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ABSTRACT 

Data on the Project 
The title of the project is Assistance to the GovernmPnt 

of India in setting up a functioning Aluminium Research, 

Development and Design Centre in Nagpur 

The number of the project is DP/IND/88/015/11-07/J13207 

The immediate objective is to assist in setting up 

activities in the field of basic and process 

engineering of aluminium plants at the R ~ D Centre. The 

duration of the activity being reported on is three 

months, which is first phase of a split mission. 

Main conclusions and recommendations 

The staff members of the R ~ D Centre are able to start with 

activities relating engineering/design work. 

Recommendat1ons regarding continuation of activities: 

1. The training programme should be continued comprising 

all the elements of the activities described in the 

job description of the post <Annex 1> 

2. In the next training period further studies ought to be 

prepared on different subjects related to the Indian 

aluminium production sector 

3. Data base of R ~ D Centre should be enriched for 

supplying accurate and uptodate data for the preparation 

4. 

of studies 

In a later stage financial appraisals of 

ou9ht to be w~rked out in cooperation 

institutes employing e~per1enced economists 

special Job. 

~he studies 

with 

for 

other 

thlS 
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I. INTRODUCTION 

This report ~as been written by Or. Miklos Kelenyi as a 

result of the expert mission to the Jawaharlal Nehru 

Aluminium Research and Design Centre in Nagpur, India, 

on basic and process engineering of aluminium plants 

Job description of the relating post is attached to 

the report <Annex 1> 

T~e activity being reported on has begun on 21.01.1993 

and lasted till 17.04.1993. 

The original obJectives were to assist in setting up 

activities at the R & D Centre in the field of 

engineer!ng and design works for aluminium production 

plants by providing training for the staff of the 

Centre dealing with questions of industrial 

development , and guiding the preparation of different 

studies. 

The obJectives were not revised 

The obJectives were attained proportional to the 

duration of the mission - being the latter first phase 

of a split m1ss1on 

The case stuciy titled " Feasibility Study on Some 

Possible Investment Stages Relating the Modern1zat1on 

of BALCO's Korba Aluminium Smelter .. and attached to 

this report was based on measurements and results o"f 

the report " Modernization of Korba Aluminium Smelter " 

worked out by JNARDDC in July,1992. 

<OP/IN0/88/015/11-10>. 



- 5 -

II. ACTIVITIES 

After the briefing in Vie~na at UNIDO·s Headquarter on 19. 

January, 1993. and New Delhi on 21. January I arrived in 

Nagpur on 22. January, where I was met by 

Dr.T.R.Ramachandran, director of Jawaharlal Nehru Aluminium 

Research Development and Design Centre and Dr. J.Zambo UNIDO 

Chief Technical Adviser. After briefing at the R ~ D Centre I 

was put right on the job. 
My work programme for the period of my stay at the Centre 

from 22. January through 22. April 1993. is attached to this 

report <Annex 2>. 

During the above period two case studies have been 

worked out. 
One of these was related to the modernization of Bharat 

Aluminium Company·s Korba Aluminium Smelter. In this case 

study some of the modernization stages were dealt with, and 

feasibility of the relating Variants <t-4> were examined. The 

study is attached to this report <Annex 4>. 

The other study <which has not been included in the work 

programme> was prepared on the viability of establishing a 

greenfield aluminium smelter plant for export production 

cased on imported raw materials <Annex S>. 

Preparation of these case studies has been part of the 

training programme for the staff of the Centre. Dur1ng 

preparation of the studies I had a series of discussions with 

the Indian expert5 taking part in the training, on 

methodology and practice for working out a feas1b1lity, pre-

feasibiity or opportunity study. 
Building up the body of the studies, UNIDO's guidelines 

given 1n the » Manual for Preparation of Industrial 

Feasio1l1ty Studies have been used as a basis for 

organ1z1ng act1v1t1es related to the preparation of a study. 
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For financial appraisal UNIDO"s software package named 

"Computer Model for Feasibility Analysis and Reporting 

CCOMFAR> has been applied Crelease 2.1>. 

To create a data bank needed for the further activities a 

guideline has been worked out for making easier data 

collection at visited plants CAspects to be studied and data 

to be collected during visits to smelter plants, Annex 3>. 
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I II • CGNCLUS IONS 

Members of the working team taking part in the preparation of 

the studies were selected from various fields of the Indian 

Aluminium Industry. They are able to start with activities 

-elating to engineering/design work in the frame of the 

~resent organization of the R & D Centre. During the 

preparation of the studies they have got acquainted with some 

a~pects to be taken into consideration when dealing with 

development/investment studies. 

Studies similar to the attached case studies could be 

prepared concerning different proJects in the field of the 

alu~1n1um industry to meet tt.e requirements of the Indian 

alumina/aluminium producers and support their development 

activities in the existing plants as well as in setting up 

new production facilities in the future. 
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RECOMMENDATIONS 

The job description of the post titled " Expert in basic and 

process engineering of aluminium plants " comprehends a wide 

range of activities for 

<see Annex 1). 

the duration of 12 months 

Since during the three •onths reported on two case studies 

have been worked out, almost all the paragraphs <1-b) of the 

Job description were touched 

c1fferent ways. 

to a certain extent, 

Nevertheless this short period could only be a part of the 

training programme for the staff of the R & D Centre. 

Recommendations for the next periods can be summarized as 

follows : 

1. 

.., 
,;,.. . 

'"T ..... 

For utilization 

training during 

of the experiences gained by the 

this period the training programme 

should be continued comprising all the elements of 

activities described in t~e Job description mentioned 

above 

Since the setting up 

by preparing 

engineering ac t i v i t i es c an 

grow faster 

proved during 

worked out 

problems in 

studies - as it 

this period -further studies 

on subJects selected from the 

the field of the Indian 

has been 

ought to be 

existing 

aluminium 

production. Selection of these subJects can be done 

after short visits to be organized for the UNIDO 

e~pert to the smelter plants 

As data used for preparation of studies have to be 

accurate and uptodate , data bank ot the R &c D Centre 

should be enriched to contain the most important 

data on the alum\nium p 1 an ts interested 1n the 
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activities of the Centre. 

Specific unit prices Clike building costs/m~, m2
, steel 

structures/t, electric 

for the preparation 

lines, cables/m, etc.> needed 

of investment cost estimations 

should also be collected from the proper sectors 

Indian industry 

of the 

In a later stage , when preparation of 

economic studies becomes a regular activity 

techno 

at the 

Cent re, f inane i al appraisals of 

prepared in cooperation with 

example with NIDC , New Delhi 

experienced in this field 

this special job. 

the studies have to be 

another institute < for 

where economists 

are employed for doing 
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UNl'TEO NATIONS INDUSTRIAL DE'."Et.OPMENT ORGANIZATION 

UNiDO 

PROJECT 1N INDIA 

DP /IND/88/015/11-07 /:J/32.01-

JOB DESCRIPTION 

Expert in basic and process engineering of aluminium plants 

12 months - split missions {first mission 3 months in Jan. 1993} 

January 1993 (first mission} 

Nagpur, India ·_-vith trav~l vithin the country 

IP.,llJOSe of Pfoiect The immediate objective of the project is to assist the Government 

I 
I 

I 
I 
I 

I 

of India in setting up a functioning Al~Aiinima lesearch, Develo9mcnt 
and Design Centre consisting of: 

a) 
b) 
c) 
d) 

e) 

Alumina Production Research De~arnaent 
Aluminiua Electrolysis Department 
Analytical Research Department 
General Services, Instrumentation and Control 
Dep~rt.ment (incl. Vorkshop and Maintenance) 
General Administration and Finance Department 

The Centre vill develo9 capability of carrying out the folloving 
main functions on behalf of and in co-operation vith the bauxite 
processing/alumina production and aluminium smelter industries 
in the country: 

a) Assimilation and adaptation of available technologies 
b) Providing reco11111endations and ad hoc or applied and 

analytical research to local industries in process 
improvement, transfer of technology, etc. 

c) Setting up and operating a data bank 
d) ProvidiAg training of Indian enginee~; 

Ai:>pliutioru ~nd communicationt ttljltd•nq 1hi1 Job Dt1Ctip1ion should bf stnt to: 

.... / .. 
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Duties: 

.DP/IND/88/015/11-07. 
- 11 0 

The ex;ert 1Jill be requir"'d .t ... adniso on h."ls'c and pr,,cess 
engineering of aluminiUlll SUlelting nlants and on improvement of 
alu•in:um oroduction technolo~y and planr ~J>-rarion . 

His ma:n duties vill be to: 

1. Assist in setting up engineering desif;ll activities in the 
Centre - pre-investwient feasibility studies, process and 
basic engineering, techno-economic justification and calcula­
tinns. motlif;cation of rechnologies and equipment, etc. 

2. Provide training on the counterpart staff of the Centre in 
the mectiodology of basic and ~rocess engineering desion 
vnrk~ (processing design, material balances, selection of 
equip~t, layouts, preparation of cost est:illates, computer 
applica;ion/modelling,etc.) 

3. Provide guidelines in the elaboration of basic and process 
engineering design for the aluminium production plants and 
copies of the latest relevant teclmical literature aud 
info~tion. 

4. Delive= a series of lectures on basic and process engineering 
and f~ibility studies on establishment of nev and develop­
ment/.i::provement of existing aluminium production plants 
(feasi'.:>ility reports, conceptional design, basic engineeriug 
packages for modermisation, etc.) 

.5. Analyze and re'l.-iew the existing practice of engineering 
design vorks for alUllli.ni.um industry of India and prepare 
approp~iate recommendations on its improvement, including 
R+D Ce=tre in Nagpur. 

6. C:uide in the preparation of a case study for the modernisation 
of Uh? of :he existing aluminium smelters and another one on 
the ex;iansion of an existing aluminium plant vitb nev 
prod~c:ion line. 

The er;iert is expected to prepare and submit a technical 
report in line vith UNIDO requirements upon completion of 
his mission. 

Qualifications: University degree, preferably PhD, in chemi~al or metallurgical 
engine:ring ~ith £xtensive practical experience in basic and 
process engineering de3ign of aluminium smelting production 
plants, incl. computer application and mathematical modelling. 

Language: Englisil 
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DR. M. KELENYI, UNIDO EXPERT IN BASIC AND PROCESS 

ENGINEERING OF ALUMINIUM PLANTS 

PERIOD OF STAY JAN. 22 - APR. 9, 1993 

Durinq the period of his stay, Dr. Kelenyi is expected to 

1. Start up activities at the Centre in the preparation of 

pre-investmer?t/feasibility ·studies -by preparation of a 

case study based on the report "Modernisation of Korba 

Alumina Smelter" (JNARDDC, July 1992). 

2. Provide training and guidelines for the staff of the 

Centre in the areas of data collection, working and basic 

concepts a~d preparing the study. 

'fhe structure for the study and the time schedule for 

preparation are indicated in points 3 and 4. 

Structure of the studv 

i. E;<ecuti ve summary 

ii. Project background and baGic idea 

iii. Raw materials and production costs of the existing 

smelter 

iv. Engineer:ng and technology 

Possibilities to r~duce energy consumption 

Selection of machinery and equipment 

Investment cost estimation 

1. Fixed investment 

2. P~e-production expenditure 
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v. Implementation. Planning & Budgeting 

vi. Financial appraisal 

Profitability indicators 

Sensitivity analyses: investment cost,- energy 

Time Schedule 

i. Assessing possibilities to reduce electrical energy 

consumption in Korba smelter 

Description of selected methods for ensuring pro­

cess technology steps required 

Selection of machinery and equipment 

Collection data on production cost (upto 12 March) 

ii. Estimation of investment costs (upto 19 March) 

iii. Data supply for financial appraisal (upto 22 March) 

iv. Financial appraisal (upto 5 April) 

v. Executive sununary and presentation (upto 7 April) 
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ASPECTS TO r~ STUDIED AND DATA TO BE COLLECTED DURING VISITS 

1. 
a. 

TO SMELTER PLANTS 

BY DR. M. KELENYI UNIDO CONSULTANT 

Technical aspects 
Total plant : product selection, capacity by 
departments, area of total plant/ specific area of 
the smelter source of water supply, plant demand 
m3 /day source of electric energy, power demand MW 
climatic, meteorologic conditions table of plant 
organization, number of employees 

b. Potlines and pots 

Production capacity of reduction plant 

Number of potlines 

Number of potrooms/potline 

Operating pots/potline 

Amperage/potline 

Pot l 1ne voltage 

Type of pots 

Pot arrangement 

Current efficiency 

Power consumption DC KWh/t AL 

Power consumption AC for the total reduction plant 

Alumina consumption tit AL 

Aluminium fluoride consumption Kg/t AL 

Other additives: 

Fluc.rspar C. t::g/t AL 

Seda ash C. Kg/t AL 

'°/::i-:: ar Lisea alumina< spec. surface 

~ncce con~umpt1on gross tit AL 
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Anode consumption net tit AL 

Size of anode butts Y. 

Weight of cathode insulation 

Weight of cathode shell 

Weight of anode <total> 

Weight of busbars/pot 

Current density in busbars 

Dimensions of potrooms 

Anode effect frequency/pot day 

Manpower for reduction plant hours/t AL 

Dimensions of potrooms 

Building structure of potrooms 

Number of cranes/potroom 

Special <ECL> 

Common 

Break - feed system, cycle of operation 

Pot tending : 

anode changing, cycle 

anode sliding, cycle 

metal tapping, cycle 

Molten metal trar.sport 

Size of tapping laddies, number/potroom 

Pot life-time 

Pot rel1n1ng, in place or 1n separate shop 

Cathode baking system 

Process control software 

Pot resistance 
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Alumina feed 

Detection, announciation and suppression of anode 

effects 

RPsistance control during tapping 

Compensation for heat loss during anode changing 

Data collection reporting 

Potline load control 

Plant electrical demand control 

Origin of process control hardware 

Gas cleaning system < primary, secondary> 

Applied equipment 

Values of clean gas F gas mg/N ms 

F dust mg/N ms 

Total dust mg/N ms 

Means of environmental control 

Quantity of fluoride recovered by cleaning 

system Cif any> 

Alumina supply and handling system 

Unloading and storage 

Primary alumina storage for --- days sup~ly------t 

Alumina tanks feeding potroom fume control 

for ------ days supply ----t 

Alumina tanks downstream from fume control 

for---- days supply-----t 

Pot day tanks for •.••. hours supply •..• t 

Wor~ schedul~: potrocms shift/week, hours/shift 

potrcom service week. hour~;sh1ft 

I 
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Anode plant 

Net production t/year 

Petroleum coke consumption 

Pitch consumption 

Gas/oil consumption Nm3 /t anode 

Heating value of used fuel K J/Nm
3

, t 

Water demand m3 /hour 

Number of production lines 

Number of baking furnaces 

Number and type of special cranes 

Type of baking furnaces 

Type of •ixers 

· Gas cleaning system 

Removal of hydrocarbons Y. 

Removal of fluorides 'l. 

Used materials: 

Calcined petroleu• coke 

Specific density Kg/dm3 

Bulk density Kg/dm 3 

Sulphur content 'l. 

Screen analyses 51, F, V 

Coal tar pitch <liquid or solid> 

Sulphur content 'l. max 

Coking Yalue Conradson 

Gr~en c•rbon •anufacture 
moda of forming anodes 
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green density 

Carbon baking and cooling 

Carbon rodding 

Transport and storage 
Coke silos for 
Pitch silos for •••••• 

Baked anodes 

Rodded anodes 

Working schedule 

months supply 
months supply 

t 
t 

Rodding hours/shift, shift/week 

Carbon plant hours/shift, shift/week 

Baking furnace firemen hours/shift, shift/week 

d. Foundry 

Product selection 

Production data 

Equipment according to the product selection 

Rod casting 

Strip casting 

Rolling slabs - ingots 

Extrusion billets 

Remelt ingots 

Other products 

~umber of mixing - melting furnaces 

Capacity of mixing - melting furnaces 

Number of ~omogeni:1ng furnaces 

Ca;::>acity 

~lumt.e-r and capacity of other equipment 
~eau1r~d area fer foundry bu1iding 
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e. Electrical 

Energy supply system and rectifier stations 

Number of incoming lines 

Step down station voltages KV/KV 

Number of main transformers 

·_1 Power factor and its improvement 

·.1 
Number of distribution voltage substations 

Number and capacity of rectifier stations 

I Number and type of units/station 

Standby/station 

Cooling of rectifiers <water, demand if any> 

.I 
Regulation system DC <constant current, power etc> 

Mode of regulation <common, individual, transductors, 

I tapchanger> 

Range of regulation <off-load ranges, onload ranges> 

I Back reaction to the network 

I 
Rectifier efficiency <transducers if any, saturated> 

Required area for sw1tchyard, rectifier stations, main 

I busbars for feeding the potl1nes 

Control room equipment 

I Manpower requirement for supervision and maintenance 

I 
t . iransoort fac1lit1es 

Roac 

I Rall 

Special vehicles 

I Others <pipe, belt conveyors> 

~· Hartour Fac1l1t1es <1f anyl 

I 
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Capacity of alumina silos 

Capacity of coke silos 

Ship unloading 

Capacity of unloader <AlzO>> t/h 

Capacity of unloader <coke> t/h 

Unloaders type 

Transport to transfer silos 

Construction 

History of construction 

Engineering and main contractor firms 

Time schedule followed during construction period 

Con~rol/monitor system in planning the construction 

<CPM, PERTH> 

a. 

b. 

c. 

If there were overrun <or spill over> in the 

original time schedule. If so, its main reasons 

and also its impact on techno-economic aspects 

Number and area of subcontractors involved in 

construction activity 

Manpower requirement during construction 

Owners organization 

Consultant/contractors organization 

Mechanism of interfacing 

Tra1n1nq of personnel <1n house training fac1l1t1esi 

Supervision by technology seller during 

Construction 

Start-up 

Steaay op~rat1on 

I 
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,., 
·1 3. Techno-economic 

Investment costs by main departments 

I General plant 

·.I 
Pot rooms 

Anode plant 

.1 Baking 

Rodding 

·I Foundry 

I 
Auxiliaries 

Fume treatment 

·1 Process control 

Compressed air system 

.1 Rectifier and switchyard 

I 
Services 

Maintenance 

I Warehouses 

Material handling & storage 

I Data related to the production costs 

I 

11 
Un i t p r i c es of : Alumina 

Petroleum coke 

I 
Coal tar pitch 

Metallurgical coke 

I Cast iron 

I Fuel oil <for f1r1ng 

I 
baking furnaces> 

I 
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Compressed air 

Water 

Total production cost/t product 

Salaries & wages by c~tagories 

Manpower 

Chief/foreman 

Engineer 

Skilled worker 

unskilled worker 
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JAW AHARLAL NEHRU ALUMINIUM RESEARCH 
DEVELOPMENT AND DESIGN CENTRE 

NAGPUR 

FEASIBILITY STUDY 
ON POSSIBLE INVESTMENT FOR MODERNIZATION OPI10NS 

OF BALCO 'S ALUMINIUM SMELTER AT KORBA 

Preparation of this case study has been a part of the training programme for setting up 
engineering activities at the Centre 
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JNARDDC has started with activities related to preparations of studies, 
including financial evaluation applying the UNIDO COMF AR system. 
As a possible topic for the first case study Modernization of BALCO's 
Korba Smelter has been selected. 
For the modernization of the Korba smelter a series of measurements 
have been carried out and a study worked out by JNARDDC 's and 
BALCO's experts along with UNIDO consultants, in 1992. 

Based on these measurements and the study, a proposal was prepared 
and submitted to BALCO, for modernization of the smelter. This 
envisages the introduction of a process control system together with 
reorganization of the pot tending operations - thus siabilizing thermal 
state of the cells - as well as introduction of a semi-automatic 
crustbreaking system by installation of computer controlled bar breakers 
on the pots, thereby leading to improvement in current efficiency and 
power consumption in the reduction plant. 

Results of realization of investments needed for the considered 
modernization have been evaluated in the Base case of the present study. 
In the Base case an adaption of the COMF AR system ( which was 
basically developed for evaluation of production ·plant investments ) for 
the evaluation of a plant modernization has also been worked out. 
In a second variant of this case influence of a compression of the 
construction period on the profitability of this investment was also 
demonstrated ( Variant I..). 
Results of evaluation of the Base case: 
By this investment current efficiency could be increased by 5 3 and 
power consumption decrea5ed by 1097 kWh/t Al D.C. , among other 
improvements in performance data. 
Utilizing the improvements in current efficiency figure for raising the 
production capacity an additional 5869 .2 t/year metal prodcution could 
be achieved. 

The economic calculations were based on this surplus production. 
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The most important economic indices: 

Investment cost (thousand rupees) 

Construction period years 

NPV (Net present value at I 03 
discount rate, the annual 
net cashflows discounted 
yearly to the date of beginning 
of the project construction) 
(thousand rupees) 

IRR (Internal rate of return on total 
investment, overall profitability 

Variant I Variant 2 

185724.50 177462.50 

2 l 

717420.tiO 791484.10 

index, or interest rate of return) 3 63.45 72.87 

Pay-back period (from the first year) 
years 3 2 

The results show that in the presumed Base case m view of the 
economic indices Variant 2 should be preferred. 
These good results are due to the fact that all the advantages of the 
modernization are utilized to achieve the possible best current efficiency 
and a smooth operation of the reduction plant. 

Presently a contract with a foreign partner regarding modernization of 
the smelter is under consideration. According to the programme of the 
modernization, by installation of a process control system and 
reorganization of the pot tending operations, 873 current efficiency and 
16500 kWh/t Al D.C. power consumption could be achieved. 
In the present study was also examined (in Variants 3 and 4) the possible 
situation, in which the results mentioned above have been achieved, and 
in a next stage of further modernization modifications in the supplying 
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alumina plant for producing intermediate (coarse) type of alumina as 
well as introduction of scheduled crustbreaking and crustbreaking at 
anode effect prediction by installing computer controlled bar breakers on 
the pots would be realized. 
In this presumed modernization stage has been examined the case, when 
the target was the low energy consumption (Variant 3) and another case, 
when the target was to reach the highest possible production increase 
utilizing the improvements in the pot performance data for raising the 
currrent efficiency (Variant 4). 
In the first case (Variant 3) current efficiency has been increared by I% 
and power consumption decreased by 1020 kWh/t Al D.C. 
The economic calculations were based on part of energy saving as well 
as on an additional metal production of 1173 .2 tlyear. 
In the second case (Variant 4) current efficiency has been increased by 
3.5 3. 
Utilizing this improvement for raising the production an additional 
production of 4108.4 tlyear could be achieved and economic 
calculations were based on this surplus production. 
The construction period for both cases was forecast in 24 months with a 
minimum production foreseen in the second year of construction. 
A comparison of the economic indices of the two cases is given below: 

Investment cost (thousand rupees) 

Net present value (NPV) 
(thousand rupees) 
Internal rate of return (IRR) % 

Pay-back period (from the first year) 

years 

Variant 3 Variant 4 

396165.00 396165.00 

108608.90 423874.80 

15.03 27.01 

7 4 

In view of the results above, the second case (Variant 4), when all the 
improvements achieved in pot parameters were utilized for raising the 
production should be preferred. 
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Forecasts regarding world aluminium supply-demand are encouraging 
activities in connection with finding possibilities for putting into 
operation new capacities in the future. From this point of view the 
second case (Variant 4) is of great importance. 

Furthermore, using an exchange rate of I S = Rs. 30, the present metal 
price taken into consideration was 1493 US Sit Al. 
If metal price increased to 2100 US Sit Al {forecast for 1996), the IRR 
could reach the figure of 433 (see sensitivity graph of Variant 4, page 
103 of the present study). 
In these cases was also demonstrated that - in proper market conditions -
raising the production is more profitable than utilizing the improvements 
in performance data simply for decreasing the power consumption. 
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Project history 

The Indian Aluminium Industry looks back to a history of +l years. At 
present there are 6 aluminium smelters \\ith an oYerall capacicy of 
580.000 tonnes per year. During the past years. India became one of the 
leading countries in the world ha\ing substantial bauxite resouces. The 
total bauxice rese1Yes of India are estimated to be of the order of .?650 
million tonnes. 
The existing aluminium plants in India are based almost entirely on 
technology imponed from various sources. ·The technologies followed in 
tht! existing plants are from various countries/suppliers - KAISER. VA~IL 
ALC~~. MONTECATINI and ALUMINIUM PECHINEY. 

BHARAT ALF~IINil!M CO.MPA~Y is one of the leading producer of 
primary meral. The annual capacity is 100.000 tonnes. The technology is 
supplied by V A).II (erstwhile ESSR). The smelter was commissioned in 
different phases as gh·en below: 

Firsc phase commissioned on -
Second phase commissioned on­
Third phase commissioned on -
Fourth phase commissioned on-

1975 
197"7 
1983 
198-J 

Basic data on Korba Smelter 
Producr mix: 
Pigs-. 
Rolled products­
Propt>rZi iods· 
E~;m.1sion producr.s­
Toral producrion· 

~o of potlines· 
Ni..) ,)f pl)trol;m:;· 
Toral ~o. nr pnrs· 

20.000 t/year 
40.000 t/year 
35.000 r/year 
S.000 r/vear 

100.000 t/year 

) 

8 
·~08 
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Line current (nominal)- 100 LA 
Current efficiency- 81 % 
Specific cryolite consumption- 18 kglt 
Specific AIF3 consumption- -t2 kglt 
Specific power consumption- 17 kWh/kg D.C. 
Specific paste consumption- 565 kglt 

Inicially up to 1983 the smelter could not run to full capacity because of 
po\\·er problems. Later on third phase and founh phase were 
commissioned after availability uf power. 
Inicially up co 1983 currenc efficiency was very low 79-SOCJb on accoum of 
power probltms. From 1983-86 efficiency ·was good about 83-85% as 
third and fourth phase were commissioned. 
From 1986 onwards current efficiency went down caused by operational 
problems and periodical lack of pO\ver ro the potrooms. 
The technology applied in 1':orba Smelter is quite old and outdated. 
dependent on manual labour and lack of process automation. The modem 
day smelters are much less dependent on human factor and apply point 
feeding system. dry scrubbers and process automation \\ith poc 
controllers. 
\Vith the energy costs increasing and becoming prohibitive all over the 
world. the present trend is to increase current efficiency . decrease 
specific power consumption. In comparison \\ith this scenario al tht­
Korba Smelter the po\\·er consumption is \·ery high combined with low 
i'!.IITt>m dficit>ncy. Tht follo\\·ing table gi\·es tht- comparatin: figure~ for 

t,:orba Smdkr \·\·ith lhe best VSS cells and industry an'.rage. 

Table I Energy consumption and current dficit'ncy figures for 
Sot-dberg cdb; 

I Cc11l;..l!1nprion : B~.;;i Indu~crial . Korba 
: an~ragt- data · Smdtt:"r I 

~ 

I j Enr:-rgy enm:11mption 
k\Vh/kg . ..\10.C. 13.5-1-J.O 1-tS 17 

I ... I r-' ... __ . -· 

I\... Ullt:lll J dfidtnn· (%) 90.5 87 81 
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modemiz<:tion of similar smelters all O':~r the v:'-)rld. Ho\\·ever foes:: 

iin-ol•:e high inn~stment C•)St~. 
In order to achieve the goals of k•':.'."ding the t:-ntrgy ~rnd r:.w: n.1;.lit-ria! 
consumptions a series of measurements han' be~n (\lrried om re~p~ct!~:dy 
a studv was worked out bv l!NIDO exoen Dr. J. Hor.-mi1 along '-\·ith 

.. : .· ' ~-

J:\ARDDC and BALCO experts. 
Based on rhes~ meausurement and on lhe study a proposai has btt'i1 

submitred to BALCO for modemizalion of I~orba Smdier. 
Acc1.xding [(; the rtsuli:.' of lht study by i°c''.t:1rgani:ing lh;-- p,)[ kndi11~ 
opt:r<.:ti1.)n~: and inrroducing dt:ments of µroce::;::: cont.-ol :~y~:tem g.ood 

parnmettrs could be achieved. 
Installation of process control ~nd s~mi-aut~)r.HHic crnst br;:'.al:iag a:: ._,_.ei; 
a~. imprc·:ements achievable by the rtbti:~g reorganizatk')n-.t~ indicared ir. 
the $ll!dy mentior.ed abon·-has been accepted as Ba~E'. case '-1f the p:-tsenr 

study( Variants 1 and 2 ). 
in addition to the Base case a possib!e ')irnation \':as also examined in 
\':hich after ;1 first sta2e of a modernization oro'.2'.rnm ( insra!hnion of a 

·-· 1 ~ ~ 

pro(·h~ C(llltroi ~ystem oni:"·) in a ~ect.ind stage tnsrnliation nf ~erni­
<H!fl)!ll<H!c 1:rus1brt:aktr :-:ysttm togttht:'.r -..'-·ith app!!c~Hi(1n ·~ii impl\)\·h~ 
~: l.i~lii r\· { i:·i ;dT1kdiatt. r.:pe ·i aimnina ha :.r.· bt:c: i ti.lkt::n iili~'t • .-nrbidt !·;.1 t i1•1i . . . . . ; 

, T '"' • ,,.. , l • 
4 '.· ,_t r~ .. d~ i .) .:.i ,1 t1d -~ j. 
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Main raw materials and power 

The main raw materials used for production of aluminium metal in this 
Soderberg type smelter are: 

Alumina 198.000 tlyear 
Fluorides 4,200 tlyear 
Cryolite 1,800 tlyear 
Anode paste 56,500 tlyear 

As to the power consumption the present specific power consumptuion is 
16997 kWh/t Al D.C. In the Base case 1097 kWh/t Al D.C. reduction in 
power consumption could be reached which calculating with 97% 
conversion efficiency would come to 1131 kWh/t Al A.C. 
Quantities of raw materials indicated above as well as Jabour and utilities 
consumption have to be decreased due to the results of the investment and 
reorganization of poi tending operations connected to installation of new 
equipment. 
In spite of this fact. because of the possible improvements in the current 
efficiency figures increased metal production was the only item on which 
profitability calculations were based in the Base case as well as in 
Variam 4. 
In Variants 3 and 4 the specific power consumption could be reduced by 
1020 k\Vh/t Al D.C. Using the same conversion efficiency figure as above 
it would come to 1052.54 kWh/t Al A.C. In Variant 3 both energy saving 
and increasing in metal production have been taken into account. In this 
cast beside 1173.2 I/year surplus metal production using a power price of 
0.9 Rs. k\Vh and a metal price of -14.8. 103 Rs/t Al. the annual sa\-ing in 
energy comes to : 

9-t729 · -t-t.8. 103 * 1173.2 = -12169.6 * 103 Rs. 

Special production cost used for calculations 
As to the production cost of the surplus metal produce~ the general 
approximation has been applied according to which in case of production 
increase achieved by raising current efficiency the production cost to be 
taken into account is equal to the cost of alumina only needed for the 
reduction proct=ss. 
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Scope of the Project 

Results of measurements carried out at the Korba Smelter as well as 
evaluation of the same clearly show, that the VSS type pots at BALCO's 
Korba Smelter could give the opportunity of an improYed operacing 
perfom1ance if basic problems were eliminated. 
The original manual prepared by the kno\v-how suppliers of the Smelter 
was updated in 1992, by the experts of JNARDDC. 
A technical report mentioned in Chapter II. of this study has also been 
\Vorked out by JNARDDC. Based on the results of the study certain 
operating parameters of the pots could be improved as shown in the table 
below: 
Table II Operating parameters for the BALCO electrolysis cells at 

Korba Aluminium Smeltt-r 

Parameters 

Molar ratio 
AC- distance i 
Cell voltage 
Current efficiency 
Anode voltage drop 
Cathode voltage drop 
Voltage components 

Existing 

2.75 
-lO cm 
-l.62 v 
81% 
O.SV 
0.39 v 

I Expected 
I 

I ) ·5 I _.b 
; 5.S cm 
: -l.57 v 
!88% 
! OAOV 
10.35V 

~\_\_)I_ta~,g~e_d_t'l~)p_u_·1_1L_:c_in_s_tr_u~_~t_io_n_e_le_m_e_nt_s~--~;~_l_._lQ ___ V __ ~i_l._0_5_\_' __ _ 
Voltage demand for aluminium production l.83 V : 1.9-lV 
Voltage drop in ACD- gap , 3.-l4 V i 3.52 V 
Volca_ge drop in dectrolvte ! 1. 78 V : l.87 V 
Energy components: 

Energy for aluminium production 177.6 k\V · 188.32 ::w i 
Heat losses 1 270.5 k\V : 25-J.79 kv.· J 
Energv dficienc·~· 39.6% i -J2.5% l 
1-:---l~----____.:--~~~--~--~~---~~-~:--~-:--=----, 

Energy consumption , 16.997 \ 15.-18 I 
: k\Vh/kg I k\Vh/kg 
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In the present study some variants of stages for modernization have been 
dealt with. 

Process control 

At the present le\'el of technology. the control of the Hall-Herouh process 
for optimal results depends largely on the quality and diligence of the 
potroom personnel. E\'en the best efforts of this personnel hin-e a limited 
impact on improving the operational results. Complexity of the process 
requires faster means of data analysis and response. A conceptual basis 
for a step by step progress toward an optimal use of the resources to focus 
on the first level improvement without design modifications of the pots and 
all the efforts focused on gaining better control of the process variables 
through intensive use of relatively inexpensive means such as process 
control computers. The extreme sensiti\·ity of profit to technical 
performance puts a heavy burden on the shoulders of the operating 
personnel. It is therefore of some importance to determine the means 
necessary the potroom \\·orkers to cope with his assigned responsibility. 
TI1e production of each pot varies \v·ith time. At any given time individual 
pots or group of pots of a potline show significant variations in 
productivity. This spread in performance occurs despite all dforts at stable 
and uniform operations. The table below shows a partial list of the more 
importanc elements of a pot process control system. 
Table - III Some of the control actions in aluminium reduction process 

I R . ··1 ··t lll '. ~es s i. l.e 

Alumina cover 
Alumina concentration 

, Anodt'- rachode diswnct:' 
Crust formntion/ledging 

I 
\ltti.ll len~I 

1 
Bath le\·el 
Bath composicion 
Bath temperature 
Voltage drops 

Po1 tending 
Crust breaking 
Anode effect extinction 
Anode operations 
Tapping 
Beam raising 
Alumina feeding 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Increasing the time and frequency of measurements evaluations and 
control actions would be prohibitively expensive. The attainable quality of 
process control by such additional efforts may not be sufficient to 
reproducible good results. For example the resistance control is a very 
demanding job and the infrequent checks of the pot voltage by the 
potroom personnel is totally insufficient to maintain stable and good 
performance over long time span. By contrast! a computer control syste!l1 
permits an almost continuous collection of pot voltage i:!nd line cun-ent 
data \\ith high accuracy. The bath resistance is computed from these data 
with regard to other voltage drops and subs.quently commands for raising 
and IO\vering anodes at desired small increments are issued at selected 
time and interval. Introducing a computer process control system the 
potroom worker in a computer supported operation can contribute to the 
sucess of the operation by taking over those tasks which can not be 
handed over to the instmments. Example tasks are the periodic \·isual 
inspection of the alumina CO\'er. frequent checking the them1al balance( 
heat escape through alumina cover. bath temperature ) among others. 
Besides choosing introduction of process control we consider in the base 
case of this study partial automation of crust breaking system by applying 
computer controlled bar breakers. 

In general. it is know11. that low energy consumption and high current 
efficiency cell operations are characterized by: 

Compensated magnetic fields 
Vohage and/or resistance regulation and automation 
Efficient alumina feeding technology 
Stablized bath composition 
Good frozen profile 
Lnw ')Uperhear 

To achie~:e the impro\·ement of the operational parameters the atX1'·:t 

components have to be modified by the means as under: 
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Voltage and/or resistance regulation and automation 

No\\·adays controllers based on microprocessors are used in the 
aluminium smelters. They measure cell voltage and line current. and check 
the possible errors like cell instability and control the necessary operations 
e.g. anode stud replacement. starting of alumina feeding. The measured 
data are displayed and are helpful in predicting the occunmce of anode 
effect. The controller can follow the operational evencs e.g. automatic 
anode adjustment during metal tapping. A set of controllers ( say 13 ) 
would be coJtrolled by a separate microcomputer. 

The main functions of pot controller are : 

- Noise analysis- wa\ting. pulsating and fluctuating - suitable for detection 
of cell failure operation. 
The appearance of wa\ing noise indicates hydrodynamic instability of 
the melt. The circulation and fluctuation of the melt changes the actual 
anode-cathode distance and results in a wa\ing cell voltage. 
Pulsating cell voltage can be recognised when the cell has certain anode 
bottom problems ( spike. large amount of skim ). Temporary anode­
cathode short circuits cause sharp falls in the othen\·ise normal cell 
voltage. Fluctuations characterize the thennal state of a cell. The 
relatively warm cell has a noise of small amplitude and in case of a 
rt>lari~:dy cold cell. fluctuations ar~ larger. then the cell is call~d "noisy". 
Computer control requires a special algorithm for detection of different 
kinds oi noises. 

-Prt-dicrion of anode dftcr through an appropria1e algorithm. The Lmn i:~ 
ba~ed on the change of $iopt of re~~istance - rime curn·. 

To reach a more stabilized ceil operacion ii '.s necessai:: ~o adjust the 

rargec cell voltage. Adjustmem of rarger cell \"Olt<•ge res11lrs in srnhilized 
heat balance \Vhich leads to impro\·eme;it in operational parnmerers. 
Special metal tapping procedure will bt:" introduced to stabilize rh~ thermal 
stall- of !he cell. 
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Efficient alumina feeding technology 
Alumina content of the bath is one of the most important parameters of the 
process and therefore regulation of alumina feeding is of great 
significance.The Soederberg aluminium pots °\\'ith vertical studs are not 
pro,:ided \\ith automatic feeders! so the alumina feeding can hardly be 
regulated. Some years ago bar-breakers and point feeders were developed 
for the pots, to improve· the alumina feeding technology. 
An important feature of the proposed modernization project is to install 
bar breakers. To a\·oid the sludge and deposit formation on cathode 
bottom the alumina content in bath must be maintained at low value. It is 
possible to maintain lo\v alumina content in"the bath \vith combination of 
scheduled crust breaking and crust breaking at anode effect prediction. 
This procedure is expected to lead to sludge-free cathode bottom. 

Stabilized bach composition 
The optimum electrolyte composition depends on cell construction! 
alumina quality. and understanding of the cell beha\iour by the operators. 
The deccrol}1e composition should conform to molar ratio of 1.65 \\·ith 
average alumina content of 4.i)% and calcium fluoride -l.0% \\ithout other 
additives. 

Taking into account the modifications in cell technology and introduction 
of computer process control as well as application of bar breakers the 
expected parameters included in Table II can be easily approached. 

Certainly without coarsening the alumina used in the smelting process a 
current ~fficiency of 0.86 and a specific electric energy consumption of 
L5900 k\Vhit Al DC can only be achien~d {Base case Variants 1 and 2) . 
. -.\ possibk simation in which in the first stage of a modenfization by 
inrrolfot'tion 1)f d process control system certain improvements m 

pt"rformance data has only been ach;e\·ed \':as also examined 
(Variancs 3 and -J). 
Table IV shows the starting parameters and the achie\·able improvements 
by installation of semi-automatic crustbreaker system together with 



- 17 -

modifications in the suppl}ing alumina plant resulted in the capability of 
the latter for producing intermediate type of alumina. 

Table IV Impro,·ements in parameters applying semi-automatic 
crustbreakers and us_ing coarse alumina in the reduction process 

I Parameters I Achievable ! Achievable 
1 achie\·ed bv i parameters if the 

I 
parameters if I 

' 
1 the end or a-

• 

target is the lo\\- I the target is the 
! first stage energy consumption I high producthicy 
I 

Variant 3 I Variant -J I 
Current ! i . ; 

efficiency % I 87.0 I 88.0 i 90.5 ! 

Cell ,-oltage V I 4.87 4.57 I 4.75 I 

Electric energ,v I I 

' i I I 

consumption i I I 

I I I 

k\Vhit Al D.C. 16500 15480 i 156-JO I I 

Coarsening of alumina hydrate at rhe Korba alumina plant 
Background 
In Bako's alumina plane the precipitation technology has been designed to 
produce alumina trihydrate \\ith fineness ranging bet\\·een 30-35% --JS 
microns fraction in alumina produced. The !ow temperature European 
process without interstage cooling \\·as operative \\ith yield of alumina 
with high fineness and high alpha content. The designed primary hydrate 
dassification system is also inoperafr1:e due to process constraints. 
H(1\\·e~:c:-r \\-ith changing cechnology it has btcome pertinent on the part 1.lf 

alumind quaiity to be as per the smelter requiremtnt which is to be <10% 
of minus 45 micron (sandy alumina). Persuading tht programme:- rhi:­
scienfr~.t:~ of J~ARDDC and VNIDO experts have discussed the problem:~ 
and iKtions \\·irh complete prefeasibility economic ana!ysi:; made for tht 

projt:'ct. 

The actions proposed ior coarsening ·of hydrate are as under: 
(a) To fo\'our coarser particles agglomeration the change of 
ttmperature profile and introduction of imensified interstage coolers 
(b) T\vo stage classification of hydrate is to be introduced. 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
ii 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 18 -

(c) To favour effective agglomerntion the seed washing is to be done 
in pan/belt filters for the reduction of oxalates. 
( d)For efficient seed classification system the seed thickner is to be 
introduced. 
(e) Salt remo\--al system installation for reduction of salt le\·els which 
favours precipitation. 
(0 Installation of centrifuges for removal of marketable quality 
vanadium salt to improve byproduct quality. 

In order to achieve a coarse product the present simple European process 
may not be sufficient. instead a double seeding method will have 
advantage of both American and European process. 

Parameters 
i) Agglomeration phase: 

Conditions similiar to American process. 
Caustic concentration around 150 gtl. 
Temperature (start) 75-800C 
Residence time < 6 hours. 
Fine seed 70-120 gtl. 

ii) Growth phase: 
Condition similar to European Process. 
Temperature < 60-6SOC. 
Coarse seed > .250-300 g!I. 
Residence time 50-55 hours. 

In the presenr system with higher first precipitator temperature 70-750( 
v;ith interstage cooling intensification the super-saturation can be 
impro\'ed by fine seed charges. For that the slurry from last precipitaror is 
to be handled in existing prima1y hydro-separator '-\·ith modification. 
\VhNe as the product coarse hydrate is remo•;ed as product. The overf!o\1.· 
is ro bt handled in stcondary classification sysrtm consisting of 
hydroc:;clont. The fines obtained by secondary classification after seed 
\\·ashing in pan /bdt filters are to be added in first stage precipitation. 

To lower salt levels the installation of efficienr salt removal sysiem 
wiih centrifuge and chilling unit is to be proviutd. 

'~~~~~~-"---~~--------------
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Selection of machinery and equipment 

Proeess control equipment 

A high le\·el hierarchical process control system has been selected based 
on a foreign off er. 
The system itself is very flexible. It prO\ides for easy adaption to different 
cell lypes. Further control or supel'\isory functions can be easily 
incorporated. The components are of module type allo\\ing quick repair 
and replacement possibilities. 

Control tasks 
The principal control tasks are as follows: 
- Pot resistance control. including the ocntrol of programmmed set-point 

during metal lapping 
· Anode effect prediction. effect display 
- Control of curst breakers 
- Diagnostics of operational status. noise analysis 
- A~frices supplimentary to process contrl 
- Calculation of specific technical data 
The control varaibles can be selected by the potline foreman or ad_justed 
automatically. le is based on the calculation of cell voltage components. 
alumina balance. as well as energy balance. The experimentally 
dth:rmined dlll.i rhe calculaced rargtr \·oltages approach the optimum 
gra.h:ally. 

Comrol s'.·stt:"m's 5tructure 
The difil"renr conrrol and supt-~:isor:i; functions are distributed among the 
intdiigent componenrs. The compontnrs can be grouped and. wirh respect 
r·~) rht' logical conn~crions. differtnt i~vd~: can be defined. Tht main 
componellls oi rhe rhree level arrangement are: 
- Cdl controllers 
- Communication comput~rs 
- SuperYisor computer 
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Scheme of the hierarchical system is sh0Ut11 in Figure 1. At the lower level, 
closest to the process, are the cell controllers( one controller for each 
cell ). These controllers act at a high degree of autonomy. They can 
perform nearly all control functions listed above, even if higher system 
lt..vels are out of order. This arrangement provides a reliable and solid 
operation. 
The cell controllers are mounted close to the cell The potroom operator 
can select automatic or manual contro~ Special routines can be push 
button started (e.g. metal tapping). 
At the medium level, communication computers (team tenninals) organize 
the transmission of data through a local network. One team tenninal 
serves up to the controllers of one potroom. These terminals operate the 
team displays located in the potrooms. All significant infonnation vn the 
group cells under the supervision of the respective team can be called from 
the terminal in the fonn of tables or graphs, together with all emergency 
and warning messages. 
The higher level computer controls the plant. Its task is to log and display 
data concerning the whole plant and to bring about plant management 
through team terminals. It operates colour display and printer, serves all 
function that require long term storage. Both plant controlling and 
communication computers are located in the plant control office, near the 
potroom. 
As to the above hierarchy, the lower and medium levels should be user 
specifyable meanwhile the higher level can use a standard process control 
computer with standard interface. 

Algoiythms 
Because of the nature of the process~ cell voltages and line current are the 
only available process information. The developed control and test 
algorythms rely on adequate evaluation of the calculated cell resistance. 
One part of the built in algorythms controls anode adjustment. Mostly it 
means constant set-point control, but programmed set-point leading can 
also be used here. Their essential part is the "prohibitation table" where 
certain limits are defined. The parameters of anode adjustment as well as 
of the prohibitation table are adjustable to cells of other control properties. 
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Knife type crust breakers 

Mechanical equipment 
The pots can eJsily be equipped \\ith electro-pneumatically operated bar 
breakers. 
Principle of installation is sho\\ll in Figure 2. The installation does not 
require any changes in anode casing design apart from iinor adjuscmem of 
the horizontal stiffening beam to allow enough space for the pneumatic 
cylinders. 
The crust breakers consist of a steel bar held°by t\\-o cylinders. one unit on 
each side of che pot. The cylinders are mounted electrically insulated to 
the anode casing and a shielded heat insulation protects them against heat 
radiation. The special seatings of the cylinders makes possible the 
operation under high temperature up to 200 C. 

Electro-pneumatic control system 
The mtwements of the knives are controlled by the process control system. 
The pneumatic elements get the signals from the computer in accordance 
wirh the software. but there is also the possibility of turning to manual 
operation \·ia pneumatic \~atYes. The electro-pneumatic control boxes of 
the crust-breakers are mounted on the wall or columns nearby the pots. 
The boxes are oi dust free t} -pe. 

Coarsening of alumina 

Propo:;.;ed modification 
- Ch~rnge of temperarure profilt' in precipitation with intensificarion of 

inter'Stage co1..1ling b\· ·- \- . 
(a) Spirnl hear e~:changer 
(b) Tubnlar coolers 

- Reinrroduction of hydroseperator for primary hydrate classification 
- Secondary classificati 10 oi alumina hydrate with installatkin oi 
hydroc~;clone 
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- Pan /belt filter installation for fines seed washing for removal of organics 
to pro\ide washed seeds in first stage of precipitator for efficient 
agglomeration. 

- Fine seed thickner for efficient seed classification. 
- Salt removal system installation for \~anadium/impurities salt levei 

reduction \\'ith chilling unit and centrifuges. 

Civil engineering work 

The activities include site selection preparation of foundation structures 
for new equipments. The sheds or buildings for operational use are to be 
made departmentally. 
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VSS Electrolysis Cell with Knife Type Crust Break0r 
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Estimation of im·estment costs 
In tables V and VI investment costs of the Base case (Variants 1 :f 2) alll. 

and as well as that of Variants 3 and -l are given below 
Table V Investment costs Base case Costs !n thousand Rup 

SI : DescriQtion Foreign! Local i 
1 , Process control equipment to fulfil I 

i I 
I 

! i 

control tasks described above ; I 
I 

: I 
' complde with control centres. line I i 

i I · l'urrem transmitters. file server, I I 

. workstation. system de\'elopment. i 

I ; including cables and 102 pcs of ' 
. I 

I 

: pot controllers 10209.0: I 

- i 
) : 306 pcs of potcontrollers with all 

; 
i - I ~ 

: the adjusting elements for I I 
I 

.:-onnection to the abo\·e system. I ! i 

I i 
· including cables -! 18495.0 i I i 

'\ Construction and transport (adl.2) ; 23-iO.O: 5-{00.0: j 

I -1 Spare pares for C\\·o years of ! i 
I 

I ~ ~)peration (adl.2) I ) .. ' 6-JS.O; _ lb.O i 
5 Training ar site &abroad (adl.2) 1035.0 i 

I - ; 

6 Licence and know-how fees I 
! 

(adl.1) '. -1819.5 : 
I 

- i 
7 Crustbreaker system complete ! I i 

' 
. \\"ith pneumatic cvlinders. ' ' 

: electropneumatic control boxes. 
I 

I ' 

· oioing/cabling 75-7J - i - I IJ _.U I 

s Construction and transport (ad7) - ! 18768.0: 
9 Spare part for t\vo years of . 

: I 

~meration (ad7) - ' 3000.0. 
r Subror;1/ 180il~5 1 }J}c'>1:..{ (} 

i () ~rndies. dt:railed engineering. 
~~ .. mslrucrit:'n management. ' . . . . . 

1000.n. .-.une1Y1s1on_cornm1ss1on1ng -

I Tou/ 1 S{)J l~S J.:.1S3b1:..?.0 
'--- -I i 1 Cuntingen(·ies 1862.0 1 '8 •n c - -r • •) I r -·--·· ... 

Grand Total ]0~~ 1.5 l-H223.Q i ____ 

(The e:~:rirnarion dots nor include inrert"st during construction) 

Tl 

1020 

1849 
77-{ 

86 
103 

-t81 

7507 
1876 

300 

9.0 

5.0 
0.0 

4.0. 
5.0 l 

I 
9.5 I 

2.01 _, 

8.0 i 

0.0 --
J-10(}( J.:.1 .. : 

700 (!_(i 

/.i . 1-llfJ(, 
1~70 ) 

J.0170 -L 
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Table VI Investment costs Variants 3 and 4 
Costs in thousand Rupees 

SI Description Construction Period 
years 

1 2 
A Coarsening of alumina 
1 Site development, structural 

civil works 45200 -
2 Interstage cooling system 34300 8510 
3 Reintroduction of hydroseparator 2870 -
4 Salt removal system 

. 
11300 17400 

5 Pan filter /belt filter for seed 
washing 11300 17400 

6 Tankage and allied equipment 
including pumps,motor,valves etc. 2070 2070 

'] Hydrocyclone installation 1130 1130 
8 Fine seed thickner 2000m3 - 8700 
9. Centrifuge 1300 1300 
10 Miscellaneous (So/oof eQuipments) 3030 3030 
11 Construction & transport {adl-10) 16893 8905 
12 Spare parts for 2years (ad2-10) 2692 2384 
B. Crust breaking svstem 
13 Crust breaking system complete 

with pneumatic cylinders, electro-
pneumatic control boxes 
pipin?Jcabling - 75072 

14 Construction & transport (ad 13) - 18768 
15 Spare parts for two years of 

operation (ad13) - 3000 
Subtoiill 132085 167729 

16 Studies - 6600 8386 
Total 138685 176115 

17 Conti rigencies 13870 17611 
Grand Total 152SSS 193726 

All costs are local. 
(The estimation does not include interest during construction) 



I 

I 
I 

11 
~ 

[I 
• r 

II 
II 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.1 

V. IMPLEMENTATION 



I 

I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 26 -

Indicative time schedules for project implementation 

The indicative time schedules show the initial and final tem1s of main 
activities ( Figures 3, 4 &S). The sequence of events put into evidence the 
necessity of the availability of equipment/construction materials at site 
respectively (in Variants 3&4) the implementation of site preparation/d\:il 
works. Activity related to purchase/delivery is critical for the progress of 
the acti\lities regarding installation of equipments on 13 pots. in all pot 
rooms as well as in the alumina plant. . 
Total construction period is forecast basically in 24 months. while in 
Variant 2 it is compressed to 12 months, starting from the date of 
beginning of detailed engineering. 

Production schedule 

Matching \\ith the time schedule the productions for the different variants 
are given as follows 

Table X froduction schedule 

Description Variant 1 I Variant 2 I Variant 3 ! Variant 4 
First year Second year I Second year ! Second year ! Second year 
of production of i : of ! of 
corresponds co ! construction ' ' construction I construction 
Production in I , , i 

first vear t i 1869.2 1 

-
1 500.0 I 500.0 

Production in j ! ! i 
second year c I 
100% · : 5869.2 5869.2 1173.'!. i -HOSA 

'~~~~~~---------------------
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~f ethodology applied for calculations 

- Economic evaluation was worked out by using the UNIDO CO:\IFAR 
system 

- As the additional production was achieved by improvement in current 
efficiency. calculating production costs of the same we accepted the 
general practice according to which the input in this case is ihe alumina 
needed for the produced metal only 

- \Vhen energy smings were also taken int~ account. using the 
COMEL\R software the annual energy savings· were handled as 

amounts of plus profit generated by results of the relating 
investment. 

Financial structure 

In all the Yariants the investments were considered to be financed by 
foreign and local loans as under: 
- Foreign loans for three years at 8% interest on loan 
- Local loans for five years at HJ% interest on loan 
No equity has been taken into consideration. Variants 1-4 were evaluated 
based on different data sheets worked out for COMFAR as well as on 
other data included in the relevant parts of the study. 

Raw material and product prices 

For the calculations BALCO's present prices Ra\·e been taken into 
consideration as follows : 

Selling prir.e of ingors (pigs) 
Alumina price 
Power price 

-t~SOO Rs/t 
7911 Rs/t 

0.9 Rs/t 
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Summaiy of main indices 

Based on the CO~IFAR tables a summary of the most important indices of 
Variams 1-4 is given in the table below 

Table XI. :tvlain economic indices 

Indices 
1 

Variant 
) 3 

Internal rate of return 63.45 ; 72.87 ! 15.03 I 17.01 
(IRR)% l j ! 
Net present value (NPV) I I ; 
thousand Rupees I 717420.6 ; 791484.1 ! 108608.9; 413874.8 
Cumulated net cashflow 

1

1 
i I l 

(CNF) (in the 15th year) ! ! 

thousand Rupees . I 1589786 , 1676+-l-J ! -JS944L6 l 1132L?7 
Accumulated 
undistributed profit 
(in the 15th year) 
thousand Rupees 
Net profit.% of sales 
Pay-back:C~F turns co 
posicin~ afrer rhe vear 

I 
I 
I 

11617581 i 
I 45.277 

I 

! 

' i 
3 

' I i 
! ! 

1702002 ! 456-U 4.3 i 1129100 
45."!.77 i -J9.60S 52.2"!.3 

) 7 

Tht economic indices clearly sho\\. !ht preferable Variant~· in the Bast 
i.. ... ast- respecrh·ely in case of Variancs 3 and -1. 
The discount races and in~:estment costs in the Base ca'5c:- practically ar·~ 
the :~ame in V,triant l and in Variant 2 . • .:\II the indicts are more fo·;()1m1h! 
in Variant 2. Therefore this rnrianr h.as ro be preferred. 
As co the Varian cs 3 and -t discounc rntes and invescmenc coses art al~. 
same regarding these \:ariancs. 
Based on the economic indices Variant -l has co be preferred fro1: 
profitability point of view. 
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Data sheet , other input data and results 
Ba.se case, Variant 1 

Table VII Data sheet for COMFAR evaluation 
Investment costs in thousand Rupees 

Construction period 2 years 

SI Item Year 

1 
1 Incorporated fixed assets 

construction, transport Foreign •2574.0 
Local 13293.0 

') Incorporated fixed assets L 

technology~training spare 
parts Foreign 1677.5 

Local -
3 Incorporated fixed assets 

others,studies,detailed . . .. 
engmeenng,superv1s1on 
construction management 
commissioning Foreign -

Local 5000.0 
4 Plant equipment & 

machinery Foreign 10000.0 
Local 52924.0 

5 Preproduction 
expenditures intresi 
during construction Foreign 1140.0 

Local 7122.0 
Total 93730.5 

Percentage 50.5% 

Year 

2 

-

13293.0 

5000.0 
4013.0 

-

2700.0 

1230.0 
50000.0 

1635.0 
1-1123.0 
9199-tO 

-J9.5% 

Total 

2574.0 
26586.0 

6677.5 
4013.0 

-
7700.0 

11230.0 
102924.0 

2775.0 
212-15.0 

1857 2-J.5 
100% 
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1 '\ • . .. . • , • .. 
r·(1_h:iiJdi1Jii !n l!k'. St'(\)Jh.1 y~ar ot CtH1SU Udh.."lil 1869.2 l 

Pr~·ducii~)n from tht: second yc-<1r of production 5.SrjJ] t/Yt::c:r 

R2~;~!lts of C0).1FAR ev,1lua(ion are included in the tablt::- and graphs on 
p:1g-:·s 34-48. 

~lain economic indices summarized from the tables: 

Internal rate of return (IRR) 

\.d present Yalue (NPV) 

Cumulated net cashilow (CNF) 
(in the 15 th year) 

Accumulated undistributed profit 
(in the 15 th year) 

~et profit.% of sales 

Pay-bark : accumulated net cashflow 
t"r·1·-· pl"":\I.t1·,.,,. at.te· r· r 1~t". ll I .::> ... . • '-· .II -

year 

63.459b 

71-1 1)0 .·r·.~103 D · . ,, __ .OU _ 1-..:s. 

1SS9786.ocr+:103 Rs. 

1617518 nrJt1,-..3 p--··-· \) .,:j. 

45.277 

3 
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-----------------·---------·-·--·-·------···-----·-------···-·····--- CCllFAR 2.1 - JAUAHARLAL llEHfU CEITRE, llAGPUI, lll>IA ·-· 

I 
I 

I 
I 
I 
I 

MODERNIZATl<JI Of &ALCO SMELTER 
MARCH 1993 
VARIAllT 1 

1 year(s) of construction, 15 years of procb:tion 
currency conversion rates: 

foreign currency 1 unit = 1.0000 1W1its accounting currency 
local currency 1 unit = 1.0000 units accounting currency 

accounting currency: THOUSAND llll'EES 

Total initial investment uing construction phase 

fixed assets: 
current assets: 
total assets: 

Source of funds 

equity & grants: 
foreign loans : 
local loans : 
total funds : 

93730.50 
0.00 

93730.50 

cllring construction phase 

0.00 
15391.50 
78339.00 
93730.50 

16.421 % foreign 
0.000 % foreign 

16.421 % foreign 

0.000 % foreign 

16.421 % foreign 

~---------------·-·---··-·---··········--·······--········-······---···········-·················----------------·····-········· 
Cashflow from operations 

I Tear: 1 2 3 

operating costs: 14804.06 46484.07 46484.07 

depreciation 6292.40 11415.40 11415.40 

I 
interest 0.00 18107.32 14873.03 

---------------- -------·---- ------------ .............................. 

production costs 21096.46 76006.79 nm.so 

I 
thereof foreign 4.74 % 3.93 x 3.31 x 
total sales 83740.16 262940.20 262940.20 

gross income 62643.69 186933.40 190167.70 

I net income 34454.03 102813.40 104592.20 

cash balance 40623.06 80189.13 78997.70 

net cashflow ·51370.94 13zon.10 130880.60 

I 
Net Present Value at: 10.00 x = 7f7'2().60 

I 
Internal Rate of Return: 63.45 % 

Return on eq11ity1: not found 

Return on equity2: not found 

I ················----------·························································································-··········· 
Index of Schedules produced by COMFAR 

I 
I 
I 

Total initial investment 
Total investment during production 
Total production costs 
Working Capital requirements 

Cashflo11 Tables 
Projected Balance 
Net income statement 
source of finance 



Total Initial Investment in 

Year .••.•• 

Fixed investment costs 
Lar.d, s:te c.·epar3ticn, devel:O"'ent 

Suilaings and civil works .••. 
AUJ!iliary and service facilities 

Incorporated fixed assets •. 

Plant machinery and equipnent 

Total fixed investment costs . 

Pre·prcciuction capital expenditures. 

Net working capital ..•.... 

Tctal initial investment costs ... 

Of it foreign, in : .. 

THWSAlll RUPEES 

1994 

0.000 
0.000 

0.000 
22544.500 

62924.000 

85468.500 

8262.000 
0.000 

93730.500 

16.421 

- 35 - I 

.COMFAR 
___,. 'r 2.1 UIH 00 

JAl.IAHARLAL NEHRU CENTRE, NAG~UR, ISOIA ··· 
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····························-------------·······-------------------··· COl'fAR 2.1 - JAllAHARLAL NEHRU CENTRE, NAGPUR, !NOIA ---

Investment in 

l xecl investment costs 
and, site preparation, developnent 

Buildings and civil works •••• 
~iliary and service facilities 
~orporatecl fixed assets •••• 
Plant, 11achinery and equipment 

~tal f ixecl investment costs • • 

PreprociJction capitals expenditures. 

Irking capital •.•.••..•• 

Total current investment costs 

I it foreign, X ••• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TllWSA!ll RUPEES 

1995 1996 

0.000 0.000 
0.000 0.000 

0.000 0.000 
25006.000 0.000 
51230.000 0.000 

76236.000 0.000 

15758.000 0.000 
123.367 264.000 

92117.370 264.000 

8.538 0.000 

Ma>ERNIZATION OF BALCO SHELTER -·- MARCH 19 
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------------·----------------------------------------------------------- COMFAR 2-1 - JA\IAHARLAL NEHRU CENTRE, NAGPUR, lllDIA --- ~ 
Cashflow Tables, construction in 

Year • • • . • • • 

Total cash inflow 

Financial resources 
Sales, net of tax • 

Total cash outflow •• 

Total assets • 
Operating costs 
Cost of finance 
Repayment 

Corporate tax 
Dividends paid 

Surplus C deficit > 
CU1Ulated cash balance 

Inflow, local • • • 
Outflow, local ••• 
Surplus C deficit ) 
Inflow, foreign •• 
Outflow, foreign •• 
Surplus C deficit ) 

Net cashflow • • • . 
CU1Ulated net cashflow 

1994 

93730.500 

93730.500 
0.000 

93730.500 

93730.500 
0.000 

0.000 
0.000 
0.000 
0.000 

0.000 

0.000 

78339.0C!> 
78339.000 

0.000 
15391.500 
15391.500 

0.000 

-93730.500 
-93730.500 

THOOSANO RUPEES I 
I 
I 
I 
I 
I 
I 
I 
I 

---------···--------------------------------·-------------·----------------------------···-----------·------------------···------- I 
lllOOERNIZATION OF BALCO SMEL TEI -·· MARCH 19 
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·=~~~~~~ ~~bles, 
productior. in THOOSANO IU>EES 

1995 1996 1997 1998 1999 2000 

Ital cash inflow 175775.300 263028.200 262940.200 262940.200 262940.200 262940.200 

·--------·----- ----·--·---·--- -·-----··------ -------·-·----- -----·--------- ------·-·-·--·-
Financial resources • 92035.130 88.000 0.000 0.000 0.000 0.000 

~ales, net of tax • . 83740.160 262940.200 262940.200 262940.200 262940.200 262940.200 

Total cash outflow 135152.200 182839.000 183942.500 185538.300 178263.800 179857.800 

lotal assets 
·----·--···---- ·-------·--·--- ------------·-- ................................... ----------·-··- ... ............................... 

. . 92158.490 352.000 0.000 0.000 0.000 0.000 

Operating costs • 14804.060 46484.060 46484.060 46484.060 46484.060 46484.060 

lost of finance • 0.000 18107.320 14873.030 :1326.780 7438.281 3896.245 

epayment ••• 0.000 33775.620 37009.910 40556.170 35420.360 38962.450 

orporate tax • 28189.660 84120.020 85575.450 87171.260 88921.080 90515.000 

Dividends paid . 0.000 0.000 0.000 0.000 0.000 0.000 

lrplus ( deficit » 40623.060 80189.130 78997.700 77401.880 84676.~0 83082.390 

CU11Jlated cash balance 40623.060 120812.200 199809.900 2m11.800 361888.100 444970.500 

lflow, local . . 167910.300 263028.200 262940.200 262940.200 262940.200 262940.200 

Outflow, local . . . 1Zne1.200 173814.700 174918.200 176514.000 178263.800 179857.800 

lrplus ( deficit ) 40623.060 89213.440 88022.000 86426.190 84676.380 83082.410 

flow, foreign 7865.000 0.000 0.000 0.000 0.000 0.000 

tf low, foreign • • 7865.000 9024.299 9024.299 9024.307 0.000 0.000 

Surplus < deficit ) 0.000 ·9024.299 ·9024.299 ·9024.307 0.000 0.000 

It cash fl ow • . . . ·51370.940 132on.100 130880.600 129284.800 127535.000 125941.100 

Cuiulated net cashf low ·145101.400 ·13029.380 117851.300 247136.100 374671.100 500612.200 

~-······························································································································· 

MODERNIZAHON OF BALCO SMELTER ••• MllCH 19 
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I 
------------------------------------------------------------------------ CQMFAJI 2.1 - JAUAJIAALAL llEllRU CENTRE, llAGPtll, ill>IA --- I 
Cashf lOW tables 1 production in TIDJSAllO lltJ'EES 

Year • • • • • • • 

Total c.sh inf low 

Financial resources 
Saies, net of tax . • 

Total cash outflow . 

Total assets • • 
Operating costs • 
Cost of finance • 
Repayment 
Corporate tax 
Dividends paid 

Surplus < deficit > • 
C1111.1lated cash balance 

l:iflov, local • • . 
Outflow, local • • . 
Surplus ( deficit > 
Inf low, foreign • • . 
Outflow, foreign •• 
Surplus ( deficit ) • 

Net cashf lov • . . • 
C1111.1lated net cashflow 

200~ 

262940.200 

0.000 

262940.200 

138752.400 

0.000 

46484.060 

0.000 

0.000 

92268.310 
0.000 

124187.800 
569158.300 

262940.200 
138752.400 
124187.800 

0.000 

0.000 

0.000 

124187.800 
624800.000 

2002 

262940.200 

0.000 
262940.200 

138752.400 

0.000 

46484.060 

0.000 

0.000 

92268.310 
0.000 

124187.800 
693346.000 

262940.200 
138752.400 
124187.800 

0.000 

0.000 

0.000 

12i.187.800 
748987.800 

2003 

262940.ZOO 

0.000 

262940.ZOO 

138752.400 

0.000 

46484.060 

0.000 
0.000 

92268.310 
0.000 

124187.llOO 
817533.llOO 

262940.200 
138752.400 
124187.800 

0.000 

0.000 

0.000 

124187.llOO 
673175.500 

262940.200 

0.000 
262940.200 

141584.000 

0.000 

46484.060 

0.000 
0.000 

95099.890 

0.000 

121356.200 
9381189.900 

262940.200 
141584.000 
121356.200 

0.000 

0.000 
0.000 

121356.200 
994531.700 

2005 

262940.200 

0.000 
262940.200 

143889.300 

0.000 
46484.060 

0.000 
0.000 

97405.240 
0.000 

119050.800 
1057941.000 

262940.200 
143889.300 
119050.800 

0.000 

0.000 
0.000 

119050.900 
1113583.000 

2006 

2629'0.200 

0.000 

2629'0.200 

143889 .300 

0.000 

~-060 

0.000 

0.000 

97405.240 
0.000 

119'50.llOO 
1176992.000 

2~.200 

14lm9.300 

119'50.800 

0.000 

0.000 

0.000 

1191150.900 
1232133.000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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~I .f,OM!~f 
··••••········••············•·•······•········••················•••·· CQMFAlt 2.1 • JAWAJIAllAl llElllU C£1TIE, llAGPUR, l*'IA ··· 

11shflow tables, production in TlllJSAlll lllffES 

Tur ••• 

l•l cash inflow 

i_rliltCial resources 

Iles, net of tax • 

Total cash outflow •• 

~tal assets • • 
Operating costs •• 

11'5t of finance ••• 

~Y9""t ••• 
COrporate tax 

(

. idends paid • • • 

lus < deficit ) 

Cu.Jlated cash balance 

llow, local • • • 

outflow, local • • • 

lf"Plus < deficit > 
lflow, foreign 
Outflow, foreign •• 

2007 

262940.200 

0.000 

262940.200 

143889.300 

--·----·--·----
0.000 

46484.060 
0.000 

0.000 

97405.240 

0.000 

119050.800 

1296043.000 

262940.200 

143889.300 

119050.800 

0.000 

0.000 

0.000 

262940.200 

0.000 

262940.200 

143889.300 

---------------
0.000 

46484.060 
0.000 
0.000 

97405.240 

0.000 

119050 .llOO 

1415093.000 

262940.200 

143889.lOO 

119050 .llOO 

0.000 

0.000 

0.000 

262940.200 

0.000 

262940.200 

143889.300 

---------------
0.000 

46484.060 

0.000 

0.000 

97405.240 

0.000 

119050. 800 

1534144 .000 

262940.200 

143889.300 

119050.800 

0.000 

0.000 

0.000 

l
plus ( deficit ) 

cashflow • 119050.900 119050.900 119050.900 

Cuailated net cashftow 1351684.000 1470735.000 1589786.000 

~--··················································································~~;~;~;;~·~;-~~~~-~~;~;·:::·~~~-~; 
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• f,OM!~l 
--------------------------------··----··-·---····---·--··-----··-···---- catFAl 2.1 · JAllAllAILAL NEHRU CENTRE. llAGPUR, lll>IA ·-· 

cashf low Discounting: 

a) Equity paid ftl"SUS let inc~ flow: 
let present value •••••••••••••• 774686.00 at 
Internal Rate of Return (IRRE1) not found 

b) let worth versus lllet cash return: 
let present value •••••••••••••• n6681.90 at 
Internal Rate of Return (IRRE2> •• not found 

c) Internal Rate of Return on total investment: 
let present value •••••.•••••••• 717420.60 at 
Internal Rate of Return < Ill > •• 63.45 1 

10.00 1 

10.00 % 

10.00 x 

• 
I 
I 
I 
I 
I 

ltet worth :: Equity paid plus reserves 

-··-----------·-------····----··-·---·---------------------------------------------------------------------------------------····· ~ 
llXIERNIZATIOll OF BALCO SMELTER --- MICH 19 
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~-------------------------------------------------------·-------------- CCMFAR 2.1 • JAYAHARLAL llEHRU CEllTRE. llAGPUR, lll>IA -·-

Net Income Statement in TllClJSAll) RUPEES 

lr ••••••••••••••••• 

.tal sales, incl. sales tax ••••• 

i155: variable costs, incl. sales tax. 

l
riable •rgin • __ •••••••• 

l of total sales • • • • • _ • • • 

lion-variable costs. incl. depreciation 

lrational mrgin • • • • • 

As l of total sales 

lt of finance 

l
oss profit • 

lowances •• 

axabl e profit 

Tax ••• 

l profit ••••• 

.idends paid ... 

~istributed profit 
Accuiulated 161distributed prof it 

1995 

83740. 160 

14804.060 

68936.090 
82.321 

6292.400 

62643.700 

74.807 

0.000 

62643.690 

0.000 

62643.690 

28189.660 

34454.030 

0.000 

34454.030 

34454.030 

1996 

262940.200 

46484.070 

216456.100 

82.321 

11415.400 

205040.700 

77.980 

18107.320 

186933.400 

0.000 

186933.400 

84120.020 

102813.400 

0.000 

102813.400 

nn67.4oo 

1997 

262940.200 

46484.070 

216456.100 

82.321 

11415.400 

205040.700 

77.980 

14873.030 
.... · ................................. ... 

190167.700 

0.000 

190167.700 

85575.450 

104592.200 

0.000 

104592.200 

241859.600 

1998 

262940.200 

46484.070 

216456.100 

82.321 

11415.400 

205040.700 

77.980 

11326. 780 

193713.900 

0.000 

193713.900 

87171.260 

106542.600 

0.000 

106542.600 

348402.200 

1999 

262940.200 

46484.070 

216456. too 
82.321 

11415.4ll0 

205040.700 

77.980 

7438.281 

197602.400 

0.000 

197602.400 

88921.080 

1086!! 1 • 300 

0.000 

108681.300 

457083.600 

l.ss profit, l of total sales • • 74.807 71.094 72.324 73.6n 75.151 

Pe; profit, % of total sales • • 41.144 39.101 39.778 40.520 41.333 

ROE, Net profit, % of equity • • • • • 0.000 0.000 0.000 0.000 0.000 

~:-~~~-~:~~~~:~~~~:~:~:-~-~~-~~~: ........... ~~:~~~----······-~:~~----······-~:~~-----------~~:~~~---·-·-----~~:~~~---···-
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··························---------------------------------------------- ctlftfAR 2.1 - JAWAHIJtlAl llEHIU CE•TRE. ~GPIJl. lll>IA --- I 
Net Income Statement in TllCllSAll> RUPEES 

Tear • • • • 

Total sales, incl. sales tax 
Less: variable costs, incl. sales tax. 

Variable 11argin ••• 
As l of total sales 

Non-variable costs, incl. depreciation 

Operational 11argin • 
As l of total sales 

Cost of finance 

Gross profit •• 
Allowances ••• 
Taxable profit • 
Tax • • • 

Net profit • 

Oividends paid • 
Undistributed prof it ••••• 
AccU1a.1lated undistributed profit 

2000 

262940.200 

46414.070 

2001 

262940.200 

46414.070 

216456. 100 216456. 100 

az.321 82.321 

11415.400 11415.400 

205040. 700 205040. 700 

n.980 n.980 

3896.245 0.000 

201144.400 

0.000 

201144.400 

90515.000 

110629.400 

0.000 

110629.400 

56nt3.000 

76.498 

205040.700 

0.000 

205040.100 

922611.310 

112m_400 

0.000 

112n2.400 

680485.400 

n.980 

2002 

~0.200 

46414.070 

216456.100 

az.321 

11415.400 

205040.700 

n.980 

0.000 

205040.700 

0.000 

205040.700 

922611.310 

112m.400 

0.000 

112m.4oo 

793257.800 

n.980 Gross profit, X of total sales 
Wet profit, X of total sales 42.074 42.889 42.1189 

2003 

262940.200 

46414.070 

216456.100 

82.321 

11r.15.400 

205040.700 

n.980 

0.000 

205040.700 

0.000 

205040.700 

922611.310 

112m.4oo 

0.000 

112m.4oo 

906030.100 

n.980 
42.1189 

262940.200 

46484.070 

216456.100 

12.321 

5123.004 

211m.100 

80.373 

0.000 

211m.100 

0.000 

211m.100 

95099.890 

116233.200 

0.000 

116253.200 

10222i3.000 

I0.373 

'4.205 

I 
I 
I 
I 
I 
I 
I 
I 
I 

ROE, Net profit, % of equity • • 0.000 0.000 0.000 0.000 0.000 

~'.:.~'.'..'.".'.'.''.'.'.:'.'.'.'.'.'.:.~_'.'..'.~'.: ___________ ~'.:~~-----------'°:~~-----------'°:~-----------'°:~----------.'.'.:~~~------- ~ 
MOOERNIZATIOll OF BALCO SMEL TEI --- WCH 19 
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I ·····---······----········-----·····----·-···-----····-----····------··· CCJtF.lR 2.1 - J~llAR~Al llEHRU CENTRE, IAGPUl, lll>IA ••• 

tt Income t>tatement in TllOOSAJI> RUPEES 

Year • • • • • • • • • • • • 

lal sales, incl. sales tax • • •• 
Less: variable costs, incl. sales tax. 

t iable •rgin • • • • • • • • • • • 
X of total sales • • • • • • • • • 

t·variable costs, incl. depreciation 

Operational •rgin • IX of total sales 

Cost of finance 

Net profit •••• 

lidends paid . . 
Undistributed profit • 

[

uia.ilated ~istributed profit • 

oss profit, X of total sales 

I. 
profit, X of total sales 

, Net profit, l ef equity • 
, Net profit+interest, l of invest. 

I 
I 
I 
I 
I 
I 
I 
I 

2005 

262940.200 

46484.070 

216456.100 

82.321 

0.000 

216456.100 

82.321 

0.000 

216456.100 

0.000 

216456.100 

97405.240 

119050.900 

0.000 

119050.900 

1141314.000 

82.321 

45.277 

0.000 

63.967 

262940.200 

46484.070 

216456.100 

az.321 

0.000 

216456.100 

82.321 

0.000 

216456.100 

0.000 

216456.100 

97405.240 

119050.900 

0.000 

119050.900 

1260365.000 

82.321 

45.277 

0.000 

63.967 

2007 

262940.200 

46484.070 

216456.100 

az.321 

0.000 

216456.100 

82.321 

0.000 

216456.100 

0.000 

216456.100 

97405.240 

119050.900 

0.000 

119050.900 

1379416.000 

82.321 

45.277 

0.000 

63.967 

2008 

262940.ZOO 

46484.070 

216456.100 

az.321 

0.000 

216456.10:1 

az.321 

0.000 

216456.100 

0.000 

216456.100 

97405.240 

119050.900 

0.000 

119050.900 

~498467.000 

82.321 

45.277 

0.000 

63.967 

262940.200 

46484.070 

216456.100 

82.321 

0.000 

216456.100 

82.321 

0.000 

216456.100 

0.000 

216456.100 

97405.240 

119050.900 

0.000 

119050.900 

1617518.000 

82.321 

45.277 

0.000 

63.967 

MOOERNIZATION OF BALCO SllELTER ••• MARCH 19 
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------------------------------------------------------------------------ CDMFAR 2.1 - JAllAllARLAl llEHRU CENTRE, llAGPUR, lllDIA --- ~ 
Source of Finance, construction in TllCJUSA)I) Rll'EES 

Year •••••••••••••• 

Equity, ordinary •• 
Equity, preference. 
S\j)sidies, grants • 

Loan A, foreign • 

loan B, foreign •• 

Loan C, foreign • 

Loan A, local. ••• 
Loan B, local •••• 
Loan C, local. ••• 

1994 

0.000 
0.000 
0.000 

15391.500 
0.000 
0.000 

78339.000 
0.000 
0.000 

Total loan •••••••• 93730.500 

Current liabilities 0.000 
Bank overdraft 0.000 

I 
I 
I 
I 
I 
I 

Total fiiids ••••••• 93730.500 
------------------------------------------------------------------------------------------·---------------------------------------I 

MODERNIZATION Of BALCO SMELTER ·-- MARCH 19 
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-------------------------------·-·-··--·-----··-------------·-------- CCMFAR 2.1 - JAWAHARLAL llEHRU CENTRE, llAGPUR, INDIA-·-

lurce of Finance, production in TllOOSAllO IUPEES 

Year •••••••••••••• 1995 1996 1997 1998 1999 2000 

lity, ordinary •• 0.000 0.000 0.000 0.000 0.000 0.000 

ity, preference. 0.000 0.000 0.000 0.000 0.000 0.000 

Subsidies, grants . 0.000 0.000 0.000 0.000 0.000 0.000 

loan A, foreign • 7865.000 -7163.779 -7736.881 -8355.840 0.000 0.000 

loan B, foreign •• 0.000 0.000 0.000 0.000 0.000 0.000 

loan c, foreign • 0.000 0.000 0.000 0.000 0.000 0.000 

oan A, local. ••• 84129.000 ·26611.1140 -29273.020 -32200.330 ·35420.360 -38962.450 

Loan B, local. ••• 0.000 0.000 0.000 0.000 o.ooc 0.000 

loan c, local. ••• 0.000 0.000 0.000 0.000 0.000 0.000 

--··-------·-·· ......................................... --··-----·----- ....................................... -------·------· .......................................... 

al loan •••••••• 91994.000 ·33775.620 ·37009.910 • -40556.170 -35420.360 -38962.450 

tent liabilities 41.122 88.000 0.000 0.000 0.000 0.000 

overdraft •••• 0.000 0.000 0.000 0.000 0.000 0.000 

........................................ ........................................ ........................................... ---·----------- ......................................... ... ........................................ 

~~~-~~-::::::: .. ·-----~~~~~:~~~-------~~~:~-------:~~:~~~-------:~~~~~:~~----·--:~~~~~:~.---···:~~~~:~~~------·--
lllDERNIZATION OF BALCO SMELTER -·- MARCH 19 
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----------------------------·-···-··-·-·-·------·-··-------------------- COMFAR 2.1 

.f,OMf.~of I 
- JA\IAHARLAL NEHRU CENTRE, NAGPUR, INOIA --· I 

A n n u a I CF. operations 
10"'5 THOUSAltD RUPEES 

1.8 

0.5 

0.5 

1.0 

Uariant 1 

~ local net cashflous 
~ foreign net cashflous 

1 2 3 1 s 6 7 8 9 10 11 12 13 11 15 16 

tart up y e a r 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I 1· .f,OMJ.~oi 
--------------------------·-------------------------------------------- COMFAR 2.1 • -!_AllAHA!llAl NEHRU CENTRE, llAGPUR. llDIA ---

I 
11 
r. 
l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Annual flou or funds (finance) Uariant 1 
8"s THOUSAltD llJPEES 

8.8 

8.6 

8.1 

e.z 

.e 

.z 

.1 

.6 

0 loca I funds 
Ii foreign funds 

1 z 3 1 5 6 7 8 9 18 11 1Z 13 11 15 
tart up ye a r 
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• f,OPtt~!I I 
------------------------------------------------------------------------ C<JIFAR 2.1 - JA\IAllARLAL NEHRU CENTRE, NAGPUR, !NOIA ---

Sensitiuity of IRR 
10AZ internal rate of return 

1.2 

1.1 

1.0 

0.9 

0.8 

9.7 

Uaridnt 1 

~ sales priceCs) 
__ operating costCs) 

initial investment 
9.6 ~.~ ~ -:-:..~ - - - - - ---- - - - - - - - - -· ........ . 

0.s 

-19 0 10 20 39 19 
variation in % 

I 
I 
I 
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I 
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I 
I 
I 
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- 50 -

D<tta sheet . other input data anlt lesults 
Base case~ Variant 2 

Table VIII Data sheet for COMFAR evaluation 
Investment costs in thousand Rupees 
Construction period 1 year 

SI Item 
1 Incor?orated fixed assets 

construction. transport Foreign 
Local 

) Incorporated fixed assets 
technology. training spareparts Foreign 

Local 
3 Incorporated fixed assets 

others~studies,detailed .. 
engmeenng,superv1s1on 
construction management . . . 

Foreign comm1ss10nmg 
Local 

4 Plant equipment & 
machinery Foreign 

Local 
5 Preproduction expenditures 

intrest during construction Foreign 
Local 

Total 

Total 

2574.0 
16586.0 

6677.5 
4013.0 

-

7700.0 

11230.0 
102924.0 

1635.0 
14123.0 

177462.5 



.., 

- 51 -

Production from the second year 5869.2 t/year 

Results of COMFAR evaluation are included in the tables and graphs on 
pages 52-67. 

~Iain economic indices summarized from the tables: 

Internal rate of return (IRR) 

Net present value (NPV) 

Cumulated nel cashflow (CNF) 
(in the 15 th year) 

Accumulated undistributed profit 
(in the 15 th year) 

~et profit,% of sales 

Pav-bnck: accumulated net cashflow 
turns positive after the 
year 

72.87% 

791-t8-l60 * 103 Rs. 

· 676-l-l-t.OO * 103 Rs. 

1702002.00 * io3 Rs. 

-lS.2 77 

) 

St'nsiriYil\ of IRR rdating tn ·)ales price. operating cost and im·esrmer1i 

I 

I 
I 
I 
I 
I , 

I 
I 
I 
I 
I 
I ,. 
I 
I 

cost is :)hmrn in the C0>.1FAR grnph (pagP 67). I 

I 
I 
I 
I 
I 
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I .COMFAf 
~--·············-······················································ COMFAR 2.1 - J~\IA~LAL NEHRU CEN~~' IA~~llOIA ·•· 

I 
I 

MOOERNIZATION OF .,.CO SMELTER 

MR. 1993 
VARIANT 2 

1 year(s) of construction, 15 years of prcxb:tion 

currency conversion rates: 
foreign currency 1 unit = 1.0000 units accounting currency 
local currency 1 1.r1i t = 1 .0000 uni ts accCUlt i ng currency I 

----------------------------------------------------------------------------------------------------------------------------------
accounting currency: THOUSAllO RUPEES 

ciiring construction phase 

1 
I 

I 

Total initial investment 

fixed assets: 
current assets: 
total assets: 

1n462.5o 
0.00 

177462.50 

0.00 
22116.50 

155346.00 

12.463 X foreign 
0.000 % foreign 

12.463 X foreign 

0.000 X foreign equity & grants: 
foreign loans : 
local loans : 
total funds : 1n462.50 12.463 X foreign 

~·-·---------------------------·······------------··-··------··-·····-----·····--···----··-···············-········-············· 
Cashf low from operations 

I Year: 2 3 

operating costs: 46484.07 46484.07 46484.07 

depreciation 11415.40 11415.40 i1415.40 

I interest 15534.60 12990.07 10191.09 

---------------- -----···---· ..................... ........................ 

production costs 73434.07 70889.54 68090.56 

I 
thereof foreign 1.53 x 1.58 x 1.65 x 

total sales 262940.20 262940.20 262940.20 

I 
gross incOllll! 189506.10 192050.60 194849.60 

net income 104228.40 105627.80 107167 .30 

cash balance 82438.94 81681.27 80421.73 

net cashflow 130791.00 130033.30 tzam.80 

I 
Net Preslfllt Value at: t0.00 x z 791484.10 

I 
_Internal 4tate of Return: 72.87 x 
Return on equity!: not found 

Return on equity2: not found 

I··················-··················--···············································-··--·-----------·········---·····------·· 
Index of Schedules produced by COMFAR 

Total initial investment 
Total investment ciiring production 

Total production costs 
worki"9 Capital requirements 

Cash fl ow Tab! es 
Projected Balance 
Net income statenent 
Source of finance 
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------------------------------------------------------------------------ a»l~AR 2.1 - JAWAHARLAL NEHRU CENTRE. NAGPUR, lllOIA ·-· ~ 
Total Initial Investment in TllOJSAJI> Rlff:Es 

Year ••••••••• 

Fixed investment costs 
Land, site preparation, developnent 
B~ildings and civil works •••• 
Auxiliary and service facilities 
Incorporated fixed assets •• 
Plant 11achinery and equipment 

Total fixed investment costs • 

Pre-prociJc:tion capital expenditures. 
let working capital • 

Total initial investment costs 

Of it foreign, in X ••••• 

1994 

0.000 
0.000 
0.000 

47550.500 
\14154.000 

161704.500 

15758.000 
0.000 

1n462.5oo 

12.463 

MCOERN I ZA Tl ON OF BAL CO SMEL TEI • • · MAR. 19 
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. .f.OM!~f 

~------------------------------·---------------·---·-------------------- COMFAR 2.1 - ~AWA~LAL NEHRU Cffl~E. llAGPUR, lll>IA -·-

~otal Current Investment in 

Year • • • • • • • • • 

lixed investment costs 
Land. site preparation, developient 
Buildings and civil works •••• 

t uxi l iary and service facilities 
ncorporated fixed assets •••• 

Plant, mchinery and equi~t 

~tal fixed investment costs • • 

l eprocb:tion capitals expenditures. 
rking capital ••••••••.• 

~otal current investment costs 

I it foreign, % •••••• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TllWSAND RUPEES 

1995 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

0.000 
387.367 

387.367 

0.000 

MODERNIZATION OF BALCO SMELTER --- MAI. 19 
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•f,OMf.~r'' 
··········································------------------------------ CCltfAR 2.1 · J~WA.~LAL MEHRU CEMTRE, MAGPUR, lllDIA ·•• 

Cashflow Tables, construction in 

Year ••• 

Total cash inf low 

Financial resources • 
Sales, net of tax • 

Total cash outflow . 

Total assets • • • 
Operating costs 
Cost of finance 
Repayinent 

Corporate tax 
Dividends paid 

Surplus ( deficit ) 
Cuiulated cash i:>aiance 

Inflow, local ••• 
outflow, local - •• 
Surplus ( deficit ) 
Inflow, foreign •• 
Outflow, foreign •• 
Surplus ( deficit ) 

1994 

1n462.5oo 

1n462.5oo 
0.000 

1n462.500 

1n462.5oo 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

""""" u.vuu 

155346.000 
155346.000 

o.ooo 
22116.500 
22116.500 

0.000 

-1n462.5oo 

THWSAND RUPEES I 
I 
I 
I 
I 
I 
I 
I 
I 

---------------------------------------------------------------------------------------------------------------------------------- I 
lll>ERNIZATIOll Jf BALCO SMELTER --- MAR. 19 

Net cashf low •••• 
Cl.llK.llated net cashflow -1n462.5oo 

I 
I 
I 
I 
I 
I 
I 
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---------------------------------------------------------------------- COMFAR 2.1 - JAWAHARLAL NEHRU CENTRE, llAGPUR, IMDIA ---

1ashflow tables, production in TllllJSAll) ltJIEES 

YHI" ••• 

~tal cash inf low 

Financial l"esoul"ces • f ales, net of tax • 

Total cash outflow • 

~otal assets • • 
Opel"ating costs • 

l ost of finance • 
epayment ••• 

Col"pol"ate tax • 
Dividends paid • 

~l"plus C deficit ) 
CU11Ulated cash balance 

lflov, local • • • 
Outflow, local • • 

l
rplus C deficit ) 
flow, fol"eign •• 
tflow, fol"eign •• 

Surplus C deficit ) 

It cashflow • 
CUii.Slated net cashflow 

1995 

263069.300 

129. 122 

262940.200 

180630.300 

r 516.490 

~.060 

15534.600 

32817.440 

as2n.74o 

0.000 

82438.940 

82438.940 

263069.300 

173258.200 

89811. 110 

0.000 

73n.161 

·73n.161 

130791.000 

-46671.520 

1996 

262940.200 

0.000 

262940.200 

181258.900 

0.000 

46484.060 

12990.070 

35361.970 

86422.780 

0.000 

81681.270 

164120.200 

262940.200 

173886.700 

89053.440 

0.000 

73n.161 

-73n. 167 

130033.300 

83361.790 

1997 1998 

262940.200 262940.200 

0.000 0.000 

262940.200 262940.200 

182518.400 176531.800 

0.000 0.000 

4t484. 060 46484. 060 

10191.090 7112.214 

38160.950 33867 .660 
87682.320 89067.810 

0.000 0.000 

80421.no 86408.410 

244541.900 

262940.200 

175146.300 

87793.910 

0.000 

73n.161 

-73n.167 

. 
12am.soo 

212135.600 

330950.300 

262940.200 

176531.800 

86408.410 

0.000 

0.000 

0.000 

127388.300 

339523.800 

1999 

262940.200 

0.000 

262940.200 

178055.900 

0.000 

46484.060 

3725.448 

3n54.480 

90591.860 

0.000 

84884.300 

415834.600 

262940.200 

178055.800 

84884.310 

0.000 

0.000 

0.000 

125864.200 

465388.100 

2000 

262940.200 

0.000 

262940.200 

138752.400 

0.000 

46484.060 

0.000 

0.000 

92268.310 

0.000 

124187.800 

540022.400 

262940.200 

138752.400 

124187.800 

0.000 

0.000 

0.000 

124187.800 

589575.900 

I ··-·--·--------------···-·--··---·-···------------·-·-------·····--------···--·-·---·---------··------------··------------··--·· 
MOOERNIZATIOll OF BALCO SMELTER ••• MAR. 19 
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I .f,OM!'l 
------------------------------------------------------------------------ CCltFAR 2.1 - JA\IAHARLAL llEHRU CENTRE. llAGPlll, lllOIA --- ~ 
Cashflow tables, production in THOOSAND RUPEES 

Year • • • • • • • 

Total cash inflow 

Financial resources • 
Sales, net of tax • • 

Total cash outflow • • 

Total assets • 
Operating costs • 
Cost of finance 
Repayment 

Corporate tax 
Dividends paid 

Surplus ( deficit > _ 
CUILllated cash balance 

Inf low. local . • 
Outflow, local • _ • 
Surplus C deficit ) 
Inf low, foreign •• 
Outflow, foreign •• 
Surplus ( deficit > 

Net cashflow ••• 
CUILllated net cashflow 

2001 

262940.200 

0.000 
262940.200 

138752.400 

0.000 

46484.060 

0.000 
0.000 

92268.310 
0.000 

124187.800 
664210. 100 

262940.200 
138752.400 
124187.800 

0.000 
0.000 
0.000 

124187.800 
713763.600 

2002 2003 

262940.200 

0.000 
262940.200 

138752.400 

0.000 

46484.060 

0.000 
0.000 

92268.310 
0.000 

124187.800 
788397.900 

262940.200 
138752.400 
124187.800 

0.000 

0.000 
0.000 

124187.800 
8379:>1.400 

262940. 200 

0.000 

262940.200 

138752.400 

0.000 
46484.060 

0.000 

0.000 
92268.310 

0.000 

124187.800 
912585.600 

262940.200 
138752.400 
124187.800 

0.000 
0.000 
0.000 

124187.800 
962139.100 

2004 

262940.200 

0.000 
262940.200 

143889.300 

0.000 
46484.060 

0.000 

0.000 
97405.240 

0.000 

119050.800 
1031637.000 

262940.200 
143889.300 
119050.800 

0.000 
0.000 
0.000 

119050.900 
1081190.000 

2005 

262940.200 

0.000 
262940.200 

143889.300 

0.000 
46484.060 

0.000 
0.000 

97405.240 
0.000 

119050.800 
1150687.000 

262940.200 
143889.300 
119050.800 

0.000 
0.000 
0.000 

119050.900 
1200241.000 

2006 

262940.200 

0.000 
262940.200 

143889.300 

0.000 
46484.060 

0.000 
0.000 

97405.240 
0.000 

119050.800 
1269738.000 

26291.C. 200 
143889.300 
119050.800 

0.000 
0.000 
0.000 

119050.900 
1319292.000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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',. .f,01'1!.~E 
·····--------------------------····------------------·---------·-····· COMFAR 2.1 - JAWAHARLAL NEHRU CE•TIE, NAGPUR, INDIA··-

~shflow tables, production in 

Tear • • • • • • • 2007 

TIDJSA1I) ~ES 

2008 2009 

Ital cash inflow 

Financial resources 

~Les, net of tax • 

Total cash outflow •• 

~tal assets • • 
Operating costs • 

E 
of finance • 

yment ••• 

porate tax • 
Dividends paid • 

~plus ( deficit > 
CU11Ulated cash balance 

~low, local ••• 
Outflow, local ••• 

l
plus < deficit ) 
low, foreign • • 
flow, foreign •• 

Surplus ( deficit > 

~ cashflow •••• 
Cuiulated net cashf low 

262940.200 

0.000 

262940.200 

143889.300 

0.000 

46484.060 
0.000 

0.000 

97405.240 

O.O'JO 

119050.800 

1388789.000 

262940.200 

143889.300 

119050.800 

0.000 

0.000 

0.000 

119050.900 

1438343.000 

262940.200 

0.000 

262940.200 

143889.300 

O.OOD 

46484.060 
0.000 

0.000 

97405.240 

0.000 

119050.800 

1507840.000 

262940.200 

143889.300 

119050.800 

0.000 

0.000 

0.000 

119050.900 

1557394.000 

262940.200 

0.000 

262940.200 

143889.300 

0.000 

46484.060 
0.000 

0.000 

97405.240 

0.000 

119050.800 

1626891.000 

262940.200 

143889.300 

119050.800 

0.000 

0.000 

0.000 

119050.900 

1676444.000 

1
---·-·-····----······-·····················-··-············-····-············-··-·············-································ 

MODERNIZATION OF BALCO SMELTER ··· MAR. 19 

I 
I 
I 
I 
I 
I 
I 



Cashflow Discoun~ing: 

a) Equity paid versus Net incOR flow: 
Net present value •••••••••••••• 847525.10 at 
Internal Rate of Return (IRRE1) •• not found 

b) Net Worth versus Net cash return: 
Net present value •••••••••••••• 795267.00 at 
Internal Rate of Return CIRRE2) •• not found 

c) Internal Rate of Return on total investment: 
Net present value ••.••••••••••• 791484.10 at 
Internal Rate of Return C IRR ) 72.87 X 

- 59 - I 

I 
10.00 x 

I 
10.00 x I 
10.00 x I 

Net Worth = Equity paid plus reserves 

···--·-·······-·---------·····-·-------······-··-----··--··---------····-·-------·-······-----·-·······--·---······---·----------- ~ 
MOOERNIZATION OF BALCO SMELTEI ··- MAR. 19 
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let Income Statement in 

lfear . 

t al sales, incl. sales tax ••••• 
s: variable costs, incl. sales tax. 

l riable 111argin ••••••••••• 
X of total sales • • • • • • • • • 

{

-variable costs, 

rational 111argin • 

( 

X of total sales 

st of finance 

l oss profit •• 
lowances •• 

Taxable profit 

I
x ••• 

t profit 

t idends paid ••• 

istributed profit 

I 
I 
I 
I 
I 
I 
I 

incl. depreciation 

TllQJSAll) RUPEES 

1995 

262940.200 
46484.070 

-·-------------
216456.100 

82.321 

11415.400 
------------··· 

205040.700 
77.980 

15534.600 
.......................................... 

189506.100 
0.000 

189506.100 
35277.740 

... ...................................... 

104228.400 

0.000 
104228.400 

- 60 -

1996 

:?62940.200 
46484.070 

............................................. 

216456.100 
82.321 

11415.400 
............................................ 

205040.700 
77.980 

12990.070 
........................................... 

192050.600 
0.000 

192050.600 
86422.780 

...................................... 
105627.800 

0.000 
105627 .800 

1997 

262940.200 
46484.070 

--·----·---- ....... 
216456.100 

82.321 

11415.400 
.................................... 

205040.700 
77.980 

10191.090 

-----·---------
194849.600 

0.000 
~94849.600 

87682.120 
... ........................................ 

107167.300 

0.000 
107167.300 
317023.500 

74.104 
40. 757 

1998 

262940.200 
46484.070 

---------------
216456.100 

82.321 

11415.400 
... ........................................ 

205040.700 
77.980 

7112.214 

-------·-------
197928.500 

0.000 
197928.500 
89067.810 

... ........................................ 

108860.700 

0.000 
108860.700 
425884.100 

75.275 
41.401 

1999 

262940.200 
461.84.070 

............................................ 

216456.100 
82.321 

11415.400 

·--------------
205040.700 

77.980 

3725.448 
........................................... 

201315.200 
0.000 

201315.200 
90591.860 

... ....................................... 

110723.400 

0.000 
110723.400 

MODERNIZATION OF BALCO SMELTER ··· MAR. 19 
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.f,OMJ.~of II 
------------------------------------------------------------------------ CCJCFAR 2.1 - JAWAHAILAl IEHRU CENTRE, IAGPUR, lllDIA ---

Net Income Statement in 

Tear • • • • 

Total sales, incl. sales tax 
Less: variable costs, incl. sales tax. 

Variable niargin •• 
As % of total sales 

Non-variable costs, incl. depreciation 

Operational margin • 
As % of total sales 

Cost of finance 

Gross profit • 
Al lovances • • 
Taxable profit • 
Tax ••• 

Net profit 

Dividends paid • 
Undistributed profit ••••••• 
AccuiaJlated undistributed profit • 

Grnss profit, % of total sales 
Net profit, % of total sales 
ROE, Net profit, % of equity ••• 
ROI, Net profit+interest, % of invest. 

TllWSAllO RUPEES 

2000 

262940.200 
46484.070 

2001 

262940.200 
46484.070 

216456.100 216456.100 
82.321 82.321 

11415.400 11415.400 

205040.700 205040.700 
n.98tl n.980 

0.000 0.000 

205040.700 
0.000 

205040.700 

205040.700 
0.000 

205040.700 

2002 

262940.200 
46484.070 

216456.100 
82.321 

11415.400 

2051K.0.700 
n.980 

0.000 

205040.700 
0.000 

205040.700 

2003 

262940.200 
46484.070 

216456.100 
82.321 

11415.410 

205040.700 
n.980 

0.000 

205040.700 
0.000 

205040.700 

:ll04 

26~0.200 

46484.070 

216456.100 
82.321 

0.000 

216456.100 
82.321 

0.000 

216456.100 
0.000 

216456.100 
92268.310 92268.310 92268.310 92268.310 97405.240 

112m.4oo 112m.4oo 112m.4oo 112m.4oo 119050.900 

0.000 
112m.4oo 
649379.900 

n.980 
42.889 
0.000 

63.409 

0.000 
112m.4oo 
762152.300 

77.980 
42.889 
0.000 

63.409 

0.000 
112m.4oo 
874924.600 

77.980 
42.889 
0.000 

63.409 

0.000 
112m.4oo 
987697.000 

n.980 
42.889 
0.000 

63.409 

0.000 
119050.900 

1106748.000 

82.:m 
45.277 

0.000 
66.939 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
1
- .fiOMl~of 
----------------------------------------------------------------------· OJCFAR Z.1 - .JAMAllARLAL llEHRU ctNTRE, NAGPUR, INDIA--· 

i et Income ~tatementin 

ear • 

l otal sales. incl. sales ta.11 ••••. 
ess: variable costs, incl. sales ta.11. 

'

riable 1111rgin ••••••••••• 

% of total sales • • • • • • • • • 

(

-variable costs, 

rational 1111rgin • 

As % of total sales 

Lt of finance 

l oss profit • 

lowances •• 

Taxable profit • 

•• JI ••• 

at profit 

.vidends paid ••• 
l!lidistributed profit 

incl. depreciation 

AccUILllated undistributed profit 

TIKlJSAND RUPEES 

2005 

262940.200 

46484.070 _____ .. _________ 

216456.100 

82.321 

0.000 
................................... 

216456.100 

82.321 

0.000 
......................................... 

216456.100 

0.000 

216456.100 

97405.240 
...................................... 

119050.900 

0.000 

119050.900 

1225799.000 

2006 

262940.200 

46484.070 

---------------
216456.100 

82.321 

0.000 

---------------
216456.100 

82.321 

0.000 

-------·-------
216456.100 

0.000 

216456.100 

97405.240 
....................................... 

119050.900 

0.000 

119050.900 

1344950.000 

2007 

262940.200 

46484.070 
................................... 

216456.100 

82.321 

0.000 
.................................... 

216456.100 

82.321 

0.000 

-------------·-
216456.100 

0.000 

216456.100 

97405.240 
.. ...................................... 

119050.900 

0.000 

119050.900 

1463901.000 

~008 

262940.200 

46484.070 
.. ................................. 

216456.100 

82.321 

0.000 
.. ...................................... 

216456.100 

82.321 

0.000 

---------------
216456.100 

0.000 

216456.100 

97405.240 
... ...................................... 

119050.900 

0.000 

119050.900 

1582951 • 000 

2009 

262940.200 

46484.070 

--·------------
216456.100 

82.321 

0.000 
.................................. 

216456.100 

82.321 

0.000 
........................................... 

216456.100 

0.000 

216456.100 

97405.240 

---------------
119050.900 

0.000 

119050.900 

1702002.000 

loss profit, % of total sales • 82.321 82.321 82.321 82.321 82.321 

Net profit, % of total sales . 45.277 45.277 45.277 45.zn 45.277 

~~-~'.'..~~'.'.'.::;'.'.'.:~:;~'.'..~~'.: __________ ~:~---·······-~:~---·······-~:~---·······-~:~---·······-~:~---···· 
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I .COMFAf 
-----------------------------------------·-·---------------------------- COMFAR 2.1 - J~VAH~LAL NEHRU CEN~~' NA~~~NDIA --· ~ 
Source of Finance, production in 

Year ••••••••...••• 1995 1996 

Equity, ordinary •• 0.000 0.000 

Equity, preference. 0.000 0.000 

Subsidies, grants . 0.000 0.000 

Loan A, foreign • -nn.167 -nn.161 

Loan B, foreign •• 0.000 0.000 

Loan C, foreign • 0.000 0.000 

Loan A, local. ••• -25445.270 ·27989.800 

Loan B, local. ••• 0.000 0.000 

Loan C, local. ••• 0.000 0.000 

--------------- -------·-------
Total loan •••••••• ·32817.440 ·35361.970 

Current liabilities 129.122 0.000 

Bank overdraft .... 0.000 0.000 
..................................... .................................... 

TIKllSAND RUPEES 

1997 1998 

0.000 0.000 

0.000 0.000 

0.000 0.000 

-7372.167 0.000 

0.000 0.000 

0.000 0.000 

-30788.780 -33867.660 

0.000 0.000 

0.000 0.000 

----·--·------- -··---·--------
-38160.950 • -33867.660 

0.000 0.000 

0.000 0.000 
.. ........................................ ... ..................................... 

1999 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

-3n54.4BO 
0.000 
0.000 

----····------· 
-3n54.4BO 

0.000 
0.000 

.. ................................... 

I 
I 
I 
I 
I 
I 

Total funds ······· ·32688.320 ·35361.970 -38160.950 -33867.660 -37254.480 

---··--·------·--·-------·········-······-··-----------------····································································· ~ 
MODERNIZATION OF &ALCO SMELTER ·•· MAR. 19 
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I 
~---------------------------------------··------------··········--·-··-- IXltFAR 2.1 

'~~~~~--~-~--~·inance, ~=structitd in ,_,.....,. 

l quity. ordin11ry •• 

quity. preference. 
SUbsidies, gnnts • 

I Loan A. foreign • 
Loan a. foreign •• 

I 
Loan c. foreign • 

Loan A. local •••• 
Loan a. local •••• 
Loan c. local •••• 

~tal loan •••••••• 

rrrent l illbil ities 

... overdraft •••• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.000 

0.000 
0.000 

22116.500 

0.000 
0.000 

155346.000 
0.000 
0.000 

0.000 

0.000 

- JAUAllAllLAl IEHRU CEITRE. llAQIUI, llDIA ---
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------------------------------------------------------------------------ CCJ4FAR 2.1 - JA~llAR~L IEllRU CENTRE, NAGPUR, lll>IA ••• 

A n n u a I CF, operations 
'5 THOUSAllD JIJPEES 

1.8 

8.5 

8.8 

.5 

1.8 

1.5 

Z.8 

Variant Z 

ea local net cashf lous 
ii foreign net cashf lous 

1 z 3 1 5 6 7 8 ' 18 11 1Z 13 11 15 16 
y e a r 

II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
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II .f.OPli! 
···-·-·······---·····-·-----··-····----·-·····--------·····--•--·---· COMFAI! 1.1 • J~l.Al lllEllRU CEITRE. llAGPUR. lll>IA ---

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Annual flow or funis <rinance) 
rs THOUSA1tD J1UPEES 

1.5 

1.8 

8.5 

8.8 

.5 

0 local funds 
ii foreign funds 

1 z 3 1 s 6 

Variant Z 

7 8 ' 18 11 1Z 13 11 15 
year 



I 

I 

• COl'IFAf I 
2.1 UHIDO 
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------------------------------------------------------------------------ COMFAR 2-1 - J~~LAL llElllU CEURE. IAGNI, lllllA --- I 

Sensitivity of IRR Uarlant Z 
rz internal rate of return 

1.1 

1.Z 

1.8 

8.8 _ sales priceCs> 
__ operating costcs> 

...... :-:-.. ::-.. :-:-.. :.~.~--~:~~--~it~L ilt~~'!_t ____ _ 
----8.6 ······· 

-18 e 18 28 3B 18 
variation in x 

- - -

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



~, 

I 
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I 
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I 
I 
ii 
ii 
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Data sheet . other input data and results 
Variant 3 

Table IX Data sheet for COMFAR evaluation 
Im·estment costs in thousand rupees 
Variant 3 and 4 
Construction period 2 years 

SI ! Item j Construction j period 
I fears 1 . 
' 1 2 

1 I Civil Structures 49720.0 ! 
1 j Incorporated fixed assets I 

I -
l construction.transport 18583.0 30-WLO 

" I Incorporated fixed assets ..) 

! technology.training. spare I 
' .?962.0 I 5922.0 : parts 

4 j Incorporated fixed assets 
1 others.studies!detailed 
i engineering,supervision 
I construction management 
I commissioning 7260.0 9225.0 

I 
Total 

49720.0 

49024.0 

8884.0 

I 
I 

I 
I 16485.0 

5 I Plant equipment & 
I I 148138.0 i 222168.0 , machinery 7-W30.0 

6 . Preproduction expenditures 
I 

I ! 
I 

, inrerest during construction 15256.0 i 34628.0 : 49884.0 
i Total i 167811.0 l 22835-UJ i 396165.0 
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Production in the second year of C()nstruction 
Production from the second year of production 

500.0 t 
1173. 2 t/yea r 

Results of COMEl\R evaluation are included in the tables and graphs on 
pages 70-85. 

~fain economic indices summarized from the tables: 

Internal rate of return (IRR) 

Net present \'alue (NPV) 

Cumulated net cashflow (CNF) 
(in the IS th year) 

Accumulated undistributed profic 
(in the 15 th year) 

Net profit.% of sales 

Pay-back : accumulated net cashflow 
turns positive after the 
year 

15.03% 

1os6os.90 * 1 o3 Rs. 

459+U.OO * 103 Rs. 

456-U-t.30 * 103 Rs. 

49.605 

7 

Sensiri'.·iry of IRR relaling lo sales price. operating cost and inn·stmenc 
cost is shown in the CO~·lFAR graph {page 85). 

I 
I 
I 
I 
I 
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I I - 10 - .f,Ol'l!~of 
·······················-···-------------------------------·-----·------ aJtFAI 2.1 • JAWAllARLAL llEllRU CEITIE, IAGPUI, 11111A ---

I 
I 
I 

MODERNIZATIOI OF BALCG SMELTER 
llAI. 1"3 

VARIANT 3 

1 year(s) of construction, 15 years of procb:tion 

currency conversiCll rates: 
foreign currency 1 t.nit : 1.0000 1.nits accOU1ting currency 

local currency 1 t.nit = 1.0000 units acCCU'lting currency 

acc0t.nting currency: TIOJSAll) lllftES 

----------------------------------------------------------------------------------------------------------------------------------

1 
I 
I 
I 

Total initial investment uing construction phase 

fixed assets: 

curr~t assets: 

total assets: 

Source of funds 

eq.iity & grants: 

foreign l~: 

local l~: 

total fwids : 

167111.00 

0.00 

167111.00 

G.ring construction phase 

0.00 

0.00 

167111.00 
167111.00 

0.000 l foreign 

0.000 l foreign 

0.000 l foreign 

0.000 l foreign 

0.000 l foreign 

I -·----------·----------------------····-------·---------------····-·----------------·---------------------------·------·-·--·--· 
· · Cashflow from operations 

I Ye1r: 2 3 

operating costs: 3960.00 9291.74 9291.74 

depreci1tion 12375.00 27188.80 21188.ao 

I 
interest 28191.80 39616.50 33127.42 

-----------·---- --------·--- ------------ ·----------· 
procllction costs 44533.80 761197.'15 69607.97 

thereof foreign 0.00 l 0.00 l 0.00 l 

I total sales 40364.25 94728.97 94728.97 

gross inc- ·4i69.55 18631.92 25121.00 

I net inc- -4t6'.55 10247.56 13816.55 

cash balance 8172.45 ·27498.88 ·30374.53 

net cashf low -191982.ao 77008.43 74132.78 

I •et Present Value It: 10.00 l " 10860l.90 

Internal Rate of Return: 15.03 l 

I Return on equity1: not foura 
Return on equity2: 

~--··························--··············-·····-······················-·····-········-··--··-···· •··························· 
I Index of Schedules pr«Wced br COMFAI 

Tot1l initi1t invest~t 

Tot1l invntlll!nt cliring procllct ion 

Totol procllction costs 
wort ing Capit1l reqr.oi r1111ents 

Cashftow Tlbln 

Projected l1tenc1 

Net lnc:Ollt ltltllllflt 

Source of finaioee 
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·~Ol'l!~of 
1

1 

------------------------------------------------------------------------ COMFAR 2.1 - JAIMHARLAL NEHRU CENTRE, llAGPUR, lll>IA --· 

Total Initial Investment in 

Fixed investment costs 
Land, site preparation, devel~t 
Buildings and civil works ••••• 
Auxiliary and service facilities • 
Incorporated fixed assets •• 
Plll'lt mchinery and equipment • 

Total fixed investment costs • 

Pre-proc:b:tion capital expenditures. 
Net working capital • • • • • 

Total initial investment costs 

Of it foreign, in % ....... . 

TIOJSAll) RUPEES 

1994 

0.000 

49720.000 

0.000 

28805.000 

74030.000 

152555.000 

15256.000 

0.000 

167111.000 

0.000 

I 
I 
I 
I 
I 
I 

llDOERNIZATION OF BALCO SMELTER --- MAR. 19 I 
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. 

'------------------------------····--·------------------·-------------- lidltfAR i.1 

l°tal current Investment in 

Tear ••••••••• 

l.xed investment costs 

~and. site preparation, developaent 
Buildings and civil works ••••• 

t iliary and service facilities 

orporated fixed assets • • • • 

Plant. lladlinery and equipnent 

Ital fixed investment costs •• 

rocllction capitals expenditures. 

wt1ng capital •••••••••• 

Total current invest11ent costs 

I it foreign. % ••••••••• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TlllJSAllD IQ>IES 

1995 

0.000 
0.000 
0.000 

45588.000 
148138.000 

193726.000 

34628.000 

33.000 

228387.000 

0.000 

1996 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

44.431 

44.431 

0.000 

lll>EHIZATIOll OF BALCO SMELTER --- MAR. 19 
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---------------------------------------------------··-··-----······----- CIJMFAR 2.1 -

Cashf low Tables, construction in TllOOSAND RUPEES 

Year • • • • • • • 

Total cash inflow 

Financial resources • 
Sales, net of tax • 

Total cash outflow • • 

Total assets • 
Operating costs 
Cost of finance • 
Res-yment 

Corporate tax 
Dividends paid 

SUrplus ( deficit > . 
Cuailated cash balance 

Inflow. local • • • 
Outflow, local • • • 
Surplus ( deficit ) 
Inf low, foreign • . 
Outflow. foreign .• 
Surplus ( deficit > 

let cashflow •••• 
C1111.1lated net cashflow 

1994 

167811.000 

167811.000 

0.000 

167811.000 

167811.000 

0.000 

0.000 
0.000 

0.000 

0.000 

0.000 

0.000 

167811.000 

167811.000 

0.000 

0.000 

0.000 

0.000 

• 167811.000 

• 167811.000 

I 

• COMFAr • 
2.1 UHIOO I 

JA\IAllAALAl IEHRU CENTRE, llA!iPUR, llDIA -·-

MOOERllZATIOll OF BALCO SMELTER ••• MAR. 
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--------------------------------------------------··-··--···--·--·-··- CCJ4FAR 2.1 · JAllAHARLAL llEHRU CE•TRE, llAGPUR, lllDIA ·-· 

lash flow tables, production in TllClJSANO RUPEES 

ar • . . . . . . 1995 1996 1997 1998 1999 2000 

Ital cash inflow 268729.300 94743.780 94728.970 94728.970 94728.970 94728.970 

----·-·------·- ................................. --·---···----·- ·------------·- ·-------------- ------··-----·-
Fi:'lallCial resources • 228365.000 14.810 0.000 0.000 0.000 0.000 

r.les, net of tall 40364.250 94728.970 947211.970 94728.970 94728.970 94728.970 

al cash outflow • 260556.800 122242.700 125103.500 128315.600 131848.900 135735.700 
............................ ---·----·------ ............................... ·-------------- --·------------ -------------·-

~al ~ssets • • 228398.000 59.242 0.000 0.000 0.000 0.000 

ratmg costs • 3960.000 9291.742 9291.742 9291.742 9291.742 9291.742 

Cost of finance • • . 28198.800 39616.500 33127.420 25989.430 18137.640 9500.674 

l::yment • 0.000 64890.810 71379.890 78517.880 86369.670 95006.750 

rporate tall 0.000 8384.365 11304.450 14516.550 18049.850 21936.490 

Oividends paid 0.000 0.000 0.000 0.000 0.000 0.000 

~lus < deficit > 8172.453 -27498.880 -30374.530 ·33586.630 -37119.940 -41006.690 

CU11Ulated cash balance 8172.453 ·19326.430 -49700.960 -83287.590 ·120407.500 -161414.200 

tlow, local . . . 268729.300 94743.780 94728.970 94728.970 94728.970 94728.970 

flow, local . . 260556.800 122242.700 125103.500 128315.600 131848.900 135735.700 

Surplus ( deficit ) 8172.453 -27498.880 ·30374.530 ·33586.630 -37119.940 ·41006.69C 

~low, foreign • . 0.000 0.000 0.000 0.000 0.000 0.000 

flow, foreign • . 0.000 0.000 0.000 0.000 0.000 0.000 

Surplus ( deficit ) 0.000 0.000 0.000 0.000 0.000 0.000 

I cashflow. . . · 191982.800 77008.430 74132.nO 70920.680 67387.380 63500.740 

r;JiUlated net cashflow ·359793.800 ·282785.300 ·208652.500 -nm1.aoo ·70344.470 -6843. 730 

~---·-················-······-·-···-···-·····················-·······················--~~;~;~~;~·~;-~~~~~-~~~;~;-~~~-~~-~; 

I 
I 
I 
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.f,Ol'l!~f I 
------------------------------------------------------------------------ COMFAR 2.1 - JAWAHARLAL NEHRU CENTRE, NAGPUR, lllOIA --- I 
CashflOW tables, production in TllWSAJIO RUPEES 

Year ••••••• 

Total cash inf low 

Financial resources 
Sales, net of tax • 

Total cash outflow •• 

Total assets • • 
Operating costs • 
Cost of finance •• 
Repayment 

Corporate tax 
Dividends paid 

Surplus ( deficit ) • 
Curulated cash balance 

Inflow, local • • • 
outflow, local ••• 
Surplus ( deficit ) 
Inf low, foreign . . 
OUtf lcn;, foreign • . 
Surplus ( deficit ) 

Net cashflow •••• 
Curulated net cashflow 

2001 2002 2003 2004 2005 2006 

94n8.970 94n8.970 94n8.970 94n8.970 94n8.970 94n8.970 

0.000 0.000 0.000 0.000 0.000 0.000 

94728.970 

35503.530 

0.000 
9291.742 

0.000 
0.000 

26211.790 
0.000 

59225.440 
-102188.800 

94nB.97o 
35503.530 
59225.440 

0.000 
0.000 
0.000 

59225.440 
52381. 710 

94n8.970 

35503.530 

0.000 
9291.742 

0.000 
0.000 

26211.790 
0.000 

59225.440 
-42963.340 

94na.910 
35503.530 
59225.440 

0.000 

0.000 
0.000 

59225.440 
111607 .100 

35503.530 

0.000 
9291.742 

0.000 

0.000 

26211.790 
0.000 

59225.440 

16262.090 

94nB.970 
35503.530 
59225.440 

0.000 

0.000 
o_ooo 

59225.440 
170832.600 

94n8.970 

410n.270 

0.000 
9291.742 

0.000 
0.000 

31780.530 
0.000 

53656.700 
69918.790 

94nB.970 
41on.270 
53656.700 

0.000 

0.000 

0.000 

53656.700 
224489.300 

94n8.970 

4m8.500 

0.000 
9291.742 

0.000 
0.000 

38446.750 
0.000 

46990.470 
116909.300 

94nB.97o 
4m8.500 
46990.470 

0.000 
0.000 
0.000 

46990.470 
271419.800 

47138.500 

0.000 
9291.742 

0.000 
0.000 

38446.750 
0.000 

46990.470 
163899.700 

94nB.970 
47138.500 
46990.470 

0.000 

0.000 

0.000 

46990.470 
318470.200 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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-----------·-·---····-·--···-············----························· ecJMFAll 2.1 • JAYAHARLAL NEHRU CENTRE, NAGP\JI, lll>IA ••• 

(~~f ~~w- ~~bles, protuction in TIQUSANO R\l'EES 

2007 2008 2009 

Ital cash inflow 94n8.970 94n8.970 94728.970 

--·----·------- ............................................. 

Financial resources • 0.000 0.000 0.000 

rles, net of tax •• 94n8.970 94728.970 94728.970 

Total cash outflow • 47138.500 47738.500 47138.500 

----------·---- --------------· -·-----·-------
l;:al ~ssets • • 0.000 0.000 0.000 

rat1ng costs • 9291.742 9291.742 9291.742 

Cost of finance • 0.000 0.000 o."JO 
lepaymnt ... 0.000 0.000 0.000 

orporate tax • 38446.750 38446.750 38446.750 

Dividends paid . 0.000 0.000 0.000 

lrplus ( deficit > 46990.470 46990.470 46990.470 

CUll.llated cash balance 210890.200 257880.700 304871.200 

lflow, local . . . 94n8.970 94728.970 ~728.970 

tflr ., ocal ••• 47138.500 47738.500 47138.500 

SUrplu ' 'eficit ) 46990.470 46990.470 46990.470 

lf!ow, fo1·eign •• 0.000 0.000 0.000 

tflow, foreign • • 0.000 0.000 0.000 

S\lrpl•is ( deficit ) 0.000 0.000 0.000 

~t cashflow • • • • 46990.470 46990.470 46990.470 

cu..itated net cashflow 365460.700 412451.200 459441.600 

MODERNIZATION OF BALCO SMELTER ••• MAR. 19 I
··················································--···················--------···········-·························-··········· 
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·························--------·---------------------------------····· CXlMFAR 2.1 

Cashflow Discounting: 

a) Equity paid versus llet inc~ flow: 

llet present value -············· 184634.40 at 
Internal Rate of Return (IRRE1) •• not f~ 

b) llet worth versus Net cash return: 
llet present value •••••••••••••• 98229.20 at 
Internal Rate of Return (IRRE2) •• 

c) Internal Rate of Return on total imrestlltnt: 
llet present value •••••••••••••• 108608.90 at 
Internal Rate of Return < IRR ) 15.03 X 

Net worth = Equity paid plus reserves 

10.00 x 

10.00 x 

10.00 x 

I 

I 
I 
I 
I 

--------------------------·----------------···--------------·---------------------------------------------------------------------I 
• MOOERlllZATIOll OF &ALCO SMELTER -·· MAR. 19 
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---------------------------------------·------------------------------ CXllFAI 2.1 • ~~LAl llEllllU CEllTRE. llAGPUI. lll>IA ---

t •l sales. incl. sales tu ••••• 
s: ~•riable costs, incl. sales tax. 

l riable •rgin • . • • • • • • • • • 
1 of total sales _ . • • . • • • • 

r·variable costs, incl. depreciation 

Operational •rgin • 

ti of total sales 

t of finance ••••• 

t.s profit •••• 
~es ••• 

Tuable profit ••• r ....... . 
•et profit ••• 

l idends paid • • • 

istributed profit 
Accuiulated ~istributed profit • 

~s profit, 1 of total sales • 
Net profit, I of total sales •• 

I • Net profit. 1 of ~ity ••••• 
, Net profit+interest, 1 of invest. 

I 
I 
I 
I 
I 
I 
I 

40364.250 

3960.000 

1996 

9'728.970 
9291.744 

1'97 

94728.970 
9291.744 

1998 

94728.971> 
9291.744 

1999 

94728.970 
9291.744 

--------------- --------------- --------------- --------------- ---------------
36404.250 85437.230 85437.230 

90.189 90.191 90.191 

12375.000 271118.800 271118.810 

24029.250 58248.420 58248.420 
59.531 61.490 61.490 

28198.800 39616.500 33127.420 

85437.230 
90.191 

58248.420 
61.490 

25989.430 

85437.230 
90.191 

58248.420 
61.490 

18137.640 

--------------- --------------- --------------- --------------- ---------------
·4169.551 18631.920 

0.000 0.000 
-4169.551 18631.920 

0.000 8384.365 

·4169.551 10247.560 

0.000 0.000 
-4169.551 10247.560 
-4169.551 6078.006 

-10.330 19.669 
-10.330 10.818 

0.000 0.000 
6.065 12.584 

25121.000 
0.000 

25121.000 
11304.450 

13816.550 

0.000 
13816.550 
19894.550 

26.519 
14.585 
0.000 

11.847 

32258.990 

0.000 
32251.990 

14516.550 

17742.450 

0.000 
17742.450 
37637.000 

34.054 
18.730 
0.000 

11.037 

40110.780 
0.000 

40110.780 
18049.850 

22060.930 

0.000 
22060.930 

59697.930 

42.343 
23.2aa 
0.000 

10.145 

MOOERNl2ATIOI OF BALCO SMELTER ·-· MAR. 19 
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------·----------------------------------------------------------------- COltFAR 2.1 - JAWAllARLAl llEllttU CEllTIE. llAGPUR, lll>IA --- I 
Net Income Statement in TICIJSM> llUPEES 

Te9r - ••• 

Total sales. incl. sales tu • 
Less: variable costs, incl. sales tu. 

2000 

9'728.970 
9291.744 

2001 

94728.970 
9291.744 

9'728.970 
9291.744 

2003 

94728.970 
9291.744 

94728.970 
9291.744 

--------------- -----··--------- --------------- --------------- ---------------
Variable •1'9in • • 85437 .230 85437 .230 85437 .230 85437 .230 85437 .230 
As 1 of total sales 90. 191 90.191 90.191 90.191 90.191 

llOn-variable costs. incl. depreciation 27188.800 2n88.800 27188.800 27188.800 14113.810 

--------------- --------------- --------------- --------------- ---------------
Operational •rgin • 58241.420 58241.420 58241.420 58241.420 70623.410 

As 1 of total sales 61.490 61.490 61.490 61.490 74.553 

Cost of finance 9500.674 0.000 0.000 0.000 0.000 

--------------- --------------- --------------- --------------- ---------------
Gross profit • 

Allawances • • • • • 

Taxable profit 

Tu • • • • 

let profit 

Dividends paid • 
Undistributed profit •••• 

Act\allated undistributed profit • 

48747.750 

0.000 

48747.750 

21936 ... 90 

261111.26C 

0.000 

261111.l60 

86509.190 

58248.420 

0.000 

58248.420 

26211.790 

32036.630 

0.000 

32036.630 

118545.800 

58248.420 

0.000 

58248.420 

26211.790 

32036.630 

0.000 

32036.630 

150582.500 

58248.420 

0.000 

58241.420 

26211.790 

32036.630 

0.000 

32036.630 

182619.100 

70623.410 

0.000 

70623.41!1 

31180.530 

38842.lllO 

0.000 

38842.lllO 

221462.000 

74.553 
Gross profit. 1 of total sales • • 51.460 61.490 61.490 61.490 
let profit. 1 of total sales • 28.303 33.819 n.819 33.819 41.004 

I 
I 
I 
I 
I 
I 
I 
I 
I 

ROE. let profit, 1 of equity • • • 0.000 0.000 0.000 0.000 0.000 

"."'.:.~'._".'.:'.'.'.~'.:'.'.'.:~'.:_~_:'._'.~'.: ____________ ~:'.~------------~:~------------~:~------------~:~------------~:~------- ~ 
MODERllZATIC* OF BALCO SMELTER ••• Ml. 19 
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I 
~----------------------------------------------------·-···-------------- CCMFAI 2.1 - ..... AL IEllU CEITIE. llAGPla. lllUA ---

l ot•l ules, incl. ules tu ••••• 

ess: varimle costs, incl. nles tu. 

.arimle •rtin • • • • • • ••••• 
115 X of total nles • • • • • • • • • 

C
wrimle costs, 

•tiOMl mrtin • 

As X of tot•l ules 

Lt of firw1Ce 

... oss profit • 

•'l~ .. 
Tu.ble profit 

(~:;: 

incl. depreciation 

t iderm paid • • • • 

istributed profit • 

TlllJSAll> 111'££5 

9'728.970 
9291.744 

15437.230 
90. 191 

-0.003 

15437.230 
90.191 

G.000 

115437.230 
0.000 

15437.230 
31446.750 

46990.470 

0.000 

46990.470 

261452.400 

2006 

'4'28.970 
9291.744 

15437.230 
90.191 

0.000 

15437.230 
90.191 

0.000 

15437.230 
0.000 

15437.230 
31446.750 

46990.470 

0.000 

46990.470 

315442.900 

2007 

9'728.910 
9291.744 

854-37.230 
90.191 

0.000 

15437.230 
90.191 

0.000 

15437.230 
0.000 

15437.230 
31446.750 

46990.470 

0.000 

46990.470 

362433.400 

9'728.970 
9291.744 

15437.230 
90.191 

0.000 

15437.230 
90.191 

0.000 

15437.230 
0.000 

15437.230 
38446.750 

46990.470 

0.000 
46990.470 

409423.800 

9'728.t?I 
9291.744 

15437.230 

90.191 

0.000 

85437.230 

90.191 

0.000 

85437.230 

0.000 

85437.230 

31446.750 

46990.470 

0.000 

46990.470 

456414.300 

lross profit, I of total ules . 90.191 90.191 90.191 90.191 90.191 

let profit. I of tot•l sales . 49.605 49.605 49.605 49.605 49.605 

~· let profit. I of eq.iity • • . . • 0.000 0.000 0.000 0.000 0.000 

~~:-~~~-~~~:~~:~~~~~~:-~-~~-:~~: ........... ~~:~~---······--~~:~~-----····--~~:~~---······--~~:~~----·····--~~:~----··· 
lllDOlllZATICll OF IALCO 5'ELTEI ••• 11111. 19 
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------------------------------------------------------------------------ CXlff'AI 2.1 - JAWlllARlAl llElllU CE•TRE, llAGP\Jl, lllDIA --- I 
Source of Finance, construction in 

Te11r •••••••••••••• 

(41ity, ordinary •• 

(41ity, preference. 

5'bsidies, 9r1nts • 

loan A, foreign . 

loan I, foreign •• 

loan C, foreign • 

lomn A, local •••• 

loan I, local •••• 

lOll'I c, lxal •••• 

Total lOln •• - - •• - • 

current liabilities 

lri overdraft -·--

1994 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

167811.000 

0.000 

0.000 

--·---·--------
167811.000 

0.000 

0.000 

TIOJSAll> llUPEES 

I 
I 
I 
I 
I 
I 

Total funds ••••••• 167811.000 ---------------------------------------------------------------------------------------------------------------------------------- I 
lllllEllllZATICll Of BAlCO SllELTEI --· IWI. 19 
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---------------------------------·-·········-------------·-·-··-··--·· DltfAlt 2.1 • JAWlllARLAl IENRU CEITRE. llAGPUl. lll>IA ---

c=ce of Finance, production in TlllJSAlll lll'EES 

•.••••........ 1995 1996 1997 1998 1999 2000 

t~ty. ordinary •• 0.000 0.000 0.000 0.000 0.000 0.000 1ty. preference. 0.000 0.000 e Ol)O 0.000 0.000 0.000 

SUbsidies. gr.,ts . 0.000 0.000 ·:·.~iOO 0.000 0.000 0.000 

lloan A. foreign . 0.000 0.000 .... ooo 0.000 0.000 0.000 

loan 1. foreign •• 0.000 0.000 0.000 0.000 0.000 0.000 

llosi c. foreign . 0.000 0.000 C.000 0.000 0.000 0.000 

losi •• local •••• 228354.000 -64890.810 -71379.RI -78511.aao -86369.670 ·95006.750 

la.I •• local •••• 0.000 0.000 0.000 0.000 0.000 0.000 

la.I c. local •••• 0.000 0.000 0.000 0.000 0.000 0.000 

Ital 
-·-----·-··---· ............................................. ---·----·------ --------------- .......................................... ... ............................... 

loan •••••••• 228354.000 ·64890.810 -71379.890 • -78517.880 -86369.670 -95006.750 

~ent liabilities 11.000 14.810 0.000 0.000 0.000 0.000 

overdraft .... 0.000 19326.440 30374.510 33586.630 37119.940 41006.67U 

-------------·- ·------·------- ................................ ... ....................................... --------------- -----··--------

~~~~-~~-::::::: _______ ~~~~:~-------~~~~~:~~-------~~~~:~-------~~~~~:~~-------~~~~~~:~-------~~~:~---------
MlllERllZATIOll Of IAlm SMELTER ••• MR. 19 

~--·-··········-·---··················································· COHfAR 2.1 • JMMllARLAl llEllRU CENTRE, llAGAll, lll>IA ••• 

Source of Finance, production in TlllJSAlll lll'EES 

~r •••••..••••••• 2001· 2 2003 

Ety. ordinary •• 0.000 0.000 ty, preference. 0.000 0.000 

idies, grMts • 0.000 0.000 

~oan A. foreign • 0.000 0.000 

oan I, foreign •• 0.000 0.000 

Loan C, foreign • 0.000 0.000 ,_, .. local •••• 0.000 0.000 

oan I, local •••• 0.000 0.000 

Loan C, local •••• 0.000 0.000 

fal 

........................... - ................................ 
loan •••••••• 0.000 0.000 

Current liabilities 0.000 0.000 

~ overdraft •••• ·----~~~~~~:~~~ ··---~~~~:~~ 
Total f161ds ••••••• ·59225.430 ·42963.340 

' 
........ : ....................................................................................................................•. 

MlllERllZATIOll OF IALCO SMELTER ••• MM. 19 
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------------------------------------------------------------------------ CQMFAI 2-1 -

A n n u a I CF, operations 
rs 1HOUSAllD :MJPEES 

8.5 

.5 

1.8 

1.5 

Z.B 

U.riant 3 

~ local net cashf lous 
ii foreign net cashf'lous 

1 z 3 1 5 6 7 8 !J18111Z13111516 
year 

I 
I 
I 
I 
I 
I 
I 
I 
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--------------------------,-----------,-------------------------------- aJtFAI 2.1 -~ IEllltU IEJITIE. llAGPUI. lllllA ---

I 
I 
I 
I 
I 
I 
I 

Anmal flow or r..u (finance) 

Z.B 

1.5 

1.8 

8.5 

.5 

1.8 

1HOUSAt1D IUPEES 

~ IOCAI f•Jllls 
ii roreip runa 

1 z 3 1 5 6 7 8 ' 18 11 1Z 13 11 15 

tart up year 
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---------------------------------------------------------··------------- CCJllFAI 2.1 -

Sensitivity of IRR Uariant 3 

Z8 

Z6 

Z1 

zz 

Z8 

18 

16 

11 

1Z 

10 

-10 

internal rate of return 

_ sales pricc<s> 
__ operating cost<s> 

--~ :-:-__ ~_ :-- - - ---- initiaL iP~tllent 
--. ········--- ..... _ - - - - - - - - - - - -

. ··---~-

e 18 28 38 18 
variation in ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Data sheet . other input data and results 
Variant 4 

Table IX Data sheet for COMFAR evaluation 

SI i Item 
I . 
I 

Investment costs in thousand rupees 
Variant 3 and .:t 
Construction period 1 years 

l Constru~tion I period 
years · 

I -· 

1 ) 

1 I Ci\il Structures 49720.0 
) I 

I 
I 
! 
I 
I I Incorpora.ted fixed assets 

I I 18583.0 
I 

. construction.transport 304-U.O I 
3 : Incorporated fixed assets I I 

j technolo~)raining . spare ! 
I i I 

1 parts )9 ") . I 5922.0 
I 

I - (L.0 I 
4 ! Incorporated fixed assets 

I 

I I I orhers.scudies.detailed 
I • . ! 

I j engineeri~g,supenision 
I construction management I 
I commissioning 7260.0 i 9125.0 I 

Total 
49720.0 

49024.0 

888-tO 

16-lSS.O 
5 I Plant equipment & 

, machinery I 74030.0 I 148138.0 ! 222168.0 
6 : Preproduccion expenditures i j ! 

1 inreresr durin_g construction I 15256.0 i 34628.0 ; -1988-t.O 
Total I 167811.0 ; 22335-tO I 396165.0 
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Production in the second year of construction 
Production from the second year of production 

500.0 t 
4108...J tiyear 

Resuits of CO~IFAR evaiuation are included in the tables and graphs on 
pages 88-103. 

~Iain economic indices summarized from the tables: 

Internal rate of return (IRR) 

Net present \·alue (NPV) 

Cumulated nd cashtlow (CNF) 
(in the 15 th year) 

Acrumulated undistributed profit 
(in che iS th year) 

~ d profit . % of sales 

P<r-:-back : accumulattd net cashflo\\. .· 
turns posith·e after the 
vear 

27.01% 

-12387-J.SO t: 103 Rs. 

1132127.00 .t: w3 P). 

1129100.00 :t. 11)3 Rs. 

52.223 

S:-:-n:~ifr, it~: d IRR rd a ting to ~aies price. operating co~:t and im·t·\rmt:-.1' 
:~osr is :~:hO\\·n in rhe CO~IFAR graph (page 103). 

I 
I 
I 
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----------------------------------------------------------------------- totFAR 2.1 - ~YA~LAL NEHRU CENTRE. NAGPlll. JllDIA ---

I 
I 
I 

MODcRNJZATI<* Of BALCO SMELTER 
MAR. 199J 
YARIAllT 4 

1 year(s) of construction. 15 years of prociJction 

currency conversion rates: 
foreign currency t 1.11it " 1.0000 1.11its Kcounting currency 

local currency t 1.11it " 1.0000 wiits Kcounting currency 

accounting currency: TllWSAllO 111.JPEES 

----------------------------------------------------------------------------------------------------------------------------------

1 
I 
I 
I 

Total initial investment clJring construction phase 

fixed assets: 
current assets: 

total assets: 

Source of funds 

equity & grants: 

foreign loans : 

local loans : 

total funds : 

167811.00 
0.00 

167811.00 

cklring construction phase 

0.00 

0.00 

167811.00 
167811.00 

0.000 1 foreign 

0.000 1 foreign 
0.000 1 foreign 

0.000 1 foreign 

0.000 X foreign 

~--------------------------------------------------------------------------------------------------------------------------------
Cashflow from operations 

I Tear: 2 3 

operating costs: 1130.82 9291.74 9291.74 

depreciation 12375.00 27188.80 27188.80 

I interest 28198.80 39616.50 33127.42 

---------------- -----------· ------------ ------------
prociJction costs 41704.63 76097.05 69607.97 

I 
thereof foreign 0.00 1 0.00 1 0.00 x 
tftal sales 22400.00 184056.30 184056.30 

I 
gross income ·19304.63 107959.30 114448.30 

net income -19304.63 593n.59 62946.59 

cash balance ·6939.05 21607.56 18755.50 

net cashf 1.ov ·207094.lO 126114.90 123262.80 

I 
Net Present Value at: 10.00 x = 423874.80 

I 
.Internal Rate of Return: 27.0f x 
Return on equity1: not found 

Return on equity2: not found 

1--··-·-····--·············--·········-······-··--·--·-···-···-··----·······-··-········-·········-···-···················--····· 
Index of Schedules pr~ed by c~FAR 

I Total initial Investment 
Total invest1111nt durint prGCalction 

Tout production costs 
working Capital requir..nts 

Cashflow Tabin 

Projected lalanc:t 

Nit inc:Ollll statlftlent 

Source of finance 
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------------------------------------------------------------------------ CCMFAR 2.1 - JAVAHARlAl NEHRU CENTRE, NAGPUR, lllOIA --- I 
Total Initial Investment in THOOSAllD RUPEES 

Year • • • • • • 

Fixed investment costs 
land, site preparation, develople"t 
Buildings and civil works _ •••• 
Auxiliary and service facilities • 
Incorporated fixed assets •• 
Plant machinery and equipment 

1994 

0.000 
49no.ooo 

0.000 
28805.000 
74030.000 

Total fixed investment costs • 152555.000 

Pre·pr~tion capital expenditures. 15256.000 
Net working capital 0.000 

Total initial investment costs 167811.000 

Of it foreign, in % •• 0.000 

I 
I 
I 
I 
I 
• I 
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~--··------·------------····-----····-·--·········--·········-········· 
lotal current In~stmentin TllOJSAND IUPEES 

199!5 Tear •••••••••• 

&xd irwesment costs 
~and, site preparation, development 

Buildings and civil works •••• 

~iliary and service facilities 

~ncorporated fixed assets • • • • 

Plant, llilChinery and equipDent 

'tal fixed investment costs •• 

ll'"eprocllction capitals expenditures. 

rking capital •••••••••• 

.iotal current investment costs 

& it foreign, X ••••••••• 

I 
I 
I 
I 
I 
I 
I 
I 
I 

0.000 
0.000 

0.000 

45588.000 

143138.000 

193726.000 

34628.000 

9.424 

0.000 

0.000 
0.000 

0.000 

0.000 

0.000 

0.000 

611.008 

-------------·- ---------------
228363.400 611.008 

0.000 0.000 

COIFAR 2.1 • J~VAllJ~LAL NEHRU CENTRE, NAGPUR, INDIA ••• 

M(l)ERKIZATION OF BALCO SMELTER --- lllAll. 19 
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Cashf low Tables, construction in THOOSAJll RUPEES 

Year • • • 1994 

Total cash inflow 

Financial resources 
Sales, net of tax 

Total cash outflow 

Total assets . 
Operating costs 
Cost of finance 
Repayment 
Corporate tall 
Dividends paid 

Surplus ( deficit ) 
C111a.1l~ted cash balance 

Ir.flow, local 
outflow, local 
Surplus ( deficit ) 
Inflow, foreign •• 
OUtf low, foreign • . 
Surplus < deficit 

Net cashflow .••• 
Cunulated net cashflow 

167811.000 

1l>7811.000 

0.000 

167811.000 

167811.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

167811.000 

167811.000 

0.000 

0.000 

0.000 

0.000 

• 167811. 000 

·167811.000 

I 

ecor1FAr 1 
COMFAR 2. 1 • JAWAHARLAL NEHRU CEI~~~. 111.:!~~NOIA ••• I 
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------------·-··--·--·············------·--····-----·-····--------···· COMFAI 2.1 - JAWAllAILAL IEllRU CENTRE. IAGPta. llmlA ••• 

lashflow ta8les, production in 

Year • • • • • • • 1995 

TllOJSAlll lftllfES 

1996 1997 1999 

Ital cash inflow !50757.100 184079.000 1f4056.300 184056 .300 184056.300 184056.300 

--------------· --------------- --------------- --------------- --------------- -----·--···-·--
Financial resources • 228357.100 22.669 0.000 0.000 0.000 0.000 

tles. net of tu • . 22400.000 184056.300 184056.300 184056 .300 184056 .300 184056 .300 

Total cash outflow • . 257696.200 162471.400 165300.800 168512.900 172046.200 175933.000 

lotal assets 
·-·------------ --------------- --------------- --------·------ --------------- ---------·-----. . 221366.600 90.677 0.000 0.000 0.000 0.000 

Operating costs • 1130.822 9291.750 9291.750 9291.750 9291.750 9291.750 

~t of finance • 28198.800 39616.500 33127.420 25989.430 18137.640 9500.674 

epayment ••• 0.000 64890.810 n379.890 78517 .Sl!IO 86369.670 95006.750 
rporate tax • 0.000 48581.670 51501.750 54713.ISO 51247.160 621D.790 

Dividends paid . . . 0.000 0.000 0.000 0.000 0.000 0.000 

~lus C deficit ) . -6939.047 21607.580 18755.500 15543.410 12010.090 8123.344 

C&allated cash balal"Ce ·6939.047 14668.530 33424.030 411167.440 60977.530 69100.880 

lnow. local . . . . 250757. too 184079. 000 184056. 300 184056.300 184056.300 184056.300 
Outflow, local . . . . 257696.200 162471.400 165300.800 168512.900 172046.200 175933.000 

l:rlus < deficit ) . -6939.047 21607.580 18755.500 15543.410 12010.090 11123.344 

°"• foreign 0.000 0.000 0.000 0.000 0.000 0.000 
flow, foreign • 0.000 0.000 0.000 0.000 0.000 0.000 

5'orplus C deficit > . 0.000 0.000 0.000 0.000 0.000 0.000 

It cashflow • . . . -207094.300 126114.900 123262.800 120050.700 116517.400 112630.800 
C&allated net cashflow -374905 .300 -248790.400 ·125527.500 -5476.836 111040.600 223671.300 

~----------···-------------·-···---------·-·····------······--··-·--·····------·-······------------------------------------------
lll>ERllZATIOI OF IALCO SIEUEI ·-· Mil. 19 
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I .f,OM!~! 
------------------------------------------------------------------------ OJNFAR 2.1 - JAYAllAILAL llEllRU CENTRE. llAGP\ll. lllllA --- I 
Cashflow tables, production in TllOUSA.'111 IUPEES 

Year • • • • • • • 

Total cash inflow 

Financial resources • 
Sales. net of tax . 

Total cash outflow . • 

Total assets • • . 
Operating costs •• 
Cost of finance • 
Repayment 
Corporate ta11 
Dividends paid 

Surplus ( deficit ) 
Cuailated cash balance 

Inflow. local • • . 
Outflow. local •.• 
Surplus < deficit > 
Inf low. foreign . 
Outflow. foreign •. 
Surplus ( deficit > 

Net cashf lov . • . • 
Ciailated net cashflow 

2001 2002 2003 2004 2005 2006 

184056.300 184056. 300 184056.300 184056.300 184056.300 184056.300 

0.000 

184056.300 

75700.840 

0.000 
9291.750 

0.000 
0.000 

66409.090 

o.cm 

108355.500 

177456.300 

184056.300 

75700.840 

108355.500 

0.000 
0.000 

0.000 

108355.500 

332026.800 

0.000 

184056.300 

75700.840 

0.000 

929i.750 

0.000 
a.ooo 

66409.090 

0.000 

108355.500 

285811.800 

184056.300 

75700.840 

108355.500 

0.000 

0.000 

0.000 

108355.500 

440382.300 

0.000 
184056.300 

75700.840 

a.ooo 
9291.750 

0.000 
0.000 

66409.090 

0.000 

108355.500 

394167.300 

184056.300 

75700.840 

108355.500 

0.000 

0.000 
0.000 

!08355.500 

S48737.800 

0.000 
184056.300 

81269.590 

0.000 
9291.750 

0.000 
0.000 

71977.840 

0.000 

102786.700 

496954.000 

184056.300 

111269.590 

102786.700 

0.000 
0.000 
0.000 

102786.700 

651524.500 

0.000 
184056.300 

117935.810 

0.000 

9291.750 

0.000 
0.000 

711644.060 

0.000 

96120.500 

593074.500 

184056.300 

117935.810 

96120.500 

0.000 

0.000 
0.000 

96120.500 

747645.000 

0.000 

184056.300 

87935.IOO 

0.000 

9291.750 

0.000 

0.000 

711644.050 

0.000 

96120.510 

689195.000 

184056.300 

87935.800 

96120.510 

0.000 

0.000 

0.000 

96l20.510 

843765.500 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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----------------------------------------------------------------------- ClllFAR 2.1 - JAllUIAllAl llElllU CEmT1£. ~. l.,lA ---

tt•l cash inflow 

Financi•l resources • rles. net of tu •• 

Tot•l cash outfl- •• 

lrot•l assets • • 
~ting costs • 

Cost of finmce • 
• .,.,..t . . 
~•tetu 

Dividends p;1id 

1--,tus < deficit > • 
eu.Jl•ted cash bat.nee 

t l-. loc•l • • •• n-. local •••• 
Surplus < deficit > 

t l-. foreign • • • n-. foreign • • • 
Surplus < deficit > • 

It cashfl- .••• 
eu.Jl•ted net c•shf lCM 

1M056.lDD 

O.DOD 

114156.300 

11935.800 

O.DOD 

9291.750 

O.DOD 

0.000 

71644.050 
O.DOD 

96120.510 

7115315. 500 

18'056.300 
81935.800 
96120.510 

D.000 

O.DOD 

0.000 

96120.510 

939186.DOD 

1.a56.300 

0.000 

Ul4056.300 

17935.IOO 

0.000 

9291.750 

0.000 

0.000 

71644.0SO 
D.000 

96120.510 

811436.000 

184056.300 
17935.aoo 
96120.510 

0.000 

0.000 

0.000 

96120.510 

1036007.000 

184156.300 

0.000 

114156.300 

11935.800 

O.DOD 

9291.750 

0.000 

0.000 

711644.050 
O.DOD 

96120.510 

977556.500 

184156.300 
11935.800 
96120.510 

0.000 

0.000 

0.000 

96120.510 

1132127.000 

~----------------------------------------------------------------------------··--------~~;~;;~-;,;-~~-;;.;~;~;-:::·~~-;; 
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Cashf low Discounting: 

a> E41ity paid versus llet inc~ flGM: 

kt present value • • • • • • • • • • • • • • 499898.30 at 

Internal Rate of Return CllllE1> •• not ~CR..t 

bl let Worth versus llet cash return: 
let present value •••••••••••••• 413495.20 at 

Internal Rate of Return < 1111£2> • • not f«..t 

c) Internal Rate of Return on total investment: 

kt present value ••••.••••••••• 423874.IO at 

Internal Rate of Return < IRI ) • • 27 .01 1 

I 
- 95 -

I 
10.00 l 

I 
10.00 l I 
10.00 l I 

llet Yorth = E~ity paid plus reserves 

··················----------·······---·--··································s······················································ I 
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··················----------·-······-··---------···-·--·--······------ ClllF.11 2.1 - .MIMllA!tlAl llElllU CBITIE. llAGPUI. lll>IA ---

~et Income Statement in 

Ynr •••• 

Ital sales. incl. sales tu _ •••• 

less: variable costs. incl. sales tax. 

t iable ..,.gin • • • • • • • •••• 

X of total sales • • • • • • • • • 

t·variable costs. incl. depreciation 

Clperati-l •rtin • • •••• I % of total sales 

Cost of finance 

l oss profit • 

l~ •• 

r~e-~o~i: 

let profit •• 

lvidends paid • • • • . • • • •••• 
lhtistributed profit •.••••••• 

l
cu.ilated lntistributed profit ••• 

oss profit. % of total sales •••• 

let profit. % of total sales •••• 

t • let profit. X of equity ••••• 

• let profit•interest, l of invest. 

I 
I 
I 
I 
I 
I 
I 

TIOJSAID l\ftES 

1995 

22400.000 

1t30.1123 

1996 

114856.300 

9291.744 

21269. t• 174764.600 

~.952 ~-952 

12375.ooo maa.800 

8119'. t71 t47575.800 

1997 

184056.300 

9291.744 

174764.600 

~-952 

271811.810 

147575.800 

1999 

184056.300 

9291.744 

t74764.600 

~.952 

271811.800 

147575.800 

39.706 m. tao ao.1m •.tao 

28t91.800 39616.500 33t27.420. 25989.430 

-19304.630 107959.300 114448.300 12t586.300 

0.000 0.000 0.000 0.000 
·19304.630 107959.300 114448.300 t21586.300 

0.000 41581 .670 51501. 750 54713.1150 

·19304.630 

0.000 
-19304.630 

-19304.630 

·86. t81 

·86. t81 

0.000 

2.245 

59377.590 

0.000 

59377.590 

40072.970 

58.656 

32.261 

0.000 

24.983 

62946.590 

0.000 

62946.590 

103019.600 

62.181 

34.200 
0.000 

24.246 

66872.480 

0.000 

66872.480 
169892.000 

66.059 

36.333 

0.000 

23.436 

184056.300 

929t.744 

174764.600 

~.952 

271811.800 

147575.800 

m.1ao 

t8t37.640 

129438.100 

0.000 
129438.100 

51247.160 

71190.970 

0.000 

71190.970 

241083.000 

70.325 

38.679 

0.000 

22.544 

1111)£RllZATIOI Of IALCO SMELTER -·· Ml. t9 
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------------------------------------------------------------------------ CQ!ff'AR 2-1 

Net Income Statement in TlllUSAll> a.EES I 
Tur 2000 2001 2002 2003 2004 

- - . . . - - - . - - . . . . . . 

Total sales, incl. sales tu . . . . . 184056.300 184056.300 184056.300 184056.300 134056.300 I 
Less: varimle costs, incl. sales tu. 9291.744 929L744 9291.744 9291.744 9291.744 

---------·----- . ...................................... --·------·----- ............................................ --··---------- ... 

Varimle •rgin . . 174764.600 174764.600 174764.600 174764.600 174764.600 I As 1 of total sales 94.952 94.952 94.952 94.9S2 CX.952 

lan-variMlle costs, incl. depreciation 2nmuoo 27188.800 27188.800 27188.800 14813.810 

I ........................................... ... .......................................... ------------·-- ............................................ ... ......................................... 

Operational •rgin . 147575.800 147575.800 147575 .llOO 147575.800 159950.800 

ls 1 of total sales 80.180 80.180 80.180 80.180 116.903 

Cost of finance . . . . . . . . . . . 9500.674 0.000 0.000 0.000 0.000 I 
... ...................................... ---- ~---·---·--

........................................... ... .......................................... -------------·-
Gross profit . 138075.100 147575 .clOO 147575.!00 147575.800 159950.800 I All-.:es . . . O.OOC! 0.000 0.000 0.000 0.000 

Tumle profit 138075.100 147575.8:0 147575.800 147575.800 159950.llOO 

Tu . . . 62133.790 66409.GIO 66409.090 66409.090 71977.840 

I .. .................................... .......................................... ... ....................................... ........................................ ........................................... 

llet profit . . . . . . . . . . . 75941.300 81166.670 81166.670 81166.670 879n.910 

Dividends paid . . . . . . . 0.000 0.000 0.000 0.000 0.000 I 
~istributed profit . . . . 75941.300 81166.670 81166.670 81166.670 a79n.910 

Accuiulated lSldistributed profit 317024.300 398191.000 479357.700 56G524.400 648497.300 

Gross profit, % of total sales 75.018 80.180 80.180 80.180 116.903 I 
Net profit, % of total sales 41.260 44.099 44.099 44.099 47.797 

ROE, Net profit, X of e<J.!i ty . 0.000 0.000 0.000 0.000 0.000 

I ROI, llet profit•interest, % of invest. 21.563 20.484 20.484 20.484 22.202 

··--------------------------------------------------------------------------------------------------------------------------------
MODERNIZATION OF BALCO SMELTER --- IW. 19

1 
I 
I 
I 
I 
I 
I 
I 



I 

I I - 98 - .50M!'! 
---------------··················-···················--··············· COltFAI 2.1 • .IAWAllAILAl llEHIU CE•TIE. llACiPUll, 1 .. IA ··· 

t:l Ales, incl. ules tu • • • • • 

: variaible costs. incl. sales tax. 

r iaible ....,in • • • • • • • •••• 

l of total sales • • • • • • • • • 

C
variaible costs, 

•tion11l mr,in • 

l
l of total sales 

t of firmnce 

l oss profit •••• 

I CIW9F!Ce5 • • • 

fu.ble prof it • 

~ .:.:;: : .... 
t idends paid • • • 

istriblJted profit 

incl. dlpreci•tion 

Accuailated iniistributed profit • 

loss profit, I of total sales •• 

Net profit, Z of total sales •• r• let profit, I of ~ity ••••• 

11'1, llet profit+interest, l of invest. 

I 
I 
I 
I 
I 
I 
I 

TIOJSAlll ll\ffES 

184056.300 

9291.744 

174764.600 

94.952 

-0.003 

174764.600 

94.952 

0.000 

174764.600 

0.000 

174764.600 

78644.060 

96120.520 

0.000 

96120.520 

744617.800 

94.952 
52.223 

0.000 
24.258 

2006 

184056.300 
9291.744 

174764.600 

94.952 

0.000 

174764.600 

94.952 

0.000 

174764.600 

0.000 

174764.600 

78644.050 

96120.510 

0.000 

96120.510 

840731.300 

94.952 
5~.223 

0.000 

24.258 

2007 

184056.300 
9291.744 

174764.600 

94.952 

0.000 

174764.600 

94.952 

0.000 

174764.600 

0.000 

174764.600 

78644.050 

96120.510 

0.000 

96120.510 

936853.IOO 

94.952 
52.223 

0.000 
24.258 

184056.300 
9Z91.744 

174764.600 

94.952 

0.000 

!74764.600 

94.952 

0.000 

174764.600 

0.000 

174764.600 

78644.050 

96120.510 

0.000 

96120.510 

1032979.000 

94.952 
52.223 

0.000 

24.258 

184056.300 

9291.744 

174764.600 

94.952 

0.000 

174764.600 

94.952 

0.000 

174764.600 

0.000 

174764.600 

78644.050 

96120.510 

0.000 

96120.510 

1129100.000 

94.952 
52.223 

0.000 

24.258 

------···---------------------------------------------------
llQ>ElllZATIOll Of IALCO SMELTER • •• Ml. 19 
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------------------------------------------------------------------------ ....... ,_, - ....... LAL ...... ""~~~~~ •• --- I 
Source of Finance, construction in 

Yeer •••••••••••••• 

Ecpity. ordinary •• 

E"'9ity, preference. 

5'msidies. grants • 

Loan A, foreign • 

Loan 8, foreign •• 

LOln C, foreign • 

LOln A, local •••• 

LOln 8, local •••• 

LOln C, local •••• 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

167811.000 

0.000 

0.000 

Total loan • • • • • • • • 167811.000 

Current liabilities 0.000 

8ri overdraft 0.000 

TIDJSAll) llUP£ES 

I 
I 
I 
I 
I 
I 

Total fw.is ••••••• 167811.000 

1 ----------------------------------------------------------------------------------------------------------------------------------
ID>ERNIZATIOlll OF &ALCO SMELTER ••• MAI. 19 
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••••·•·····••••···•••••·•····•···•·····••·········•·•••············••• QlltFAI 2.1 • ~LAL IEllRU CEITRE. llAliF'llt. llOIA ··· 

lource of Finance, production in 

Teer •••••••••••••• 

ti ty. ordinary •• 
ity. preference. 

5msidies. gr1nts • 

llomi A. fonitn • 

loan 1. foreign •• I loan c. foreign • 

loan A. local. ••• 

loan I, local •••• 

,l_, c. local •••• 

otal loan •••••••• 

Lrent limilities 

L overdraft •••• 

1995 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

228354.000 

0.000 

0.000 
.................................... 

228354.000 

3.141 

6939.031 

1996 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

·64890.810 

0.000 

0.000 

---------------
-64890.810 

22.669 
·6939.031 

JllOIJSAll) lllJIEES 

1~ 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

·71379.890 

0.000 

0.000 

-·-------------
-71379.890 

0.000 

0.000 

1998 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-78511.aao 

0.000 

0.000 

----·----------. ·78517.880 

0.000 

0.000 

1999 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-86369.670 
0.000 

0.000 

---------------
·86369.670 

0.000 

0.000 

2000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

·95006.150 

0.000 

0.000 

--------------· 
-95006.150 

0.000 

0.000 

~~:~.~~.::::::: ....... ~~~:~ ....... ~~~~~:~~---···-~~~~~:~ ....... ~~~~:~ ....... ~~:~~---····~~~:~~---······ 
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-······--------·····------------·-···-------····------------------------ C(JllFAR 2.1 • 

A n nu a I er. operations 
rs THOUSA1tD 11JPa:s 

1.8 

8.5 

.5 

1.8 

1.5 

z.e 

Variant 1 

E3 loca I net cashf lous 
iJ foreign net cashflous 

II 

• 
oo I 

COMFAR 
L1 UHIDO I 

~~llARLAL llElllU CEllTilE, NAGPUR, IND IA - - -

I 
I 
I 
I 
I 
I 
I 

I 

1 2 3 1 5 6 7 8 9 18 11 12 13 11 15 16 I 
tart up y e a r 
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------------------------------------·--------------------------------- COtFAI l.1 - JAMAllAllLAL llEHRU CEITIE, llAGPUI, lllllA ---
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India and 6a.ng!adesh have a significant resources of natu•ai 

gas at the Bangladesh/Tripura border. Electric power belng 

one of the ma in inputs for the product ion of primary 

aluminium metal ~stablishment of an aluminium smelt~r 

plant provides a ready means for utilizing part of the idle 

energy by exporting electric energy in the form of alumtnlum 

me ta l. 

This study has been prepared to find out the price limit for 

electrical energy generated from natural gas to justify 

prof1tabil1ty of the investment for a new aluminium smelter 

with presently existing prices for raw materials in India 

used far ~a1culat1on of production costs while invest~ent 

costs were taken s1m1lar to those of other - not industri~l-

areds ln the world. 

~t pr~s~nt alum1n1um metal is in excess supply. According to 

':n~ for~casts , oy i99S the world consumption is expected to 

io.715 m•ll1on tens , while th~ western 

orcduction at 97.S % capacity ut1l1:ation would be 15.956 

;:n 11 Lon tens. 

a. S l a1o1 rec:;very 

re :iCh :nc; ':he 

cf pr t c es c an a I so 

:~15 us 5/t by i997 

t:e e:-coected 

the eari.1est 

aa:e wn~n a new s~eiter can come on stream if construction 

. - - ~ --- - ..:. .. ~·- ·-·- --
~.-. ::_ • .; J= •.. 

- :-_ ---·.-: 

:::~ 1:-::.-1: :· . .: 

: ·-= : ,'"'; r:. 

..... -.;.--:~.-::~ 

--·-. 

ilC 'S: 

=···~ -
' ..... ~ ... -:- - - :; . - . 
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For calculations of the investment costs a pot type of 

prebaked anodes, representing a m~dium level technology with 

a nominal current 

estimations include 

of 

the 

160 kA has been chosen. Cost 

reduction plant, anode plant, 

foundry and all the general facilities within the plant. The 

investment cost figures were taken from a pre-feasibility 

study made for a similar smelter plant in 1990 and adJusted 

for matching with the present prices. 

Investment costs of the smelter 

plant within the plant 

Investment costs fer infrastructures 

US S 658 M 

US 5 76 M 

Total invest;nent costs without US 'S 734 M 

working capi tai 

Specific investment cost w1thin 

the pl ant 5264 US~/t Al capac1ty 

Soec1f1c 1nvestment cost 

including infrastructures 587: USS/: Al capacity 

The impiementat1on period the ~nole s~elter ~lant 

together witn lnfrastr~c:ures ~as ~een uianned to be :c 

o7 aoerat1~n ccr~esoands ~a 
year of c~ns:~uc::an. 

. _,--~---~-".JI ·..JOI._•· ,.•• '/~~:~n::, :.-.~ .,i'r . 
-; / s: =-·n. • . , 

;;..·-~= 
.... ' --,,....._ -- .... _, .... ,;:;.:~ . ... . . - . ; .. ": 

:.1 ··- ' . . .. .: , - .·~. . .. ,,. . .;. 

- ~ -::·. : .: ;- -: : .. ~· - .;:. . - .... ,_ .. · -: : 

- "J. ......... ..... ~·.:. 

·'' .... :~ 
".) ..... : :".: -: -.~ ·_; . . . ·-

- • ••• :. '.' r 
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In Variant 6 foreign equity of SlY., local equity of 201., 

foreign loan of 91. with BY. interest, for 12 years~ and local 

loan of 201. with 101. interest, for 12 years have been taken. 

into account. 

Results are shown in the COMFAR schedules and graphs. The 

main indices taken from the schedules: 

IRR < Internal rate of return on total 

investment, overall profitability 

index or interest rate of return) 

NPV < Net present value at 10/. discount 

rate, the annual net cashflows 

discounted yearly to the date of 

beginning the project construction> 

Pay-back:(from the first year of operation> 

14.291. 

US S 188.45 M 

5 years 
A sensitivity analysis has also been made using the COMFAR 

GRAFIX MODULE regardinq the IRR <see page 64 of this 

study>. The results show that the IRR is most sensitive to 

the sale price. A 101. increase leads to an IRR of about 181. 

and 10/. decrease to an IRR of about let., which is 

unacceptable. As to the variables of operational costs and 

initial investment costs, 10~ increase corresponds to IRR 

figures of about 12-131., while dec;ease in the same 

variables results in an !RR of 161.. 

Cin Variant 7> has also been examined, how the 

~rof1tab1lity would change if the metal price increased by 

!O~ and this increase used for buying electrical energy ac a 

:-iigni?r price. 

~s i: !S shown in the summary sheets ac a metal price of US 

3 :S~6/: and an energy orice oi :o mills/~Wh the main 

. ~~ •n '-i a; an:: 6 l . :9 " .. ~n . ... 
:?R :n '/cl r ! on t -' : 4 49 ., 

"l~I' ·.;a r • an ~ 6 us s 156 4 c; ."l .. ; . " ~ . .... 
··;,'::1'/ ; I : dn ' -'::: ·~ i~7 .6: i"1 .. , ,,, .• 
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In the meantime as qraphs of the structure 

costs show, percentage of energy cost 

production costs increases from 14.41 1. to 

graphs on pages 63 and 66>. 

of production 

in the total 

25. 18 1. Csee 

The analysis shows, that if the metal price were 10 1. higher 

than according to the forecast expected, the upper limit for 

price of power would be 30 mills/kWh. 

As in the selected base case <Variant 6> the NPV is positive 

and the IRR is higher than the 10 1. discount rate, it can 

not be stated, that the project has to be dropped, but the 

~stablishment of the smelter at the moment can not be 

attractive for the investors. 

Nevertheless it could be useful if accurat~ data as well 

as other possibilities for the utilization of natural gas 

resources of India/Bangladesh were examined. This way the 

relat_ive ranking of the different ut1l1zation proJe.cts could 

be worked out. 

THE MAIN FINDINGS OF THE PRESENT STUDY ARE T~E FOLLOWING 

Using the present Indian raw material prices in the 

calculations, we can reach a minimal profitability limit 

only if the metal price is not less than US $ 2315/t Al and 

the maximum energy price is 15 mills/kWh. 

If the metal price could move up 101. higher, energy price 

could also be raised to 30 mills/kWh, but in this case the 

surplus profit realized in the selling price of the metal 

would be consumed by the increased production costs. 
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Be.no;. 1 aJe5h and India have a si9nificant resource GI 

.-.atural gas in the 'llicinity c.f the Banglade5h/Tri~ura 

border. 

One of the possibilities to utilize t:-1is energy. 

source is to convert it to electric power for supplying 

energy to industrial and other consumers. 

Electric the inputs for the 

;::.roau . .:t iu11 

power being one of 

of p~imdry aluminium 

r~duction plant provides 

metal establishing an 

aium.~r:iuiT 

~tilizing p~rt of the energy by exporting 

ready mean5 for 

~!ect~ic energy in 

the form of ~luminium metal. This gave the basic idea fo1 

a.-, an.al y s 15 co find out how muc~ could be the 

pric~ Gf the e:ectric ~nergy y~nerated from the natural ya5 

in the ~as fields ~entioned above, tu jL1Stifj 

p r•.J f i t db .i I i ~ i of aluminium 5melter, 

of ~=tablisr1i11y thl? s1r1elter ;:;iant 

Ln other unde~~loped, not in the 1•1orld. 

; • .Jr :;;;_tppi.;.:,··,,-=l 

· -~·..:.~,n .. :, l ;j·~.1 

, , ·, • I .. 1 •.: ..._~ ; t_J I ' : . ·~ ~ 



·1 

I 
.1 
.. I 
~. 
-~I 

·11 
:1 
I 

::1 
-'.I 
. 
!I 
j 

!1 
-I 
I 
I 

·1 
I 
I 
I 
I 

III MARKET SITUATION AND 
PL "'·\~~ r1 ·\· p ,;\ r·11'"'!i~.,-

.! I ,: ' • : I 1 I 
·n.:.~ ! \..,n n\...- 1 



I 

I 
- 9 -

I 
I 
I 

~t pre:;ent, alu1iii1.it..11T1 mo:tal i:; in e>;cess supply. 

~ f~recast of supp!y-damand is given i~ the table below 

I Tab l t:> I World a!urainium supply-dt:>fu~nd forecaat 

l..!n its : HJ<!> ton5 

I Years 199~ 1993 1994 17·95 I 
Con;:;umption l". c. 15.607 16J99 I 16-71=· I I "t.Q~•o 

Capac:i. ty 15.;:r.::, I !5.908 ltf_f81 16312 I ',. - 1 . ~. ., I ,....~ ~ 90. ~) . 95 .1 97.8 ,_. i; l "' l:: a\. l on ,. 7..:.i • . _j 

? r.:;du.:: t l or. 14.488 14..310 1 c,~oc 15.956 I I -If.a::. . .., 

i·~i?t ea;:;tern < r?a- ~c.-. ~534 .395 I .243 I •i .._•o 

rlier soc i 3, i is t ) I e:-:port I I 
I I Balance -=r91 

I 
-:.764 -;508 I -;516 

IPAI and 111a r·k et :;.(f69 2838 2115 I L587 . 
I 

·:;tocks I 
j 

i ' 

I 
I 
I 
I 

The CI3 (a~rlier Soviet~ e~ports continue at d h iy•i 

I ii~ely to f~ll back before long, in trae f3.c'=' 

I 
T:·.~ ter.tat1·-;2 =·••i:-l :~.~·r:; 3.;-'€ 

I 
.. -.--1.-. .!. 7 7-.J 

I •• _.f . .i.• i ~:. l~ .:r •.· ".~ i-

I 
~ 1.,.:0,_ .. 

I . ·: -:· .. . :..:. .. 

:1 ... .. :.·F. ' : ,,, · .. ·' ~ 

I . ·:·, ' 

I 
I 
( __________ --· 
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If after 1995 a slo~ rise of 5% per year considered, by 

1997 - the earlie5t ~hen a s~elter like this dealt with in 

the present study can come on stream- an aluminium price of 

·2315 US S/t could t~ expected. 

For calculation purposes 2315 LlS $/t aluminium price 

has been choosen in the present study. 

Caparitv and product mix 

The estimation of investment costs of 

capacity aluminium smelter was based on the 

follows : 

a 125000 tiyear 

product mix ~s 

Ingot5, slabs ~ billets 

Wire rod5 

Total 

120000 t/year 

5000 t/year 

125000 t/year 

The products can be c~5t i~ standard 

transported as well as sold on all market5 

~lum1n1~m m~r~et conditions ~re advent~geous. 

sizes 

ea5ili - if 
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Raw Materials 

In the tables below quantities and costs of main raw 

materials and utilities needed for the operation of an 

aiuminium smelter of 125000 t/year capacity are shown. 

Prices for annual cost calculation were given by NALCO 

and represent their effective figures in March 1993, except 

prices of water and compressed air which were taken from 

BALCO statistics. 

Exchange rate u~ed : 1 USS = 30 Rs. 

Table II : Raw material consumption Cat 100Y. capacity> 

Mater1ai Spec l f ic 
consumption 
kg/t Al 

Alumina 1945 
Al fluoride 12 
Calcined pet. 405 
coke 
Coal tar 110 
pitch 
Me t a 1 1 u rg l c a 1 24 
coke 
Cast l ron 6 

Total 

,, 6: ·?,.... 

---:.. I """'"' 

~- '·' 

Quantity Price 
t/year US$/t 

24312 158 
1500 1290 

50625 .,.?~ ..,_.., 

13750 483 

3000 200 

750 I 108 

31:750 

; 
- . I 
,-u~n::~c:; ; ?,-~,-.=. 

:.;• ·J,-·:t31! !JS:./ . 
/~ar 'Jn:: 

-= ·"' . -·' I,,/,.. I ,. 

,J . ,) ~ 

- . ..1 • . -: n: ., ... 
I~ • 1:• • 

Annual cost 
106 USS 

36.41 
1. 94 

16.35 

6.64 

0.6 

IJ.08 I 

64.02 I 
I 

.l 

;.nnual .:as; 
I 

:JS3 I 

.: - - • - 1r: ·1 
" - - . : , .. .,, .. : 
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Site location 

The site of the smelter should be located in the 

vicinity of a seaport in Bangladesh, providing the most 

convenient conditions including relatively low 

infrastructure costs for the aluminium smelter. For 

infrastructure development provisions have been envisaged as 

under : 

1 • 

2. 

.. 

.J. 

The seaport has to be able for receiving ships up to 

the capacity of 30000 tonnes. One wharf of the port 

will be part- time utilize· transporting raw materials 

to and metal from the smelter. The needed invest•ent is 

the 1nstallat1on of a loading - unloading equipment 

To connect the smelter to the supplying power station -

which 1s probably located closer to the natural gas 

fields than to the seaport - costs for construction of 

overhead lines and a step down transformer station have 

to be foreseen 

Costs of an intermediate storage at the seaport, camp 

for construction, road connections to the smelter as 

well as a township also has been e~v1saged when 

calculat:ng the infrastructure costs. 
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infrastructu~e costs 

In the table below costs of infrastructure are shown. 

Table IV.Infrastructure investment costs 
U:.,. us s 

Item f Equipment 1 Civil 

Electric overhead lines and ·25.2 11.0 

substation 

Port handling facilities 13.9 0.3 

Intermediate storage 9.2 e. 3 

Camp for construction - 0.3 

Connection to smelter - l. 3 

-
Township - 7.5 

Subtotal 48.3 20.7 

Cont ingenc 1 es 4.8 2.2 

Total 53. l 22.9 

:: 

l = 

Foreign, ail the ~au1oment 

Local, ali t~e c1v1l works 

~ncluct~g ~n+r~structure 

Total 

3b.2 

14.2 

9.5 

0.3 

1.3 

7.5 

69.0 

7.0 

76.0 
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Applied technoloqy 

A~uffiinium metal, is produced according to the Hall-

t:-11? s ... ::e of the pl.::>iit under 

eval~ation a p0t type of the preb~k~d anodes, representing a 

good mediu;;, level technology with a no1ninal 

intensity of 180 kA has been choosen for the calculati0ns of 

the present study. 

A siffi~lfied process flow sheet is sho~n in Figura 1. 

Other ba~ic data on th~ smelter plant 

Po::duction olant 

Current efficiency 

C .::;-, SLlonµ t ion 

4,2 v 

93 ~; 

1945 kgit ,. ' HJ. 

12 kg/t Al 

563 kg,' t ;::.1 

435 kg/t H~ 

~l~ctri~ ~ner~1 ~ansumpticn 1:458 kWh!t Al C.C. 

' •.,.'": .: ''· 

. . ' -
"·.I ,_. 1 •.:•-•,!, - - ,• ;:" 

·.; . 
... •, 

-= ._: :;•J· 

. , "'ti • 

4 • •. .• . , .. ,. .. .:,. 

t - --.­
t' .... ·•· 

r 9 

,. ·:.. 
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Simplified process· flow-sheet of the aluminium 
production 

1 

6 

9 

1. ?errcl c::'~ ~? Fresh :!iuminc 23- 'Weighbridge ·-· ,, :rusher 13- Second.::iry o.lumir.:: 
..,, Holcing "urn.Jc:? ... .!., . 

3. Screen silo . ~5 Vert(c,a~ c::s-:-::-::;: 
4, 3 cl mE: : z,. Chcrg:ng bin mcc n1 ne 
s. Weigh~eedcr 15· Po-T 26. Rod casting 
fl =>ii'ch bi:'l 16. Com;lu~er mac:hir.c 
7. ?:!sre rn:'xer 17. E'ledri c energy 27. Sta:: s 
8. An od.e •crming 18. Alte rna~i ve c:urrenr 28 Pigs 

rnach1r.e 19. Di rec.~ c :.Jrrent 2 9. Bi!let' s 
9. 3c king •urnace 20 Ory scr~bbing 3 o. Roes 

'" Tran ~poi~ :n c system 31. Shi p;:ir.i; :v. 
C OOll n~ 

,, ... Fluorides 32. Anoce b~h's •I. 
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7ne aiuif,iniuiil smelter plant incorporc.tes ;.1ithin battery 

:imits tha suosectors as follows 

= •• => 

El~ctric system and rectifier stations 

Rcductiu11 pl.c.nt 

Fuundry 

;.,-,ode p 1 ant 

Other general facilities such as 

Transportation and unloading of raw/auxiliary 

materials 

:H'-: 

Storage of raw/auxi~iary materials and 

finished products 

Maintenace workshops 

Water cooling station 

laboratories 

loc:kt-r roams 

::= i r .,; :: :; a I; i on 

ih~d ic"11 c . .ire centre 

: f..\ 
\.l.IJ. t,,•I 

i._• ' . lo? ~ t· 1. I I·~ :\I 
0

1 LJ 

·1_.,- ~o·:~ 

.... · .. ~ J. Joi 
.- ·_j, · 

. ~ fi =~t. '...J; ., ..... L ' • .11 • 

., 

,,,~ 
. J ( 

.: •. t., I''·• .: '.:' j -~· ~J ~ ; ·,;i ffl .. _~ .:. :j '. ' I I. . .' :::. l"' 

·•' -. : ; '· ... ':~ ., •. •,I I ~ 

,!, "''"1.i 

I., 1' ,·, ... - .. ·-·,, I I~ ,_} ...J 1.., ":;, i::,. 

·'' ) ' • ~ I 1 .. 
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General layout of an aluminium smelter 
plant of 125.000 MTPY capacity 

~ 
~ 12 
II 

11 
h 
I' 
1! 

5 
~/ 

1 ·Elec~ric supply 

2. Potroom s 

3. Ory sc.ru bbing sys rem 

Li. i=lu x $forage 

E 
0 
0 
D 
~ 

2 

11. Water cooiing 

12 L.1boratory 

13. Shipping o~ prod ucrs 

14 t-'~inrenan:e I repair 

S Alu:ninJ transport system ...-c rksh c~ 

6 ;.tu.T.i1:: silo:: 

7. Ar.:;c.:- t:;:kir.9 

·~ ..:.nc~e rodding 

9. Petr'Jl coke ~i~c:; 

~ C. F ~ u n d r 'f 

: 8. ::nre~n 

19. \~:Jsher: lnk~r room:; 

Fic,,ure 2 

i 
I 
I 

I 
i 

I 
I 

I 
I 
I 
I 

I 

I 
I 
I 
I 
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Estimation of investment costs. 

All figures are given in 106 US S valid up to March 

1993, basis overnight. 

The figures do not include 

Taxes L duties 

Customs duties 

Cost of land 

Any inflation starting fr.om March 1993 

F1nanc1ng costs <i.e. estimation is based on cash 

payment> 

Refer to hypothetical overnight construction 

<i.e.do not include any cost escalation> 

Fixed assets 

Plant machinery ~ equipment 

Production equipment 

Electric system, piping 

Process control/1nstrumentat1on 

General ut1l1t1es 

C1v1l engineering works 

s1te pr~poration <3,0> 

8u1 ldings 

Roads 

., ards 

Const rue ti on 

258.0 

201. 0 

65.0 

Subtotal 5::>~.0 

.. __ .. --· 
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Plant organization 

A sketch of plant organi~ation is given in Figure 

Manpower requirements 

sketch of Plant Organiza~ion shown in Figure 

Tabl~ V Manning table 

~ 
l1Jc1~-: ing area E::patriates !Local 

I 
I 
1-·. , ..... 

I 
! -· 
f ._, • i 

! 

Direct production 
peasannel 
Reduction, foundry, 
.:.nDde pia.11t 

indirect production 
pe1·sonn2l lfactor·y 
ov e rr-H~ ~d 1 
ProJ~ction ~ gene-
1.:.l '-l~i!it::..~·~ 

~- - . . 
'·~.:i~ 

~·1.a1·, Oi-j ~m-=-n i.: ~ c .. d.ra i ;-1 i ·~­

~.; f" :". t l G;-, • ·it? n l ·= • -i S . . _, 

!.·-·­
W~·-· 

551 

1-· I • 

"":!' ...... 

Total 

~ ... ' ; ~ ""'.' 

-.­
(JJ ... ·'-

. ,-. .. 
j,o_:.•.,-

,---.---------------------- ------------,----

.-: - -.. 
~ ._J•_j: I-·.-., 

------··----------·-----------·-----------·-·······--------.... --.. ------------------------
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Controller 

)rgon iz at ion 

Gc:ncral 
Accounting 

Production 
Plonning 

Sketch ot Plant Organization 

Hanaoement -- Plannino l Development Committee 

General Manager--- Services 

. I 
Plant Manager 

I .------

Sal~s !. Marl<eting 
Mc1noger 

Smelter Produe lion Material Tee h nit al 
Manager Mon ager Service!. 

Rectifier Receiving 
ore a 

Electric 
sys tern 

r-- l 
Admini5tration Personnel Reduction Inspection 

shipping 
Water 
system 

Lr.':' a\ 

.., 
Qi..ality (-,n··:-·;, 

ncn '.:! g (' •• 

Reeruit­
me nt 

Foundry Pure h asing 
dept. 

Mo1nt' "Ce 

Personnel 
Accounting 

Formation 

Industrial 
Accounting 

Fiqure 3 

A node prod. 
semis 

Computer 

Products 
storage 

works r· "P 

Spare par ts 
storage 

Infrastructures 

An Hfire 
infirmary .} .;1 .••• • J' 

'-.!.J""~~,. .. 
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Table VI Break-up of personnel according to qualification 

I 
Direct Factory Amini st 

Sales , 
production overhead Overhead 

Manager - 5 3 1 

Chief/foreman 85 43 3 1 

Engineer/ 43 53 22 20 
assistant . 

Skilled 490 228 50 -
worker 

Unskilled 96 274 106 4 
worker 

Total 714 603 184 26 

Cost of labour 

For estimation of labour costs the following categories of 

wages and salaries have been considered : 

Table VII Categories of wages and salaries 

Personnel 

I 
Category An:iual average 

us $ 

Manager 
<expatriates> I. 114,333 

Chief/foreman 
(e:<patriates> I I. 49,467 

Er . .;iir.e~r I I I. :;: 1. 000 

Ski lied worker IV 9.:;:;:;; 

Unskilled worker v. 4.667 
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Direct labour cost 

'Ising the tables above we come to the figures of 

direct labour costs as follows : 

f 

1 

Total 

Factory overhead cost 

US S / Year 

4204666 

5924334 

10129000 

Factory overhead cost includes indirect production 

personnel 

consumables 

labour cost 

Indirect production 

personnel 

~a1ntenance and 

c :insumoO l es 

Total 

• = fore19n 

: :,,j.:.i! 

and cost of maintenance and 

f l Total 

US S per year 

2606924 4365908 6972832 

:266667 :2b6667 6533334 

5893591 763:575 

• ·- 0 - - '. - • A----- . -
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Administrative overhead cost 

Administrative overhead cost includes labour, 

insurance, office supply etc. 

f l Total 

us $ per year 

Administrative 491400 1423333 1914733 

personnel 

Insurance, supply 116083 . 1839600 1955683 

etc 

Total 607483 3262933 3870416 

Sales cost 

Sales cost includes labour and other sales expenses 

f l Total 

US $/year 

Sales personnel 163800 438667 602467 

Other sales cost 290209 290208 583417 

Total 454009 728875 1182884 

f = foreign 

1 = Local 

. - ._ 
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Indicative time schedule for construction 

The indicative time schedule of implementation shows 

the initial and final terms of main activities during the 

construction p~riod <Figure 4>. 

The sequence of the events exponed put into evidence 

the necessity of performing the activities related to the 

implementation 

infrastructures 

of 

is 

infrastructures. 

critical for the 

Implementation 

progress of 

of 

the 

act1v1t1es related to the construction of the smelter. The 

whole realization time is forecast in 36 months starting 

from the date of entering into force of the implementation 

contract. 

P,roduction schedule 

Match1n9 with the time schedule the productions for the 

in1t1al years are as follows <first year of operation 

corresponds to the third year of construction> 

Table VIII Production schedule 

Years I t % I 

I 
1 - -
., - -I I.. 

I - 37500 30 I .J I 

I 
I 4 I 112500 90 I I 5 I 125000 100 

I 

i 
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Implementation Schedule 
Smelter plant and Infrastructure 

Activity 
Transport tacllltles 
Electric lines/subs. 

Township 
Utllltles 

! I I 
T I I i I 

Camp on service ........ ·· .... ... ... · 1 I I I 1 

Data collect Ion loo. · -· ···· ·· · \ - · l l · · 1 
1 

Engineering ... ,... 1 • 1 
I ! I I ' 

Procurement ....... ··· · · ·- 1 : 'i I i ; , 
Testing/shipping ··· ..... ·· , ... ·1· · I ... ' I l ; 

l I I I I ; ' Site preparation ..... · · · 

I 

i 

C Iv II work I ·· --I 1 1 1 
. 

Mechanical a~~:;i;b~~ • J ··••··· .. · .. 1~: t I ..• J ) I ! '_i _._: _ _... -,---, 

0 2 4 6 8 1012141618202224262830323436 

Months 
Figure 4 
Bar Chart 

Indicative Time Schedule 

-11 ii 
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Methodology applied for calculations 

Economic analyses were worked out by using the 

UNIDO COMFAR system. 

This system uses the two main discounting methods for 

the appraisal of investment projects, as far as the 

evaluat~on of financial feasibility is concerned : the net 

present value <NPV> method as well as the internul rate of 

return <IRR> method. 

The net present value is the value obtained by 

discounting at a constant interest rate, separately for 

each )?ar - the difference of all annual cash inflows 

accrue1ng throughout the life of the proJect. The difference 

is discounted to the point, at which the implementation of 

the proJect supposed to start. This discount rate should be 

equal either to the actual rate of interest on long term 

loans or the the interest rate <cost of capital> paid by the 

borrower. 

If the NPV is positive, the profitability of the 

investment is above the discount rate and the proJect can be 

considered acceptable - if a suff1c1ent margin of error 

above ~era has been included. 

The internal rate of return is the discount rate, at 

which the present value of cash inf lows is equal to the 

present value of outflows or in other words, the rate at 

wh1c~ the ~resent ~alue of the receipts from the proJect 

equais the Jresent value of investment, and the NPV is zero. 

.ne investment proposal acceptable, ti the 

e;r~,s:er ~r.c.:. the discount rate \cost of capital 

mar;:.1 ia,. :-1s~ J, i.1r.ich is the lowest acceptable 

rc.i:;,. fort.-.... lnvestea capital. 

IRR is 

plus any 
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Data sheets for COMFAR evaluation 

Data sheet tor COMFAR evaluation No. 1 

Table iX Investment costs including infrastructure 

in Hl• US S 

I 

Construction period 3 years 

Item Years 

Site preparation and 
development 1 

Structures and civil 
eng1neer1ng 1 

Infrastructures civil 
engineering 1 

Incorporated fixed assets 
construe t ion, transport l . 
Incorporated fixed assets 
technology, start-up f 

Incorporated fixed assets 
others f 

Plant machinery g. equipment 

Infrastructure machinery g. 

equipment t 

F-re-::-oduct1on e:~pend1 tures 

Total 

., 
lo 

. 

f 

f 

1 2 I 3 1-3 

3.0 - - 3. 0 

49.0 80.0 69.0 198.0 

14.00 9.0 - 23.0 

30.00 20.0 15.0 65 .0 

8." 9.0 10.0 27.0 

15.5 25.0 22.0 62.5 

65.0 103.~ 90.0 258.0 

32.0 21.0 - 53.0 

17.5 15.0 1:.0 44.51 
I 

I 
..,..,. ., ".' 

.., - I 
...... .4. J _s .... 0 ~ 1~.0.,7 _,: ~ 01 

_,O.v 1 .... ~. ! 38.0 
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Data Sheet for COMFAR evaluation No. 2 

Table X Operating costs excluding return on capital 

In 106 us s 

Item f 1 Total Y. 

Direct material 64.0 - 64.0 44 
Craw materials> 

Direct labour 4.2 5.9 10.1 7 

Utll1t1es 1.1 0.5 1. 6 
without power, 

Power 50. 7 - 50.7 35 

Factory overhead 9 

l Labour 2.6 4.4 7.0 ... Maintenance ...,.. ...,.. ...,.. ...,.. 6.6 ~. ...) • .j ...J • ...., 

Adm1n1strat1ve ...,. ..., 
overheaa 

1. Labour 0.5 1.4 1.9 
2. Insurance, 0. 1 1.9 2.0 

supplies etc. 
Sales 1 

1. i..abour 0.2 ~). 4 I 0.6 ... Jther 0.:::; a.: I 
I). 6 

I 
"-. 

I I 
I 

iota: 1 ~7. ~J 1 a. i 145.1 

Speclf:: ocerat1ng cost: l16J.l US i/t ~l 

f = fc;re~g:-i 

= 1 :JC .3. i 
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~ata Sheet for COMFAR evaluation No. 3 

Table XI Working capital requirements 

(requirements in days> 

Item Requirement 

Raw materials f 40 

Utilities f 30 

Sp arP.s f 180 

Finished f 20 
products 

Accounts f 30 
receivable 

Ca.sh in hand f 10 

l 5 

Work in 10 
orogress 

Accounts f 25 
oa.yaoi<? 

5 
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Steps of the evaluation, financial structure and results 

To approach the problem, in the first step ~n Variants 

1-5 the IRR values have been calculated at the power prices 

of 28,3 (which is the present electricity price at NALCO"s 

Angul smelter>, 20,15,10 and 5 mills. 

In this step 100'l. equity has been considered to finance the 

investment. 

For further examination Variant 3 was selected, being 

the price of 15 mills closer ta the reality in case of a gas 

resource based power generation. 

In the ~econd step, durin9 the evaluation of Variant 6, 

data of Variant 3 have been used with a f1nanc1al structure 

as follows:_ 

Foreign equity 51% <share of a foreign Joint venture 

part~er> 

local equity 20/. 

Long - terms loans for 12 years : 

Foreign 9/., at S'l. interest on loan 

Local 20/., at 10'l. irterest on loan 

2 years of 9race period, 5 years of tax holiday as well as 

45/. income tax have been taken into account in t~e 

calculations. 

'~~~~~~~~------------~------
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Results of evaluation are included in the COMFAR schedules 

and graphs. Main results taken from the schedules: 

Discounted cashflow rates: 

IRR <Internal rate o:- return 

on total investment> 

IRREl <Total equity versus 

net income> 

IRRE2 <Net worth versus 

net cash return> 

NPV CNet present value at 

10Y. discount rate> 

Cumulated net cashflow <in the 

16th year of operation> 

Net Income Statement 

C1n the 10th year of operation> 

Grass profit Y. of sales 

Net profit Y. of sales 

Pay-back the cumulated cashflow 

turns to pos1t1ve in the 

year of operation 

14.291. 

10.311. 

16.181. 

188.45 mUS $ 

977.08 mus$ 

46.63'l. 

25. 10'l. 

5 

The st~dy reiies on aggregate est1mat1ons anc cost data were 

taken from comparable e~1st1ng and olanned oroJects and not 

from quo~at•ons of technology and eou1pment s~ooi1ers. 

Ther~ are a!so unc~rta1nt1es in the forecast of the price of 

a:um1n1...im .11ei:al. 

Prcdu~t:cn costs were 

pldnts e~is::ng in incla. 

taken from stat1s~;cs of smel:er 

iherefcre a sens1t1vl:; 

COMFHR GRhF:x MO~~~~ 

;:i r o f l ta:::; l l : t / i nu~ .< t r1 e 

~ales ~r1c~ , oper4::ny 

;~rlG~i~ ~~r~m~:ers. 

analysis nas oeen .nace using :ne 

regara:n~ =he mast important 

IPR , ta~:ng in:G ~~ns1derat1an 

·:csts onO :nltla: :r.·.;e;:.tment oS 

I 
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The results show that the IRR most sensitive with respect to 

the sales p•ice. A 10 X increase in the sales price would 

lead to an IRR of about 18 Y. respectively 20 Y. increase to a 

figure of 21.5 Y.. 

10 X and 20 Y. decrease in operation or initial investment 

to IRR figures of about 16 Y. and costs would correspond 

17.SY.. 

10 Y. increase in operation or initial investment costs would 

result in an IRR of 12.5 Y. and 13 X while 20 X increase 

would reduce the IRR to 10.5 Y. and .12 Y. <see IRR sensitivity 

graph on p6ge 64 of this study>. 

Findlly in Variant 7 has also been examined , how would the 

main economic indices change if the metal price increased by 

10 'l. ann this increase used for buying electric energy at a 

higher price. 

In Variant a metal price of 2546 US S/t and an energy 

price of 30 mills/kWh have been taken into account. As it is 

shown in 

Vari ant 6 

!RR 

:RR 

~~P'v' 

~.:P '.J 

l r. : .- -= 

the summary sheets , main economic indices of 

Variant 7 are practically the same: 

in ·.•ariant 6 14. 29% 

ln '·.'ariant 7 14. 49% 

l ;-, ·;a r 1 ant 6 188.45 mUS $ 

in .: "'r i ant 7 197.6:; mUS $ 

, as yraphs of the structure of orodu.:t1on 

pages 6~ and 66i, ot?rcentage of 

to:.;: croauc:~on c0sts 

1.:ost 

.. ., 
'" 

('.Jar:G.:-1~ 61 :~ :~.15•,~ :·iar1an: :-~. 
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As in the selected base case (Variant 6) the N?V is 

positive, and the IRR is higher than the discount rate, it 

can not be stated that the project discussed in the present 

study has to be dropped. 

Based on the available data as well as on the COMFAR 

evaluation, establishment of the smelter at the moment can 

not be attractive for local and foreign investors. 

Nevertheless it could be useful if data especially 

regarding infrastructure and local civil engineering costs -

were accurated as well as other possibilities for 

utilization of natural gas resources of India/Bangladesh 

were examined. This way a ranking of different utilization 

proJects could be worked out. 
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.OMfw~of 
------------------------------------------------------------------------ COl!f~ 2.1 - JA~AllARLAL NEHRU CENTRE, IACPUR, llmlA ---

GREENFIELD SMELTER 
MARCH 1~1 

Y.UIA'H 1 

2 year(s) of constructiao, 15 years of procNction 

currency conversion rates: 

foreign currency 1 unit = 1.0000 units accCUtting currency 

local currency 1 unit : 1.0000 iriits accounting currency 

accCIU'lting currency: THWSAllO US DOLLARS 

Total initial investment cl.Iring construction phase 

fixed assets: 

current 1SSets: 

total assets: 

516000.00 

0.00 
516000.00 

60.271 X foreign 

0.000 X foreign 

60.271 X foreign 

Source of funds cl.Iring construction phase 

~i ty I grants: 516000.00 60.271 % foreign 

foreign loans 0.00 

local loans 0.00 

total funds 516000.00 60.271 X foreign 

----------------------------------------------------------------------------------------------------------------------------------. . 
Cash flow from operations 

THr: 1 2 
operating costs: 56632.00 132496.00 

depreciation 297'00.00 42150.00 

interest 0.00 0.00 
..................................... ·----------- .. ....................... 
production costs 86332.00 
thereof foreign 75.41 x 
total sales 86812.50 

gross inco. 480.50 

net i '1COllle 480.50 
cash balance ·192238.80 

net casllflow • 192238.80 

~et Present Value at: 10.00 % = 
:nternal Rate of ~erurn: 11.38 % 
~eturn on equity I: 8.95 % 

~eturn on equ1ty2: 11.38 '.% 

174646.00 

83.65 % 

260437.50 

85791.50 

85791.SO 

121686.80 

121686.80 

59176.81 

l 
150140.00 

42150.00 

0.00 
........................ 

192290.00 

84.82 % 
289l75.00 

97085.00 

97085.00 

135456.:.0 
135456.~0 

I ······························································-························································ 
I 
I 

Index of Schedules pr~ed by COHFH 

~oral in1t1al invest•nt 

"otal 1nvtStment durir19 prociuct1on 

'otal pr"°'Jct1on costs 

•ort1n9 Capital requ1r1111e11ts 

Cashtlo11 Tactes 

Projected 611ance 

~et incOllle s:atemrnt 

Source of f:~e 
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•~ ©I 
COMFAR 
2.1 UHIDO I 

-------------------·---··-----·-------··-············-·······-----·----- IXIU'AI 2.1 
- JA\IAllAllLAL IEHIU CENTRE, NAGPUR, INDIA --· 

GREENFIELD SMELTER 
RUCH 1993 

VARIAllT 2 

2 year(s) of construction, 15 ye1rs of prcdJction 
currency conversion rates: 

foreign currency 1 ~it : 1.0000 ~its accounting currency 
local currency 1 ~it : 1.0000 units 1ccounting currency 

accOU'lting currency: THClJSAJID US DOLLARS 

I 
I 
I 

----------------------------------------------------------------------------------------------------------------------------------

1 Total initial investment clring construction phase 

fiud assets: 516000.00 60.271 1 foreign 

current assets: 0.00 0.000 1 foreign 

total assets: 516000.00 60.271 1 foreign 

Source of funds clring construction phase 

equity i grants: 
foreign loans : 
local loans 
total funds : 

r•~""" "" ~ '"""". vv 

0.00 

0.00 

516000.00 

6!L 271 'I fore i 9f\ 

60.271 1 foreign 

I 

I 
----------------·------·----------------------: ... ---------------------·---·-·····-----·---·-:·------------··--------·-----------~ 

Cashf low from operations · 

Year: 1 2 3 

operating costs: 52162.00 119086.00 135240.00 

depreciation 29700.00 42150.00 42150.00 

interest 0.00 0.00 0.00 

---------------- ------------ ------------ ------------
pr ociJc ti on cos ts 81862.00 161236.00 1m90.oo 

~hereof foreign 74.06 x 82.30 x 83.54 x 

total ules 86812.50 260437.50 289375.00 

gross inc:Clllle 4950.50 99201.50 111985.00 

net inc:Clllle 4950.50 99201.50 111985.00 

cash balance • 187669.50 135295.40 150389.50 

net cashflow ·187669.50 135295.40 150389.50 

Met Present Value at: 
Internal Rate of Return: 
Return on equity!: 
Return on l!(Jlity2: 

10.00 x : 

12.99 x 

11.22 % 

12.99 x 

129397.80 

Index of Schedules proOJ<:ed b'f W.FAll 

Tora~ :ri·.,.~s~~r': our'""·9 ;3~.,;·..;~tt~ 

"otJ1 :r~.: ... ::::::i :c.,:; 

·.iorc1r~ ~.ip.f:il rrw:r~"ti 

i:ashflow TaDles 
Projected S1lance 
~et incOl!le statement 
Scur:e ot finance 

I 
I 
I 
I 
I 
I 

.. ····I 
I 
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I .COMFAR 
'------------------------------------------------------------------------ COMFAR 2.1 - JAVAHARLAL IEHRU CEN~~. IA~~~llllA ·--

I 
I 

GREENFIELD SMELTER 
MARCil 1993 
VARIANT 3 

2 year(s) of construction. 15 years of prcdJctian 
currency conversion rates: 

foreign currency 1 U'lit = 1.0000 U'lits KCCUlting currency 
local currency t U'lit = 1.0000 units accCUlting currency 

accCU\t i ng currency: TIDJSAll) US DOLLARS I 
I 

----------------------------------------------------------------------------------------------------------------------------------

I 

Total initial investment uing construction p.ase 

fixed assets: 
current assets: 
total assets: 

516000.00 
0.00 

516000.00 

60.271 l foreign 
0.000 l foreign 

60.271 l foreign 

,-... ----------------------~~~~~~ --~-f--f~~~~---~-i~-~~~-~~-i~- ~~~~-- -- - - --- - -- - - - --- -- - - - - - - - - - - - - - - - - - - - - - - - --- ---- -

I 

I 
I 
I 
I 
I 
I 

"'l''ity i gl"ants: 

foreign lOlnl : 
local loans : 
total fl61ds : 

Year: 
operating costs: 
depreciation 
interest 

-----------·----
prcdJction costs 
thereof foreign 
total sales 

gross income 

net income 

cash balance 
net cashflov 

516000.00 
0.00 
0.00 

t 

49477.00 
29700.00 

0.00 
.............................. 

79177.00 
73.18 x 

86812.50 

7635.SO 
7635.50 

·184924.80 
·184924.80 

60.271 1 foreign 

2 3 
111031.00 126290.00 
42150.00 42150.00 

0.00 0.00 
........................... .. ............................... 

153181.00 168440.00 
81.36 % 82.67 % 

260437.50 289375.00 

1on56.50 120935.00 

107256.50 120935.00 
143469.!IO 159359.40 
143469.JO 159359.40 

Net Present Value at: 10.00 x : 171577.60 

Internal Rate of Return: 13.95 % 

Return on equity1: 12.52 % 

Return on equity2: 13.95 x 

1-----------------·········-·············------------------·-······························-----············-··--·----·-·········· 

Index of Schedules procM:ed by COHFAR 

I 
I 

Total initial investment 
Total investment during production 
Total production costs 
Working Capital requirenients 

Cashflow Tables 
Projected Balance 
Net income statement 
Source of finance 
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.COl'IFAif I 
- JAMAHARLAL llEHRU CEii~~. IA~~~NOIA --1 ------------------------------·--·--------·-···-·-·-·-·-----·--·-····-·- CCl'FAR 2.1 

GREEllFIELO SMELTER 
MICH 1993 
VARIAllT 4 

2 year(s) of construction, 15 years of prcdJction 
currency conversion rates: 

foreign currency 1 W"tit = 1.0000 1r1its accOU"lting currency 
local currency 1 W"tit = 1.0000 1r1its accOU"lting currency 

accOU"lting currency: TIOJSAll> US DOl.WS 

I 
I 
I 

----------------------------------------------------------------------------------------------------------------------------------
Total initial investment cilring construction phase 

fixed assets: 
current assets: 
total assets: 

Source of funds 

eq.iity & grants: 
foreign loans : 
local loans : 
total finis : 

516000.00 
0.00 

516000.00 

clring construction phase 

516000.00 
0.00 
0.00 

516000.00 

60.271 X foreign 
0.000 X foreign 

60.271 X foreign 

60.271 X foreign 

60.271 X foreign 

1 
I 
I 
I 

·····--··-··········-···-----·················--··:···········--·······-·············-·······--··-·······------·······---·······-1 
Cashflow from· operations 

Year: 2 3 I operating costs: 46792.00 102976.00 117340.00 
depreciation 29700.00 42150.00 42150.00 
interest 0.00 0.00 0.00 

I ---------------- -----·------ ·----------- ------------
prcdJction coats 76492.00 145126.00 159490.00 
thereof foreign n.24 X 80.33 % 81.70 % 

I total sales 86812.50 260437.50 289375.00 

' gross i ncoine 10320.50 115311.50 129885.00 
net inconie 10320.50 115311.50 129885.00 I cash balance ·182180.20 151644.10 168329.30 
net cashflow • 182180.20 151644.10 168329.30 

I 
Net Present Value at: 10.00 % ,. 213757.20 
Internal Rate of Return: 14.90 1 

I Return on eq.iity1: 13.79 1 

Return on equity2: 14.90 1 

....••••.........•...•...•••••.......•••••.....•.•••••.•..•.••••.....•.•••....•....•••.....••••.......•......•..•.....•.•.......• , 
Index of Schedules produced by COMFAR 

Total initial invest11ent 
Total investment during production 
Total prodUCtion costs 
Working Capital require111e11ts 

Cashflow Tables 
Projected Balance 
Net inc0111e stateaient 
Source of finance 

I 
I 
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I 
I -----------------------------------------------------------···-----·-··- COMFAR 2.1 - JAWAllARLAL IEHRU CENTRE. IAGPtll. INDIA ---

I 
I 

GREENFIELD SllELTER 
MARCH 1993 
YARIAIT 5 

2 year(s) of construction. 15 years of procilction 
currency conversion rates: 

I 
foreign currency 1 unit = 1.0000 units accOUlting currency 
local currency 1 unit = 1.0000 uni ts accOU\t i ng currency 

8CCOU\ting currency: TIDJSAllD us DOLLARS 

~-------------------------~~~i--~~-i~i.;;~--i~;;~~t;;;;;~-;:---~;;,;;~:;:.~,;;;.;;;;;;.:,;:.·-----------------------------------

I 
fixed assets: 
current assets: 
total assets: 

516000.00 
0.00 

516000.00 

60.271 I foreign 
0.000 I foreign 

60.271 I foreign 

1
---------------------------------------------------------------------------------------------------------------------------------

Source of funds clring construction phase 

60.271 I foreign 

I foreign loans : 0.00 
local loans : 0.00 

~--------------------,-'----------:~:'. ____ :~_: _____ ::~:~-----------------~::~-~-:~·~---------------------------------operations 

I 
I 
I 
I 
I 
I 

Cashf low from 

Year: 2 3 

operating costs: 44107.00 94921.00 108390.00 

depreciation 29700.00 42150.00 42150.00 

interest 0.00 0.00 0.00 

----·------- ----------·- ...................... # ....... 

----------------
procilction costs 73807.00 

thereof foreign 71.23 I 

total sales 86812.50 

gross income 13005.50 

net income 13005.50 

cash balance • 179435.50 

net cashflow -179435.50 

Net Present Value at: 10.00 X " 
15.84 x Internal Rate of Return: 

Return on equi ty1: 15.03 x 
Return on equity2: 15.84 x 

137071.00 150540.00 
79.17 I 80.61 x 

260437.50 289375.00 

123366.50 138835.00 

123366.50 138835.00 

159818.40 1m99.20 

159818.40 1m99.20 

255936.90 

~-···········-···················································································································· 
Index of Schedules procaitecl by COMFAR 

I 
I 

Total initial investment 
Total investment during procaittion 
Total production costs 
Working Capital requirei.:ents 

Cashflow Tables 
Projected Balance 
Net il'\Come statement 
Source uf final'\Ce 
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~£OMut~o~ I 
---------------------------•-------------------------------------------- COMFAR 2.1 - JAllAllARLAL NEHRU CENTRE, NAGPUR, lllOIA --~ 

GREEJIFIELO SMELTER 
MARCI 1993 

VAllAllT 6 

2 year(s) of construction, 15 years of procb:tion 

currency conversion rates: 

foreign currency 1 lalit = 1.0000 lali ts Kc0161ting currency 

I 
I 

local currency 1 lalit = 1.0000 lalits acc<U1ting currency 

acc<U1ting currency: THOOSAHll US DOLLARS I 
------------------------------------------------------------------------------·--------------------------------------------------

Total initial investment uing construction phase 

fixed assets: 

current assets: 

total assets: 

Source of funds 

~ity & grants: 

foreign loans : 

local loans : 

total fi.ncis : 

516000.00 

0.00 

516000.00 

cl!ring construction phase 

366360.00 

46440.00 

103200.00 

516000.00 

60.271 % foreign 

0.000 % foreign 

60.271 % foreign 

71.&'31 % foreign 

60.000 1 for.!ign 

I 
I 
I 
I 

--------.--------------------- ·-- ·--------· ---- ----·----- --- -·---. ·- ------ -- -- -· --·- --------- --------·----· --------. -. -----. ----. -1 
· cashf low from operations . · 

Tur: 2 3 I operating costs: 494n.oo 111031.00 126290.00 

depreciation 29700.00 42150.00 42150.00 

interest 17000.00 19964.80 19964.80 

I ----------------
.................... ----------·· ····--------

procilct ion costs 96177.00 173145.80 188404.80 

tllereof foreign 64.93 1 75.03 % 76.n x 

I total sales 8&~12.50 260437.50 289375.00 

gross income ·9364.50 sn91.7o 100970.20 

net income ·9364.50 sn91.10 100970.20 I 
casn balance 16075. 19 123505.00 129048.80 

net cash fl ow ·184924.80 143469.80 159359.40 

I 
~et ?resent Value at: 10.00 % : 188450.,0 

Internal Rate of Return: 14.29 % I ~eturn on equi ty1: 10.31 % 

~etu~n on equityl: 16.18 % 

·················--··--········-········--·-··-----------····--········-·--·-·····--·······--···--·····---··--·--··--····-········I 
Index of Schedules prodUced by COHFAR 

roul 1n1:1al investment 

·oral 1nv~t:"1ent ~ur1n9 proauct1on 

-~tat pr:x:-Jc:1on costs 

•or11n9 C.ic1tat requ1rt!lll!nts 

Cashf low Taoles 

?roiected 5alance 

~et income statement 

Source of finance 

I 
I 
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I .f,Ol'lfw~l 
~------------------------------------····--------------------------------· COltFAR 2.1 - JAUAHARLAL NEHRU CENTRE, NAGPUR, !NOIA··· 

ITotal Initial Investment in 

Tear • • • • • • • • • 

IFixed invest11ent costs 
Land, site preparation. devel~t 
Buildings and civil works ••••• I Auxiliary and service facilities 
Incorporated fixed assets • • • • • 
Plant machinery and equipaent • 

lotal fixed investment costs •• 

rre-prcdJction capital expenditures. 
.et working capital •••••••• 

(

Total initial invest~t costs • 

f it foreign, in % ..... . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TIKlJSANO US DOLLARS. 

1994 

3000.000 

63000.000 

0.000 

53500.000 

97000.000 

216500.000 

17500.000 

0.000 

234000.000 

58.974 

1995 

0.000 

l9000.000 

0.000 

54000.000 

124000.000 

267000.000 

15000.000 

0.000 

• "2000 .000 

61.348 

GREENFIELD SMELTER ••• flARCH 19 
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8\ corirnR . I 
~2J UHIDO 

-----------------------------------------,------------------------------ COMFAR 2.1 - JAVAHARLAL NEHRU CENTRE, NAGPUR, IND!A --- ~ 
Total current Investment in 

Year • - • • • • • • • 

Fixed investment costs 
Land, site preparation, ~velopment 
Buildings and civil works • • • • 
Auxiliary and service facilities • 
Incorporated fixed assets • • • 
Plant, machinery and equipnent 

Total fixed investment costs • • 

Preproduction capitals expenditures. 
Marking capital ••••••• 

T l!OOSAllD US DOLLARS 

1996 1997 

0.000 0.000 

69000 .000 0. 000 

0.000 0.000 

47000.000 0.000 

90000 .000 0 .000 

206000. 000 0 .IMIO 

12000.000 0.000 

4260.311 5936.734 

--------------- ---------------
Total current investment costs 222260.300 

0

5936.734 

Of it foreign, % •••••• 61.725 94.395 

1998 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 
3725.567 

3725.567 

98.511 

C.llffMflELD SMELTER 

I 
I 
I 
I 
I 
I 

--- MARCH 19

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I .COMFAR 
~ ·······••·············································•·······•········· COCFAR 2.1 · JAllAHARlAL NEHRU CEN~~. llA'!:!i!~~llOIA ··-

I X of nom. capacity (single produc:t). 
Raw 111aterial 1 •••••.••••. 
Other raw materials 

I
Util ities ••••• 
Energy ••••••• 

labour. direct • • • 
Repair, maintenance lspares ..... . 
Factory overheads • 

~Factory costs • • • • • • 
llAdninistrative overheads • 

lndir. costs, sales and distribution 
lll°irect_co~ts, sales and distribution 
.eprec1at1on • 

Financial costs ••• 

~otal procilc:tion costs 

Costs per unit ( single product > 

I f it foreign, X •••••••• 
f it variable,% • • • • •••• 

Total labour ••••••••••• 

l llOOSANO US DOtlARS 

1996 

30.000 

19200.000 
0.000 

492.000 
8055.000 

3030.000 

6600.000 
0.000 

7000.000 

443n.ooo 
3900.000 

1200.000 
0.000 

29700.000 
17000.000 

961n.ooo 
============== 

2.565 
64.927 
32.000 

5530.000 

1997 

90.000 
57600.000 

0.000 
1476.000 

24165.000 

9090.000 

6600.000 
0.000 

7000.000 

105931.000 
3900.000 

1200.000 
0.000 

42150.000 
19964.800 

1998 

100.000 
64000.000 

0.000 
1640.000 

26850.000 
10100.000 
6600.000 
5000.000 
7000.000 

121190.000 
3900.000 
1200.000 

0.000 

42150.000 
19964.800 

173145.800 188404.800 

=============== =-============= 
1.539 1.507 

75.035 76.715 
53.326 54.452 

11590.000 12600.000 

199'1 

100.000 
64000.000 

0.000 
1640.000 

26850.000 
10100.000 
6600.000 
5000.000 
7000.000 

121190.000 
3900.000 
1200.000 

0.000 
42150.000 
18999.830 

187439.800 

=============== 
1.500 

76.961 
54.732 

12600.000 

2000 

100.000 
64000.000 

0.000 
1640.000 

26850.000 
10100.000 
6600.000 
5000.000 
7000.000 

121190.000 
3900.000 
1200.000 

0.000 
42150.000 
17943.940 

186383.900 
======-==--=== 

1.491 
n.236 
55.042 

12600.000 

~-·······························································································································-

I 
I 
I 
I 
I 
I 
I 
I 

GREENFIELD SMELTER ··• MARCH 19 
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-COMFAR 

------------------------------------------------------------------------ CIJtFAR 2.1 - JA~HARLAL NEHRU CEN:~~. NA~~~NDIA ---1 
Total Production Costs in THWSAND us DOLLARS 

I 
Year - . . . . . . . . . . . . . . . 2001 2002 2003 2004 2005 

X of noiD. capacity (single product). 100.000 100.000 100.000 100.000 100.000 I Raw material 1 . . . 64000.000 64000.000 64000.000 64000.000 64000.000 
Other raw l'lilterials 0.000 0.000 0.000 0.000 0.000 

Utilities . . . 1640.000 1640.000 1640.000 1640.000 1640.000 I Energy . . . . . . . 26850.000 26850.000 26850.000 26850.000 26850.000 
labour, direct . . . 10100.000 10100.000 10100.000 10100.000 10100.000 

Repair, maintenance 6600.000 6600.000 6600.000 6600.000 6600.000 I Spares . . . . . . 5000.000 5000.000 5000.000 5000.000 5000.000 

Factory overheads 7000.000 7000.000 7000.000 7000.000 7000.000 

-------·------- -------------·- ------·-·------ --------------- --·------------ I Factory costs . . . . . . . . . . . 121190.000 121190.000 121190.000 121190.000 121190.000 
Adllinistrative overheads . . . . . 3900.000 3900.000 3900.000 3900.000 3900.000 
Indir. costs, sales and distribution 1200.000 1200.000 1200.000 1200.000 1200.000 
Direct costs, sales and distribution 0.000 0.000 0.000 0.000 0.000 I Depreciation . . . 42150.000 42150.000 42150.000 42150.000 20050.000 
Financial costs . . . . 16788.470 15523.950 14139.990 12625.220 10967.150 

--------------- --------------- --------------- --------·------ --------------- I Total production costs . . . . . . 185228.500 183964.000 182580.000 181065.200 157307.200 

--------------- =============:== ============= --------------- ----------------------------- --------------- ---------------
Costs per unit ( single product ) 1.482 1.4n 1.461 1.449 1.258 

I Of it foreign, x • 77.542 77.885 78.268 78.696 76.252 

Of it variable,% • . . . . . . . 55.3(.6 55.766 56.189 56.659 65 • .216 

~~~~~-~~~~-~-~-~-~-~-~-~-~-~-~-~-~----·---::~~~---·----::~~~-------·::~~~---·-·--::~~~~--------::~~~----····-~ 
GREENFIELD SMELTER ••• MARCH 19 

I 
I 
I 
I 
I 
I 
I 
I 
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I .f,OMJ.~! 
~---------------------------···--··--·-···-·---·-----·····-·············· C<J4FAR 2.1 • JA\IAHARLAL NEHRU CENTRE, NAGPUR, llKllA ·-· 

ITotal Production Costs in 

Year • • • • • • • • • • • • • • • • 

t of nm. capacity (single product). 
aw uterial 1 ••••••••••• 

Other raw uterials 

l ti l ities ••••••• 
nergy •••••••• 

Labour, direct •••• 

l epair, 11aintemnce 
pares •••••• 

Factory overheads • • 

&,.,..tory costs • • • • • • 
~inistrative overheads • 

Jndir. costs, sales and distribution 

lirect_c~ts, sales and distribution 
eprec1at1on • 

TllClJSAll) US DOlLARS 

2006 

100.000 

64000.000 

0.000 

1640.000 

26850.000 

10100.000 

6600.000 

5000.000 
7000.000 

121190.000 

3900.000 

1200.000 

0.000 

11050.000 

9152.119 

146492.100 

2007 

100.000 

64000.000 

0.000 

1640.000 

26850.000 

10100.000 

6600.000 

5000.000 

7000.000 

------·-----··-
121190.000 

3900.000 

1200.000 

0.000 

11050.000 

7165.125 

144505.100 

100.000 

64000.000 

0.000 

1640.000 

26850.000 

10100.000 

6600.000 

5000.000 

7000.000 

-------·----·--
121190.000 

3900.000 

1200.000 

0.000 

11050.000 

4989.741 

142329.700 

2009 

100.000 

64000.000 

0.000 

1640.000 

26850.000 

10100.000 

6600.000 

5000.000 

7000.000 

121190.000 

3900.000 

1200.000 

0.000 

11050.000 

2607.953 

139948.000 

2010 

100.000 

64000.000 

0.000 

1640.000 

26850.000 

10100.000 

6600.000 

5000.000 

7000.000 

121190.000 

3900.000 

1200.000 

0.000 

11050.000 

0.000 

137340.000 

Financial costs ••• 

lotal production costs 
=============== =============== =============== =============== =============== 

•

osts per 16lit ( s:ngle product ) 
f it foreign, X ••••••• 

1.1n 

75.412 

70.031 

1.156 

76.09? 
70."994 

1.139 

76.864 

n.o79 

1.120 

77.743 

73.306 

1.099 

78.746 

74.698 
f it variable,% ••••••••• 

~::~:.:~_:_:_:_:_:_:_:_:_:_:_:_: ________ :~:~--------::~:~---·-·--:'~:~-----·--::~:~---·----:~:~· ........ . 
GREENFIELD SMELTER ••• MARCH 19 
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I 
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oo I 
COM FAR 

----------------------------------·------------------------------------- COMFAR 2.1 - JAllAHARLAL KEHRU tEN~;~, u:!~~NDIA --' 

Net Working Capital in TllOOSAND us DOLURS 

Year •• 1996 

COYerage mdc: coto 

CUrrent assets & 
Accounts receivable • 26 14.0 3024.950 

Inventory and 11aterials • 40 9.0 211!6.000 

Energy .. . . . 1 360.0 22.375 

Spares . . . . . . . 180 2.0 0.000 

\lork in progress . 2 173.1 364.069 

Finished procllc:ts 4 96.5 1116.625 

Cash in hand .. . . 1 411.9 392.917 

Total current assets 6806.936 

Current liabilities and 

Accounts payable • . . . . . 23 15.9 2546.625 ___ ... ___________ 

Ket working capital . . .. 4260.311 

Increase in working capital • 4260.311 

Ket working capital, local 1069.700 

Net working capital, foreign 3190.611 

1997 1998 

7843.184 9062.889 

6558.000 7286.667 

67.125 74.583 

0.000 2500.000 

631.653 690.139 

1191.542 1267.917 

512.083 670.833 

16803.590 21553.030 

6606.542 7630.417 

------·-------- --------------· 
10197.040 13922.6~0 

5936.~ 3725.566 

1402.433 1457.889 

8794.611 12464.nO 

1999-2010 

9062.889 

nM.667 
74.5113 

2500.000 

690.139 

1267.917 

670.833 

21553.030 

7630.417 

------·--------
13922.610 

0.000 

1457.8119 

12464.nO 

I 
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. ----------------------------------------------------------------------- ct:JIFAR 2.1 - JA\IAHARLAL NEHRU CEITRE. IAGPUR. !NOIA ---

m=ashflow Tables, construction in TllWSAllD US DOLLARS 

Year • • • _ • _ _ 

lotal cash inflow 

Financial resources 

Isales. net of tax • _ 

Total cash outflow •• 

~Total assets • • 

Operating costs • 

I Cost of finance • • _ 

Repaymer~ ••• 

Corporate tax 

'

Dividends paid • 

urplus C deficit > • 
Ci..ilated cash balance 

Inflow. local • • • • 

Outflow. local ••• 

l
urplus C deficit ) 

nflow. foreign 

outflow. foreign •• 

•

urplus C deficit ) • 

et cashflow • 

1994 1995 

235000.000 281000.000 

--------------- ---------------
235000.000 

0.000 

234000_000 

-----·---------
234000.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1000.000 

1000.000 

94000.000 

96000.000 

·2000.000 
11.1000.000 

138000.000 

3000.000 

-234000 .000 

281000.000 

0.000 

282000.000 

---------------
282000.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-1000.000 

0.000 

112400.000 

109000.000 

3400.000 

168600.000 

173000.000 

-4400.000 

• 282000. t;OO 

lc~~~~~-~~-:~~~~~------:~:~------:~~~:~--------------------------------------------------------------------------GREENFIELD SMELTER --- MARCH 19 
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····································------------------------------------ CQllFAll 2-1 - JA\IAHARLAL NEHRU CENTRE, llAGPUR, INDIA --- I 
Cashf low tables, production in TllOOSAJID us DOU.MS 

Year • • • • • • • • • 

Financial rrsources • 
Sales, net of tax 

Total cash outflow • 

Total assets • • 
~rating costs • 
Cost of finance • 
Repayment 

Corporate tax 
Dividends paid 

Surplus < deficit > • 
Ciailated cash balance 

Inflow, local • • • • 
outflow, local • • • • 
Surplus ( deficit ) 
Inf low, foreign • • • 
Outflow, foreign ••• 
Surplus < deficit ) • 

Net cashflow ••••• 
Cwallated net cashflow 

1996 

307359.100 

220546.600 

86812.500 

291283.900 

224806.900 

49477.000 

17000.000 

0.000 

0.000 

0.000 

16075.190 

16075.190 

87333.780 

111335.500 

·24001.700 

220025.300 

179'Xa.500 

40076.890 

·184924.800 

• 700924 .800 

1997 

264497.400 

4059.917 

260437.500 

140992.500 

9996.650 

111031.000 

19964.800 

0.000 
0.000 

0.000 

123505.000 

139580.100 

53.667 

32562.400 

·32508.740 

264443.890 

108430'.000 

156013.700 

143469.800 

·557455.100 

1998 

290398.900 

1023.875 

289375.000 

161350.100 

4749.442 

126290.000 

19964.800 

10345.llllO 

0.000 
0.000 

1291M1.llOO 

268628.900 

8.944 

39749.250 

-39740.310 

290389.900 

121600.900 

168789.100 

159359.400 

·398095.600 

1999 

289375.000 

0.000 

289375.000 

156600.700 

0.000 

126290.000 

18999.830 

11310.850 

0.000 

0.000 

132774.300 

401403.200 

0.000 

39684.850 

·396M.850 

289375.000 

116915.800 

1n459_200 

163085.000 

·235010.600 

2000 

289375.000 

0.000 

289375.000 

156600.700 

0.000 

126290.000 

17943.940 

1Z366.740 

0.000 

0.000 

132774.300 

534177.500 

0.000 

39684.850 

·39684.850 

289375.000 

116915.806 

1n4S9.200 

163085.000 

·71925.630 

2001 

289375.000 

0.000 

289375.000 

203466.600 

0.000 

126290.000 

16788.470 

13522.21(! 

46865.940 

0.000 

85908.380 

620085.900 

0.000 

86550.800 

·86550.800 

289375.000 

116915.800 

1n4s9.200 

116219.100 

44293.440 

I 
I 
I 
I 
I 
I 
I 
I 
I 

GREENFIELD SMELTER ••• MARCH 191 

I 
I 
I 
I 
I 
I 
I 



' 

I - 49 -

I
I ·~OM!~! 

----------------------------------------------------------------------- COMFAR 2.1 - JA\IAllARLAl NEHRU CENTRE, llAGPUR, INDIA ·--

~ashflow tables, production in 

Year • • - • • • • 2002 2003 

TllWSAllD US DOLLARS 

~otal cash inf low 

Financial resources _ 

Isales, net of tax • _ 

Total cash outflow • • 

I Total assets •• 
Operating costs • 

I
Cost of finance • 

Repayment • • • 

Corporate tax • 

Dividends paid • 

lurplus ( deficit ) • 

C11111lated cash balance 

Inflow, local • • • • 

Outflow, local • • • • 

E
rplus ( deficit ) • 

flON, foreign 

tflow, foreign • 

Surplus < deficit ) • 

~et cashf low • • • • • 

289375.0DO 

O.ODO 
289375.0DO 

204035.700 

O.ODO 
126290.0DO 

15523.950 

147M.730 

47434.980 

O.ODO 

85339.330 
705425. 200 

o.~ 

87119.830 

-87119.830 

289375.000 

n6915.aoo 

172459.200 

115650.0DO 

159943.500 

289375.000 

0.000 

289375.000 

204658.400 

0.000 

126290.000 

14139.990 

16170.690 

48057.750 

0.000 

84716.560 

790141.800 

0.000 

8n42.610 

-8n42.b10 

289375.000 

116915.aco 

172459.200 

115027.300 

274970.700 

289375.0DO 

O.ODO 
289375.0DO 

205340.100 

O.ODO 
126290.0DO 

12625.220 

17685.460 

48739.400 

O.ODO 

84034.910 

874176.600 

O.ODO 
88424.25!1 

-88424.250 

289375.000 

116915·.aoo 

172459.200 

114345.600 

389316.300 

289375.000 

0.000 

289375.000 

216031.200 

0.000 

126290.000 

10967.150 

19343.530 

59430.530 

0.000 

73343.780 
947520.400 

0.000 

99115.380 

·99115.380 

289375.000 

116915.800 

172459.200 

103654.500 

492970.800 

2006 

289375.000 

0.000 

289375.000 

220898.000 

0.000 

126290.000 

9152.119 

21158.560 

64297.300 

0.000 

t&n.020 
1015997 .000 

0.000 

103982.100 

-103982.100 

289375.000 

116915.800 

172459.200 

98787.700 

591758.400 

2007 

289375.000 

0.000 

289375.000 

221792.100 

0.000 

126290.000 

7165.125 

23145.560 

65191.450 

0.000 

67582.880 

1083580.000 

0.000 

104876.300 

·104876.300 

289375.000 

116915.aoo 

172459.200 

97893.550 

689652.000 
C11111lated net cashflow 

'
····················-·················-···················-···-·-·······-······························-························· 

GREENFIELD 5..elTER ••• MRCI 19 

I 
I 
I 
I 
I 
I 
ii 
l. 



- 50 -

-----------------------------------·----·····----------················· COMFAR 2.1 

Cashflow tables, production in TllClJSAJID US DOllARS 

Tear ••••••• 

Total cash inf low 

Financial resources • 
Sales, net of tax • • 

Total cash outflow •• 

Total assets • • 
Operating costs ••• 
Cost of finance ••• 
Repayment 
Corporate tax 
Dividends paid 

surplus < deficit > 
C111a.1lated cash balance 

Inflow, local • • • 
Outflow, local • • . 
Surplus < deficit ) 
Inflow, foreign • • • 
Outflow, foreign • • 
surplus < deficit > • 

289375.000 

0.000 

289375.000 

222771.000 

0.000 

126290.000 

4989.741 

25320.940 

66170.360 
0.000 

66603.970 
1150184.000 

0.000 

105855.200 

·105855.200 

289375.000 

116915.800 

1n459.200 

2009 

289375.000 

0.000 

289375.000 

223843.000 

0.000 

126290.000 

2607.953 

27702.830 

6n42.170 
0.000 

65532.056 

1215716.000 

0.000 

i06927. 100 

• 106927. 100 

289375.000 

116915.900 

1n459.100 

95842.830 

2010 

289375.000 

0.000 

289375.000 

194705.800 

D.000 

126290.000 

0.000 

0.000 

68415.750 

0.000 

94669.250 

1310386.000 

0.000 

86555.750 

-86555.750 

• 289375.000 

108150.000 

181225.000 

94669.250 

977078.700 

I 
I 
I 
I 
I 
I 
I 
I 
I 

96914.640 

786566.600 882409.400 
Net cashflow •••• 
C111a.1lated net cashflow 
----·····-····································································································-················---, 
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······•································•········•···········•··········· COMFAR 2.1 • JAYAllARlAL llEHRU CEITRE. IAGPUR. lllOIA ··· 

lcashf low Discounting: 

a) Equity paid versus let inc- flow: 

I 
•et present value ••••••••.••••• 

Internal Rate of Return (IRRE1) •• 

b) let worth versus let cash return: 

9163.16 at 

10.31 I 

let present value •••••••••••••• 198622.60 at 

I Internal Rate of Return (IRRE2) • • 16. 18 I 

c) Internal Rate of Return on total invest11ent: 
•et present value •••••••••••••• 188450.40 at 

I Internal Rate of Return ( IRI ) • • 14.29 I 

kt worth = Equity pa;d plus reserves 

10.00 I 

10.00 I 

10.00 % 

GREEIFIELD SlllElTER ••• MARCH 19 I
·············-···--·······-·····--········-·············---······················-············-···············-·····---········-·· 
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COMFAR 
JAUAHARLAL llEHRU en~~. u':!~~11>1A •• I ···································•··•••······························· altfAR Z.1 · 

Projected Balance Sheets, construction in T10JSAll) us oouARs I 
Year • • • • 

Total assets 

Fixed assets. net of depreciatian 

Construction in progress 

Current assets • • • • • • • • • 

Cash. bank ••••••••••• 

Cash surplus. finance available • 
Loss carried fOnA1rd • • • • • • 

Loss • • • • • • • • • • •••• 

Total liabilities 

E"°'i ty capital • • • • • 

Reserves. retained profit • 

Profit ••••••••• 

Long and medila term debt • 

Current liabilities •••• 

a.nit overdraft. finance required. 

Total debt • • 

1994 

235000.000 

·------·----·--
0.000 

234000.000 

0.000 

0.000 

1000.000 

0.000 

0.000 

235000.000 

--·------------
166850.000 

0.000 

0.000 

68150.000 

0.000 

0.000 

68150.000 

1995 

516000.000 

-------------·-
234000.000 

zazooo.ooo 
0.000 

0.000 

0.000 

0.000 

0.000 

516000.000 

-------·-------
366360.000 

0.000 

0.000 

149640.000 

0.000 

0.000 

149640.000 

I 
I 
I 
I 
I 
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------------------------------------------------------------------------ !XltFAR 2.1 - JA\IAllARLAl NEHRU CENTRE, NAGAI!, lllOIA ---

I Projected Balance Sheets, Production in TllllJSAllD us DOI.LARS 

Teal" • • • _ 

I Total assets 

I 
Fi11ed ass~ts,. net of depreciation 
Constl"uct1on 1n pl"ogl"ess • _ • _ 

Curl"ent assets • • • _ _ _ _ • • 

I =· s=us: ;i~e :v:i ~a~l~ ~ 
Loss cal"l"ied forval"d 

LOSS 

I 
Total liabilities 

'Equity capital • 

Resel"VeS, l"etained pl"ofit 

'

Profit ••••.••.. 

Long and medi1a1 term debt 

Current liabilities ••. 

Bank overdraft, finance required. 

lrotal debt • • • • • • • • 

1996 

736546.600 

486300.000 
218000.000 

6414.020 
392.917 

16075.190 
0.000 

9364.500 

736546.600 

521140.000 
0.000 

0.000 
212860.000 

2546.625 
0.000 

215406.600 

1997 

152?898.300 

662150.000 
0.000 

16291.500 
512.083 

139580.200 
9364.500 

0.000 

152 7IS9IS .300 

19915 

9101151.900 

620000.000 
0.000 

20882.200 
670.833 

26156215. 900 
0.000 
0.000 

9101151.900 

521140.000 521140.000 
0.000 n927.20C 

8?291.700 100970.200 
212860.000 202514.100 

6606.542 7630.417 
0.000 0.000 

219466.500 210144.500 

1999 

1000806. 000 

577850.000 
0.000 

20882.200 
670.1533 

40t403.300 
0.000 
0.000 

. 1OOOIS06.000 

521140.000 
1781597. 400 
101935.200 
191203.300 

7630.417 
0.000 

198833.700 

2000.·. 

1091431.000 

535700.000 
0.000 

20882.200 

670.1533 
5341n.5oo 

0.000 
0.000 

1091431.000 

521140.000 
280IS32. 600 

102991.100 
i 781536. 500 

7630.417 
0.000 

186467.000 

'

Equity, X of liabilities • • . . 70.755 62.947 57.257 52.0n 47.748 

-----·----------------------------------------------------------------------------------------------------------------------------
GREENFIELD SMELTER ••• MARCH 19 
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~--····················-----··-···---·····-·----····--------------------- CCJIFAR.2.1 - JA\IAHARLAL NEHRU CENTRE, NAGPUR, INDIA ---

'Projected Balance Sheets, Production in TIKJJSAJIO US DOLLARS 

2003 2004 2005 
Year • • • • 

ITotal assets 

E
fixed ass~ts, _net of depreciation 
onstruct1on m progress •••• 

rent assets • • • • • • • • • 

Cash, bank • • • • • • • • • • • 

l eash surplus. finance available • 

oss carried forward •••••• 

loss . . . . . . . . . . . . . . 

I 
Total liabilities •• 

&"'ity capital •••••• 
llll;eserves, retained profit 

Profit •••••••••• 

l ong and .ectiua tena debt 

urrent liabilities ••• 

Banlc overdraft, 

~otal debt •• 

finance required. 

2001 2002 

1135189.000 117Bl78. 000 1220945.000 1262830.000 1316124.000 

--------------- --------------- --------------- --------------- ---------------
493550.000 

0.000 
20U2.200 

670.&Il 

620085.900 
0.000 
0.000 

451400.COO 
0.000 

20882.200 

670.833 
705425.300 

0.000 
0.000 

1135189.000 1178l78.000 

521140.000 521140.000 
38l82l.600 441104.200 
57280.590 57976.080 

165314.300 150527.600 
7630.417 7630. •17 

0.000 0.000 

172944.700 158158.000 

(09250.000 
0.000 

20882.200 

670.&Il 

190141. 900 

0.000 
0.000 

367100.000 
0.000 

20882.200 

670.833 
874176.600 

0.000 
0.000 

1220945.000 1262830.000 

--------------- ---------------
521140.000 521140.000 
499080.300 557817.600 
58737.260 59570.380 
134~56.900 116671.400 

7630.417 7630.417 
0.000 0.000 

141987.300 124301.800 

347050.000 
0.000 

20882.200 
670.833 

947520.500 
0.000 
0.000 

1316124.000 

521140.000 
617387.900 

n631.110 
97327.900 

7630.417 
0.000 

104958.300 

~'.'.".:.:.:'..'.'.'.".'.'.'.'.'.'.'.' .. :.:.:.: .... -------~~:~-----------~:'." ... --------~'.:~-----------~'.:~-----------~:~'.". _______ ----
GREENFIELD SMELTER --· MARCH 19 
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COM FAR 
JAllAHARlAl IEHRU CEN~~~. NA:~~~NOIA --1 ------------------------------------------------------------------------ CCJIFAR 2.1 -

Projected Balance Sheets, Production in TllWSAJI) US DOllAIS 

I Tear 2006 2007 2008 2009 2010 . . - . . . . . . . . . - . 

Total assets . . . . . . - . . . 1373551. 000 1430083.000 1485637.000 1540119.000 1623739.000 I ---------·----- -----··------·· --------------- ... ......................................... ---------------
Fixed assets, net of depreciation 336000.000 324950.000 313900.000 302850.000 291800.000 
Construction in progress 0.000 0.:100 0.000 0.000 0.000 I Current assets . . . . . . . . 20882.200 20882.200 20882.200 20882.200 20882.200 
Cash, bank . . . . . . . . . . . 670.833 670.833 670.833 670.833 670.833 

Cash surplus, finance avai table • 1015998.000 1083580.000 1150184.000 1215716.000 1310386.000 

I Loss carried forward 0.000 0.000 0.000 0.000 0.000 

loss . . . . . . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 

Total liabilities . . . . . . . . 13735:51.000 1430083.000 1~637.000 1540119.000 1623739.000 I 
........................................... ........................................... ......................................... ........................................... ... ........................................ 

Equity capital . . . . . 521140.000 521140.000 521140.000 521140.000 521140.000 I Reserves. retained profit • 690025.300 768610.800 848289.300 929164.100 1011349.000 
Profit . . . . . . . . 78585.580 79678.430 80874.890 82184.880 83619.250 
long and llledi lm tenn debt 76169.340 53023.780 27702.840 0.008 0.008 

I Current liabilities . - . 7630.417 7630.417 7630.417 7630.417 7630.417 
Banlc overdraft, finance required. 0.000 0.000 0.000 0.000 0.000 

Total debt . . . . . . . 83799.750 60654.200 35333.250 7630.425 7630.425 I . 

Equity, X of liabilities 37.941 36.441 35.079 33.838 32.095 

--·-------------------····-----------·---·------·-··----------·---·----·---------··-·---·--··------~~~~;;~~~-~~;~;-~~~-~~~~- 1~ 
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I .fiOM!.,~r 
~---------------------------------------------------------------··------ CCJ4FAR 2.1 - JAllAllARLAL NEHRU CENTRE, NAGPUR, l~DIA ··· 

~et Income Statement in 

Year • • • • • • - • • • . • • • - • • 

lotal sales, incl. sales tax •• _ .• 
'less: variable costs, incl. s~les tax. 

t riable margin ••••.•••••• 
X of total sales • _ • • . • • • • 

,on-variable costs, 

Operational 11argin • 

incl- depreciation 

( 

X of total sales 

ost of finance ••••••••••• 

l ross profit •• 
l lowances • • 

Taxable profit • lu ..... . 
Net profit •• 

lividends paid .•• 
lf,ndistributed prof it 

AccU1Ulated undistributed profit 

~ross profit, % of total sales 
Net profit, % of total sales 

I OE, Net profit, % of equity • • • 
01, Net profit+interest, % of invest. 

I 
I 
I 
I 
I 

TllOOSANO US DOLLARS 

1996 

86812.500 
30m.ooo 

56035.500 
64.548 

41400.000 

7635.500 
8.795 

17000.000 

1997 

260437.500 
92331.000 

168106.500 

60850.000 

107256.500 
41.183 

19964.800 

-9364. 500 87291. 700 
0.000 0.000 

-9364.500 87291.700 
0.000 0.000 

-9364.500 

0.000 
·9364.500 
-9364.500 

-10.787 
-10.787 
-1.797 
1.034 

87291.700 

0.000 
87291.700 
77927.200 

33.517 
33.517 
16. 750 
14.412 

1998 

289375.000 
102590.000 

186785.000 
64.548 

65850.000 

120935.000 
41.792 

19964.800 

1999 

289375.000 
102590.000 

186785.000 
64.548 

65850.000 

120935.000 
41.792 

18999.830 

100970.200 101935.200 
0.000 0.000 

100970.200 101935.200 
0.000 0.000 

100970.200 

0.000 
100970.200 
178897.400 

34.893 
34.893 
19.375 
16.169 

101935.200 

0.000 
101935.200 
280832.600 

35.226 
35.226 
19.560 
16. 169 

20(10 

289375.000 
102590.000 

186785.000 
64.548 

65850.000 

120935.000 
41.792 

17943.940 

102991.100 
0.000 

102991.100 
0.000 

102991.100 

0.000 
102991.100 

383823.600 

35.591 
35.591 
19.763 
16.169 

GREENFIELD SMELTER ··- "ARCK ~9 
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------------------------------------------------------------------------ COMFAR 2.1 - JA~AHARLAL NEHRU CENTRE, NAGPUR, INDIA --- ~ 
Net Income Statement in TIOJSAND us OOlLARs 

Year _ - __ 

Total sales, incl. sales tax . . . . . 
ll!SS: variable costs, incl. sales tax. 

Variable margin . . 
As 1 of total sales 

Non-variable costs, incl. depreciation 

Operational margin • 

As 1 of tc.tal sales 

Cost of finance 

Gross profit •• 
Allowances • • 
Taxable profit 
Tax ••• 

Net profit 

Dividends paid • 

. . . . . . . . . . . 

Undistributed profit .••.•• 
AccU1L1lated undistributed profit 

2001 

289375.000 
102590.000 

-- ·--·------··-
186785.000 

64.548 

65850.000 

--------·------
120935.000 

41.792 

16788.470 
.......................................... 

104146.500 
0.000 

104146.500 
46865.940 

.......................................... 

5nao.59o 

0.000 
·5nao.590 
441104.200 

2002 

289375 000 
i02590.000 

------------·--
186785.000 

64.548 

65849.980 
.......................................... 

120935.000 
41.792 

15523.950 

----·----------
105411.100 

0.000 
105411.100 
47434.980 

--------------· 
57976.080 

0.000 
57976.080 

499080.300 

2003 

289375.000 
102590.000 

---------·-----
186785.000 

64.548 

65849.990 
.......................................... 

120935.000 
41.792 

14139.990 
........................................... 

106795.000 
0.000 

106795.000 
48057.750 

..................................... 

58737.260 

0.000 

58737.260 
557817.600 

2004 

28Q375.000 
102590.000 

-------------·-
186785.000 

64.548 

65850.000 
... ....................................... 

120935.000 
41. 792 

1L25.220 
.. ................................... 

108309.800 
0.000 

108309.800 
48739.400 

--------------· 
59570.380 

0.000 

59570.380 
617387.900 

2005 

289375.000 
102590.000 

-----·--------· 
186785.000 

64.548 

43750.CiOO 
......................................... 

143035.000 
49.429 

10967.150 

--------------· 
132067.800 

0.000 
132067.800 
59430.530 

...................................... 

n637.310 

0.000 
n637.:s10 

690025.300 

Gross profit, X of total sales 35.990 36.427 36.905 37.429 45.639 
Net profit, X of total sales 19.795 20.035 20.298 20.586 25.101 

I 
I 
I 
I 
I 
I 
I 
I 
I 

ROE, Net profit, 1 of equity • • • • • 10.991 11.125 1L271 11.431 13.938 

~'.:.'.'.'..".'.'.'.'.''.'.'.'.'.'.'.'.':_'_'.'.'.'.':'.'.: ____________ '.:~'. ____________ ':'''. ____________ ':'.~------------':'.~'. ___________ ":'~-------~ 
GREENFIELD SMELTER ··• MARCH 19 

I 
I 
I 
I 
I 
I 
I 
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····················-------···-------------····························· COMFAR 2.1 - JAIJAllARLAL NEHRU CENTRE, NAGPUR, !NOIA··· 

I Net Income Statement in 

\ 
Year • • • • • • • • • • • • • • • • 

I Total sales, incl. saL cax ••••• 
Less: variable costs, incl. sales tax. 

'

Variable margin ••••••••••• 
~s X of total sales . . . • • • • • • 

~Non-variable costs, ir.cl. depreciation 

Operational .argin • 

~As X of total sales 

Cost of finance • • 

'

Gross profit 
Al lowarKes • 
Taxable profit 

•Tax ••• 

' ?t prof i ~ • • • • • • • • 

loividends paid • • . • . • 
Undistributed profit • • • • • 

I
AccUNJlated undistributed profit •• 

Gross profit, X of total sales • 
Net profit, X of total sales • 

llROE, Net profit, X of equity • • • 
11!!01. Net profit+interest, % of invest. 

I 
I 
I 
I 
I 
I 
I 

TllWSAllD US DOLLARS 

2006 

289375.000 
102590.000 

186785.000 
64.548 

34750.010 

152035.000 
52.539 

9152.119 

142882.900 
0.000 

142882.900 
64'297.300 

78585.580 

0.000 
78585.580 

768610.800 

49.376 
27 .157 
15.080 
11. 731 

2007 

289375.000 
102590.000 

186785.000 
64.548 

34750.000 

152035.000 
52.539 

7165.125 

144869.900 
0.000 

144869.900 
65191.450 

79678.430 

0.000 
79678.430 

848289.300 

50.063 
27.535 
15.289 
11.611 

289375.000 
102590.000 

186785.000 
64.548 

34l50.010 

152035.~ 

52.539 

4989.741 

"47045.300 
0.000 

147045.300 
66170.360 

80874.890 

0.000 
80874.890 

929164.100 

50.815 
27.948 
15.519 
11.480 

2009 

. 289375.000 
102590.000 

186785.~00 

64.548 

34750.000 

152035.000 
52.539 

2607.953 

149427.000 
0.000 

149427.000 
6n42.110 

82184.880 

0.000 
82184.880 

10113'9.000 

51.638 
28.401 
15.no 
11.337 

2010 

289375.000 
102590.000 

186785.000 
64.548 

34750.000 

152035.000 
52.539 

0.000 

152035.000 
0.000 

152035.000 
68415.750 

83619.250 

0.000 
83619.250 

1094968.000 

52.539 
28.897 
16.045 
11.180 

GREENFIELD SMELTER ··· MARCH 19 
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------------------------------------------------------------------------ COMFAR 2.1 

Source of Finance, construction in TllCIJSMO us DOLLARS 

Year •••••••••••••• 

Equity. ordinary •• 

Equity. preference. 

Subsidies. grants • 

loan A. foreign • 

Loan B. foreign •• 

Loan c. foreign • 

Loan A. local •••• 

Loan a. local •••• 

loan c. local •••. 

Total loan •••••••• 

current liabilities 

Banlc overdraft •••• 

1994 

166850.000 
0.000 

0.000 

21150.000 

0.000 

0.000 

47000.000 

0.000 

O.O"'l 

-------------·-
68150.000 

0.000 

0.000 

1995 

199510.000 

0.000 

0.000 

25290.000 

0.000 

0.000 

56200.000 

0.000 

0.000 

---------------
81490.000 

0.000 

0.000 

I 
I 
I 
I 
I 
I 

~~~~~-~~-::::::: _______ ~~~:~-------~~~~~:~---------------------------------------------------------·------------------~ 
GREENFIELD SMELTER --- MARCH 19 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
- 60 -

11 .f.OMJ.~[ 
------------------------------------------------------------------------ COMFAR 2-1 - JAllAHARLAL NEHRU CENTRE, NAGP'_., llilllA ---

1
source of Finance, production in 

Tear •••••••••••• . 

IEquity, ordinary •• 
Equity, preference. 
Slilsidies, grants • 

I loan A, foreign • 
Loan B, foreign •• 

I Loan C, foreign • 
Loan A, local. ••• 
Loan B, local. ••• 

1 
Loan C, local •••• 

Total loan •••••••• 

'

Current liabilities 
Banlc overdraft •••• 

1996 1997 

154780.CJO 0.000 

0.000 0.000 

0.000 0.000 

19620.000 0.000 

0.000 0.000 

0.000 0.000 

43600.000 0.000 

0.000 0.000 

0.000 0.000 

-·--·---------- ........................................... 

63220.000 0.000 

2546.625 4059.917 

0.000 0.000 
......................................... ........................................... 

T llOOSAND US DOU.MS 

1998 1999 2000 2001 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 

-3481.031 -3759.514 -4060.275 -4385.097 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 

-61164.852 -1'551.336 -8306.470 -9137 .117 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 

--------·------ --------------- --·------------ --------·------
-10345.llllO -11310.850 -12366.740 ·13522.210 

1023.875 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 

... ........................................ .......................................... ... ........................................ ........................................ 

~~~~~~-~~-::::::: _______ ~~~:~---------~~:~~~--------~~~~:~-------~~~~~~:~~-------~~~:~~~-------~~~~~:~~~---------
GREENFIELD SMELTER --· MARCH 19 

~----········--------·-···--·------·-···-·--------·······-·-------·--···- totFAR 2.1 • JAWAHARLAL NEHRU CENTRE, llAGPUI, lllllA ---

source of Finance, production in TIKl.fSAlll US DOLLARS 

lear •••••••••••••• 2002 2003 2004 2005 2006 2007 

lquity, ordinary •• 0.000 0.000 0.000 0.000 0.000 0.000 

quity, preference. 0.000 0.000 0.000 0.000 0.000 0.000 

Slbsidies, grants . 0.000 0.000 0.000 0.000 0.000 0.000 

I Loan A, foreign • -4735.904 -5114.m -5523.959 ·5965.875 -6443.146 ·6958.597 

Loan B, foreign •• 0.000 0.000 0.000 0.000 0.000 0.000 

Loan c, foreign • 0.000 0.000 0.000 0.000 0.000 0.000 

I Loan A, local •••• • 10050.830 ·11055 910 -12161.500 -133n.650 ·14715.420 ·16186.960 

Loan B, local •••• 0.000 0.000 0.000 0.000 0.000 0.000 

Loan c, local. ••• il.000 0.000 0.000 0.000 0.000 0.000 

lot al 

.. .. .. .. .. ... .. ... .. .. .. ... .. .. - ..................................... ... ................................. ... .. .. ..... ... .. ... .. ... ... ... ... .. ... ....................................... -............................ 

loan •••••••• -14786. 730 • 16170.690 -17685.460 ·19343.530 ·21158.560 ·23145.560 

~urrent liabilities 0.000 0.000 0.000 0.000 0.000 0.000 

ank ovl!rdraft ....... 0.000 0.000 0.000 0.000 0.000 0.000 

. .. .. .. .. .. .. ... .. --......... ..... -.... -.. -.............. .. .. .. -.... -... -........ --- .. ................................. .. ................................ .................................... 

Total funds....... ·14786.730 ·16170.690 ·17685.460 ·19343.530 ·21158.560 ·23145.560 

1 ......... ···-···· ............. ·-·- .................... -... ·····-··---......... ··-- .... ·-- .... ·- ......... ·······-···· ·········· .. . 
GREENFIELD SMELTER ··• MARCH 19 

I 
I 
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.f,OM!~l I 
·--··---·-··----····------------------·--------------------------------- CCllFAR 2.1 - JAWAHARLAL NEHRU CENTRE, llAGPIJR, INOIA --- I 
Source of Finance, production in tHOOSAND us DOLLARS 

I 
Year ............... 2008 2009 

Equity, ordinary •• 0.000 0.000 

Equity, preference. 0.000 0.000 

Slbsidies, granu . 0.000 0.000 

Loan A, foreign . -7515.285 ·8116.539 

Loan a, foreign •• 0.000 0.000 

Loan C, f'lreign • 0.000 0.000 

Loan A, local •••• -17805.660 ·19586.290 

Loan a. local •••• 0.000 0.000 

Loan C, local •••• 0.000 0.000 

--------------- ---------------
Total loan •••••••• -25320.9'0 -27702.830 

I 
I 
I 
I 

Current liabilities 0.000 0.000 
Bank overdraft • • • • 0.000 0.000 I 

-·-----------·- ---------------
Total funds ••••••• -2532Q.9LO ·27702.830 
----····----···----···------···---···--------------------------------------------------------------~~~~;;~~~-~~;~;-:::·~~~-~; ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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···-----------------------------·-----------------------------·--------- COMFAR 2.1 - JAMAJIARLAL llEHRU CENTRE, llAGPUR, lllllA ---

I 
I 
I 
I 
I 
I 
I 
I .. 
I 
I 
I 
I 
I 
,I 
II 
I 
I 

Accumulated CF. operations Uu-iant 6 

11"6 tHOUSAtlD US DOLLARS 

z.0 

1.5 

1.8 

8.5 

.5 

1.8 

~ local net cashf'lous 
Ii foreign net cashf'lous 

1 Z 3 1 5 6 7 8 9 ~ ll ~ U M ~ ffi 

tart up ye a r 



- 63 -

------------------------------------------------------------------------ OJllFAR 2-1 -

Structure of' Proddion Costs 
8"5 1HOUSAltD US DOUAIS 

1.8 

1.6 

1.1 

1.Z 

1.8 

8.8 

8.6 

8.1 

8.8 
F T 

~ Nriahle costs 
ii r ixed costs 

r = roreign 
T = total 

F T 
tlminal St.rt 

F T 
I.Even 

Uariant 6 
tor 5th production ~ 

tlminal St.rt •P 

31.31 1,.% rau material 
8.111 e.• other Ill 

8.111 8.51 •tilities 
11.11 8.38 energy 

5.1Z 3_15 lahour 
3.51 6.8& maintenance 
Z.68 8.M spares 
6.1, IZ.58 overheads 

ZZ.61 31Ul8 iepreciation 
,.63 17.68 interest 

1111.88 188.88 Total Prod C. 

production level 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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------------------------------------------------------------------------ ctltFAI 2.1 - JAYUIARlAl. llEHIU CEITRE. ~. lllDIA --· 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Z1 

Z2 

Sensitivity of IRB 
internal rate ot rctvn 

Z8 t 
18 

-·~--~--
16 ·-.:-:-.. :-:-. -

Variant 6 

11 

__________ _o. ,.,..__,.,..__~- ........... __ _ 

1Z 

18 +------.r 

8 

6 

-ze -18 

·----... --:-.:.:-·-A 
sales pri.:dl>- .,::·~·-················· 

~ operating cost<s> - - - ················ 

.... initial inuest.ent 

8 18 ze 
variation in % 
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,.COMFAR I ~2..1 UHIOO I 
- JMMl!AltlAL llEllRU CEllTIE, llACNt, llDll ---

-----------------------------------------------------------------------· CXMFAR 2.1 

GIEEJ'flElD SIELTB 

lllAIOI 1993 

YARIMT 7 

2 year(s) of construction. 15 ~ars of pndJction 

currency conversion r.t~: 
foreign currency 1 11S1it: 1.0000 11S1its KCeutting currency 

local currency 1 11S1it : 1.0000 ~its Kceutting currency 

KCCU'lting currency: TIDJSAll) US DOllAIS 

----------------------------------------------------------------------------------------------------------------------------·--··-
Total initial investaent 

fixed assets: 

current a=.sets: 

tot•l assets: 

516000.00 

0.00 

516000.00 

uing construction phase 

60.271 1 foreign 

o.ooc ~ foreign 

60.271 1 foreign 

----------------------------------------------------------------------------------------------------------------------------------
Source of funds CU-ing canstructian FMse 

equity & gr-1tS: 366360.00 71.131 1 foreign 

foreign loans : 46440.00 

local lo.ns : 103200.00 

total fU1ds : 516000.00 60.000 1 foreign 

I 
I 
I 
I 
I 
I 
I 

----------------------------------------------------------------------------------------------------------------------------------I 
- · Cashf low from operations 

Yur: 1 2 3 I operating costs: 57532.00 135196.00 153140.00 

dlprec i •ti on 29700.00 42150.00 42150.00 

interest 17000.C~ 19964.811 19964.llO 

I ---------------- ---------··- -----·-·---- ---··-------
prom.ttion costs 104232.00 197310.811 215254.llO 

thereof foreign 67.64 I 78.09 I 79.62 I 

total ales 95475.00 286425.00 318250.00 I 
gross inc~ ·8757.00 89114.20 102995.20 

net inc~ -8757.00 89114.20 102995.20 I cash bal.nc:e 16503.69 124969.50 131014.10 

net c:uhflON ·184496.30 144934.30 161324.80 

I 
•et Pr::!Sent Value at: 10.00 x" 197621.60 

Internal Rate of Return: 14.49 I 

I Return on equi ty1: 10.63 I 
Return on equity2: 16.45 x 

-----···········-----------------·--------------------·-·---·----------·-·--------····-·-····-··-------···--··--------·-·········-I 
Index of Schedules prom.ted i,y mtfAR 

Total initi1l inYeSt111ent 

Total inYeStllent cU-ing production 

Tot1l production costs 

work11'19 c..,ital r~1r.--nts 

Casllflow Tables 

Proj11eted Balance 
Net incOllle stateinent 

Source of finance 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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COMFAR 
2.1 UHIDO 

------------------------------------------------------------------------ CCllf.AI 2.1 - JAWAJ!AltlAl llEllllll CE•TRE, llAGPUR, lliOIA ---

Structure of' Proftction Costs 
'5 1HOUSMD us IOU.AllS 

z.z 

z.8 

1.8 

1.6 

1.1 

1.Z 

1.8 

8.8 

8.6 

8.1 

8.Z 

8.8 
F T 
llminal 

~ uariule costs 
ii fixd costs 

r = foreign 
T = tot&I 

f T 
Start 

f T 
B.Euen 

Uariaat 7 
for Sth production year 

ltminal Start up 

38.81 18.12 rau uterial 
8.111 8.111 other Ill 

8.77 8.17 utilities 
ZS.18 15.16 energy 
1.71 2.,1 IUollr 
-3.18 6.33 •intenance 
Z.34 8.111 spill'CS 

5.67 11.61 overheads 
19.77 28.19 depreciation 
8.12 16.31 interest 

1111.111 188.88 Total Prod C. 

production leuel 


