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IBTSODUCTIQB

According to the oontraot signed between OHM and T/0 

•Tsretnetprceexport* (*o* T-81/91 o f 19еО%в2) the Feasi­

b ility  8tudy o f Bllloon-Alimlnim Alloys Project (SAAP) in 

India with the oapaoity o f 90,000 tpy baaed on electro*

M elting process has been developed by TAM Institute o f the 

Mini i t  17 fo r  *oo-ferroua Metallurgy o f the U88B,

The Project in itia tors  of 8AAP in India are the Corernssct o f 

India Undertaking -  Indian Bare larthe Irtd ( l£ l ) ,  with place 

of buaineee in Baabay (india , lanbay -  400 020) and answerable 

to the Départaient o f Atonic feergy.

Based an the beach sands deposits o f the state o f Orissa ,

IU  is  setting up a Project called Orissa Bands Conplex (OKCH), 

06ССИ w ill produce upto JO,000 tpy o f s illin an ite  concentrate 

as a by-product with possible expansion upto (0,000 tpy.

The laboratory testa and p ilo r  tria la  prored in principle 

fotential of the use o f Indian s i l l Inanités for  the production 

of casting alm inl'm  a lloys. The Feasibility study o f tbs 

BAAP proposes conversion o f s illin an ite  00neentrate by electro» 

the m al method to produce Л1 -В1 alleys fo r  the indigenous 

market,

A similar process fo r  the production o f alm iaiuo-^ailiocs 

ally* fr  *)ot « r s !!»1, ! ;  ¿broad.
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Th« fea s ib ility  study carried out har* shows the high economic 

rnffectiwenees o f Al-Si a il07a production using th* *1 ectro- 

■■siting  a*thod baaad on allliaaaltaa*

Implementation o f SUP Project w ill ensure •

0 casera1dm of a illiaan lt*  to a ralue-added product and eeta- 

bllabsent o f waat^-fre* industry an lta  baala)

-  expansion o f raw material raeouro* base o f tb* Indian altmi- 

nitai Luduatxy by utiliaation  o f a ltaJno-silioat# or*a unsuitabl* 

for  the production o f aloaina and improv«ent in conswption 

structure o f prinaxy aluminium |

— reduction in consumption o f  primary altmialtai in th* nam»- 

facture o f i l —Si alleys (by about 20JÎ depending on tb* grades 

o f  a lloys) and the corresponding decrease in the Import o f alu^ 

minium for this purpose in power oonsumptlan doWta by 5 -8 *  and 

also elimination o f consumption o f pairs silicon*

Taking into consideration the limited funds for the construction 

o f the SUP at fu ll capacity (90*000 tpy) and the shortage in 

power supply to meet completely i t s  requirements and with th* 

aim to matter the technology and to train the manpower and 

engineering sta ff fo r  the f ir s t  stage i t  i s  reasonable to set- 

mp th* experimental demonstration unit th* Al<4 i  alloys



-*  3 I

vith a capaolty apto 10000 tpy of primary r^imad allay. This 

capacity ia to be ensured by the installation of one alactrlo are 

reduction furnace of 17 Hf. establishment of much a unit ia  

Orissa State has bean sanctioned already by the Central Government 

of India by issuance of a Lettsi of Intent in 1982.

Stasa'y of Techno-Sconooic parameters of the a»perl mental dssKnm— 
tration unit az» given in Table below!

SH Parameter description Unit of 
measure

Value

1. Annual Production of Primacy alloy (about 
37%) 000 t 9.54

2. Annual production of camercial Al-el alloys 000 t 28.1

3- Sales revenue Re.23.C00 t) Ha. min. 646.8
4. Capital investment, including! Ha. aln. 217.2
4.1 Fixed capital -do- 195.7
4.2 Interest during construction —do- 11.0
4.3 Margin money —do- 10.3
5- Total annual operating including costs —do— 621.1
5.1 Variable coate -do- 564.3
5.2 Fixed coots -do- 36.2
5.3 Lepreciatioo (■£ 8*9%) - 18.2
5.4 interest . 2.4
6. Taxable profit - 25.7
7. Income tax (0 57*75%) - 14.8
8. later»ai n i l  af rstsxa let profit after tax % 4 4  1C.9
9. Internal rate o f return % 15". 6a

10. Capital investment pay-back period years 6
11. Break—oven point % % .a



. BEISP E1BCSIK1 0 N OT THS FSASIBILITr 
1# BSPCRT FOR THItES FPBMACB VARIAHT

At present the d f  and for  a lx fin ixs-s illoon  alloy® Is India 

la  estimated to be 45 “  5O»O00 t jy , By 1985 this d«»nd 

(eatlsate baaed on analysis of development of the industry 

an! consumption e true tore o f primary a l f  1 nix») xrlll reach 

•5 -  90,000 tpy.

The 8AAB ospaoity in the event of oomrereion of JO,000 tonnes 

o f s illiaaa it#  ooncentrate would be 28,600 tpy o f  refined pri­

mary alloy and 78 -  118,000 tjy  o f o f  ereial 11-81 alloyo 

(depending on grade).

Baaing on the eatinated d fan d  on H -fii alley» aa veil aa 

on fu ll u tilia a tioc  o f a lll lsanlt# ooncantrate tha normal
s

feasible capacity la  aasumed to be 90,000 tpy which makes 

xoout €̂9̂  of nominal aaximua oapacity.

The following raw materials, inputs and auxilltrxy materiale 

are to be used for production of Al—8i  a lloys I

• raw materials l Sillim unlte conoentrata, kaolin (dry 

oleanad), alumina, coa l, petroleua, ooka, quartmlt#)

• Inputs I aluminium (p ig s ), alaotrods paste, ooppar, aiangg. 

nese, nickel, nagneaiumf

-  auxiliary materials (aolaaaes, cry o lits , eto), and a tlU tls s  

(power, water, ccmpreeeed a ir , foal o i l ,  s t a f ) ,
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iMkrXr K^tarlala and inputs required in elgnifioant

q u u t lt lH  mamfaoturing tha alleys ars m l l a b l i  In Orissa* 

Ararats radius o f supply o f theee a a ttr it ls  to tho plant 

Meant* to 400 ka s ax*

Tho iinnml o f tho various inputs is  as follows I

■ s lllla a n ito  conoentrate *• 55»500 t

-  alm lniuB (p igs) • 64*800 t

• fuol o il  — 10*800 t

*  power -  4B2.400 ■№

Chatrapur* Ganjaa D istrict was solootod as tho aoat suitable 

s ite  by IBB and Soviet Engineer* for settingup  SAAB*

The area o f the SAAB job s ite  is  about JO hectares*

The technology for  aanufacturo o f  i l - 4 l  alloy* by processing 

a llllaan lte  concentrate ooneists in reduotibn M elting o f 

el I ̂ laanlte--containing feed in eleotrio  arc redaction fu i-tcee  

to produce crude alloy* with abcut 6Qfi A1 and J"ffk Si oontent* 

To produce sil'ixtin or other type# of Al—Si a lloys oruda alloy 

la  refined and diluted with the appropriate Mount o f  priaaxy
e

and seconds!? alualniM  and various a lloying e l Meats (copper* 

nickel* aagneelua* aagansse* eto ) depending on desired grades
flf  ** -t. t „11w* +•------J

The major process equipment is  e leo tr lc  arc furnace (3 pcs) 

with power rating o f  17 W  each*



l o t t i  iiqpovor fo r  tho BAI? la caloulatad to  ha 700 b u o i  

od ta li  eapaoity nf Uh  R in t f

Zt «ma aaaoaad that planning and tanoi&onal iu a | M M t o f  

tho IU 1  ia affaotad in  tha (Maovoik o i tha Ot£(M atroeturo,

Cha avarall tino for praparatloii, oonatruotiau and oonnl» 

aaloniof io  ta l i  oapaeitp o f  IU 1  la 7 7 <ua«

Oonaldarlnf poawlbla lln lia tlo n  In powar aupplp and d i f f i -  

ooltiaa In flnanolng tha projact to fu l l  oapaoity (90,000 tpy) 

tho Vaaaibllity Bt*djr inoladaa an altornativa o f noneaaolva 

oanatruotlon o f tha I kà t in thraa atagaa, oca alaotrio fa r - 

naca par atagu o f  30,000 tjqr o f coanaroial alloca oapaolty,

Tha f  inane la i and aoananlo araluatlon o f tha projaot la baiai 

on prloa lavai o f 1962,  noi ©onaidorlng aaoal atlan»

a

Total invaataant ooaia for S U I oanatruotlon anoont io  

k, 939*4 nln,

Tha di ■ tributi an of thla anouni hy anjor ooai liana la

ahovn balov $



h « lipenditur* category
v r

Aaount 
fct « la

1 ,  land and a lt*  preparation 4» 8

2* Building* and civ  1 works 166*2
lnoludlng hcxislag oolocgr 13*0

5* Technology’ (knoir-how with tax) 7*7

4,  Iquipnent

4*1 Production equljaent* lnoludlng 419<?9

4*1*1* Imported fran th* TJ№ 902*6

4*1*2* Indigenais 98*1

4*1*3* Imported fren third countries 19*2

4*2 Brwoticn 46*6

4*3 Fort charge** insurance* transpor­
tation to plant a ite  13*2

4*4 Costas duty 121*0

Total equipment

3* Prallninary expenditures (projeot
engineering* adainistration recruit* 
■ent* Soviet experta services etc*)

6* Working capital (100)0

783*4

58*9

95*1

TOTAL HYB31MENF COSTS 955*4
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looordlag to f in a »  la i sohaaa the expenditure* « f  Sài? ocn* 

atroction would be oorarad by equity oa~<tal and long-ta i» 

national laaa In tha ratio o f 1l 2 and Supplìor*a oradlt for 

the lappi/ o f  ( fo lp a n t)  technology u d  training o f ìndia»

8p scia lia te ,

(SK o f total working oapital rafolranant la to ba finançai 

through abortitala lp U f and tba balança o f la to bo ow * 

«rad by — «y4»  acagr« A a  braab-down o f  axpaadituroa by aonr* 

oao o f f  Inano a la  raprasantai by follow ing parmi* trae I

Tha total production ooata of on— arnlal 11*41 alloya aitar 

ranching tha nomai plant oapaoity mount to h* 1934*3

Wf ooat itene thla mount la diatriba tad aa follow* I

Ita* Cost o f ita* iaouut 
k  Bln

la Tmotozy costa, including 1707*4

la i* Haw natsrlala, u t i l i  t i  as and 
inputs 1664«4

1*2a Wages and salarias o f  d irsot 
■anpover 7*4

1*3. factory or am sad coats 15f2

2* AtelnlstritlTa and indi root ooata 0,1

3a
a

Tini shad product salsa and muketing ooata 95*0

Total Oparating ooata 1802*7
Financial coats ( i r tara it) 40,0

Depreciation 71*7

TOTAL PSÜDOJTIOli COSTS 1934*3



The ■>«*> p ro fitab ility  parssstrer o f liA i p ro> ot a n  as

follows 1

i ) Internal rate o f return m 22# JPt

1 1 ) Staple rate o f  return on 
total in v e e t«« t - 12*5#

1 1 1 ) Ifcybaok period - %< years

1^) Break-even point - 64*

The sen*
r

l it iv ity  analysis included at the r e v e s t  o f the

Lkllen side* the study o f influence on internal rat* o f 

return on In eel1 even point o f the variation In process •

l )  of caMeroiml alloys o f ♦ T% item baeio prloe in the 

rang* of In 2i t 50Q to h* 24*300 per too* 

i l )  of prlsaxy aluniniue in ta n *  o f cost o f  power with 

fluctuation fron haaio prloe of "tfi ♦ 12j f  in the 

range of ^  18*000 to k* 22*000 per ton* 

i l l )  of s illln a n ite  concentrate iron In 700 to ^ 1*000 per 

ton with fluctuation of 3°**

financial evaluation o f the projeot Including sensitiv ity  

analysis has been carried out with the use o f ecaqputer and 

eet o f progresses developed in VAMI«
e

fea s ib ility  Study o f SAlf oanetruotiau in  India is  prepared 

in accordance with "Manual for the preparation o f  Indue tria l 

fea s ib ility  Studies* (United 1978) and in

fu ll compliance with UUBO requi resects*
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2*1 PBODDCnCH PBOGBAHKB OF THB i'-VSBIMEWLAL 
MM0K3TRATI0N QUIT (CKS TAHIUT)

the experimental dmacnstrstion «s it  includes op* e leotrio  

ixo reduotioc fnnao* (17 M ) u i  the Ua i o f  technological 

«[ulpM nt •Muring tb* n o  f in t e o  op«i*tiano Tide product 

■lx o f commercial will icon alloys corresponding

to Indian Standard (M  • 617-1975) can be produced by this 

experimental unit*

Alloy grades 4600* 46OQA and 4652 widely uaed at present in 

India have been considered for the production programme o f 

the experimental denenatration unit,

Quantity and nomenclature o f these alloys have been assumed 

cn the bass o f the primary refined alley ( 9*540 iyy)f  pro­

duced by one aro furnace*

The specific» conssnptioa o f rsw materials and Inputs fo r  pre­

duction o f primary refined end commercial oast AJL-Si a ll  ay a* 

annual quantities o f produced cennsrclal alloys by grades as 

v e il aa annual requirements o f raw materials and u t i l i t ie s  

for alloys production ara given in tables below*



H .
I o .

1 *

2 .

5.

4.

5*

6 .

7.

e*

9.

10.

in
12.
13.

2* 1*1

lo t*

•pacific oonaoaptlon o f  raw « a t«ria l*  aad input* 

fo r  prdJULjy refined 41^ 1  Allqy.

Cost it* Unit •pacific
eonauaptioc Kaaarka

8U li*_inite cone *nt rat* t / t 1.17

Dry oleanad kaolin »» 0.302

ilunina • » 0.337

Coal 9» O.01J

F«trol*va cok* 9* 0,604

Kolasa* 9* 0.465

Hectrod* past* ft 0.08?

** 0,186

flux (cazJBon sa lt, oryolit*  
potassium chloride) • * 0,027

Power (without gas-cleaning) kwh/* 14,000

Including proceB* power ft 13,000

Puel Oil V * 0.14

Water (recycled) •V t 780

Compressed a ir 850

I Conauaption figure# are id «at lc « l  to Rigare# of the

three furnace* Taxi ant.
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2*1*2 Specific consumptions of raw materials and inputs

fo r  ocnreraion of primary rafined alloy to  oommaroial 

11-31 allegra*

81. Cost o f itan Unit Alloy Grade
Vo. 4600 46OOA 4652

1a Bafinad Al-di alloy t / t 0,364 0.357 0,3095

2, Aluminium • » 0.737 0.69 0,687

5t Manganese K ^ t 9*65 - -

4* Ceppar 9» - - 10.2

5t Vi deal ** - - 10.2

6* Magnesi» e* - - 10,2

7* Flux (oryolite* ocmaon 
=ait* p o ta ss i»  chloride 
s o d i »  flourida) ** 12 ,1 8*0 8,0

Q. Povpr Irwh 620 585 5W

9. Fuel o il t / t 0,075 0*075 0,075
10. Water . V . 14 14 M

1 1 . Compressor air - V t 55 ' 55

2*1*3 Annual quantities o f production by grade* o f oomuparolai

a lloys.

81.
Vo. Alloy <r-ada Annual quantity 

o f production*t
Vhara o f  total 
production* %

1 * 4600 11,200 *>.8

2. 4ÓO0A 8,400 29*9
3. 46.52 8,520 30,3

T O T A L 2 8 , 1 2 0 100*0
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2*1*4 requlr«i*nta in raw Materials and Inputs

fo r  production o f  refined primajgr i l* 4 i  (9 #540 tpy)

CL.
■o. Description Tbit Annual

Quantity

1 . • illia a n lt*  concentrate t 11,16 2

2, Kaolin* dry oleaned t 1,881

3. Alumina t 3,215

4* Ooel 4 7,756

5. fetrolevm oak* 4 5,762

6* RoIu i m 4 4,436

7. Kleetrod* pact# 4 830

4* ^aartaite 4 1,774

9* flu x

— coenoD salt 4 162

-  r p o l i t e 4 48

— Potaseliai ohlodlde 4. 48

10* Fov*r ■In kwh 42*2

1 1 e fuel o i l 4 1,336

12* frocee* water (recycled) ilm a^ 7,44

13e Conpresaed air i — 5 8,1
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¿*1*5 «anual req u ire  enta o f raw materiale u i  ixputa for 

converaian o f primary refined alloy to ccaararcial 

A l-8i  alley ( гв(120 tn r).

31,
Цо, D ecrip ti on Unit Annual

Quantity

1# «•fined A i-3 i Alloy 1 9,540

2, Aluainiuai t 21,589

3a Kanganece 1 106

4a Ceppar t -

5. «lokal t 87

6a Kagiieaiw t 87

7* flux

— Cryolite t 15

— Саше on aalt t 107

— Potaaaiim chloride t 115

— Sodiua flou rida t 54

8, Quart ai ta (g la t) t 150

5, Power alna kwh 16*8

10* fuel o il « 2,110

1 1 * Vaiar ■1A(|^ 0*4
12* Caapreaaad a ir aln«na^ 1,6
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la  addition to  the technological/production prograwea o f tho 

demonstration «n it as Aasoribed abovef tvo othsr poaaibla 

alternatives oould ba oonaidarad fros  ths point o f  view o f tha 

oesmeroial product aa fo lio*#  k-

~ primary rafinad il -4 1  alloy with alumlniust contact o f  60)f 

and s ilicon  content o f 57# as tha commercial product cast 

in  largo dimension ingot a vslghing 100 -  COO kg* These 

lngota can ba aaad for tha production o f standard ccanar- 

c ia l A1«4U alloy a at axis ting units producing sim ilar alu­

minium alloys now, ft#  techno-economic evaluation o f  this 

sltsrnatiT# w ill be worked out additionally»

-  a naster Al-81 a lloy  with t ilico n  content o f 20#  produced by 

melting o f thy primary refined alloy with aliaainiu* as the 

oaomercial product» This master alloy can be cast into 

small dimension pigs weighing 15 -  20 kg and can be uaed 

for  production o f commerHal k l-8i  alloys at ary foundry 

un it, The techno-economic evaluation o f this alternative 

w ill be worked out additionally.

Location of the experimental demonstration unit (iDU),

The HXJ la  assumed to ba located also at GflC<K alts in  Or less 

State, This state has p ossib ilities  to supply tha ISV with 

raw eud auxil:°> rj M terlala and pcvaz, “ftt- cUlim aaite oon- 

oenirate being tho main raw material for IV 1H allays
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production by e le o t r o -e e lt ln f  Method is  produced us s 

by-product at 06CCX, I t  is  essential that nearly a l l  

materials required in significant quantities for il-6 1  

alloys production by ;hls unit ara available in Orissa 

ftate*

Tha average radius o f their delivery to 06CCM sit*  is  

not exceeding 400 ks*

Oh the OSCCX 8ite  the construction o f major infrasturml 

fa c il it ie s  *  power and water supply» acoess-nctor and 

ra il roads- have been already undertaken and the oonstru- 

itian  o f  colony is  under completion.

2«S Oosipoeltlon of the SX7 end major prooess equipment

2.2*1 Composition of the axperlaental demonstration unit*

The unit includes I

— Bav material storage with crushing department eer­

ring for storing one uor.th inventory o f coal and 

petroleus ocke and fo r  ourshing and aiming of these 

■at«rials (reduotAnts) and slags# To store two weak 

inventory o f bagged kaolin and one month inventory 

o f quaxtmite an area o f about 200 a  is  to be pro­

vided at tha existing 06CW site|

— Fadur.tants grinding department serving for the sub­

sequent grinding of ooal and p e tro ls '»  coks|
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-  Peed preparation room Barring for proportioning o f  feed 

components, for their mixing, briquetting and diyirg o f 

briquetted feed|

— Alloy production and eleotrlo  f'imace room serving for 

reduction e® el ting o f the feed for production o f primary 

Al-Si a lloy. After refining thia primary alloy la used for 

production o f commercial a jloyt by mean* o f ita  alloying 

with alumlni oe and master alloye in accordance with the 

required produot mix of commercial a lloye.

2. 2.2 The major proceee equipncnt la ahown in table below.

S I D e s c rip tio n
TVpe A 
a p e c i fi - ih® -

ber
W e ig h t,

c a tio n o f  one 
item T o t a l

1 . Jaw crueher •30-106 1 - 8,500

2. B o ile r  crusher 02 -  1000x 550 1 - 17,500

3. T a n g e n tia l hammer 
m ill

№fT 1C0O /95O 1 - 8,  500

4. Dust cyclone LG H -15-1400 1 - 2,420

5. E l e c t r o s t a t i c
p r e c ip it a t o r 2K r - i - é . i-e 1 • 30,000

6. A i r  d r i e r YCb-yGcm, flo w  
m t e ,  >0 na»3/ « i n  1 5,000

7. Pneumatic screw HM3- o } - 2.f l o w  
ra te  t ’jmj/hi 1 mm 2,150

a . Weigher w ith 
■ «¿r>u crintrol

UB 6 00»  2 GOOD 
LE 5O0- 1C00D 
DB 1200- 4000D

10 2.050 20.500

9. Continue ua 
weigher

Cfe -  111 
r a ta  16 t / h r

2 3.400 6,800

10. Continuous
weigher

C6--111,  
ra te  10 t/ h x 1 1,900
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1 1 . Veigher with 
weight control HB 120-4002 2 1,130 2,260

12 . Paddle aixer oapaoity 
6 t /h r

2 4,800 9,600

13. Boiler prees oapaoity 
6 t /h r

1 am 11,000

14. Conveyor drying oapaoity 1 • 95,000
oven 5-6 t /h r

15. X lectrlo ere reduce- Three phase,
tion furnace tree-electrode. 1 mm 702,000

power rating 25HFA
16. Storing end 

charging machine Bango A 
Dianenthal 2 7,000 14,000

17. Induction crucible HAT-6M 1 23,140 69,420eneiting furanoe capacity 
6 6

J

18. Alloying holding t ilt in g  rotary
furnace furnace*fuel o il  

fired 2 80,000 160,000

19. Filtration furnace Fuel o i l  fired 2 100,000 200,000

20. Casting conveyor 12m long 1 - 11,709

21. Casting conveyor 
with hudraulio t i l t e r 12 ■ long 1 - 17,309

2.2*3 Environmental lapaot.

The main Bouro« o f dust and sulphur dioxide (30^) «mi■ sious in 

operation o f the experimental deeongtratlao unit is  the e le e td e

arc reduction furnace which erlts upto 560 kg/br o f duet aid upto 

28 kg/hi o f SÔ  when operating at 17 power load*
e

The calculation o f dispersal carried out fo r  the Feasibility 

Beport o f flAAP for  the three fumaoe variant has shown that the 

cleaning of furnace and gaaee froa sulphur dioxide (80^) is  not 

required even in ca se of three fu n u oti operation*

The maximum concentration of duat in the atmoepharlo eurfaoe
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strata inmost unfavourable ■eterobogioal condition* la  

on* kilometer radius c ir c le  fo r  on* fumae* operation with­

out g w -o lw tln f would b i  0*5 — 1.0  which 1 * not

exceeding th* tol*rano* l ia lt*  for  populated are*, according 

to  ouxrent sanitary norms o f th* USSd.

ova the above the setting up o f  the gas-cleaning 

unit is not provided for the experimental demonstration 

operation.

Th* setting up o f the gas-cleaning unit for on* furnace opera­

tion  Bayba ooneiderad additionally a fter th* fu ll fund *labcr>- 

tion/deaonetration of th* rodn industrial seal* technological 

parameters subsequent to reaching th* design capacity of th* emit 

At this stage the experimental demonstration furnace my be 

coryarated into an extended, lover scale industrial unit expected 

to be established in the future at th* 08CQM location ,

2 .)  Location of the «reegifleatal demonstration unit (HW) 
and ltd u tilities  buppIy.

The experimental demonstration unit (in sta lla tion  o f  on* 

furnace) may be located at two alternative s lt lee  at OSCOM,

As per the f ir s t  alternative the EDO is  to be located adjacent 

to north-eastern boundary of the OSCQM Sit* at th* area provided 

in the Feasibility Report fo r  8AAP (three furnace variant) loca­

tion, For this alternative the ares for EDO w ill oersi 12.C hect* 

r*e »j*alnst 19*4 hectares assumed in tb* Feasib ility  Report far 

tne tnroe furnace variant.

A* per the second alternative the EDO 1* combined in ou* 600 ■ 

long line end located aleng th* north-western boundary o f th*
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OSCCK industrial s its  and w ill cover the area o f 6.0 hectare* 

taking into consideration that io m  fa c i l it ie s  (sain step-down 

eub-statlon, recycled water unit» a ir ooetpreeeor station and 

other auxilliaxy fa c i l i t ie s )  should be located within the exis­

ting OSCQM fa c ilit ie s*

The f ir s t  alternative has better potential, as I t  provides the 

p ossib ility  to oonvert the above EDO in future into the f ir s t  

stage of the SAAP with the capacity o f 90*000 tpy with three 

furnaces*

The second alternative is  lees optiaal as it  axoludes the possi­

b il ity  o f 0SC0M expansion in nortb-vestsm direction and does not 

provide for future expansion Al—8i  alloys production*

The u t ilit ie s  for ths EWJ would bs supplied partly fren the 

respective OSCOM net-vorka and frcao aptive fa c ilit ie s*

The water supply is  assumed from OSCOM networks with ths 

construction of addit.onal captive water recycle unit*

The steam su ply for fi.a -fig h tin g  and heating of tanks and fuel 

o i l  pipelines In the feed preparation roos would be provided from 

QSCCtfl bo iler house*

The oompreesed a ir vduld be supplied fros the captive oosqpre- 

seor station.

Fuel o i l  would be supplied through 06COK networks.

The power supply would be pr-' *he existing HT 1J2 E?

power trail and saion. line with additional installation  of on#

32 KVA transformer*
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2.4 f t m ,  insta.
The H iim a  operational e leotrio  power l«*d for 

the experimental demonstration -ait w ill be 24*31 &  

(27 OBWA) fo r  an annual power consumption o f 16?.7 

aln. kwh. The eleotrio  loads and power consumption 

bjr project component# are shown in the table below*

Ho. Description
Consumed 
power, Mi

Annual power 
consumption 
min./kwh.

1. Bav material atorag* with 
grinding depa.taent 0.3 1.05

2* Reductante grinding 
depart neat 0.33 1.15

5. Feed preparation room 0 45 1.6

4. Alloy produot.on o f furnace 
roam 20.38 i45.a

5. (las cleaning 'uiit* 1.25 9.0

6 Water recycle unit 0.5 3.75

7. Compressor station 0.4 2.4

e. Losses in tranaforaer# 0.7 4.95

TOTALI 24.32 169.7

#

*Th- 7° .  «i»«nirnr Tin i t  w ill be ocKtiseioned after the 

period or two-throe jcmXs o f  ciperi rental demonstration 

operation#*
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Tor the experimental -  daaKxiatratioB period the total operational 

e lectrio  power load w ill be 23 MW ard annual, elee tr io  power 

oonrumptiom — o f  160 min kwh*

Taking Into oonaideratlon tha location o f thia unit adjacent 

to 06CQM aita (Chatrapar, GenjamDlstrlot) tha optimal oaccept 

1b tha co-operation in  povar supply with O0COM,

0800M load 1b 13-5 MW (15 KVA), Tha power supply is  organised 

through two H.T. 132 IV pow r transmission linea with carrying 

cape city  o f  each line o f 160 MW. The 06CCM requirement la 

okvered by two transforators 12*3 KVA each installed in tha 

aain step-down sub-station (MSD8 ),

To serve the experimental demonstration unit an additional 

32 MVA trasform ar with power rating o f  132/11 KV is  to be 

installed in the same MSDS connected to one o f tha existing 

132 KV power transmission line*

In case o f break-down of this transformer the emergency power 

consumers of the EDO (water recycle unit, l i f t in g  mechanism 

for  furnace electrodes etc) should be supplied from one o f 

the MSD3 12.3 MVA transformers o f 06C0M or from the Diesel 

generating unit o f 1 MW*

The power supply of the experimental demonstration unit oao- 

sumare at 11 KV is  assumed from the 11 KV d i«tr ib u ticn 

switchboard of the MSD6 to be oammon fer the experimental 

unit and OQCCH,
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^  1 technical ocnctpti of cabi« networks, earthing; lijfetnin* * 

protection and pover e lectr ica l equipment, l i f t i n g  and auto- 

nation for experimental unit would be eiadlar to the three-
a r

furnace variant o f Al—Si alloy* plant*
«

2.5 fuel o i l ,  steam and caapresssd a ir supply*

2.5*1* Pool o i l  supply.

m Consmer* Unit o f 
Measure Quantity

1* Baductant grinding 
department kg/hr 13

2. Teed preparation rocs P 9 155

5* Kleetrie furrace and alloy 
production rooa 9 9 402

TOTAL» 9 9 570

The annual requirement o f fuel o i l  i*  3,650 t .

The fuel o i l  should b* supplied by p ip»-line frem 060CM 

fuel o i l  fa o llit ie a  located at 08CUK alts*

2*5*2 Steam supply

Steam «apply should be supplied in the aarant o f  1,000
*

tyy fo r  eventual fire -figh tin g  and for heating o f  tanks 

‘ - . i  preparation room and also fuel o i l  pips lin es .

The steam ia to be supplied fros the 06GCK hollar house.



2.5*3  Compressed a ir  supply

The demand o f  compressed a ir  at 5-6 atm by p r o je c t  components i s  »howr. 
below :

-  2.6 -

e n t ity
No P ro je c t  component Unit Flow ra te , hr.

r
to  2k to  16 to  8

1 Reductant grind ing dpt nm^/min 2 .5 22 2.5

2 Feed preparation  room same - - l

3 4 l lo y  production  and 
furnace room same - 2 7

k G as-cleaning plant* same - — 3

T cta l nm^/min 2 .5 2k 15 .5 .

* Note : The ga s-clean in g  unit w i l l  be commissioned a f t e r  tw o -t  r- 
years o f  experim ental dem cnstration o p era tion s .

T ota l compressed a ir  flow race  makes: ,

Q » 1 .1 5 (2 .5  a 2k x 0 .8  + 15.5 x 0 .6  ■ 35 .6  nm^/min.

Where: 1.15 -  in d u c e s  c, more ,red a ir  lo s s e s  in  network;

0 .8  and 0 .6  -  c o e f f i c i e n t  o f  mech, n i sms u t i l i s a t io n .

The source o f  comp)ereed a ir  should be the ca p tiv e  com pressor 
e t t i o n  o f  the experim ental u n it equipped witn 2 com pressors o f  30 nm^/min 
flow rate  each.



2 .'ater supply ar.d sewerage;

T otal qu n t ic ie s  oi water and sewerage fox* the experiment =1 
deraonsteation unit make one th ird  part (ex c lu d in g  the 3 tv rt ..ater 
sewerage) o f  t o ta l q u a n tit ie s  o f  water and sewerage determined ir. tue 
three -  furnace F e a s ib il ity  Report f..r  the SAAP, These q u a n tities  a -a 
shown in  tab le  below:

S/N D e s c r i p t !  n Pate.;  o f  wat e r  :ar.d

r m"iic -y arVh

1. R e c . c l e  w ater  s u p p ly 2C0 0 0 .0 200.

2 . I n d u s t r i a l  f r e s h  w'» ter t o r  
m ke -up  o f  r e c y c l e  system tad .0 '■ •

3 . P o t a b le  water 390. 0 2 y . a

u Dorr s t i c  sew' e ¿*5.0 15. 0

,5 . P.ain water 900 l/.lec  .

In d u str ia l f r  sn •■/a .er is  --sed only fo r  make-ip o f  fche rec '
water designed fo r  c o d in g  ho#ds o f  the e le c t  r ic  fum a ;e s , fnrr.ac
tra n sfo  -mere, induction  furnaces, compi e ;sors  ar.d o~her minor users.

•

The water ro cy d lin  system c o n s is ts  o f  the seme ’units ar.d feu 
which were p rov iied  in  the F easib ility . Report for the SA. P (th ie e  turn-... 
v a r ia n t) but witr. low er cep; c i t i e s  ar.d How -  r a te s .

The in d u str ia l and drinking water supply networks world be cc :.i e -  
c te d  w ith the resp ectiv e  water mains o f  OSCOM.

The dom estic and storm water drainage is  provided separi-.e ly  ar.d 
their main concepts are s im ila r  to con cep ts  adopted f o r  C3C0M and in the 

■ Feasibility Repent fo r  the h : : :  variant.



2 . 6 Economic and fin a n c ia l eva lu a tion .
The co s ts  o f  con stru ction  and operation  : i  the experim ental 
dem onstration un it were ca lcu la te d  at i~32 pi ice  le v e l  witn 
taking in to  account tne e s ca la t io n .

n u 4 -

2.6.1
C apita l investm ent c o s t s .
Fixed i n i t i a l  c a p ita l  investm ent c o s ts  fo r  co n stru ct io n  o f  tne 1. 
have been ca lcu la te d  from the d e ta ile d  cc3 t  f ig u re s  ( r e f .  annex'.- 
and the amount to  fc. 191.4 air» (w ithout gas c le a n in ' .n i t  and 
township)

The c o s t  o f  township con stru ction  fo r  tne E.D.U personnel i s  rule 
la  ted at Rs. 4 .3 .  min.

r

In the c a lc u la t io n s  the settin g -u p  o f  tr.e g a s-clea n in g  u n it  vg • . 
mini Is  assumed tor a f t e r  tr.e period o f  exp erim en ta l-can on s": »*. i 
operation s as dust th is  em issions r e su lt in g  from the o p e r a t i .r?  
th is  un it would not exceed con cen tra tion  to le r a b le  U n it e .

The c a p ita l  investment c o s ts  are summarized celow . Fo: re te rv i • 
o f  t o ta l  c a p ita l  investment co s ts  the in te r e s t  dur.ng c 'n s f r  
and margin money (35% o f  working c a p ita l)  ar e added to  the ' i)o- : 
investm ents.

31 C s i t  a 1 investment co s ts
1. S ite  preparat io n .
¿ « :ild m , & C iv i l  WO  I K S

3. Equipment i n c l .  e re ct io n  ir: c l .
l Ì  Indian Sup; ly

i i ;  Sup lie u  from the USSh

i l l )  uup l ie d  iron  tn ird  conn": r ie s

4 . Desi,,n werk and know-how

3. ■ Training o f  In d i'in s p e c ia l i ,sts in

Rs. iti  > . ? .
¿ f i o :

45, Oé!
117,517
( 9d , o d j )

7 , -1 9
107,805

2,293
( 2 , 002)
6,73t>

(3,53c)

6 . ie cn n ica l a ss is ta n ce

7 . Other works & expenditures
. 8 , — a nc l e s

Tot 1 fixed  i n i t i a l  c a p ita l  
a investment

9 . Tcwship
10. Kargin money (35% o f  working c a p ita l)
11_._____ Interest a. r . o. c instructior:_____________ _

ict.- 1 c .pital investment
Note: 21(01 res In . r ..c retr, at ow .ne fore ign  °x c ;

4 ,937 
(2 ,767  ; 
5,106
7,671 v

-JQ1 LXS
(106 ,796 )
4 ,290

10,500
10.985
n i r t l S

n e component.
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o f  equipment, m aterials and s e rv ice ?  wtr . may be supplied b.
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investment c o s t ) .  The cost  o f  imported equipment to be purum* 
by Indian side from th ird  cou n tr ie s  i s  estimated at fe. 2 .0  aL

The c o s t  o f  equipment i s  on CIF bares and i t  include.; a lso  toe 
p p rt charges and the c o s t  o f  t ra n sp orta tion  o f  the imported 
equipment from the p ort  to the s i t e .

Taking in to  account that the un it  fo r  preduotion o f  A l-Si a l lc  o 
i s  on experimental demonstration unit the customs di ,ty  on ir.per 

equipment i s  not c nsidered in  the c a lc u la t io n s .

Sources o f  finances
Government equity c a p i ta l  and fam nm ri borrowed assets  in r.e 
r a t io  o f  1 : 2 are assumed to  be the sources  o f  fin an cin g  o: the 
EDU con stru ct ion  excluding the tcvns.cip con stru ct ion  c e r t s  ':c ; ; 
financed at the expense o f  the equ ity  c a p i t a l  o n ly .

The port o f  uorrowed asse ts  covering  equipment sup ly  i r  .m the 
(Rs. 92 .5 )m lr ) i s  expected to be financed from S u p p lier ’ s cr * l i t  
_ranted fo r  10 years with annual in te r e s t  ra te  o f  ¿gb. ine lo n g - .e  
l o c a l  i s  expected to be granted fo r  1G years with 1296 o a. nual 
in te re s t  ra te .

The debt inciudin  • Cc.nitali.-ed in te r e s t  i s  to  be repaid b, e.p.al 
instalments s t a r t i n '  i r  m the y - ar fo l low in g  the commission]rn o f  
the EDU.

The a r se ts  to cover 65b oh t o ta l  working c a p i ta l  requirements are 
assumed in form o f  snort-term  lo  n with annual in te r e s t  rate o f  
18,9. The balance o: working c a p ita l  i s  to  be c a p ita l is e d  and 
financed or. the Srjne terms as the f ix e d  c a p i t a l .

The con str  :otion  p e r io c  o f the experimental dem n stra t io n  unit na 
take two years. The t o t a l  c a p i ta l  investments are d is t r ib u te d  by 
tne two ye- rs con stru ct ion  in the amount o f  6596 f o r  the f i r s t  355» 
in  the second year. The p o s s ib le  a d d it ion a l ca p i ta l  investment fc  
g o s -c le a r . ir t unit i s  to be priv ideu  irsm the accumulated cash. 

2 .6 .3 .  Broduction c o s t s !
The annual operating coats  o f  commercial A l - s i  a l lo y s  production
have been c 1c .luted fo r  tne f i r s t  >ear o f  operation at norms!
plant cr.pac.i i , or. the -.esis o f  d e ta i le d  annual operatin g  costs
c a lc u la t io n s  (re ‘ rmiexu: e 3|» Of cepr ec .r tier. and in te re s t  durir. 
c o n s t r u c t ! ’ r., a : s:.ov;.
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3N PRODUCTION COSTS BS TK0C8

1. Saw and auxllliary materials 75,960

2. Primary aluminium 425,144

3* Pfcwsr 48,495

4. Pu«l Oil 9,649

5. Otherutilities 2,552

6. Cost o f asn power 3,861

7. Maintenance 4 repair (0 2.5# iron cost o f
equipment) 2,958

TOTAL TAÜIABÜ COSTS (1 to 7) 564,299

e . Overhead costs 1,071

9. Administrative costs and sales ccsts 31,760

10. Interest an working capital (19#) 3,550

rÔ Trti t T.vKT) CCoTS (9 to 10) 36,161

i i . Depreciation* 18,229

12 . Interootj 2,420

WI’aL production costs 621,109

Production cos', o f 1 t o f commercial alloy 22,068

•  D e p r e c i a t i o n  i s  c a l c u l a t e d  b a s e d  o n  f o l l o w i n g  n o n s s l  

l )  b u i l d i n g *  a n d  c i v i l  w o r k s  -  %

J l)  emiipaents

l i i )  pre-pr^ductica ;a ,ltaJ co e ta-1 0*



c. r iiltiliO jfca. S.HS.-L £  —5

Eoth the cash-flow and, net income statements have been worked 

out for the period of 1 5  years.

The financial analysis is made on t' p̂ basis of prices at mid 

i9r2 price levels as follows:

i )  A l -s i  commercial alloys -  ri3 . 23.000 per ton

i i )  Aluminium -  R s .l9 . 6 CC per ton

i i i )  Electric power -  As.3G5 per 1.000 kwh

The p rofitab ility  of the EDU project was estimated by calcu­

lation of the internal rate of return on the capital investment 

and on equity capital.

The financial analysis was carried out using the computer 

programmes ueveloped in VAIbl. The computer printing of the re­

sults of financial analysis with basic prices is  given in Ar.ne- 

xures 4 - 7  including the following estimates:

1. Cash flow for vinancial analysis

2 . Ret income statement

3. Projected balance sheet

4. Internal rate of return.

The variant with basic prices has the following parameters.

-  internal rate of return on invested capital -  16.3/^

-  internal rate of return on e4uity capital -  1 5 . 6 a

-  pay-back period -  6 years

-  break-even point- 7 6 . 2%

The sensitivity  analysis includes the study of the internal

rate of return and of the break-even point in function of:

-  prices of alloys

-  prices of aluminium

-  prices of power



Гог each ь: эу price the sensitivity  analysis in respect to 

aluminium and power prices is  carried out. The influence of each 

of these parameters is shown in sen sitiv ity  Analysis Tables of 

Annexure 8 (For variants which are not profitable the internal 

rate of return is  shown by conventional sign 7 7 7 . 7 ).

The influence of prices on alloys

'The price of alloy is  considered over the range of As.22110- 

-27000 per ton with an interval of As.5GC. The fluctuation from 

the basic price level (Rs.23GCC per ton) is-5% tofl7%.

- he analysis reveals chat the project can oe viable even 

with minimal level alloy price and i t  becomes profitable with 

price increase determined by the increased demand on alloys in 

Indian economy.

ь The influence of prices on aluminium

The price of aluminium is  considered in the range of '*8010 

to 2 2 C0 C rupees per ton (-with deviation from the basic level of 

8% t o -*-12%).

The influence of this price on the profitability  level is  

rather important since the aluminium cost component in the total 

amount of opeiating costs is  very high (7 0 %).

The price of metal at the international market tends to fa l l  

(considerably less than the minimum level assumed in the calcula 

t ion s) . This . .1 C*-Tu t i o  ^ . U 'V U v  (J C  C  t economically viable.

The influence of the price of ^ovter

The price of power is stuaied within the range of Нз.ЗСЬ

-  3 '  -



-  3<

(basic) to 5Ci" per 10CG k .hour (+64;'-' of basic variant).

file influence of this price is  important, ana under the 

dition that the price of aluminium wouldn't be considerably 

reaseu, the project as a whole remains viable even with the 

of power equal to la .  5 00 per lOGC k.».hour.

The relationship of a ll  the parameters and their effect  

internal rate of return (on equities) are shown on the plot 

below.

con-

inc-

price

on the 

-iven



Зависимость ЗНП от уровня  т/

F F  F ЕСТ OF PRICE L E V E L  ON <R

Ба з о в ые цены .■
BASE PRICES:

АЛЮМИНИИ -  '9600 РУп/т 
ALUMINIUM - T S 19600f r  ~

- Сп л а в ы- 23000 руп/ т - электроэнергия -  Ъ05  рун/ woe кВтч 
-ALLOY -  Re 23000/  T - POWER - R S 305/1000 KW~h

Отклонение цен от вазовых , %
DEVIATION OF PRICES FROM BASE CA5E/ °/o
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SUTOTARY C O S T  E S T I M A T E  O F  S E T T I N G - O P  O F  E X P E R I M E N T A L

I N  O R I S S A  S T A T E

S I .
N o .

C a l c u l a t e d  c o s t . T h o u s .  P u p a e #
□ • s c r i p t i o n C i v i l

W o r k s
E r e c t i o n

w o r k s
E q u i p —
n e n t

O t h e r  T o t a l  
c o a t s  c o a t '

1 2 3 4 5 6  7

1 . A S i t s  p t e p i  r a t i o n - . .

L a n d  U n i t

2 . S i t *  ¿ a v a i l i n g 2 6 2 0 , a
t

- -  2 6 2 0 , 0

T o t a l  f o r  A 2 6 2 0 , 0 - - -  2 6 2 0 , 0

C o m p o n e n t s  o f  t f t a  a x p a r l a a n t a l  
d a m o n s t r a t i n g  U n i t

3 . R » “  M a t e r i a l  s t o r a g e 2 2 2 0 ,0 4 9 8 , 2 5 3 3 6 , 8 -  8 6 5 5 , 8

F o r e i g n  e x c h a n g e  c o ^ j o n e n t  ( F E C ) ( 4 8 8 2 . 4 ) ( 4 8 6 2 , 4 )

4 . Maw M a t e r i a l  g r i n d i n g 7 5 5  . 5 2 5 8 . 9 2 2 8 1  . 6 -  3 2 9 6 . 0  •

F . E . C . ( 1 8 6 0 , 7 ) ( 1 8 6 0 , 7 )

5 . Feed P r e p a r a t i o n  Room 5 4 8 5 , 5 1 0 7 9 , 2 9 9 3 0 , 6 -  1 6 4 9 8 , 3

( 8 4 1 8 . 7 ) (•418.7)f.E .C



1 i

6 ,  Furnaca and A l lo y  p rod u ct ion  
A E le c t r ic  Rooa

F«E.C.

In c i-d in ^  aquipwent fr -x
t t v i r d  c o u n t !  1 3 9

7. Pneumatic transport tack

3. Ccnvt’ or Gallery

S. Power supply

F . E . C .

10» Compressor station

1 1 ,  !%a t o r  r  i d a  A  a r - ' . a s

12. idator c c l i n g  Unit

F . E . u .

1 3 »  w a t e i  a  p p l y  a n d  a a ^ e r t g e  n e t  « 0:^3

F , E . C .

14» S ica  Development and Greenery



» 3 I

3 4 5 6 7

3 0 8 4 9 , 7 7 2 4 6 , 3 6 4 3 1 4 , 5 1 0 2 4 1 2 , 5

( 6 3 1 6 5 . 9 ) (  o 5 1 6 5 , 9 )

C 2 0 0 2 , 0 ) (  2 0 0 2 , 0 )

? b ,  0 - em - 7 6 , 0

1 3 1 2 , 3 - - - 1 3 1 2 , 3

6 9 4 . 3 1 9 1 9 , 8 1 3 2 7 6 , 9 - 1 5 8 9 1  ,  и

( 1 3 2 5 4 , 1 ) (  1 2 2 5 4 , 1  ,

2 6 6 , 5

1 2 2  3 , 6 - - - 1 2 2 3 , 0

6 . ^ , 5 4 1  5 , 4 3 6  3 1 , 6 - 4 8 9 3 , 2

C 1 3 6 4 , 6 ) (  1 3 6 4  . и ;

6 3 4 , 0 8 5 , 5 8 5 4 , 7 - 1 5 7 4 , 2

C 1 2 5 , 1 ) - (  1 2 5 , 1 ,

7 5 , 6 — - - 7 5 , o



1 2

1 5 *  L i g h t i n g

r ^ . c .

T o t a l  • B

r . z . C.

I n c l u d i n g  a q u l p n a n t  f r c a i  
T r i i r d  C o u n t r i a a

T o t a l  f o ?  A *  d

F.E-C*

I n d u c i n g  a q u i p m a n t  f r o *
T h i , d  C o u n t r i a a

C *  D t f a r  c o a t a

1 6 *  P o r t  i o r g a s *  t r a n s p o r t a t i o n
4  i r s u r a n o a

1 7 *  R a q u i r a d  r a n t a  f o r  c o n s t r u c t i o n  i n c l u d i n g
t a o p o r a r y  b u i l d i n g s  a n d  s t r u c t u r a a

1 8 *  O a a i g n

19* Start-tip A ccamiaaianing

2 0 *  B u i  I d  - u p  o f  A d o l n l a t r a t i  v e  a t r u c B u r a ,
h i r i n g  4  t r a i n i n g  o f  P b r s o n n a l



-4 »

3 4 5 6 7

2 ü t 0 3 3 , 4 2 2 7 , 2 »  2 8 0 ,6

(  2 2 5 ,  г У (  2 2 5 , 2 )

4 5 0 7 9 , 3 1 1 6 9 6 , 9 1 0 1 1 9 2 , 7 -  1 5 7 9 6 8 , 9

(  9 4 5 4 3 , 4 ) (  9 4 5 4 3 , 4 )

(  2 0 0 2 , 0 ) (  2 0 0 2 , 0 )

4 7 6 9 9 , 3 1 1 6 9 6 , 9 '  1 0 1 1 9 2 , 7 -  1 6 0 5 8 8 , 9

(  9 4 5 4 3 , 4 ) (  9 4 5 4 3 , 4 )

(  2 0 0 2 , 0 ) (  2 0 0 2 , 0 )

4 6 2 7 , 1 4 6 2 7 , ’

1 7 8 1 , 9  ‘ 1 7 8 1 , 9  ,

3 9 6 4 , 7 3 9 6 4 , 7

9 1 0 , 8 9 1 0 , 5

5 f, 0 5 , 0



-»  s » -

21 • Know-hon

2 2  F * C * C *

22*  T a x  o r  K. l a w - d o a

2 3 *  T r a i n i n g  o f  I n d i a n  E x p a r t s
I n  tda U.S.SaA*

2 4 *  A l l o c a t i o n  f o r  S o v i e t  E x p e r t *  d e p u t e d  t o
India f or construction  ¿ruj t ra c t io n  sup­
ervision , at art-up and euaiusooning du­
ring  early  opeiutiooa  and p tr f  uiiiiHnce 
guarantee te s ts ,  ; o i l « c t i o n  of i n i t i a l  
data or d s ta ila d  t?nyin*.‘o n n y  
F * E * C .

2 8 *  I n c u a a - t a x  o n  s e r v i c e s  o f  S o v i e t  E x p a r t s

2 6 *  C o n t r o l *  c a M j r o x n a t i o n  a n d
c o n o u s s i o n i n g

T o t a l  f a r  C

F  * C * C «

Total fei A ♦ 8 ♦ C 4 7 6 9 9 , 3



“ ” 2 0 0 0 ,0 2 0 0 0 ,0

(  2 0 0 0 , 0 ) (  2 0 0 0 , 0 )

- - 8 0 0 , 0 8 0 0 , 0

- - 1 7 4 0 , 0 1 7 4 0 , 0

— 3 6 3 0 , 0 5 8 3 0 , 0
( 2 7 6 7 , 0  ) (  2 7 6 7 , 0 )
( 1 1 0 ? , 0 1 1 0 7 , 0

2 4 0 8 , 8 2 4 0 6 , 8

2 3 1 7 5 , 0 2 3 1 7 5 , 0

(  7 3 0 7 , 9 ) (  7 3 0 7 , 9 )

1 1 6 9 6 , 9 1 0 1 1 9 2 , 7 (  2 3 1 7 5 , 0 ) 1 8 3 7 6 3 , 9



f * £ .  C .

I n c l u d i n g  e q u l p a a n t  f r o *
T h i r d  C o u n t r i e s

C o n t i n g s n c l a s  ( 3 ) 1  o f  c i v i l  w o r k s  
s o d  5)1 o f  s q u i p s u n t  c o s t )

F  • £  » C *

T o t a l  w i t h o u t  g a s  c l a a n i n g
a n d  t o w n s h i p

r < £ .C .

I n c l u d i n g  e q u i p m e n t  f r o o  
T f U  r d  Cot n t r i a s



I 6 s

3 4  5 6
m m шш-ш-тшт m m m m ,m ,m я m m »

( 94543,4 ) ( 73C7,9) (101861,3)

( 2002,O) - ( 2002,0)

1431,0 584,в 4959,5 695,3 *>670, 6
( 4627,1 ) ( 219,2) C 4746,3)

49130,7 122281,7 106152,2 23870,3 191434,5

(99170,5 ) ( 7 5 2 7 , 1 ) ( 1 0 6 6 9 7 , 6 )

( 2 0 0 2 , 0 ) ( 2 0 0 2 , 0 )
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AOOITICNAL INVESTMENT COSTS AFTER CONCLUSION 
OF THE EXPERIMENTAL DEMONSTRATION OPERATIONS

( m  C l » a r  i n j

l n f r t s '  o (  C u : «  ( T o n n - t n i p i

A F T E R  2 - 3  T E A R S  P E R I O D

•
3 1 1 8 3 , 3

4 2 8 9 , 3

3 1 1 8 3 , 3

4 2 8 9 , 3

T o t a l 4 9 1  3 0 , 3  1 2 2 8 1 , 7 1 0 6 1 5 2 , 2 5 9 4 3 2 , 9 2 2 6 9 0 7 , 1

F . C . C . ( 9 9 1 7 0 * 5 ) (  7 5 2 7 , 1 ) ( 1 0 6 6 9 7 , 6 )

I n - l u d i n y  ecjij i r r o o
T h i r d  c o u n t r i e s (  2 0 0 2 , 0 ) •m (  2 0 0 2 , 0 )



COST ESTIMATE Cf 4NM.AL OPERATI\Li . jTS

-  i . ;

SI
N o

P R O D U C T I O N  O F  P R I M A R Y  A L L O Y  

P R O D U C T I O N  O F  C O M M E R C I A L  A L - S I  A L L O Y S

C c a t  c f  I  t e a
U n i t

o f
eensura

1 .  2 .  3 .

1 .

A .  P r o d u c t i o n  o f  P r i m a r y  A l l o y  

Rrs*  M a t e r i a l * t

1 . 1 S i l l m a n i t e  c o n c e n t r a t e t

1 . 2 K a o l i n t  9

1 . 3 A l u m i n a 9 9

1 . 4 Q u a r t z i t e 9 9

1 . 5 C c a l 9 *

1 . 6 P e t r o l e u m  c o a e f 9

1 . 7 M o l a s s e s 9 9

1 . 8 E l e c t r o d e  ¿ a n t e 9 f

. 9 F  l u x

2 .

T o t a l  - o r  i t e m  i 

U t i l i M s s

2 . 1 P d . s r CCO k . f ! r

2 . 2 F u e l  O i l T t

2 . 3 I n d u s t r i a l  J e t e r 1 0 0 0  f l 3

3 .

T o t a l  f e r  K « «  2 

C o s t  o f  M e f i n o i o r

4 . R e p a i r  A  M a i n t e n a n c e  •  25ji

T O T A L  V A i I A O L E  C L i T S

9 , 5 4 0  ♦ p y  

2 8 , 1 2 0  +  p y

Price Geen- Costs
t i t  y Ss. 1 ^-Uü

4 . 5 . •
t « f  ■ 1

t 9 9 f l t i n s 1 1 1 x 2

1 0 G 0 1 1 1 6 2 1 1 1 5 *

2 2 C 0 M CD 5 3 ^ 5

2 6 1 0 32 ■ 5 933. 1

200 1 7 7 4 35 '

30 G 7 7 5 6 7  32

3E C0 5 ^ 6 2 01 b 7

95 4 4  36 4 21

7 8 1 0 8 33 6 4 8 7

- - 1 0 5 7

'

5 7 3 4  3

305 1 4 2 1  CO 4 3 3 7 1

2800 1 336 3 7 4 1

300 7 4 4 0 2 2 3 2

4 9 3 4 4

2077

1 9 5 9

1 1 5 2 3



-1 » -

5 . Q v e r h t a d  c o s t s - • a » 6 "

f i . I n t e r e s t  o n  M o r k l n g  
o a p l t e l  ( •  H ^ ) - - - Z . ' A ♦

T o t a l  f l x e d  c o s t 2 bc i

T o t a l  o p e r a t i n g  c o s t a  f o r  p r o -
d i x t i o n  o f  p r i m a r y  a l l o y ,  
1 t p *  A - - - 1 ; i . ; .

e a ® « ,  p e r  1 t - - - 11

8 .  C o n v e r s i o n  o f  P r i m a r y
A l l o y  t o  C t a » s r c i a i  A l l o y

7 . M a t e r i a l s T t 1 9 C Q 0 7 1 5 8 9 423* ^

7 . 1 A l u a i n l u »

7 . 2 H a t t e r  A l l o t s t  » - 3 6 8 1

7 . 3 F l u x - - - 1 ! -  ::

T o t a l  r r i t e m  7 - - a ; r'
*4 J  ’  - ;

8 . U t i t i l l M a s

8 . 1 POtaor 0 3 0 ,  k ; , r 305 • 1 6 8 0 0 h*

8 .2 F . e l  C i l T t 2 8 0 0 2 1 1 0 5 *v-&

8 . 3 I n d u s t r i a l  l . i t - e r 1 0 . . 2  i V 30C 400 1 '

T o t  r .i  f  i r  1 1 o «  8 - - 1 1 1  52

9 . C o a t  o f  .l a r .p a iz a r - mm <*» 964

1 0 . R e p a i r  8 H a l -  « n o n e s - - - 9 7 9

Total vaziaLi* cesta 4 1 2 7 7 6



C v e r t v e a d  c o a t a
401

11.
1 2 *  A d m i n i s t r a t i v a  a n d

« a l e a  c o s t a  ~
_  -  3 1 7 - .G

1 3 .  I n t a r e a t  o r .  w o r k i n g

c a p i t a l  ~
. .  -  1 1 K .

T o t a l  f i x o r í  c o s t a  . 3 3 2  7 7

T o t a l  f c r  9 .  -  & ; i O S 3

T o t a l  O p c r a t i n g  c o s t a  

A +  B _  — G 0  J n  O .

1 4 ,  O a p r o c i a t l o n  — -  -  1 0 : 2 9

1 5 *  I n t a r e a t  - -  -  2 4 2 C

T o t a l  p r o d i - : t i m  c o a t 3 _  _  C M  0 9

S a m a *  p e r  1 t  o f  c o r , m a r ­

c i a l  a l l o y s ,  r o p  e l ¿ 2 u 8 6
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f - i

t* ye  ar , TA :>■ a i 1

I “ I i
I PRODUCT ION T ' ' c *
I -
I A .CASH INFLOVI

V

l
6 4 6 • os  ; 6 4 i 6 >j i 6 3 V

>■

! l , F I N A N C ! A l  « P S o U R C C S TOTAL 1 0 I 'J i 6 I
1 2 . s a l e s  r e v e n u e I 6 a 6 7 6 o I 6 6 £, i o i 6 • 1
I i . pank  o v e r d r a f t s 1 0 I i . 1 1

IB . C A 5 H OUTELOW 9* 6 3 3 2 9 3  1 63 ? 89 0 i 6 3 2 4 f . 3
1

I l . t o t a l  a s s e t s  i n c l u d i n g  r c p l a c Eme n t s t 0 1 0 i C I
I ? , ( j p e R A r r . v G  c o s t s I 6 0 0 4 6 0 I 6 0 0 4 6 0 i 6 0 1  4 6 0 1
I S . o EBT SERVICE (TOTAL) I 1 8 1 6 7  1 1  T 2 2 8 i 1 6 2 7 0 I
I 3 . 1 .  INTEREST • I 3 6 l  4 I pf, ■* 5 i 1 9 1 7 I
I 3 , 1 . 1 , SUPPLIERS* CREDITS I 15 27 I 1145 i 7 63 I
1 3 . 1 . 2 . BANK TERM l Oa >|S I 2 3 0 « I « 729 i !. 1 5 3 I
I 3 . 1 . 3 , w o r k i n g  C a p i t a l  l oa n I 0 I 0 i 0 I
I 3 . 1 . 4 . BANK OVERDRAFTS I 0 1 0 i C; 1
I 3 . 2 . REPAYMENTS : 1 1 4 5 3 3  I 14^33 i 1  3 3 s I
1 3 . 2 . 1 . SUPPLIERS* CREDITS 1 9 3 4 V I 9 3 4 9 * *
1 3 . 2 .  2 .  BANK TERM l 0 A NS I At 0 4 I 433 4 i 1 ' !i 4 I
I 3 , 2 . 5 . BANK 3 V F R 0 R »>'/ r S I 0 I 0 i 0

) , .• , I
! 4 , C 0 R P 0 R A T c T f. * S

1 /, 6 /; f X '*• /  ■, :r i I
I 3 . d i v i d e n d s 1 ! I' i i !- I
I c . S;ir !: L' jS /  0 r r I r \ T ? > ' i ' ! » ;
5 D. f - ! 1 • 1 L f■ V I V F Cr.sp I - A !. f  !■; L- f Vi '» 3 f ( i - ■'; » 1 ' '' i ' i
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TECRNO-nCOrOMIC CALC'"r ATION OF ESTABLISH!SC
ah Exr- i r :. B:.:.'"~.in?ATio:! r.:ir flu th1T~

iR O LULfi.JJ OP A L -S I ALLOYS IH INDIA

IHTEODl’CTIOH

Taking into consideration that OSCCM doc* not have captive aluminium 
production o f it s  own and since alustlnius is  required in large amounts 
for tho production o f  Al-Si casting alloys, two alternative# o f  establishing 
o f tha KDU are additionally considered.

Alternative I provide* for production o f the prinary refined Al-51 alloy 
ea a cennoarcial product about 372 Si content, and alternative II  for the 
production o f the Master alloy vich aillcon  concent o f 202.

The f ir s t  alternative excludes completely the alualoiua consumption at 
OSCO.H production, uhile the second alternative reduces this figure 
by 12,409 t which w ill require 9,180 t against 21,589 t as per basic variant 
o f producing comrcrcial goods alloys.

1. Erverjrental---1 rsonstratIon emit (E5U) for production o f the
primary rctir.cd alloy aa c.;. ~erclal procuct -  Alteraative-I

1,1 Production Prograane.

For this alternative the EDU v i l l  be composed of one 17 M7 e le ctr ic  
are reduction furnace end o f  the tech-nological equipment lin e . Without 
the cquiptssnt o f c lloy  production roe» for alloying the refined alleys 
to produce eluminius a lloys. Capital investment cost for setting -  up of the 
ECU w ill decrease by Rt.43.7 title. against the main variant end w ill be 
Ra.147.7 ciln. excluding the coet of township and o f gas-cleaning unit.

The primary refined Al-Si alloy produced with aluuiniuo content of 
59.6-60.02 and s ilicon  content o f 37.5-37.6Z v i l l  be cast in  large 
dimension ingots weighing 100-2C0 kg, and w ill  bo sold to consumers. This



Thl« alloy cnn be uecd for production o f casting Al-Si 
alloys at existing plants producing similar alloys by synthetic 
method. In this esse for  the production o f Al-Si casting alloys 
the aluminium consumption w ill be reduced by 20-251 as compared 
with synthetic method o f alunini'^a and ailcon rsmelting end the 
silcou autcl w ill not be required.

As per Iudi.cn data tha sp ecific  consumption o f technological 
power for the production o f one ton o f aluminium is  17.0G0 kwh, 
and o f o ilcoa  15,000 kvh.

Thus the utilisation  o f primary refined a lloy reduces tha specific 
power conr>u;rptlon par ton o f casting aluminium a lloys  i by about 
2,000 k̂ rh depending on the grade o f  alloy produced.

Tha voltc-A of primary refined a lloy  production in ingots w ill be :

9.540 100 -  1
10Î 9,445 tpy

Where: 9,540 t -  the annual capacity o f  the e le ctr ic
are reduction furnace producing liquid refined 
a lloy ;

1Z -  casting lo e s s .

The annual consumption o f raw materials, auxiliary materials and 
u t ilit ie s  for production o f primary refined Al-Si e lloy  ia  ingots, 
as y e ll  as the annual requirements o f raw material* and u t ilit ie s  
for Its  production are given in tables below.
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i A • 4ш SPECIFIC CONSUMPTIONS OF RAW MATERIALS
ANCILLARY iiAlERIALS A..'3 UTILITIES

ss COST ITEM СТГС7 SPECIFIC
CONSUMPTION

1. Silllüaaite concentrate t / t 1.182

2. Dry cleaned kaolin и 0.305

3. Al’.tslaa « 0.340

4. Coal r 0.821

5. Petroleum coke « 0.61

6. Molasses tt 0.47

7. Electrode poeto II 0.088

0. Quartsite II 0.188

9. Flu? (common fa it ,  
cryo lite , potassium 
cloride)

в 0.0273

10. Power (without gae-clccrninip) 1000 14.15
— in c î .process power. fcwh/t 13.13 -

11. Fuel c i l t i t 0.142

12. Water (recyled) J i t0 790

n . Compressed s ir ne3/t 860
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1.3 ANNUAL REQUIRE! ENTS IK PAW MATERIALS & INPUTS FOR
PP.GÜUCTIÛiï Cïï UEiINED PRIMARY AL-SI ALLOY XK INGOTS

SH. DESCRIPTION UNIT ANNUAL
QUANTITY REMARKS

1. Silliitenlte Concentrât» * 11.162

2. Kaolin, dry cleaned t 2.eei

3. Al traîna t 3,215

4. Coal t 7,756

5. P-.ïtroIûtEa coko K 5,762

6» Nola&aas t 4,436

7. Elccttode pap.te t 830

6. Quartzite t 1,774

9. Fl.vcc

-  corswm sait t 162

-  cryolite t 48

-  pt'taesiua cloride t 48

10. Powar nln.kvh 142.2 Inci.gas cleaning
vithoui. ¿as-cicaning- 
133.6

11. Fuel o i l t 1.336

12. Process water(recycled) nln.c^ 7.44

13. Compressed eir mln.nn^ 8.1
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7c compare with basic variant for this alternative the
annual requirements of u t ilit ie s  are reduced:

power -  by 16.2 aln. kwh
3

fu a l-o il ~ by 2,110 t ,  recycled water by 0.4 nln.m ,
3

cocpresged l ir  by 1.6 icln nn

1,4 Coripor-J t ioa  o f  E~)'J cosflonants and
1 1 . - i t  o f  - n l a r  p r o c e s s  e q u i p m e n t

As in case of the basic variant the :SDii components shell include 
tbc raw cuterial storage, raduccant grainning section and feed 
preparation roois. Instead o£ combined e lectric  furnace and alloy 
pro due tier1 (tv tallurgicnl) rocn only the cor. struct ion lo f  e le ctr ic  
furnace w ill be required. TfciB furnace roots is  provided for briquetted 
feed reduction in e le ctr ic  ere reduction furnace, for refining o f the 
primary A i-ti alloy and its  casting in lngota, which can be delivered 
to cons’ - vs na cosraercial product.

The £DU r-.aior technological equipment la  given in tha Table below"-
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83. DESCRIPTION TYPE AND fiUM- WEIGHT. KG
SPECIFICATION BEE OF ONE 

ITEM TOTAL

1. Jov crusher CFO)-10& 1 - 8500

2. Roll crusher )£-1000x550 1 - 17500

3. Tangential banner w ill KMP-1000/990 1 - 8300

4. Dust cyclone Ii7R-15-14„'0 1 - 2420

5. Elccti'cr.tatic Treeipa- 
tator.

2SB-1- 6,1-8 t •» 30000

6. Air drier YOB-30MT1
flow rate, .
30 nsT/tuia

~ 5000

7. Fneunat ic  tic re f j ur.p WB 63-Z, , 
flow rate - 2150

63 v?/hr

8. tfeigber with weight 
control

V?, 600-20000 
DB 300-10000 10 2030 20300

9. Continuous veip'iter C6 -  111
rate lot/h r 2 3400 6800 i

10. Continuous weigher C6 -  i l l
rate lOt/hr 1 - 1900

u . Veiiber vith «eight DB 120-4C0D 2 U30 2260

12. ?ed<ilo rixer Capacity 6t/hr 2 4800 9600

13. Roller press Capacity 6t/hr 1 - 11CQ0

14. Convayor drying oven Capacity 5*0t/h r 1 <** 95000

15. E lectric ore reduction 
furnace

Three phage -  . 
electrode power 
rating 25 1!VA

702000

16. Ste.h.'rg and charging 
nachina

Dango and 2 
Dlenenthal

7000 14006



2« r.x p erir?r>tp] dg^.onatra t ion unit f or r e d u c t io n  o f  corroer-
c i c l  c e? llr*.c. A l-S i a l le ys with s i l l c c o  content v? to  20%

Alternative -  II

2.1 Production Tr~jeraa&fi.

i'or this alieraiitivQ the capital investment of the KpO 
construction v i l i  be reduced by Rs.6.6 sain aa compared 
wit h tho baric, variant due to t ic  er.cluiiion of eoma 
eii.’.ipssn* c-f. Alloy Product:ico P.oom (Metallurgical Boon) 
end the reduction <>f Metallurgical Room dimensions. The 
capital inv-2.?tiont cost amounts to Us.154.6 ala excluding 
the cents o f township construction snd o f gae-cleaning 
unit.

After rifinintf» the primary Al-Si a lloy  is  added to alrca- 
;.>dy incited nlvininlvai pins in induction furnaces. In these 

furnaces the alualnium alloy is  additionally refload with flux 
to brine; the s ilicon  content to 20%. It  is then analysed and caat 
into sa3il dimension pigs weighing 15-20 kg and delivered to con- 
E m ri as the con-aerci&l product. this alloy is  a aasce.r 
Al-Si alloy end can be used for the production yf casting 
Al-Si a lloy  at any foundry unit producing casting alleys by 
eynthctic method.

The aluminium consumption for the production o f one ton o f  caster 
Al-Si is  0.51 and the tota l requirement» o f a.lualniua for the 
production of casting Al-Si allccys in this caoe w ill be reduced 
by about 20%  against the syuLhetic method of production.
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The power con3ir-*ptioa for the production o f casting 
uluciniun alloys w ill ba significantly lover whan compared 
with t'nair production by eyn.thatic r&thod.

Tha wijor technological aquipnent to ba provided in 
the NOtallur£i.c.»l roan, ol CSC?" inclr.de the induction furnaces, 
the cast ini; conveyor with the hydraulic t l i t e r ,  tha pig 
pilot' end the stand for lsdlo hosting.

9,450 tpy of prinnry refined alley v/iLl be produced, and after 
its  S'tllinc rich 9 >153 t o f pig alitiiniun i t  can product 
18 ,000 tpy of. i.a*ter alloy o£ olusiiciina with o ilicon  content 
o f 2CZ.

The specific consunpticns end annual rcquira.'iante o f raw KAterials 
and inputs for productiofl of priaiary refined a lloy  and o f Al-Si
alloy with s ilicon  contact o f ?.0! are given in tables below.
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2.2 Specific consumptions o f raw materialb end inputs 
for production o f  primary refined a lloy .

Specific
S.Ko, Cast item Unit consumption

1. S i l l inanité Concentrate t / t 1.17

2. Dry cleaned Kaolin * *« 0.302

S . Alucina ft 0.337

4. Coal ♦J 0.813

5. Petroleum сока H 0.604

6. Molasses If 0.465

7. Electrode paste ft 0.0S7

6. Quartzite ff 0.186

9. Flint (cotton sa lt, 
cryolitc.potaf'siua 
chloride) II 0.027

10. Power (without gas- 
clcaning unit) 1,000

kwh/t
14.0

-including process power fl 13.0 -

11. Fuel o i l t / t 0.14

12. Vaterfrecycled) . * / » 780

13. Compreseed air
3

na i t 850
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2.3 Annual requirements o f ray materials and Inputs 
for production o f primary refined A l-Si a lloy .

8.No. Description Unit Annual
quantity Remarks

1. S illisau itc concentrate t 11,162

2. Kaolin, dry cleaned t 2,881

3. Altunina t 3,215

4. Coal t 7,756

5. Fctroleusi cobs t 5,762

6, Molasses t 4,436

7. electrode paste t 830

8. Quartzite t 1,774

9. Flux

-  Common salt t 162

-  Cryolite t 48

-  Potassium chloride t 48

10, Power sin 142.2 including gas~
kwh cleaning unit.

Without gas-cloan­
ing unit-133.6

11. Fuel o i l t 1,336

12. Process water 
(recycled)

nln.n? 7,44

13. Compressed air Btln.ttÔ 8.1
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2 .4 Specific consumption» o f rev catcria ls anA Inputs 
for production o f Al-Si alloy with s ilicon  content 
of 20Z

SI.No. Cast ltüQ Unit Specific
consumption

1. Prioary refined 
Al*SI alloy t / t 0.53

2. Alusiniua in pigs fl C.51

3. Flu* (cc2'20u salt» " 
cryolite .potesaiira 
chloride,soditi» (fluoride)

0.012

A. Power fcwh/t 580

3. Fuel Oil t / t 0.02

6. Water(recycled) A t 14

7. Compressed s ir S ,.
U K  f t 55
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2.5 Annual requirements o f  raw materials end inputs for 
production o f Al-Si a lloy  with s ilicon  contant o f 20%

SI.Ko. Description Unit Annual
quantity

1. Priaary refined Al-Si a lloy t 9,540

2. Alunlnlum in pigs to 9,180

3. Flusi

-  Common sa lt to 90

-  Cryolite « 11

-  Fotasslutt chloride to 90

-  Sodium fluoride to 27

4. Power nln 10,5
kvh

5. Fual Oil t 360

0. Veter(recycled) Bln. B3 0.25

7. Compressed air 3
mln.na 1.0

For this alternative the anru&l requirements o f fuel o i l  are 

reduced by 1,750 t as compared with the basic variant.
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2.6 Composition o f  the ECU cosponeata «ad l i s t  o f major process

equiproaat.

2 .6 .1 , EDU Component».

As in basic variant the EDU components include the rev 

material storage, raductant grinding section* feed preparation root* 

end e lectr ic  furnace and alloy production room (r.atallorgical 

roow). But tba Jin^nsions o f the metallurgical building w ill be
3

reduced by voitria o f «bout 13,000 m due to the exclusion o f 

holding furnaces and o f filtra tion  furuancea fired  vith  fuel o i l  for 

thiu alternative.

2 .6 .2 , The major technological equipsent o f the ECU i*  given in the 

Table below t
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S.No. Description Type & Number Weight_________
S p .c lflc .t lon  ot 0M Totsl

iters.

1. Jew crusher CHD -  108 1 •w 8,500

2. Roller crusher D 2-1000,550 1 - 17,300

3. Tangential banner
B ill

MOT 1000/930 1 - 8,300

4. Duet cyclone M 15-1400 X 2,420

3. Electrostatic 
precipitetor

83-1-6,1-8 1 - 30,000

6. Air dryer Y08-30 MI, 
flow-rate 1 - 5,000

33 QSB̂ /Rin
7. Pneumatic screw

pucp
H 8-63-2, 
flow rate

1 - 2,150

63 m3/hr
6. Weigher with 

weight control
t>& C00-20000 
D8 300-100^0 
D8 1200-40000

10 2,030 20,300

9. Continuous
weigher

CS-111
rate l£ /t/h r

2 3,400 6,800

10. Continuous
weigher

C 5-111 
rete lOt/hr

1 — 1,900

11. Weigher with 
weight control

DB 120-4000 2 1,130 2,260

12. Padtle mixer Capacity
6t/hr

2 4,800 9,600

13. Roller press Capacity
6t/hr 1 a» 11,000

14. Conveyor drying 
oven

Capacity
5-6t/hr 1 - 95,000

n - .

15. Electric ere 
reduction furnace

Three-phases 
three-electrode, 
25 flVA power 
rating.

1 - 702,000
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S.No. D e s cr ip t io n Type & tip ee i- Hua Weight kg. _
f l c a t l o n her o f  one 

item
T o ta l

16. S tock ing  and
charping
««C hina

Dango S 
D ienenthal 2 "7  ,000 14,000

17. In d u ction  c r u c ib le  
sm eltin g  furnaace

UAT -  6 M 
ca p a c ity  6 t 3 23 .140 69.420

16. C asting conveyor 
w ith h y d ro lic  
t i l t c r

12 a lo n g , 
ra te  4 -6  
t /h r

- 17 .309

1$. P ig  p i l e r  w ith
accum ulating
conveyor

ra te
4 -6  t /h r 1 8,200

20. Stand fo r  
la d le  h eatin g

F u e l -o i l
f i r e d 1 1,090
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3, Ly.-.tlnn of th y o’-TOarircntr»! drrnonctxation unit and Its
' ry -u y  Ter to-3 tv.) olt:mafciva<3« ‘

3.1 EPO location

As it, v,33 stated above tfr? EDU oenpenents do rot differ significantly 
£rc« J;itermtivc3 I to Alternative H  end as Casparcd with tha 
basic variant described in Volins I . Tftss the areas provided far the 
both Alternatives of tha EXT will ba practically tha same and 
will rot differ to a great extent frm  tlie areas determined fer basic 
variant. Based on this statement tha location of Alternatives I and U  
is  assumed tte s:rae as that of tha basic variant i.e . adjacent to 
north-eastern boundary of tha CGGCH site*

3.2 EXT utilities cirrily

Tho utilities ccTinur̂ tions given above show that their requirements 
for both alterratives aro reduced against tiie basic variant. This 
reduction in utilities con.mrrpticn as cccrared with tho basic 
variant is indicated be low x

Fewer consumption 
Fuel Oil 
Kates*
Oanpressed air

-  4 to 10%
— 50 to 50%
-  2 to 5%
— 6 t o  10%

Tah.lnj Into consideration tint the reduction in tha utilities 
csxviuaption in general is not significant (except far fuel-oil) tha supply 
of the utilities for tha ECO is aesaxaed similar to that adopted fear tho 
basic variant.
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tiaiuar supply -  firn CGCG4 networks with the construction of the 
captive vater recycle unit

C'cngcesG & i r ix  -  fraa the e s t iv a  oengeesaor station

Fusi O il -  through respective CSOCK networks

Pa«r -  iron the editing HT 132 XV power transaiesicn line with 
additional installation of one 32 KVA transformer

Steam for fire-fighting end heating of molasses tanks in the 
feed preparation rem enfi fuel o il pipelines coring fraa CSCCM 
boiler licuse.



rxirat-iĉ -i of tha ncojcct lmlcr,cnfcatlcn

The duration of irdemaitaticn of tha BXJ for production of 
cc№trcdal Al-Si alleys (basic variant) Is estimated to be 
4 years iiduUng tlrt period required to reach tha design 
ca^city off the EXJ as shewn in Arneacure-5 of Volusia -1»
The cost off construction of tills EDO onounta to Rs. 191,4 min,

The costs ectirriitad for the ccnytructicn off such an ECO for 
tha prelection of only primary Al-Si alloys (Mbemativa I) 
amount to Rg. 147.7 nln, and for tha production of casting 
A1~S1 alloys with silicon content of 205 (Alternative H) 
is rn, 184.8 pin.

Frau tli3 cxxrpuriscr* of the rests of construction of Alternatives 
I an! IX with tbs rbasic variant, i t  can he seen that fer tha 
Alternative X the cost is  reduced by 23% and far Alternative II 
by 3%,

Easing on the above, tha duration of tho project implementation 
fer Alternatives I & XX is assucBd to bo 4 years as per tha 
basic variant for this stage. ?>t the stage of a ¿etalcri study, 
i t  appears that the Implementation period fear Alterative I can 
ha reduced by holf-a-ycar to 3,5 years,

Eoonsrdc and fincuxfal evaluation off the production cf primary 
refir ad alloy (Si content of 37% ) and of master Al-Ci alley 
(Si content cf 20%),

Tho economic evaluation fer ecfciraticn cf capital end operating 
costs of production of primary refined alloy (Si content 37% ~ 
Altcnxt ive I) and raster alley (Si content 20% -  Alternative II) 
is  brood on prices of 1932 p ice lavels.



13

5,1 CT-rLt.il cierto

Tha cuín initial capital ccata for ccnstructien o£ industrial 
uaíts as pir Alternativos I and U  ere given in coct estinates 
(rtnriaxurea 2 ¿ni 3 roo:ectively) and aaount to Es. 147,7 rnln and
Rs. 1E4.S nún rcspcctiiely.

tOi.TíSíiip ccot fer heth altarriativas emcunti to Rs, 4,3 ialn,

íha cost of tho gas-clcstiin? urdt eremita to Rs» 31.2 r>ln. and 
its constructicr. iíi prervided for ix¡th alternativos fren tha 
cceunulatod corii reserves,&t a lates: ctago of eperetion.

T a  capital investxtisnts by projoct ccrpcnsuta ere given belew.
To entina te &ie total capital ccst tho sarejin roney (35% of 
tccurbinj civ¿tal) and thi interost c’uricg ccnstruction ara adiad 
to fjteed capital ocste
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(min)

SI,
K o . C&st item

Primary Alloy 
(Si 375)

Master Alloy 
(Si 20%)

1 2 3 4

1. Sito preparation 2.6 2.6

2. Buildings & civil works 28.1 42.1

3. i3rn*i.n̂ rit in d . erection and
üco'-i оозса, tot iti
b e l .

94.8
(74.4)

114,7
(32.7)

ЗД Irèxgaaous 8.2 6.4

3.2 Supplied froa the Ü.S.S.R. 84.3
(72.4)

105.7
(30.7)

4. TcCh '̂ílO'pr (ÍTK'l, Vrrv-how
ta:: on Jarw-hew)

2.8
(2.0)

2.8
(2.0)

5. Design work 3.0
(1.2)

3.8
(1.5)

6. Training of Irrlirn Specialists 
in tin Ú.S.S.R.

1.7
(0.9)

1.7
(0.9)

7. OLxiCiT 003 fcfl 8.7
(2.8)

9.9
(2.8)

8. Cfcntirrtnoioa 6.0
(3.8)

7.5
(4.9)

Total fired initial cerital 
investment fer irdusfcrial 
ccrctxuctim

147.7
(35.1)

184.8
(104.8)

9. îtxsiiCiip 4.3 4.3

10. ììtrgin llcr.cy (YA  of 
verkijrj capital)

4.0 6.5

11. Interest ct^irg construction 7.1 8.9

Total capital irr/estmont 163.1
(25.1)

204.5
(104.8)

ЮЛЬ Fijares in brad teta chew the foreign exchange empenent
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From the total n-xunt of the foreign exchange carpcrx-nt, 
tha cost of equiiiasnt, tccluvilogy ani services viiich may
be supplied by Luvicc, side uaiies l-us. 53*1 iulu fear 
Alternative I ¿uà Rs» 102.è tin foc Alternativa II , ce 
in both cases ¿..’.out 554 of respective cadn capital investments 
costs of industrial oonutruuticn. The cost of irrporttd 
equi£ioent to ba porci jaeei by Indian aide from third countries 
is  estimated for both Alter;*itives at. R3. 2.0 tin ,

Tiia c o s t  of cquî vueat includes tlie port duirgea, incurcrc® 
ani ila  oast cf transportation of tlje irperted equivalent 
frcoi the port to tha site. The custor.s duty has rot boeri 
token into account,

5.2 Financing

Fcr badi altmuitives titò eources and t<auu3 of financing 
arc aciaciod ta i/j. siudlar to the basic variant of constriction 
of 1 b i / i  producing carrurcial Al-Si alleys:

-  Thu ratio fcatwoen government equities end berrer̂ sd e.soets 
i s  of 1j2 , Fresa tha total Koount of bcurowod assets the 
U.5.S.R, credit fc r  equipment and technology supply and 
tha training cf Inilan specialists in toe U.S.S.a. nahes 
Ra. 75.3 ruin GU turnative I) end Rj . 93.6 kIxi Giltcmctive II) .

-  The» township construction is completely financed by the 
equity capital (far both alternatives) «

-  Tha U.S.S.K. credit is grunted for 10 years at annual 
interest rate of 4%.

-  Tha lang-tcr.a local lean is granted fo r  1C yi*urs at 
crural interest rate cf 12%.
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-  The credit arid lean including capitalised interest during 
ccmEtructicn ore to bs repaid by equal instalments 
starting free the year following tie oertaissioning fee both 
tho eltermtives.

-  65% of the vraridng cnpifc\l is covered by short-term loan 
at interest rate of 18% par annua and the balance 35% by 
margin money.

Tbs construction period fear both alternatives is
assumed to tabe two jours with following distribution of 
capital ocrats:-

Altsmative Alternative U
min, rupees

1 Year 100.2 127.3

2 Year 62.9 79.7

Potai 163.1 204.5

The additional capital investment far cas-doaning unit fear 
both alternatives is  to bo jerovirteri after acamüaticn of 
required cash.

5.3 rraiucticn costs

lira operating costa oi/altemativea of Al-Si alleys 
production aro gi.’en in tira cost eotimato of annual operating 
coats in Annscure -  IU .

/¡both
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Tho exmcarieod form of the anrual production oosts 
including depreciation and interest aro as follows:

i .  for the production of primary refined alley 
(Si 37%) -  Ha. 130.4 min

i i .  for the production of raster alloy (Si 20%) 
-  Fs. 324,5 min

S.Ho Cost item Primary 
alley 

(Si 37%)

Master
alley
(20%)

1. Raw materials
in its min 
59.7

iii Rs min 
57.3

2. Primary alminim - 179.9

3. Fewer 40.7 43.7

4. Fuel o il 2.7 5.8

5. Other utilities 2.2 2.3

6. Manpower 2.9 3.4

7. Repair & iiaintensnee 
(8 2.5% of equipment 
cost)

2.4 2.9

• Total variable costs(1 to 7)110.6 295.3

8. Overhead exists 0.2 0.6

9. idmirdstrativ© exacts 
and sales costs 3.2 7.9

10. Interest on working capital 
Seda (6 15%) 1.4 2.2

Total fixed costs (8 to 10) 4.8 10.7
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1 2 3 4

11* TV-tal operating 
(1 to 10) 115.4 306.0

12. DefaraxLaticn

13* Interest

13.3

1.7

16.4

■XI

Total production costs 
( ll  to 13) 130.4 324.5

Proeuctj.cn cent of 1 ton 
c£ alley, xvrzea 13/006 18,030

5.4 Financial analysis

5.4.1 The financial analysis is n®de on the following prices*

i .  primary idler/ -  Rg. 17,250 per 1 t  and
i i .  «aster alloy -  Ks. 18,700 per 1 t

lbs prices of primry and mater alleys in calculations are 
assuned at the cost cf production cf synthetic cilinin 
(contort o£ silicon cf 12% and content of aluralniun of CSS) 
based on the prices of silicon and of elininiua of Rs. 20,030 
and Rs. 19,600 respectively.

Tbs price of primry refined alley is asaucuad talcing into 
account tha profit of users in amount of 103 due to utilisation 
of this alloy.

Both the cash-flow «id the net ineerca Btateroents have been 
wot?**! out far a psricxd of 15 years.

Tha designed capacity is  asstnod to reach in the second 
year eiftcr «ransciuning.
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5 ,4 ,2 ,1  CASH FTCW TABLE FCP FINANCIAL PLANNING FOP PRCOUCTKN 
OF PPWAKY REFINED ALLOY WITH SILICON СОКГП.’ Г CF 37»

aitii'Fatìvf i

Г .No. COSTS /  YEAR? 1 . 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17
SALVAfib

VALUK тсгглг

Л. CASH INi'LCV I 100.2 6 2 .9 I 2 ¿ .7 163 .0 16J .0 1 6 3 ,0 .163,0 i 6 j , o 163,9 163.0 1 63 ,0 163.0 163 ,0 1 63 ,0 163.0 163.0 163.0 - 2567.8

L . FINANCIAL bKSCVtC-LS TCTAL *  100 .2 6 2 .9 - - - - - - - - - - - - - - - - 163.1

2 m SALIS Ш .О М ъ Í - 122.7 1 63 .0 163,0 ? 6 3 ,0 163 ,0 1 6 3 .Q 163 .0 1 63 .0 1 6 3 .0 1 63 ,0 163 ,0 1 6 3 .0 163 .0 163.0 163.0 - 2404.7

li. CASh О Л П Ш 1  100 .2 6 2 .9 102 .6 148 .a 148.5 148.2 1 48 ,0 147.8 1 4 / . 4 147 .1 146 .9 1 77 .8 151.4 140 .2 140 .2 140.2 140.2 -3 7 .8 2120.6

i . CM'ГГAL 1  1U0.2 62.9 - - - - - - - - - 31 .2 - - - - - -3 7 ,8 156.5

2. c c j t M i r i j  c c e r s - - 86 .6 115.4 115.4 115 .4 115.4 115.4 116.4 115.4 115 .4 115,4 115.4 115.4 115 .4 115.4 115,4 - 3 /0 2 .2

3. v n rr  bLRSlCZ - - 6 ,6 17.4 16.8 1 6 .1 15.4 14 ,7 14 .1 13 ,5 12.8 1 2 .1 11.6 ~ - - - - 151.1

3 .1 lUnJUST - - 6 .6 6 .6 6 ,0 5 .3 4 .6 3 .9 -> 2 .7 2 .0 1 .3 0.6 - - - - - 42 .9

3 .2 RiTAY.'iCT - - - 10 .8 10.8 1 0 ,8 10 .8 1 0 . « 10 .8 10.9 1 0 ,8 1 0 .8 1 1 ,0 - - - - - 108 .2

-  SCPPLILN'S CREDIT - - - G .0 в . о 8 . U 8 .0 a ,o 8 .0 8 .0 8 .0 8 .0 7.9 - - - - - 79.9

-  LLNC-TS3ÎM LOCAL LOAN - - - 2 .a 2 .8 2 .8 2 .8 2 .8 2 .8 2.8 2 ,8 2 .8 3.1 - - - - - 2У,3

*%. F JCCPt. T.AX t?  5 7 .7 5 » ) - - 9 .4 1 6 ,0 1 6 .J 16.7 1 7 .2 17.7 17 .9 18.2 16.7 1 9 .1 24.4 24.8 24.8 24.8 24,8 - 290.fi

c PPLS Í2.T CASH FLOW tA-B) 0 0 20,1 1 4 .2 3 4 .5 1 4 . a 1 5 .0 15.2 15.6 15.9 i c a - 1 4 . 8 11,6 22.8 22.8 22.8 22.8 37,8 267.2

0. C l! H A T IV E  CASH BALANCE 0 Ü 2 0 .1 34 .3 48.8 6 3 .6 7 8 ,6 93.8 109.4 125,3 141.4 126 .6 u e . 2 1 61 .0 183.8 206,6 229,4 - -

]



-26 -

I S , 4 . 2 , 2  NbT INCCME ‘STA*!ТЯГОТ
; * ГХЯ PRUOUCTKtJ CF l ’PIVARY RfcFINED ALLOY
j (SILICON COfiTOT O F 37%)
I МГЛ-I l̂ CVK_I I

1 2 3 4 5 6 У 8 9 10 l i 12 13 14 15 16 17

1 . SALES REVENUE - 122.7 1 6 3 .и 1 63 .0 163 .0 1ЬЭ.О U .J.0 163 .0 1 63 .0 163.0 163 .0 163 .0 163 .0 163 .0 163 .0  163.0

о

2.1

р к а х х т п с к  cost s

o r a . ^ r r c  COSTS B6.6 П 5 .4 115 .4 U 5 . 4 115.4 115 .4 115.4 115.4 115.4 115.4 115.4 115.4 115.4 115.4 115.4

2 .2 DCPPDUIATICN - 13 .3 13 .3 13 .3 11.3 13.3 13.3 13.3 13.3 13.3 1 3 .3 4 .7 4 .7 4 .7 4 .7 4.7

2 .3 e t h ir ls t - 6 .6 6 .1 6 .0 5 .3 4 .6 3.9 3 .3 2 .7 2 .0 1 .3 0 .6 - - - -

-  a i  SUPPLIER'S CREDIT - - 3 .2 3 .2 2 . У 2 . b 2 .2 1,9 1.Ь 1 .3 1 .0 0 .6 0 .3 - - - -

-  Ш С  TERM LOAN - 3 .4 3 .4 3 .1 2.7 2 .4 2 .0 1 .7 1 .4 1 .0 0 .7 0 .3 - - - -

SUS Z O . 'd - FCR ITEM 2 . 106 .5 .135.3 1 з 4 .7 134 .0 133 .3 132.4 132.0 131.4 130.7 130.0 120.7 120.1 120.1 120.1 120.1

3 . PSCFrr/lOSSLS - 16.2 27.7 28.3 29.0 29.7 30.6 31.0 31.6 32.3 3 3 .0 42.3 4 2 , У 4 2 .9 42.9 42.9

4. I ГИ К Е  TAX («5 7 .7 5» ) - 9 .4 16.0 U . 3 16.7 17.2 17.7 1 7 .9 13.2 13.7 19.1 24.4 24 .3 2 4 . S 24.8 2 4 . tí

5 . NLT PROFIT AFTER TUX - 6 .8 11.7 12.0 12.3 12.5 12.9 13.1 13.4 1J.6 13.9 17.9 ltí .1 IB .1 18.1 l t í . l

6. АССиЯЛАШ) PROFIT - 6.E 18 .5 30.5 42.8 55.3 6Й.2 81 .3 94.7 lOtí.J 122.2 140,1 158.2 176.3 134.4 212.5

I

]



S.No. UÆTS/YEAPS i 2 3 4 5 6 7

A . CASH IN rLOW 124. 8 79.7 265,5 354 .C 354,6 354.6 354.6

î . e e c i c i a i . r ss c x p c ls  
'¿ViAL

124.8 79.7 - - " *

SALES RPA'IUE - - 263,5 354,6 354,6 354.6 354.6

b . CASH CLTFLOW 124.8 79,7 244.4 341.8 341.4 341.1 340.7

1. CAPITAL INVILTIMl^r 124,8 79.7 - - - - -

2. c t ik a t in g  co sts - - 229.5 306,0 306.0 306,0 306.0

3. DE1C SEWICE - - 8.5 22.1 21.2 20,4 19.5

3.1 IN ÎU'-i ŜT - - a . 5 a .5 7 .6 6.8 5.9

3.2 RLPA\>'LET - - - U . 6 13.6 13.6 13,6

-  SUPfU 'ER ’ S CREDIT - - - 9.9 9. y 9.9 9.9

-  UJJG-TL3W LCCAL LCWN - - - 3.7 3.7 3.7 3.7

4. r j C i r i  TAX («57.754) - - 6,4 13.7 14.2 14.7 15.2

5. r id -cu .T  ca sh  i io w ia - b ) 0 0 21.1 12.8 13.2 13.5 13.9

b. CIWULAT1VE CASH BALANCE 0 0 21.1 3 3 .9 47.1 6 0 .6 7 4 .5



CASH FLOW TABLE FOR FINANCIAL PLANNITO TOR PROXCTICN 
OF MASTER A L-S I ’ 3 J .O Y  WITH SILICON OOWTHiT CT 20*____

ALTERNATIVE I I

B 0 10 n 12 13 14 15 16 17 tvUJVAUt.
value 7rTAL

354,6 334.6 354.6 354 .6 334.6 354.6 354.6 334.6 354.6 354.6 - 5434.4

- - - - - - - - - - - 204.5

354 .6 364.6 354.6 354.6 354 .6 354,6 354.6 334.6 354.6 354 :6 - 5229.9

340,4 340.0 339.6 339.3 370 .1 339.4 325.1 325.1 325.1 323.1 -4 3 .7 5139.4

- - - - 3 1 .2 - - - - - - 5 3 .7 192.0

306.0 306.0 306.0 306 .0 3 0 6 . 0 3 0 6 . 0 3 0 6 . 0 3 0 6 . 0 306 .0 306 .0 - 451 3 .5

1 8 ,7 1 /  .8 17.0 1 6 .1 1 5 .3 14.8 - - - - - 191.4

5 .1 4 .2 3 .4 2 .3 1 .7 0.B - - - - - 55 .0

13.6 1 3 .6 13.6 13 .6 13 .6 14.0 - - - - - 136.4

9 .9 9 .9 9 .9 9 .y 9 .9 10.2 - - - - - 9 9 .3

3 ,7 3 .7 3.7 3.7 3 .7 3 .8 - - - - - 37.1

15,7 16.2 l b . 6 17 .2 17 .6 1 8 .b 19.1 1 9 .1 1 9 .1 19.1 - 242 .5

14 .2 14.6 35.0 15 .3 - 1 3 . 5 15.2 29 .5 29 .5 2 9 .5 29.5 43.7 2 95 .0

B8.7 103. 1 118.3 133 .6 U 8 . 1 133 ^ 162.8 192.3 221 .8 251.3 - -



5i 4i3i 2< NFT inccï-ï : этлтьмют
FOR I'RCtXXrnctJ OF МЛОТК Л > SI h lM #  

(siLica; ccf,-n:w a-’ 20*j литсрхтаук и

S.No,. CCCTSALARS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 i6 17

1 .

2 .

SALÍS RbVtMJE

production co sts

- - 265 ,5 3 54 ,6 354,6 354 ,6 3 54 ,6 354 .6 354.6 354 .6 354.6 354.6 354 .6 354.6 354.6 354 .6 354.6

2.1 OPERATING COIN'S - - 2 29 .5 3 0 6 ,0 3 06 .0 3 06 .0 3 06 .0 3 06 .0 3 06 .0 3 0 6 .U 3 06 .0 3 06 .0 3 06 .0 3 06 .0 306 .0 3 06 .0 3 06 .0

2 .2 DLPRECIATICt! - - 16 .4 1 6 .4 16.4 16 ,4 16.4 16,4 16.4 16.4 l o . 4 16,4 5 .6 5 .6 5 .6 5 .6 5 .6

2 3 E-TSRLST - - 8 .5 8 .5 7 .6 6 ,8 5 .9 5 .1 4 .2 3 .4 2 .5 1 .7 o .e - - - -

-  04 SURPLUS'S CRfcDIT - - 4 .0 4 .0 3 .6 3 .2 2 .8 2 .4 2 .0 1 .6 1 .2 0 .8 0 .4 - - - -

-  LCNG-atRM LOCAL LOAN - - 4 .5 4 .5 4 .0 3 .6 3 .1 2 .7 2 .2 1.8 1 .3 0 .9 0 .4 _ _ - _

<

SOB TOTAL FCR JT S i 2 - - 254,4 3 30 .9 330.0 Э2У.2 3 28 .3 3 27 .5 326 .6 3 25 .8 324 .9 324.1 312.4 3 U .6 311 .6 3 11 .6 3 11 .6

3 . FRCTTT/lOSSbS - - H - l 2 3 . / 24 .6 2 5 .4 2 6 .3 27 .1 2 8 .0 2 8 .8 29.7 30.5 32.2 33.0 33 .0 3 3 .0 33 .0

4 . I1JCCME TAX (£57.75%) - - 6 .4 13.7 1 4 .2 14.7 1 5 .2 15.7 16 .2 1 6 .6 17.2 1/.6 18.6 19.1 19 .1 19 .1 19.1

5 . KT.T PP5FIT AI TCP TAX - - 4 .7 10.0 10 .4 10.7 11.1 11.4 11 .5 12.2 1 2 .5 12 .9 : 3.6 1 3 .9 13.9 13 .9 1 3 .9

6. WXlMJLAThD PROFIT - - 4 ,7 1 4 .7 25.1 35.8 46 .9 58 .3 70.1 8 2 .3 94.8 1 0 7 ./ 121 .3 1 35 .2 149.1 1 63 .0 176.9
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5.4.4 Int errai r^te of return

Based on calculations of Net CasîHflon  and of present Value 
fcy Alternatives of ^eduction of jrJriary raster M -Si 
alloys given In £nn?xr.re JV ard V the internal rate of return 
Viould bet

i) for production p2 prirarv refined alley (silicon 
content of 37%)

22 ♦ 1.0(23-22) »  22.5%-------- 2- ---------

ii) for production of master Al-Si (silicon content 
of 20»)

18 + 0.9(19-18) «  18.3%
■” '073+33

5.4,5 rrybtt'r. roried

i) for production of primary refined alloy (silicon 
content of 37%)

Stofcal capital investment (excluding working capital) 

163,1 -  4.0 »  Ks. 159.1 lain.
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Rs, loin.

Years of 
Operation

Ket
profit

Depre-
cLation

Interest Total
profit

Jtociriailated
profit

1 6.8 13.3 6c 6 16.1 26.7

2 11,7 13.3 6.6 31.6 59.3

3 12.2 13.3 6.0 31.5 89.8

4 12.3 13.3 5.3 30.9 120.7

5 12.5 33.3 4.6 30.4 151.1

6 12.9 13.3 3.9 30.1 181.2

Ai)

5 + 159.1 -  151.1 _  c , _____------ ---------------- j. 3 years

The total capital irnostmeiit (cxclulixg warfdag capital) 
for production o£ nnrter Al-Si alloy (silicon content of 20%) 
204.5 -  6.5 ■ Rs* 198 rain.

Years of itet T ie p c ts - Interest Total Accunulatsdl
.ticn profit elation profit profit

1 4.7 16.4 e.5 29.6 23.6
2 10.0 15,4 8.5 34.9 64.5
3 10.4 16.4 7n6 34.4 98.9
4 10.7 16.4 5.3 33.9 132.8
5 11.1 16.4 5.5» 33.4 166.2
6 11.4 16.4 5.1 32.9 199.1

5 + 193 ~ 166,2
— JZ79----- “ 6 years
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6. Comparative Table o f  major technological and techno-
economic parameters by Alternatives o f  EDU for production 
o f  Al-31 allops*

SI. • Par terrier 'V n i t 'Essie variant
1
. Additional alternatives foi

1
ho • | Description 1 •for production (production of primary a llo j

* 'Of COiTTiC-rCiftJ
i f •A l-?i a llo ys. fAlternative ' Alternative
i » i , I • 11
i t t ,i»duction of • Production
i 1 1 tprimary AI-31 • of master
t i t , alloy ' alloy with
» i * « 1 20> of s i l i
i t t . t - . - r -

' con.
i '> d 4 5 6

1  /fcrsu?.!*— -—. . — -r —— ’ -
-prodretion tpy 28120 9445 18000

. -rofirsd liquid 
Al-Si. alloy «1 £5i0 5540 6540

2. Area'll roouirc- 
rasnts of rav 
materials and 
inputs

2.1 Sillimanlts tpy 11162 11162 11162

2.3 Xaslin « 2881 2861 2381

2,3 Kliriina ff S213 3213 3215

2.4 Cbal 11 7756 775? 7756

2,5 Petrolioa Cbke tf 67 62 6763 5762

3.6 yolt-russc 11 A433 4433 4436

3.7 Alirjin.'.vrs In 
pi S3 H 21589 — 8160

2.8 Mannose tt 108 — —



5.4.6 Break-even point

1.

i )

i t )

Alternative I Alternative II
Primary Alloy Master Alloy
(SI Z7% ) (Si 205)

loin, rupees

Annual production
c c s t1 ir.cl. 130. f .124.5

Vari.jble costs 1Î0.G 225.3

fisod cost'; liicl.
ÜfJjr iOil. 19. o 29c 2

riales rc'/ŷ 'jhj al 
full capacity 
operation. 1C3.9 354.6

8 Breslr-oven icint 
at arr-ïp&d prices 
of pri :xry 
raster ¡.Hoy v/ill 
be rçp.c'.'.ed p.t tbo 
fo il's  *:' ”-7 rote of 
utllloetlon o f  
production capacity 10.8

1C3-110.6
37.6J 29.2 «  «3.2?

£54.6-223.3

1 2 3 4 5 6

2.0 Copper t?y 87 - -
2.10 N ictol 9f 87 -
2.11 liaçnçsiua TIH 37 - -

nU« /imuiû re lUirsaaiïcs 
lu u t ilit ie s

3.1 Powot* mln.Kwh, 159.0 142,2 152.7
3.2 Fuel O il *» 3-1-10 1336 1606

•ward: Po-.œr reevirrrarits are ¡riven t&kin 
unit. 1 or t..e :.’. j  ’.vitbr/et r^'J-clc

;; in to account the ana-clean 
eninp unit tha py;nv require. nt

t v »11 Vv/-> v . - ît v ' c H  w  P. fi m i n .k w h .  for Ini:h  nitr m a t i vr-g.



1 2 3 4 5 6

4. Tbt'Xl invcstasnt (without 
gaa-cleaning unit)

Rs.tnln. 217.2 163.1 204.5

including

4.1 Fixed capital costs N 191.4 147.7 184.8

4.2 ïbwnship • 4.3 4.3 4.3

4.3 Kargin cnncy (35X of 
working capital) M 10.5 4.0 6.5

4.4 Interest during 
constriction It 11.0 7.1 8.9

5. Tbtal production cost 
including tt 621.1 130.4 324.5

5 U Operating costs «» 600.5 115.4 306.0,

5.2 Depreciation 11 18.2 13.3 16.4

5.3 Interest II 3.4 1.7 2.1

6 . Taxable profit If 25.7 32.6 30.1

7. Incase tax If 14.8 18.8 17.4

8. Nat profit tl 10.9 13.8 12.7

0. Simple rate of return "X 6.1 9.5 7.2

10. Internal rate of return X 13.4 22.5 18.3

11. Pay-back period year 6.0 5.3 '8 .0

12. Break-oven point X 68.9 37.8 49.2
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-  ISZEMOT C O S T  ESTIMATE C F  ЗЕЗПШ-ПР OF. ЕЯРЕВШЭТАЬ 
D IZ У Х I 9ТП Л Т IO N  ID* Г Г  Г Ш Е Л Щ  O I S  F ü S C 'C S  POP. FTíC D U - 
c r i o t  с у  r n r :  y . :y  г  • ::7 : ;o  л т .- s i  л и с т  IN  о т е з л  s t a t e

< AL'iiJu'JAf I Vií—I )

ЗГ“ Description Calculated cu at -  Thou. Rupeeз
lb . Civ.il

Г;г*г.з
Vv. l' c ¿Olí
\:.:-ГлЗ

Lc’uxp-.c'nt U>,bur costa Total
Cuete»

l 2 3 4 5 0 7

A. Site preparation

1. Site levelling 2019.5 - - - 2619.5
Total for A 2610.5 - - - 2619.5

B. Gaspoacnta of the experimental 
denonatratlag Unit

2 . Гая material Storage 2820.8 493.2 5336.8 - 8655.8

Foreign Exchange component (FBC) - - (4882.41 - (4382.4)
3. lisa  material grinding 775.5 253.0 2231.6 - 3293.0

Г.Е.С. m m - (1860.7) mm (1860.7)

4. Ibod preparation Boom 5435.5 1079.2 0930.6 - 16495.3
F.E.C.

ш т т - (8418.7) m m (8418.7)

5 . Electric FUmace Пост 13SS3.6 5039.6 44803.4 - 63706.6

F.E.C. - - (42003.7) - (42993.7)

Including equipment from third parties * « • ( 2002.0) ( 2002.0)



1 2

6. Rxeuraatic Transport rack

7 . Conveyor Gallery

8. supply

F.E.C.

9. Cbn-prorcuor Station 

F.E. c .

10. Motor roads 1 areas

11. later recycling unit

x P.IÎ.C.

12. Water supply and asverago net rjorfes

F.K.C.

13. Site devslopamt end greahsry

14. ligh t lot;

F.E.C.

Total for B 

F.E.C.

Including equipment from Third Countrios 

C. Otbar costs

15. ft>rt chargee, transportation k Insurance

15. Bîquireïents for construction Including 
temporary buildings and structura



-3 5 -

3 4 5 .  6 7

7G.0 - - - 76.0
1333.3 - - - 1312.3

39Î.3 1SÍ9.8 1327*1.9 15801.0
- - (13234.1) - (13234.1)

235.5 153.2 133?.8 т» 1732.5
- - < 1246.7) - (  1246.7)

1233.6 - — - 1223.С

846.5 415.4 £631.6 - 4803.5

- - (1364.3) - (1364.3)

634.0 85.5 ем . 2 - 1574.2

- « (125.1) - (  123.1)
75.6 — — - 75.6

20.0 33.4 227.2 - 250.6

- - (225.2) - (225.2)

23003.2 9483.2 81681.6 - 119253.0

- - (74376.2) - (  74375.2)

— - (  2002.0) - (  2002.0)

- - - 3618.7 9618.7

м» 1 2 0 6 .0 1200.0
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1 2 3 4 5 6 7

17. í«siga vrork - - - - 3047.1 3047.1

T.E.C. - - - ( 121S.SX 121S.8)
lo . ot*rt-up rad C ôr"! cg íoiiit® - - - 691.0 C19.0

19. o í a l dniitiativií artr.-cturo, 
hirít¡¿ mxi trniuliij -kf Psrsonnel - - — 5.0 5.0

20. Kao.T-lct.- - - - 2000.0 3000.0

F.B.C. ~ - < 2000.0) (3000.0)

21. 'lar on ¿t*>¡s-iwrr - - - 800.0 800.0

22. Traisln^ o í Lidlr-i iv  the U3SK - - - 1740.0 1740.0

F.t.C. ~ - - ( 855.0) ( 855.0)

23. Alloc:.t3x>a for riovLt Exporte cUputod to 
l'alia for coc.itnK-xloríjci rol oroctloa 
eupcrvlr ian, íitiU‘i.~ui> &ud oje»>ajisiouins 
durlny cari y ojvrrr.tioi'. and pc-rfoiramce 
guaxantco t<¿3ts, eollrctlou oí inítial dala, 
lor UotaJLlail en¿Lí*.*riíi£ 3830.0 3330.0
1? K ^Jl • i»« W« - - - < 27G7.0) (27(37.0)

24. IiKXiae-Tax on cervices of Jorlot ijq^srca - - - 1107.0 1107.0

25. Qj. lr o l, Co-ordinRtian & Ccraaissionlng — - - 1828.2 1828.2

TVz ífJL for C - - - 10:í73.0 10073.0
»? •? n - - - ( 6940.8)( 6940.8)

Tbtíil fbr A + B + C 30712.7 ©171? .2 sisei.e 10073.01417*5.5

P.E.C. — _ (74370.2) (C010.8) (31317.0)
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1 2 3

Including Equipment frcen Third Countries -

Contingencies (32 of civil works and
¿2 oi equipment cost) 621.4

Total without gas cleaning end township 31C34.1 

P.E.C.

Including equipment iron Third countries -  

Gas cleaning -

Infracturo (TbwnsMp) -

Total 31634.1

F.E.C.

Including equipment from Third countries -



!
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- (2600.0) - (2002.0)

474.4 3034.0 596.2 5076.0

- (3C13.7) ( 208.2) (3326.9)

9Э62.6 85665.6 20460.2 147731.5
- (77994.9) ( 7149.0) ( 85143.9)

- (2002.0) - (2002.0)

- - 31183.3 31183.3

- 4289.3 4289.3

9062.6 85665.6 55941.8 183204.1

- (77994.9) ( 7149.0) (85143.9)
— C620Q2.0) — ( 2002.0)



AHPttaUKg -  AASlLüûiar COOT E Sm i'JB  OF SSITING-CP 07  EXPETJMEOTAL
Utt'SJTZfïlCX  ÜTirr EC2LÏDEH5 GÎ3 EOEEaCB FOR PBCDOCT-

IC!< OF /JLr-SI AÏÎGT3 IM ~FA'nz
(ALTI."îill'IVS II)

¿1.
K>. Calculated cost — Tïyw.P?v>>:*3

Civil
TórlUS

Erection
VAjrls

î uipuient Other cost3 Total
Ccst

1 2 3 4 5 6 7

A. Sito Preparation

1. Sito Levelling 2619.3 - - - 2619.5

Tbtal for A 2319.5 - - - 2619.5

B. Ctrnpcnents of the RspariTBotal-
Dc:;o :r. t rut ioti Unit.

2. lis» material i/torace 2820.8 408.2 5336.8 0m 8635.8

¡toroign Exchan,;o Oouaponeut (7 .£ .8 .) - - (1332.4) - ( 4832.4)

3. Sa» inai erigi grinding 755.3 253.9 2231.0 3236.0

F.K.C. - - (1860.7) - { 1860.7)

4. Tbod Preparation Boon 3485.5 1072.2 9030.G - 16495.3

F.B.C. - - <8413.7) - ( 8418.7)

5. Electric Furnace and Metallurgical
Koaa 27920.0 C383.3 C1555.9 - 96459.4

F.E.C. - - (61324.7) - (61324.7)
Including eqalfiaont iron third 
countries < 2002.0) ( 2002.0)

6 , Pneuuilie transport rack 76.0 76.0
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1

8 .

9.

Ю .

11.

12.

13.

14.

2 S

1 Ъ » а г  s u p p l y  й У *з ,У

F.K.C.

Onoproasor station 2S5.5

F.15.C.

iïrtor toads and arane 3223.0

Fat or recycling Uhit 836.5

rus.c.

Valer supply and sewerage sctnorVa 634.0

F.K.C.

Site develojnent and groebery 73. G

Light log 20.0

F.E.C.

Tfotal for В 42149.8

F.E.C.

Including Bar t from tliird 
countries -

Tbtal lor A4».  44769.3

F.E.C.

Including Squipeaeot Iran third
countries -

C. Othgr charges
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1512.3 13273.9 1S801.0

- (13254.1) (13254.1)

158.2 1333.8 - 1702.5

«• ( Ш С.7) - < 1213.7)

- - 1223.6

415.4 3331.6 - 4S23.5

< 1354.6) - < 1331.6)

S5.5 854.7 и» 1374.2

- < 125.1) < 125.1)

- - - 75.5

33.34 227.2 м» 220.6

- < 225.2) - ( 225.2)

11431.9 98434.1 - 152015.8

- 1 92702.2) - (92702.2)

— ( 2002.0) - ( 2003.0)

11431.9 93434.1 - 154033.3

- (92702.2) - (92702.2)

- < 2002.0) - ( 2002.0)

4535.0 4535.0



-b o ­

i a  3

16. Itoqulroocsts for construction Includ­
ing te^orary buildings and 
structures. -  -

17. Decisa 

F.E.C.

18. Start-up slid cccraissioiu.- t

19. Euild-up of ndolniatrative structure
hiring and training of personnel -

20. Enow-bcny -

F.E.C.

21. Tnx on Show • b o w  -

22. Training o f Indian Esperta in the USSR? -

F.E.C.

23. Allocation for Soviet Experts depleted to
India for construction and erectton 
superviclon, and coc rise; losing
during early operations end perforitene© 
tuaranteo tests collection <fcf initial 
data for detailed engineering -

F.E.C.

2d. Incotaa-tax on ©orvlces of Soviet Experts -

25. Control* co-ordination and comissioning -

Total for C -



5 6 7

lOoíl .0 1630.0

X1S.S 3315.В

(l'ZG.3) <1523.3)

010.5 010.5

5.0 5.0

2000.0 2000.0

<2000.0) <2000.0)

800.0 800.0

1740.0 17*10.0

( SG5.0) < 855.0)

3S30.0 3830.0

<2767.0) (2737.0)

1107.0 1107.0

2310.5 2310.3

2274e.d 22743.3
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F.K.C. - - - <7218.3) (72-13.3)

Ibtal f o r A + B  + C 44769.3 11431.9 8М34Л 22708.G 177531.1

FJ1.C. - - (92702.2) <7218.3) < f-o;.3o.5)

Including I3quliu«aiit ¿toq third 
countries - - < 2032.0) - | 2X2.0)

Contingencies <32 o f civ il works sod 
6X of equlpaent costs) 1343*1 571.6 4521.6 682.5 7418.3

F.B.C. - - < 4X5.1) < 217.4) < 43‘32.3t

Tbtftl 46112.4 22X3.5 103255.7 23431.3 181302.9

F.a.C. - - (07337.3) < 7435.7) (104X3.0)

Including Equipttseat frost third 
countries — < 2002.0) - < 2002.0)

Gas Clearing Unit - - - 31133.5 311G3.3

Infrastructure <Township) - - - 42S3.3 4289.3

lbtal 46112.4 12003.5 103255.7 58003.9 <220275.5

F.S.C. • — < 07537.3) (74G5.7) (KX893.0)

Including Equipment from third 
countries ( 2002.0) < 2002.0)



ÀNNEXDH8 -  IH

Cost estimate of annual operating ooots for production 
of primary (Silicon content of 37%) and master (Silicon 
oontcnt of 20% Al-Si Alloys*

Primary alloy production la 0.445 tpy 
Master alloy production Is 18.000 tpy

SI
ra>.

Cost item Unit Cnit
Price

Primary Alloy
Ri content is 37%

Master Alloy
Si content is ?:1%

Caiani. Cast
Tb.Rs.

Qû iüit • Co ox. 
Th. Irj.

l 2 3 4 5 6 7 8

l . Raw c&ierlals St inputs Ï

l . i Silli^iidto concentrate t 1000 11173 11173 m eo 11100

1.2 Ecolin, dry cleaned * 2200 2881 6238 2S30 6333

1.3 Quart zita t 200 1776 355 1782 353

1.4 Alinlna t 2810 3221 0051 3222 9054

1.5 Goal t 300 7764 2329 7758 2327

1.6 Petroleum coke t 3500 6432 22512 6760 20160

1.7 Molasses t 95 4439 422 4446 422

1.8 Electrode paste t 7810 S31 6490 828 6137

Ttotal for 1 68670 S6282

2. Flux

2.1 Qxrt̂ n salt t 300 182 49 162 49

2.2 Cryolite t 17000 47 799 49 7Ô9J

2.3 Rotasclua chloride t 4000 47 168 49 188

total for 2 1033 1030



-!;3-

1 2 3 4 ft 6 7 8

3. U tilities

3.1 P3W6T 1000 kw. 303 133373 40679 143678 43727

3.2 Rial o il t 2800 1332 2730 2070 5799

3.3 Industrial Uater 1000 Id» 300 7467 2239 7500 2208

Total for 3 45S4S 51791

4. Prictry alu dtjim t icooo - - 9130 130523

5. Cbst of Ef.nnovsr 1000 Rs. - mm 2877 - 3417

6. liepdir and rrolntenaree 
(2«51 of equipment coat) n - - 2370 - 2S60

Total varicela costs 
(iters 1 to 5) 110601 295314

7. cods
(0.21 of 1-5) - - mm 221 W» 591

8. Interest on working capital 
(131) mm 1350 — 2178

9. Jihlnistrativo end sales 
costs - - - 3200 - 7200

7bt?l fixed costs 
(iters 7 to 2) 4771 10GC3

Tbtal Operating costs 
(itsas 1 to 9) 115372 S05G33

10. Depreciation* - - - 13344 16374

11. Interest - - - 1650 2103

Tbtal production costs - •to - 130366 324455

Production costs par ton 
of allaw - - - 13.3 18.0

*Dc predation in  calculated baaing on following no ms
- fciiliir.;; r.ad civil wcrks - 51
-  equip ou t -101
-  f!:;-- prediction corjta -  101
-  t r . v i n  -  st
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СА1ДТЛТ КУ OF M.T CASH И DW AND OF PRISENT VAI ГК

гоя i 'm a m e y  o f  prim ary  g r i f f i '  а и р у  тяти  s h .-
IC O N  (D N T I IN T  O F  37Г.

( M.TIP.NATIVK 1)

OUbTS !  YKAHS 1 2 3 4 5 6 7 а 9 10 11 12 13 14 15 16 17 э л л ’А'П-; 'о 
VA’ ; ’к

A. CASH IN'flDW

SAII-S RÌVENUt’ - 1 2 2 .7 163 .0 163 .0 163.0 162 .0 ю з . о 1 63 .0 163 .0 163.0 1 63 .0 163,0 163.0 163 .0 163.0 163 .0 24'

П. CASH 0 1 Т П Ш , TOrAL - 5 2 .8  - 2 Л -1 0 2 .6 -1 4 8 .8 -1 4 8 .5 -14Н .2 -1 4 8 .0 -1 4 7 .8 -1 4 7 .4 -1 4 7 .1 -1 4 6 .9 -1 7 7 .8 -1 5 1 .4 -1 4 0 .2 -1 4 0 .2 -1 4 0 .2 -1 4 0 .2 -  3 7 .н

BjlìITY CAPITAL - 5 2 .a  - 2 .1 - - - - - - - - - - - - - - - -  3 7 .Н

a o d it m n .ai. а к т  o f  r,as _ _ - - - - - - - - - -  3 1 .2 - - - - - -  :
di-ANINÙ UNIT 

UiJîr JÜPAYVLÎtT - -  6 .6 -  17 .4 -  1 6 .й - 1 6 . 1 -  15.4 -  14 ,7 -  14 .1 -  13 .5 -  12.8 -  1 2 .1 -  11 .6 - - - - -  1:

operating  а к т а - -  8 6 .6 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -115.4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 -1 1 5 .4 _]у:

1N(X)\!L-TAX - -  9 .4 -  1 6 .0 -  16 .3 -  16 .7 -  17 .2 -  17.7 -1 7 .9 -  18 .2 -  ÎS .7 -  19 .1 -  2 4 .4 -  2 4 .8 -  2 4 .8 -  2 4 .8 -  2 4 .8 -  2‘

C . NET C,V)!1 i l »  (A -В ) - 5 2 .В - 2 .1 2 0 .1 14.2 14.5 14. В 15 .0 15.2 15 .6 1 5 .9 16.1 -  1 4 .8 11.6 2 2 .8 2 2 .8 2 2 .8 2 2 .Н 3 7 .8  2

D. Ш :а О Т  VALUE 
23Ï - 4 2 .9  - 1 .4 10.8 6 .2 5 .2 4 .3 3 5 2 .9 2 .4 2 .0 1,7 -  1 .2 0 .8 1 ,3 1 .0 0 .8 0 .7 0 . 9

9 22Ï - 4 3 .Э - 1 .4 11.1 8 .9 5 .4 4 .5 Э .7 3 .1 2 .6 2 .2 1.8 -  1 .4 0 .9 1 .4 1.2 0 .9 0 .8 1.1 +



с  \ьн / утлка 1

A. CASH И ГУЛ

1.  S A ! J -23 I t K Y L W L

B. C.VJii ntTlIDW , TOTAL

1. ЬХЛТТУ СЛМТЛЬ

2.  A i ^ r n o w u .  c o s t  o f  а л а
Cl i'. AM NC» l'M T

3. Ы.Ш' ШМУУЮТ

•1.  O H J t A T i N i i  L W I 5
3.  i v o î .ï ï : t a x

C. NLT GASi' VUM  ( Л-B )

D. Исаю ,T  VA! LIT 

à 19*

- 6( 3.0 - 2 .1  -

-66.0 -2.1

- 6 6 .0  - 2 .1

- 55.5  - 1.5

- 55.9  - 1.5



' l o x  o r  m t  с л а н  h d '.v a n ?) p ^ i y r  v a i .л .  k w

OF VA^Tl-H Mr-51 .VI J Oy^V. [TH SILICON CONTINT

o y  g o t

Сл;:пл :\лтгл : i n

9 -
V -

7 8 9 10 11 12 13 14 15 le i?

354 .6 354. ü 354.6 3 5 4 .6 3 54 .6 3 54 .6 354 .6 354 .6 354 .G :354.G 3 54 .6  -  5229. '

-3-10.7 -3 4 0 .4 -340 .0 -3 3 9 .6 -3 3 9 .3 -3 2 0 .1  --339.4  --325.1 -3 2 5 .1 -3 2 5 .1  - 3 25 .1  4 3 .7  - 3 0 0 3 . <

- - - - - - - - - - 4 3 .7  -  21.1

- - - - - -  31 .2 - - - - -  -  :ü .2

- 19 .5 -  18.7 -  17.8 -  1 7 .0 -  ’ е л -  15 .3 -  14 .8 - - - - 3 9 1 . 1

-3<X>.0 -3 0 6 .0 -3 06 .0 -3 0 6 .0 -3 0 G .- -30(3.0 -3 0 6 .0 -3 0 6 .0 -3OG.0 -3 0 6 .0 -3 0 6 .0  -  -1 5 1 3 .:,

-15.2 -  15 .7 -  16.2 -  1G.G -  17 .2 -  17 .6 -  18 .6 -1 9 .1 -  19.1 -  19.1 -  19.1  -  -  2 42 .9

13 .9 14.2 14.6 1 5 .0 1 5 .3 -  15 .5 15.2 2 9 .5 2 9 .5 2 9 .5 2 9 .5  4 3 .7  2 26 .9

4 .1 3 .5 3.1 2 .6 2 .3 - 1 .9 1 .6 2 .6 2 .2 1 .8 1 .5  1 .9  -  2 .5

4 .4 3 .8 3.3 2 .9 2 .5 2 .1 1 .8 2 .9 2 .5 2 .1 1 .8  2 .2  + 0 .9




