

Cupola has been the most conventional method for production of iron castings. In 

Kolhapur foundry cluster too, almost half of the total operational foundry units are 

based on cupola operation. The construction of a conventional cupola consists of a 

vertical steel shell which is lined with a refractory brick. The charge is introduced into 

the furnace body by means of an opening approximately half way up the vertical 

shaft. The charge consists of alternate layers of the metal to be melted, coke fuel and 

limestone flux. The fuel is burnt in air which is introduced through tuyeres positioned 

above the hearth. The hot gases generated in the lower part of the shaft ascend and 
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preheat the descending charge. The cupolas installed are either the conventional 

single blast type or the more recent and more energy efficient divided blast type. 

However, it is important to note that in case of Divided Blast Cupola (DBCs) a well 

calculated design based system is far more efficient than a sub-optimal design based 

system.  

The cupolas installed in majority of the foundries of Kolhapur cluster are either of 21”, 

24”, 27”, 30”, 36” or 42 inch internal diameter. The hourly melt rate of these cupolas 

ranges from 1.6 to 6.0 tonnes per hour (TPH).  

The energy efficiency parameter for cupola operation is measurement of coke to 

metal ratio. Usually, the coke to metal ratio varies from a relatively poor ratio of 8 (in 

case of single blast cupola or sub optimal DBC) to a relatively good ratio of 10 and 

more (in case of well-designed DBC). The following Figure 2.3 shows cupola 

operation in a foundry with details of divided blast mechanism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3(a): Cupola operation in a foundry          Figure 2.3(b): Divided blast mechanism in 

         a cupola 

2.3.2 Induction furnace melting 

The method of induction furnace melting is increasingly becoming popular owing to 

superior energy efficiency, control, and high productive characteristics of induction 

melting. The principle of induction melting is that a high voltage electrical source from 

a primary coil induces a low voltage, high current in the secondary coil, or metal 

placed in secondary coil. Induction furnaces are ideal for melting and alloying a wide 

variety of metals with minimum melt losses. The heart of the induction furnace is the 

coil, which consists of a hollow section of heavy duty, high conductivity copper tubing 

which is wound into a helical coil. Coil shape is contained within a steel shell and 

magnetic shielding is used to prevent heating of the supporting shell. To protect it 
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from overheating, the coil is water-cooled, the water being re-circulated and cooled in 

a cooling tower.  

In induction heating method, the furnace volume is poured empty after every melt 

has reached the proper temperature and successive melts are started using 

unheated or preheated solid charge material. The biggest advantage on the side of 

induction furnaces is the high degree of control and range of available furnace 

capacities (from a few kgs to several tonnes of hot metal holding capacity). The 

following Figure 2.4 shows an induction furnace installed in a foundry unit. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: Induction furnace – melting and pouring operation 

 

22..44  EENNEERRGGYY  CCOONNSSUUMMPPTTIIOONN  PPAATTTTEERRNN  

2.4.1 Energy consumption pattern in a Divided Blast Cupola 

As stated earlier, the principal parameter to study the energy efficiency characteristic 

of a cupola furnace is the measurement of metal to coke ratio. The operation of a 

DBC was studied in order to find out the operating parameters and specific fuel 

consumption pattern of the cupola furnace. The important observations and 

measurements are provided in Tables 2.2 – 2.3 below. 

 

Table 2.2: Operating parameters of a typical cupola 

 

Cupola internal diameter 

(after refractory lining) 

24” 

Melting rate       2.5 tonnes/hr 

Frequency of operation       Alternate days 

Tapping Continuous 

Blast Divided, Cold 

Number of tuyers 4 Nos. in each row (2 rows) 

Bed coke     300 kg 

Metal tapping temperature     1460 
0
C 

Bulk density of coke 561 kg/m
3
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 Table 2.3: Cupola charging and coke consumption parameters 

 

Split Charge mix and charging sequence  

Metallics 200 kg 

Alloying constituents 1.2 kg 

Coke 13 kg 

Limestone 15 kg 

Booster Charge (every 6
th
 charge) 30 kg 

Bed Coke 300 kg 

Cupola operation 10 Hrs 

Molten metal yield as % of metallic 90% 

Equivalent coke consumption per split 

charge (excluding bed coke) 

18 kg 

Total coke consumption per split charge 

(including bed coke, approx.) 

20.4 

Molten metal to coke ratio per split charge  8.8 

 

Thus, it can be seen from above tables that the molten metal to coke ratio for the 

studied cupola is 8.8 which is relatively low. The resultant low metal to coke ratio of 

the cupola is attributable to two main reasons: 

 Optimum energy efficient design of the divided blast cupola 

 Adoption of best operating practices 

Both the above mentioned factors can be overcome in an economically feasible 

manner in any foundry. The same has been discussed in later chapters of this report.  

 

2.4.2 Energy consumption pattern in an Induction melting furnace 

Electricity is the single energy source for melting of iron in an induction furnace. The 

furnace coil draws power from induction power supply unit supplied and installed with 

each furnace. The control panel for the induction furnace power supply unit is fitted 

with display panels for consumption of kWh, power drawn kW, frequency supplied 

Hz, etc.   

The principal parameter for measurement of energy efficiency characteristic of an 

induction furnace is kWh consumption per unit melting and holding of metal. As 

holding time of molten metal is also included in the deriving the specific energy 

consumption of an induction furnace, unlike cupola, the specific energy consumption 

of induction furnace depends largely on operating practices. However, the effect of 

correct furnace capacity, coil losses etc, is also not negligible. The following Tables 

2.4 – 2.5 present the operational parameters and specific electricity consumption 

details of a typical induction melting furnace.  
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Table 2.4: Operating parameters of a typical induction melting furnace 

 

Furnace capacity 300 kg 

Rated power 175 kW 

Rated Voltage 440 V 

Frequency 1000 Hz 

Make Inductotherm India 

Model Power Trak/ 175 – 10R 

No. of crucibles 1 No. 

Refractory lining Acid lined 

Number of heats/day  

Maximum 18-19 

Average 12-13 

Contract Demand 275 kVA 

Maximum Demand 265 kVA 

 

Table 2.5: Specific electricity consumption in the induction melting furnace 

 

Charging Mix  

Metallics 325 kg 

Ferro alloys 8.8 kg 

Furnace heating load power 175 kW 

Furnace holding load power 50 kW 

Total heating time 67+14 = 81 min 

Total holding time 11 min 

Total tapping time 20 min 

Total electricity consumption 245.4 kWh 

Specific electricity consumption 735.2 kWh/tonne 

 

The relatively high specific energy consumption is mainly due to the long cycle time 

of the melting and holding. However, for several product segments, a higher holding 

time is inevitable. Though efforts should be made in form of adoption of best 

operating practices and installation of energy saving equipment to reduce the cycle 

time and improve the specific electricity consumption of the induction melting 

furnace. 
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EEnneerrggyy  CCoonnsseerrvvaattiioonn  ffoorr  KKoollhhaappuurr  FFoouunnddrryy  CClluusstteerr::  

MMeeaassuurreess  &&  TTeecchhnnoollooggiieess  
 

33..11  EENNEERRGGYY  CCOONNSSEERRVVAATTIIOONN  BBYY  AADDOOPPTTIIOONN  OOFF  BBEESSTT  OOPPEERRAATTIINNGG  PPRRAACCTTIICCEESS  

IINN  FFOOUUNNDDRRIIEESS  

 The operating practices of both the cupola and induction melting furnace units discussed in 

previous chapter were noted and compared with the standard operating practices for 

achieving maximum energy efficiency and least specific energy consumption. The same 

have been outlined below for each of cupola and induction melting furnace unit described 

previously, but also hold good for any foundry unit as well.  

 

3.1.1 Energy conservation measures for cupola  

The following observations were noted for operation of cupola furnace in the unit.  

 The stack height of the cupola is not adequate. This refers to the height from upper 

tuyer to charging door 

 No lime stone was being added to bed coke 

 Cupola cycle timings are not recorded orderly 

 Limestone size as big as 7 – 8 inches 

 

To achieve best efficiency point in the existing cupola, following measures are suggested 

by the expert:  

 

 The stack height of the cupola must be large enough to hold 2.5 tonnes 

of metallic charge (equal to hourly melting rate). This would ensure 

better preheating of charge. 

 Cupola lit-on, lit-off, other timings must be necessarily noted. 

 Size of lime stone should lie between 0.75 – 1.5 inches. 

 

 Limestone should be added to bed coke @ 15% of the bed coke weight. 

 Each split charge must contain limestone @ 1/3rd of the split charge coke weight. 

 Dimension of single piece of metal should not be greater than 1/3 the hearth diameter. 

 Weight of single piece of metal should be limited to 1% of the hourly melting rate. 

 

3.1.2 Energy conservation measures for induction melting furnace  

The following observations were noted for operation of induction melting furnace in the unit.  

 The furnace tapping time is as high as 20 mins. 

 The refractory ladle is preheated with the molten metal from the furnace. 

 The size of mould bank is inadequate, leading to high tapping time. 

CCHHAAPPTTEERR  33 
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To achieve best efficiency point in the existing induction melting furnace, following 

measures are suggested by the expert:  

Reduce the cycle time by adopting the following: 

 Plan the charge mix and material before hand. 

 Keep the charge ready (after weighing) before charging along with alloying elements. 

 The size of the charge materials should be preferably 1/3 rd the size of the crucible 

diameter. 

 Steel and carburizers should be charged first in sequence. 

 Keep the crucible full of charge always and keep poking to achieve maximum 

compaction. 

 The furnace should be operated at full power always. 

 Once the charge is complete cover the crucible with asbestos 

blanket. 

 Standardize the time and temperature relationship so that frequent 

inspection is not required. 

 Do not superheat the metal beyond the required temperature.  

 Avoid holding. 

 De-slagging operation should be done at least possible time. 

 

33..22  RREEPPLLAACCEEMMEENNTT  OOFF  EEXXIISSTTIINNGG  CCUUPPOOLLAA  WWIITTHH  WWEELLLL  DDEESSIIGGNNEEDD  DDBBCC  

The proposed move is the most elementary energy conservation option. There are several 

critical design parameters which govern the efficiency of a divided blast cupola furnace. 

The specifications of the DBC such as dimensions of tuyers, spacing between rows, extent 

of turbulence in tuyeres, etc are very critical and need to be designed as per the 

specifications of the cupola furnace. An ill designed DBC can be even worse than a 

conventional single blast cupola in terms of energy efficiency.  

A DBC reduces CO formation by introducing a secondary air blast at the level of the 

reduction zone.  Thus, a DBC has two rows of tuyeres, with the upper row located about 1 

m above the lower row.  This „divided blast‟ system gives a DBC the following advantages 

over the conventional cupola.   

 It reduces coke consumption by upto 25% 

 It increases tapping temperature by about 500C 

 It increases the melting rate. 

 

A schematic of a divided blast cupola is given in Figure 3.1 below. 
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Figure 3.1: Sketch of DBC, showing two rows of tuyeres 

 

It has been time proven that if a single blast or sub-optimal divided blast cupola furnace is 

replaced with a well designed divided blast cupola furnace, it would lead to substantial 

improvement in metal to coke ratio and hence good energy and monetary savings. The 

cost benefit analysis for conversion of the audited cupola to a scientifically designed 

divided blast cupola is shown below in Table 3.1 

 

Table 3.1: Cost benefit analysis for replacement of existing cupola by well-designed DBC 

 

Melting rate (Tonnes/hr) 2.5 

Metal to coke ratio in existing cupola 8.8 

Metal to coke ratio for well designed DBC 10 

Coke savings (kg/hr) 34 

Coke savings per run (kg) 
2
  340 

Runs in an year (Alternate day) 183 

Yearly coke savings (Tonnes) 62.2 

Monetary Savings (Million Rs. / yr) 1.5 

Investment required for new DBC (Million Rs.) 3.0 

Payback period (years) 2 

. 

33..33  GGAASS  FFIIRREEDD  CCOOKKEELLEESSSS  CCUUPPOOLLAA  

The discussion presented in this section has been made available by Dr B K Basak, 

Executive Director, Wesman Engineering Co. Pvt. Ltd., Kolkata. 

                                                 
2 (Assuming 10 hrs average run) 
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3.3.1 Introduction  

Today the Indian Iron Foundries mostly use Coke Fired Cupola for obtaining the necessary 

molten metal. From environmental, pollution and energy efficiency point of view, it is not at 

all a desirable situation for various reasons as mentioned below. 

 Desired SPM level of 150 Mg / NM3 is difficult to achieve with conventional cupola. 

The flue coming out of the cupola need filtration / treatment before releasing to the 

atmosphere. The wet process used for this purpose would further necessitate 

treatment of water used in the process. 

 For 1 MT of Molten Iron, 374.4 Kg of CO2 is generated which is very much 

detrimental from environmental point of view as it adds to the Green House effect. 

 Besides above, the coke based cupola also emits CO, SO2, and NOX, which have 

adverse effect on the environment. 

 Because incomplete combustion of coke and large quantity of excess air, thermal 

efficiency of Coke Cupola is very low. Also sensible heat carried away by large 

amount of hot slag, contributed by high ash content, adds to the thermal inefficiency. 

For the detrimental emissions from various polluting activities in the nearby regions, 

including high coal/coke usage, the Taj Mahal at Agra was getting deteriorated. The 

Honorable Supreme Court of India passed on a judgment and thereby prohibited the use of 

coal/coke in the Taj Trapezium Zone.  

 

3.3.2 Cokeless cupola furnace: A better alternative  

The cokeless furnace - EcoMelt, as the name suggest, does not use coke as fuel. Instead it 

uses gaseous fuels. Since piped Natural Gas is becoming available at various locations 

throughout the country from indigenous sources, cokeless furnace should be used 

extensively. This will reduce the melting cost substantially. Where Natural gas is not 

available, other gaseous fuels like LPG, Propane or Coal bed methane may be used. Even 

sulphur free light oil may be used as a fuel. When the cokeless furnace was invented in 

UK, the availability of coke, quality of coke and the environment issues were not so much 

of problems in those days. But today, all these issues are very important and in that 

context, it is quite evident that for our country, the cokeless furnace is the right product at 

the right time. As the name suggests, EcoMelt is both eco-friendly and economic in 

operation. 

 

3.3.3 EcoMelt: Important features  

In a conventional coke fired cupola the coke has three functions. It acts as a source of 

heat, superheats the iron as it trickles over the coke and acts as a source of carbon. All 

these functions are mutually dependent and, therefore, difficult to control. In the cokeless 

EcoMelt furnace these functions are provided by three different means, which are 

explained with respect to the cross-sectional schematic of the furnace as shown in Figure 

3.2 below. 
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Figure 3.2: Schematic representation of EcoMelt 

 

 Heating 

 Heat is provided by the burners, which can be 

fired with a variety of fuels such as natural gas, 

diesel oil, propane or other suitable fuels. 

Burners must of short flame design. Special 

Burners as shown in Figure 3.3 below have 

been developed for this purpose. 

 

 

 

Figure 3.3: High velocity short flameburner for EcoMelt 

 

 Super Heating 

Superheating is done by the specially developed 

refractory spheres (as shown in Figure 3.4) that 

form the refractory bed. The refractory spheres are 

only heat transfer medium and not fuel. Water-

cooled grate bars consisting of specially designed 

steel tubes, which may be coated with refractory, 

supports the spheres. The metal is superheated as 

it trickles over the red-hot spheres.  

 

 Figure 3.4: Refractory spheres for super heating 

 

 Carbon pickup        

 As there is no carbon pickup in the EcoMelt, this is achieved by injection of graphite 

granule into the well of the EcoMelt by means of an injector. The rate of injection can be 

controlled. In case of duplexing, carbon may better be added in an electric furnace. 
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3.3.4 Advantages of EcoMelt  

 Coke not required 

India does not have reserve of good quality coking coal. We have to import coke from other 

countries. Use of cokeless EcoMelt furnace would eliminate the use of coke and, hence, 

would eliminate the associated environmental and commercial disadvantages. Though gas 

is becoming available at various locations in the country yet the same has not reached 

many of the areas where Foundries are located. In those areas the EcoMelt can be fired 

with LPG, or sulphur free light oil. 

 

 No / Low Pollution 

The gas fired EcoMelt for iron melting was developed over 30 years ago and a comment 

passed about its performance in the early days is still very appropriate and probably more 

relevant, particularly in view of today‟s stringent pollution norms. The comment was “What 

does not come out of the top is more important than the metal from the bottom”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                        

 

Figure 3.5: No emissions during melting in EcoMelt 

 

There is an increasing worldwide awareness of the impact that many processes can have 

on the environment. This is certainly true for foundries in India where the cost of meeting 

new regulations is significant. 

Undoubtedly, a conventional / divided blast coke cupola does cause a lot of pollution as 

mentioned earlier. If the Coke cupola was converted to Gas fired EcoMelt there would be 

no visible emission (Figure 3.5), there would be no sulphur emissions and the amount of 

carbon emissions are approximately 1/6 that of coke operation. There is less than 1 % 

carbon monoxide in the waste gas. There will still be some dust emissions contained in the 
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charge but these can be readily removed if required.  Depending on the regulations, there 

can be a considerable saving in capital cost as well as savings in running cost. In short 

there is a dramatic reduction in pollution level with the SPM level being much below the 

Indian pollution limit of 150mg/CuM. 

Actual installation in India has been monitored for the emission level. The results are 

shown under “Emission level” at the end of the section.  

 

 Higher Energy Efficiency – Energy savings and Cost Benefit Analysis 

The following Table 3.2 gives the comparative cost of melting in terms of consumption of 

fuel (and heat transfer media in case of cokeless gas melting furnace) of different types of 

Melting furnaces. Price of both Gas and Coke vary at different locations. An average price 

has been considered in the following table. 

 

Table 3.2: Cost benefit analysis and thermal efficiency comparison of  

EcoMelt with other technologies 

 

Technology/ 

Furnace 

Specific Fuel/ 

Electricity 

Consumption 

Unit Cost 

of Fuel 

(Rs) 

Total Cost 

Thermal 

Efficiency 

(%) 

Induction Melting 600 kWh/ tonne 5.0 3,000 42** 

Rotary  160 Lt FO /tonne  25.0 4,000 13.42 

Cupola 1 150 kg coke/tonne 30.0 4,500 20.49 

Cupola 2 120 kg coke/tonne 30.0 3600 25.61 

Ecomelt - Small 65 SM
3
 NG/tonne 20.0 1300 + 522* = 1822 39.25 

Ecomelt – Large 60 SM
3
 NG/tonne 20.0 1200 + 435* = 1635 42.50 

*    Cost of refractory sphere 

**   This is without considering the efficiency of conversion in a power plant using coal. Efficiency of a 

power plant varies from 30 to 70% depending on the design and other parameters. Considered the 

average to be 50%, the Efficiency of Induction Furnace would be reduced to 21% (without taking the 

transmission losses into consideration). 

 

Thus, it can be seen from above table that cokeless Ecomelt cupola has high potential for 

energy saving and cost savings as compared to other prevalent technologies. Cokeless 

EcoMelt cupola generates as high as Rs 1965 per tonne of monetary savings as compared 

to an efficient running cupola.  

 

 Other Advantages of EcoMelt 

Once a cupola has been converted to EcoMelt, the foundry would be in a position to 

produce ductile iron and some graded iron without the need for an electric furnace. As this 

is a considerable growth area in India, it would offer the foundry an additional advantage 

over its competitors who were still using a conventional coke cupola. 
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The foundry industry in India is rapidly expanding and many foundries have adopted 

electric melting, particularly for the production of ductile iron.  For these foundries where 

expansion is being considered, the capital investment of installing an EcoMelt could well be 

considerably less than additional electric furnaces.  Liquid metal could be transferred from 

the EcoMelt to the existing electric furnaces where they would be used for superheating 

and recarburising the metal instead of purely melting. The existing electric capacity would 

increase as time for super-heating is much less than that of Melting and would be, in many 

cases, sufficient for any expansion. Less than 100 kW hrs per tonne are required for 

superheating and recarburising whereas generally more than 650 kW hrs per tonne are 

required for electric melting. Melting at low temperature in a cupola consumes 

comparatively less power. On the other hand superheating the molten metal in induction 

furnace consumes much less power. Therefore duplexing – melting at low temperature in 

Cupola / EcoMelt and super heating in electric furnace, would consume much less 

combined power compared to that while melting at high temperature in Cupola or in 

Induction furnace alone. 

 

3.3.5 EcoMelt – Emission levels  

To ascertain the level of various emissions a study of emission level was made by CTI, 

USA who gave financial aid to a Foundry at Agra where the first EcoMelt furnace was 

installed. Environment management group of National Productivity Council (NPC), an 

independent National body, New Delhi was engaged for air pollution parameters 

monitoring. The monitoring was done as per procedure prescribed by CPCB and US PBA 

(fig 5). The average of the observed figures is provided in Table 3.3 below. 

 

Table 3.3: Emission generation by EcoMelt 

 

 Without Wet cap With Wet cap 

Visible Emission None None 

Particulate Matter 42 mg/NM
3
 29 mg/NM

3
 

Other observations: 

CO < 1% 

SOx NA 59 

 

As may be seen from the observations made by the NPC team, the level of particulate 

emission of 42 and 29 mg / NM3 with out and with the wet cap respectively are quite low 

compared to the allowable norm of 150 mg / NM3 as per Central (as well as West Bengal) 

Pollution Control Board of India (CPCB). At present there is no regulation regarding the 

other emissions in our country. However as per US PBA, SO2 level has to be within 300 

mg / NM3. The observed figure of 59 mg / NM3 (with wet cap on) is much below the norm. 

For Carbon Monoxide also there is no norm as per CPCB. The observed level of 1% CO is 

many times lower than what is generally observed in a Coke Cupola. 
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3.3.6 Conclusion 

From the above discussions it is clear that the Cokeless Cupola is a better option as a 

melting device compared to the widely used coke fired Cupola for melting Cast Iron as: 

 It has much better Energy Efficiency. 

 Its Emission level is much less. 

 Melting cost is comparatively less. 

 

33..44  IIGGBBTT  IINNDDUUCCTTIIOONN  PPOOWWEERR  SSUUPPPPLLYY  SSYYSSTTEEMM  

3.4.1 Introduction 

The IGBT based Induction power supply system are the latest addition in the series of 

innovations in the induction melting sector. Induction melting systems have shown 

continuous upwards trends with improvement of energy efficiency along with every new 

technology addition. This can be understood from the comparison presented in Figure 3.6 

below. 

              

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6: Rising trend in the efficiency of induction melting systems 

 

3.4.2 Application 

The IGBT based induction power supply system are 

applicable for a wide range of power levels from 5 kW 

to 500 kW with corresponding furnace sizes ranging 

from 5 kg to 1000 kg. in its standard configuration, the 

unit includes a digital control board with fibre-optic 

connectors for a clearer signal processing. The 

operational parameters are managed in different modes 

with facility to view system diagnostic results, kWh 

reading and alarm history. The following Figure 3.7 

illustrates the IGBT Induction power supply system. 

Figure 3.7: IGBT based induction power supply system 
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3.4.3 Advantage 

The IGBT based induction power supply system result in reduction of electrical power in 

induction melting furnace and thereby lower the specific electricity consumption per tonne 

of molten metal output from the furnace. The following case study have been presented 

herewith to illustrate the energy saving potential of the IGBT based induction power supply 

system. 

 

3.4.4 Case study 1 

The IGBT based induction power supply unit was installed at M/s Krishna Engineering 

Company, Coimbatore. M/s Krishna Engineering Company is manufacturer of high duty 

iron, ductile iron, alloy iron and steel castings. The unit had been operating one 1000 kg, 

250 kW furnace since 1989. The existing furnace was replaced by IGBT based furnace of 

same capacity and 350 kW power rating. The following observations as presented in Table 

3.4 below were found by the unit after the installation.  

 

Table 3.4: Case study – IGBT based induction power supply unit 

 

Description Old Furnace New Furmace 

Make Inductotherm Inductotherm 

Model 
VIP Power Trak 250 

kW 
VIP IGBT 350 kW 

Rated furnace power 250 kW 250 kW 

Furnace capacity 1000 kg 1000 kg 

Unit‟s target specific electricity consumption 750 kWh/ tonne 750 kWh/tonne 

Actual specific power consumption 770 kWh/tonne 620 kWh/tonne 

Reduction in specific electricity consumption - 150 kWh/tonne 

Average production output - 100 tonnes/month 

Annual electricity savings - 1.8 lakh kWh/year 

Annual monetary savings - Rs 9 Lakhs/year 

 

Thus, it can be seen that installation of new IGBT power supply panel at the induction 

melting furnace can result in great energy and monetary savings.  

 

33..55  TTHHEERRMMAALL  SSAANNDD  RREECCLLAAMMAATTIIOONN  SSYYSSTTEEMM  

3.5.1 Introduction  

In green sand, clay bonded, process the sand is used oven and over again after some 

treatment of the used (Return) sand. The treatment includes Sieving, Removal of Iron 

particles, Cooling, Water and binder addition etc. 

But in case of chemically bonded sand system the mould / core strength is developed by 

chemical or thermal process. Contrary to the green sand system, binder once set by 

irreversible process and does not remain „active‟ anymore and cannot take part in the 
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bonding of sand in the next cycle. After the mould / core are set and casting is done the 

binder present in the system is totally dead and fresh binder must be added before the 

sand can be used in the next cycle. Reuse of sand this way, will result in accumulation of 

„dead‟ binder in the system making the sand totally unusable.  

The other option is to discard and dispose the sand altogether after every use and start 

with new sand in every cycle. This is not a feasible proposition on economic and 

environmental consideration. The availability of dumping ground for used sand is becoming 

difficult day by day. Also Cost of dumping is going high and high. In addition to non 

availability of dumping ground and high dumping cost, the environmental problem is of 

critical concern. The dumped sand is likely to pollute air as well as the ground water. The 

government authority is becoming stricter these days.  

Both the reuse and dumping options not being feasible and acceptable, the chemically 

bonded sand must be reclaimed to make it suitable for re-use in a no-bake sand foundry. In 

addition there are other good reasons for reclamation of chemically bonded sand. 

 

3.5.2 Why Reclamation? 

The dead binder present in the used sand increases the „fines‟ in the system sand. The 

fines having more surfaces to volume ratio require more resin / chemical to achieve desired 

bond. The increase of fines in the system sand contributes to deterioration of sand property 

like permeability. These fines therefore are to be removed from the system. 

Majority of the „dead‟ binder, however, are present in the form of layers adhering to the 

surface of the sand grains. If these layers are not removed, the sand grain will be coated 

with multiple layers of such „dead‟ chemicals in subsequent cycles. This deposit, being 

brittle, changes the sand property and makes the sand totally unsuitable for moulding as 

proper strength cannot be achieved even with higher percentage of chemical. 

The presence of residual „dead‟ binder in the system is a determining factor in arriving at 

the required chemical percentage in the next cycle. The amount of this „dead‟ organic 

binder, usually determined by “Loss On Ignition” (LOI), is very important in chemically 

bonded sand system. If the LOI changes in every cycle then percentage of chemicals to be 

added will also change in every cycle. This situation cannot be accepted as a good 

operating practice. In practical situation it is not possible to determine the required chemical 

percentage and add the same accordingly in every cycle. Therefore every attempt is to be 

made to keep the LOI figure more or less constant making the system „stable‟. „Stability‟ 

means to attain the LOI figure of the reclaimed sand at the end of the cycle equal to the 

LOI figure of the sand before addition of binder in the beginning of the cycle. This will 

ensure the same quality of sand (having the same LOI) in the beginning of every cycle. To 

attain this condition certain amount of NEW sand is added in the system.  

Sand grain modification is another important aspect in considering reclamation. During 

reclamation, due to Grain-against-grain rubbing/abrading as well as grain rubbing against 

rubbing surfaces of various reclamation equipment at various stages of reclamation the 

sand grains get altered. The sharp corners get rounded, converting the sand grains from 
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angular to sub-angular to rounded. This improves the desirable property to a great extent. 

The surface to volume ratio gets reduced resulting in reduced binder demand. Due to this 

positive effect of reclamation the new sand, instead of adding to the system directly, is 

added in to the lump breaking stage of the reclamation unit so that grains are, to some 

extent, get modified before mixing and moulding. 

 

3.5.3 Reclamation Process 

Sand Reclamation can be termed as the process of reconditioning of used sand in a 

foundry without lowering its original properties, which are particularly required for foundry 

application.  

Reclamation may be done by various methods- namely: 

 Attrition (Mechanical) Reclamation 

 Thermal Reclamation 

 Combination of the above 

 Wet Reclamation 

 

Attrition reclamation process is capable of producing, at economic rate, sand with low 

binder content, without foreign material, at low temperature and with even grain size 

distribution - all that are required for producing good quality mould/ core. Attrition 

reclamation is done by wearing binders from the sand grain through a series of mechanical 

processes. Most of the cases about 10 to 20 % new sand is added to keep the LOI within 

limit. However it is clear that all the binder is NOT removed by this process.  

In many case it is important that sand does not have any coating what so ever. In such 

cases Thermal Reclamation process is the answer for most of the binders.  

 

Thermal Reclamation is the process in which the sand is heated to a temperature of about 

800 deg. C, in a specially designed fluidized bed Combustor which is the main equipment 

of the thermal reclamation system. 

In the Wesman Thermal Reclaimer, the sand grains obtained after breaking the lumps are 

pre-heated in a heat exchanger and fed into the Combustor at a pre-determined rate. Here 

it is fluidized by precisely controlled air. The fluidized bed of sand receives controlled 

stream of flame and hot products of combustion from a specially designed LPG / Natural 

gas combustion system. The binder in the sand is totally burnt and hot reclaimed sand is 

obtained at the outlet of the Combustor. 

The hot sand from the Combustor is transported to a bunker and then made to pass 

through a Fluidized Bed Cooler having a water cooling system. The cooler is also 

connected with a dust extraction system for classification of sand. The reclaimed sand, 

cooled down to usable temperature and classified, is then pneumatically transported to the 

sand bunker for re-use. 
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3.5.4 Reclamation Advantages 

Thermal reclamation is, in many ways, better than attrition (mechanical) reclamation 

process for the following reasons: 

 New sand has higher thermal expansion. During pouring, the mould expands 

excessively and causes distortion, instability and dimensional inaccuracy. When sand 

is heated above 600 Deg. C, the same undergoes phase change which is permanent in 

nature. This phase-changed sand has lower thermal expansion and, therefore, all the 

problems mentioned above are less. 

 Unlike mechanical reclamation, 100% sand, except those reduced to dust, is reclaimed 

to better-than-new condition. 

 In majority of the cases thermally reclaimed sand, irrespective of the original sand 

system, can be used in any system of sand – green sand or chemically bonded sand 

with any chemical binder. 

 

Though it is better to use Natural gas or LPG, Wesman's Thermal Sand Reclaimer can be 

fired with Light oil where the gaseous fuel is not available. This is a great advantage as 

most of the locations where Foundries are clustered do not have supply of Piped Natural 

Gas, CNG or CBM. If they have to use Gaseous fuel, they have to use LPG which 

comparatively more expensive.  

Wesman's Thermal Sand Reclaimer is field tested and has been found to consume only 8 

to 10 Kg of LPG per MT of shell sand. In case of OIL firing about 7 to 9 Liters of oil would 

be consumed for reclamation of 1 MT of sand. 

Wesman's Thermal Sand Reclaimer can be used for reclaiming Shell sand, Phenolic 2-

part/3-part sand, Furan sand etc. Even Green sand may be reclaimed with additional 

downstream equipment.  Wesman currently manufactures in three standard capacities of 1, 

2 and 3 MT/hour.  Other sizes may be custom built on request. 

 

33..66  CCOONNCCLLUUSSIIOONN  

The thermal sand reclaimer eliminates air and ground water pollution from discarded sand 

which are chemically bonded. It also reduces / eliminates requirement of natural resource 

like new sand which. This would help conservation of natural resources. This is very 

important especially in view of restrictions imposed by Government for mining sand in 

some states. 

It may be mentioned that just for drying of 1 MT of new sand 8 to 10 Liters of oil is required 

in well-designed Fluidised bed sand dryer. Ordinary rotary sand dryer consumes at least 10 

to 12 Liters of oil for drying 1 MT of new sand. Whereas for reclaiming 1 MT of used sand 

only 8 to 10 Kg of LPG or 7 to 9 Liters of oil would be required. Therefore one can obtain 

better than new sand at a cost lower than that of drying alone for the same quantity of 

sand. This is highly ENERGY EFFICIENT process.  
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Thermal reclamation should be adopted by the foundry men as it  

 Is an economical proposition 

 Eliminates cost of dumping of used sand 

 Conserves natural resources by eliminating requirement of NEW sand 

 Conserves energy spent in drying new sand as drying would not be required 

 Conserves energy of transportation and eliminates related pollution 

 Conserves natural environment by eliminating dumping of used sand  

 Is an energy efficient process 
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FFiirrsstt  TTeecchhnniiccaall  WWoorrkksshhoopp  iinn  KKoollhhaappuurr  FFoouunnddrryy  CClluusstteerr  

uunnddeerr  WWBB  ––  BBEEEE  ––  GGEEFF  PPrrooggrraamm::    

FFiinnaanncciinngg  EEnneerrggyy  EEffffiicciieennccyy  aatt  MMSSMMEEss  iinn  IInnddiiaa  
 

44..11  IINNTTRROODDUUCCTTIIOONN  

A Technical Workshop for Kolhapur Foundry Cluster was organized by Winrock 

International India (WII) on May 13, 2011 at Residency Club, Kolhapur. The workshop was 

supported by the Bureau of Energy Efficiency (BEE), Ministry of Power, Government of 

India and conducted as part of the BEE-World Bank-GEF project “Financing Energy 

Efficiency at MSMEs”.  

The workshop was attended by more than 60 participants from small and medium scale 

foundry units of Kolhapur cluster, office bearers of various foundry associations and 

institutions like the KEA, IIF Kolhapur chapter, GOSHIMA, MAKH, SMAK etc., local 

technical resource organizations, equipment suppliers, technology developers, besides 

experts from BEE and WII.  The final agenda of the event is enclosed in Annexure 1 and 

the list of registered participants of the workshop is attached in Annexure 2. 

 

44..22  WWOORRKKSSHHOOPP  PPRROOCCEEEEDDIINNGGSS  

4.2.1 Welcome of participants 

The workshop was attended by entrepreneurs and consultants from the following sectors: 

 Foundry units from Kolhapur foundry cluster 

 Engineers and local equipment suppliers  

 Officer bearers of major associations like KEA, IIF Kolhapur chapter, GOSHIMA, MAKH 

and SMAK 

 Technology developers like Wesman Group and Inductotherm India 

 Bureau of Energy Efficiency (BEE) 

 Winrock International India (WII) 

 

The workshop started with the welcome of the participants and the speaker panel. The 

speaker panel consisted of following personnel: 

 Sh Shrikant Dudhane, Director, Kolhapur Engineering Association 

 Sh Surjitsing Pawar, Institute of Indian Foundrymen, Kolhapur Chapter 

 Sh Saurabh Yadav, Knowledge Management Specialist, BEE 

 Sh Manish Soni, Program Officer – Energy and Environment, WII 

 Sh S Subramanian, National Sales Manager, Inductotherm India Pvt Ltd 

 Dr B K Basak, Executive Director, Wesman Group 

 Sh Neeraj Verma, Assistant Manager, EEC, SIDBI 

CCHHAAPPTTEERR  44 
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Sh Manish Soni introduced the workshop to the assembly and invited the speaker panel to 

take respective positions on the dais. The speaker panel was formally welcomed with 

presentation of bouquet of flowers. This was followed by a round of introduction of 

speakers and participants. Thereafter, Sh Shrikant Dudhane was invited to deliver the 

welcome address to the gathering.   

4.2.2 Welcome address 

Sh Shrikant Dudhane was requested to deliver the 

welcome address. Sh Dudhane informed the 

participants about the historical background of the 

project activities, the pilot studies commissioned 

by WII in Kolhapur foundry cluster as a part of the 

Programmatic Framework for Financing Energy 

Efficiency at MSMEs in India. He said that though 

Kolhapur foundry cluster is synonymous with the 

production of high grade castings and has been 

the most preferred vendor hub for precision casting products. He also said that Kolhapur 

foundry cluster has been able to upkeep its reputation as supplier of quality casting 

products to most price sensitive sectors like automobiles, electrical machinery components, 

engineering and so on.  

However, in his address, Sh Dudhane also expressed his concerns about the ever rising 

and non reliable fuel cost which has become a major problem for the foundry units in the 

cluster. He said that there is threat from the international competitors which have lower 

operating cost primarily because of the lower specific energy consumption for 

manufacturing of the same categories of the products. He said that the ongoing initiative 

undertaken by the industry associations in Kolhapur for development of Kolhapur foundry 

cluster has also brought in the objective of bringing in energy efficiency in daily production 

related operations. However, in absence of the focused research for Kolhapur foundries the 

objective for energy efficiency can only be addressed by inviting agencies with energy 

conservation as primary mandate in the cluster. He further added that along with energy 

conservation, development and proper implementation of customized environment 

management programs is also one of the issues that the industry needs to address 

immediately. 

Sh Dudhane expressed his hopes that by 

partnering with esteemed programs like the 

WB – BEE – GEF program for financing of 

energy efficiency in the Indian MSMEs, it will 

not be very difficult to address the issues of 

rising energy costs and environmental 

concerns.  In the end, he proposed 

continued cooperation to the programmatic 

activities in the cluster by the way of 

collective efforts of KEA and other active 
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industrial associations in the Kolhapur foundry cluster.  

4.2.3 Inaugural address 

Sh Surjitsing Pawar, IIF Kolhapur chapter and leading industrialist of Kolhapur foundry 

cluster, was requested to deliver the inaugural address to the workshop. Sh Pawar shared 

the roadmap for future for the Kolhapur foundry industries as discussed in the recently 

organized forum Vision 2020 for Kolhapur Foundry Cluster by the Kolhapur chapter of the 

Institute of Indian Foundrymen. Sh Pawar informed the workshop participants about the 

continuous research and developmental activities and outreach and dissemination activities 

undertaken by the IIF Kolhapur chapter in particular.  He also shared the vision statement 

of IIF for energy conservation and environment protection.  

Further, Sh Pawar along with colleagues from his 

manufacturing unit Marvelous Metals Pvt Ltd, 

shared a case study on the successful 

implementation of various energy conservation 

measures undertaken at the above mentioned 

unit. case study touched upon the following 

important points: 

 Energy conservation through Kaizen 

practices 

 Stages for energy conservation 

 Maximum utilization of 550 kW furnace 

 Equal distribution of metal in pouring ladle 

 Use of insulating cover on pouring ladle 

 Use of RHA on the liquid metal 

 Use of shot blast scrap 

 Benefits and cost reduction by implementation of energy conservation measures 

 

The energy conservation measures adopted by the 

management of Marvelous Metals Pvt Ltd were shared with 

the workshop participants in detail along with the associated 

energy saving and cost saving benefits of the same. The 

details of the presentation by Marvelous Metals Pvt Ltd have 

been attached as Annexure 3 with this report.  

 

 

 

4.2.4 Presentation on BEE – GEF – WB Project overview 

Sh Saurabh Yadav, Knowledge Management Specialist, BEE gave a detailed presentation 

on the project overview of the BEE – GEF – WB project for the Kolhapur foundry cluster in 

particular and other MSME clusters in India in general. Sh Saurabh Yadav introduced the 
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project mechanism and roles and responsibilities of different project partners. Further, Sh 

Yadav presented details on the project components of financing energy efficiency at 

MSMEs in India. During his presentation, he also informed the workshop participants about 

various project activities and perspective of different stakeholders regarding the same. The 

details of the presentation by Sh Yadav have been attached as Annexure 4 with this 

report.  

 

 

 

 

 

 

 

 

 

 

4.2.5 Presentation on Direct & Co-benefits of Energy Efficiency and Opportunities 

for Energy Saving for Kolhapur foundry Cluster 

Sh Manish Soni, Program Officer – Energy and Environemnt, WII presented the direct and 

co-benefits of the energy efficiency project in MSME units. Sh Manish Soni linked the 

adoption of energy saving technologies to other direct benefits like product quality, 

improved workplace environment, compliance with environmental regulations and 

presented the barriers and motivations associated with adoption of newer technologies. 

Further, Sh Soni presented no/low cost energy saving measures for cupola and induction 

based foundries based on the previous research conducted by WII in the sector. towards 

the later part, he also addressed the issue of energy conservation in plant utilities like 

compressed air system etc.  

The details of presentation on Direct and co-benefits of Energy Efficiency and Energy 

Conservation Opportunities for Kolhapur foundry cluster have been provided as Annexure 

5 with this report.  
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4.2.6 Presentation on Upcoming energy efficient technologies for Foundry sector – 

Induction melting 

Sh S Subramaian, National Sales Manager, 

Inductotherm India Pvt Ltd gave a detailed 

presentation on the upcoming energy efficient 

technologies in the foundry sector developed 

by Inductotherm. Sh Subramanian introduced 

the Inductotherm group and its operations in 

India and worldwide. This was followed by 

technical presentation on principles of induction 

melting and the newly developed technologies 

and their respective energy conservation features. He also presented the best operating 

practices for induction melting as well as various losses associated with the non-

compliance with best operating practices. The main attraction of the presentation was 

information on relatively new technologies like dual, tri and multi trak power supplies and 

IGBT based induction furnaces which have immense energy saving potential for smaller 

foundries installing furnaces upto 550 kW ratings. He also presented successful case 

studies and experience sharing of units where IGBT induction furnaces have been installed 

already.  

 

The details of presentation on Upcoming Energy Efficient Technologies for Foundry sector 

– Induction melting have been attached as Annexure 6 with this report.  

 

4.2.7 Presentation on Upcoming energy efficient technologies for Foundry sector – 

Cokeless cupola and Thermal Sand Reclamation 

Dr B K Basak, Executive Director, Wesman 

Group presented a detailed and very 

informative presentation on energy 

efficiency and environment friendly 

technologies – the cokeless melting cupola 

and the thermal sad reclamation system. Dr 

Basak provided details on the already 

existing environment threat, ever rising GHG 

emission and its link with energy 

inefficiency, and the possible way ahead. In 

the technological sections, Dr Basak presented the details of the operating schematics of 

the cokeless cupola melting system and drew comparison of various parameters like 

specific energy consumption, pollution load of SPM, SOx, NOx etc, between the cokeless 

cupola and the conventional coke based cupola melting practices. This was strengthened 

by analysis of cost benefit parameters of the same where cokeless cupola was presented 

as better and financially viable energy saving project. in the second part of the 

presentation, Dr Basak provided the details of thermal sand reclamation system and its 

superiority over other prevalent sand reclamation systems. This technology too, was 
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presented along with the applicable cost benefit analysis.  

The details of the technologies can be found in the earlier Section 3.3 and Section 3.5. 

 

4.2.8 Presentation on SIDBI’s Initiatives in Promoting and Financing Energy 

Efficiency in Indian MSMEs 

Sh Neeraj Verma, Assistant Manager, 

Energy Efficiency Cell, SIDBI provided a 

detailed presentation on SIDBI‟s Initiatives 

in Promoting and Financing Energy 

Efficiency in Indian MSMEs. Sh Verma 

introduced SIDBI‟s objectives and 

background to the workshop participants 

and deliberated on how SIDBI stands out 

among other commercial lending banks by 

virtue of it being dedicated bank for the 

MSMEs in the country. Sh Verma also presented the various initiatives taken by SIDBI to 

improve the knowledge, accessibility and financing of energy efficient technologies among 

the MSMEs. He presented the various financing schemes available with SIDBI and also the 

ones wherein MSME units can avail term finance on relaxed interest rates for energy 

efficient technologies. He also discussed about the linkage of SIDBI with the BEE – WB – 

GEF program, its roles and responsibilities, different credit lines available with SIDBI and 

their respective objectives, governmental subsidy programs for EE channeled through 

SIDBI and examples of successful interventions by SIDBI in promotion of EE in various 

MSME clusters in India. During the presentation, Sh Verma was accompanied by Sh 

Umang Mistry, AGM, SIDBI Kolhapur XBO.  

 

The details of presentation on SIDBI‟s initiatives in promoting and financing energy 

efficiency in Indian MSMEs are attached as Annexure 7 with this report.    

 

4.2.9 Presentation on development of Kolhapur Foundry and Engineering Cluster 

under IIUS 

The last presentation on development of Kolhapur Foundry and Engineering Cluster under 

the Industrial Infrastructure Upgradation Scheme promoted by Ministry of Commerce and 

Industries, Government of India, was presented by Sh Deepak Zade, Sr Vice President, 

Energy and Carbon Services, MITCON. Sh Zade presented the details and updates on the 

multi year project objectives and activities and how the implementation of the same will be 

beneficial to the foundry and engineering industries in Kolhapur. He provided the details on 

the project‟s stakeholders and the proposed project components like common facility 

centers, sand reclamation plants, testing laboratory and tool room services, import export 

house, quality support systems, etc.  

 

The details of the presentation on status of development of Kolhapur foundry and 

engineering cluster are attached as Annexure 8 with the report.  
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44..33  IINNDDUUTTRRYY  VVIISSIITT  

Technical visit to foundry industry was facilitated by WII for the experts from BEE and 

SIDBI. The team consisting of Sh Saurabh Yadav, Sh Vishal Aggarwal and Sh Neeraj 

Verma along with Sh Manish Soni visited M/s Abhijeet Castings, MIDC Shiroli, Kolhapur, 

after receiving consent from Sh D D Patil, Managing Director, Abhijeet Castings.  

During the time of the visit, the unit was in operation and mould making and cupola 

maintenance operation were taking place. The team gathered information on day to day 

operation pattern of the foundry and energy consumption parameters. Sh Patil explained 

about the intricacies of foundry operation and issues related to energy consumption in the 

foundry.  

 

 

 

 

 

 

 

 

 

 

 

 

44..44  FFEEEEDDBBAACCKK  AANNAALLYYSSIISS  

Feedback was requested from the participants regarding the workshop logistics and 

technical contents. A sample filled-in feedback form has been attached as Annexure 9 

with this report. The filled in feedback forms were collected from the participants who chose 

to provide their feedback. Details of the feedback analysis are presented below for 

reference: 

 

 All the participants found the workshop logistics arrangements „good‟ or better. 64% of 

the participants found workshop logistics arrangement „good‟, 29% found it „very good‟ 

and the rest found it „excellent‟. 

 Similar encouraging response was received for the technical contents of the workshop. 

21% participants found the technical contents „excellent‟, 29% found it „very good‟ and 

the rest found it „good‟. 

 93% participants confirmed that they have understood the broad objectives of the BEE 

– WB – GEF project for their cluster. 

 79% participants expressed interest to get associated with the project in either or all of: 

1. Media and out reach activities 

2. Walkthrough/preliminary assessment audits 
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3. Detailed energy audit and preparation of DPRs 

4. Knowledge sharing  

 The popular sources of industrial finance in the cluster are: 

1. Indian Overseas Bank 

2. IDBI 

3. SBI 

4. Cooperative banks 

5. Self finance 

 Almost all the participants expressed their interest in implementing energy conservation 

measures in respective units 
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Annexure 1 

 

PPrrooggrraamm  SScchheedduullee  ffoorr  WWoorrkksshhoopp  

  

FFIIRRSSTT  TTEECCHHNNIICCAALL  WWOORRKKSSHHOOPP  AATT  KKOOLLHHAAPPUURR  FFOOUUNNDDRRYY  CCLLUUSSTTEERR  

UUnnddeerr  

BBEEEE  ––  WWBB  ––  GGEEFF  PPrroojjeecctt  oonn  FFiinnaanncciinngg  EEnneerrggyy  EEffffiicciieennccyy  

aatt  MMSSMMEEss  

  

Organized by           Supported by 

 

                     

 

Venue: Residency Club, Kolhapur 

May 13, 2011 

Program Schedule   

17:00 – 17:30  Registration 

17:30 – 17:45 Welcome of Participants 

Sh Shrikant Dudhane, Director, Kolhapur Engineering Association 

17:45 – 18:00 Inaugural Address 

Sh Surjit Singh Pawar , IIF Kolhapur 

18:00 – 18:20 The BEE-WB-GEF Project on Financing Energy Efficiency at MSMEs 

Sh Saurabh Yadav, Bureau of Energy Efficiency 

18:20 – 18:35 Direct and Co-benefits of Energy Conservation in MSMEs 

Sh Manish Soni, Program Officer, Winrock International India 

18:35 – 19:00 Upcoming Energy Efficient Technologies for Foundry – Induction Melting 

Sh S Subramanian, Inductotherm India Pvt Ltd 

19:00 – 19:25 Upcoming Energy Efficient Technologies for Foundry – Cokeless Cupola 

Melting 

Dr B K Basak, Wesman Foundry Equipment Pvt Ltd 

19:25 – 19:50 Financing Schemes for Energy Saving Projects in MSME Sector 

Sh Pradeep Malgaonkar GM, SIDBI 

19:50 – 20:25  Open house discussions & Roadmap for future 

20:25 – 20:30 Vote of Thanks 

20:30 onwards Dinner  
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Annexure 2 

RReeggiissttrraattiioonn  LLiisstt  ooff  PPaarrttiicciippaannttss  
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Annexure 3 

 

PPrreesseennttaattiioonn  bbyy  MMaarrvveelllloouuss  FFoouunnddrryy,,  KKoollhhaappuurr  
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Annexure 4 

 

PPrreesseennttaattiioonn  bbyy  SShh  SSaauurraabbhh  YYaaddaavv  
KKnnoowwlleeddggee  MMaannaaggeemmeenntt  SSppeecciiaalliisstt,,  

BBuurreeaauu  ooff  EEnneerrggyy  EEffffiicciieennccyy  ((BBEEEE))  
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Annexure 5 

 

PPrreesseennttaattiioonn  bbyy  SShh  MMaanniisshh  SSoonnii  
PPrrooggrraamm  OOffffiicceerr  ––  EEnneerrggyy  aanndd  EEnnvviirroonnmmeenntt    

WWiinnrroocckk  IInntteerrnnaattiioonnaall  IInnddiiaa  
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Annexure 6 

 

PPrreesseennttaattiioonn  bbyy  SShh  SS  SSuubbrraammaanniiaann  
NNaattiioonnaall  ssaalleess  MMaannaaggeerr  

IInndduuccttootthheerrmm  IInnddiiaa  PPvvtt  LLttdd  
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Annexure 7 

PPrreesseennttaattiioonn  bbyy  SShh  NNeeeerraajj  VVeerrmmaa  
AAsssstt  MMaannaaggeerr,,  EEnneerrggyy  EEffffiicciieennccyy  CCeellll,,  SSIIDDBBII  
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Annexure 8 

 

PPrreesseennttaattiioonn  bbyy  MMIITTCCOONN  
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Annexure 9 

SSaammppllee  ffiilllleedd--iinn  FFeeeeddbbaacckk  FFoorrmm    
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