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1. EXECUTIVE SUMMARY (RESUME) 

1.1. Project Ba.ckgrotm.d (Chapter 2) 

The project initiator for construction of the experimental 

deoonst=ation unit (EDU) for product-ion of almx;jni um-silicon 

alloys from sillimanit~ concentrate in Orissa (India) is the 

Industrial Promotion and Investment Corporation of Orissa Lim ted, 

IPICOL (IPICOL House, Janpath, Bhuba.r:eswa.r 751007). IFICOL is the 

State' s Government development bank s.:i.d li:a!:af;cn:.e:i t consultancy 

fo~ ~ed.:iwn and large-scs.le industries of t~e State of Orissa. 

Tl.is Feasibility Report for construct:on of the EJTI fo~ produc 

tion of alurinium-silicon alloys aims at cc:ivers:.on of sillimani te 

conce:it~ate tu..'l'T!l.ed out by OSCO~ (Ori£sa) as a by-product. 

Ic;le::::entation of this project will e::sure: 

- establish:'.ent of new tecbnolocr in :.:idian condi ticns for 

product:.on of alm::.iniw:i-silicon alloys; 

- training of required workforce for :uture expa:i.sion of 

production of the above alloys, with ever G=owing demc:.nd for 

alloys; 

- complex ~onversion of sillirr.a.;:.ite-cc~ta:i!:.ing sands of 

Orissa state; 

- expansion of raw material resources of the Indian aluti­

nium iniust:cy due to utili.sation of alumos:licate ores VD.suitable 

for p!'Oiuction of alwdna Li..Ud improvem~t in consumption struc­

tt<re o! prin:ary aluminium; 

- reduction in consumption of prima..7 alwr.inium in m:-..i.nufac­

ture of Al-Si alloys (depending on grades of alloys in average 

by 20%) and respective d~,crease in icport of aluminiw:i for this 

purpose, by opening ~ nAw ~~urce of production of Al with 
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decrease in specific electric pow~ consumption (up to 5-8%), 

and elimination of consumption of pure silicon. 

The lab tests and pilot trials conducted in 1980 (under 

the l.lNIOO contract No. 77/65 of 8.06. '18) by the VAMI Institute 

of the Ministry for Non-ferrous Metallurgy of the USSR proved 

in principle the potential of use of Indian sillimanites for 

production of cast alnmini um alloys. 

Based on the tests carried out to the order of the Indian 

COIII.Pail3' IRE under the contract No. T81/91 signed between UNIIX> 

and V/O TSVETLIBTPROJlEXJ?ORT, the V!ll Institute of the CSSR 

'flinistry for Non-ferrous Metallurgy prepa.1'ed the Feasibility 

Report for construction of the Silicon-alurr.inium alloys plant 

(SAAP) in the State of Orissa (India) of o/0,000 tpy capacity in 

1982. 

The above Feasibility Report was discussed in Feb=uary 1983 

by IRE with partici9ation of mrroo and. VlJ/Il represe.ntati ves and 

approved as a quality rep~rt. 

However, due to financial limitations ii:posed for the near 

future and shortage of electric power, IRE decided to postpone 

construction of the SA.AP a!ld expressed a wish !'or consideration 

of the above p~oduction 1acility as a.n experimental der~.nstra­

tion unit with output of about 30,000 tpy of alloys. Af'ter 

consideretion of the report on the EDU, the manacecent of IP.E 

assured fn their readiness to e.ssist BIJ.y Indian con:.pany in 

impl~mentation of the ab~ve project. 

It this connection the Governzent of Orissa authorised the 

IFlCOL re~-ponsible for development of the State's industries to 

investigate this issue ~.n order to establish the EDU in the State 

of 0.riss:i. 

~l 
i 
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1.2. Market and EDU Capacity (C"napter 3) 

At present demand in aluminium-silicon alloys in India is 

estimated to be 45-50,000 tpy. By 1935 ttls demand (estimated 

basing on analysis of development of the industry and consumption 

structure of primary alnrcinium) will reach 85,-90,000 tpy. 

According to prevailing tende=..cy in India for replacement 

c~ heavy-weight steel structures by lighter structures of alwr:i­

tium and its alloys favorable precor:.il tio::J.s exist for more dyna­

Ci.c development of manufacture of alloys owing to further deve­

lopment of such large users of alm .. ~.,ium alloys as car n:aking, 

aircraft, railway and building inC.ustries. 

?lanufacture of Al-Si alloys based on traditional technology 

(Cirect alloying pricary alur::-iniwr. with si.1.icon) is constrained 

because of shortq;e of alm:ini um, w~::>se ix::port increased more 

t!:.at 20 tiees for the last 10 years. 

The introduction of electro-th~:::n::.ic metallurgical snel ting 

cf Al-Si alloys in the present der:.a=.d. - SUJ?p.Ly si tuatj.on ('?0-

-'15% of demand met) would ensU.t'e decrease in alm"'.jnj um ieyorts 

for alloy manufacture by 14,-18 ,ooo tpy. 

The EDU ca:?aci ty in the event cf cc.:.v0rsion of silliir.e.:ll te 

concentrate is 9,450 t-:py, ·with 28,223 tpy of finished Al-Si 

alloys (depending on grade). 

In future ori. the basis of esticated demand in range of 

finished alloys, and also fu.Ll utilisation of sillimanite 

con(;entrate of OSCOM the annual sales of alloys could .ceach an 

estimated 90 ,000 t, provided that EJU is expanded by ad.di tion 

of two direct ore reduction furnaces. 
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1.3. Materials and Inputs (Chapter 4) 

The following is to be used for production of Al-Si alloys: 

- raw materials for electrosmelting: sillimanite concentra-

te, kaolin (dry cleaned)• alumina, coal, petroleum coke, quart­

zite, electrode paste; 

- additives fer finished alloy production: aluminium 

copper, manganese, nickel, magn€:_:;:.um.; 

- auxiliary meterials (molasses, cryolite, etc), and ~ti­

lities (power, water, co:mp!'essed air, fuel oil, steam). 

Nearly all materials and inputs required for alloy mar.".lfac­

ture are available in Orissa • .Average radius of supply of t::i.ese 

materials to the plant amounts to 400 km oax. 

The annual demand of the EDU: 

- sillicanite concentrate - 11,350 t 

- molten aluminium - 19, 740 t 

- fuel oil - 9, 120 t 

- power - 5, 650 t:r.h 

1.4. Location of EDU (Chapter 5) 

Location of the EDU was considered in the reGion of the 

towns of P..i.:ceJ:Ud and Talcher, as recotI:!cnded by the EPICOL, 

in the north-western developed industrial section of the State 

of Orissa with available electric power and coal reso.u.rces. 

Besides, the mDAL's aluminium smelter operates in 

the region of Herakud and the NALCO' s aluminium smelter is be~ 

built in the region of Talcher. 

Availability of the aluminium smelters in this region will 

ensure supplies of liquid alwr.iniwn metal required for productic;:; 

of finished aluminium-silicon allpys. 
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Area requirements for siting the EDU are estimated at 

12 hectars. 

1.5. Plant Organisation, Overheads and Other Costs 
(Chapter 7) 

Taking into consideration that the EDU is proposed to be 

located in vicinity of aluminium smelter situated in region of 

Talcher or Hirakud, the economic cal.c't.S.ation were worked out 

in view of cooperation of EDU w~th one of above me!ltioned 

smelters. 

· The problems rtlated to manning the EDU, organisation of 

maintenance and repairs, transport services and others were 

solved in the context of the above statement. 

Overheads include factory, and indirect costs related to 

marketing and sales of finished products, that is cha=ges 

related to manUfacture B.!ld sales of Al-Si alloys. 

1.6. Uanppwer (Chapter 8) 

Total manpower for the DU is estimated basing vn full 

capacity of the plant in number of 240 persons, with 154 produc­

tion workers, 53 indirect labour, 6 maintenance workers and 

27 engineers or tec~"licians. 

It was assumed that planning and functional manac;ement of 

tte EDU is effected in the framework of the smelter. 

1.?. Project Implementation Schedl41.e (Chapter 9) 

T1~e following EDU project implementation programme was 

assumed for the present Techno-economic evaluation: 
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- before the start-up of construction - the preparation of 

the Feasibility Report, geo-technical survey, site development, 

a:::id detailed engineering, release of final specifications; 

- construction period of .EDU - 1.5-2.0 years; 

- equipme:i.t supply and erection - 1.5 years starting with 

the last quarter of the first year of const=uctio.c.; 

- commissioning of production capacities and start-up of 

:production - the third yeF~, and attaining the full capacity of 

the EDU producing commercial Al-Si alloys- the fifth year from 

beginning of construction. 

The Feasibility Report considers additionally the variant 

of EDU construction in the region of alt£ir.ium BC.el ter in 

Eirakud. The evcluation is based on comparison of raw materials 

transport charges. 

The calculations revealed that the location of the EJU in 

Eirakud determines (with other conditions e~ual) the decrease 

of annual profit due to increase cf transport charges by It:Ore 

than Rs. 970 thous. as compared with its location in Talcher. 

1.8. Financial a.n.d economic evaluation of project is based 

on price/cost levels of 1982 up-dated in Jlllle 1933 in Ori~sa 

State Government, not considering escalation. 

Foreign currency component is deterz:ined on the basis 

of rupee equivalent of 1 rouble = Rs 10 adopted accord.ing to 

agreement between the USSR and Ind~a for industrial constructioT'. 

1.s.1. Total investment costs 

Total initial investment costs for EDU construction amount 

to Rs. 212.8 mln. 
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1.rhe distribution of this amount by major 1 tems is shown 

below: 

, Item Expenditure category Amount 
Rs.JLln 

I 
I 

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

•• 

1 

2 

Site preparation 

Buildings and ci."'lil works 

including housing colony 

Technology (know-how fee including tax) 

2.6 

49.4 

4.3 

2.8 

4 F.quipment 

5 

6 

4.1. Production equipment, including 

4.1.1. Io.ported from the USSR 

4.2.2. Indigenous 

4.1.3. Purc~ased in third countries 

4.2. Erection 

101.2 

6.7 

2.0 

11.7 

4.3. Port charges, insura:::ice, 
to plan. t site 

transportation ! 
______ J~ ~------

Tota1 equipment 

Prel1rd.nary e~-:penditures (project engi­
neering, adci..nistration recrUitmen.t_ 
Soviet experts Bervices etc.) 

Ct!rre!lt assets (100%) 
I 

117.5 

23.4 

17.1 

TOTAL n~vESTr."E!n COSTS 
... -- -. --. ---------· ----- -r-----

I 212.a 

The additional capital expen.di tures for gas cleani..L.i.g system 

in amount of Rs. 31.2 mln. i:~re also included in calct;lations. 

The construction of gas-cleani.Ilg system is assumed after the 

lf/I. attaining the full capacity of EDU. In this connection the total 

capital investment cocts were estimated in a.I:lOtm.t of Rs.244 mln. 
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The break-down of initial total capital costs by sources 

of finance is represented by followi.Ilg indicators: 

--~-------- ---- -- ----------·--___,..-----~--------

Item 

1 

2 

3 

4 

5 

Source of finance 

Equity capital, total 

incl.: - government equity 

- margin money 

Long-term national loan 

Supplier's credit 

Short-term loan on working 
capital 

Current liabilities 

. - -·-

IDTAL 

1.s.2. Project financing 

Rs.Jtln 

69.7 

64.8 

4.9 

36.4 

94.6 

9.1 

3.0 

212.8 

Share in total 
volume of 
expenditures, % 

32.8 

30.5 

2.3 

17.1 

44.4 

4.3 

1.4 

100.0 

According to financial scheme the ex:pe:id.i tures of EDU 

construction (excluding housing colo::.y but including 35% of 

working capital) woUld be covered by gove!'m:l~t eqUi ties and loan 

assets in ratio 1: 2. A part of these assets in at10tm.t of supply 

of equipment and technology is covered. by St.'J'.'plier' s cred.i t, 

and to finance the remaining portion the locaJ. long-term loan 

is used. The construction of Lcuci.:;; colo~y to be financed 

completely by eqUities. 

65% of working cap1 tal total requixe~ts is to be finan-

~ ced through short-term loan, and other 35~ of working capital 

is to be covered by margin money. 

-1 
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1.s.;. Tota1 production costs 

The total production costs computed as annual to·;;ai amount 

of expenditures on production of A.l-Si alloys a.:fter reachi.Ilg 

the full EDU capacity make Rs. 585.3 mln. 

Item 

1 

2 

3 

By cost items this amcun.; is distributed as fellows 

Cost item Amal.mt 
Rs.mln 

----- - ------- -----------·-------· ----·---- -- ---
Factory costs, 1.ncluiing 

1.1. Raw materials, utilities and inputs 

1.2. Wages and sala=ies of direct 
man.power 

1.3. Factory overhead costs 

Finished product sales and .i:::.arketing costs 

Total. operating costs 

Financial costs (average for the total 
operat:uig period) 

552.9 

546.2 

2.2 

4.5 

16.2 

---~---~ -- --·--~---! 

5.2 

4 Depreciation (average for the total 
operating period) 

I 
----- ·-------+--

'IDTAL production costs 

·--- -----------------
1.8.4. Financial evaluation 

The financial eval\Ul.tion is based on followi.Ilg prices: 

alloy - Rs 23,000/t, aluminium (primary J.iqUid) - Rs 19,600/t, 

fuel o1.J. - Rs.;,ooO/t, and electric power - Rs. 57.1/1000 ki'H. 

For deterd.nation of financial impacts of EDU project im­

p~ementation the ca.Lcu.Lation of cash-f.J.ow, net-income statement 

and projected balance sheet were carried out. 
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On the basis of' these calculations the indicators of project 

profitability and economic efficiency were determined. These 

indicators are summarised in :following table: 

---· . --· ------

Item Description Unit Value 

----- .. - ~------·------------ ---·------ --

1 •Internal rate of retl:.rn: 
I 

1.1 : On total investlr.ent % 24.8 
; 

1.2 i On equity capital % 24.8 

2 j Pay-back period year 5 

3 
I 

Break-even point % 46.4 I 

I 
..... ---------..- - -"·-·----~--

According to UKIDJ recoI::::.e:idation several ratios proving 

the economic ~ability of the project are shoW!l below: 

- project profitability, determined as neG profit after tax 

as a percentage of sales, makes about 3-5% for the total calcula­

ted operational period (15 yea.rs); 

- the ratio of ge-'lerated. cash and amount of debt repayr:ient 

(interest and debt service), characterising the level of cash 

generated for its coverabe for total calculated operational period 

makes about 2 : 1 which is in sat:isfactcry i:::.c:bin e.s per the ur-aoo 
guidelines. 

1.s.5. Conclusions 

The Tecbno-Econoclc Evaluation of EDU construction in India 

(Talcher) carried out allows the following conclusions to be made: 

1. The implementation of EDU project to produce alw:inium­

silicon alloys by electroscelting method ensures for India: 
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- the complex processing of si11imani te-bea.:!.ng sands of 

Orissa state and the establishment at this basis ue wasteless 

production; 

- the enlargement of raw material base of I!:..lian altreini um 

industry due to the processing of alumosilicate o~es tmsuitable 

for alumina production and the balancing at tl:is a:cotmt of the 

demand structure of electrolytic aluminium; 

- the reduction of primary aluminium consu=:~ion for 

alnm;n; um-silicon alloys production (in ave1."age by 2C% and the 

respective reduction in its improts for this pu.._-pcse), the reduc­

tion of electric power conswr::ption (by 5-8%) and. t.e co:i:rp.iete 

elim:Ulation of pure silicon utilisation; 

- the industrial-scale r:.astering of t!:e te:=olOGY of 

electrother:mal method of alloys production; 

- training of labour, technicals and e:igi.::e;.:-s. 

2. As the calculations worked out had s!:oC1., ~he location 

of EDU in vici.JJ:i ty of al urri ni um smelter in ~al ct.. er from the 

econoir.ic point of view is more viable as cot;?arej with its loca­

tion adjacently with the source of the ma.jo.r raw r...:.terial 

(OSCOM site, Chatrapur) due to the reduction of a:.m:::.inium cost 

by more than 8% at the expense of its utilisation in liquid state 

and t~us the reduction of losses. 

The comparative indicators by these sites a.!'e as fol.Lows: 

1. Internal rate of return, % 
on investment 

on eqUities 

2. Pay-back period, years 

3. Break-even point, % 

'!alcher OSCOM 

2.t..B 

23.9 

5.0 

46.4 

16.3 
15.6 

6.0 

76.2 

--1 
r 
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3. The present Techno-Economic Evaluation is :prepared. in 

fw.l volume ill accordance with "Manual for the Preparation of 

l:ldustrial Feasibility Studies" tUnited Nations, New-York, 1978) 

and in fu.J..l complia.:ice with UNIOO requirements. 

Financial. ev~uation of the project including sensit:..tity 

analysis has been carried. out with the use of computer and set 

of :programmes developed in VAMI. 

l 
I 
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2. PROJOOT BACKGROUND 

2.1. Backgrotm.d 

2.1.1. Aim of Project 

The Project aims at establishment of the experimental 

demonstration unit in the State of Orissa to produce aJ.nmjn; um­

silicon alloys from sillimanite concentrate containing upto 62% 

of alnmini um oxide and 37% of silicon oxide turned out as a by­

product at the OSCOM (Orissa). The above unit will ensure 

establishment of a new technology for production of alnminium­

silicon alloys in Indian conditions and trajning of labour 

required for future expansion of production of the above alloys, 

with ever growing demand for the alloys. 

2.1.2. The project is aimed at carrying out the production 

o~ Al-Si alloys from the sillimanite concentrate using a new 

process, by a reduction smelting of the concentrate in the 

electric-arc reduction furnaces followed by dilution of an alloy 

with al nmi n j um. 

The new production process allows to simplify an equipment 

flowsheet, reduce the capital costs, considerably expand a raw 

material base of the Indian aluminium industry by the use of the 

alumosilicate ores (:Ame Indian sillimani te and other similar 

materials) not suitable for the alumina production, to decrease 

a c~nsumption of the electrolytical aluminium by 20% and that of 

power - by 8%, to completely exclude the use of pure silicon and 

to partially use secondary aluminium for dilution. 

When employing the new process along with the sillimanite 

concentrate the following raw materials will be used: kaolin, 

alumina, coal and petroleum coke. The materials to be proportioned 



- 20 -

in a powder form, mixed with a binder, briquetted, dried and then 

transferred for a reduction smelting in the electric-arc reduc­

tion f~""naces. To produce silumin or other commercial Al-S:t 

alloys, a primary alloy obtained in the electric-~c reduction 

furnaces after refjnjng will be diluted with required qu.:intity 

of alwdnium. 

2.1.3. Type of products c:;-i product tix 

The tecb...iology proposed allows to produce the alloys o~ the 

following app1~catio~s according to the Indian Sta.::dard for alu­

Id..n.ium. alloys (India!l Standard Specification for al1urjnj um and 

alw:tiL:.um alloy ingots and castings for ge::ieral eD,f;ineering 

purposes, Indian Sta.::dards Institution, 1;ew Delhi 1975) 4420, 

4520, 4600, 4600A. 

Beside these I::.E.in alloys used in India, special alloys ce.n 

also be pro~uced (4525, 4636, 4652). 

For the proposed experim.en tal demnstre.. tion unit made up of 

one direct ore reduction furnace with power rating of 17 r::.v a 

narrow ra.Ilbe of alleys (graies 4600, 4600A and 4652) is sut;cested, 

as these alloys are the most common et present in India. 

For the purpose of calcul~tions of the produ~tion progra.I:I:le 

of the EJU it is assw:ed that 40% of refined alnr~ nium-silicon 

alloy produced in the direct ore reduction furnace is used for 

manufacture of alloy grade 4E.-OO, 30% - for alloy grade 4600A and 

30% - for alloy grade 4652. 

2.1.4. Field of application 

The above alloys depending on a ·content of chemical cot!J?o­

nents in them will be used in the following: 
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- in the cylinU.er heads with air and water cooling and in 

the pistons of the internal com1ustion engines; 

- in the crane bodies; 

- for the parts of scooters, plani.Dg boats and fans; 

- in the building structures. 

2.1.5. Capacity of the EDU and its location.. 

The capacity of the i:roposed experimental demonstration 

unit is deterx::.ined by the direct ore reduction furnace with power 

rating of 17 r:R. 

On this basis the design capacity of the EDU will be 

9,540 tpy o:f crude aluminium-silicon alloy or 28,22.3 tpy o:f 

finished alloys. 

According to the exploration data, the sillin:anite deposit 

.._ in Orissa allows futll!.'e inc=ease in production of t~e sillimc=..ite 

concentrate at OSCOM up to 60 thous. t/year which, in turn, will 

perlti.t, if necessary, 5 to 6-fold increase in the production of 

Al-Si alloys. through exp~ sion of the EDU by add.i tion of three 

or more similar direct-ore reduction furnaces for production of 

al nr:j n j U!Il.-silicon alloys. 

Si ting of the experi~ntal demonstration unit was reco:r:::e.::i.ded 

by the IFICOL in the region of the NJ...LCO' s smelter which is being 

built in Talcher. 

As an alternative site for location of the EDU the region 

of the operating smelter in Hira.kud. is considered. 

These towns are located in the north-western developed 

industrial .area of the Sta·te of Orissa. ilea requirements for 

-- siting the EDU are estimated at about 12 ha. 
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2.1.6. Orientation of EDU 

As shown above the major task of the experimental demonstra­

t:.o:i u:iit is to establish a new tech=..ology for production of 

a,lnxjnj um-silicon alloys in Indian co!l.li tions and training the 

workforce required for future expansiO!l o:f alloys production, with 

steady growth of demand. 

According to the data supplied by Indian Rare E.<>rths Ltd 

(IRL) the aDnual production of Al-Si alloys by synthetic method 

1.!l India for 1980-1981 was about 30 tt.ous. t/y, and the required 

~ua.::ti'ty is estimated to be 50 thous.t/y with a projected ~ise 

to 80-85 thous. t/y in 1985. 

At present the demand for Al-Si alloys is met through produc­

t:.o::::. at small plants by melting the !.r.iig&ous and in:ported aluci.­

z:.iu::: a:id silicon. 

The major consumers of Al-Si alloys in. India are ASHOK 

Leyl.a::.i, Madras, India Pistons, J.:a.dras, Ht..."T Ltd. Bangalore and 

EAL BS:l.galore which have their own :facilities for proiucing these 

tlloys. 

On the basis of an analysis in the rise of consumption of 

.il-Si alloys in the Indian industry it can be assv~ed that by 

19~ a demand for these alloys will be about 120-130 thous.t/year. 

2.1.7. Project implementation s:hedule 

From an experience in construction and commissioning of 

siitilar plants in the USSR a complete iII:plementation of the E.)U 

for p:oduction of Al-Si alloys in the quantities stated above 

-. is :ple.nned for 6 years tar..ing into account the reachillg of the 

design capacity. 

I 
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The construction of the EDU is proposed to ca:rry out in one 

phase commissioning one electric-axe reduction furnace. 

2.1.a. Socio-economic importance of setting up production 
of Al-Si alloys in India 

As has been noted above, the organisation of :production of 

Al-Si alloys from sillimanite concentrate in India will permt 

in future to completely meet its de~and for these alloys a::id to 

export a part of t!lem. 

As has been noted above, the p.roject is to be built in· 

Orissa state which is one of the backward states econ.omically. 

As it was indicated. in 1980, for a population of 26.7 mln there 

are only 1.350-1.530 industrial enterprises with ca;iital i.:lve:st­

ments of Rs. ?, ?09 Itln which is only 3% of the total investm~t 

in the industry fer the whole country. 

It follows t~at construction cf such a project as t~e EJU, 

en::::ploying 240 workers will be a positive factor for the state, 

where the llllemployement rate among the active population is 

10.82%. 

2.1.9. Co:i:::pa..rison of EDU capacity with sin:ilar 
facilities in India and abroad 

As has been noted above, an 8.Il!lUal production of Al-Si 

alloys at various pa.ants in India by the con.vention:l met:::od 

during 1980-1981 was 30 thous.t. Hence the setting up of Al-Si 

alloys production at the propoGed EDU at the rate of 28,223 t/y 

will increase the production of Al-Si alloys in the country two 

fold after expansion • 

There are no similar plan ts for the pro due tion of Al-Si 

alloys any where in the world using the proposed process, exept 

in the USSR. 

-1 
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2.2. Project Promoter 

2.2.1. Project Initiator 

The project initiato~ of the experimental dem.'Jnstration 

tmit for production of aluminium-silicon alloys in the State 

of Orissa is IPICOL, the Industrial Promotion and Investment 

Corporation of Orissa Limited (IPICOL House, Jan.path, Bhubaneswar 

'751007). -

IPICOL is the development bank and ma:i.at;eme::.t consul ta;icy 

for medium and large-scale industries of the State of Orissa. 

IPICOL in cooperation with other State's organisations and 

the Government of India promotes develo:pme:it of new industries 

in the private and public sectors aimed at utilisation of vast 

iniustrial resources of the State of Orissa • 

2.2.2. IPICOL role in EDU project i!:,?lementation 

IPICOL showed a great interest in construction of the EDU 

in Orissa and was active in providing a nu.n:ber of basic data and 

recoI:IDendations for siting this tm.i t in the region of the towns 

of Talcher and Hirakud, next to the aluminiw:i smelters. 

According to IFICOL's i.n:ormation it was granted a licei:se 

from the Government of India for construction of a single-furnace 

experimental demonstration unit in the State of Orissa. 

2.3. Project history 

2.3.1. Historical development of project 

On behalf of Indian Government the Indian Ra.t'e F.a.rths Ltd 

(IRE), requested in 1978 UNIIXJ to caxry out prelid.nary studies 

of possibilities to produce alwtinium-silicon alloys basing on 

sillimanite concentrates. 

-1 
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In ~his connection and in accordance with contract lio. 77/65 

dated 8 jmie 1978 between United Nations Industrial Development 

Organisation (UNIDO) and V/O Tsvetmetpromexport the institute 

VAJlI of Ministry for non-ferrous meta.ls of USSR carried out 

laboratory stuoies and trial te3ts in 1980 on Indian sillimanite 

concentrates supplied by IRE. 

Studies and technologic2~ trials proved the possibility 
- -

of using Indian sillimanites for electrothermic production of 

silicon-aluminium alloys. 

Alloy produced from sillimanite was treated to obtain 

casting alw:rl.nium alloys, grades 4600 and 4525 (according to 

Indian sta:idards), used in automobile industry. 

The Report on studies carried out was examined and approved 

by representatives of UNIDO and IRE. 

Based on the performed tests to the order by IRE U!lder the 

contract No. T81/91 signed between UNIOO and ViO Tsvetmetprom­

export the V.Al!iI. Institute of the USSR Ministry for Non-ferrous 
has :prepared 

Metallurgy"'rthe Feasibility Report for construction of the silicon-

aluminium alloy plant (SAAP) in India (Project No.DP/IND/81/015). 

The above Feasibility Report proves ex~ediency of establish­

ment of the facility for processing a co-product of the OSCOM -

sillimanite concentrate - to produce aluminium-silicon alloys 

by building on its territory a special plant with the following 

major techno-economics: 

1. Capacity: 

- crude alloy 

- finished alloys 

28,600 tpy 

$(),coo tpy 



• 
- 26 -

2 • Capital investment Rs. 935.4 million 

3. Men on roll 700 persons 

4. Internal rate of retu:rn. 22.3% 

5. Overall profitability 22.2.% 

p. Breakeven poin·;; 64.8% 

This Feasibility Report was reviewed in February 1983 with 

putici;~tion of the experts of IRE, m:mo and VA.MI. 

It was disclosed later, that the IRE Board of Directors 

d~iilg the meeting in the second b.a:Lf of June took the decision 

not to proceed with implementation cf this project (even the 

s:..:igle-furnace demonstration unit) beca~se of constraints and 

lilti.tations connected with co:n:mission.in.g OSCOM in 1983/84. 

Ho11ever, IRE is prepared to cooperate with other Indian cowpanies 

ca?able of implementating the project. 

In this co!'.lllection the Goverru::.ent of the State of Orissa 

a~thorised IPICOL responsible for p~oc.otion and financing industrie 

of Orissa to study this issue with the view of establishing in the 

S~ate of Orissa the facility for processing OSCOM sillimanite 

ccncentrate, first by construction of the experimental demonstra­

ti.on unit (in the rer;ion of Talcher or Eirak.ud towns). 

Based on the above statements the Feasibility Report for 

construction of the er.perimantal_ deI:lO~stration lmit for production 

of almdni um-silicon alloys has been. ~repared in accordance with 

t~e afore -mentioned contract No. TB1/91 (Project DP/IND/81/015) 

with siting the unit as recommended by IPICOL in the region of 

Tal cher or Hir akud towns nearly the al mij n i um smelters. 

-~l 
I 
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2.4. Techno-econom.~c Evaluation 

2.4.1. Designer 

This techno-economic evaluation for construction in the 

State of Orissa for production of alnmjni um-silicon alloys 

from sillimanite concentrate by a new method was prepared by 

VAMI Institute of the USSR finistry for Non-ferrous Metallurgy 

as a fallow-up of the contract No. T81/91 between UNIOO and 

V/0 Tsvetme~rome:x;port tm.der which VA1ll Institute prepared :iJ:l. 

1982 the Feasibility Report for construction of the silicon­

aJ.uminj um alloy plant (SAAF) for processing sillimani te concent­

rates on the territory of IP.E's OSCOM facility (Orissa). 

2.4.2. Client - United Nations Industrial Development 

Organisation (U!UOO), Vienne, Austria. 

From the Indian side assistance to the EDU project is 

rendered by the IFICOL of t~e State of Orissa, the prot:0ter of 

:iJ:l.dustries in Orissa. 
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3. MARKET AND PLANT CA.PA.CITY 

~.1. Alloy Demand and Production 

Analysis of production and consumption trends of al nm; nium­

silicon alloys in India carried out by VAMI on the basis of 

demand assessment and review of the world production of primary 

aluminium metal and its consumption structure showed that India 

bas a great potential in market for alnmjnj um-silicon alloys. 

The market includes such large spheres of economy as transport 

(car-making, aircraft, rail•ay iniustries), manufacture of 

household durables, electrical appliances, electric motors and 

diesel engines. 

Demand of India for alumjn.; um-silicon alloys is estimated 

at 85, to S(),000 tpy for 1905. 

The proposed production tecb.:lology of aluminium-silicon 

alloys by a new electrother::.ic ~ethod ensures, as ~ompared with 

the conventional synthetic method (direct mel tiDg and mixing of 

aluminium and silicon metals), savings in primary aluminium upto 

150-200 kg/t of alloys, which is critical for the Indian economy 

as the major trend in aluminium consumption in this country is 

the power engineering industry (50% of total consur:rption) , where 

aluminium is used to replace more expensive and scarce _copper, 

and shortage of aluminium in ot!ler industrial fields is covered 

by import. 

3.2. Product Sales 

This Feasibility Report assumes that the resulting aluminium.­

silicon alloys will be totally r:.arketed in India. 

According to the Basic Data (adjusted in 1983) the average 

price of aluminium-silicon alleys is Rs. 22 to 2? thousand/tonne 

~l 
I 
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depend.i.Ilg on the grade, and regions of location of producers 

and users. 

For the purpose of calculations the average price of the 

alloy grades considered (to be produced at the E:>U) is Rs.23 

thousand per tonne. Effect of the alloy price fluctuation on 

profitability of the EDU project is shown below in Section 10 

"Finance and economic analysis". 

Schedule 3.1 shows calculations of sales revenue based on 

the asswned price and production programme of the EDU. 

Schedule 3 .1 

Calculations of Sales Revenue 

-·- ' __ ,, ___ - ·- -· ·:·· .. - -· ----~---------------~----11 
Years from the sta=t-U:P 

S/N Alloy 
· grade 

Unit 
price 
Rs/t 

Year -2 -- ______ , __ Ye·ar··3 and 
following 

1 

2 

3 

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

Q-ties Sales Q-ties Sa.1.es ~-ties Sales 
to be reve- i to be reve- to be revenues 
sold nues ! sold nu es sold Rs thous 

: Rs thous' Rs thous 

t 96439 - t 6290 
. . -

4600 23000 4193 1446?0 10!t83 ! 241109 
' : 

\ 195339 4600A n 3397 ! 78131 5096 i 117208 8493 
i 

~5:8_t7ro4 I 
4652 ti I 3699 : 8507? 9247 I 212681 

~ 

f11289 
-· 

Total ~ 259647 116934 1389482 28223 64°129 
~ 

I .I 

_ .. __ .. _ --- ------------------------·--
Sales revenue is shown with sales charges of 2.5% of· total 

sales revenue (according to IRE data). Calculations of expenses 

is given in Schedule 3.2. 

1 

I 
' 
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Schedule 3.2 

-------------...-----------__. ___ ...;__ __ , 
Value 

2.5 

Unit 

% 
of 
sales 

Charges, Rs.COO 

Cost Local Amount t -

item , .foreign! local ,total 
' . . 

. - -- - -- - - .. - -~-- .. ··-- - .......... ---·----------------~---------- ·-
! Sales . I expenses j 

Rs.COO t 649129 
i 
t 

16228 . 16228 

---·--- -------------------------------
3.3. Production Programme 

The proposed technology allows production of a wide r~e 

of finished aluminium-silicon alloys to Indian Standard 

(IS: 617-1975). 

For the purpose of calculation of production of finished 

alloys at the EDU are taken two com:::on grades 4600 and 4600A, 

and special grade 4652. 

Depending on the level of production capacity of the major 

process equipment (direct-ore reduction furnace) for manufacture 

of refined primary alloy and its consumption for manufacture of 

the finished alwr.inium-silicon alloys of the above range Sched~e 

3.3 determines the pr•duction programme of the EDU. 

Schedule 3.3 

Production Programme 

--------- ·--- ---~---· ------ ----------------- ---~--- ______ .. 

Al-Si 
alloy 
grade 

A,t 1CO% 
capa­
city 

----·-- ...... --~---- - . 
I 

4600 10483 

Years from the start-up 
--------------------------

capa- : quan­
ci tr : ti ty 

% ! t 
I 

-~ T 4193 

r 
I 
! 

capa- quan­
ci ~ tity 

70 t 

3d and following _____ .. __ -··· 

ca:pa­
ci ty 
% 

qua:i­
ti ty 

t ____ .,.. .. ___ _.. ............. -................ . 

60 629) 100 I 10483 
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Years from the start-up 

Al-Si 
elloy 
grade 

At 100% 
capa­
city 

--~----~-- -----~--...._ ___ , 
capa- quan- . capa- quan-

t :city tity t city tity 
: ~% t i % ·t 
I \ 

_460_0_A _ __.1 __ 8_4-93-- 40 3:?97 r-~ --;96 

4652 I 9247 : • ; }699 : • 1 3548 

Tottl - 1--28223-----·~--·------ ---1-12s9 ~--- ' 16934 

l 

capa­
city 
% 

100 
ti 

The following breakdown of ratios of finished alum.inium-

silicon alloys was determined based on the above figures: 

grade 4600 - 37% 

grade 4600A - 30% 

grade 4652 - 33% 

quan­
tity 
t 

8493 

9247 

28223 

The above production programme is goven:ed by the output of 

refined primary alloy depending on availability of the direct-ore 

reduction furnace capacity. 

;.4. EDU Capacity 

The design production capacity of the proposed tmit is 

governed by the wnotmt of finishE?d aluminium-silicon alloys which 

can be produced on the basis of refined primary alloy with 60% Al 

and over 37% Si produced in the direct-ore reduction furnace. 

Normal .attainaple capacity of the EDU in terms of the primary 

alloy (9540 tpy) is governed by the process capacity of the 

direct-ore reduction furnace. 
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Production output of finished aluminium-silicon alloys is 

also determined by the grades of alloys manufactured which require 

different ruootm.ts of refined primary alloy. So with the same output 

of the direct-ore reduction furnace, amounts of alloys produced may 

differ depending on the market. According to the proposed rep.ge 

of aluminium-silicon alloys, the level of their output ma:y range 

from 26.2 to 30.s thousand tpy. 

Based on the proposed breakdown of finished alloys the normal 

attainable capacity of the EDU is 28223 t of aluminium-silicon 

alloy per annum. 
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4. UTERIALS AND IliPUTS 

4.1. Characteristics of materials and inputs 

4.1.1. Material classification 

The following are used for production of Al-Si alloys: 

- raw materials: sillimanite co~centrate, kaolin (dry cleaned), 

alultina, coal, pet.coke and quartzite; 

- processed industrial mate.rials: molten alnmini um, elect­

rode paste, manganese, copper, nicke1, magnesium; 

- auxiliary materials: molasses, common salt, cryolite, 

potassium chloride, sodium fluoride, refractories. 

- utilities: electric p~wer, water, fuel oil, steam, compressed 

air. 

4.1.2. Specificatio~s for raw a.:ld other materials 

To produce primary Al-Si alloy cf opti~um composition with 

60-65% Al sillima.:iite concentrate, kaolin of high alumina content 

is required. This will help redu~e a:id..ition of alumina to the feed. 

Harmful impurities include iror., ti tan.ium and zirconium oxides • 

.t.:etals of these oxides pass to t!J.e ir.slt in full quantity and their 

separation as intermetalloids in the ~recess of finished casting 

Al-Si alloy production results in lo~er recovery of products and 

extra costs. This is why content of iron oxides in the feed is not 

to exceed 0. '7% and the sum of titanium and zirconium oxide - 0. 4%. 
2 Resistivity of electrode paste is to be 87 ohm.mm /m cax, 

with af:lh content of 7% and volatiles of 12-20%. Specifications 

for electrode paste are based o~ necessity to maintain certain 

.Process parameters during smelting in the electric arc reduction 

furnaces. Coal used as a reductant in the process is to have high 
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reactivity, which increases with higher volatiles and lower ash 

content. Content of iron oxide is to be in agreement with the 

general requirements for its content in the feed. 

Pet .coke is to contain minimum amotm.t of sul:fur, basing on 

environ:nent protection requirements and corrosion of equipment. 

On this basis the following specifications are to be met 

by chemical analysis o:f raw materials: 

- Sillimanite cc~centrate to contain at least 56% AJ..2o3 and 

not over 0.6% iron and titanium oxides each, and 0.5% zirconilim 

oxide; 

- Dry cleaned kaolin to contain 36% c.in AJ.2o3 and 0.6% max 

of iron and titanium oxides each; 

- Alw::ina to contain 94% min A12o3 and 0.1% max of iron oxide; 

- Quartzite to contain 98.5% min Si02 and 0.2% max of iron 

oxide; 

Coal to contain 30% min of volatiles and 0.8% max of iron 

oxide; 

- Pet.coke to contain 7-12% of volatiles, 85-~% of fixed 

carbon, 1.5% max of sulfur, 0.1% max of iron oxide. 

In order to secure a possible production of finished casting 

Al-Si alloys of grades 4600, 4600A and 4652 with ixon content 

from 0. 6 to 1. 3% (according to the Indian standard) the following 

iron content in raw materials used for production of the above 

grades of alloys is specified: 0.2% in aluit.inium, 2.3% in manGanese 

in master alloys (copper, nickel, magnesium) - 0.6% each. 

To ensure required strength and heat stability of briquetted 

feed some binder is to be added to the feed along with kaolin which 

has some cementing ability. As a binder the use may be made of 
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magnesium lignosulfonate in the form of lye or powder, and 

molasses - waste of sugar cane processing. Binding ability ot 

molasses depend'B on sug~ and ash content. Ash can be a sour.ce 

of harmful iE:puri ties of iron, calcium, phosphorus. On this ground 

molasses are to contain 62% sugar, 8% max ash, includjng 1.5% Cao, 

0.2% Fe2o3, 0.2% P2o5• Common salt, potassiwn chloride, cryolite 

and sodiuzn fluoride used as fluxes are to contain 0.5% moisture 

(from point of view of safe ope.ration). 

- :Electric power. Voltage 415/230 V, 50 Hz. Current rating 

depends on characteristics of each particular power user. 

Water used for make-up losses of the water recycle system 

of the shop and for cooling the fire boxes in the reductant 

grinding section, and al3o for cooling certain elements of the 

electric arc reduction furnace, transforoers and pneumatic screw 

feeders is to meet the following specifications: 

- total har&less of 3 mg.equiv.fl max; 

- carbonate hardness of 2.5 mg.equiv ./1 IIlC'lx; 

- suspended solids of 20 IIlbf l max; 

- ii'on salts of 0 .1 mg/l max; 

- total dissolved solids of 100 mg/l max; 

- pH of 6.5-8.5; 

- teI:Iperature of 30°0. 

Fuel oil used for process needs is to contain 1.5% max of 

sulf~, calorific value 9500 kcal/kg Ilin. 

Steam to be used for fighting accidental fi.res in coal 

btmkers of the feed preparation room and raw material store is to 

be saturated and have pressure of 0.3-0.7 t:Pa at entry point to 

these uni ts. 
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4.1.3. Selection and Specifications for Raw and Other 
Materials and Production Factors 

Basing on data furnished by a number of Indian firms the 

following raw materials, supplies, etc. were taken for calcula­

tions in the Feasibility report: 

- production of crude Al-Si alloys: 

sillimanite concentrate, alumina, kaolin, coal, pet.coke, 

quartzite, molasses, electrode paste; 

- production of finished casting Al-Si alloys: 

1001 ten primary alUitinium, secondary a.luxrin.; w:. in pigs, mailbanese 

metal for manufacture of alloy grades 4600 with iron content of 

0.6%, and alloying metals (copper, nickel a:i<! ma..gnesium for 

alloy grade 4652). 

Also for refining crude Al-Si alloys and manufacture of 

finished casting alloys are used com:r;.;on salt, cryolite, potassium 

chloride and sodium fluoride. 

Specifications for the above materials and supplies are 

shown in Tables below. 

Sillimanite concentrate 

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

S/N Description 

------L--.-----------·------
1 
2 

3 
4 

5 
6 

7 

il203 
Si02 
Fe2o3 
Ti02 
Zr02 
cao + Mg<> 

floisture 
8 Bulk ~eight 
9 Mean particle size 

Unit 

___ .., ___ ,,,, __ --
% 

" 
" 
" 
!' ~· 

" 
" 

g/c~ 
micron 

Average 
value 

61.5 
37.0 
0.1 
0.1 
0.3 
0.2 
0.5 

1.95 
-500+100 

. -···· --·--·. ·······- -·-· ""·------------------·--~~·~·~·--·-··-~ ., ___ .... ,. 
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Alum:ina •• 
!-- _, ...,....-----··---~. 
I 

! S/N Description Unit Average value 

·-----------------·------------------
1 Al.20?- % 99.5 

2 L.O.I. .. 1.0 

3 Si02 
n 0.03 

4 Fe20-j, 
.. 0.02 

5 N~O " 0.4 

6 Bulk weight g/c~ 0.93-1.04 

7 Angle of repose deg. 31-32 

micron +45 mcm-85-88% 
-45 m~m-12-15% 

8 Mean particle size 

--------- ----------·------------------
Dry cleaned kaolin 

-· ... ·- " ·- ~---· ................ -- .. ----6·~~- ---·--""--·-· ·---.. ·· 

fVN Description Unit Average value 

--· .. -... --------·-------- -~--·-··.__,__ _____ 

1 il20:; % 38.0 

2 Si02 
.. 44.0 

:; Fe20:; " 0.5 

4 Ti02 " 0.45 

5 Cao + ~'""() " 1.0 

6 Moisture n 2.0 

7 L.O.I. " 15.5 

8 Bulk weight g/c~ 0.35 

... 9 Mean pa=ticle size micron -2 mcm - 68%, 
+2-10 mcm - 27%, 
+10 mcm - 5% 
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Coal 

---·-·-·-----------· ·---..-----------
: S/N Description Unit Average value 
I 

--.,--. ...... ...,~ -'~·-- ...... ~--·---·----- - --- -... ..... _.. _, ___ ---·----------------~ 
1 Ash 

2 Fe20} in ash 

3 Fe2o} in coal 

4 Volatiles 

5 ~oisture 

6 Sulfur in coal 

7 Fixed carbon 

8 Bulk weight 

9 Size 

Pet.coke 

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

S/N Description 
------·-- - . 

1 Ash 

2 Fe2o3 in ash 

3 i Fe2o} in coke 

4 Volatiles 

5 Moisture 

6 Sulfur in coke 

? Fixed carbon 

8 Bulk weight 

9 Size 

" 22.92 

" 8.62 

" 1.98 

" 31.43 

" 5.03 

" 0.44 

" 40.55 

g/crrl 0.7--0.8 

mm 200 max 

Unit J..vere.ge value 

----·-------·-----··.......-.....·-"------. 
% 

" 
II 

" 
" 

" 
II 

g/cu? 

mm 

0.2--0.-;; 

:r. A 3E) 

-"-
0.2 

6-15 

e.s 
88.0 

0.7--0.s 

+250 - 1%; 
-250+150 - 5%, 

I -150 - 94~~ 

-·--------·-- ···-------·-·---·-·-----------··---------- ---
H) - not available 

-1 
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Quartzite 

• r SfN r· -- Description 

+---1- l Sio2· -- ------------
Unit !Average value 

• 9·g~ 

-

2 j il2C3 
3 i Fe2o3 
4 i Bulk weight 

I 

5 1 Size 

% 
n 

n 

g/c~ 
mm 

0.2 total 

Al2o3+Fe2o3 
1 .. 5 _, 

10-70 

------ -- ----------------------------
.!..:classes 

S/N J · -ne.;;;ri:Pt1.;;.-------·-------·------- -lliit- Average value 

___ 1 ___ :-Orgaiil.c--in.itter % • 72.0 

2 I incl. sucrose " 
1 

32.0 

3 
4 

5 
6 

S/N 

1 
2 

3 
4 

5 

6 

7 

glucose 
fructose 

non-sugar matter 

Inorganic matter (ash) 
I Moisture 

Specific weig!:.t 

Viscosity 

ElectZoode paste 

Description 
--·--·- ·- - ------ . ----·----------~-- ---·-

Ash 
; VoJ atiles 
· Fixed carbon 

I Resistivity 

! Apparent de:isi ty 
- green 
- baked 
Porocity 
Compression strength 

" 
" 
" 
" 
n 

[Jen? 
cp 

'Unit 

14.0 
16.0 
10.0 
s.o 
20.0 

1.5 
20000 

Average 
-- -..... ,, .. ·-~--

% 2.0 
I 

" :12.0 

" '86.0 
ohxr..mm2 I 

; 75.0 
m 

g/cn? 1.58 

" 1.4 

% 130.0 
lq;/cm2

1

150-250 

value 

--------- ----- ------- ------- ---------------------------
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.Molten primary a11urin1 um 

-------~------- --- ---------··------------ -·-----~-------~-·--··· 
S/N 

1 

2 

S/N 

Fe 

Description Unit Average value 
---+-----------·--...... -· 

0.2 

.. not specified 

--- . ·--·· --- - --... -- -· ...... _ ........ . 

Manganese metal 

--· ·-·--- - -·-- .. -------·.--- ... --- --~-----···· -----...-..----- ·-·"" - --·- .. - .... ' 

Description Unit Average value 

-------~---
-- --~---·- ------- -------- ____ ,...., ------

I 

1 Mn 

2 s 

3 c 
4 Si 

5 02 

6 ~ 
7 Fe 

8 Lump 

% 

" 
" 
" 
" 
" 
" 

size mm 

99.5-99.8 

0.028 

0.01 

0.001 

0 .18-0 .39 

0 .0006-0 .018 

NA 

powder 

Che:oical analysis of copper, nickel and wagnesium used for 

manufacture of finished casting alloys as alloying elements 

is assw:ied on the basis of Indian Standards. 

Chemical analysis of a fl"lX also corresponds to an Indian 

standard, except that moisture content is li:cri.ted by 0.5%. 

Fuel oil to be used as a process fuel has a heat capacity 

of 9700 kcal/kg. Industrial and potable water supply will be from 

the regional water supply network. Water supply is from the 

operating aluminjum smelter near which the EDU is sited. 
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4.2. Supply programme 

4.2.1. Ftmdamental data 

The product mix of the Al-Si alloys to be proiuced at the 

E:>U and specified in p.4.2.1.1 is adopted for est~blishing the 

programxr.e of raw materials and other inputs. 

Alloy grades are selected in accordance wi tt the Indian 

sta:idard "Specification .for alwninium and aln..-jnj um alloy insets 

a!ld castings institution", New Delhi, 1975, tal-ing into considera­

tion their demand, opti~um teclmical and eco~oII:i.c performances 

and composition of the located raw materials. 

The specific conswrrptions of raw and ot~er :i::.a.terials and 

po .. er for production of primary refined and ca.sti..:..g alloys are 

i..::.C.icated below in pp. 4.2.1.2 and 4.2.1.3. !~~uc.: volume of 

~=oiuction by alloy grades is indicated in p.4.2.1.4. 

--1 
I 
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4.2.1.1. Composition o! alloys to be produced in EDU 

.. ---,.----- .. -- ..... -· . ___ _.. ... , .... ------ _, ... _ T ,. -- •• • • •• ·• •• -- ---- --..--...- --· •. --·..--· 

_, ·--- .... -·--·---- --- - --·-.----- ·- ·----·- --- ---,---
Composition, % (the rest in aluminium) 

I I Grade 
by 
IS 

·---· .,.__ -·-- -- ·-· . - ....... -- - - - . ·-·· ·~ 

silicon manganese . copper assumed 
..... t - .. 

. ~ for I by 1 for ; by for 
: stan- cal~u- stan- : calcu- ; stan- cal?u-

nickel 

by 
stan­
dard 

for 
calcu­
lation . I dard lation I dard ; lation . dard lation 

-__ .J_ -·--- ---+------- ---~--1---~ --·----·-. --~---·--· ·- , -·- ' .... ·--- ...-· -- -· - ·-- .. ,_ .... --. ·-- ·-
·1 i 46...~ I 10.0-13 .. 0 12.,5 I Oe-5 I 0.5 ; 0.1 0.1 i 0.1 0.1 

2 I 4600A. 1 10.0-13.0 I 12.5 0.5 I 0.5 j 0.4 0.4 0.1 0.1 
I I -

3 i 4652 110.0-12.0 l 11.5 0.5 0.5 I 0.7-1.5 1.0 
I I 

0.7-1.5 1.0 

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

magnesium iron 

by for by for 
st an ... cal.cu- st an- cal cu-
dard la ti on dard lation 

.............. ·- .... ,. ·- ·- ... --· 
' ' 

0.1 0.1 -o.6 ; 0.6 

: 0.2 ' 0.2 : 1.0 1.0 . 
o.s-1.5 1.0 1.0 ! 1.0 

·------·-----
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4.2.1.2. Specific consumption for production of primary 
refined Al-Si alloys 

- ·----- - ·-·- -- ----- ... ~----.------·~-~-----------· ---- ... 

Cons~tion article 

1 Sillima.:lite concer.trete 
-

2 Dry tre~ted kaolin 

3 Alumina 

4 Coal 

5 Petroleum coke 

6 A:olasses 

7 Electro:::.e paste 

8 Quartz:.te 

9 Cor::reon salt 

10 Cryolite 

11 Pvtassi~ chloride 
! 

12 , Electrode casing 

13 'Graphitised electrodes 

14 

15 

I 
I 

. Process power 

Power 

, - for gas cleaning 
I 
f - other uses 

16 j Fuel oil 

1? ; Recyclei water 
! 

18 I Compressed air 

19 1 Spare parts 

20 I Refractories 

Unit of 
measure 

t/t 

" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 

1000 KWB/t 

-"-
-"-
t/t 

~/t 
n~/t 

t/t 

t/t 

' 

Specific consum­
ption with losses 
and moisture 

1.19 

0.302 

0.337 

o.a13 

0.604 

0. 1+65 

0.087 

0.186 

0.0170 

0.005 

c.005 

0.0035 

0.0035 

13.0 

0.94 

0.966 

0.14 

780 

850 

0.004 

0.02 

--1 
I 

-- -- - - -- - ____________ _._ ______________________ _ 



DELUTION WITH 
WATER 0,722 119 

FRACTION+ 2+--8mm 
q105 ..---__ __.__ _____ _ 

PROPORTION! NG 3,384 

MIXING 4,106 

B!<.IG.,UETT!NG 4,106 

BRIQUETS l>R'8/NG ~737 

EVAPORATE]) 
WATER, 0,369 

FEEIJ MELT I NG 
...-------'1'----1AND REDUCTION 4,245 

CLEANING OF 
FURNACE GASES 2,895 

DUST CLEANED 
GASES 

2,655 

ALLO~ REFINING 1,377 

LOSSES 0, 027 

- - -- - -- .. - - ·-·· ·--- ·---

SECTION 1 
AIR 



.~-emm 

'5 

!EJJ 
~9 

......... 

CRUS/.llNG- f,417..,_ 

G-RINDING ANI> 1357 
l>R.~ING- I 

fVAPORATEJJ WATER 
LOSSES 1, 167 

LUMP FEED 
PROPORTION! NG 

FRACTION- 2 MM 

70 ])UMP 007 I 

REFINED 

ALLOY 

1,0 

MELTING OF 
FILTER RE5/'J>UE 

qog 

LOSSES 0, 027 

CASTING qD63 

LOSSES QO 

PR/NC 

MATE, 
AL.UM 



REFINED 

ALLO;J 

1,0 

MELTING OF 
FILTER RES/'l>UE 

qog 

LOSSES 0, 027 

CASTING q063 

LOSSES qoo1 

LOSSES Q031 

FUSION AN]) 9 _...,. FILTRATION ~10 

ALLO(I I Nrr y018 

CASTING 

CASTING 
ALLOYS 

2,958 

LOSSES Q03 

2988 
I 

LOSSES Q03 

PRINCIPAL .PROCESS FLOWSHEET 

MATERIAL FLOWS PER 1 TONNE OF REFINE]) 

AC.UMIN/UM- SILICON ALLOYS· s E c TI 0 N 3 

OpMOm A4.X __ 
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4.2.1.3. Specific consumptions for production 
of casting alloys 

----· ___ , ____ 

Consumption Units Alloys 

articles of - -----------.-·--~I._. '·- ••• - •• ~·-· - - •4 ... _ •">"• 

measure 4600 4600A 4652 
---- -~--·-- -· - - - - ----- ------------------ ·--------- --

1 Mal ten aluminium t/t 0.73 0.68.3 C.68 

2 Refined alloy 
_,._ 

0 • .364 0.337 c.3095 

} ~anese kg/t 9.65 

4 Copper _,,_ 10.2 

5 Nickel 
_,,_ 10.2 

6 t!agnesium 
_.,,_ 10.2 

7 Cryolite 
_ .. _ 

0.6 0.5 0.5 

8 Co mr::.on salt -"- 5.0 3.0 3.0 

9 Potassium chloride -"- 5.0 3.5 3.5 

10 Sodium fluoride -"- 1.5 1.0 1.0 

11 Quartzite (g.rit) 
_ .. _ 

5.0 5.0 5.0 

12 Pig iron -"- 1.0 1.0 1.0 

13 El.power KWH/t 200 200 200 

14 Fuel oil t/t 0.075 0.075 0.075 

15 Water rr? /t 14 14 14 

16 Compressed air nn? /t 55 55 55 

1? Spare parts t/t 0.001 0.001 0.001 

18 Refractories -"- 0.003 0.003 0.003 

-1 



1 

2 

3 

45 

4.2.1.4 • .Annual quantity of production by alloy grades 

Alloy grade 

4600 

4600A 

4652 

TOTAL: 

Annual quantity of 
production in tonnes 

10483.5 

8492.5 

9247 

- ... ~_.-,.---·-------... ----------
28223 

4.3. Selection of supply prog=a.IIJme 

4.3.1. The selection of supply programme is deterc.ined by 

the conswr::ption of materials in production, by the continuity 

of production, by the availability of storage capacities,.by the 

uniformity of utilisation of tra:isport equipment and er:;;loynent 

o! personnel attached to the hand.ling operations. 

4.3.2. The consw::::ptions of raw and other materials by the 

years of running of the plant are specified in p.p.4.3.2."? 

and 4.3.2.2 according to the capacit:r of the reduction arc furnace 

achieved by the end of the first year of operation to 40%, the 

second year - to flJ% and the third year - 100% of the design 

capacity. 

-1 
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4.3.2.1. Annual demand of raw and other materials and 

power for the production of the refined 
Al-Si alloy 

Years from the start-up 
Raw and other materials, t U-......it ------ -- ----· -- --· -- -----·-·· --· 
power sources of 1st ~d 3d 

mes.sure 
. ---- -------··- ··--- --- - - ,- .. -

Sillimanite concentrate t 4541 6812 11353 

Dry treated kaolin t 1152 1729 2881 

Alumina t I 1236 1929 3215 

Coal t 3102 4654 7756 

Petroleum coke t 2305 3457 5762 

Uolasses t 1774 2662 4436 

Electrode paste t 332 498 830 

Quartzite t 710 1065 1775 

Fluxes: 

- common salt t 65 97 162 

- cryolite t 19 29 48 

- potassium chloride t 19 29 48 

Power 106 57 86 142.2 
ki hour 

Fuel oil t 534 802 1336 

Recycled water 106 ~ 3.0 4.5 ?.44 

Compressed air 106 N~ 3.2 4.9 a.1 

···--- -·- -------- ..... ·-·--· ......... ,.,._, ___ ._..__...._. ____ ..,. ____ ?_ .. 
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4.,..2.2. Annual demand of raw and other r.ater:..als and 
power for production of casting Al-Si aJ.loys 

.. ·-·-· .... ,.. _, ... _.,,_ ________________ 
-~----·-------· 

Raw and other Unit Ye~s ~oa the start-up 

materials, power of 
sources measure 1st 2nd 3d 

--- - . - - - -- .. - -- - ·- . ... ·- ~ 

- Molten aluminium t 7<:JJO 11845 19741 

Refined Al-Si alloy t 3816 5724 9~40 

. Manganese t 40.5 61 101.2 

I 
: Copper t 38.0 57 94.3 
I 
; Nickel " 38.0 57 94.3 
! 
; L!agnesium " 38.0 57 94.3 
I 
' Fluxes: 
i 
! - cryoli the t 6.1 9.1 15.2 
I 
! - co m::ion salt t 42.25 63.4 105.6 
! I - potassium chloride t 45.8 68.7 114.5 

1- sodium fluoride t 13.4 20.1 33.5 
1 Q,uartzi te t 56.5 85 141.1 
I 

! Power 106 kW 2.26 3.4 5.65 
I hour 
I 

10: Fuel oil t 846.? 1270 2116.7 

11 Water 106 n? 0.16 0.24 0.4 

12 Compressed air 106 Nm3 0.62 0.93 1.55 

----·------·--·-----------------~------
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4.4. Cost Estimate 

The estimate of production expenses for materials and 

utilities for the EDU is shown in snmmary Schedule 4.1 and 4.2. 

The calculations are based on aDD.ual requirements for 

materials and utilities as estimated on the basis of the consump­

tion figures and proposed production proGramme, and prices of the 

materials and utilities as specified by the Government of the 

State of Orissa in Jtm.e 1983. 



............ _. ......................................................... ~~----... --... ----------~ , 
SchE::dulc 4.1 

_____ V ___ ,. ____ ._.. ____________ . -~-------. ...--··-·-·"'•.-A· ..... --·- • -·~---~ 

Estimate of Production Expenses 
--------------------·-··- . --·. ·-Materials ar.d Utilities 

Project: EDU Product: Refined primary alloy 
- - ·----- --------·-- -- ---- . --·- .. 

S/N Q-ty Unit 

1 

1.1 11}53 t 
' ; 

1.2 2881 I t 
i 

. 1.} 3215 ! t 
I 
1.4 ?756 \ t 

i 
1.5 5762 ' t i 

' I 
1.6 4436 I t ' 

' 

j . I : 1. 7 830 t 
! . 

11.s 17?5 I t I 
I 
I i I t 

I ! I 2 i 
! 
! I ' 2.1 : 162 t i 
l 

I 2.2 ; 48 t I l 
2.3 ' 48 t I 

i 
I 2.4 i 34 I t I 
I 

' I I I 3 I I t 
j 

t 3.1 i 2671 't I I 
! 

I 

I 3.2 '2480 t I 

Cost item ! Local Unit 
:price 

.......... -_,,- ....... ·-··· ·-·--·-·-·,,·------ --·---~ 

Raw, main and intermediate 
industrial Eroducts 

Sillimanite concentrate 

Dry cleaned kaolin 

Alu.mina 

Coal 

Pet.coke 

Mollases 

Electrode :paste 

Quartzite 

--

Total of 1 

Auxiliary materials 

Common salt 

Cryolite 

Potassium chloride 

Graphitised electrodes 

Rs. 

Rs 

Rs 

Rs 

Rs 

Rs 

Rs 

Rs 

Rs 

Rs 

Rs 
I 

Rs i 

1000 

2200 

2810 

,;co 

6000 

95 

7810 

200 

:;oo 
17000 

4000 

44170 

Expenses, Rs. 000 

Foreign Local 
Total ______ _ 

- 11353 11353 

- 6338 6338 

- 9034 9034 

- 2327 2327 

- 34572 34572 

- 421 421 
I 

- I 6482 6482 

I :;55 
t 

:;55 - I l 
I 

'· ·~ --··~--·-·-·- ....... -- ~ 

70882 I 70882 

49 ' 49 

816 816 

i 192 192 
i 

l 1502 1502 

-Total of 2 
I ___ .., --·--...... ------ - ·-

2559 I 2559 --- I 
; ----,--~-
' Recoverable waste ' I 

j 
! 

Slag ' i 

:Entrapped dust 
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-________ ... _______ .. _ ... -~· ......... -. .._ ... _____ -------·---
Estimate of Production Expenses 

Materials and Utilities 

Product: Refined primary alloy 
- --- ----· ···-- -----··-- ,--·· - .•... ...... t .... - ·-·· . ··- ·-·-··- ··- ·-··--··· ·•····-······ 

; Expenses, Rs. 000 

a,'N Q-ty Unit Cost item : Local 

----------·-· ... -~ ~--- --- ----- -- ·- -· ------- -·-.. --··--- ·--

I 4 

.+.1 i1336 

5 

5.1 142203 ; 

5.1.1
1
124020 I 

5.1.2;1a1a3 
I 5.2 7441 
' i 
l 

5.3 8109 

l 
\ 

I 

t 

~ 
'14',.,...., "'~, 
~~""' ... "' ........ 

Utilities 

kWh ' Electric power, 
ooo I with: 

do l Process 

do I Auxiliary 

~ ; Industrial wc;ter 
000 

N~ i Compressed air 
000 

Total of 5 

Grand Total 

! l ---·-------------·--------... --------------··- -----·-· -------A·----~-

Rs 

Rs 

Rs 

Rs 

Rs 

Rs 

Unit 
price 

3000 

371 

371 

371 

300 

16 

! 

; Foreign ~ Local Total 

4008 4008 

52757 52757 

46011 46011 

6746 6746 

2232 2232 

130 i 130 
I 
j 

' ' • 
55119 i 55119 I 

132568 132568 

; 

-- ·-·--··-·-·- ---· 



' Project: EDU 

i 
1S/N 

1 

Q.ty Unit 

1.1 9540 t 

1.2 19741 t 

2 

2.1 101.2 t 

2.2 94.3 t 

2.3 94.3 t 

2.4 94.3 t 

3 i 
I 

l 
3.1 j 105.6 t 

l 
3.2 15.2 t 

3.3 I 148 
' 
it 
I 

3.4 l 141 • .., lt 
I 
I 
! 

! 
4 I j 

l 
4.1 ; 2116. 7 

\ 

I 
I 
I 
I 

I 

I 
: 

, 

Schedule 4.2 

Estimate of Production Expenses 

··-·--Ma.teriais- anciutiiities----·----- -

Product: Finished AJ.-Si alloys 

Expenses, Rs. 000 
Cost item I Local Unit ----------------- --

price Foreign Local Total 
.. ... .-.,.. ... ! -

Main materials and 
intermediate industrial 
Eroducts 

Primary Al-Si alloy Rs 132568 132568 

Molten primary aluminium Rs 19600 3869~4 386924 
, 

Tota:I-of"~f- -------·--·-------·---------- · - ··------·-··-······--·~--5:,9492··--·-·· ··-·-·51·9492·----·· - · 

Industrial materials 

fl:anganese Rs 26000 2631 i 2631 
' 

Copper Rs 30000 2829 l 2829 

Nickel Rs ~000 8487 8487 
' 

Magnesium Rs 22000 f 2074 2074 
I 

! I 
. -- ·y······-- - L ------------ -------· --------

.... _.._, ........ -----,·-· 

Total of 2 j \ 16021 I 16021 

Au."ri.lia.ry materi~ 

Common salt 
-

I i Rs 300 I I 32 ! 32 
I I l 

Cryolite I Rs 17000 I I 258 I 258 

Potassium chloride and 
sodium fluoride Rs 1 4000 i I 592 t 592 
Quartzite Re i 200 28 28 
--------------~--- ---r- ... ------ ----~- --· -- -.. r----------r~·-··---· ··--·-·-······ .. -·-· . 
Total of 3 i ! 910 910 

: i I Fuel 

Fuel oil I Rs ' 3000 I 6350 I 6350 
I i I 

I 
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•, •·•-••• ~---v··-·•--• ··-- --·• •••----· - ••• --· -···-c·.,.--.. - .... •• 

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

Estimate of Production E:q>enses 

Materials and Utilities 
! 
I Project: EDU 

I ··~~ r~;· -.i Unit 

l 

I - --------·•· -- -- -- - --

5 . 
I 

5.1 I 5644.6 l k:Vh 
000 

5.2 1395.2 

;:: 'Z 
.,,, • .,I 11552.3 

I 

~ 
000 

N~ 
uoo 

Product: Finished Al-Si alloys 
-· - ,_ ·- ·-· ...... -----·----.·--·--

Cost item Local ~t 1 Ex'penses, Rs. OCO 

Utilities 

Electric power 

Water 

Compressed air 

Total of 5 

Grand Total 

Less cost of primary 
alloy 

price .. . _ _ 

---- ·····-- -------·· -- - ... -l. 

Rs 371 

Rs 300 

Rs ; 16 

I -- . ------·- .. ~-- .. --... --. 
' 

I 

i 

I .. 
\ 

Foreign Local 

2094 

1317 

25 

3436 

546209 

413641 

Total 

2094 

1317 

I 25 
I 
' "1 . --.... 3436 

546209 

413641 
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5. SITE LOCATION 

5.1. Location 

Region and state of E!:>U location was chosen according to 

the recommendations of IPICOL taking into consideration the 

following factors: 

- availability and location of raw materials and utilities; 

- state government public policy; 

infrastructure availability; 

- recoI!IIIlendations of company-initiator of tne project. 

On the basis of the above factors IPICOL has recomn:ended 

for a techno-economic assessment to locate the EDU in Ori~sa 

state. situated in an eastern part of India. This state has 

possibilities to supply the EDU with raw n:.aterials, materials 

and power to produce JJ.-Si alloys. 

Orissa state is the main state of the cotm.try in n:ining, 

supplying a total amotm.t of chromite in the cot.mtry, more tb.n.n 

one third of manganese ore and quartzite. :ttining of coal, iron 

ores, limestone, fireclays and kaolin is also of Great importance. 

The tests revealed that from above raw materials coal, 

quartzite and kaolin can be used for production of Al-Si alloys. 

Regarding a raw material of the aluminium industry it should 

be noted that India has one of the largest reserves of bauxite 

in the world. As per data at the beginning of 1982 the reserves 

of this raw material is estimated to be 2,592 mln. t., which makes 

8.3% of world reserves. Fro~ the above amotm.t of bauxite Orissa 

state share is 1,416 • .31 mln.t, which makes 55% of the national 

reserves. 

-1 
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5.2. Site for the EDU 

For a purpose of this evaluation a .site for the EDU to be 

locc.ted, as recommended by IPICOL, adjacent to the aluminium 

plant being built by NALCO in the vicinity of Talcher. As an 

alternative, the siting of the EDU is considered close to the 

n;-DJ.L alnmjni um Slllel ter located in the neighbourhood of Hirakud. 

1.n area required for the EDU' s site is about 12 hectares. 

5.3. Sources of raw materials, materials and utilities 
supply 

At present IRE, initiator of this project, in resion of 

C"!"....atrapur, Orissa state, is se;tting up an industrial coi:rplex, 

nc:Eely OSCOM, intended to co-produce up to 30,000 tpy of sillima­

n::. te concentrate which is the main raw material for production 

' o:f il-Si alloys. According to IRE data the above co:r;:plex is 

likely to be comcissioned in early 1984. 

., 

In this state National ilnu:;n; um Coq>any (NALCO) in vicinity 

of Talcher and Koraput is con~>tructing a large alu:r:linium complex 

(capacity: 800,000 tpy of alumina and 218,000 tpy of alm;:inium) 

which ensures supply of alumina and alwr.iniu.m for the EDU. 

Capacities of alumina production are projected· to be cocr::..issicncd 

in 1985, and of aluminium production in 1986. 

Coal should be delivered from Talcher Coal .Mines, quartzite­

from Koraput reg:.on, electrode paste - from Hira.k:ud.. In future 

,there is a possibility to supply kaolin from deposits of Sambalpur 

and Hllakud. region. 

In Orissa state exists a developed network of power trans-

n:ission lines and important capacities generating electric power 

total~ at present to about 1,000 MN, with an expected increase 

up to 1,600 '11.N by the end of 1985. 
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Accordillg to the tentative data the EDU's requil.'ement in 

power will be 163.65 mln.kW.hours per year, to be supplied from 

the Talcher power system. 

The supply sources planned and aDilual re<::uirements of the 

main types of raw materials and materials for production of 

Al-Si alloys. 

Description Location 
Annu.:il . Talcher tHirakud 
require- site, I site, 
ment : distance '. distance 

t i km I km 
------ . -- ··---· ---· ... ---·--------· -----··-··-- .... ~-· ···~--. ;..._. ____________ J ______ . 
1 Sillimanite con-

centrate 

2 Kaolin 

3 Coal 

4 Petroleum coke 

5 Q,uartzi te 

16 . Cryolite, 
fluorides 

i 
I 

;7 · Alu.tlina 
! 

8 . .E1ectrode 
t 

paste 
i 

· 9 ; Fuel oil 
i I 
10 iLiquid aluminium 

11.352 I 300 I 650 

, I 
Chatrapur, 
OSCOM. 

Tri van.dram 
Ker ala 
Talcher 

Barau:ii, 
Assam 

· Orissa 
i 
: Bombay 
! 

2.881 

7.756 

5.762 

! 1. 775 

f 48 
I 

I 
Karaput t. 3.215 

i Bhubaneshvar i 830 
~ 

Visak.'w.patnam ~ 1.336 
~ Talcher : 19741 

i 
! 2.050 j 
' - i l i 

1.950 

180 

1.860 1.450 

300 650 

1.700 1.250 

625 580 

130 260 

600 450 

5.4. Local conditions 

Due to the fact that a specific site for this stage of the 

Feasibility Stu~ has not been selected yet, a general description 

of the Orissa state is given below • 

-1 
I 
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5.4.1. Climate 

The climate of Orissa is a hot and humid one. During all the 

ye~ the variations of the temperature is in the .range of 25 to 

2s0 c, an average maximum reaches 4?°C and an ave":' age minimum -

5°c. The climate in Orissa is influenced by the monsoon air ma.sses 

moving from the Bay of Bengal. An annual rainf'all is about 1,500 

to 2,000 mm with 80% of it for a period from the middle of Jur:.e 

to the end of September. During the monsoon period there are. 

heavy storms and cyclones on the Orissa's coast and almost eve~y 

year there are floods. 

Agriculture and Industry 

Orissa has the largest ru:ount of forests in India. They 

occupy 42% of the total state's area. This state forms a part 

of the Great Rice Belt stretching alont the eastern coast of the 

Indostan peninsula. Rice occupies about 80% of the state's sow:i. 

area. Usually after rice other grain and bean crops -follow. 

Batata, sugar cane, grot.md nuts, sesamum, as well as chili end 

tobacco are also of importance. 

The most important industrial crop is jute, it occupies the 

Kataka region where a network of irrigation channels is provided 

for. 

Orissa is one of the main mining states in India. It supplies 

almost all chromite and graphite mined in the cot.mtry, over 1/3 

of the manganese ore, quartzite and dolomite. Of a major importance 

is the mining of the iron ore (containing up to 60% Fe), coal, 

limestone, .refractory clay, kaolin and bauxite. 

The first major project of the state implemented in 1948-195? 
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was the Hirakud eydroengineering coIIJi>lex btil t on the Mahanad.i 

river. As a result a water storage was created to supply water 

for about 2.50 ,000 hectares of faxmla.:id. An installed capacity of 

the complex was 270 ~'W. 

On the basis of power from the Eiraku! complex and of the 

Talcher coal an iron au.d steel plant in Ro-:.:.rkela was brout;ht into 

service. Then two ferromanganese plants we=e built, along with 

the Paxadip port in the Mahanadi river mou~h and some other 

projects. The aluminium industry of the state is represented-by 

two sIJall aluminium smelters in the vici Pi 'cy' of Hirakud and 

Sambalpur and also by a major alnmirium sitelter close to Talcher 

and a big alumiJ.a plant near Karaput being built by NALCO. 

5.5. Ehviro~mental impact 

The E:>U' s impact on a regional i.I:.fras:ructure v:ill no be 

significant due to the fact that it will use an already established 

and mainly built infrastructure of the alt=inium smelters located 

near Talcher and Hirakud. 

The EDU's influence on the region's e:ology will manifest 

itself in some pollution of the atmos;here by dust and gases 

produced in the course of the process. ~ amount of the dust and 

gases after the gas cleaning stage is expressed as follows: dust -

98 kg/hr, S02 - 46 kg/hr. 

The maximum concentration of these pollutants in a surface 

layer under the most unfavourable meteorological conditions, as 

has been shoVln by the preliminµy calculations of dispersion, at 

the boundary of a one kilometer zone will be as follows: dust -

0.1? mg/n?, sulphur dioxide - 0.030 mg1u?. These figures are less 

than the maximum permissible concentrations for populated areas 
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accordi:lg to the current sanitary norms of the Soviet Union. 

5.6. Estimated costs 

The estimates for construction of the EDU were prepared for 

the unit to be located on a site of the plant being built. Due 

to tt.is they do not include a land acquisition cost as well as 

costs co!ll'.lected with the site's use. 

Tl:e costs connected with preparation of the si~e for 

construction are included into an estimate of the investment.costs 

for the bt:il:.ings and structures, section 6. 

-1 
I 
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6. TECHNOLOGY 

6.1. Kinds of technologies for alnmini um-silicon alloys 

Casting alwtl.nium-silicon alloys are generally produced by 

the synthetic method which involves melting of electrolytic 

almnini um and crystalline silicon. 

The Soviet Union has ~eveloped and is successfully using 

on a coI;JID.ercial scale an electrotherm:i.c ~etallurgical process 

for production of silicon-alnmini um alloys based on. a direct· 

reduction of alumil:l.ium and silicon from natural alumosilicates 

and other silica - contajning alm;iin; um ores in electric arc 

reduction furnaces. 

In the electrothert:ic process raw materials in a powder form 

(sillimani te, kaolin, alwtlna, coal and petroleum coke) are 

proportioned, i:::.ixed with a binder additive, triquetted, dried 

and transported. to an electric arc furnace for reduction melting. 

For silumi.n end other altu::inium-silicon casting alloys a primary 

alloy produced in the furnaces is diluted after refining with a 

corresponding quantity of an electrolytic or secondary aluci.nium 

and also with copper, nickel and II:.a.£D.esium depending on a grade 

to be produced. 

One of t~e main advantages of the electrothermic process 

of Al-Si alloys production is the possibility of using low-modulus 

alumosilicate raw materials, such as kyan.ite, sillimanite, 

kaolins, low-iron bauxites and others which can not be efficiently 

treated to produce alumina and electrolytic alum.iniw:i. 

Besides the above-mentioned electrothermal method in co:m.pari­

son with the synthetic one has the following advantages: 

l 
I 
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- reduction of the capital costs; 

- reduction of the power consumption; 

- no crystalline silicon used; 

- lowering of the total electrolytic almnini um conswnption 

by 20-25%; 

- usage of the major process tm.it of a substantially higher 

power rating (active power rating of the electric arc reduction 

furnaces used is 17000 k~ while 175 kA electrolytic cells' power 
' 

rating is 750 kW, i.e. 22 times less); 

- low electrode material consw::ption due to replaceme::it of 

an expensive anode paste by cheaper reductants-coal and petrcleum 

coke (an an.ode paste consw::ption is 565 kg per tonne of the 

electrolytic e.lumini um, e.!l electrode paste consw:rption is 87 kg 

per tonne of the refined il-Si alloy, or 145 kg per tonne of alu­

miniw:i in the alloy); 

- low cryolite const.:.mption (8 kg instead of 34 kg per tonne 

of aluminium produced by the electrolytic mettod) end no alw:d.nitliil 

fluoride used; 

lowering of fl~oride emissions into the atmosphere; 

- the use of cheaper alter::J.ate current in place of direct 

current and consequently, elimination of the capital costs for 

installation of rectifying devices and also of the operation costs 

for a current transformation. 

Capital costs calculations and calcula·tions of an electric 

power consumption for silumin and other Al-Si casting alloys based 

on operation data of a number of plants in the USSR conditions s~~·.v 

that silwrin and other Al-Si casting alloys production by the 

electrothermal method in comparison with the synthetic method 
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resci.. ts in reduction of the capital costs 

i.l:. consumption of electric power by 4-8%. 

to 10% and a decrease 

6.2. Process selection. Major process parameters 

Sillimanite is a quality raw ir.aterial (Al2o5 - 61.5%, Si02 

37%, Fe2o3 - 0.1%) ff;r Al-Si alloys production by the electro­

t::.e=r:.al method. ThusYa sillimanite concentrate treatment on an 

~dustrial scale the only process for .Al-Si eiloys production is 

t~e electrothermic process which co::sists in a reduction melting 

c: the feed to produce primary Al-Si alloy. To produce sillw:in 

a:.d other casting Al-Si alloys, the primat'y alloy after refjn;ng 

is c.iluted with a corresponding qua..~tity of electrolytic and 

se~cndary aluminium and alloying ~etals (copper, nickel, IIlaGilesium) 

d;_;:e:id:..ng upon the grade. 

6.3. Principal process flow-s~eet of .h..1-Si alloys 
production 

Carbon materials-lump coal and. petrclew: coke - used as 

red.t.:.ctants are .received at the raw x=.aterial storage and, when 

~ecessary, crushed in the jaw and roller crushers. Coal and coke 

c:-ushed up to -30 mm are transported by belt conveyors and an 

e:..evator to the shaft-type mill fo.r grinding. Coal and coke ground 

t:;i to -1 mm are then transferred by the pnewr.a. tic conveyor in to 

boppers in the feed preparation room. 

At the raw materials storage there is a device for treating 

t~e slag wastes. These wastes are separated into three fractions: 

a fine fraction is sent to dump, a medium fraction - to the feed 

freparation room hoppers, a coarse fraction i::ixed with lump coal 

a:id quartzite is returned to the electric a.re furnace for melting. 

I 
I 
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The powdered sillimanite, alumina, kaolin are also fed into the 

hoppers of the feed preparation room. There are also hoppers 

there in which dust from the gas cleaning pla:Lt and a medium 

fraction of the waste slag are gathered. All powder components 

of the feed are metered by continuous weighe.rs and by_ screw 

conveyors are sent to a blade mixer. A binder-;::;olasses solution 

is added to the i::ixer. A mixed raw feed is tra.z:.sported to the 

roller presses. Raw briquettes with the help of vibration feeders 

are fed into a conveyor drier where they are dried and consolida­

ted. The finished briquettes via a system of the vibration feeiers 

and belt conveyors are transported to the fu...-:iace for :melting. 

A pri.mary Al-Si alloy produced in the f\;._""D.ace is subjected 

to high-temperature refjnjng and cast into lailes votich a.re then 

transported to a low-ter::;;erature refining un:.. t. 

The furnace off-gases are fed into a gas clea;::ing system 

from which the cleaned gases are discharged i..!:lto the at!:!Osphere 

and a collected dust is returned to the process. 

Refined alloy is cast into holding furnaces w~ere liquid 

alwn:inium a.'ld manganese are added. When the i:.elt reaches a certain 

temperature an excess iron, titanium and zirconium a.re filtered 

out. 

]'iltered alloy is received in a collector of the filtering 

furnace where it's alloyed with copper, nickel, Ina£Ilesium and 

other components, depending on grades of Al-Si ca.sting alloys 

to be produced. After miring and blending the alloy is analysed 

and cast on a casting conveyor. Filtration residues are recovered 

from the filtering furnaces funnels and transferred to an induc­

tion furnace for remelting to produce a colllI:lerci.al alloy -

silicoalumin.ium with a rather higher content of iron, manganese, 
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titanium and zirconium. 

A chemical analysis of silicoaluminium , %: 

Si - 14-24; impurities, not more than: Fe - 4.5; Mn - 3.5; 

Ti - 2.0; Zr - 2.0; Al - the rest. 

Such e.lloy can be used in the iron and steel industry as 

a complex steel deoxidizer. The using of silicoaluminium instead 

of a separate utilization of aluminium. and ferrosilicon makes 

it possible to produce more pure steel with a lower non-oetal 

impurities content. Silicoalur:Unium can also be used a reductant 

for ferroalloys production and a co:rr:plex inoculant. 

For determination of optimal alternative of gas-cleaning 

for electric arc reduction fu...T'Ilace the following methods of 

gas-cleaning have been exarr.ined: 

- dry gas-clea::i.ing (in bag filters and electrostatic 

precipitators), ensuring dust recycle into the process; 

- wet gas-cleaning (in Ventu.ry scrubbe~s), with this 

method the captured dust is removed to the dump. 

Analysis of calculations and techno-economic parameters 

show that the dry gas-cleaning in electrostatic precipi tato1·s 

is the optimal alternative. 

6.4. Brief description of major process equipment 

The major process equipcent of the EDU is listed bellow: 

in the feed preparation room: 

- a conveyer drying oven 

in the alloy production and furnace room: 

- an electric arc reduction furnace 

- a tilting. rotary holding furnace with an 

agitator 

- a filtration furnace with an agitator 

- 1pce; 

- 1 pee; 

- 2 pcs; 

- 2 pcs; 

-1 
I 
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- an induction electric furnace - 2 crucibles with 1 set of 

electrical equipment. 

Conveyer drying oven 

The drying oven is used for d...7ing briquetts. The oven 

consists of a heat-insulated casing divided into 16 cha:cbers, 

a metal perforated belt made of movable jointed box-shaped 

sections, fans supplying the drying a.cent separately to each 

c::.amber excluding three last cha.w.bers used for briquetts 

c:oling, an exhaust fan ensuring gas mveme!lt along the oven and 

its rer:'.Oval ~hroUfhout a dust separator to the atmosphere. 

A center-to-center distance of the driving shaft of a belt 

rxtor is 37.4 m; a belt width is 1.5 m. The casing din:.ensions: 

le:igth - 31.2 m, width - 3.3 m; heis2t - 3.9 m. 

Drying oven specifications 

-~----'·---·---------·-· -· '" - . ~. 

Parameters Un.it of 
n:.easure 

1. Capacity t/b.r 

2. Residual moisture conte...'11.t 
of briquetts % 

3. Fuel oil consUI:!ption for 
f:..ring ·.kg/hr 

4. Fower rating of installed 
motors 

i 
I 

• 

I 

kW 

Value 

5-6 

1-2 

130-150 

93 

Remark 

----......... . - ·-···--·.--· ._J··---···--------------·-~ ' 
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Electric arc reduction furnace 

The electric arc reduction furnace is used for primary 

.Al-Si alloy melting from a briquetted feed. The furn.ace consists 

of an open ro1.md lined bath, three self-baking electrodes with 

a steel casing, an exhaust hood with lifting curtains, an elect­

.rode suspension and adjustment mechanism, a current lead mecr...anism 

and an electric equipment including furnace transforoers, co~trol 

pa.nnels and boards, an auton:atic controller, the equi.p::.en.t c_f a 

transformer cooling system, a pump-and-accUJ:U.ulator station. 

Each electric furnace is powered from 3 single-::;~se 

furnace tra:isfor.mers OOUHK-2IOOO/II , each with a PJ:wer rating 

of 8 ,333 kVa, operating voltage of 11,000/230-140 V, oil-water 

cooling, with a built-in on-load tap changer on the seconda.!'y 

side. 

Buswork is delta-wired on the electrodes. 

To con:pensate a reactive power of the furnace c~rcuit c.nd 

increase the power factor the furnace transforme~s include a 

special booster transformer for connection of corrective capa-

citors. To bring the power factor of the unit to 0.9 t~e 11 kV 

buswork is connected to a capacitor bank of power factor co=rec­

tion. Electrical parameters of the furnace are a~toL'.latically 

controlled by a power controllers of type APP-1 by means of an 

electrode movement. 

Taphole opening is controlled by the stinger device connected 

to the phases of a seconda.ny voltage of the transfor~er. 

Protection of the furnace transformers and their control is 

achieved by means of HV circuit breakers of type B3·M-10, located 

in PY-11 kV rooms in a separate building. 
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Current supply from the furnace transformers to the ele­

ctrodes is via the copper bu.swork consisting of 8 tubes of 

220 mm O.D. and 20 mm wall thickness and flexible copper strips, 

moving current-carrying system of electrode holders and contact 

plates pressed to the electrodes. A buswork current de:lsi ty is 

0.85 A/mm.2 at an electrode operating current of 85 kA. 

The moving current-carrying sy~tem consists of two parts. 

The lower part includes contact plaues with a pressure ring. 

The plates are housed ill a cylindrical water-cooled split casing 

acting as a seal.for the contact device of the system at the 

point of en.try through the cover of the exhaust hood and protects 

the system from heat ra.:.iation from the furnace tcp. The current­

carrying tubes of the lov:er system lead to the cu=ren t-collec­

ting part of the upper system suspended from the load-bearing 

casing of the hydraulic lift~ device. Suspension and slipping 

of the electrode is by ~eans of sprin{;-loaded hyd=aulic devices 

ccnsisting of two presst:.re rings mounted on the Stz:?pO.L.' i. .Lra.wt!S 

of the hydraulic lifting device. Slipping is performed by hyd­

I'aulic cylinder'S fitted between the :pressure rin5s of the device. 

Cables near the fi.:=:i.ace are laid in tubes, ani openly in 

the electrical rooms. Fewer and control cables up to 1000 V are 

of grade BP5 and RBBr-T. 

The furnace transfcroers are located in a separate room 

not far from the furnace. The control,instruz:::entation and n:etering 

panels are located in the electrical roo~ on the service plat-

forms. 

The cor.a:ion ground.i!lg circuit for the electrical equipment 

of all voltaces is prov~ded. As a grounding conductor provision 

I 
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is made for the fourth cores of the power cables and steel 

s~ips 25 x 4 mm. The table below shows specifications of the 

electric furnace. 

Specifications of Electric ~c Reduction Furnace 

--------..----------------------~-- ,._ 

Puameters 

1. F~nace power 
rating 

total 

- active 

2. 'Ijpe of furnace 

3. ':ype of bath 

4. '.:ype of electrodes 

U~it of 
c.easure 

'..."VA 

r:N 

5. f.u::i.ber of pc 
electrodes 

6. Electrode diameter :om 

7. Location of electro­
des in bath 

8. E1ectrode circle mm 
Ciameter 

, 9. f.llr:lber of tapholes pc 
i 
; 10. Geor:etrical size 

of bath 
- depth mm 

I 11. 
i 
i 

; 12. 

- diameter 

RUilber of furnace 
transformers 

Off-load voltage 
of tr an sf or mer 

m 

pee 

v 

; 

I 
I 
' I 
I , 

Value 

25.0 

17.0 

three-phase 
open 

round 
.stationary 

self-baking 
with iron 
casing 

3 

1,400 

at apexes of 
eg,uilateral 
tria.Ilble 

3,100-3,300 

1 

2,450 
6,800 

3 

140-230 

Re:n:arks 

a.q 

variable at 
shutdown 
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Holding furnace 

The holding furnace is designed for si::.e: ti..!l.g of the refined 

Al-Si alloys with al1m:inium and discharging t=..e tlloy for 

filtration. 

The furnace consists of a welded cyli.::.:i:'icC.: casing lined 

with refractory bricks, an oil burner, a ~:..:-a-.:l~c lifting 

device and an agitator unit. 

The casing is provided with a tip use·=. !c= :l'la.rgi.ng and 

discharging the alloy, a hole for the agi t.s ~.: -€ :nit and a hole 

for the burner, two annular rims supported. o::. =o:lers fitted on 

the foundation and a lug for linking to t:t:.e ;l :.=.:er of the 

~~draulic lifting device. 

The agitating device is of an electrc::e:~c type. The 

working mer::.bers are built in heat-resista;: ~ st2e:. 

The hydraulic lifting device consists cf ~::.e plcger, oil 

pur:rpset, hydraulic equipment and controls. 

Sp ccifica tions 

Parameters 

1. r.:aximum temperature 

2. Holding capacity (by Al-Si 
alloy) 

3. Angle of rotation 

1 Unit cf 
1 

meas::.:e 
I 

t 

dez;ree 

. - --,--~ . -- - - - - - . - - .. ~ -

Value Remarks 

30 

60 

I :: 
i 

Time of rotation 

Oil consumption for heating 

Installed power of motors 

s i 15-30 

kg/h 70-90 

! 6. kW 14 

----- •.& ·"" ••"'" 0• ••• ---· -~ ••-···-----·---····------·----~-----------.-----_,..-lid, ----



/ 

69 

Filtering furnace 

The furnace is intended for filtering the alloy discharged 

from the holding furnace and its alloying with a master alloy, 

then discharging the alloy to the casting operations. 

The furnace consists of a refractory-lined welded cylindri­

cal casing, a removable cover and a motorised drive of the cover, 

and two pil burners. A hole is provided in the furnace casing 

for charging master alloys, flux and cleaning the furnace, with 

a cover, a hole for the filtering hopper, two holes for bur~€rs, 

a hole for a gas exhaust and two diametrically opposite tapholes. 

Specifications 

P a:r c.::i'2 t er s 

1. L:aximum ter::;]e.ra ture 

2. Holding capacity (by Al-Si 
alloy) 

3. Fuel oil con.sw:ption 

4. Installed power of motors 

l:n.i t of 
:u:easure 

t 

kc/h 

kW 

Value Rer:1C..rks 

650 

30 

80-100 

1.1 

- ···-~---···~ - - --·---------~-~ ........ ~--·-----~~- ........ ---....... ---.. - ··--·~ ... -..,.~---~...-- ,_.,.,. -

Induction furnace 

The induction furnace.is designed for melting a filter 

residue, preparation of master.alloys, secondary refining of 

Al-Si alloy. 

The furnace is of induction, crucible type, 50 Hz. 

It cofisists of a frame, a lined crucible, a bottom, 

an inductor, n:ao--netic cores, power pltmgers, and a cover with 

the cover lifti.:lg and turning device. 

I 
I 



The inductor and bottom are of a removable type. 

The crucible and furn.ace bottom are lined with special 

refractory concrete. 

The inductor is of a water-cooled, cylindrical, single-

layer, single-phase °tyl>e :a:.ade of copper tube of a specific 

configuration. 

Power supply to the electric furnace is via the flexible 

water-cooled cable. The in.iuctcr is surrounded with a crown of 

laminated packs of :magnetic cores intended for absorbing dessi­

~ated energy from the iL.i~ctor. ~he magnetic core packs are 

built in special steel G!ld isclated from the ir~ductor by spacers 

of heat-resistant mater:..al. 

The electric furnace is c.:vered with a welded cover lined 

with refractory concrete. The cover lifting and turning device 

is cy-;:xaulic. ?.:etal is pot:..= ed. ti::'ough the tip after tilting the 

furnace through an a;i.gle t:.p to 100°. Tilt of the furnace is 

cont!'olled by means of liti t sw:.. tches. The hydraulic tilting 

device consists of two :plu:::ibers, bydropower pack and hydraulic 

equi:p:r::.ent. 

The set of electrical eq~pwent of the furnace includes: 

a f1~ace transformer, co.:::trol S!ld instrumentation panels, an 

autor::.a.tic controller of furnace operating para~eters of type 

APv.P, a capacitor bank, a contactor panel, a hyd.ropower pack for 

the furnace tilting bydrosyste!:l, a tilt control panel, inductor 

lining and insulation ala=ms, a heater for inductor drying 

with a control panel. 

Each furnace is powered from a sinble-phase transfor~er 

JOI.2-2?00/10-73Y3, oil-cooled, with power rating of 1,600 kVA, 
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voltage 1100/1054-210 V and an on-load tap changer on the 

secondary side of the transformer. 

One set of the electrical equipment is prov~ded for two crucibles 

of the furnace. 

To correct a reactive power and to ma.i=..tain a required 

power factor provision is made for the cap~:itor bank. Part 

of the bank is permanently connected and the ott~r part is 

connected according to the p=eset operatin.b coL::itions. 

Protection of the furnace tra.~sformers a;:d operation is by 

means of EV circuit breakers of type B}L:-10, locs.ted in the 

?y -11 kV room. Buswork of the capacitor ba"'k az:d. current-car­

rying system of the furnace are made of flat tlt.:::.::nium buses 

. ul t c t d •ty . b , . 0 ... A/ 2 on ins a ors. urren ensi in uswor.r: ::.s ./ n:m • 

Cables inside the elect.rical rooms a.re o~e-r..2.y laid, wherever 

possible, near the furnace - in a metal t'..:be. Pm•er and cor.trol 

cables up to 1000 V are I:'.air1y of grades EF5 ani KE:Or"-T. 

The induction furnaces are lccuted o~ t~e f~rst sto~ey 

and the capacitor bank is sited in a direct vici::ity of the 

furnaces. The control and instrumentation psnels are built in 

to the wall recesses of the electrical roor:.s at the level of the 

service platform. The furnace tilt control fa::.iel is mounted next 

to the furnace, because of the r.ecessity to obss:-ve the m0tal 

discharc;ing opera~ion from the furnace area. 

The r..ydropower po.ck is located in a se?a=ate room under 

the service platform. 

The furnace transformers are installed in separate rooos 

in conjuction with PY -11 kV. 

Specifications of tae furnace are show:i. in Table below. 
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Specifications 

-;-...... ---.. --·· - - ~ .. ------- ..... --- ··~1 

ParaIIleters Unit of Value Rema.rks 
measll!'e 

.............. ·-----~ -·------·- ·------·. ----- -- _ .......... _ - . ; ... 

1. Holding capacity t 6 

2. Transformer power rating kVA 1,600 -

3. Power de.ma:J..d 

inductor kW 1,C.30 

tmit kW 1,100 

4. Number of phases 

power supply 1 

contour circuit 1 

/ 5. Frequency 

power supply Hz 50 

contour circuit Hz 50 

6. Ifominal voltage 

power sup:t:lY kV 10 

contour circuit v 1,320 

7. Power factor (Cos ) 

before correction 0.109 

after correction 1 

s. Cooling water requirements ~/h 15.0 

9. Pressuxe drop of cooling 
water in inductor m 29 
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Ser. 
No 

2 

3 

.4 

:5 

6 

_, 7 
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6.5. The electric loads and power requirements of the 
EDU are give:i in the Table below: 

- -- -- - -- --~-:--------~--lp~~;-re~ui.~e~ . ~~al-~o~~~- -
5 

I' ment, JlN requirement 

I . -... - '"• -·---. . . . . . -. -- . . ---- -· . ·-. . t .... 
Raw mate.r:ial storage with ' 
grinding departmellt 

· Reductants grindi.I:.g dep~t­
ment 

Feed preparation room 
i 

. Alloy production a.:id fur::.ace 
:room 

0.33 

0.45 

19.28 

1.25 

1.0 

!Gas cleaning plant 

\water recycle tmit 

: Compre:::sor station 

~ . . - . - . 

I 0.75 

I Total: 
·· ---·-r--23-.36 ---

6.6. Estimated costs 

n:ln.k:W-hr 

1.05 

1.15 

1.6 

138.85 

9.0 

163.65 

1>J:l estima.ted cost of the :::)U construction is determined on 

the basis of calculations c~ried out in accordance with the 

Initial datia, which have bee:i prepared by a group of experts of 

V.At:I Institute of t:inist~y for non-ferrous metallurgy, of the USSR 

in collaboration with IE.E, the pror10ter of the project. 

6.6.1. Tecbnoloey cost 

The cost of know-how of Soviet side was deterrd.ned in awunt 

of Rs. 2.0 zrJ.n. Taking L~to co~sideration the tax on know-how in 

amolmt of 40% of its cost the total sum of capital costs for 

technology acquisition c:..akes Rs. 2.8 mln. 

---1 
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6.6.2. Equipment cost 

Capital costs for acquisition and erection of the equipment 

include the following cost items: equipment and materials, erec­

tion works, a primary stock of spare parts. Taking into accotm.t 

that tLe unit l.m.der consideration is of an experimental-demonstra­

tion type, a custom duty on the imported ec;_uipment is not included. 

;p the prese!lt estimate the equipt:ent is classified into the 

following 'liy?es: 

6.6.2.1. Production equipment inc:ud.il:.g the major process 

equipment, handling equipment, electrical e:;,uipment, instrw:enta­

tion and automation (controls), equip~ent for the main process 

operations a:id other u::ii ts and machir:.e:-y. 

6.6.2.2. Auxiliary equipment inclt:.::..ing the electric power 

--' ~qt.:ip~ent, ccc:pressor station eqt.tlp~e:it, l~~oratory, cor.:::::unication 

G.:ld signaling equip~e!l.t, in-plant sc..:litary e!.l{;ineering equipment, 

•ater st..11.:ply and sewerage systems equi:t:oent and other types of the 

auxiliary eqt:.ipment. 

For calculations of the capital costs of the equipment the 

costs of the equipment, materials and erection are adopted as 

follows: 

- for the equipment and materials supplied from the USSR - in 

accordance with V/O Tsvetmetpromexport data; 

- for the equipmer.t and materials supplied by the Indian side 

(ventilation equipment, p~s, process steel structures, pipes and 

valves of cast iron) the initial data of the OSCOM site were used. 

4ll The primary stock of spare parts (4% of the equipment cost), as 

well as the cost of erection works are calculated in accordance 

with the initial data. A sur:-®ary estioa.te of the capital costs of 
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the equipment is given in Schedule 6.1. 

Production costs of the maintenance s.x:i c~re:it repair of 

the equipment are assumed as a percentage o~ -:.he eqd.pment cost 

and included into the unit's overhead costs (~!::apter 7). 

6.6.3. Cost of buildings, structures ~::. other civil wo::.-ks 

The following cost items are include<:. in a!l. e~t:.mate of the 

civil engineering works: 

- site preparation and develop~ent - levelli.I:.g; 

- buildings and special civil works - :c::.struct:.on of buil-

dings and structures, special civil works i::s~de t~::..dings and 

structures: equipr:..ent foundations, air ct ,,, ... ·..,e=s, fits and trenches, 

lining with refractory bricks, heat insul:. :-"" ... ~ wo=l:~. 

An estimate of the civil ensineering w:!'::.:s was calculated 

on the basis of conservative figures for ~i.:"'~ -:i ties of civil 

works, building structural coi::ponents and t~~e of wc:ks c~ar~~­

work, foundations, roofings, frameworks e~c.) a;id was calcul~ted 

in accordance with order of magnitude uni~ ra~es of civil enDine­

ering works assUDed in Initial data. 

A smnmary estimate of the capital costs =or cor.ztructing 

the EDU' s buildings and structures is giv-en i:: Sche::.::Ie 6.2. 

In accordance with initial data the a'"'" u."'l expe.:J.di tures on 

maintenance and repair of buildings and st1 :.ic tu= es a:'e assw::led 

as the percentage of the total cost of civil eL[inec!'ing works 

and this cost has been incluied in com.pas:. t:.o:i of t!:e unit's 

overhead cost (Chapter 7). 

A township to be provided for the ED~'s ¥erscn::el with a 

total estimated cost of Rs,4.3 mln. This fisc=e was arrived at 

in a sii:r.ilar way for the figure of a townstip for tt.e OSC01~' s 

personnel. 

I 
I 
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In a financial analysis of the project apart from the initial 

capital investment an additional expenditure is included covering 

construction of the gas cleaning plant (Rs. 31.2 Itln.). This 

expenditure to be effected after the EDU has reached its total 

annual capacity. 

Schedule 6.1 

·-----·-·· -- . 
Estima:te o:f investment costs 

------------------ --··- -- -----·---···- --·- ···----- - ----------
Equipl:lent 

- . -- - - ·- -

Project: EDU 

Ser. Description 
No. 

, foreign 
! 
i 
~ 

1 Raw materials storage 
1 

4.882 

2 

3 

4 

5 

6 

7 

8 

9 

Raw material grinding 
dep al.' tDe:::i t 

Feed preparation room 

Alloy production and 
flll'Ilace room 

Power s•rpply 

Cocpre3sor station 

Water supply and 
sewerage networks 

.Lighting 

Total: 

,Erection 
' 

Total, including 
erection 

, 1.861 

I- 8.419 

i 63,166 
I 

i 
I 13.254 
I : 1.247 

I 125 I 225 

I 94.543 
l 
! 

. , 
I 94.543 

I 

• 
! 
i 

I 
• ' •' 

I 

.. -
Costs, Rs.thous. 

-

including 
supplies 
from third 
countries 

2.002 

2.002 

.. 

local Total 

455 5.337 

421 2.282 

1.512 9.93i 

1.148 64.314 

23 13.277 

92 1.339 

730 855 

2 227 

6. 650 101.193 

11.697 11.697 
. .,. .... -- fl•·-·-- ...... - ..... 
I 

2.002 18.347 112.8<)) 

• • - ..,. • • ..-< • •• .- "" --'• •r • ' ,•-o;•'I' ,,·· • o • - ••" 
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Schedule 6.2 

__ _,._ ____________________________ -----·-- ···---- .. 

Estimate of investment costs 
--

Civil engineering work; 
----·---------·-··- ------------------------ ..... ~. --~---- ··-

Project: EDU 

Ser. I no 
l 

Description Costs, Rs.thous. 

Foreigu Local Total I 
i 

I i I ... • l i 

' 1 Levelling 
! 

2,620 2,620 
i 

2 Buildin,GS and structures 

2.1 • Raw material storage 2,821 2,821 

2.2 Raw material grinding 
departmer.. t 755 755 

2.3 Feed preparation room 5,486 5,486 

' 2.4 Alloy production and flll'naces l 
f , room 

I 2.5 Pnew:i.atic conveyor trestle 
I with conveyor eallery 
I 

.30,850 30,850 

1,388 1,388 
I 

i 
' 

2.6 Fower supply 694 694 

2.7 Compressor house 285 285 

2.8 Motor roads 1.224 1,224 

2.9 Water recycle tmit 846 846 

I 2.10 ; Water surply and sewerage 
J ! networks 

~ 2.11 i Site development and 
I : lighting 
I I I 1 s~~:~~t;.J., item 2• 

I ~--······-

634 634 

96 96 

.... ! -·-
45,079 45 ,079 ! 

' ' .. ' ...... ··- •.. -- .... .,..,. ·- --~-- ... 

I 3 Township 4,290 4,29J 

4' • r--•·-·-,-· _. _ _.. _.._ __ ,_. . 

Total: 51,989 51, 989 

--------------- --·--··--------~---- ···-· ~-----·-----··-···· ...... . 
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7. EDP S STATUS, OVERHEAD AND OTHER COSTS 

7.1. EJU's status 

As has been mentioned above, the EDU to ce located in the 

vicinity of the smelter being built. It was as.:::.u:.ed that the EDU 

will be a pa.rt of the aluminium project, froi:. c.=. o=~a::izational 

point of ~iew. It is also assumed that in the :=c.:::.e~ork of the 

smelter tee ar=anceme~ts will be made for ma::..::..~-: tie LDU, for the 

runni.!lg a..::.d Iil.8.jor repairs of the equipnen t, t-.:.:..1-=; ncs a;J.d structures 

as we:l as for an external transport service. 

T".:.e main structural process unit of the D:- is the alloy 

p=oduct:on a:id furnace room. The production u:::t~ ~=o-vidinb the 

process r:ee::.s are as follows: the raw material storq;e with the 

~ reduc~a:.ts £~i::d.ing dcpartc~~t, the co~presscr s~~t:c~, the water 

recyc~e u::it, the power supply facilities. 

T~e e:J..."?end.itures formed as a result of t::.e ::c.";e=ials and 

power used in the above units, are included i::..~o ~~e ?reduction 

costs a:.i are deter:ir:ined by the correspond.ins c~lct::ations in 

section 4. 

7.2 Overbead operating costs 

T~e o~erhead operating costs include the ~cllowi..~g: 

- costs =or the maintenance, running repai..r e.::d servicing the 

builc..ings and. structures at 0.5% of their cost, the same for the 

equipce:.t-at 2.5% of the total equipment costs, c..ccorC.ing to tb.e 

Initial data; 

- costs of the wat;es and salaries of tl:e nc:i-;roducti ve 

workers, e:::isineers and technicians, clerical s~~f and servicing 

perso:::.n.el are in accordance with a calculation G~Ve.::l in section 8 

(manpowt:r); 

-1 
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- miscellaneous costs (lighting, ventilation, air condition­

ing, drinking wate~) at 0.5% of the overhead costs; 

- indirect costs, sales expenses deter~ibled in section 3. 

For a sumnary estimate of the overhead operating costs for 

the EDU see Schedule 7.1. 

7.3. Depreciation 

When calculat~~g the total production cost of the rr 0~ufacture 

of .Al-Si alloys for a financial-economic evaluation of this 

project (section 1C) the depreciation and financial charges 

(pay~ent of an intc=est for the loans for financing the construc­

tion) are added to tte operating costs. 

A depreciatio~ rate is deterrdned on the basis of the 

following rates as2::..r:ed from the Initial data: 

- eqt:ipment - 10% 

- buildings a=.d structure·s - 3% 

- preliminary expenses - 10% 

When deterrri.n:..:ig the depreciation, the capitalized interests, 

as well as a cost cf the township and the current assets were not 

taken into account. 

7. 4. Income tc.x 

kn income tax is taken to be 57.75% of the taxed profit 

(55% - tr~ income tax + 5% surcharge of the income tax were taken 

according to the Ir..itial data). 

If the first operating years cive losses, the tax to be 

paid after the losses ~ave been covered. 



V\..' 

Estimate of production costs 

Overhead and operating costs 

Projecii: EDU 

Ser.Value 
No. 

1 

1.1 2.5 

1.2 c.5 

2 

2.1 

2.2 

2.3 

:2.4 
I 

' } 

4 

0.5 

Unit of 
measure 

Perr.entage of 
equipment cost 

Percentage of 
buildings and 
structures 
cost 

Percentage of 
items 1 and 2 

Description 

Maintenance, current repair and 
servici""g 

Equipment 

Buildings and structures 

Sub-total, item 1 

Wages and salaries 

Non-productive workers 

:Ell.gineers and technicians 

Clerical staff 

Servicing personnel 

----- ·~ .. ·- -· - ---
Sub-tot~l, item 2 

Miscellaneous unit's costs 

----·· ·--·-·------·- ____ .,_ ·-- -· . -
Sub-total, \mi t'.s overhead 
costs 

InCJ.rect costs 

Total: 

Schedule 7.1 

,. 

Local 
costs 

Amount 

Rs.thous. 112,890 

do 

Rs. thous. 

do 

do 

do 

45 ,079 

Rs.thous. 4,453 

i 
Rs. thous.' -

·-' 

Costs, Rs. thous. 

foreign local 

2,822 

225 

3,047 

773 

521 

34 

78 

1~406 

22 

4,475 

16.228 

20. 703 

total 

2,822 

225 

3,047 

773 

521 

34 

78 

1 ,406 

22 

4,475 

16.228 

20.703 
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8. MANPOWER 

Based on the composition of the EDU units and the regime of 

operation of major process e~uipment the total nomber of producti~ 

on personnel was estimated of 240 persons, including: 

- direct production workers - 154 persons 

- indirect labour - 53 persons 

- engineers, technicals and of~icc eteff - 27 persons 

- maintenance staff - 6 perso~s. 

~he waGes c..nd salaries costs were esti~&ted on the basis of 

average monthly wages by categories of labour assumed as per the 

earlier Feasibility Report end the projected nomber of workers. 

The cost esti.111ate is given in Schedule 8-1. 

P?..ODUC~ION COSTS 
WAGES AIID SALARIES 

UKIT: I:DU 

Schedule 8-1 

- ---- ..... -- --~ ...... - ~ .. ~ .. , ·- ~--·· .., ~·- ,~-·· ~-- ~--- ir.·--··-·- ·-
SN ' Labour category No Of Average .Annual ~llowances, 'Total 

wor- x:::or:~hly wage insurance, costs, 
kers ?."age,Rs fund, frinee benefitsRs. 

Rs. ~percen~ amount,thous 
thous. te.ge,% :rts.tho-

I 
us. __ ..,_ -- -· -- - '· --·-··------------·-· --- -------

1 Djrect production 
workers 154 750 1404 60 842 2246 

2 Indirect labour 53 760 483 60 290 773 

TOTAL Of worl:ers 2Cf{ 1.837 ~132 3019 

J Engineers and tech-
nicia.ns 25 1240 372 40 149 521 

4 . Office staff· 2 875 21 60 13 34 

5 Maintenance personnel 6 680 49 60 29 78 
~·· 

TOTAL 240 2329 1 y1 3652 
·----·-· --------

--1 
1 
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9. PROJECT IMPLEXENTATIOB 

9.1. Programme and EDU project implementation schedule 

To evaluate the EDU project the following progra:::me of EDU 

project implen:entation was selected for calc~latioI:S: 

- before the beginning of construction - :he geo:ec~nical 

s1.~rvey,site development, preparing the basic engineering for 

process p~rt 'cf the design and d~tailed engineering for ot~er 

EDU units, issuing ordering specifications; 

- before the start-up of production-constr~ction activities 

for two years; 

- supply end erection of the e~uipment for 1.5 years s:arting 

from the last quarter of the first year of construction; 

- putting into operation the production facilit~es in the 

• thir~ year after staYting construction co~p~ising c~e ~lectric-

• 

arc reduction furnace; 

- start proQucing finished products also from the third year 

and reaching a full design ce.pacity of the ::::LU in t!:l.e fifth year 

from the beginning of construction. 

'ihe project imple~entation schedule prepared in cor.far=:.ity 

with thiR programme is civen at the end of the che.p~er. 

9.2. Evaluation of EDU location variants 

Additionally the alterne.tive variant of construction of analo­

gue unit producing aluminium - silicon alloy in rebion of opera­

ting aluminium smelter in Hirakud was considered. This variant 

was evaluated by transport charges for re.w mate:r·iels as co::pared 

with the site in Talcher region. 

-1 
I 
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The comparative calculation given below was carried out l laing 

• on initial data on cost of transport charges (Rs.0.4 per 1 t/km) 

and the sources of sup~ly of raw materinls and major materials. 

-----------·---·-- ----------

1. 

2. 

J. 

4. 

5. 

6. 

1. 

a. 
9. 

Description of 
raw material 

Sillimanite con-
centra.te 

Kaolin 

Coal 

Petroleum coke 

Quartzite 

f..aolin, salts 

l-..lumina 

Electrode paste 

Puel oil 

Source of 
supply 

Chatrapur, 
(Orissa State) 

Trive.ndram 
(Kerala State) 

Ta.lcher 

BE;.ral.llli( Assam 
State) 

Orissa State 

Bombay 

Kara put 

Bhubaneshwar 

Vizaghapatnam 

f Variants 
;- Talcher region Hirakud region -

site site 

~uanti- amount, 
ties to Rs. 
be trans-
ported, 
thous. 
t/km 

)406 1362 

5906 2)62 

10717 4287 

533 21.3 

1189 476 

2009 804 

108 43 

2072 829 

quanti- ·amount 
ties to Rs.000 
be trans­
ported, 
thous. 
t/km 

7379 2952 

5618 2247 

1)96 558 

8355 3342 

1154 462 

835 "l)A 
.,I "T 

1865 746 

216 86 

1554 622 

10. Liquid elumi- Localy avai-
nium lab le 

---,.~ 

TOTAL 10J76 11349 

As it can be seen from the above calculation the EDU location 

at Hir~kud sita (with other conditions equal) determines the 

+ increase of operating costs at the expence of transport charges 

for raw materials by Rs. 973,000 per year or the respective dee-
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rease of the profit resulting in decrease of to~al profitability 

• of EDU at this site by 0.5%. 

9.J. Cost Estimate for Project IJJplementation 

The project implementation costs formed at the stages of 

co~struction preparation, com.~issioningand reaching the desic;n 

capacity were detennined according to "Initial data". 

A composition and volume of the costs are as follows: 

- port charges, transport charges to the site, insu..re.nc.e are 

incl~ded in Emount of 5% of imported equipment costs; 

- works ·rec.uired for construction incluC..ing te::ipo!"e.ry buil­

dings and structures - 3% of the civil and erection works' 

costs; 

- engineering works - 2o5% of the construction cost; 

- start-up and com:iissioning operations - Rs. 910 thous.accord 

ing to Supplier's estimate; 

- administrative recruitment build-up, hiring and training 

the personnel, contracts on supplies e.nd products' shipping -

Rs. 1 thous/year per one expert; 

- training the Indian experts in the USSR s.nd accomoaation 

to th~ Soviet experts deputied to India for cor.str~ction and 

erection supervision, starting-up and commissioning works during 

an initial period and performance guarantee tests - at the rate 

C1f Rs. 740 thous. and Rs )8)0 thous., respectively, was determined 

by the Soviet side. An income tax for services of the Soviet 

experts is assumed to be 40% of the foreign currency component 

for ::-emuneration oft he Soviet experts; 

- accomodation of the management of the plant under construc­

tion - at O.J% of the construction costs; 
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- control and coordination - at 1.5% of the construction 

cost. 

Besides, the estimate includes contingencies at 10% of all 

the costs but cost of colony and of a part of the equipment in 

the alloy production & furnace rJom to be bought by the Indian 

side in the third countries. 

In the estimates the preliminary period costs to be written­

off during the construction period. 

A summary list of the project imple~entation costs is given 

in Schedule 9-1. 

Sc~edule 9-1 

Estimate of investment -i:os-rs·- ------~·---- ---------·-- · ---·-··· · 
--PI-o3e-ctimP-iementation _______________________________ _ 

---lroJecttitie-- :..- Eriu··--------------- -------- ··------·-· -----

Ser. 
No. 

, --, 
2 

3 

4 

5 

6 

7 

8 

Q-ty Unit Description 
caa·:rs-~- ·Rs~---thou:s:-· ---· 

-f-ore~- I indige-! total 
ign ; nous ! 

2. - ·•· ~--- -·- -·---3-··-------------4· ----
. Port charges, transport, 

s --- 6 ----r-
· insurance 

Works required for const­
ruction, including tempo­
rary buildings e.nd str~c­
t urt::s 

Engine eri.ng 1586 

Start-up end commissioning -

Administrative rccruitl!l~nt 
build-up,hiring and train-
ing the peracnnel 

! 
'Know-how 2000 
I 

I 
Tax on know-how 

I 

: ·Training Indian experts 
· in the Soviet Union 

955 

4621 4627 

1782 

2379 

910 

5 

800 

785 

1782 

3~65 

910 

5 
2000 

800 

1740 

-1 
I 
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4 

Accomodation of Soviet ex­
perts deputied to India 
for construction and erec­
tion supervision, start-up 
s.nd commissioning during 
early operations and per­
formance .guerent ee tests, 
collection of initial da-

5 

ta for detailed engineeri::g ~767 

Income taY.es for services 
of Soviet experts 

Control, coordination, 
start-up & co:r.missioning 

Contingencies .!.5L6 

6 

1063 

1107 

2409 

2825 

7 

3830 

. 1107 

2409 

7671 

- -----~--~-----

TOTAL 30846 

---------

In present chapter the analysis of E:u p~ojec~ is presented. 

The analysis is based on unit's full ceps.c:ty (production of 

28,200 tpy of alumini~-silicon alloys). 

The expenditureson construction and cpe:-e..:ion of the plant 

were calculated at price level of 1982,up-~a:ed in June 1983 in 

Orissa State government without, taking iLto ~~cour.t the escala­

tion. The foreign component of investment co~ts ws.s determined 

on rupee equivalent of 1 rouble = 10 rupees ~n accordance with 

agreement bi:.-tween USSR and lndia for cons tr~:: tion of industrial 

projects. 

The analysis includes: 

- calculation of cash-flow starting froo the :irst year of 

construction of EDU; 
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- calculation of profits e.nd losses by years of operation; 

- calculation of projected balance sheet for all per-iod of 

construction and operation; 

- calculation of internal rate of return based on dete1mina-

tion of net present velue of EDU construction project; 

- calculation of total profitability, including detennina­

tion of simple rate of return on investment and e~uity capital; 

- calculation of invest~ent pay-back period; 

- determi:ie.tion of break-even level of operation; 

- sensitivity analysis. 

Economic evaluation cor.sists in su.rm..iarized determination of 

requirements in capital investment costs, working capital, total 

current assets, production coi::~s a .. 1d sources of finance. The eva-

luation is based on determined capital investments in construe-

tion of buildings and civil work, site preparation, acquisition 

and erection of equi~ent, pre-production expenditures, materials 

and utility inputs, ma.npower, other overheads, as well as on data 

on financing, depreciation, te.x regulations etc. 

10.1. Total ir~estment costs 

Total investment costs in LDU construction, dete!'!niued by 

su."Ill'Jlarizing of fixed ce.pi tel (initial investments and pre-j)ro­

duction capital costs) and current assets, make Rs. 212.8 mln, 

including initial investment of Rs. 172.3 mln, pre-p~oduction 

costs of rts. 23.4 mln. and cur=ent assets of Rs. 17.1 mln. 

Besides, the calculations include the additional capital in­

vestment for gas cleaning unit in amount of Rs. )1 .2 rnln. In this 

connection the total investgent costs amount to Rs. 244.0 mln. 

I 
I 
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The investment costs and their break-down by years are su.rn::::ia-

riesed in Schedules 10-5 and·10-6. 

10.1.1. Fixed assets 

As indicated fixed assets comprise iI:.itial investments and 

pre-p~oduction capital costs. 

Fixed assets in amount of Rs. 195.7 mln are determined on 

the basis of calculations of inves:raent costs by cost items pre­

sented in chapters 6 end 9. 

These cost comprises: 

- site preparetion and development - Rs. 2620 thous. 

- buildings ar~d structures, - Rs. 49369 thou& 

including housing colony - Rs. 4290 tthous. 

- technolOGY (know-how incl~tax) - Rs. 2800 thous. 

- equip:nent - Rs. 105820 thouso 

incl. indigenous - Rs. 6650 thous. 

supplied from the U .S SR - Rs. 97168 thous. 

purchased in third countries - rls. 2002 thous. 

- equipment erection - Rs. 11697 thous. 

- pre-production costs - Rs. 2341Y thous. 

TO:rAL - Rs. 195725 thous. 

While determining the equipment cost the port and transport 

charges for delivery of imported equip::ient to the jobsite, are 

also included additionally in amount of Rs. 4627 thous. 

The fi:;:ed capital investment by cost items are given in Schec::­

le 10-1, and their break-down by years of construction - in Sche­

dule 10-2*. 
------------------• The Schedules of this section are given in Ule end of this 
. Chapter 

I 
·1 



10.1.2. Working capital 

Net.working ~apital. defined as required current assets minus 

current liabilities, comprise inventories (raw materials, auxili­

ary materials and supplies, finished product), cost of alloys 

sent but not paid by Clients iccounts receivable) and cash. 

Calculation of total amount of current assets and re~uire­

ments in working capital is based on technological data on amount 

of inventories of raw materials and supplies expressed in deys 

and their costs in accordance with Estimate of annual operating 

costs, which is determined in its turn on the basis of production 

costs, ennumerated in Chapters 3,4 and 7 end summarized in 

Schedule 10-3. 

Inventory of finished product is calculated basing on opera­

ting costs, net of sales cost, in a:nount of one week teJ:ing into 

account the analysis of existing alloy supply period. 

In accordance with UNIDO guidelines the sales of finished 

products and acquisition of meterials is asstL~ed by deferred 

payments (for the calculations the accounts payable &re assumed 

for 7 days, The receivables (debtors) are determined on the 

basis of operating costs, end accounts payable (current liabili­

ties) - on the basis of raw materials, production and auxiliary 

materials. 

Cash-in-hand is determined in amount ensuring two week sala­

ries and wages to be paid and overheads to be covered. 

Calculation of working capital requirements is provided in 

Schedule 10-4. 

10.2. Project Financing 

The equity capital of the government and loaned assets in 
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ratio 1:2 are assumed as the sources of financing of experimen­

tal demonstration unit construction (excludings the expenditures 

on housing colony construction, to be financed by the equity 

capital). The part of loan to cover the imported equipment sup­

ply and Soviet technology (Rs. 94.5 mln) is to be financed by 

Supplier's credit. The remaining portion of loan to be covered 

by long-term national loan. 

65% of total requirement for working capital are covered by 

short-tenn loan at 18.5% of annual interest rate. The balanced 

35% of working capital are capitalised end fine.need with the 

same terms as the fixed capital. 

As said above the pa.rt of requirement in current assets is 

included in fonn of current liabilities. 

10.2.1. Equity Capital 

The EDU construction financing is assumed initially by go­

verDment equities. Basing on above ratio the equity capital 

amount to Rs. 63.a mln. 

Taking into accot'·.,t the housing colony cost and the port ion 

of working cs.pi tal, the total aooun"tt of assets to be f i-

nanced by government equities makes Rs. 6~.7 mln. 

10.2.2. Long-term National Loan 

Amount of long-term national loan is Rs. 36.4 mln. 

The loan is·spplicable with 12.5% of interest rate under condi­

tion of loan repayment by equal installements for the period of 

10 years startine from the next year after plant co::nrnissioning. 

Interest ch~rged on loan in costruction period is added to 

loan and is repaid together with initial loan sum. 
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10.2.3. Supplier' credit 

Supplier's credit is determined in amount of Rs. 94.5 mln 

(or 44.4% of total amount of current assets E.!ld fixed capital) 

is assumed ~ith 4% interest rate end repayment by equal instal­

lements for 10 years starting from the naxt year after plant 

commissioning. 

Capitalized interest on credit in calcule~ions is consicered 

in total e.mount of credit a.nd repaid in pr::.rio:! of credit =epay­

ment on the sa.r:J.e terms. 

Credit is given under seps.rate agreement =etween competent 

organizations of Supplier and the Indian side. 

~hile determining the credit amount the cost of imported e~ui­

pment ~•as .assumed i:c. Ctilc~aticns ri tb.out cor...sidering the purcha­

ses from third countries to be effected by I~~ian side. 

10.2.4. Leen on worki~g capital 

Funds for working capital at 65% of total requirement (Rs. 

9.1 mln) are to be obtained in form of short-term loan at 18.5% 

of interest rate. This loan is not to be repcid, but at the 

end of plant designed ope~ation period the los.n is considered 

in its selvage v&lue. 

The financing of total re~uirernents in fU.~ds by sources and 

the break-down of financing by years are stln1!:.arized in Schedules 

1C-7, 10-8. 

10.2.5. ~eriod of operation 

To analyse the cash iI:flow (in fonn of soarces of finance 

and sales revenue) and c~sh outflow (investment costs, production 

costs etc.) the ple.nt operation pe~iod is ass:.uned for 15 years. 
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At the end of tr.is period the salvage value (housing colony + 

working capital+cost of fixed capital net of depreciation) is 

considered. 

10.J. Total production costs 

Production costs were dete:inined on the basis of Estimate 

of annual operating costs, calcu~~tion of depreciEtion and inte-
. 

rest in period of construction calculated as total annual sum 

of alloys production costs for the total period of EDU operation. 

Production costs are shown by major cost items in ag~egated form 

with their break-down ty years of operation in Schedule 10-9. 

10.4. Fina~cial Evaluation 

~o evaluate financially the impleoentation of construction 
.L 

of experimental-de~on::;tra ti on ur:.i t the calcula t icns of cash-flow, 

of net inco~e statement (prvfits and losses), projected oale.nce 

sheet by ye~rs of operation for 15 years were worked out. 

The financial E-!lalysis is based on the fallowing ba·3ic prices: 

1) price of aluminium-silicon al).oy - Rs.2),000/t; 

2) price Of aluminium - Re. 19 ,600/t 

3) price Of power - Rs. 371 /1 COO kV.h 

4) price of fuel oil - Rs. 371/1COO k~H 

The cal1;ulation of viability of the EDU project include the de 

termination of the internal ra+es of return on investment and 

equities, of the pay-back period end break-even points. 

The financial analysis is worked out using the computer prog­

rammes de~elop~d by VAN.I Institute. The computer printing of fi­

ne..'lcia.l analysis results with besic prices includes the following 

ce.lcula.tio:::s. 
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1. Cash-flow for financial planning (Schedule 10-10) 

2. Net income statement (Schedule 10-11) 

J. Projected balance sheet (Schedule 10-12) 

4. Calculation of internal rate of return lSchedule 10-13) 

The profitability of EDU project based on basic prices is 

characterised by following indicators: 

int~~nel rate of return on invest~ent - 24.8% 

•· inte::."Il.al rate of return on e~ui ties - 23. 9% 

pay-back period - 5 years 

- break-even point - 46.4%. 

10.4.1.1. Internal rate of return 

The internal rate of return represents the profitability 

factor at which the total v~lue of projected receipts is e~ual 

to the amount of the current investment, or put enother way, 

when the net present value is e~ual to zero. The internal rate 

of return was calculated by discounting obtained values thrvugho­

ut the time to their present value. 

Calculated in such a way on the basis of dat~ provided in 

Schedule 10-13 of net income,the internal rates of return on 

e~uities and the total invested capital make 23.9% and 24.8% 

respectively. 

10.4.1.2. Simple ra:e of return 

Simple rate of return characterised by the ratio of net i~come 

versus e~uity capital is calculated for each year of ED~ ope-

rating period. The values of simple re.te of return are given in 

Schedule 10-12 Net income Statement (Profits and losses). Additi-

one.lly the ratio of se.les revenues to net income is t3h.own by yea.rs 
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of operating period. 

10.4.1.3. Pay-back period 

fhe pay-back period Of 5 years after the beginning of unit 

operation was determined by period required to recuperate the 

initial in~est~ent outlay tLl'ough the profits earned by the pro­

ject after tax. For pay-back period determination intere&t and 

depreciation were adQed to ~et profit. 

Graphical determination of pay-back period is shown at the 

end of the chapter. 

10.4.2. Ereak-even point 

The break-even point de:e:rmines the level of capacity utili­

sation, when the break-even operation would be reached or in 

other tenns t~€: sales rever.:..:.es v.ould be ec;ual to pr'Jduc ti on costs. 

Such an operation is ins:..;.red through 46.4% of the arc reduc -

tion furnace capacity utilisation (in physical ~uentities tbis va~ 

lue is e~ual to 4,430 t of primary refined alloy). 

The minimum '1UB.ntity of com::iercial Al-Si alloys produced at 

this level is determined at 1),100 tpy (with basic price level). 

Graphical determination of break-even point is bhonn et the 

end of the chapter. 

For determination of break-even point the am:ual financing 

costs and depreciation were included in fixed costs as average 

annual value for the total estimated operating pe~iod. 

10.4.3. Sensitivity analysis 

The sensitivity analysis includes the study of influence of: 

- price of alloys, 
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- price of aluminium, 

- price of power, 

- price of fuel oil 

on internal rate of return and break-even point. 

For each price of alloys and fuel oil the sensitivity analy­

sis was worked out to determine the influence on aluminium and po­

wer prices. The impact of each of these parameters is shown in 

Schedule 10-14 "Sensitivity Analysis" at the end of the chapter 

(For the variants which are not viable the internal rate or re­

turn has a symbol 777.7). 

Influence of alloy prices 

The alloy prices were considered within the range of Rs.21,COO 

to 27,000 per 1 tonne with an interval of Rs. 1000. The diviation 

from the basic price level (Rs. 23,00C/t) makes - 9% to +17%. 

Th~ analysis shows that the project can be viable even with 

the minimum level of alloy price, but the price of aluminium used 

has ~ot to exceed the level of Rs. 18,000-18,500 per 1 tonne. 

Influence of aluminium prices 

The aluminium prices were considered within the range of 

Rs. 17,000 to 22,000 per 1 tonne (with deviation from basic level 

Of ±13%) • 

Its impact on viability level is significant which is condi­

tionned by the high cost component of aluminium in total e.moUrlt 

of operating costs (70%). The tendency prevailing at pr~sent at 

the world market to decrease the price of metal (con~idere.bly 

lower the minimum level assumed for calculations) ensures the 

economic viability oft e project. 
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Influence of power prices 

The power price was studied within the range of Rs. 371 (basic 

price) to Rs. 500 per 1000 kwH (+35% from basic variant). 

The e.nalysis shows that the project as a whole re:na.ins viable 

even with the price of power of Rs. 500/1000 kwH, but the alumi­

nium price has not to exceed Rs. 20,000 per 1 tonne. 

I.nfluence of fuel oil prices 

The fuel cost makes less than 2% out of·thetctal a.mount of 

operating costs, thus the variation of fuel oil prices doesn't 

iI!fluence significantly the viability of the project. For the 

in~rease of fuel oil price of +10% assumed in calculations the 

in:ernal rate of return decreases only by 0.4%. 

The total effect of veriebl~s 

The total effect of variables characterises the viability and 

b~eek-even level of the EDU project in best (high alloy prices and 

low prices of materials end utilities used) end worst conditions 

(low alloy prices and high prices of materials end utilities). 

In best conditions the internal rate of return on investment 

increases up to 62.9%, and IRR on e~uities - up to 6J.6%, the 

break-even point reduces down to 17.8% of capacity utilisation 

(or to 1,700 t of prirr.ary refined alloy).With the low price of 

alloys the project viability depends on the cost of aluminium 

used in production of com::iercial aluminium-silicon alloys. With 

the price of metal exceeding Rs. 18,000-18,500 per 1 tonne the 

production of commercial Al-Si alloys is not viable, but the 

project as a whole is viable for the production of primary re­

fined alloy, as the influence of other variable costs on the 



• rate of return is less important as compared with aluminium • 

The interconnection of all parameters e.nd their influence on 

internal rate of return (on equities) are illustrated on the diag­

ramme of sensitivity analysis given below at the end of the Chaptez 

10.5. Conclusions 

The financial and economic e7aluation carried out for expe­

rimental demonstration unit located at Talcher Site shows its 

high profitability. As compared with the evaluation of similar 

unit at OS~Cli site, the internal ra~e of return on total invest­

ment as well as on its e~uity portion, for the present project 

in absolute values is higher by 8.5% with the respective re~uc­

tion of b~eak-even operation point (in physical ~uantities of arc 

reduction furnace ca~acity) from 7,270 t to 4,430 t of prima~ 

refined alloy. 

The increase of profita~ility (viability) of EDU construction 

project by more than 40% as compared with its locstic~ at OS80M 

Eite is mainly determined by significant reduction in annual slu­

minium consumption (by more than 1,800 t or by 8%) end by its 

utilisation in li~uid state. 
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Schedule 1 0-1 

Fixed investment costs 
Rs.000 

. -- -- I --- - -- ----------- --- -- --- ------- ----------------
I Item Investment category I Foreign · Local Total 
------· ----------------------------

1 Site preparation and deve­
lopment 

1.1 t Site levelling 

2 Civil works 

2.1 

2.2 

Buildings end structures 

Housing colony 

2620 

45079 

4290 

2620 

45079 

4290 
-------------~---~---- --

Total of buildings e..~d 
structures including 
housing colony 49369 4~369 

3 Technology 

Know-how 2000 20CO 

Tax on know-how 800 800 
- •.. ···-----------------------------

Total of technology 20GO 8000 2800 

4 Production equipment 

5 

Indigenous 

' Supplied from the USSR 

Purchased from third count­
ries 

Port charges, transport, 
insurance 

Erection 

92541 

2002 

6650 6650 

92541 

2002 

4627 4627 

11697 11697 
--------------------------------

Total of productiou equipment 94543 

Pre-production expenditures 
for project implementation 10154 

GIU..ND TOTAL of fixed. ce.pi tal 
investment 106697 

including housing colony 

22974 117517 

13265 23419 
----· -- ·--· -

89028 

4290 

195725 

4290 



... .... -~ ~ . _.. - .. .... - . ,) . 
L.:i.CCO 

Period 
.. - ·-·· -···-- -· ··- -- -·-----·--- - ·---·--------·---------- ::::;te::::·'t ·.:up-;- cli:::.:nl ..:.- ------·---

Const r~c t ion ssioni~g ar.d Total 
operation 

- - -- - -- ·-- -- --- ---- ----- - ·--- ----- -- - . -·---·----------- ----~----------·--·~------

year 
cost 

I 

!'ore- local 
ign 

total 
cost 
categocy -------···--------------

1. Fixed investment costs 

1.1. Site preparation e.n~ de-
velo~ment 

1.2. B~ilaings and structure~ 

1.3. Housing colony 

1.4. Technology 

28455 33332 61787 

2620 2620 

27047 I 27047 

1570 1570 

2000 800 2800 

fore­
ign 

2 J 4 . . -- -- . -·-·--- . ------- --· .. -·-····-·-- ..... ·r. 
local total fore- local total fore- local total 

ign ign 
------- -· _____ ... __ -- ··-·· 

68088 4CC91 1C8179 2340 2340 96543 75463 172JC6 

18032 18G32 

2720 2720 

2620 2620 

45079 45079 

4290 4290 

20CC sec 28CO 

1.5. Production equipment 

1.6. Erection works 

26455 1295 27750 68V88 9982 78070 

9357 9357 

94543 11277 105220 

2340 2)40 - 11697 11697 

2. Pre-p~oduction costs 

2.1. Temporary buildings and 
structures 

3578 6379 

1782 

9957 

1782 

2.2. Design engineering 1586 ' 2379 ; J965 

2.3, Start-up and commissioning 

2.4. Administration staff re­
cruitment, training of 
personnel, provision for 
sales and supplies, ma­
nagement costs, con~rol 
and coordination 

-

440 

2.5. ~raining of Indian spe­
cialists in the USSR 425 360 

2.6. Accomodation of Soviet 
experts dispatched to In­
dia for designer and erect­
ion supervision, start-up 
and com:::iissioning, tax on 
services of Soviet exterts 230 207 

2.7. Contingencies 1337 1211 

TO:AL of items 1 and 2 3£'.033 39711 

I -

440 

785 

437 

2548 

71744 

5652 4j20 10172 

530 

1657 

3465 

1344 1344 

425 955 

1300 2957 

1451 4'j16 

924 2J66 3290 10154 13265 23419 

910 910 

630 63C 

1782 1782 

1586 2379 3':165 

910 910 

2414 2414 

955 785 17 40 

880 663 

44 163 

1543 2767 2170 4~37 

207 4846 2825 7671 

73740 4.!611 118351 924 47C6 5630 1C6697 89028 195725 
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Schedule 10-3 

Estimate of annual operating costs 
Rs.000 

Period 

Year J 4 5-th and 
others 

_._____ ________ ---·· 

Production programr:ie. 
% 

Category 

; 1. Raw materials 

1.1. Sillimanite concentrate 

1.2. Kaolin 

1.3. Alumina 

1.4. ~uartzite 

1.5. Coal 

1.6. Petroleum coke 

1.7. Binder-molasses 

1.8. Zlectrode paste 

2. Electrolytic alttninium 

3. Master alleys 

40 

28353 

4541 

2535 

3614 

142 

60 

42529 

6812 

38GJ 

5420 

213 

931 1.396 

13829 20743 

168 : 25.3 

2593 . 3889 
l 

154770 i 232154 
I 

; 9613 
i 

6408 
I 

100 

70882 

11353 

6338 

9034 

355 

2327 

34572 

421 

6482 

386924 

16 021 

4. Auxiliary end other materials 1378 '. 2090 3469 

27566 ! 41348 68913 5. Utilities 
I 

5.1. Electric power 21~40 ! 32911 54851 

5.2. Fuel 4144 I 6215 1035a 

5.3. Others l 1482 _I 2_2_2_2 __ ,___2_7_04_ 

Total ~~f ifti :~ial; -a-;;d ___ . --: ~~4 75-r 3277 34 

6. Wages of direct manpower 2246 i 2246 
I 

7. Factory overhead costs 4475 I 4475 

546209 

2246 

4475 



• 
Period 

Year 

Category 

- 102 

Start-up and com­
missioning 

-----... ··:..----- ---
J 4 

Full capa­
city ope­
ration 

, 5-th and 
others 

---------- ~----------~----------

7.1. Maintenance and repair of 
buildin[s and civil work 

7.2. Maintenance of equipment 
and mechanisms 

7.3. Salaries of managerial e.nd 
services staff end in~irect 
labour 

7.4. Other factory costs 

Total for factory producti-

225 

?.822 

1406 

22 

on costs 225196 

s. Other indirect costs 16228 

8.1. Finished product sales costs 16228 

Total operating costs 241424 

225 

2822 

i406 

22 

334455 

16228 

16228 

350683 

225 

2822 

1406 

22 

552930 

16228 

16228 

569153 
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Schedule 10-4 

Calculation of WOlking capital re~uirements 

Rs.000 

Cost category . -. -. ; ~~;;~~ ! ~~~f: ··st~~-_:~~ -~d Full-ce.paci ty 
'days of ent cornm1ss10Ill.~g , years 
cove- ·of years st~rt7ng: 

1 t n from beginning 
rage · ur - of construction . over ___ .. ____ -· 

. 3 i 4 

' 
5 · 6-th e.m 

follow-
ing years 

---- --------------------------------
Current assets 

1. Accounts receiveble 7 

2. Raw materials, mate• 
rials and finished l 
product 

2.1. Sillimanite con-
centrate 15 

2.2. Kaolin 

2.J • .Alumina 

2.4. Quartzite 

2.5. Coal 

2.6. Petroleum coke 

2.7. Molasses 

2.a. Fuel 

'. 44 
' I 
1 2Y 
I I 32 

I 15 

l 15 
I 

2. 9. !laster alloys end t 
auxiliary ma.teri- ! 

I 
I 
I 
i 

·51 4 I , • 

i 
I 
I 
I 

I 
I 

I 
I 

24 

124.8 

125.7 

!8.2 

I 

12.4 

11.25 

24 
1
24 

els 
1
1 

1
51.4 

2.10. Finished product !7 51.4 
-----··-·---·- .. -- - ·-···-~ .. ----

Totcl for raw materials~ 
meterials and fi-j 
nished product 1-

3. Caeh-in-hend 1·15 
Total for current 

assets 

4 

86 

189 

102 

141 

17 

75 

1229 

7 

173 

152 

4508 

65Y3 

550 

7229 

129 

284 

153 

211 

26 

113 

1844 

11 

259 

228 

6696 

9825 

550 

10504 

218 

473 

256 

352 

I 43 
I 188 

I 3073 

11s 
1432 
I 

\ 

: 379 
l 
i 11013: 

16287 i 
I 

550 I 

17055 

218 

473 

256 

352 

43 

188 

3073 

18 

432 

379 

11073 

16287 

550 

17055 
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,--------- ------ .. - - -

I Cost category 
. 
' 

104 -

Schedule 10-4 (Cont.) 
RsoOOO 

. Inven:- -Cc)ef- -Start~~p and--:~1i=~~p~~ity 
tory, fici- commissioning ! years 
days ot ent of years starting 
cove- turn- from beginning 
rage over of const:ruction _ 

3 4---5-6-th -and.' 
follow-
ing 
years 

----· - ------ ·------- ·-- -· ---- . -· --·------------------- -------
Increase in current 
assets 

4. To be excluded: 

4. 1. Cur·.:-ent liabili­
ties (accounts 
payable) 7 

Total for net working 
capital 

Increase in working 
capital 

1211 

6018 

3275 6551 

1816 )027 

8688 14028 

2670 5340 

----------·------------

0 

3027 

14028 

0 
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Schedule 10-5 

Total investment costs 

Rs.000 

I 

,-Item • Investment category : Foreign 
r---------· ------- ---
: 1 Fixed investment costs 1 96543 
I 
i 

• 1.1. Initial capital investment 96§43 

1.2. Gas-cleaning plant 

2 Pre-production capital 
expenditures 

3 Current assets 

including: 

3.2. 

Working capital 

Current liabilities 
(accounts payable) 

10154 

Loce.1 

106963 

75763 

31200 

13265 

17055 

14028 

3027 

Total 

20J506 

17~306 

31200 

23419 

17055 

14C28 

3027 
-- -· ~- .. ·· __________ .. ,.__,. __ -· 

TOTAL investment costs 1066 'j1 137283 243980 

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

-1 
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Break-down of total investment costs by 

·- . ---- -·· ----· -------------~-----------
Period 
Year 

C o n s t r u c t 
! 2 3 I 4 l - - --------- -- . -- --·-----

Costs 
Caiegory 

1. ]ixed invest-
me:it costs 

1.1. Initial ca-
pital inve-
stment 

1.2. Gas-clean-
ing plant 

2. Pre-producti-
on costs 

J. Current assets 
increase 

including: 

J.1. ~orking ca­
pital 

J.2. Current li­
abilities 

fore­
ign 

28455 

28455 

3578 

iocal t otai-for-e:.:--·tC>-car total ·fore·.:.·-,-· loca] "total ' f or"e-
; ign : · iign l ; ign 
: ' l : 
. . - - l . . 

! : I 
I 

33332 61787 68088 40091 lO&i/~ - 2340 2340 

33332 61787 68088 40091 108179 - 2340 12340 

6)79 9957 5652 4520 10172 924 2366 3290 

7229 722':) 

6018 6018 

.. 1211 1211 

-------~----

TOTAL investment. I 

local 

3275 

2670 

605 

costs ~32033 39711 71744 73740 44611,118351 924 11935 1285~ 3275 

I ; 
~-----··---· ~- -·---~--------·--~·-~-·----·-- ------- ----------- ·------- --·-·-----··· 
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- 106 - Schedule 10-6 

invest~ent costs by years 

Rs.000 

C o n s t r u c t i o n 
~ 

I 4 i 5 6 i Total 
.:. tota1 : r ore= ·1oca1 -rt

1

- otai _,I· f'ore:.. ·1·1ocai-totai· iore-=-_ 1ocaf-to-ta1-f f'ore- · 1<>~ai totw. 
1 ; ign :- ign : . ign . · ign : 

: ! ,. 1 - ---- - ' : . : 
; 

' 

! 
2)40 . 

i -i 
. 3:200 31200. 96543 1069632035Cf 

2340 96543 75763 1723ct 

31200 31200 11200 31200 

3290 10154 13265 2341y 

722~ 3275 3275 6551 6551 17C55 17C55 

~ . 6018 2670 2670 5340 5340 14028 

1211 605 6C5 1211 1211 _027 3027 
-~---· -~~ 

- 1285), 3275 3275 6551 t.;551 ; 31200 31200 106697 1)7283243980 

. - --·---- - ··---- ------ -·-·--···---·..,-·-· 
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So'Ul'ces of financing of initial 
investment costs 

Sources of fi1mnce 

Schedule 10-7 

Rs.COO 

Total Foreign i Local ________________________ ..,___ ________ . 
1 Zquity capital 

1.1 Government equities 

1.2 Margin money (35% of working 
capi:al) 

TOTAL equity capital 

2 Long-ter.n national loan 
(12.5% rate Of intere3t) 

3 Short-ter:n loa:i on working 
capital (18.5% rate of interest) 

• 4 SUp;lier's credit 

including 

4.1 Equipment supply 

4.2 Technology 

5 Current liabilities 

94541 

92541 

20CO 

i 64828 

49i0 

6~738 

36356 

9118 

3027 

64828 

4910 

69738 

36356 

9118 

94541 

92541 

2000 

3027 
.. -···· ·------------------------

TO·rAL 94541 118239 212780 

··-------·----·--------------
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Break-down of financing sources by yea-: 

Period Construction 

Years 1 2 
-----·· ·--··-~-·----···· -·--·--- .- - ... - ·1 - . 

costs fore-'. local total fore- local total 
cost ign ign 
category 

-- ----~--------·-----; 
I 

1. Equity capital l 43289 43289 - 26449 26449 

2. Long-term national 
loan 

J. Short-term loan on 
working capital 

4. supplier's credit 28455 
' 

5. Current liabilities 

25816 25816 

28455 66C86 - 66086 

TOTAL 28455 43289 71744 66086 52265 118351 

SECl\ON 1 

Start-up and commi::::. 

fore­
ign 

3 

local total fc 

10540 10540 

1108 11C8 

1211 1211 

12859 12859 
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inancing sources by years 

Start-up and commissioning 

Schedule 10-8 

Rs.000 

Full capacity 
operation ~'otal 

. -- ··-------------------------·---------- ·---·-·--·--·-. 
3 4 5 

-----. -------------·· 

_ fore- local total fore·~ local total fore- local total fore- local total 
ign ign ign ign 

6-73'J 69738 

10540 10540 36356 36.356 

1108 11CS 2670 2670 5340 5.340 9118 9118 

94541 

1211 1211 6C5 605 1211 1211 JC27 3C27 

12859 12859 3275 3275 6551 6551 94541 11823~ 212730 

··----- -·-- --- - -- ------- - -- - -· ~-~-- ·- -------· --- ··--~· ----·. 
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Production costs 

- ----Per:foci ------ ------~ --Start::up- and. - -
commissioning Full capaci-

Year 
____ 3 _______ -------4----5----6------.,---,--·--a -------9--- ·; 10 

Production prog­
ramme, % 40 

1. Cost of raw mate- '. 
rials and utili- : 
ties ; 218475 

2. Cost of wages of 
i direct prod.ucti- I 

on workers I 2246 
! 

3. Factory overhead j 

costs ! 4475 
- -- -----

4. 
TOT.AL factory pro-
duction ;;osts 225196 

4. Indirect costs 

5. Product sales 
costs 16228 

60 

327734 

2246 

4475 

334455 

16228 
i -- ------·- --·- .. - ···-- . -- r----· -.. 

TOTAL operating costs 241424 350683 
I 

6. Interest 8093 
I I 91C1 

1. Depreciation 15805 15805 

TOTAL production 
costs 265322 375589 

SECTION 1 

100 100 100 100 100 10C 

546209 546209 546209 5462G9 546209 5462: 

2246 2246 2246 2246 2246 2246 

4475 4475 4475 4475 4475 . 4475 

552930 552930 552930 552':!30 552930 5529:· 

16228 - 16228 16228 16228 16228 1622; . --- - - - ...._ ..... 
569158 569158 : 569158 569158 56':1158 569F 

8977 ! a.:06 I 7741 6876 6011 5146 

15805 : 15sc5 15805 15ac5 15805 158C 

593940 . 5~3569 592704 591839 590974 5901 
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. ·.ic1:ion costs 

- - .. ----··· -·-

Full capacity operation 
-- . -------· ·-T --- --·-----

8 9 10 11 

100 100 100 100 
·• . --·-· - -- ' 

' 

I 
' 

546209
1 J9 5462G9 546209 I 54G209 
I 

I 
! 

2246 2246 2246 : 2246 : 

4475 4475 ! 4475 ' 4475 

:o 552~30 552930 552930 552930 

16228 16228 16228 16228 

~a 569158 56~158 569158. 569158 

~876 6011 '5146 4281 

; 15ac5 15905 15ao5 15ao5 

Schedule 10-9 

Rs.000 

--- ---· --- ----------·-·-·· ·~·---- ·-· ------ ------- -- ___ ,.. _____ -

12 
' 
' 

100 •' 

' -- - ----- - - +-

546209 

2246 

4475 

552930 

16228 

569158 

3416 

15805 

1) ' I 

100 
····· - - --· 

546209 

2246 

4475 

552930 

16223 

569158 

2551 

1431 

14 
; 

100 

546209 

2246 

4475 
- ---- ·-· - -· 

552930 

16228 

56~158 

1686 

14Ji 

15 16 17 
-

100 100 100 

546209 546209 546209 

2246 2246 2246 

4475 4475 4475 

55293 1) 552930 552930 

16228 16228 16228 

56915f· 56~158 

1686 1686 

1431 1431 

56':1158 

1686 

1431 

-~ 591839 590974 5901C9 589244 588379 573140 572275 572275 572275 572275 
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