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INTRODUCTION 

The Final Report on Feeaibility Study of induatrial acal• 

electroaaelting of aluainiua-ailicon elloya in India wea 

prepared taking into account the reaulta of diacuaaiona of Draft 

reaaibility Report with participation of Subcontractor'• 

apecialiata <VAMI> and Indian National Counterpart <NALCO/MECON> 

in project area in period fro• January 22 to February 4, 1992. 

The financial and econoaic evaluation wea prepared baaed on 

••tiaatea of capital end operation coata updated et Deceaber 

1991 price l~v•l and reviaed econoaic data in accordance with 

the Protocol of diacuaaiona of the Draft Final Report. 

The foreign exchange c~at coaponent wea eatiaated on dollar 

baaia at exchange rate of 1 US 9 = Ra.26. 

, 
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1. BXECUTIVE StllMARY (R~UD) 

1.1. Project Background and Histor7 (Chapter 2) 

The present Report is prepared in compliance with the Cont:act 
N° 89/156 signed between UNIDO and VVO "Technoexport", prividing 
for carrying out of pilot technological tests of Indian raw mate
rials end development on their basis ot the Feasibility Study for 
~ndustrial-scale electrosmelting of aluminium-silicon alloys in 
India. 

In benefitiation and processing ot shore sand of Orissa State 
the sillimanite concentrate is produced as a.by-product, which 
is a higr.-quality aluminosilicate raw material for production of 
aluminium-silicon alloys by electrosmelting method. 

The technology ot electrosmelting production of Al-Si alloys 
was developed in the Soviet Union (VAMI Institute, Leningrad) and 
it was establiehed on industrial scale. This method is based on 
the reduction smelting of aluminosilicate ore (similar to Indian 
eillimanite) in electric aro reduction furnace followed by delu
tion of produced alloying composition by molten aluminium. 

While utilizing the above technology the following basic raw 
materials ere u~ed tesides the ~illimanite concentrates kaolin, 
alur.iina, herd coal, petroleum cckl. 

The pilot testing of Indian raw neterials revealed that the 
proposed technology ensures production on their basis the product 
mix of alloys widely use,:. in India. 

The nim of the prenent Feefibility Report was to evaluete the 
e~tcbli~hment ot Al-Si alloys production by electroEr.ielting 
~ethod on industrinl ecele based on utilization of Indian raw 
r.1ftcrielP. 

The Peer.ibility Report considers the industrial unit including 
one electric arc reduc~ion furnace, active power rating 17 MW, 
ensuring production of 9540 tpy o! primery refined alloy. 

~he utiliantion of pl"Jpoeed technology on industrial ec~le 
enables India to have wasteloP.n proceesing ot natural raw mate
riPl s ~nd ellows to exclude fully tte consumption of silicon 
metel !or production o! Al-81 alloya. 
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1.2. Market and Plant Capacity (chapter J) 

Takin& into account the trend prevailing in India to replace 
t.he l1E>ttvy steel -Etructures by lighter ones produced ot aluminium 
and its alloys, there are good pre-requisites for dynami.D deve
lopment of Al-Si alloys determined by further development ot au~h 
large industries - Al alloys consumers, as automobile manufactur
ing, aviation, railway transport, civil engineering. 

The production ot alloys based on existing traditional tech
nology by melting of primary aluminium with silicon metal is 
limited by deficiency of aluminium and siliccn. 

The considered unit consisting of one electric arc reduction 
furnace is not dasigned to meet all the requirements ot India in 

Al-Si alloys, but besides the production of commercial alloys 
its etm is also to master the technology of electrosmelting pro
duction of alloys on industrial scale and training of workers 
and engineers. 

The unit capacity ensures production of commercial Al-Si 
elloys of grades 4600, 4600A, 4652 assumed for estimations in 

accordance with Indian Standard ISa 617-1975 in quantity of 
29780 tpy. • 

1.3. Materiecls end Inputs (chapter 4) 

The electro~melting production of Al-Si alloys the following 
is useds 

- rr:.w :nateri,·ls: sillima.nite concentrate, dry cleaned kaolin, 
hard coal, uncelcined petroleum coke, quartizite; 

- industriel materials: alumina, molten aluminium, electrode 
paste, copper, manganese, nickel, magnesiums 

- auxiliary materialsa selex, cryolite, table salt, graphiti
zed electrodP.s 100 mm diameter, electrode shells, cast i:ron ingot 
movlds, wooden poles; 

- utilities1 electric power, !uel oil, compressed air, water. 

, 
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Nearly all materials required for production of alloys are 
available in Orissa State. 

The annual demand is as tollowsa 
- sillimantte concentrate 

dry cleaned kaolin 
- alumina 
- haM coal 
- uncalcined pet.coke 
- quartzite 
- selex (dry basis) 
- molten ~luminium 

fuel oil 
- electric power 

- 8, 750 t 

5,830 t 

- 3,450 t 
- 9,000 t 

- 4,500 t 
- 2,000 t 

- 2, 100 t 

- 21,500 t 

4,780 t 

- 189 mln.kWh 

1.4. Location and site (Chapter 5) 

The unit location site was detennined based on the recommen
dation ot NALCO adjacent to the existing aluminium smelter of the 
Company in Angul. This location allows to deliver molten aluminium 
in requi~ed quantity from the operating smelter end ensures reduc
t!on of i~frastructure facilities cost due to connection to the 
s~elter's service lines(water end power sup~ly, transport, com
municr~tion). 

The plot area is 15.0 hectares. 
The e.nnuel traffic is estimeted in quantity of 121,400 t. Out 

o! this tonr.ege 47,500 tare !or inplant transportation on site, 
nnd 7),900 t - outside traffic, includinga deliveries - 41,800 t, 
shipment - 32,100 tpy. 

1.5. Technology (Cha;Jter 6) 

The method of electrosmelting production of Al-Si alloys wr.s 
developed in the U~SR end it is successfully used on industrial 
scale. This method is based on direct reduction of aluminium and 
£ilic~n from nntural aluminosilicates e.nd other types o! silica
alumina raw materialA in electric arc reduction furnace8. 

.. One of the mein advantag3s of this method is the possibility 
to involve into production the low-modulus types ot aluminosilicate 
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raw materials as silliJ:lanite, kyanite, kaolin, etc., which cannot 
be efficiently processed !or prLnary electrolysis aluminium. 

Beaidea. the utiliaation of Al-Si alloya electro-aaelting 

production proceaa allowa: 

-to exclude coapletely the utilization 0£ ailicon ••tal for 

thi-. purpoae; 

-to reduce the total conauaption of priaary aluainiua by 

20-25"; 

-to reduce the conauaption of electrode product• due 

replaceaent of anode paste by a leaa coatly 

and petroliua coke. 

reductanta 

to 

coal 

The laboratory and pilot testings carried out revealed, that 
the industrial processing ~! sillimanite concentrate may be 
implemented only using the technology of electrosmelting method 
for Al-Si alloys production. 

The proce~s ot production of corunercial casting all~ys consists 
of production at first stage of primary crude alloy cont:;.1ning 
58-62% o! aluminium by reduction smelting of feed followed by 
delution of this e.lloy with primary or partly secondery scrap 
aluminium end m~.ster alloying of deluted alloy with er :)per, 
nickel, nagne~ium and other components depending on the grades 
of produced alloys. 

The main process unit is an electric arc reduction furnace 
where the reduct:'..on tP.'.~es plPce producing crude n-Si alloy of 
~lurninillr.1-containing br:quetted feed. 

1.6. Plant orgur.ization, overheads end other costs 
(C::apter 7) 

Due 1D the feet tl:at Al-Si alloys production is P'-anned to be 
sited nenrby the aluminium smelter, the economic calculation are 
worked out in view of cooperation vdth the above smelter on man
ning, organization o! rer:mirs end mAintenence, transport and 
other services. 

The overhead cost includes castes related to maintenance and 
rout1:ie repair o :r equipment, buildings and structures, non-pro
duc t1 on costs as well ns depreciation and financial charges for 
credit servicing. 

, 
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1.7. Manpo~er (Chapter 8) 

Basing on the operating conditions of main process equipment 
end composition o! process units the total number of production 
personnel is estimated in quai1tity. of JOO persons, !1clud~nga 

skilled workere - 202 persons; 
- aemi-ekilled workers - 42 persona; 
- unskilled w0~kers - 17 persons; 

- supervisere ~~d foremen - 27 personsa 
- management - 11 persons; 
- administration - 1 person. 

1.8. Pr9ject implementation (Chapter 9) 

In accordance v;i th the adopted tir.:e-schedule the total durst ion 
of project implene' tation starting !rom the aate of contract award 
to units commissioning for industrial operation is 39 months. 
This period includes the preparation of basic engineering o! 

technological part, detailed engineering, transfer of design 
specif icRtions, construction, equipment supply and installation, 
stnrt-up and adjustment. 

1.9. Fir.er.cial and economic evaluetion (Chapter 10) 

The Unancial and economic evaluation of project for establish
nent of i~dustrial ~rod~ction of Al-Si alloys is elaborated in 
eccorde.nce ·. i th U!.:IDO methodology and using the COMFAR 2.1 progr3r.l:::( 

The co~t parruneters are estimated at price level of I quarter 
of 1991 without tnki~g into consid~ration their escalation. 

The pro:ect economic paro.":'leters ere sur.-1-:-.arized below. The 

;:irofi tRbility nF~rar.ieters of project ere s~own as average _annual 
~arameters rcr tctal period of.production. 

1. 

1.9.1. Requirements in ca~itel investment ond sources 
of financing 

Total capital investment co st 1 Re.mln 
1. 1. Fixed capital investment 1151.24 
1. 2. Inter~~t during construction 42.?6 

Total initial investmebt· 1194.00 

1.3. Working ca~ital, tctal 132.5 -·aa margin money !or VI:; (35%) I~ 6 • lt 
- as current ass,ta (6~ 86.1 

Grand total 1326.5 ,,., 



• 
2. Sources o! financinga 

2.1. Equities 
2.2.Foreign credit on equipment 

2.3. Long-term local loan 
2.4. Short-term loan on working 

Total 

1.9.2. Project viabilits 

1. Sales revenue, Rs.Mln 

2. Production costs, total 
including1 
- operation, Rs.mln 
- depreciation, Rs.mln 
- interest, Rs.mln 

J. Gross income, R~.mln 

4. Net profit after tax, Rs. mln. 

5. 3plance cRsh-in-he.nd, Rs. mln. 

6. Break-even noint: 
excluding' finance, i" 

- incluJi.C.6 f h.ance, i7i 

1.9.3. Project efficienoy 

1. Internal rate of returns 
- on total investment, ~ 
- on equities, % 

2. Pay-back period, years 

R5 .mln 

621.23 
supply & services 153.22 

capital 

465.05 
86.1 

1}26.5. 

1.}53.6 

1238.6 

1122.4 
64.6 

51.6 

115.0 

47.C 

11.t,5 

7.a 
. 6.0 

9 
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i.9.4. Conclusions • 

The Feasibility Report makes it possible to draw the tallowing 

conclusions a 

1. Aa a whole the viability of the project ia enaured by the 

following factora: 

- continuoua increase of deaand for Al-Si alloya at the 

local aarket of India; 

- practically unliaited reaervea of natural aluaosilicate 

raw •ateriala - beach aanda in Oriaaa State. 

- possibility to locate the alloy• production plant in the 

area of production of •ain raw aaterial ailliaanite 
concentrate and in cloae vicinity with the source Of 
production of aluainiua tn aolten fora <at the site close to 

NALCO Saalter in Angul>, ensuring reduction of loaaaa and aaving 

of coata related to ita re•elting. 

2· The pilot technologi~al tests of Indian raw materials revea
led their basic amenability !or utilizing in the production ot 
Al-Si alloys according to electrosmelting method. 

}. The technical and economic parameters are estimated in prices 
as of Docember 1991, and they are r:.cc8pt<-.~ J_E: for making a decisio:-i 

on project implementation on the industrial scale. 
For the eatablish•ent of Al-Si alloy• production of 29780 

tpy the required initial capital inveataent aaounta to Ra. 119~ 

aln. The internal rate of return on total inveat•ent will bei1.6) 

-, the pay-back period - 6.0 yeara. The project iapleaentation 

period fro• the signing date of the contract to the coaaiaaioning 

of the plant ia 39 aontha. 

4. The aenaitivity analyaia revealed, that the project ia 

aoat stable to th• variation of the inveataent coat. The 

greateat effect on econo•ic paraaetera of th• project givea the 

coat of aluainiua, which ia the •oat expenaiva project 

coaponent. Ita ahare in the finiah•d product• i• 84-87- and in 

the coapoaition of the production coat• it i• aore than 60-. 

.. 
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5. The implementation ot the project of Al-Si alloys produc
tion by electro-smelting method ensures for India ad a whole the 
.followings 

- increa~e ot the co~plex processing ot aillimanite-bearing 
sands of Ori8sa state end the establishment on this basis the 
wasteless production, 

- the enlar~ement of raw materials basis of India due to pro
cessing alumosilicate ores unsuitable tor alumina production and 
levelling at this account the derne~ctrolytic aluminium; 

- indu9trial ~cale mastering the process of electro-smelting 
method of elloys production; 

- sclving of utilities, primary alumibium and complete exclu
sion of pure silicon metal consumption in production of J..l-Si alloy~ 
es compered with traditional methoc ot their production1 

- training of labour, technicians and engineers,_for netf 
industrial production. 

The data specifying technical and financial status of the pro
ject are summarized below in Schedule 2-1 "Salient features at a 

t glance". 
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6. REllUIREl"IENT OF M.;OR 

RAW l'IATERIALS & SERVICES 

1. LOCATION Angui. Orissa 
SL I T E M s 

2. AREA OF PLANT PROPER Hectares 15 No 
. --

3. ANNUAL PRODUCTION Refined allov - 9.540 t/vr 1 SILLIMANITE CONCENTRA l i 

Gasting allovs 28.780 t/vr -- - --
4. ll'PLEl"IENTATION SCHEDULE 

'") KAOLIN 
39 months after 

... 
arrroval of -- --

pro.ject 3 ALUMINA 

:>. MAJOR FACILITIES -- --
4 COAL 

t I SL UNITS No -- -

I 
5 PETROLEUM COKE 

1 RAW MATERIAL STORAGE & CRUSHING I -- -

I 
6 SE LEX 

( 1) JAW CRUSHEF~ 1 -- • 

I 
7 ELECTRODE PASTE 

(ii) RULLEF~ CRUSHEF~ 1 --
I 8 QUARTZITE 

., f-\EDUCTANTS GRINDING AREA ·~ --- 9 MOLTEN ALUMINIU11 
( 1) HAl"'li'IER l'IILL 1 --

I 
' 10 FUEL OIL -- ' .., FEED PREF'ARATIUM RUCJl'I --

I ' 
11 WATER (FRESH) 

I ( 1) I I1LADE rnxu~ ., --.~ 

12 POWER 
( 11) I\ UL. L E::R f'RESS 1 -

I ( 11].) CUMVEYUR l>f\YEf;; 1 
7. CAPITAL INVESTMENT 

'• f1U.UYS PFWDUCTION FWDl'I 
-

( l) ELECTRIC ri•.:c FLJRMACE l SL I T E l'I ~:) 

I No 

--
l TECHMOUJGY ----· 

(id HULD!NG FUll'.1-lf-iCE 3 
., 

PLf'.1MT PRDl-"EF< ·~ -- --
3 GAS CLFf-1MIMG 1"1. AM I --

( ilt ) FlL.TRATlUM 1-- Ul'<MACE 3 4 REPAII'~ SHOP. F"Ulall:: I\. W(1 I. - DJ •n"'~i<;--Sl.WF·'LY AND -
UV) HIDUCJ HlM Fl.Jf\MACE z ~-~ TOWMi:;HJP --b J MTEF~EST DUI-~ l MU -- - ---
(v ) Cf'l::>TING CUMVLYOI'.: •'l CONs·n.:UCl JOM 

--
(VJ. ) lMLIC.)'J !:>T (1C l<F.F\ 4 TOTAL FIXED CAI·' I I (11 

'-

- I MCLUD J l"G FORE J 1.;1,1 L .i<CI lfr - ---riAFmf~1-1-;1i:i~1LY 1:·'ii1<-wii1< 1 

I 
7 
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SALIEl-IT 

6. REOOIREl'ENT OF l'tAJOR 
RAW l'IATERIALS le SERVICES 

~L I I T E M s 
Nu I 
-1 I SILLIMANITE CONCENTRATE 

-.. -1 
KAOLIN ..:.. 

--
.J ALUMINA 
--

4 COAL 
--
~ PETROLEUM COKE 
-- ---

6 SELF:~ 

--
7 ELECTRODE PASTE 
--

u OUARTZITE 
--

'I MOLTEN ALUMINIUM 

~1 FUEL OIL 

~1 WATER (FRESH) 

,~1 1-'"UWER 
I 

7. CAPITAL INVESTMENT 

lTEl•tS 

,., 11,l"TEF\f::ST Dl.11-\lMG ------__ , coN~:rn.:uc r J 01-1 

I I TOTAL FJXFI> CAPITAL = .JMr:IJJDJl,iU .FOREIGM LXCHANGE 

I 
I I r_IAl-~l.~1-~l-l~liJ~IEY FU~~-WiJKING 

I .Al .I. T AL. 

F E A T U R E S 

QLlANITITY/YR 

8,750t 

~\.830t 

3,450t 

9,000t 

4,500t 

2,000t 

810t 

2,.000t 

21,500t 

4,780t 

5~10x 10!> m?I 

199xl06 kwh 

COST 
(MILLION F~s) 

l ~:'.l:J" ,, l 

1111,. Hl 

l l'l'I ,00 

'16" 110 

A T A G L A r~ C E 

8. l'tODE OF FINANCING 

10. SELLING PRICE 

~~I 
I T E 1•1 ti 

1 ALLOY Gi<(1DL '-•600 

~. 

..:.. ALLOY Gl-<ADL 4600A 

3 ALLOY Gl\(1DE: •CJ6~.\~:'. 

11. l'IAN POWER 

SL CATEurna 
No 

1 EXLCl.J'I .1. VLS 

2 NCJl,1··-l-::XL.t;l.J·r .I. VL~:) 

SECT lOt\I 2 

f-·i:~lCL 

( R~;/t) 

4:.\,. l·HiO 

4~1,BOO 

51 "!:!00 

Ml.Jl'l lll. I\ 

.. i'I 



C 0 M P A N Y _IMITED 

ON PROJECT 

•'i I A Gl r~MCE 

8. MODE OF F 1 NANCI NG 

SL I T E M s AMOUNT 
No (Million Rs) I 
1 HIUITY CAPITAL 

., LUt1N CAPITAL .:... 

.:_, ~-:!7~,!-'~.: ~::: ~-~ -1 ,..·~-i.;;7"· \1'1"" 
~ .r~ .. ~ ... ,. -

9. PRODUCTION COST 

I 

I SL I f E M S 

I Nu --------~! 1 wrn.:KS COST 

2 llf:T'f\ECIATIOM AND 
INTEF\LST 

lUTAL 

10. SELLING PRICE 

:.JL I r [ 1•1 ~j 

Mo 

I r.u .UY 1_;1.:r-1DI::. 

., 
AL..l .. UY GRADE ·-

.;; (11..U.JY bt.:ADE:. 

11. MAN POWER 

Lil.. 
Mo 

.I. 

t;() 11..UUf\Y 

LXI cu r1vE::i 

'1600 

4600A 

'16~)~:~ 

'• ... NlJH + XECUT I VL.S 

621,23 

q65,05 

153,22 

COST 

l R s/t.) 

37,690 

3,900 

41!1590 

Pl'~ICE 

(R!:;/t) 

4~) ~ 8()() 

4~\,BOO 

51~800 

12. PROFITABILITY 
(Average) 

Schedule 2-1 

SL 
N0 I I T E M AMOUNT I 

(Rs.mln.) 

~------------ -----! 
CAPITAL EMPLOYED I 

~ -~~~ 
1 

( i) FIXED CAPITAL _1_.._1_9_4 __ 1 
(ii) WORKING CAPITAL 132.5 I 
1-- ----------~- -----! 

TOTAL 11. 3;~..:,. ~· ., 
NET SALES REALISATION 1.353.6 
MANUFACTURING EXPENSES 11~122.4 

4 GROSS l"IARGIN 231.2 
-g-- DEPRECIATION 64.t. 

6 INTEREST-------- 51./., 
7 NET l'IARGIN BEFOf~E TAX , __ 1_1_5 ___ 0_ 

-8- TAX 6B.O 
-9- 1-N-E-.. ,.--rl_A_R_G_I_N_A_F--T-E-~R-'_T_A_X_ I 47 .0 

10 RETURN ON-FI-XED CAPITAL --4-.-o-;;;-

13. SALIENT ECONOMIC INDICED 
(Over 2~ years operation) 

I 
SL I ITEl"I I UM IT I UU{il'-IT I I Y I 

I I 

No 

I 
I I ----.-1 l, 1 CUl'IULr.1TIVE PFWFIT 

r<EFDF.:E TAX 11'1.I\•' I ~'..',";q_:.?I 
2 CUl'llJLJlT I VE Pl\DF IT 1-- i 

(,,~··1·E.-.1 ·,· ·1·.~1x 11 ° ·• · ... 11 , ·1.r.:•:; ''''···' 
3 f1VERAGE f··F"ZU-(i 'j-· ---

PEI~ YFf1f\ I 1·1. 10:", fl/• (I 

4 INfEkNAL RATE U~ 

Pf1Y-lt(1CK PERHll-) -
(AFTER li'ITERE~:>T 

ANn Tr;X) 
N~EAK-EVE~ CAPA-
CJ TY (f.·~XcJ.·fJ.n<:111Ce) 

14. CAPACITY BUILD-UP 'l. 

"/. 4QQ 

co 

., ··-, __ 
I 

.I l. '/ 

( .. () YFN;::; I 
,-:-·1;)-. -,_; -

"• ··-
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2. PROJECT BACKGROU?ID AND HISTORY 

2.1. P:r0ject Background 

At present Al-Si alloys are produced in India by means ot 
smelting primary aluminiUI:l with adding silicon metal and other 
metals es alloying components in required proportions. 

The project aims at establishment of Al-Si alloys production 
ueing the alternetive method of their direct manufacturing fran 
the sillimanite concentrate. 

The given nethod was elaborated by VAMI Institute, USSR, and 
is based on the reduction smelting of aluminosilicate ore (like 
Indian sillimanites) in electric arc reduction furnaces followed 
by del..ttion oft he alloying composition by molten aluminium. 

As raw materials for the new method the following materials, 
be~iGes the sillimanite concentrate, are used es wellakaolin, 
elumina,hard coal, petroleum coke, which are fed in proportions 
in powder condition with addition of binder. 

The aim of this Feasibility Report ie to evaluate the estab
lishment o! the ind~strial scale production of Al-Si elloys based 
on pilot tec\nological testings of samples of these raw materials, 
chrried out at Subcontrector's Pilot Plant. 

The proposed proce~D ~akes it possible to rr.anufacture alloys 
v.i thin the ~rede re.nge v.:idely used in India. 

The ~rerent evaluation con~iders the industrial unit made up 
ot one elf'." ctric e.rc reduction furnace v.hich ensures manufacturing 
of 9.54 th.tpy of refined ~lloys. 

'l'he indu st riel i:npl('!:lentf>tion of the new technology, besides 
the reduction of cripital investments c:nd consumption o! utilities 
i·:· c:cmpcred to the trF.di tional r::ethod, will also r-.:llow to enlarge 
the field ot usa,_~c ei f secondE.ry aluminium and fully exclude com
surn~t!on of pure silicon ~ete.l, end cor.sequently, its i~port for 
these purposes. 

The proposed production can be implemented in one stage with 
cornmicsioni~g within 39 months !rom the date of signing the rele
v~nt Contract. 
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2.2. Project Promoter 

National Aluminium Company Limited (A Government ot India 
Enterprise) "NALCO" (IDCO Tower, Bhubaneshwar - 751007, Orissa) 
is the project promoter. 

The Company we€ ~stablished in January 1981 within the frame
work ot the projec~ !or bauxite-alumina-aluminium complex const

ruction in the StG~e ot Oriesa. 
The construction of the above complex was t,.;Ccomplished in 

May 1989 by c~mmissioning the second stage of the aluminium 

Smelter. 
Electric power station with the power rating of 6oO mW was 

constructed w:lttin the complex and it is envisaged as a source 
of electric power supply for the Al-51 alloys production. 

2.J. Project History 

In 1982 VJJ.!I Institute in compliance with U?fIDO Contract and 
in collaboration with the Indian Company "Indian Rare Earths" 
(IRE) elaboreted the Feasibility Study for the construct:on ot 
the ple.nt producing Al-Si alloys v:ith the ce.paci ty of 9QPOO tpy. 

On the bcsis of the said Feasibility Study VAMI prepared 
technical end economic evaluation in 1983 for the capacity of 
30 ,CJO tpy of Al-Si alloys utilizing the eq'.lipment mainly sup

plied fro~ the U~SR. 
In P.!a.:.-ch 1994 the Indian consultE.nts "MECON" prepared their 

cwn Report O!'l tl::e bLsis of t he teciinical E.nd economic evaluation 
• of VA!.:I. In July 1984 this Report wes ~ubrr,itted to NALCO e.nd 

included tr.e survey of ~erket, capacity investigetions on location 
fite selection as well u; financial E:nd economic evaluation ot 
ca~ital end operction caste end profitebility calculated in 
prices or the Iet quarter of 1984. The question of increasing 
the Indian portion in equipment supply was not reis~d in the 
Report. It waE supposed to be considered while preparing the 

detailed project report at further stages of project imple
mentBtion. 

In 1989 in compliance with the Contract N° 88/98 between 
VVO "Technoexport" and UNIDO, VAMI Institute bas carried-out 
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the laboratory testing of Indian raw materials, which confil"Died 
• the principal suitability of these material• for the production 

1 of aluminium-silicon alloys following the proposed p1t1cess. The 
t results of laboratory testing were discussed jointly by Soviet 
.; and Indian specialists. Based on theee results and taking bto 

account the n~w price basis the Report preparEd 1n 1983 waa 
reestimated and updated, 

In November 1989 a Contract was signed between VVO "Techno
export" and UNIDO !or the execution of pilllt testings of Indian 
rew materials s~mplee in VAMI, USSR end preparation of Feassibi
lity Report on this basis. In accordance with this Contract NALCO 
hes submitted the sa.r.iples of eillimanite concentrate, kaolin, 
alumina, coal, calcined petroleum coke and sele:.t with a total 
weight of 34 t aiming at detennining their suitability for the 
electro-smelting production of Al-Si elloys on industrial scale 
as wel 1 for $pecifying the influence of the obtained results on 
the rnein technological parameters. In June of 1990 the samples 
were supplied to Subcontractor's Pilot Plant in Leningrad. 

~ Cherr.ical end mineralogical compositions of the materials were 
investigated as well as their suitability !or briquetting, ro£~t
ing and electroreduction was tested. 

The results of the pilot testing proved, in principle, the 
~uitPbility of the I:_jian raw materials for the production of 
ll-Si e.lloys according to the proposed technology end were 
eiven in the Interim Report. 

Thie Report was considered in March 1991 with the participa
tion oft he Soviet specialists and the Indian National partner 
r:nd is tF~e:1 e.f'. bE-Eis of the preeent FeRsibility Report for 
rle!inine of t!":e proces~' parameters. 

2.4. Tec~'.nicr,1 end Economic Investigation 

The present Report in the volume detennined by Contract 
N° 89/156 (Annes E, Section C, item 2) is per!onned by All-Union 
end de~ign Institute of Aluminium, Magnesium and Electrode Industry 

(VAMI), the Department ot MetallurgJ, Sredn.J pr. 86, St-Petersburg, 
199026, crs. 

Prom the Indian side the assistance ia rendered by NALCO and 

MECON. 
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3. J4ARKE'r AND PLlNT CAPACITY 

).1. Demand and Ma:r-ket Brief Stud7 

Aluminium industry of India 1a a rapidlJ developing branch of 

economy. 
The re.tee of eonsumption increase of primary aluminium in 

1988-1995 will amount to average 8 per cent per annum and in 

1996-2000 6 per cent per annum while the forecaeted increase 
of its production will go from 290 th.tpJ in 1988 up to 580 th.tpy 
in 1998 or aprroxirnately 11 per cent average per annum. 

In view of the fact- the.t minimum 15-20 per cent of primary 
metal in the countries - manufactures of aluminium are used for 
the production of ca~ting aluminium alloys it can be supposed 
that the production and consumption in India shall amount to 
90-120 th.tpy in the period beginning with the second half of 
the 90ies. 

Al-51 alloys are mainly usecl for the production of parts for 
inter~l combustion engines for cars, scooters, motorcycles, 
moped8 wrich are widely u~ed in India. The co~ption of Al-Si 
alloys for the~e purposes shall ~~ount to 30-33 th.tpy. 

?he production of the above kinds of transport is supposed to 
incresse in 1995 twice as :.uch es compared with the present time. 

Procf>Pding from the P-bove the conclusion can be drawn that 
India has rather fevourable possibilities for developing home 
market for the procuction and consumption of Al-Si alloys. 

The industrial unit considered consisting of one ere reduc
tion furnnce is not de~igned to meet ell requirements of India 
in co~~ercial Al-Si alloys, but besides of their production its 
Pim is also to nester the technology o! electrosmeltin~ produc
tion of alloys or, industriPl scflle tnd treining o! personnel. 

3.2. Sales and Marketing of Products 

In calculations it is assumed that the whole volume o! Al-Si 
alloys will be oonsumed in Indian home market. On the basis ot 
prices as of December 1991 revised during d1acuss1ona of the 
Draft Feasibilit7 Report. 
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quarter of 1991 and the volumes of finished alloys production 
the estimate of sales revenues is given in Schedule )-1. 

While making the calculations the results of sales revenues 
of eilicoaluminium produced ae a by-product f~a reciduala on 
the tilter in quantity of 7)5 tpy are also taken into account. 

This product can be utilized in ferrous metallurgJ aa a deo
xidizer tor steel production. 

J.J. Production Programme 

As it w~s ~hown by pilot testing the proposed technolog7 
allows to produce out of samples of Indian raw materials sub
mitted, a wide range of finished Al-Si alloys correspondizl8 to 
Indian standard (!51617-1975). 

For the purpose ot calculations the widely used alloys grades 
4600, 46oOA e.nd special grade 4652 were chosen out of finished. 
alloys production. 

For the calculations of the industrial program it is assumed 
that 37.6% of refined Al-Si alloy would be used for produc-
tion of alloy gra e 4600A, }0.15% -grede 4600 and 32.25% -
grade 4652. 

As far as the unit construction period is J years and J months, 
the operatio~1 period on the first year of production (the fourth 
ye&r from the beginning of construction) is assumed of 9 monthe, 
based on totRl estimated operation period of 20 years. 

Taking this'into account as well as the period of mastering 
of industrial capecity, Schedule 3-2 shows the industrial prog
r~m ~or alloys Bredes under consideration. 

J.4. PlPnt Cepacity 

The r.ormel Achievable capacity for production ot commercial 
Al-Si r.lloys ie dete:rmined by ~uantity of primary refined alloy 
containing about 56% o! aluminium and 39% o! silicon snelted in 
arc reduction furna~e. 

The no•inal active power rating of 

17 MW, enauring production of 9540.0 t 
per year. 

•re reduction fu~nace la 

of pri•ary refined alloy 

On thia baaia the noraal achievable capacity 

producing co•••rcial Al-Si alloya ia aeau••d 
inclid.i.ng: 

Grade 4600 - 8500 tpy 

Grade 4600 A 

Grade 4652 
- 11000 tpy 

- 10280 tpy 

of 

et 

the plant 

29780 tpy, 

, 
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Schedule J-1 

• Bstimete of Sales Revenues 

1 
• 

Alloy Unit Years from beginlng of operation 
grade price 1-stC9 2-nd }-rd 4-th md Rs.000 

/t months.) :tollowing 

I Q-ty !Sales Q-ty Sales Q-ty Sales Q-ty 'Sales 

_J_ tt.ooo reve- t 10JO reve• t,000 reve- t,000 reve-
nues nu es nues nues 
Rs.mln Rs.mln Rs.mln Rs.mln . -- - -

4600 45.ao h.8? 85.64 5.52 252.82 7.86 }59.99 ·a.so 389.30 

4600A 45.80 2.42 110.~ ?e15 I 3#l.7.47 10,17 465.79 11.00 1 503.so 

4652 51.ao 2.26 117.07 6.69 }/fQ.54 _9.52 I 49,.1, I 10.28 5}2e5C 

Sub- . I 
total 6.55 ,13.55 19.36 926.a3 27.55 1318.92 29.78 1425.60 

Silico-
alurnini-
um 21.0 - - - - o.66 13.86 0.74 15.54 

TOTAL 313.55 9"26.83 1332.781 1441.14 

\\ 
- . ----- - ------------------· - --·-·- --- -- ··-i 

~· 

... 
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Al-Si 
finish-
ed e.1-
loy 
grade 

4600 

4600 A 

4652 

- --

TCY.U.L 
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Schedule 3-2 

Production Progremme 

At 100~ Years trom begining of operaton 
capaci- i..:s1(9 2-nd 3-.rd 4-th and ty, t months) followirur 

jcepa- Capa-IQuan-Quan- Capa- Quan- Ca.pa· Quan-I ~ity tity city tity city tity city tity 
t ~ t ~ t % t 

l 
I 

8500 I 22 1870 65 5525 92.5 7862 100 8500 

11000 " 2420 n ?1.50 " 10175 " 11000 

10280 " 2262 " 6682 " 9.509 " 10280 

29780 6552 19}~'l 2?546 29780 
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4 .• MATERIALS AND INPUTS 

4.1. Cbare.cteristics of Raw Materials and In~uts 

4.1.1. Classification of Materials 

The following is used tor the production of Al-Si alloysa 

20 

- rc:.w rnsterials1 sillimanite concentrate, dry cleaned kaolin, 
alumi.r1a, coal, uncalcined petroleum coke, quartizite; 

- industrial materi~ls1 aluminium (in molten state), elect
rode paste, mangar.ese, copper, nickel, magnesium; 

- auxiliary ~aterials1 selex, fluxes (table salt, cryolite), 
refractories; 

- utilities: electric power, water, fuel oil, compressed air, 
nitrogen, etc. 

4.1.2. Speuific~tions cf ra~ materials and inputs 

To produce primary Al-Si alloys of optimum composition with 
60-65 per cent aluminium content it is required t~t the sillima
nite concentrate e.nd kaolin contain maximum quantity of Al

2
o

3
• 

This will !':lake it posEible to reduce addition of alumina to the 
chArge. 

Harmful impuritie8 include iron, titanium and zirconium oxide~. 
The metals of these oxides pass to the melt in full quantity ~nd 
their extraction es intermetelloids of the process of finished 
castine Al-Si elloys prcduction results in lower recovery of 
products End extra co~ts. 

1he electrode Da~te should hPve electric8l resistPnce of 
90 hm.mm

2
/m mo~im~m, esh content of 7% max., and volatiles of 

12-20%. 'l'he requirer:-;E-nt ~ to elect rode paste are npeci!ied by 
need to mo.intHin preset power parameters during electro smelting 
procePs in arc reduction furnace. 

The coal, u~ed in process as e 1~ducing agent, should have 
high activity, increasing with the increase of volatiles content nnc: 

decrease of ash content. The content of iron oxidee in coal is 
limited b~sed on general requirements of their oontent in teed. 

Petroleum coke should contain minimum sulphur content based 
on requirements ot environment protection from so2 end SOJ and 
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equipment corrosion resist~ce. 
Ba~ed on 'tb.e above, the following requirements to raw mate

rials chemical composition are epecitieda 
- Sillimanite concentrate - aluminium oxide content - 56• 

minimum, iron and titanium oxides - o.6% max. ot each, zirconium 
oxide - 0.5% maxa 

- Dry cleaned kaolin - aluminium oxide - )6~ min., i::on end 

titanium oxides-0.7% ~ax. of each; 
- Alumina - AI 2o3 - 98·5% min., iron oxides - 0.1• maxa 
- Quartzite - silica - 98.5% min., iron oxides• o.~ max.; 
- Petroleum coke - volatiles - 7-12%, sulphur - 1.5. max., 

fixed carbon - 85-90%, iron oxides - 0.1% max. 
The increase of iron, titanium and zirconium oxides content 

will result in reduction of aluminium recovery from raw materials, 
decrease of product output and consequently to decrease of process 
techno-economic parameters. 

To ensure the production ot commercial Al-Si casting alloys 
grades 4600, 4600A end 4652, containing (as per Indian Standard) 
from o.6% to 1.0% of iron, the following iron content is admis
sible in i~dustrial materials to be u£ed for production ot above 
alloys gr&dess in aluminium - 0.2%, in manganese - 2.3%, in master 
nlloys (Cu, Ni, Mg) - 0.6% per each element. 

To enf'ure the required strength end the:nnel stebj lity of bri
quetted feed, the binder is to be added to feed besides the k(l.()

lin. Selex if: used e..s e binder, beeing a by-product of paper 
industry. 

SPlex Ahould meet the requirem~nts on iron end titenium oxideF 
content l nd hrive f.11 binding ;:>roperties t., ensure purity of ;,ro

d:..;ced alloys. 
- Teble (common) Aal t u.d cryoli te used in proceea as fli...;:xes 

f;r.ould not conte.in m0re thnn 0. 5% of wete-d at per 1;af Pty norr.ls 
for oner~tion with molten metals. 

- Electric power - frequency - 50 Hertz, voltage for electric 
motore up to 320 kW and electric lighting - 415/240V, 11 kV -
Aupply of 9lant tr&neformer substations. 

ti Current intenei ty is determined ,...~, specifictttione ot each 
consumer. 
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- Water Ml~plier tor make-up of plant water recirculating 
• system for cooling ot arc reduction furnace elements, induction 

. . . 
furnaces, transformers, filtering :turna.cee as well as for cooling 

' ot furnaces in Reductante grinding area, should meet the following 
requirements a 

- total hardness - J mg-eq/l max.1 
- carbonate hardness - 2.5 mg-eq/l maxi 
- suspended solids - 20 mg/l max.1 
- iron saltR content - 0.1 mg/l max.1 
- total salts content - 100 mg/l max.1 
- acidity - pH ~ 6.5 to 8.51 
- tempereture ~ 30°0. 
- Fuel oil used for process needs grade "HV" (Indian Standard 

1593-1982) is ~pecified as follcws1 
- Non-organic acifity - none 
- Ash content, wt.%, nBx. - 0.1 
- Gross calorific value, kcal/h - abt.10000 
- Relative density at 15/15°0 - < 0.8 
- Flash point, max. - 66oC 
- Kinetic viscosity, est., et 50°0 - 370 
- Precipitate, wt.%, max. - 0.25 
- Sulphur content, wt.%, m~x. - 4.5 
- Moii::ture, wt.%, max. - 1.0 

4 .1. 3. Sele ct ion ruid cha racteri1=1tics of rew materials 
Ei!ld inputs 

'.l'he fcl:lowing raw mPteri.Hls ~nd inpute nre 8F~:umed f;:,r tech
nolo~ic~l cRlculations of the Feasibility Report in aGcordRnce 
with the dr te E'Up!)lied by NALCO, Indiaz 

- For production of primary (crude) Al-Si alloy1 sillimanite 
ccncent rate, alumine, dry cleaned kaolinr. coal, uncalcine pet. 
coke, qua~tzite, selex, electrode paste; 

- For production of ~~mmercial casting Al-Si alloysa molten 
eluminiurn, manc;anese metal for production of a lloy grade 4600 
end master alloysz copper, nickel and ~agneslum - for alloy 
grade 4652. Besides, table (common) salt and oryolite are 
adopted as fluxes for refining of crude alloy and production 

' 



I !. 
23 

of commercial casting alloys. 
The specifications of above raw materials and inputs are shown 

in Tables below (chemical analysis are adopted in accordance with 
the VAiil analysis of Indian raw materials for pilot testing. 

Sillimanite conoentrate 

Srl. Chemical analysis and properties Unit ot· Average 
No measure value , 

Al203 " 57.65 

2 S102 " J6.08 

3 Pe2o3 " 0.49 

4 Ti02. " 0.94 

5 Zr02 % 2.42 

6 CaO + MgO " 0.35 • 

7 Moisture " 0.37 

8 Bulk weight g/omJ , .88 

9 Average particle size mcm +297 (J.7%) 

Alumina 
r·----- .. ~ 
: Srl• Chemice_l enaly~is and properties Unit of Average 
, No measure value -- -
~ -
I 1 
I 

Al 2o3 % 98.9 ' 
:3 
I 

L.O.I. 0.5 
i J 
I 5102 " 0.022 

'4 Fe2o3 " 0.008 

5 Na20 + K20 % 0.42 

6 Ti02 " 0.05 

7 Bulk weight G/cmJ 0.95 .. 1.05 

8 Angle of repose degree 34 

9 Average particle size mcm -45 (12%~ 
-125 (15% 
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Dry cleaned kaolin •• 
-

i Chemical. e.nalyeis and properties Unit of Average value Srl., 
No i measure 

.. 

1 Al203 • '51. 25 

2 Si02 % 46.95 

3 Pe2o3 % 0.86 

4 T102 ~ 0.46 

5 CaO + MgO % 0.11 

6 Moisture % 2 

7 L.O.I. % 13 

8 Bulk weight g/om) 0.35 

9 Average particle size mcm -2 (68%) 
+10 (5%) 

·-
Coal 

Srl.I Chemical e..'lflly~is end properties Unit of Average ve.lue 
No :nee sure 

,- - I 
A~h content % 15.76 1 I 

2 i Content in e.£ht 
I 

Al 2o3 % 23.65 
Si02 % 62.35 
Fe2o3 % 5.95 
Ti02 % 1.1 
C&O + ?.1g0 % 2.8 
Sulphur % 0.54 

3 Volatiles % 38.14 
. 

4 Fixed ce.rbon % 46.1 
. 

5 Moisture ~ ~ 0.9 

6 Bulk weight g/cmJ 0.1 

7 IA.lmp size na 200 max 
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Petroleum coke 

I 

. Srl. Chemical analysis & properties 
No 

1 Uh C\lnten t 

2 Content in asha 

Al 2o3 
5102 
Fe2o3 
T102 
CaO + MgO 
Sulphur 

J Vole.tiles 

4 Fixed carbon 

5 Moist ire 

6 Bulk weight . 
7 Lump size 

---

Quarts:! te 

Srl. 1 Chemicel P.!'laly~is & properties 
No 

1 Si02 

2 A1 2o3 

3 Fe2o3 
4 Bulk weight 

5 Lump Pize 

25 

Unit of A.ye rage ve.lue 
measure 

" 0.16 

" 50.6 

" 40.2 
~ 3.1 
~ 0.16 

" 2.07 
~ 0.98 
c• 
P' 7 .1 

~ 92.74 

~ 10 

g/cm) 0.1 

mm -150 (94%) 
+250 (1%) 

-- - ---
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Se lex 

' I 

Srl. Chemical composition & properties Unit of Average value 
No measure 

.. 

1 Dry matters " 62.55 

2 Ash content " 11.77 -
3 Content in ash1 

MgO " 48.1 
s ~ 5.67 
Na2o + K20 % 9.52 

4 Volatile~ % 65.5 

5 Fixed carbon % 22.73 

Electrode paste 

Srl. Chemice.l composition &: properties Unit of Average value 
No measure 

1 Ash cc:itent % 1 

2 Vole.tile e % 14 

3 % 86 
-

Ohm.mm2 

I : 
Electrical re~istance B?. 

m 

Apparent density 
I -

g/cm3 I - green r>este 1.sa 

I - prebE.ked paste -"- 1.4 I 
6 Porosity % JO. 

7 Strengths compressive kg/om2 150-250 
breaking -"- 150 

-
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Primary aluminium (molten) 

Srl Chemical e.na.lysis & propertiee Unit of r Average value 
No measure 

1 Fe ~ 0.15 

2 Si ~ 0.15 

3 Al % 99.7 
--

Manganese metal 

Srl Chemical analysis & pro9erties Unit of A.~·erage value 
No measure 

1 Mn ~ 97 

2 s % ·n 
I 

not speci-
I 

3 c % i fied 
; 
t 

4 Si % I 
I 

5 02 % 

6 H2 % _,.. 
7 Fe, me.x s 2 

8 Lump size mm ?Owder 

----- -

C~e~i:a! ene.lysis of co~per, ~ictel r:.nd ~ngnesium, used in 
procuction o! cor.~ercial casting alloys cs ~aster 2lloys ere 

asr.u."!'led in eccordo.nce v:i th relevant Indian Ste.'1dards. 
Chewical com~osition of !luxes is also ado?ted as ~er Indian 

Standards with limitations of water content of 0.5% maximum. 
Power for the unit is supplied from captive Main Step-down 

Substation (MSDS) located outside the fence of o~ereting Smelter. 
One transformer, voltage 220/11 kV and power rating of 37. 5 MVA 
is to be installed at MSDS. The stand-by transformer ot similar 
power rating installed at Smelter site will be used as emergency 
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unit. 

The fresh potable and inaustrial water is to be supplied from 
NALCO Smelter. The recirculating water will be supplied from water 

recirculating unit. 

4.2. Supply Programme 

4.2.1. Initial data 

The programme tor supply ot re.w matet"ials and inputs is 
determined based on product range o! commercial Al-Si alloye1 
the composition ot these alloys is shown in Section 4.2.1.1. 

The specific consumptions of raw materials, inputs end uti
lities for production of primary (crude) alloy end commercial 
casting alloys ere given below in Sections 4.2.1.2 and 4.2.1.3. 

The annual output of produced alloys by grc.des is given in 

Section 4.2.1.4. 



~ 
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Srl 1 Alloy grade 
No 

1 4600 

2 4600 A 

3 4652 

4 S111coalumin1um 
(by-product) 

' .\ 

~~~~~~~~-~----~-~~~-~~-.... -~~---~--~~~--~~~~~.,. ... ~~~..., 
...... # ... ;,;;;,. 

.. 
4.2.1.1. Alloys composition 

·-------
Componcn1e, % (balance - alUminium) · 

silicon r iron titanium zirco- Un 
nium 

11.9 o.:-G 0.01 0.02 0.3 

11. 9 o.67 0.11 0.01 -
11.6 0.64 0.12 0.01 -
14-24 4.5 2.0 2.0 3.5 

Cu Ni 

- -
- -
1.05 1.0 

- -

.· 

.. .. 

Mg 

-
-
1.15 

-

·---- .. 

Ca· 

0.002 

0.07 

0.005 

-

I\) 
\D 

-

~· 



1 -
Srl 

jNo 

' 
1 

2 

3 
4 

5 
6 
7 
8 

9 

10 
11 

12 
13 

; 14 

I , s 
16 

17 

18 

19 
20 
21 

JO 

4.2.1.2. Specific, annual, daily and monthly consumptions 
ot raw materials and inputs for production of 
c:nide refined allo7 

Description of Unit of Consumptions 
consumption item nieasure speci- annual daily monthly 

tic 

Sillimanite con-
cent rate t 0.917 8748 27.J 820 

DrY-cleaned kaolin t 0.611 5829 18.2 546 
Alumina t 0.)62 )454 10.a 324 
Coal t 0.944 9006 28.1 844 
Petroleum coke t K>.472 450) 14.1 422 
Selex (dry basis) t p. 22 2099 6.56 197 
Quartzite t K>.21 2004 6.26 188 
Electrode paste t ~.085 811 2.54 76 
Electrode shells t K>.0035 34 0.106 3.2 

Fluxes 

Cornnon salt t 0.022 210 o.66 19.7 
Cr:rolite t 0.005 43 0.15 4.5 

Recycled wastes 

Gas-cleaning dust t ,0.260 2480 7.75 232.5 
Slag (fraction 
5-40 r.un) t 1o. 280 2671 8.35 250.4 

I 
Au.~iliary r.iat erinlE I 
------ I 

Grenhitized elect-
rcdes dia 100 mm t 0.003 29 0.09 2.72 
Wo::ide~ poles m3 0.03 286 0.9 26.8 
Refractories t 0.02 191 o.6 I 1a.o 

I 
Utilities -------

Electric power 
process kfh 13000 124.106 387 ,6.103 11, 6).10 
power " JOOO 28,62.10 6 89,44 .10 3 2' 68.10 6 

Fuel oil thous.ml 0.22 2099 6.56 197 
Compressed air thoue.m~ o.a5 8109 25.) 760 

mJ 
I 

Industrial water 1.2 11448 35.77 107).1 
~ 

Recirculating watel thoue.m"' 0.5 4770 14.9 447 

6 

---
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' 
'Srl f i>escr1 ption or 
No : onn11Ujptton I 1terna 

! 1 I .Hwn1n1um 

j2 Refined alloy 

i J llangane ee 

! 4 I Copper 
i ' 
15 Nickel 
I 

' 6 lll&gne 111 um 

7 Cryolite 

8 : Common aal t 

9 !Quartzite 

10 

i 11 
I 

I
' 12 

1J 

14 

Ceat iron 

Electric power 

Puel oil 

Water 

Compressed air 

--·~ , / 

.... 
.1 •.• i •. 1. ·•P•·<'ifii:• ru1nwt1 0 11n1ly 1111£1 mo11tllly con11umption11 or mutcr111lA 

1"1· pruuuct1on or commer"i11l c1111t1~ nlloya 

•T 
Unit I Connu:inti ('"" fo1· pro•Juction I or l ~·p,ct.-. ., ... oo 

ot nlloy ConeumptionA for production ot alloy 
1~rnde 4600A 

; mea- i Al'cci r 1·~ nnnunl ·.-daily : monthly 
, nure f , J 

-r-t---l-~~·1:1111 -- -.~.-;-;--·-1-~-:4J7~·. I 11i\'l. 1i~ 
: I 
' t I o. _Hti4 <>l7h, 4 

i 

I 
t I o.· 01174 l.i'.'t 

I t 
I t 
j t 

t 

t 

t 

o.nn;1 

o.::>100 

0.00') 

1-

1~6.3~ 
I 
A';.o 

"~~. 5 

8.9Btt7 

0. 1966 

0.08?3 

o. 2660 

o. 1))0 

;:>69.66 

~·· 9 

,,-
1-

1 '1.47 

7.97 

J.98 

.. 

nroci tic I aru1uRl I daily 

o.7?08 I 79<!9 

o.3i'62 I 3~Em.2 

o.c,022 124.2 

0.0065 

0.005 

71.5 

55.0 

24. 778 

11.2131 

0.0756 

0.2230 

0.1720 

t 

h.WH 

c.001 u.~ - - 0.001 11 .o -

I 

t 

m) 

run) 

4•,o 

I 0.09 
I 

18.0 

~'~>.O 

3A25.10) 11,95.103 318,75.10) 450 

765 2.39 11.7 0.09 

l~J.103 478.12 14,34.103 18.0 

4950.103 15,46.103 

990 3.09 

190.103 618.75 

605.10) 1,09.103 

monthly 

743.344 

3)6.394 

2.27 

6.70 

5.16 

0.001 

0.001 
15 'Sp..re r>art• I t 
16 Retreotoriee t 

1461.5.103 1,46.103 4),83.10) ~5.0 
I tJo "° 
I 2•,.r, 

0.026 

o.oeo 

o.ao 0.001 

2.3') 0.003 

1,., 
3.).0 

0.034 

0.103 

412.5.103 

92.7 

18,56.103 

56,12.103 

1.03 

J.09 

4 

I • ---· ---

Consumption11 to i• product l on o t •il l oy 
~rnde 46'i2 

&f)ec i!io/ 11nnual - · 1 daily:-1. · ---- "month l :. 

----~---·--,-- ------· 0.1153 
1
1353 n.CJ78 6A'J • .14 

o. 2993 i J076 .a 9. 615 . ?nn. 4• .. 

- ' - ' - I -

0 .o, 11 

o.o 111 

0.0121 

0.0022 

0.0065 

0.005 

0.001 

450 

0.09 

18.0 

'.o5.0 

o.oo 1 

0.003 

114. 1 

114. 1 

124.4 

<'2. 62 

66.8 

51.4 

0. J'J66 

0.)566 

0.30117 

io.0101 

0.209 

0.161 

10.3 -

4626.103 14,46.103 

925 2.e9 

105.103 578.25 
L ) 3 '>n5 t 4 • 10 1 t 77 • 10 

10 .28 0.0.)2 

)0.84 0.096 

10.70 

10. ·10 

11.70 

,, • , 2 

6.26 

4.82 

)85,5.11 

86.7 

17. )5. ,, 

53.10 3 

By-oroduct• I I 
0.96 

2.A9 

16.01 11 F1lterreA1due t 0.045J '1Jn'>.05 1.20 IJC,.10 ,0.0156 171.6 0.336 16.09 0.0174 179.28 I0.560 L Slagr ! t 0.03;.•3 (74.5'> 0.8'-'8 <'<..74 10.0314 345.4 1.079 32.38 0.0315 323.82 

1 

1.012 ~ 30.36 

~ 

.\ 

.. 

.. 
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Srl 
No 

1 

2 

3 

-_.. 

\ 

)2 

4.2.1.4. Annual output ot produced alloys 

Alloy grade Annual tonnage of produced alloys 
I 

4600 8500 

4600 A 11000 

4652 10280 

TOTAL: 29780 
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4.J. Selection of Delivery Programme 

The selection of delivery progrE-.mme is determined by con
~u~ption of materials in production, conditions to ensure 
continuous o~eretion, eveilability of storage capacities, 
reg~larity of transport equipment loading and sources of 
rr:w meteriP.ls e.nd inputs supplies. 

T~e r:iain raw material tor production of Al-Si alloys is 
Eillimanite concentrate produced as e by-product of benefi
cie.tion of il~enite ores in the Ste~e of Orisse. 

Alumina f:UP!llY will be ensured fror.i ::ALCO Alumina Ple.nt 
{Dcnanjodi) situated in the s&r.1e Stete. 

Coal ~hc;.ild be delivered from Talcher Coal Mine, quartzite -
!roe Eirakud region, Balan[ir ~ine, electrode paste - from 
P.ir£kud, kaolin - Dokoshipur mine, selex - from Calcutta. 

The totEl electric oower req~irement ie elout 189 mln. 
ki'l.h ?er year, \•1!-:ich will be !":let by ;iov;er eenerating fo.cili
t ie f'. cf : . .1-.:r.co ·.·1orks. 

The c:·.r:::-Ecteristics o! delivery progra:·.me of ff.W mc.terials 
~::;C. ir.;:::l:~ c·nci their inventories ~!ter reaching design cape
c~ty ~re Phc~n in Sections 4.J.1 ~nd 4.J.2. 

' 
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4.3.1. Chere.cteristic~ of delivery program of 
raw ~eterials e.nd inputs 

s 
N 
rlJ Raw ~Eterial and rrnven-1 Frequer :3• of' 'Single 

I 

1 

2 

3 

4 

5 

6 

7 

8 

! 9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

~ 

c. 

3 

4 

5 

6 

7 

8 

.. 

I 
I 
I 
I 
I 
I 

i 
I 
I 
i 

i 
I 

I 
I 

ir.put de;Scrip~ion 

Sillirnani te con-
centn:te 

Kaolin 

Al <l::t i ne. 

Coal 

Quartzite 

Pet.coke 

Se lex 

:Slectrorle peste 

Al ~:..rr. in i :_;.r.1 (r.iol ten) 

?.~Sl"'.£C-'1e Se 

Cop:1er 

iiickel 

~!e. [;!":.<:? c--j_ Ur.1 

Cryolite 

Tcb~e C"'·, "'" . •( ... ~ 

::., ~-~. ::·c -r.rts 

Refre.ctor:i es 

Fuel oil 

-

I tory, deliver-es delivery 
l t tonnage 

I 2000 8 times per 105 
i month I 

I 

! 320 8 " . 70 
I 
! 300 4 n 80 
i 

; c90 I J _, 4 II 210 

1650 4 n so 
I 670 4 II 110 
I 

! 350 3 " 25 

I 125 4 h 20 
I 

: 
I 

- - -
10 2 II 5 

10 2 " 5 

10 2 " 5 

10 2 " r::: 
J 

10 2 II 5 

40 4 II 

110 

- c.s required J...veru.e_e 
10 t rer 
month 

,_ II 30 
I 

500 4 tir:1es per 120 

i month 

34 

Type of 
transport 

Motor tra::-
sport 

" 
n 

n 

" 
" 

Te.nk carR 

Motor tre::-
sport 

I 

Motor trf,r.-

I sport 

' " i 
I 
I 

" I 

I II 

! 

" 
" 
" 

II 

Tenk cars _ .. _._ -··-



35 

4.3.2. Inventory of raw materi~ls 

Srl~/ Description of 
• 

raw Inventory 
No ~ materials and at storages feed prepara-1 total I inputs tion room 

! tonnes days 'tonnes daye 'tonnes days 
' -I ' 1 : Sillimanite con- . I cent rate 1700 60 300 11 2000 71 i . 
~2 Ke.olin 270 ' 15 50 2.5 320 17 .5 
! I 
!3 Alumina 170 I 1s 130 12 JOO 27 

14 Coal 900 JO 90 4 990 34 
15 Petroleum coke 600 40 70 5 670 45 
16 

i 

Quartzite 6~0 
I 

650 90 
! 

90 - -I I 

11 ' Selex 350 25 - - 350 25 

' 
I 8 Electrode paste 125 50 125 50 I - -I I I 9 Fluxes (et sto-! 

I 
I of electrode I rar.:;e 

I 
peste) 55 JO - - 55 I JO I 

--- - -- -- - -------·-··-. --· ------ -- ..._ __ -- ------ --- ·---· - --·--·--- ------- --- --- L ----

.. 
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4.4. Cost Estimate 
The estimate ot expenses tor materials and utilities at 100 per 

cent capacity.is sununerized in Schedule 4-1. 
The calculations are based on the-annual requirements fo~ mate-

rial end utilities detennined proceeding from the specific con
sumption, adopted production programme and prices of utilities of 

to be utilized as specified in March 1991. 

The updatin~ of coat eatiaatea at Deceaber 1991 price level 

waa iapleaented in Schedule 4-2 using the eacalation factor for 

aateriala and utilitiea at 7~ and the price• for aolten 

aluainiua of Rs.38700 per l t in accordance with the Protocol of 

discussions of Draft Feasibility Report • 

.. 

- .J 
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Schedule 4-1 

Estimate of Production Costs 

: Materials and Inputs 
1---1 .-Pr-od--uc_t_i_o_n_o.;....f.;....p..:...r:;..:im~ar:..._.;_1-.....( o_:rud__;;;;....e~)-re_f_i_n_e....,d_a __ ll~o-y--~9~5~40--.Q~t-p_7 __ 

1
srl. Q-ty lUnit Cost Item Unit pri- ·Costa 

!
No !of ce, R8 Rs.mln 

·meas. 

1. 5 
1.6 

1. 7 

1.8 

j 2. 1 
! 2. 2 
' 
I 2.3 
2.4 

2.5 

8748 
5829 
3454 
9006 

~503 
2099 

i 
! 811 
I 

12004 
I 
I 
l 210 

148 
~ 34 

: 29 
' 
I 191 

t 

t 

t 
t 

t 

t 

t 

t 

t 

t 

t 
t 

It 

Raw Materials 
Sillimanite concentrate 
Dry cleaned kaolin 

Alumina 

Coal 
Pet. Coke 

Se lex 
Electrode peste 

Quartzite 
Total of Item 1 
Auxiliary Materials 
Common salt 
Cryolite 
Electrodes casings 

Graphitized electro~es 
Refrf ctoriefl 

j I 1-

l
; !!. I Tote.l of Item 2 

:3 
' 
. 3. 1 

1 
2099 I t I 

J.2 j 1240381 thous. 

I I kWH 
).3 I 28620 - 11 -

! ! 
I 

Utilities 

Fuel oil 
Process power 

Power, including gas 
cleErning system 

Total ot item 3 

GRAND TOTAL 

1850 
1210 
4400 
770 
3630 

5430 
11550 

470 

1100 

29700 
9900 
52800 

I ' 3350 I 

' 715 

715 

16.18 
7.05 
15.20 
6.93 
16.35 
11.40 
9.37 
0.94 
03.42 

0.23 
1. 43 
0.34 
1.53 

1.58 

5.11 

8.08 
88.69 

20.46 

117.23 

205.76 



T 

Srl. 
No 

1 

1.1 

' I 1.2 

2 

?.1 

I 2.2 

2.3 

2.4 

2.5 

I 

3 

! 3.1 
I 
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Schedule 4•1 (contd.) 

Estimate of Produ~tion Costs 

Materials end Inputs 

2. Production of alloy grade 4600 - 8500 tpy 
I 

Q-ty ! Unit Cost Items 
! of 
! meas. 

I Industrial materials 
I 

6220 
I 

Liquid aluminium i t I 
; 

62.9 
i t j Manganese I 
l 

1 

Total of item 1 
I 
I 

! ; Auxiliary me.terials 
! I 

I ; 
Cryolite I 26. 35 ! t 

! I 

: 85.0 
i 

t TA.ble snlt 
I I 

: 42. 5 t ~uartzite 
; 

! 8.5 ' I Cast iron ! t 
I 
I 

25.5 i t I Refractories ! I . 
I 

! Total of item 

; Utilities 

765 t · Fuel oil 

3825 thous.: Electric power 
kW.h : 

I 

2 

157 thous.i Industrial water 
; mJ : 
: I 
I Totel of item 3 
; 

GRAND T Ol' AL 

I 
I 

I 
i 
I 
I 

I 
! 
' I 

' I 
I 
' 

Unit pri-
ce, Rs 

35700 

49500 

' . 

29700 

1100 

470 

13200 

8250 

3850 

715 

55 

I 
I 

Uosts 
Rs.mln 

222.05 

3.11 

225.16 

o.1a 
0.09 

0.02 

0.11 

0.21 

1.21 

2.95 

2. 73 

0.01 

5.69 

232.06 

-
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Schedule 4-1 (contd.) 

Esti at of Product·on Costs m • 1 , 

' 
Materials and. Inputs ---

J. Production ot alloy 4600A - 11000 tpJ 
I I 

Srl. Quan- Unit Co st it ems Unit pri- Costs, 
No tity ot ce, Rs. Rs.mln 

meas. 

1 Industrial meteriels 

1.1 17929 t Liquid aluminium 35700 28J.07 

' 2 Auxiliary materials I ! 
I 24.2 29700 

. 
0.12 2.1 t Cryolite 

I 
2.2 71.5 t Table salt 1100 i o.oa 

' 

• 
t 470 

I 
2.3 55.0 Quartzite I 0.03 

I 2o4 11.0 t Cast iron 13200 0.15 

2.5 33.0 t Refrectorie.s 8250 0.27 . 
To:al of item 2 1.25 

3 Utilities 

J. 1 990 t fuel oil 3850 3.81 

I 
1 " I t.950 thous. Electric power 715 J.54 .-'. ~ 

I kW.h 

I ;.3 . "02 t::ous. Industriel wRter 55 0.01 
I 
I TotP.l of item 3 1.36 
I 

I GRAND TOT AL 291.68 
I ·-

l 
! 

I 

:· 

I 
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Schedule 4-1 ~td.) 

Batimate of Production Coste 

Kateriels and Inputs 

4. Production of alloy 4652 - 10280 tpy 

i 
!Unit 

: 
Srl. Quan- Coet item ! Unit pri-
No tity of ce, Rs 

meas. . 
1 Industrial meteriele 

I 1.1 . 7353 t Liquid aluminium 35700 
I 1.2 ; 114.1 t Copper 99000 

i 
I 

1.3 ! 114.1 t Nickel 49500 

1.4 124.4 t Magnesium 93500 

I Total of item 1 
I 

2 I Auxiliary materials 

2 .1 t Cryolite 29700 I 22. 62 
I 

2.2 66.8 t TE ble salt 1100 

2.3 51.4 t Quartzite 470 

2.4 10.3 t Cast iron 13200 

2.5 J().84 t Refractories 8250 

Total of it em 2 

3 Utilities 

3.1 925 t J'uel oil 3850 

3.2 4626 thous. Blee trio power 715 
kW.h 

3.3 189 thous. Industrial water 55 
m) 

Total of item 3 

GR.lHD TOT 4L 

40 • 

r 

Costs, 
Rs.mln 

262. 50 . 
11.30 

5.65 

11.63 

291.08 

o.67 

0.01 

0.02 

0.14 

0.25 

1.15 

3.56 

3.31 

0.01 

6.88 

299.11 

• 
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Schedule 4-1 (contd.) 

latimat• of Production Coat• 

Material• and Input• --------
5. Production ot compressed air, recirculating 

water, fuel oil heating, electric lighting 

Srl. QUan- Unit Cost items Unit pri- Costs, 
No tit7 ot ce, Rs• Rs.mln 

meas. 

1 22911 thous. Electric power 715 16.38 
kW.h 

2 .JO ~of Material• 16.3ax10
6 4,91 

power 
cost 

--
TOTAL 21.29 
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Schedule 4-2 

Suaaary ab .. t.: tsti"'a.. t.e of Product.ion Coat.a 

KATERIALS AND UTILITIES 

llo. Deacription 

1.Raw aateriala 

2.Auxiliary aat.eriala and 

input.a Cw/o aluainiua> 

3.Kolten aluainiua <21502 t> 

4.Electric power 

5.Fuel oil 

6. lnduatrial water 
- - - -

GRAND TOTAL 

Coat.a. Ra.aln. 

Price• 0£ 

III-1991 

83.42 

45.32 

767.62 

135.11 

18.40 

0.03 

1049.90 

Pric•• 0£ 

XII-1991 

89.26 

48.49 

832.13 

144.57 

19.69 

0.03 

1134.17 

----------- ----------+-- ------ ----~-- -----· -

.. 
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5. U>CATION AND SITB 

5.1. Location • 

Location and site adjacent to the ei te of NALCO aluminim 
plant in Angul (its eouthem border) were adopted at the reccu
mendetions of the Indian companies NALCO and llBCON with the con

siderativn of the above factore1 
- the availability and location of the sources or raw mate

rials ruid electric power supply& 
- avcilebility of infraetructure; 

pos~ibility of molten electrolytic aluminium supply. 
There is the opportunity of connection to the engineering 

Eystems of water•, el.power supply, transportation end commu
nice..tion network of the opereting aluminium smelter. 

The plan the site has a shape of triangle with surface area 
of 15.0 hecters. 

The general layout is developed for this site. The gaps 
bet~een £tructures for the arrangement of generel layout are 
specified ~ased on sanitary ~nd fire-fighting norms. 

All units of ger.ere.l layout are located taking into e..ccount 
the se~uence of technological process end conditions of niw 

neterials rnd inputs delivery and shipment of finished products. 
The dominating fector WPS the loca.t ;_on of alloy production 

b~ildinb {metallurgical) with connecting corridor to the existing 
!.:r.-:Plter. The Al-Si elloy from furnace room and molten aluminium 
in lF.d}e~ ~rem the Snelter are to re sup~li~d to the Alloy pro
C.uction building. 

All service end auxiliary facilities ere located taking into 
fccount their proxi~ity to units to be serviced. 

The topo~rephy of the ~ite is mild with eome drop to norh
ea~t end south-west. The levelling elevation of the site is 
ndo ~ted eq'.lal to 121.00 m according to the Protocol. 

The estimated scope of earthworks is1 
- back filling - 43700 m) 
- escevetion - 149)00 m3. 



L The site levelling provides for removing (for baok filling as 

well e~ for escavation) &nd temporary storing ot vegetable soil 
in quantity of 45000 m3• 

5.1.1. Main parameters of general layout 

. ---
Srl. Description Unit of Quantity Remark 
No measure 

1 Site area in fence hecrar 15 

2 Built-up area -"- 4.5 

3 Built-up density ~ .JO 

4 Roads pavement area and 
2 

3)000 m 
length o! motor roads -

km 4.5 

5 Greenery area hecrar 3.0 .. -
The errangement of units at general layout is shown on 

drg.~·•0 1408014- r\I • The vicinity map with location of produc
tion facilities is given at drg.N° 140801)- \n • 

5 .2. wgistj_cs 

The a~nual q~a.~tities o! traffic based on data o! process 
(:e~ign are 121.4 thous.t, including: in-plant deliveries -
47.5 thous.t nnd outside traffic - 7J.9 thous.t. In agreement 
~-.ith ti:e Contrcct the outside traffic will be ir11plemented by 
::ALCO, thu~ the nre~er:t chapter doesn't study the issues o! 
outside traffic. 

The outeide az:d in-plant traffic by types of cargo are shown 
in Sections 5.2.1 e.nd 5.2.2. 

To handle the inplent traffic it will be required to purchase 
the following transport machinesa 

- truck, capacity 7-8 t - 1 NO 
- dump-truck, capacity 7-8 t • 1 N°. 
The molten aluminium will be transported from the Smelter 

to the Alloy Pr0duction building (Metallurgical) by special 



--f transport in ladles with capacity of 9.5 t of aluminiWI. 
To ensure the transport colllllunication between the plant 

areas, the !ire-fightfng aerwicing of plant territory and 
areas the network of motor roads and passage wa7a is pro
vided. 

The type of motor :N>ads and access roads, parameters 
and design of pavement are detennined by the Customer. 

The width of main roads at plant area is adopted equal 
to 7.0 m; the width of secondary access roads - 4.0 m. 

The weysides of 2.0 m each. 

45 
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5.2.3. Scope of works for G~neral layout 8lld transport 

Srl. Description 
Mo 

I. General Layout 

a) Eartwork 

1 Cutting of vegetable soil 
layer 

2 Escavetion 

3 Back filling 

4 Levelling of eecavetion area 

5 Levelling of back-filling 
area 

b) Site arrangement and 
greenery 

6 Pavements 

7 Greenery of tertain 

II. Tre.nsport 

8 1 Road trough 

9 Road pavene~t 

r ~~;,~ ~en~it7 
. asure 

m3 450 00 

m3 149 300 

m3 . 437 00 

m2 116 500 

16500 

I 
I 

hectar 3.0 

))000 

'13800 

33000 

- -

Remark 

h ~ 0.30 m 

I Asphalt- con-
1 crete - 3 cm, 

bro ken stone -
7 cm, 
gravel - 10 cm 

h = 0.42 m 

Asphalt - con
crete - 5 cm, 
broken stone -
15 cm, 
gravel - 22 c; 

---
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5.J. Environmental Impacts 

The main !actors of environmental impacts are the effluents 
of dust and gases from the technological units. 

It is supposed that as per the quantities ot duet (8.4 lcg/h) 
and sulphur dioxide ( a.o kg/h) after gascleaning the Al-Si 
alloys production will not encrease the sizes ot already exist
ing sanitary zone of the operating aluminium smelter. 

5.4. Cost Estimate 

As far as the land for location o! the Industrial Unit is 
already available with NALCO, the Feasibility Report doesn't 
include the cost ot land acquisition. 

The estimate of investment cost (Schedule 5-1) includes only 
site p~eparation in amount ot Rs.22.40 mln. 

Schedule 5-1 

,--· Estimate of investment cost 
1~~~~~~~~~ 

I SITE PREPARATION 
I 
: No Quar..- Unit Item description "Unit ' Cost, Rs.mln 
I tity cost, 
i foreign locel!Total 
' 

Rs •. 
I thous 
! 
I mJ ! 
' 
, 149.300 Site preparation 0.15 - 22.40 22.40 

I 

i and levelling 

. 
L .~ .... --~~ ..................................... ~.._.-.--.-r• .... ----- • M 
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6. PROJECT EN~INEERING 

6.1. Initial data 

The following is assumed as an initial data for process cai
culations, arrangement drawings, layouts and general layouts 

- unit capacity - 29780 t of casting aluminium-silicon alloys 
per annum; 

- technology of electro-·amelting production of Al-Si alloys; 
- arc reduction furnace c;>f active power rating of 17 Mw; 
- continuous operation of process areas; 

- operation time of arc reduction furnE-ce f.nd metallurgical 
equipment - 320 days a year; 

- initial dete related to the industrial site supplied by 
NALCO. 

(.2. Composition of engineering design docurnentetion 

The industrial unit consists of: 
a) main oroduction orocess ~reas: 
- raw mat eriels ;:to race, 
- reductEnts grindin[ area, 
- ~eed preparation room, 

- electrometellurgical (alloy productio~) room with electrode 
paste storR~e nnd finished products storace, crucible lining 
~rea, ventilation ch~mbers vnd subPtations; 

b) auxilir!'y f~cilit ies: 
- ces c1ernin~ syrte~, 

- co~preF~or Etction, 
- ~ain step-down F~bstation, 
- fuel oil store~e, 
- weter recirculpting f~cilities, 
- edministrative building. 

For the mein production areas the following is prepared: 
eq1.:ir·ment arrangement llnd process flovrsheets, installo.tion -
dra·:.-ings, civil drawings, electrical diae;rams and instrumen

tation, vicinity maps. The documentation above mentioned is 
collected in Volume II. 

The principle process tlowsheet with calculation of 
material flows per 1 tonne of prim~ry (crude) retined Al-Si 
alloy is given below. 



.DILUTION WITH 
WATER 

CLEA/I/NG O!= 
FURNACE GASES 

SECTION 1 

0,352 PROPORTIONING J,276 

MIXING J,52P.. 

BRIQUETTING J,528 

8RIOUETTES 
IJRYING 

MELTING AND 
REDUCTION 

Qt: FEED 

ALLOY 
REf:INING 

CRUSH!lrG AND 
SCl?E£NING 

3,528 
EVAPO!fATED 

WATER 330 

4,063 

f,405 

LOSSES 

0,055 

0,350 

• 

CRUSHING 

GRINDING. AND 
DRY/Nf.7. 

PROPORTION 
01= .3lAG 
Ft~ED 

PROPOR.rtONi 
CORRECT/. 

FEED 



- - .J 

CRUSHING 

GRINDING . ANIJ 
DRYING 

f,416 

f,226 

£VAl'ORATE1J 

PROPORTIONING 
OF ~l.AG 

l=l!ED 
tl,500 

Pl(OPORr10NtNG t:JF • n 'DO 
CORRECTIVE I.? /CJ1 

F"EED 

\ 

SECTION 2 

REMELTING Of: 0 
Fll-TER RESIIJUE q f0f 

ANIJ CASTING 

· LOSSES 

0,0240 

~ 
~ 

1~A~i 
aos:.: 

BY PRODUCTS 



RE!1£LTING 0/: 
FILTER RESIDUE 0,fOfQ 

AND CASTING 

. LOSSES 

0,0240 

BY PRODUCTS 

\ 

ALLDYING AND 
Flt..TRAT/ON 3,2876 

ALLOYING ANIJ 
CASTING 4fJ35 

COMMERCIAL 
PRODUCTS 

loss Es 
QOOJ5 

SECl\ON 3 

PRINCIPAL PROCESS FLOWSH£E.T. 

MATeRIAl FLOWS PER fr o;: PRIMARY 

RE.FINED ALUM/N/UM·SILICON AllOY. 
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The specifications of-equipment and material.a are given in 
Volume J. 

For the Feasibility Report it is assumed that the equipment 
will be of Indian supply except tor equipment of Alloy production 
(rnet~.1 J ll~·ei~eJ) buil oirig E<nd geI:lllla-rele.y level meter, which are 
provided for 

6.3. Technology 

6.3.1. Types of technologies tor production 
ot aluminium-silicon alloys 

At pre~er.t the casting Al-Si alloys ere mainly produced by 
traditional synthetic method, consi~ting or melting primary 
~lu~inium wit~ silicon metal. 

The clectrosmelting method for production of Al-Si alloys 
based on direct reduction or aluminium and silicon out of ne.tural 
elurnosilicetes end other types of silica - alumina-containing raw 
~aterials in electric arc reduction furneces is developed and 

r succes£!ully used on industriel scale in the Soviet Union. 

The data related to consumptions of raw materials and electric 

power per 1t of refined and casting alloys at the Subcontractor's 
;lant are given below. 

While using the electrosmelting method, the powdered re.w 
me.teri~ls (sillimenite, kaolin, alurnine, ground coal end petroleum 
co;:(') r- re !)ro~ortioned, i:".:'.xed with added binder, briquetted, 
d:·~ ed.· c-nC. fed to u.rc reduction ft.<rnnce for reduction smelting. 

:'o Drr.:!t.4ce the cestine; Al-Si alloys the 9rima.ry (cr-... d.e) 
<lloy f::'om arc reduction furnP.ce after refining is diluted with 
ccrre~~onding quantity of 9rimary aluminium and, cepending on 
grnc!es of procl1~.."!ed casting alloys, it is master e.l loyed with 
cop?er, nickel or magnesium. 

One of the main advantages ot electrosmel ting method ot Al-Si 
alloys production is the utilization of low-modulus types of 
~lumosilic~te raw materials, like cyanite, s1111manite

1 
kaolin, 

low-iron bauxite and others which cannot be processed to alumina" 
and pripary aluminium efficiently. 

Besides this the electrosmelting method ot Al-Si alloy• .,. 

' 
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A?rRGXIKATE CCNSUMPTION OF RAW MtTER!ALS AallfD 

PROCESS PCVER PER ONE TONNE OF REFINFJ) ALLOY 
AT DNIEPR AL~INIL'M SMELTFR (Z.a.PC~ZHIE) 

DESCRIPTION UNIT OF W/o RECYCLE RECOVERING 
MEASURE OF SLAG AND SLAG AND 

G~S CLEA..~ING GAS CLEftNr,: 
~ 

DUST DUST 

.. - . , 
I. MAIN RAW MATERI.4LS 

-KAOLIN Kg 1340 1140 

-SILLI~ANITE KG 450 370 

->LUMINA KG 69') 580 

-OU ARTZ I TE KG 270 220 

-CO>L KG 830 740 

-PET.COKE KG 550 490 

-'!'~C'-!N LYG!'\OS!ll.P:-'.C·N.6:-E KG 250 220 

I I. q::cYC! ::n ''" .... 'T'--1 •. -~ ... ~ . .:::>: 

-Ct:>PSYF:D SLt:GS KG 280 

-Gl'C) c:_ :: ft."; I !'-: r; [ll!;)'!' Y.G 260 

• 7C:'t1 CF f=t:'~. !':G u3eo 4 ,,,..,.. 
_, ' 

..... 
III. P:KC::'..::S p~· -=o rwHq 13.2 1? .F • ·• t._-\ 

~ 
IV. f!\_t'_ Y.~r~ CF ~~ F :~·!:.~ k!.. !..C·Y 

,-· IJ. ·"6 ~7.5 ~7.5 

Si ,;. ~?.3 
,, ".) ,, 
4' •• -

Fe % 1.8 1. s 
'!'1 ~ r:. 7 0.7 

z., q( 0.3 (' ,, . -
C2 % 0.4 ('. 4 

(.) r:Jr:t. ~:. ,...._: v:;::- ! ~= !~:-··-:-"?~! :L T: .::TH-!';. 

(Contd •••• 2) 
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.A.P?ROXIMATE CONSUMPTION OF MATERIALS 
PER ONE TONNE OF CASTING ALLOY. 

DFSCRIPTION ALLOY RAV KG/T 
GRADE Mo REFINED 

COPPER 

----------- ----- ~!__ -------
ACCORDING TO 4652 715.3 299.3 11.1 CONTRACT 
89/156 

** 
DNIEPR Al 25 695.0 300.0 21.0 
ALUMINIUM 
Sl".ELTER 

(•*) ANALYSIS OF ALLOY AL 25 AS PER SOVIET STANDARD, % 

Cu - 1.5-3-.0 
Si 11--13 
Mg 0.8-1.3 
Fe o.a 
~n 0.3-0.6 
Ni 0.8-1.3 
Ti 0.9,-0.2 
Al - BALA.:'4CE 

NICKEL MAGNE-
SIUM 

------ ------
11.1 12.1 

11.0 12.0 
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production hes another advantages as compared with the traditional 

synthetic methods 
- reduction ot capital costs; 
- reduction ot electric power ~~nsumption; 

• ~o ~ilicon metal is required; 
- total consumption o! primary aluminium is reduced by 20-25%; 
- utilization ot main process unit o! significantly higher 

unit power rating (active rating of electric arc reduction fur
naces used is 17,000 kW, and the power rating ot 175 kA cells is 
about 750 kW, that is less by 22 times); 

- reduction of electrode product consumption due to repla
cement of expensive anode paste by cheaper reducing materials
coal r:.nd ;>etroleum coke (consumption of a node paste per tonne 
of primary aluminium - 565 kg, consumption of electrode paste 
per tonne of refined Al-Si alloy 85 kg, or recalculated per 
toillle of aluminium contained in alloy - 145 kg); 

- reduction of cryolite consumption {8 kg instead electro
lysis) and elimination of aluminium fluoride consumption; 

- decrease of fluoride emissions to environment; 
- utilization of cheaper AC instead of direct current for 

electrolysis of aluminiUDt and, consequently, elimination of 
capital costs related to installation of rectifiers and operat
ing costs for curre~t rectiforming. 

The calculations of cn~ital costs end totel power consumption 
for prod~ction of s::u.~in end other c~sting Al-Si alloys revealed 
(bcsed on dr.te. o! so~e plants releting to the conditions of the 
uSS?.), that fc~ t~e production of above alloys by electros~elting 
es com~ered with t~eir production by synthetic ~ethod, the capital 
inve~tment co~t::; r..re reciuced by about 10%, E-.nd poY.er consumption -

by 4-8%. 

6.3.2. Chaise of technology 

Sillimanite is a hig)'l-quality raw ~aterial (Al2o3 - 56 to 60%, 
S;02 - 37 to 39%) for production Al-Si alloys byelectrosmelting 

method. 
For the industrial processing ot sillimanite concentrate 

only the electrosnelting technology o! Al-Si alloys production 
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may be use, consisting of feed reduction of crude Al-Si all~y. 
For the production of casting alloys the crude alloy, after 

its refining, is diluted with respective quantity of primary 
aluminium and master alloys depending on alloy grade. 

6.3.3. Main technological process parameters 

6.3.3.1. R8 w materials storage with crushing and 
reduct. _nts grinding sections 

Coal is crushed from 150-200 mm to JO mm, petroleum coke -
!roo 150-200 r.m to JO mm. Slag ingots with sizes 800x)OOx100 lllD 

ere crushed to size minus 40 mm. 
Crushed slag is screened to two fractions1 
fraction +5 -40 mm - recycled to smelting-in form of slag, 

feed1 
fraction -5 mm is rejected to dump. 
Coal e.nd petroleum coke are ground to size -1 mm, and frac-

tion -0.5 r.t'rl should be contained in quantity of 80% min. 
The cround materials ere dryed: 
coal - to 1.5-2.5% moisture content 
pet.coke - to 0.5-1.5% moisture content. 
The tenperature of drying agent should bes 
for coal grinding - 150°c max.; 
for pet.coke grinding - 200°C max. 

'.rte te::-:pereture cf dust laden ges at mill outlet -7o 0 c max. 
rill Ce~Pcity - f t/hr. 

6.3.).2. Feed preparation building 

~he raw ~ateriels ere proportioned with accuracy o~ t2%. The 
esti~eted aluminium content in crude alloy - 55-60%. 

The ratio of coal to pet coke in briquettes - 40:60% based 
on !ree carbon content in reducers. 

The ratio of sillimanite concentrate to kaolin in feed -
60140%. 

The relative portion of carbon in feed 95•100% of stoichiometry 
The tentative composition of briquetted teed tor snelting of 

crude Al-Si alloy, ~I 
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Sillimanite concentrate 
Dry clee.ned kaolin 
Technical alumina 
Coal 

Petroleum coke 
Gas-cleaning dust 
Selex (binder) 
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- 24.2 
16.1 

- 9.6 
- 24.9 
- 12.5 
- 6.9 
- 5.a 

Moisture content of b~iquettes after drying - 2% maximum. 
Strength of dryed briquettes - 100 kg/briquette minimwn. 

6.3.3.3. Alloy prodt!ction building (metallurgical) 

The temperature of reaction zone of arc reduction furnace 
is more than 2000°C. The temperature of alloy produced from 
electric arc reduction furnace - 1700°C; the alloy pusses 
through priaary refining directly during tapring. 

The average composition of crude refined elloy, %: 
Al - 56.4; Si - J9.5; Fe - 1.8; Ti - Oa7; Zr - 1.5, Ca - 0.1. 
For the prod~ction of casting alloys the crude refined alloy 

is diluted with aluminium to required silicon content in dil~ted 
alloy, then its is refined with fluxes and filtered at high 
te~per~tu::::-e (T = 650-700°C) to re~ove the remained ~lag, 

further it is el loyed wi tt; r-eq; . .iired r.11-:ster alloys ( cop;ier, 
ni~kel, ~egnesiurn) de?ending on required alloy gr~de and c~~t 
into pigs ~f 10-15 kg. 

?or the p~,..:.-..ictio!'l of nJ loy c;re.de 4600 U:e cii l:..teci alloy is 
:'.':E~rter e: loyed v.-i t:i no.nee=-~ef'e to reduce the ir.J!'". c·Jnte!'".t Enc 

filteJ:ed at r. te~:1erFtu::::-e of 600-610°c. 

6.J.J.4. G~s clee.nine unit 

The unit is designed to collect dust from gnses from electric 
arc reduction furnace. 

The specif ic~tions of gases supplied to gas cleaning e.nd 
main proce~s parameters of gas cleaning unit cper~t:on e.re 
shown belows 
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1. Gas 

2. Gas 

3. Gas 

!low at unit inlet, m3/s 
marl mum 
minimum 

temperature at inlet, 
max. 
min. 

analysis, vol.~ 
carbon dioxide 
carbon oxide 
oxygen 
nitrogen 
steam 

oc 

4. Sulphur dioxide content 
(at o0 c and 101.3 kPa), mg/m3 

5. Dust load of gas fed to ges cleaning 
(at o0 c and 101.3 kPa), g/m3 

6. Quantity ot pollutants fed with gas, kg/hr 
(everc.,;e value) 

dust 
sulphur dioxide 

1. Quentity of collected dust, kg/hr 
8. ~uc.:itity of rejected pollutants, 

(averaGe value), kg/hr 
dust 
sulphur dioxide 

9. Residual d~st lc~d et t = o0 c end 
P = 101 .3 KPa, m2 /m3 

Averetie che~ical analysis cf dust, % 

58 

~63.29 

112 

JOO 
120 

1.9 
1.0 

18.5 
75.8 
2.8 

65-100 

i-3 

560 

23.1 
551.6 

8.4 
8.0 

.30 

Al 2o3 = 40.6; Si02 = 44.5; Fe2o3 = 0.46; Ti02 = 0.18; 
S = 0.4-0.7; L.O.I. = 10-12. 
Dust particles size distribution, ~ 
less than 0.5 mcm - 50 

0.5-1.0 mcm - 15 
1.0-10.0 mcm - 25 

more than 10 mcm - 10 
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The gases trom·arc reduction furnace are fed to gas cleaning 
system, from which the clee.ned gases are rejected to atmosphere, 
and collected dust is recycled to the process. 

For the present project the gas cleaning system using bag 

filter is adopted, being the optimum system of those used tor 
the production ot Al-Si alloys and allowing to use the captured 
dust in the process. 

The system consists ot gas preparation stage, including ra
diation eas cooler and cyclone bank, end highly efficient bag 
filters. 

TakiLg into account the experience of world practice not ~sing 
for this type of systems the cleaning of sulphurous .anhydrite, 
the proposed system also doesn't provide for so

3 
cleaning. The 

requirenent of so
3 

cleaning is.to be detennined by NALCO depend
ing on specific conditions. 

The gas is cleaned in coolers down to 120°c, this t er.iperature 
is dete!';7:ined by thermal resistance of bag filter cloth. The 
settling of dust largest particles is possible in coolers. 

','.'hen the furne.ce gas is su;:iplied at minimum temperature, the 
coolers are automatically switched off. The gas is supplied via 
by-pass ens c~ct to straight cyclone deeigned for capturing of 
hot coal ~articles. 

Fu~ther gas is fed to bag filters and dedusted. Through the 
pioe l~c~ted in top pert of sheel the gos to be cleaned is sup
pl: ea to C~Et laden gas chamber, where t~e bags ~re installed. 
The dust ;;article~ a:-e settled on bags o~tside zurfece. :'he 
cle£.ned cc.s cets inside the bags from where it is fed to gas 
o~tle~ pipe crd rejected to atmosphere by fc:.n through chim..~ey 
f'tuch 80 m r.igh, die.meter J.4 m. 

Du.et deposited on bags is dislodged to bin by compreEt~~ed 
£>.ir pulse, fed through headers inside a bag simul tinuously from 
top e.nd bottom. 

The collected dust is recycled to main production. 
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6.3.4. Principal process flowsheet of Al-Si alloys 
production 

The carbon materials used as reducing agents in process -
• lump hard coal and petroleum coke - are supplied to raw materials 

~tore.ge and crushed, es required. at jaw and roller crushers. 

r 

The coal a..'ld pet coke crushed to -JO mm are fed to grinding in 
ball mill through a syste~ of bel~ conveyor and elevator. Ground 
to -1 mm coal and pet coke are supplied to bins of feed prepara
tion room by pneumatic transport. 

At rew materials storage provision is made for unit p:rocessing 
slag produ~tion wastes, which are devided into two fractionsa 
fine fraction (-5 mm) is dumped, coarse fraction (+5 -40 mm)· 
mixed with lump coal and quartzite is recycled to smelting in 
arc reduction furnace. 

Powder sillimanite, alumina and kaolin are also charged to 
bins of feed preparation room. ill powdered feed components are 
metered by continuous proportioners and by screw conveyor are 
fed to blade mixer. The binder - aqueous solution of selex - is 
fed to mixer. Mixed raw feed is supplied to roller-pre' s. Green 
briquettes from the press are fed to conveyor drying oven for 
drying. The r:nished briquettes from drying oven tjlrough a 
i::·~tem of vi bretion feeders r..nd belt conveyors are supplied to 
bins of arc reduction furnece, from where they ere fed for 
~~elting by valve feeders through chutes. 

The cr1.;.de (primRry) Al-Si alloy prod~cP.d in arc reduction 
f~rn.~ce ~~r~er. through high-te~~erat~re refining directly under 
ta~-hole £:.a is tapped to ladles, transported to low-tenperet~re 
refining unit. 

Refined <·lloy is poured to holding furne.ces, where molten 
primary aluminium and manganese in form of aluminium-manganes~ 
mester alloy, produced in induction furnace, are_added. After 
the alloy reache~ preset temperature, it is filtered with ext
raction of exce~s content o! iron, 'f:itanium i::nd zirconium. 

Filtered alloy is fed to filtration furnaces, where it is 
alloyed with copper, nickel, magnesium and other components 
depending on grades of casting alloys to be produced. 
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Corresponding master alloys are prepared in ladles with 
ngitating unit by melting of alloying components with primary 
aluminium, end they are fed to filtration furnaces. 

After mixing, blending and obtaining the required chemical 
analysis the alloy from filtering furnac~s is cast to ingots at 
casting conveyors. 

The filter residue is extracted from runnels of filtering 
furnaces and supplied for remelting to induction furnaces to 
produce commercial alloy-silicoaluminium, having high content 
of iron, manganese, titanium, zirconium. 

Tentative composition of silicoP.luminium,. %1 
Si = 14-24; Fe = 4.5; Mn = 3.5; Ti = 2.0; Zr= 2.0; 
Al - balance. 
This alloy may be used in steel metallurgy as a complex 

d~oxidizer of steel instead of individually used aluminium and 
f errocilicium. Silicoaluminium may also be used as reducer in 
production of ferro-alloys and as complex inoculant of cast iron. 

6.4. Equipment 

6.4.1. Data :or calculation and choise of equipment 

7ne rr.ain process equipment is selected based on adooted 
technology of Al-Si alloys production from siilimanite con
centrate. 

The r.iP..in process unit is an ere reduction furnace, v.-he:r>e 
Alumi~iwr.-containing briquetted feed is reduced for production 
of nrirnery Al-Si alloy. 

In Soviet Union the double And three-electrode arc reduction 
furnaces of 4. 5 ?v:W and 17 .o tlW were industrially tef1ted for 
electrosmeltiLg of Al-Si alloys. At present the industrial 
production of these alloys is based on utilization of 14-17 1iW 
electric aro reduction furn,_,_ces. 

On the '.JAsis of mastering the similar production int he USSR, 
plAnned output o! alloys and in order to get moat advantageous 

-• techno-economic ~arametere an arc reduction turn.ace of 17 MW 
was adopted for the designed industrial demonstration unit. 

The calculation of other types ot equipment was based o~ 

, 
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ensuring the continuous operation of arc reduction furnace. 

6.4.2. Raw materials storage with crushing area 
(drg.N° 1395273) 

The storage is designed to receive, store and supply to 
production coal, petroleum coke, quartzite, sillimanite, kaolin, 
alumina, as well as to receive, 9tore and screen slags of metal
lurgical production. 

Provision is maae to store at the storage the following 
materials a 

- coal 900 t (in bulk) 
- petycoke - 600 t (bulk) 
- quartzite - 650 t (bulk) 
- kaolin - 270 t (in bags) 
- alumina - 170 t (bags) 
- sillimanite concentrate - 1700 t (bulk) 
To crush coal and pet.coke it is provided to install one 

f jaw Rnd one roller crushers. The cruEhers capacity for crushing 
coal and coke to product size of 30 nun is 12-14 t/hr. 

Slae is supplied to the storage from the metallurgical 
(alloy production) building in ingots of 800xJOOx100 nun. 

~he quantity of sup~lied sleg is 10.38 t/day. To recycle the 
~lee back to the process it is preliminary crushed by 9neumatic 
ta~Der, and then - by jaw crusher, then ~creened into two frac
tions. The frection +5 -40 mm (a.35 t/day) is recycled to smelt
inc in fc~~ of lump feed, tte fraction -5 mm (2.53 t/day) is 
reje•ted to dump. 

The ;;torc:.;;e is equippo.d with one clamshell end one hook 
e~ec•.ric travelling cranes, 

6.4.3. Reductants grinding area 
(drg.1343508-TM) 

The e.ree. ie ~ ;ic:;ned for grinding ot coal and pet. coke used 
in preparation o! ~riquetted feed. 

Reductants (coal end pet.coke) are ground to •1 mma content 
of fractiontD 0.5 mm is to be not less than 80~. 

·---~--

, 
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To increase the explosion - proof conditions of grinding area 
a number of step• is provideda 

- joint grinding of coal and pet.coke; 
- instelletion of water-cooled coil pipe in turnacG of drying 

• agent, allowing to reduce quantity ot air supplied to cool fur

nace gases; 

, 

- drying agent recirculating unit. 
Two last measures ensure reduction of oxygen content in 

drying agent down to 18~. The ground materials are dryad to 
1.5-2.5% of water content. 

The following is installed in the areas hammer mill with 
portable separator; furnace for drying agent in set with blow 
fan and burner; mill fan, cyclone, electrostatic precipitator, 
bins of wet and ground dry reductents. 

The procesf:' cycle of reductant grinding is opens air-gas 
mix after E:>P is rejected to etmosphere~ The ground-reductant 
collected in cyclone and ESP iB fed to the bin ot finished 
product, from where it is fed to bins of feed preparation build-
in6 by pneumatic unit. 

The capeci t y of grinding e.rea: 
- coal - 28.1 t/day; 9010 tpyc 
- pet.coke - 14.1 t/day; 4500 tpy. 

6.4.4. Feed preparation room (drg.N° 1395274) 

~he feed preparation room is designed for pruduction of 
briquetted feed and proportioning of lump slag feed supplied 
for s~elting in arc reduction furnace. 

The main process equipment includes continuous proportioners, 
blede r.;ixers, roller r>ress end conveyor !1ryer. 

~he ~ake-up of process line for production cf briquetted 
feed includes the following main equipments 

- two bins of co,1, ~apacity 45 t eachf 
- two bins of petroleum coke, capacity J5 t eacha 
·• two bins of sillimanite concentrate, capacity 150 t each; 

two bins of kaolin, capacity 25 t each a 
- two birus of alumina, 65 t each a 

' 
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- two bina of recycled materials (gas-cleaning dust, 
briquettes fines), useful capacit7 70 m) e'ch1 

- twelve proportioners (for proportioning of each component 
of feed)1 

two screw conveyors1 
- +,wo blade mixers1 
- one roller press1 
- one conveyor dryer. 

The inventory of raw materials in bins ot teed preparation 
building ensures operation of conveyor dryer during 4-5 days. 

The transoortation of finished briquettes to alloy production 
(metallurgical) room is by belt conveyors. 

Based on properties of green briquettes (multicomponen' 
composition, high moisture content, low mechanical strength) 
the conveyor type dryer is used for briquettes drying. 

Use of drum dryers will result in breaking of green briquettes 
durir.g drying. 

On the besis of industrial experience of operation with 
keolin &nd cyanite feeds, the capacity of installed blade mixers 
P.r.d roller press onerating with sillimanite concentrate will be 
6 t/hr of green briquettes (at moisture content of 10%), end 
'tl:e capacity of conveyor dryer - 5-5.5 t/hr of dry briquettes 
(at moisture content of 1-2%).· 

The output capacity of feed preparEtion room in production 
of dry briquettes is: 

s.o x 8760 x o.sa = 38550 tpy, 
\';here ~ .o - miniml4m hour ce.pPci ty of conveyor dryer, t 1 

8760 - number of hours in year; 
0.88 - evailebility factor of dryer. 

The requirement in briquetted feed for arc reduction furnace 
is I 

4.7 x 8760 x a.as • J6231 tpy, 
where 4.7 - hourly requirement in briquetted teed for arc 

reduction furnace at maximum power, ta 
8760 - number ot hours in yeara 

o.aa - availability !actor ot aro reduction furnace. 
The exceeding minimum production capacit7 of. feed preparation 

' 
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room (briquetted feed) compared with tb.e requirement of arc 
reduct!on furnace b7 6• ensures it• reliable continuous op~ra
tion during routine and emergeno7 repair worn of .teed prepa
ration room equipment. 

The following equipment 1• included ·into make-up of- lump• 
feed proportioning units 

- three bina (tor alag, quartzite and coal), effective 
capacit7 6 m) each1 

- three continuous proportionera tor meterin& in preaet 
ratio ot all lump feed comi)Onente. 

The inventory of lump feed materials in bins is as followsa 
quartzite - a.5 t 
slag - 12.0 t 
coal - 5.0 t 

At consumption of lump feed in quantity of o.68 t per 1 t 

of refined alloy, the above inventor7 ensures continuous ope
ration of unit during JO hours. 

For receiving, storage and preparation of binder (selex) 
used for preparation of briquetted feed, the corresponding 
equipment, consisting of receiving lump with agitator of 45 m3 
holding capacity. 

One tank of 7.5 m diameter and 6 m high and holding capacity 
of 250 mJ is installed to store 350 t of selex - one month 
reserve. 

To produce aqueous solution of selex of reGuired concentra
tion the agitator of 2 m diameter is used. The prepared binder 
soluticn ie pumped to tank 2 m dia, from where it is supplied 
by gravity to two metering tanks, out of which it is supplied 
to mixers. 

To pu.':'lp selex from sump to tank, from tank to agitator unit 
and from agitator to binder solution tank two centrifugal pumps 
with capacity of abt.JO m3/hr eaoh are installed, one pump in 
operation and one - stand-by. 

6.4.5 • .U.loys production room (drg ... 1395275) 

The allo1 production (eleotrometallurgical) rooLl 1• designed 
to prpduce primary refined .Al-81 alloy and out ot primary alloy-
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cormnercial casting Al-Si alloys. 
The building c'.>nsist• ot two main areua eleotrio tumaca 

area and metallurgical area, and two mppori areua electrode 
paste storage and f iniahed product atore.ge. 

The aro reduction furnace ta installed ill electric funlace 
areE. This furnace is equipped with tee:d chargl.Dg qat•1 tur-. 
nace top and furnace tap-hole servicing pocker1 gaa exhaust 
system, haulage mecbanian tor ladles with crude alloy, etc. 

In the metallurgical area all equipment. required tor produc
tion of conunercial. aluminium alloya ia installed, 1Dcludi.Dg1 unit 
for alloy refining, holding furnace for alloying1 filtration 
furnaces, induction furnaces, casting conveyor, ingot stacker, 
crane. 

The open three-phase, three-electrode electric furnace •itih 
power re.ting of 17 MW is installed for smelting of Al-Si alloys. 

The output capacity of furnace (refined alloy) ia estimated 
by formulas . 

B • 1 z To x 24 x K 
q 

where: P - effective power rating of furnace, kW1 
To- time of furnace operation during year, 1n day~; 

24 - number of hours 1n dayi 
K - factor acounting for utilisation of maximum furmece 

power rating; 
q - specific power consumption per 1 t of refined Al-Si 

alloy. 

B = 17000 x 320 x 24 x 0.95 • 9540 tpy 
13000 

The time of furns.ce operation in days per year is determined 
tesed on duration of overhauls, planned routine repairs and 

shut-down periodss 

To • 365 - (T0 v.+ tp.r.+ t 8 • 4.), 

wheres T0 - furnace tim~ ot operation during year, in days1 
T0 v.· duration of overhauls (capital repair) 1n days 

per one years 
T • duration ot planned routine repair, in daye1 p.r. 
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Ts.d.- ful1'1.8ce shut-down Reri.od, in days1 

To • 365 - (29+10+15) • 320 days. 

67 

The arc reduction furnace is fitted with a system o~ belt 
conveyors for handling and charging of briquetted~ed to furnace 
bins. Totally there are 12 furnace bins out of which 10 bins are 

used for storage of briquetted feed, one bin for lump slag feed 
and one bin - for correcting additives. 

The quantity of briquetted feed in furnece bins (120 t) 
en~ures the operation of arc reduction furnace at tull capacity 
for 25 hours. 

To service the arc reduction furnace two charging stoking 
~achines are uted. Ladles of 2.3 t capacity are provided for 
tapping and handling of molten metal. • 

The alloys are refined of slag inclusions at special refi.."ti.ng 
uni ts. 

Fuel oil !ired holding furnaces of 15 t cape.city are installed . 
!or alloying of prL'llllry refined alloy with aluminium. To reduce 
the iron content of alloy in production of commercial casting 
alloy grade 4600, the man~anese master alloy is introduced to 
holding furnace. 

The following is charged to holding furnace per one cycles 
- refined primary alloy - 4.5 t1 
- primary eluminil.4m - 10 ta 
- eluminiwr:-manganese aaster alloy - 0.5 t. 
'l'he duration of holding furnace pro ce~s operations: 
- accumulP.tion of refined alloy 

4.5 : 1.24 = 3.6 hours 
wr.ere: 1.24 - hourly output of refined alloy from arc reduction 

furnP. ce; 

- cooling of alloy to filtration temperature - 3.0 hoursa 
- slag skimming--0.5 houri 
- tapping and filtration ot alloy - 2.0 hours; 
- cleMing of holding furnace and preparation for next cycJ. e -

2.0 hours • 
Total duration of one cycle of holding furnece operation iea 

J.6 + J.O + 0.5 + 2.0 + 2.0 • 11.1 hours. 

' 
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The required number of holding funiace operation per year isa 

9540 + 21502 + 63 x 11.1 • 2)017.7 hours 
15 

wheres 9540+21502+63 - annual quantities of processed refined 
alloy, aluminium azm manganese. 

The required number ot holding furnaces to be installeda 
23017.f a 8760 • 2.6 - J holding furll2ces. 
The final proce~sing of alloy (skimming of slags, removal of 

intermetellic com~ounds, alloying) is carried out in tu.el oil 
fired filtration !urne..ces •.ith capacity of 15 t. 

The durations of process operations at filtration furnace 
c.re as followsa 

- alloy filtration - 2.0 hrs. 
- heating of Alloy from filtration temperature to te~pera-

ture of ca~ting - ).0 hrs. 
- slag skimming - 0.5 hrs. 

- metel casting: 15:7 • 2.1 hrs., where 7 - output capacity 
of casting couveyor, t/hr; 

- cleaning of bath end preparation for next cycle - 2.0 hrs. 
The total duration of one cycle of filtretion furnace ope-

re.ti on is: 

2.0 + J.O ~ 0.5 + 2.1 + 2.0 = 9.6 hrs. 
':'he reqi:..;_~ red nu:!!'Jer of fil trHtion furnece hours of operP.tion 

' ;ier yec:r is: 

'?~40+21~02+415 ~..:...;....;...;;....;...;;....:_;;...:---. x 9.6 = 20132.5 hrs., where 
15 

4 15 - n.::!'nial 01 
• ..ianti ty of el loyine cor.1ponent s. 

':'~e required !!U!':lber of filtration :urn~ces: 
20132.5 : 8760 = 2.3 3 filtration furn~ces. 
':'he i!'1.ducti()n crucible !'urnr=tces of 6 t ce.p€.city (by aluminium) 

are instclled for secondery refining of prinary cn.ide alloy (if 
required), remelting of filter residue as well as for ~reparation. 
of aluminium-manga~ese master alloy. 

B~sed on practical data the capacity of induction furnace 
was estimated as followsa 

- !or secondary refining of Al-Si alloys - 3.0 t/hra 
- !or remelting of tilter residue - 1.7 t/hra 
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- for preparation of master alloy - 1.7 t/hr. 
The maximum availability of induction furnace per one year is: 
- for secondary refining of crude alloya 

9540 a 3.0 • 3180 hrs1 
- for remelting of filter residues 

736 I 1.7 • 433 hrBI 
- for preparation of aluminium-magnesium master alloys 

,§2_ I 1 • 5 e 420 hrs 1 whe re I 
0.1 

63 - quantity of used manganese, t/year1 
0.1 - manganese content in master alloy, (10%). 

The total availability of induction furnaces (estimated) isa 

(4033 a 8760) x 1.5 • 0.7 furnace, where 
1.5 - factor accounting for furnace shut-down periods while 

switching over remelting of different materials. 
To ensure the continuous operation of production cycle duri.Dg 

emergency fault of inductor, as well as the possibility to use 
t solid pig primary or scrap aluminium provision is made to install 

two crucibles of induction furnace with one set of equipment. 

6.4.6. Brief description of main process equipment 

The following is included to main process equipment for 

production of Al-Si e.lloysa 
- conveyor dryer; 
- electric arc reduction furn~ce; 
- turning holding furnace; 
- furn~ce for clloy filtration; 
- crucible induction electric furnace. 
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6.4.6.1. Conveyor dryer (drg. Ho 1395279 BO) 

The conveyor dryer is designed for drying of briquettes. 
It consists of heat-insulating body derided. bJ 16 chambera, 
12 chambers are filled with dr;ying agent, steel chequered strip 
consisting of movable jointed chains of bo% shape, 15 fans en
suring circulation of air-gas media in dr,yer and one fan, ensu
ring gas exhaust. 

The conveyor dryer belt width is 1.5 m. The dimensions of 
body: length - )1.2 m• width - J.J m; height - J.9 m. Distance 
between centers of suide drive shafts is 37.4 •• 

::>rl 
No 

1 

2 

3 

4 

5 
6 

Dryer specifications 

- - - --

Parameters Unit of 
measure 

Capacity, dry briquettes t/hr 
Initial water content of 
briquettes ~ 

Residual water content of 
briquettes n 

Temperature in drying zone oc 

Fuel oil consumption kg/hr 
Power rating of installed 
motors kW 

6.4.6.2. ~lectric Arc Reduction Furnace 
(drg. No 1395281 BO) 

- --- - - - --

Values 

5-5.5 

10 

1-2 

200-250 
130-150 

77.J 

The electric arc reduction furnace is designed for smelting 
of primary crude Al-Si alloy from briq·Jetted teed. 

The electric furnace consists of refractory lined open round 
bath, three Soederberg electrodes with steel shell, exhaust hood 
with shutters, anode suspension and moving mechanism, current lead 
and electrical equipment including furnace transformers control 
boards and panels, automatic power regulator, equipment for water 
coolir..g of furnace elements and transformers, pump-and-cell 
station. The electric power for arc reduction furnace is supplied 



?I 
from three single-phase furnace transformers 
power rating 8333 kVL each, operating voltage 11000/140-2)0 V, 
with oil-water cooling, built-in switch control of a~cond&l':J 
voltage on load. The furnace t~sformera are located. in separate 
rooms close to the furnace. The busbara configuration ot furnace 
is delta on electrodes. 

To compensate for reactive power of furnace circuit and to 
increase power factor of the furnace transf ormera, provision is 
made for the booster transformer for connection of the power 
factor correction capacitors. 

To increase power factor of the unit to 0.9 the correction 
capacitor bank is connected to the 11 kV busbars. 

Electrical operating parameters regulation through electrode 
position adjustment is by the automatic power regulator of type 
APP-I. 

To open the tap-hole for .~lloy tapping provision is made 
for the stinger electrode unit connected to the secondary winding 
taps of the transf onner. 

The current from furnace transf onners is supplied to furnace 
f electrodes through a pach of copper busbars, chain of flexible 

copper strips, movable current leads of electrode holders and 
contact clamps, pressed to electrodes. 

The current density in busbars - 0.85 A/mm2 at operating 
~urrent intensity in electrodes of 85 kA. 

6.4.6.J. Holding furnace (drg. No. 1395282 BO) 

The holding furnace is designed for alloying of refined 
Al-Si alloy with primary aluminium and feeding of melt to filtra
tion. 

The holding furnace consists of weld cylindrical body lined 
with refractory bricks. 

The furnace body is fitted with spout, ~hrough which the 
refined alloy, primary aluminium -uid aluminium-manganese master 
alloy are charied. and melt is tapped to filtering tunnel for 
filtration. Two ring rims are welded to furnace body, by which 
it is bearing against rollers, allowing to tilt it for better 
alloy mixing. To turn the holding furnace during melt tapping 
it is equipped with hydraulic hoist. 

• • , 



Specification of arc reduction furnace 

Srl. 
No 

1 

2 

3 

4 

5 

6 

1 

8 

9 

Parameter description 

Furnace power 
- total 
- active 

Furnace type 

Type of bath 

Type o! electrodes 

Number of electrodes 

Electrode diameter 
Position of electrodes 
in bath 

Electrode circle 
die.meter 

Nwnber of tap-holes 

10 Bath geometrical 
parameters: 

11 

12 

- diameter 
- depth 

Numter of f'-lrnace 
transformers 

Idle voltage of 
transf onner 

Unit 
of 
mea
sure 

MVA 
MW 

pc 

mm 

mm 

pc 

mm 

" 

pc 

v 

Value 

25.0 
17.0 

three-phase, 
open 
roand, sta
tionary 
Soeder berg 
with sheel 
shell 

3 

1400 
on vertex o! 
equalateral 
triangle 

3100-3300 

, 

6800 

2450 

3 

140-230 

Remark 

May be 
modified 
at fur
nace shut
down 

' 
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The holding .furnace is f'itted with mechanical unit f'or 
additional alloy mixing and with fuel oil burner for heating 
o.f working space during start-up ot holding .furnace after 
long-term shut down. 

Specifications of holding .furnace 

Unit of Value measure 

1 Holding capacity (Al-Si alloy) 
2 Maximum alloy temperature 
3 Turning angle during tapping 
4 Fuel oil consumption for 

heating 
5 Total power rating of installed 

electric motors 

6.4.6.4. Filtration furnace 
(drg. No 1395283 BO) 

t 15 
OC 850 
degree 26 

kg/hr 70-90 

kW 10 

1 ~he furnace is for filtration of alloy fed from holding 
furnace, alloying of filtered alloy with master alloys and supply 
of alloy to casting. 

The furnace consists of lined welded body with a hole for 
installation of filtering fUIUlel, opening for charging alloying 
additives, supply of fluxes and cleaning, with a removable cover, 
two tap-holes in opposite directions, two openings for installation 
of fuel oil burners and opening for outlet of furnace gas. 

Srl. 
No. 

1 

2 

3 
4 

Filtration furnace specifications 

I Unit of 
Parameters j measure 

Holding capacity- C by .Al--Si·- ali~-y-). -1-- -~- -- --
Temperature of alloy i C 
Fuel oil consumption j kg/hr 

.Installed power rating of I 
electric motor kl 

I 

- ·-· ------------------

Value 

15 
650-700 
80-100 

1.1 

, 
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6.4.6.5. Induction furnace (drg.·No 1395284 BO) 

The induction furnace is designed for remelting of filter 
residue, preparation of aluminium-manganese master alloy, secon
dary refining of primary Al-Si alloy, melting of pig primacy 
of scrap aluminium, if required. The induction electric furnace 
of crucible type, of industrial frequency, consists of framework, 
lined crucible, bottom, inductor, magnetic circuit, tilting mecha
nism and cover with lifting and turni~ mechanism. The inductor 
and bottom are removable. The crucible and bottom are rammed with 
special heat resistant concrete. The water-cooled cylindrical 
single-layer single phase inductor is manufactured of special 
section copper pipe. 

The current is supplied to the electric furnace through 
flexible water-cooled cable. 

The electric furnace is covered with welded cover lined with 
heat ~esistant concrete. The mechanism for lifting and turning 
of cover is of hydraulic type. 

The metal is tapped through discharge spout by tilting of 
electric furnace to an angle to 100 degrees. Hydraulic tilting 
mechanism consists of two hydraulic rams, oil pressure unit and 

hydraulic drive equipment. 
The furnace set includes: furnace transformer, control and 

signalling board, automatic controller of electrical conditions, 
capacitor bank, contactors panels, oil pressure unit, control 
panel, h~ater for drying of inductor with control board, indica

tor of inductor lining and insulation conc'.i tions. 
The power is supplied to induction furnace from three-phase 

furnace transformer with ail-water cooling, power rating 2500 kVA 
with taping of secondary voltage on load. To compensate for reac
tive power the capacitor bank is provided. 

The buswork of capacitor bank and current lead to furnace 
are made of flat aluminium busbars fixed on insulators. The bus
bars cross-section is selected based on requirement ot current 
density of about 0.5 A/mm2 at nominal conditions. The cables in
side the electrical rooms are laid openly, if possible, and in 
furnace area-inside a pipe. The load on power and control cables 
is adopted at voltage to 1000 v. 
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The induction furnaces are installed at grade level in 
metallurgical area. The capacitor banks are located in vicinity 
ol furnaces. Control and signalling board are built-in wall 
openings of electrical board rooms at a level of working plat
f onn; control desk of furnace tilti~ is to be installed close 
to the furnace tald.ng into acct>unt requirement to monitore and 
control the process of metal tapping from the furnace. The oil 
pressure unit is located in a separate room, the furnace trans
!onner - in separate chamber. 

Srl. 
No 

1 

2 

3 
4 

5 
6 

7 

8 

9 

Specificatio~s of induction furnace 

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

Parameters Unit of ·1alue 
measure 

-- --·-- --- - - .. --- ·~ - -- ---

Furnace holding capacity 
(by aluminium) t 6 
Furnace power rating 

: (by transfonner) kW 2500 
1 Wattage " 2430 
Rated voltage v 1922 
Current trequency Hertz 50 
Melt operating temperature OC 750 
Spe~ific power-consumption kWh 500-600 

t 
Water consumption for 
furnace cooling m3/hr 36.3 
Total power of electric 
motors kW 45 

6.4.7. Brief description of gas cleaning equipment 

The gases are cleaned of dust in a unit including: 

- coolers - 4 Nos.; 
- cocurrent cyclones - 6 Nos. (2 - stand-by); 
& bag filters - 14 Noe. (1 stand-by); 

- fans - J Noe. (1 stand-by); 
- air dryer - 1 No. 

Remark 
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Specifications of gas cleaning equipment 



6.5. Electric power supply, automatic contrcil 
and signalling 

6.5.1. Electric power supply 

?? 

The main users of electric power are electric furnaces, 
A.C.motors and lighting. The total installed power rating of 

, consumers is 32.1 MW. The maximum electric loads and power consump
tion by areas are shown in table below. The mfl.X:i.mum consumption 
from power grid is 28.6 MW (31.2 MVA) at maximum annual power con
sumption of 189 x 106 kWh. 

The main part of power consumers are the users of second 
category of electric power supply reliability; the shut-down of 
their supply will result in output defficiency, downtime of equip-
ment and operating persoIL~el. 

The users of first category, interruption of power supply of 
which may result in equipment damage, danger of persoilllel safeness 
or mass spoilage of product include water recirculating unit, gau 
cleaning system and compressor station. 

The estimated load of first category users is about 4,4 MW. 
The power supply of transformer substations with users of 

first and second category is provided from two independent sources 
from different circuits of MSDS busbars. 

The following vol tsges o.f electric circuits are adopted: 
11 kV - for power supply of plant transformer substations; 
6.6 kV - for power supply of gas cleaning system electric 

motors with power rating of 1250 kW; 
0.415/0.24 kV - for electric motors with ?Ower rating to 

320 kW and electric lighting. 
The distribut~on circuit of 11 and 6.6 kV have an insulated 

neutral conductor, the circuit of 0.415/0.24 kW - solidly ground 
neutral. 

' 
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Srl. 
No 

6.5.1.1. Electrical loads and electric power 
consumptions 

Description 
f Watt co~sumption 

p 
kW 

Q 
kVAP 

78 

Annual 
power 

S consump-
KVA . tion, 

· mln.Klh -- ·--. ---· ___________ ......_ ___ ·-+----+-------+-----

1 Raw materials storage 
with grinding area 

22 Reductants grinding 
area 

3 Feed preparation room 
4 Alloy production room 

{electrometallurgical) 
with electrode paste and 
finished product storages 

5 Compressor station 
6 , Gas cleaning system 
7 Water recirculating 

system 
8 Fuel oil storage 

Total: 

296 

I 517 
352 

23030 
744 
3030 

593 
42 

28604 

243 

395 
208 

8885 
652 
1670 

424 
25 

329 

651 
409 

24685 
990 
3460 

729 

49 
·------.. --- -

12402 31177 

6.5.2. Arrangement of electric power supply 

0.92 

2.60 
2.57 

150.85 
6.25 
21.15 

4.5 
0.13 

188.97 

rhe power is supplied from captive Main Step Down Substation 
{MSDS), located outside the fence of NALCO operating smelter. At 
!1!SDS a transfomer of 220/11 kV and power rating of 37. 5 MVA is to 
be installed. 

A stand-by transfonner of similar capacity installed at alu
~inium smelter site will be used for emergency cases. 

The tran~fonner will be supplied at 220 kV through 220 kV power 
transmission line from the operating open distribution 220 kV switch
gear unit of the smelter. From the Distr~bution Unit (DU) - 11 kV 
of MSDS the power is supplied to electric furnaces and integrated 
transfo:nner substations, designed for consumers of 415/240 V, and 
trans!onners o! 11/6.6 kV of gas cleaning system electric motors. 

Taking into account the negative effect of electric furnaces 
operation on operation ot power using equipment, provision is made 
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for :':.<~·!'ly of all fur:-:ace U:1i ts- fro:n captive section of DU-11 kV 

of ~5JS. T~o other sections of DU-11 kV su~?lied fron released 

windings of 31. 5 ~!VA transformer are designed for power SU!)ply 

of ;·ewer consur.iers. Thus the collected busbars of r,:sDS consist 
of 3 sections. 

The !,:SDS equip:nent is designed for cut-off pO\\·er of 350 r.'.VA. 

The diagram of ~.SDS is atte.ched on drg.~;o 1)88191- C. 

6.5.J. Cable circuits 

lhe cable circuits of the Unit are laid in [round trench 
(to 6 r,o\·:er cables) and overhead on process structures. 

i'he arr.:oured ce.bles with lead sheathing and r;o:;:;ier cores are 
c~do?tcd for laying. While chos ... ng the cross-section:3 of cable 

lines based on admissible heating, the reducing factor of 0.85 is 

a.ssu!:!ed for the highest daily air tem.:)ereture. 

In furL~ces area the cables are laid in pipes, in electrical 
:-Jc:~s-in open. The ~)ower end central cables to 10CO V a.re r~do~ted 
of l"!1dtan :1~nufe.cturing. 

6.5.4. Safety earthing 

The safety earthing units are common for all voltage systems. 
·rhe earthing uni ts are connected with grounding circuit of ltiSDS 

thrcught metal sheathing of cables, thus a.round all buildings 
equi~ped with electrical units, provision should be made for 
earthing circuit. This circuits are also used for- potentials 
equ'llizi:n.g. 

All metal not current leading parts of power units ere to be 
gr0unded. The fourth cores of cables and steel stri~s of 25x4 mm 
are used as earthing conductors. 

6.5.5. Lightning protection 

In accordance v:i th lighting protection norms effective in 
the USSR, the following is to be protected: 

- r.:ain step-down substation (MSDS); 

- cs.ble racks; 
- f ced preparation room; 

- raw materials storage with reductants grinding area; 

- chimney stacks (liehtning protectors are allowed jointly 
with stack structure). 
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The MSDS is protected by lightning rods installed on portal; 
the valve-type lightning arrestors are installed tor protection 
from storm overloads. 

The lightning protection of cable rack is by earthing of rack 
steel structures. 

6.5.6. Power equipment 

The power users of electrical equipment are supplied from low
voltage switchboards of transformer substations. 

The start-up and protective equipment-control blocks of indu
strial series integrated in control station boards are installed 
in control station rooms. The electrical users ot one process flow 
are supplied from one control station board, allowing to inspect 
the electrical equipment without disturbing the other process 
flow. 

The control of mechanisms electric motors is local control 
cabinets. The ~echanisms o! crushing and raw materials handling 
are combined in flow-transport systems. The design provides for 
three modes of control for electric motors of flow-transport 
systems: 

f - centralized interlocked from operator board; 
- local, for imolementation of repair and maintenance works; 
- local, interlocked for adjustment works and for the case 

of failure of centralized control. For the safety of maintenance 
and normal operation of flow-transport system mechanisms provision 
is nade for the following types of alarm signalling; 

- pre-start, warning about start-up of mechanj.sms; 
- operator's response, indicating readiness of mechanisms for 

centralized start-up; 
- indicating position of mechanisms; 
- emergency alarm, w~rning about emergency shut-down of 

mechanism, with audible signalling to operator. 
Supplying and distribution circuits in industrial buildings 

are made o! cables with aluminium cores and PVC insulation and 
sheathing, tropicalized version. Control and signalling circuits 
are of cables with copper cores. 

·• The cables in industrial building are lain in open on cable 
structures and tro\18hs, as well as in ducts. 

' 
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6.5.7. Electrio lighting 

The lighting inteI!sity is assumed in accordance with norms 
effective in the USSR. 

The following is adopted as light sources: 

- mercury arc lamps - for main industrial buildings, the 
height of installation - more than 6 m, and for lighting of r0ads; 

- lwniniscent lamps for main industrial rooms of low height, 
as well as for administration building, laboratories and electri
cal rooms; 

- incandescent lamps for auxiliary rooms, open process plat
forms and for guard lighting. The following types of elactric 
lighting are provided: 

- operating lightill8 - in all rooms; 
- emergency lighting - for continuation of operation during 

shut-down of operating lightill8 and for emergency evacuation 
following the lines of main passage ways; 

- repair lighting - for inspection of equipment and implemen
tation of repair works. 

The voltege of lighting circuits is adopted as follows: 
- operating and emergency lighting 415/240 VAC (of lamps -

2.30-240 V) 

- repair lighting - 24 V. 

6.5.8. Control and automation 

The control design of industrial demonstration unit for pro
duction of Al-Si alloys provides for automatic control system at 
following process areas of the plant: 

- raw materials storage with crushing area; 
- reductants grinding area; 
- feed preparation room; 
- alloy production room; 
- gas cleaning unit; 
- compres&or station. 

6.5.8.1. Raw materials storage with crushing area 
In this process area the control is provided by measurement 

of level in bins for coal and petroleum coke. 
·- 6.5.8.2. Reductant grinding are 

The remote control of following process parametere is provided 
for this area: 

·' 
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- temperature of furnace gas in drying agent fllrnace; 
- temperature of drying agent at mill inlet; 
- temperature of air-dust mix at mill outlet; 
- temperature of air-dust mix before mill 

fuel oil temperature at furnace inlet; 
- coal dust temperature in duet bin; 

fan; 

- pressure of air and fuel oil at inlet of drying agent 
furnace; 

- pressure of air-dust mix at outlet of mill fan; 
- pressure of air-dust mix and air at outlet of pneumatic 

handling unit; 

- depression of drying agent at mill inlet; 
- depression of air-dust mix at mill outlet; 
- depres~ion of furnace gas in furnace; 
- depression of air-dust mix at cyclone inlet, outlet and 

mill fan inlet; 

- fuel oil consumption at furnace inlet; 
- dust levels in dust bins in four points of bin height; 
- dust level in ESP bin; 
- termination of wet coal supply to feeder. 
Also the local control of following process parameters is 

provided: 

- pressure and temperature of aspiration air with dust in 
gas duct at ESP inlet and outlet; 

- temperature of drying agent in riser. 

6.5.8.J. Feed preparation room 

The measurement of following parameters is provided of the 
feed ?reparation rooma 

- levels in bina for coal, petro~eum coke, kaolin, alumina, 
sillimanite, gas cleaning dust, slag feed; 

• - temperature of coal and drying agent in bins; 
- temperature of furnace gas; 
- consumption of fuel for drying. 

6.5.8.4 Alloy production room (electrometallurgical) 

The control of following process parameters is provided 
for alloy produ :tion room. 

' 
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- temperature ot flue-gas in arc reduction electric furnace 
and of molten metal-Al-Si alloy in holding furnace, filtering 
furnace and induction furnace; 

- fuel consumption in holding furnace, filtration furnace 
and stand for ladle drying; 

- availability of water flow in outcoming pipelines of 
furnace elements cooling system; 

- feed level in pockets above the furnace. 

6.5.8.5. Gas cleaning unit 

The following process para.~eters are controlled at gas 
cleaning unit: 

- gas temperature at unit inlet; 
- gas temperature at cooler outlet; 
- gas temperature at bag filters inlet; 
- gas temperature at bag filters outlet; 
- depression of gas at unit inlet; 

gas depression at bag filters ovtlet; 
- gas pressure at fan outlet; 
- compressed air pressure at unit inlet; 
- compressed air consumption supplied to unit; 
- dust level in cyclon bins; 
- dust level in bag filters bins; 

- air temperature at inlet and outlet of drying block; 
- air pressure at inlet of drying block; 
- air p~essure after control valve of compressed air 

pressure. 

Provi~ion is also made for signalling: 
- temperature increase in fan bearings; 
- increase of ~~plitude of vibration movement of fan 

bearings. 

6.5.8.6. Compressor station 

Reliable and safe operation of compressors an~ air drying 
units is ensured due to fitting of the above equipment with 
control units, automatic devices and electrical interlocking 

' ,, systems, supplied by manufacturing plants in set with this 
equipment. 



f 

84 

Additionally the remote control of the following process 
parameters is provided.a 

- air temperature in pressure air ducts at coolers outlet; 
- air temperature in pressure air duct at heat exchanger 

outlet; 

- temperature of dried air supplied to users; 
- air pressure in pressure air duct at heat exchanger 

outlet; 

- pressure of dried air supplied to users; 
- pressure of cooling water at inlet and outlet of water 

recirculating system; 

- air pressure drop at filters; 
- consumption of dried air to users; 
- consumption of cooling water at inlet and outlet of water 

recirculating system. 

Also the local control of following process para.~eters 
is provided: 

- temperature of cooling water to compressors; 
- temperature of cooling water at inlet and outlet of water 

recirculating system; 
- air pressure in intermediate blow collector; 
- oil pressure in oil pipeline to compressors. 

6.6. Water supply and sewerage 

The water con~.JJ?lption and flow of sewages evacuated from 
the industrial site as well as the length of pipelines are speci
fied as follows: 

.. -----------------------------·-----
Water consumption and sewages Length ·-- - --- . -----·-- --- -----·- --- ... - l Srl Description thou.m3/y~ar mJ/day m3/hr of pipe-

No. lines, 
m 

1 2 3 4 5 6 --·--· - .. -+ --- -----~-- --· -------
1 Industrial fresh ! water 

I 550.0 1720.0 11.1 500.0 
2 Potable water 48.0 168.0 25.0 1200.0 
3 Industrial recircu-

lating water 5260.0 14400.0 750.0 2000.0 
4 Domestic sewages 11.0 ~7.5 8.4 aoo.o 
5 Rain water sewage lj 1 m3/cec 

r 
' 

I 
.. 
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The potable and fresh industrial waters are supplied from 
NALCO smelter, and recirculating water -_from captive water 
recirculating unit. 

At site provision is made for systems of industrial and 
potable water supply. 

6.6.1. Industrial water supply 

The industrial water supply system is designed based on 
recirculation cycle from the captive water recirculating unit. 
Fresh industrial water is used only for make-up of water recir
culating system for cooling of a number of assemblies, parts 
and enclosure of arc reduction electric furnace, transfonners, 
induction furnaces, compressors end other ~sers. Water recircu
lating ~t with the capacity of 750 m3/hr consists of the recir
culating water pump station, double-section forced-draft Cooling 
tower with section area of 64 m2, receiving chambers of water 
and cooled recirculated water. The pipelines of recirculating 
water are made of steel pipes laid on racks, the other pipelines 
of water supply are made of steel and RCC pipes laid underground. 

6.6.2. Potable water supply 

The potable water is used for needs of ventilation, air 
conditionning and for domestic and stonn-water. 

The domestic sewerage is designed to evacuate sewages from 
welfare and administrative buildings, domestic flow is 
J7.5 m3/day. The sewages frcm the above buildings are fed to pump 
station, then pumped to domestic sewerage system of aluminium 
smelter. The domestic sewerage pipelines are laid underground 
of steel and cast iron pipes of 100-150 mm diameter. 

The storm water sewerage system is provided to evacuate rain 
water. Rain water drainage is assumed in open concrete and R.c.c. 
troughs and through R.C.C. pipes. 

The storm water from the site passes through mechanical clean
ing in horizontal settlers, and after that - by gravity are ted 
to channel or pumped to storm- water system or aluminium smelter. 
The flowsheet provides for possibility to supply clarified rain 
water instead or fresh water tor make-up of water recirculating 
system. Polluted rain water trom tuel oil storage before reeding 
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to storm-water sewerage system is to be cleaned of petroleum 
products at local water purification unit. 

6.7. Fuel oil supply 

86 

Fuel oil is adopted as fuel for process units of the indu
strial demonstration unit. 

In accordance with the customer's information, the fuel oil 
of grade HV rill be used at sidei this grade has the following 
specifications: 

Ash content, maximum 
Flash temperature 
Presipitate, max. 
Kinematic viscosity at 

- 0.1~; 

- 66°C; 
- 0.25~ of 
so 0 c - 370 

Sulphur content 4,5~ 

Maximum water content - 1~ 

Fuel oil consumption 

weight; 
centistokes; 

-----------·---....---·--.-- --- . 
I Fuel oil consumption 

! Srl. · User description .- - -- . ---- -· --- ---· - --- -- -
minimum, maximum, Annual, !No. kg/hr kg/hr t/year 

-·---·--· ---· - .. -~· . ..-·--·- ~-· ---------
1 Feed preparation room 180 270 1785 
2 Alloy production room 310 603 2680 

J Reduct ant grinding area 30 . I 60 315 
t ---- ----

Total: 520 933 4780 

The fuel oil is delivered in motor tank cars. The tank cars with 
fuel oil arrived to site are to be pre-heated with steam at 
heating unit available at aluminium smelter. 

The fuel oil storage is provided for receiving, storage, 
pre?aration and feeding of fuel oil to users of industrial demon
stration unit. The composition of fuel oil storage includes: 
fuel oil pump station, receiving tank with automatic discharge, 
two steel tanks of 100 mJ capacity each. 

To prevent cooling of fuel oil in fuel oil pipelines provi
sion is made for electrical heating. 

The selected fuel oil storage tanks ensures inventory for 
under request o! the Customer the inventory and holding capacity 
of tanks may be decreased. 

, 
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6.8. Compressed tdr supply 

Compressor station (drg.1343511 TM) 

8? 

Dried compressed air is used for process needsz for pneuma
tic transport, blowing-off of bag filters at gas cleaning, aera
tion of raw materials bins, for instrumentation and pneumatic 
instruments. 

Srl. 
No. 

1 

2 

J 
4 

Consumption of compressed air: 

Flowrate, nmJ/min 

User Consumption conditions, 

Reduct~t -gri~-di~- ~~-e_a ____ t_o ~24 hrs+~ 16~hrs 
Feed preparation room 2. 4 I -
Alloy production room 12 11 

Gas cleaning system 38 

Total: 52.4 11 
---------·---·---

----• 

hours 

to 8 hrs 

35 
0.4 
46 I 2 

! BJ.4 

Taking into account daily conswnption schedule and losses in 
networks (15%), the maximwn compressed air consumption is 
116 nm3/min; the annual demand of compressed air is 1ox106 nmJ. 

As a source of supply with compressed air for the unit the 
cap11..:ve co:npressor station is used, including two piston compres
sors with capacity of 6J nm3/min, pressure of compressed air of 
0.8 rl?a and electric motor of 400 kW power rating, voltage 10 kV. 

The dryig unit of cooling-cycle type is used to dry compres
sed air. The temperature of dew point is plus 5°c. 

6.9. Nitrogen supply 

Nitrogen is used in feed preparation room and reductant 
grinding area in coal bins to prevent ignition. 

Taking into account the periodic conditions of nitrogen 
consumption, the proper source of nitrogen generation is not 
included into the composition of the demonstration unit. Nitro
gen is to be delivered in cylinders. In feed preparation room 
a nitrogen cylinder bank for 2x10 cylinders of 40 liters capacity 
each is provided. The similar cylinder bank is to be installed 
also in red.uctant grinding area. 
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6.10. Buildings and structures 
6.10.1. List of buildings and structures 
The following buildings and structures are considered in 

the Feasibility Report: 
- raw materials storage with crushing area, 
- reductant grinding area; 
- feed preparation building; 
- alloy production building with electrode paste and 

finished products storages and crucible lining area, ventilation 

chambers and substations; 

Srl. 
ifo 

1 

1 

2 

3 

4 

5 

- gas cleaning units, 
- compressor station, 
- main step-down substation, 
- fuel oil storage, 
- water recirculating facilities, 
- ~dministration-welfare building. • 
6.10.2. Main parameters of buildings 

---- -- ------ ------ - . -------- - . --- - ----- --
l 

Description of buildings Built-up i Effective 
and structures area, m2~rea, m2 

-- -- ·- - -· -- --·--- - - -- --- . 

2 3 4 
- - ---· ---·· - --·. --- --- ----- -·-

I 

Raw materials storage I with crushing area 3040 ! 3290 
Reductant grind_ lg area .333 813 

Feed preparation room. 2.370 3810 
including: 
- support rooms 170 156 

Alloy production room, 10184 15152 

including: 
- furnace area 2000 7190 

- :netallurgical area 5970 5850 

- electrode paste storage 301 288 

- finished product storage 930 924 
- ventilation chambers, 

transformer substations 752 684 

- crucible linig area 231 116 

Gas cleani~ units, 3250 56.30 

including: 

Constructed 
volume, m3 

4 - -

52845 
5230 
4.3470 

5 

TJO 
185535 

51740 
126350 
3015 

3390 
1040 
55000 
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--- ---- - - - -

I 1 2 !3 I 4 5 ,. -------
shed over f ana 650 6JO -

- bag filters building 1500 4000 55000 ~ 

- foundations of coolers 1100 1000 -
6 Compressor station 862 1044 601) 
7 Conveyor gallery 500 435 16)0 
8 Main step down substation 2736 ~716 1015 

including: 
- MSDS 2500 2500 
- control systems point 236 216 1015 

9 Water recirculating unit, 
including: 

1599,6 1167 .9 11407.9 

- pump station of recircula-
660 6240 ting water supply I 740 

I 
- double-sections cooling I tower with section area 

ot 64 m2 

I 
178 128 11)1 

- sewerage pump station, 
capacity 13-150 m3/hr I 43.9 75.9 374.2 

r - sewerage pump station, I capacity 200-1200 mJ/hr I 159.5 224 1482 
- horizontal settler I 558.2 2180.7 
- pipeline rack 600 m long . -

~~' I 

~' 10 Fuel oil storage, I 619.1 2459.J 
includin~: . 
- fuel oil pump station, ' 175 886 
- overground steel tanks, 

2 Nos., V = 100 mJ 412 
- automatic discharge 133.6 38.J 

control chambers of steel 
tanks, 2 Nos, 42 98 
nurification facilities 
for fuel-oil polluted 
rain water, 53.2 260 

- water reservoire for 
fire-fighting needs 215.J 765 ~ 

11 Welfare and administrative ., building 640 2400 9520 

---·----
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6.10.J. Architectural and civil engineering concepts 
of buildings and structures 

6.10.3.1. Main building elevation concepts 

90 

Architectural and civil engineering concepts are adopted 
based on the civil engineering norm of the USSR and local condi.
tions specified by hot tropical climate with long monsoon periods, 
as well as taking into account the initial data for designing 
supplied by the Indian side. 

The building elevation concepts of all buildings and struc
tures accounting for maximum utilization of natural ventilation 
and protection of inside rooms from high insolation and monsoon 
rains. 

All auxiliary and support rooms (electrical substations, 
ventilation chambers, etc.), as a rule, are located inside the 
m.'iin buildings and, in some cases, these rooms. are located out
side the buildings at a distance of 6 m. 

The height of spans for all buildings is assum•?d multiple 
of 6 m. The colwnn pitch along inside and outside rows of all 
building is adopted equal to 6 m. 

The column grid of administrative building is assumed of 
6 x 6 m. 

The height of single-storey industrial buildings up to the 
bottom ~f bearing structure is adopted multiple of 200 mm, and 
the height of multi-storey industrial buildings from floor to 
floor-multiple of 600 mm, the storey height of welfare rooms 
is J.6 m. 

For all buildings the finished floor elevation of ground 
floor is adopted of 450 mm above the levelling ground elevation, 
and the pavement along external building periphery has w~dth 
of 1-1. 3 m. . 

The natural lighting of buildings is adopted through wall 
openings and openings filled with single-layer glazing or sun
protective grill, or sky-lights in roofing using the transparent 
corrugated plastic sheets. 
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6.10.3.2. Design concepts 

The toundations of all main industrial buildings L"ld 
structures and of support walls of over 1 m height are adopted 
of R.C. concrete of grades 150-200 on natural foundation, except 
tor furnace area of alloy production building, where pile f oun
dations are used with cast-in-place piles of 600 nnn diameter 
and 16 m long with bearing capacit7 to 100 t. 

The foundations are installed to the depth from 1 to ) a 
into the soil. 

The foundations of small pieces of eql.&i.pment and strip 
foundations of administrative and welfare buildings, as well 
as of electrical rooms and ventilation chambers are assumed 
made of concrete. 

Columns, girders, crane run-way girders, members of -frame
work ties and window sashes of all-industrial buildings are of 
steel. 

In administrative-welfare building the columns and floors 
are adopted of R.C.~ •• concrete grade M-200. 

The rooting tor industrial buildings are of galvanised 
section steel sheets and alwniniwn shapes with slope 1:6, and 
for administrative building and separate ventilation chambers 
and electrical rooms - flat R.C.C. roofing with parapets. 

For external walls in industrial buildings provision is 
made for shaped steel or aluminium sheets on steel framework 
with brick socle 800 mm high and 230 mm wide. 

External and internal walls and partitions of administrati
ve building as well as walls and partitions of rooms built in 
industrial shops are provided made of bricks. Also brickwork is 
designed for the walls of separate ventilation chambers, instru
mentation rooms and distribution stations. The floors in indu
strial buildings are mainly of concrete on gravel-sand bedding, 
except for hot cast houses and furnace areas, where the floors 
are assumed of cast iron plates and fireclay bricks on sand
gravel bedding. 

The floors ot welfare buildings are of mosaics on concrete 
base and of ceramic tiles and linolel..&.~. 
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6.10.J.J. Pinishing works 

All outside and inside surfaces of brick wells are plastered 
and painted in light colours. 

The steel structures are painted with corrosion-proof compo-
und in four layers with total thickness tc 140 mcm. 

1 The external surface C'f walls and bottoms of underground 
I structures with the depth of installation exceeding 1 m are to be 
1. with 119-ter proofing at a depth to J m - bitumen coating, and at 
I 

a depth exceedi~ J meters·- gluing water seal of rolled mate-
rials with installation of protective wall. 

The flat roofings are insulated with rolled felt, consisting 
of seven layers of thin inpregnated with bitumen roofing felt 
glued to RCC cover with bituminous cement and coating of top 
layer "1th fine gravel. 

6.10.4. Ventilation and air conditioning 
The concepts of ventilation and air conditioning are assumed 

in accordance with Soviet design norus taking into account speci
fic conditions of construction region. 

The following parameter of environmental air are adopted 
for calculations: 

- hot period for ventilation systems +J5°C, for air condi
tioning +41°C; relative air humidity - )0-68%; 

- cold period - for ventilation systems +2o0c, relative air 
humidity 50-80%; 

- monsoon period - for ventilation systems +29°C, for air 
conditioning +J2°C; relative humidity - 80-90~. 

The main hannful emissions from industrial buildings are 
excess heat emission and dust. The general exchange forced-ex
haust natural ventilation - aeration using the aeration sky
lights for th~ exhaust is designed for assimilation of heat 
excess. 

The intake of environmental air is ensured through bottom 
openings of windows. 

The places of most intensive heat exposure of workers close 
to arc reduction and induction !urnaces are ensured with air 
spraying and wetting. 

The places ot dust generation during crushing, screening, 
grinding and transfer ot teed materials are fitted with air tight 
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enclosures ensuring aspiration exhaust of dust laden air. 
The dust laden air evacuated through aspiration systems 

• is cleaned. before being ejected to atmosphere in cyclones and 
bag filters. 

f 

Totally provision is made for three aspiration systems at 
raw materials storage and re1.uctants grinding area, capacity of 
each system 12000 m3/hr. 

The forced ventilation with mechanical draft and adiabatic 
cooling of forced air (excluding for monsoon period) is designed: 

- for centralized air supply for air spraying; 
- tor special process requirements to purity of supplied 

ai: and for positive pressure in control stations; 
- for underground part of building having no natural 

ventilation. 
In Compressor Station the secondary collection system is 

ensured by mechanical exhaust and natural inflow. 
For the operators posts, instrumentation rooms and labora

tories the self-contained air conditioners are provided. 
The hou.'ehold air conditioners are provided for maintaining 

comfort conditions in auxiliary service premises. 
The data on consumption of potable water and installed 

power ratings for systems of ventilation and air conditioning 
are given below: 

---- --------------------.------
Srl. 
No 

Unit description 

1 2 

1 Raw materials storage with 
.reductants grinding area 

2 Feed preparation building 
3 Alloy production building 
4 
5 

6 

'1 

8 

;oas cleaning system 
I . 
i r .. 'lectric power supply 
:facilities , 
1Auxiliary and support 
;facilities 
I 
;Administrative building 
!Compressor station 
! ~~~~~~-~~· 

! Total 

Water con
sumption, 
m3/hr 

J 

9.0 

1J.O 

5.0 

10.0 

2.0 

39.0 

Installed 
power, kW 

4 

75.0 
5C.O 

25.0 

25.0 

&5'.0 

40.0 

10.0 

250.0 

.. 

..,, 
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6.11. Cost Estimate 

The present section estimates the reqUirecl investment cost 
related to acquisition of technolo~, construction of buildings, 
structures, supply ot equipment and i~s installation. 

6.11.1. Cost of know-how 

The know-how cost waa estimated by the Supplier in amount 
of 250,000 US dollars (Rs. 6.5 mln. ). The cost estimate tor 
technology acqUisition is given in Schedule 6-1. 

6.11.2. Equipment cost 

~'he investment cost of equipm~nt includes: cost of equip
ment and materials as delivered to site, cost of installation 
works and initial stock of spare parts. 

For the estimation it is assumed, that the main process 
equipment of the alloy production building composing an integrated 
sat of the electric arc reduction furnace should be supplied from 
the USSR. It is assumed as well, that the gamma-relay instruments 
are to be delivered from the USSR. 

For the eatiaation it ia aaauaed that the aain proceaa 

equipaent of the Alloy Production Building coapoaing of an 

integrated aet of electric arc reduction furnace will be 

i•ported. Aleo it ia aaauaed that the iaport aupply will include 

gaaaa-relay level aetera intended for contactleaa poaition 

control of liquid, bulk and luap aateriala. 

The acope of aupply includea: detection block, 

proceaaing block and •••iaaion aourae block. 

Technical and operational apecificatio~• of inatruaent: 

-se~aitivity - 2.5 x 1012 kg/kl, 

data 

-Electrical operational threahold - release - 20-2000 iap/a 

-Operation ti•e - release - 0.02 a. 

-Voltage - 220 V <50 Hertz> 

-Power conauaption - 30 VA 
0 - Adaissible environaental teaperature - fro• 10 to 50 C, 

- Adaiaaible aoiature content at 35°C - to 98-. 

The coat of iaported equipaent and aateriala are eatiaated 

by the Supplier on c.1.f. baaia et pricea updated for Deceaber 

1991 price level. The ite•wia• coat• of foreign equipaent are 

given in the Specification• <Voluae III>. In accordance with th• 
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Initial data th• coat of iaported equipaent alao include• cuatoa 

duty at 80-, port charge• and tranaportation coata fro• port to 

ait• at 5 and 3 - reapectively fro• coat of iaported equipaent. 

All other type• of proceaa, auxiliary, aanitary, electrical and 

handling equipaent end inatruaenta and aaterial are aaauaed to 

be of Indian aupply. Th••• coat• in pricea of Deceaber 1991 are 

aaauaed ea per KECON data in accordance with th• Protocol of 

· diacuaaiona of Draft Feaaibility Report. 

The initial stock ot spare parts and the cost of .installa
tion works is estimated in accordance with the initial data. 

The-estimates of investment cost of equipment are given in 
Schedule 6-2, the summary sheet of equipment cost - in Schedule 
6-J. 

6.11.J. Civil F.hgineering Works 
' 

Tho cost of construction is estimated based on tentative 
scopes ot work tor construction of buildings and structureo and 

• condensed unit costs ot civil engineering works assumed in 
accordance with the initial data. 

The following cost items were included into the scope of 
civil engineering works for estimation: earthwork, concrete laying 
and installation of R.C. concrete structures (girders, floorings, 
foundations, etc.), supply and ir~tallation of structural steel, 
brickwork, laying of pipelines, finishing works. 

The estimates of investment costs ot civil engineering works 
ere given in Schedule 6 ·4. For the production personnel ~revision 
is made for construction of township. In conformity ~~th the ini
tial data 70% of total number ot personnel is to be provided with 
living accomodations. 

The estimates in Schedule 6-5 are based on data of Indian 
r;ational Partner related to categories of living accomodations 
to be provided for diiferent categories of personnel and its 
cost. 

The ••tiaete of conatruction work• at Deceaber 1991 price 

level waa updated in Sch•dule 6-6 baaed on utilization of 

eacelation factor for atructural ateel and con•truction worka 1~ 

and 10- reapttctively in agreeaent with the Protocol of 

diacuaaiona of DraEt F•••ibility Report. 

.. 
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Schedule 6-1 

Estimate of investment cost 

Technolog 
.. - -· - ------ -- -·------- ----------------- ---

--------- ---- --. ~ . 
.p .... 
.p 

J 
.p 

'2 . 
:::::> • 

Item description 

. 

Unit 
cost, 
Rs. 
thous. 

----t·-----· ---- -------·-----
! 

Know-how 

Cost, Rs.mln. 
Foreign Local Total 

6.50 6.50 
2 ; 35 Tax on know-how I 6500 2.27 2.27 

-- --·---·--4-----Total: 
________ I ---·· 
6.50 ;-2.2~ a.77 

I 

. ····- ----·-- --------------------·--- --
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10 % 

15 % 

5 % 

10 % 

15 % 

5 % 
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Schedule 6-2 

Estimate of investment cost 

Equipment 
-Ra.w materials storage and crushing area 

• 
Unit Project component cost and cost item Rs. 
thous. 

' l 
+- - - ----· ------- -I 4 5 

-- - --

Raw materials storage 
and crush!~ area 
Main process equipment 
Handling equipment 
Sanitary equipment 
Electrical equipment 

I Installation of 
! mechanical equipment 1(620 
I 

i Installation of 
l electrical equipment 4}36 l 

Spare parts 21950 
j 

Total of 1: 
I 

Reductants grinding 
area r 

, Main. process equipment I 
1 Handling equipment 
r iv·;aterials 
: ' 
i Electrical equipment 
Installation of 
mechanical equipment 
Installation of 

· electrical equipment 
Spare parts 

· Total of 21 

6860 

1080 
9940 

• Cost, .·-Rs.mln 
Jo reign IIOcai To tal 

' ! 
I 

6 

-
-
-

1 -i 

I 
I -, 
I 
I 

--··- . 
8 -7 

.· 4.1~t.1 
1 

5 
6 

3.35 . 9.3 
4.16 

'4.33 

. 1.?6 

I 0.05 

! 1.10 

t 25.46 
I 
' 

4.1 
4. 33 

. 1. 7 6 

o. 65 
0 1.1 

25. 46 

1 7. 76 7. 76 

~.10 ,1.10 
0.01 0.81 

l 
j 

, 
1.Co ·1.06 

'. o.a9 . 0.09 
I 

; 0.16 0.16 
j 

'0 •. 50 . 0.50 
• 



• 3 

J.1 
J.2 
3.3 
J.4 
3.5 
.3.6 

3.7 

J.a 

4 

4.1 
4.2 
4 • .3 
4.4 
4.5 
4.6 

I 

i) 

' 
10 I~ 

15 

5 

\ 

4 

Peed preparation i-ooms 

Main process 8quipment 
Handling equipment 

Sanitar)" equipment 
, Electrical equipment 
I 
1 Materials 

Installation of 
mechani.oal equipment 
Installation of 

: electrical equipment 
Spare parts 

Total of 31 

. Alloy production room 

Main process equipment 

; Auxiliary equipment 

'.Handlill'!; equipment 
, Sanitary equipment 

l~~e~t~~cal equipment 
Materials 

!I~stallation ot mecha
mc 

4.8 15 :% .Installation of 
electrical equipment 

4.9 
4.10 

5 % : Spare parts 

100 t 

46 t 

4.10.J 5.37.8 t 

4. 10. 4 68.3.8 t 

Refractory lining and 
materials 

. Carbon blocks 

Fireclay bricks with 
high alumina content 
Fireclay bricks with 
low alumina content 
~ef ractory lining 

98 
Schedule 6-2/cont'd 

I 
j 
I 

J 

I 

5 6 

--
1219}0 

j13730 . 
135660 

I 
I 
J 

l 
I 1 
I ' I . 
I I 
:125.04 ! 

1 

14.80 

4.65 
2.48 

13.73 

2.19 

2.06 

1.?8 

I 

I 

8 

14.80 

4.65 
2.48 

13.73 
3.47 

2.19 

2.06 
1.78 

i 125 .. 04 
3.00 I 3.00 

43."i3. 
I -

J 
J 6.80 
I 46.s; ! 

18.16 

43.13 
6.80 

40.83 
18.16 

• 
i 

1779701 

. 46830 -
I 

218800 6.25 

5.9 
J.3 

1'i.80 1'i.80 

f).12 6.12 

4.69 10.94 

0.35 0.35 

3.17 I 3.17 
2.26 I 2.26 

' . - ·----- ·--------------------
:sub-total 
I 
I 

131.29 151.81 283.10 
! 
I 

' 



- .. - . 
1 2 

• -

4.11 80 

4.12 5 
4.1J J 

i 
! 

J 

s 
s 
s 

4 ---
Custom dut7 
Port c~rges 
Transportation to 
site 

Total of 41 

G3.s cleaning systs 

l:Ai.n process equip-
ment 
Handling equipment 
Sanitar.Y equipment 

~lectrical equip
ment 

Materials 

S Installation of 
mechanical equip
ment 

% 

Installation of 
electrical equip
ment 
Spare parts 

Total ot 5: 

Compressor station 

Main process 
equipment 
Handling equipment 
Sanitary equipment 
Electrical equipment 

t.:aterials 

9S 

Schedule 6-2/cont•d 

. . 
5 6 

~ --

13129i -
13129( -
13129< -

1"}1.29 

-
-

i -I 

: 

J 
I 

' t 

176200 

5630 

. 1830 

-
' 

I 

1 ----7 8 
~·- -·· - --

105.03 105.03 
6.56 6.5i 

;.94 3.94 

aG?.}4 393.63 

12 • .5QI 12.50 
,.671 3.ti/ 

i 

! 0.03' O.Oj 

, 5.6} 5.63 

10.62 10.62 

7.62, 7.G2 

I 
I 

0.84 0.84 i 
' 4.09. 4.09 

l105.cx., 105.oc 
I 

I 
I 
I 

I 14.6 14.cc. 

0.)8 l o.3e 
O.o<) t O.G9 
e.82 · 8.82 

2.0'i 2.C( . 
' 
I 

% Installation ot mecha~ 
1.57 1.57 I 

1.32 1.32 

nical equipment .15690 
% Installation o! 

electrical equipment 8820 ,. Spare parts 24510 1.22 1.22 

Total o! 61 30.69 30.69 
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. 1 

I- -
I 7 
I 

. 

! 7 .1 
I I 1.2 

?·3 
7.4 

8 

8.1 
0.2 

e.3 
8.4 

8.5 

8.6 

9.1 
9.2 

9.3 

9.4 
9.5 

10 

10.1 
10.2 

10 • .3 

10. 4 

; 10.5 . 

IOO 
Schedule 6-2/cont'd 

2 3 4 
--~ ----~--------

j 

15 l ~ 
I 

5 f ~ 

I 
l 

10 J 
I 
~ 

15 % 

5 % 

10 % 
5 % 

10 % 
I 

' 
15 1% 

I 
5 % 

t Electrical power suppl.7 

l Elec trical equipment 
.Inst 
Mate 

allation. 
rials 

Spar 

Tota 

Wate 
sewe 

Main 
Elec 

I Mate 

I 

Inst 
me ch 
Inst 

I 
elec 
Spar 

I 

e parts 

1 of 71 

r supply and 
rage 

process equipment 
trical equipment 

rials 
allation ot 
anical equipment 
allation of 
trical equipment 
e parts 

I Tota l of 8: 
' 

Fuel oil storage 

ess equipment 
ling equi?ment 

rials 

Proc 

i Hand 

I Mate 
f Inst allation 
l 
'.Soar . . e parts 

Tota J. of 9: 

Admi 
· buil 

Sani 
· Elec 
Inst 

1 nica 
I 

nistration 
ding 

tary equipment 
trical equipment 
allation of mecha-
1 equipment 

: Inst allation ot 
trical equipment 
e parts 

1 of 101 

t elec 

t Spar 

l Tota 

5 6 1 8 

- 71.ao 71.ac. 
71800 - .. SO.'i? 10.7/ 
- . --- 12.12 12.12 

?1800 - ;.59 }.59 

98.28 98.26 

I 
I 

- 5.42 I 5.41 - 'i·5~ ?-55 

- I 17.01 I 17.01 
I l 

5410 - 0.54 0.54 

j 7550 - 1.1311.13 
12960 - 0.05 0.65 

I 
! 
: - (,.~5 I 0.95 

- C.04 . 0.04 

I 
I 

- 3.53 I 3.53 ! 

' ! 990 - 0.10 0.10 
' I 

I 990 - 0.05 j 0.05 

I 

- 1.05 1.a5 

- 2.70 2.70 
. 
11850 - 0.18 0.18 

2?00 - 0.41 0.41 
'-!550 - 0.23 0.2) 

5.37 5.37 

. 
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1 

11 

11~i 

11.2 
11.3 
11.4 

11. 5 

11. 6 1 

11. 7 5 
5 

11.8 80 

11.9 8 

I 

I 

I 

3 

% 
% 

% 
% 

' .. :.-· ....... 

4 

Technological transport, 
communication, 
signalling, lighting 

Technological trans-
port 
Electrical equipment 
Materials 

Communication equipment 
Instrumentation and 
control 
Installation 
Spare pB.!'t s 

Sub-Total: 

Custom duty 
Port charges and 
transportation to 

I site 

Total of 11: 

Grand tctal: 

i 
I 

' . 
i 

' 

! 

' 
i 
~ 

IOI 
Schedule 6-2/cont•d 

5 - 6 ;1 8 
-

! 

' 

! 
1.'/0 1.70 - ' - I 2.24 2.24 
1.57 1.57 

- i 3.71 3.71 ! 
' 

o.?4 ; 50.29 50.53 
2240 I 

0.34 0.34 - l 
' 

2Z40 
. 

0.11 0.11 - ' 

o.24 . 59.96 60.20 

240 - : 0.19 0.19 
I . 
t 

I l 

240 i_ ' 0.02 0.02 I 

: o.24 '. 60.17 160.41 

r31.?-3 686.73 8".8.2 6 

' 
. - -·- ---------------------''----------~--
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Schedule 6-3 

' 
Summary sheet Investment Cost 

Equipment 

I 

Nq Description 
I 

I ' Inve~tment cost, lis~mln 

foreign 

1 Cost of supplies: 

, , • 1 : Indian supply 

~-------- ------~--·-- ------

-

local L total -----, --

485.aj ; 485.25 

l 1.2 , Foriegn supply, including 
l : custom duty, port charges, 
: i transportation to site i 125.28 115.74 241.02 

~~~~~~~~~~~-+----+---~-4---~ 

· Total of item 1: 125,28 600.99 726.2? 

2 ~ Installation and lining works i9. ?3 67. 73 
I 

3 , Spare parts 

Grand total at III-1991 price 
level 

6.25 18.01 24.26 

686.73 I 818.26 
I 
I 

.. 
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' 

1.-·-~~~~~~~~~~~~~~~~~~~~~-Sc_h_e_d_u_l_•~6~~~~~ 
Estimate ot investment coat 

Civil e11&ineer1.11& work• .. 
. . I - - •.• . 

~ i . . - - · .. :.:_ .. . . - - - ...:(.. -
• • I . . . ; 

Srl• Quan-jUnit Protect component and Unit CoBt 9 Rs.mln. 
Ho tity ot COii it• cost, tore- local total mea- Rs. ign sure thous. 

1 2 3 4 5 6 7 8 

1 Raw materials storage · 
-- and cruehin~ area 

' 

1.1 6166 m3 Earthwork o.1f - 0.92 0.92 

1.2 211.J m3 Concrete la.yina " 1.4 - 0.38 0.38 

1.3 1474 mJ R.C. concrete laying 3.6 - 5.31 5.31 

1.4 Structural steel 

• 1.4. 420 .2 t - supply 17.0 - 7.14 7 .14 

1.4.2 420.2 t - installation 2.5 - 1.05 1 .05 

1.5 35 mJ Brickwork ' 1. 2 - 0.04 0.04 
;~' 

1.6 10 % Finishing works 6780 o.6a o.6a ~,' -
---- -

TOTAL of 1 15.52 15.52 

2 Reductants grinding areE 

2.1 1057 mJ Eerthwork 0.15 - 0.16 0.16 

2.2 104. 3 m.3 Concrete laying I 1.4 - 0.15 0.15 

2.3 149 m3 R.C. concrete laying J.6 - 0.54 0.54 
I 2.4 Structural steel 
~ 
I 2 .4 .1 74.6 t - supply 17 .o - 1.21 1.27 
I 2.4 .2 74.6 t - installation 2.5 0.19 0.19 I -I 

... 2.5 155.1 m3 Brickwork 1.2 - 0.19 0.19 
-

2.6 10 Finishing works 1070 - 0.11 0.11 

• TOTAL ot 2 2.61 2.61 • 

,,,,., t 
' 

' -
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. - . . 
1 I 2 J 4 5 6 7 8 , I Schedule 6-4 (cont'd) 

... 
' Peed prepe.ration room 3 .. 

3.1 6642 m.3 Barth work 0.15 - 1.00 1.00 I ~ i 

m.3 3.2 192 Concrete laying 1.4 - 0.27 0.27 . 
3.3 1092.7 m.3 R.C. concrete laying 3.6 - 3.93 3.93 

J.4 Structural steel 

3.4.1 611 t - supply 11.0 - 10.39 10.39 

3.4.2 611 t - installation 2.5 - 1.53 1.53 
- ' 

3.5 241 ~ Brickwork 1. 2 - 0.29 0.29 .. 
J.6 10 ~ Finishing v.:>rks 6020 - o.60 o.60 

TOTAL of 3 18.01 18.01 

4 Alloy production foom 

4.1 21066 mJ Earthwork 0.15 - 3.16 3.16 
• m3 I-4.2 1413.6 Concrete laying 1.4 1.98 1.98 

4.3 10451.: m3 R~C. concrete laying J.6 - J7.62 37.62 

,~' 4.4 Structural steel 
. ~\ 
\\ 4.4.1 2361. 7 t - supply 11.0 40.15 40.15 -

4.4.2 2361.7 t - installation 2.5 - 5.90 5.90 

4.5 1122.2 m3 Brickwork 1. 2 - 1.35 1.35 

4.6 1128 m3 Pireclay brick lining 10.0 - 11. 28 11.28 

4.7 I 10 % Finiahinc works 59030 - 5.90 5.90 
------- --·--· - --- -·---- . - - --.. -· .. ------ ---·----·- -----

i TOT .AL o t 4 107.34 107. 34 
~ 5 Conveyor galleries I 

mJ I 5.1 107 Earthwork 0.15 - 0.02 0.02 
i 
I m3 5.2 153 R. c. concrete le,ying 3.6 - 0.55 0.55 

~ 
- 5.J Struct:!ral steel 

5.3.1 125 t - supply 17.0 - 2.12 2.12 

,,,,.. t 

-
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Schedule 6-4 (cont'd) 

, 

r 1 2 13 4 5 6 
I 

7 8 
._ ------ _,,,__ -

I I 
.. 

5.3.2 125 t - installation 2.5 - 0.31 0.31 
' I ... ' 

5.4 !10 ~ Finishing works 1170 - 0.12 0.12 
I 

. 
i 

TOTAL of 5 I 3.12 J.12 I 

i 
' ,.. 

0 i Gas cleaning system 

6.1 249 ! m) Earthwork 0.15 - 0.04 0.04 

6.2 418.3 ' m3 R.C. concrete laying 3.6 - 1. 51 1. 51 
-- I 

' 

6.3 I 
Structural steel 

6.J.1 784.4 I t - supply 11.0 - 13.33 13.33 

6.).2 784.4 I t - installation 2.5 - 1. 96 1.96 

I~ 6.4 10 Finishing works 3470 - 0.35 0.35 

• TOTAL of 6 17 .19 17 .19 

7 Compressor station ! 

7 .1 1155 m3 Earthwork 0.15 - 0.11 0.11 
~\ ·II. m3 ' 1.2 64.2 Concrete laying 1.4 0.09 0.09 '~\ -\'. 

7.3 218.J m3 R.C.concrete laying 3.6 - 0.79 0.79 

7.4 Structural steel 

7.4.1,25.0 t - supply 17.0 - 0.42 0.42 

7.4.2 25.0 t - instr.llation 2.5 .. 0.06 0.06 

7.5 35.8 m3 Brickwork 1. 2 - 0.04 0.04 

1.6 10 % Finishing v~rks 980 - 0.10 0.10 
>--

TOTAL of 7 1. 67 1.67 

8 Electric power supply 

• a.1 600 m3 E8 rthwork 0.15 .. 0.09 0.09 

8.2 104.9 • 3 Concrete laying 1.4 - 0.15 0.15 

8.J 65.9 mJ R.C. concrete laying J.6 - 0.24 0.24 

.,,, 
' • 

-
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Schedule 6-4 (cont'd) 

... .r I 6 rs 
1 

1 2 ) 4 5 7 

8.4 Structural steel .. 

• a.4.1 27 .) t - supply 17 .o o.46 0.46 

I a.4.2 27.) t - installation 2.5 0.07 0.07 

8.5 10 ~ Finishing 'll)rks 460 - 0.05 . 0.05 

TOTAL of 8 1.06 1.06 

9 Water supply and eewera e 

9 .1 5248 mJ Eerthwork 0.15 0.19 0.79 

9.2 95.4 m3 Concrete laying 1.4 o. 13 0.13 

9.3 1590.1 m3 R.C. concrete laying 3.6 5.72 5.72 

9.4 ~tructural steel 

9.4.1 168.5 t - supply 17.0 - 2.86 2.86 

9.4.2 168.5 t - inete.llation 2.5 - 0.42 0.42 

9.5 39.1 mJ Grickwork 1.2 - 0.05 0.05 

~' 
9.6 Pipeline laying of 

steel pipes 
. ~' 

9.6.1 95.5 t - supply 15.0 1.43 1.43 

9.6. 40 % - laying 1430 ... 0.57 0.57 

9.7 10 % Finishing works 6~;_j - o.69 0.69 
----- --·- ---- ·---- -

'.I·OTAL of 9 12.6, 1~.'6 

10 Fuel oil storage 

10 .1 1210 m.3 Earthwork 0.15 0.18 0.18 

10.2 96.J mJ Concrete laying 1. 4 0.13 0.13 

10.J 241.4 m3. R.C. concrete laying 3.6 0.87 o.a1 .. 10.4 Structural steel 

10 .4 .1 19.25 t - supply 11.0 0.34 o.~4 

10 .4. 2 19.25 t - installation 2.5 - 0.05 0.05 

,.., 
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1 2 ~J 

10.5 117.4 mJ 

10.6 

10.6.1 12.91 t 

10~6.2 40 ' 10.7 10 ~ 

11 

11.1 640 m2 

11.2 15 % 

• 12 

12.1 
~' 

r 12.2 '..:-' 
\' I 

I 
1500 i 12. 3 r.m. 

i 
I 
I 

--:---
I 

' . :: -_,. 
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Schedule 6-4 

4 5 '6 

Brickwork 1.2 -
Ir:>n pipeline 

- "1'1.lpply 12.0 

- laying 150.0 -
Finishing works 1250 

TOTAL of 10 

Administration building 

Building 3.0 

Finishing works 1920 

TOTAL of 11 

Site arranger.tent and 
motor road 

Access road 

Motot road for trans-
portation of molten 
aluminium 

Fencing of area with 
brick wall , • 5 

TOTAL of 12 

GRL.'lllD TOTAL in price as 
of March 19_9.1_ 

ID? 

(cont'd) 

7 8 
' 

0.14 0.14 

0.15 0.15 

o.of 0.06 

0.13 0.13 

2.05 2.05 

1.92 1.92 

0.29 0.29 

2.21 2.21 

0.11 0.11 

I 0.05 0.05 

I 
2.25 2.25 

2.41 ! 2.41 
I 

185.8 1as.e:: 
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Schedule 6-.5 

I 

I - Estimate of investment cost .. 
------ .....-..-.--·----- -----· ·-

I Township 
-------. . . 

:unit Cost, Rs.mln 
! cost, ---··- -No' Quan- Unit Cost kit• ·Rs Po reign Local Total tit7 I e 
: thous. 

- - - --- - -- -
1 

484 I •2 Living houses, i . category A I 2.97 1.44 1.44 
! 

2 1oaaol m2 , Same, categor,y B 2.63 28.61 28.6~ 
I 

f m2 
. 

J 1581 J Same, category C 2.60 4.11 4.11 
m2 category D '. 2.55 5.J9 5.J9 4 2112 i Same, 

I 
of 39.55 39.55 Total in price 

I March 1991 
----·-- . • 
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I 
Schedule 6-6 

-
ESTillATE OF IllVESTllEIT COSTS 

CONSTRUCTIO• WORKS 

.. 
•o~ 

--
Deacri~tion Coat•. Ra.aln. 

-
In :>ricea 0£ In pricea of ' 
III-1991 XII-1991 

1. Conatruction work• 93.62 102.98 

2. Structural at .. 1 and pipelin•• 92.23 106.06 

TOTAL 185.85 209.04 

3. Townahip 39.55 43.5'.l 

GRAND TOTAL 225.40 252.55 

' 
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7. PI.Aft ORGANIZATIOK, OVERHEADS AHD OTHE. COSTS 

7.1. Plant Organiitation 

IIO 

As the location of Al-Si allo7s production is considered 
at the site adjacent to the aluminium smelter it is assumed 
that it would be a part of the aluminium plant from the organi
zational point of view. It is also assumed that within the frame
work of the aluminium smelter the arrangements will be made tor 
manning, for routine and major repairs of the equipment, buil
dings and structures e.s well as tor external transport services. 

7.2. Overhead Operating Costa 

According to initial data the overhead operating costs 
include the followings 

- costs for maintenance, routine repair and servicing of 
buildings and structures at 1.0~ of their cost, the same for 
the equipment - at J.5~ of the total equipment costs; 

- the tactor7 overhead cos,8 at the rate of-5~ ot.cost·ot 
Dl8terials (exclr1dillg molten aluminium). 

For a summary estimate of the overhead operating costs see 
Schedule 7-1. 

7.J. Depreciation 

According to initial data revised 1n Januar7 1992 the fol-
lowing depreciation rates are assumed tor clculation: 

- buildings and structures - 10~ 

- equipment - 25% 
- gas cleaning equipment - 5~ 
- other costs 
7.4. Income Tax 

In accordance ~1th the protocol o* diacUaaiona of Draft 

Feasibility Report the inco•• tax including the· ·aurcharge i• 

aaau••d at 51.75- of taxable profit. 

The income tax is calculated using the method of Written 
Down Value (IDV). In this cese accordin& to the Indian Income Tax 
Act (section 801) during the first 8 years ot operation the taz 
reduction for taxable proti t at 25' is adopted. 

I_t the first operat1!18 years give losses, the tax is to be 
paid after the losses are cover'4. 

.. 
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Schedule 7-1 
-· 

.. 
Estimate of P.rod.uction Costa 

- . ------
Overhead. Costa .. 

--- --- -- ---
s1. lva1ue 

. I 

Unit of measure Cost categor)' ~.&mount, Costs, 
No. Rs.th Rs,mln 

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

1 Maintenance and current repair 
I 
I 
I 

1. 1 : J.5 Percentage of Eouipment 
equipment cost 818260 28.~ 

. 
1.21 1.0 Percentage of Buildings and 

I 209040 

I buildings and struc·i;ures 
structures cost 2.09 

Total of Item 1: 30.73 

• 2 5 Percentage of Factory over-
material cost head costs 302030 15.10 

• 

GRAND TOTAL: 45 .63 

·-------------------------·-- -· -
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8. MANPOiER 

Basing on the operating conditions of main process equipme~t 
P.nd comp0si tio1~ of proce~~ uni ts the tl tel number of personnel 
is estimated at 300 persons, includingz 

- administration - 1 person 
- senior mvnagement - 11 persons 
- supervising personnel, .f'oreme11 - 27 persons 
- skilled workers - 202 persons 
- semi-skilled workers - 42 oersons . ' 

- unskilled workers - 17 persons. ' 

The costs of salaries and wages are estimated on the basis 
of the above personnel me.ke-up and initial data on average annual 

~r-leries r.nd ·:•ec;es including 6<J% benefits. 

The estir::ate of se.leries ur.d v.ei::;es annual costs is e;iven in 

Schedule 8-1. 
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I Schedule S-1 
I •• 

E tirnate of production cost s 

• ; Weges and salaries I 
I . 

No Quan- Unit Categories of staff Annual Cost, Rs.mln 
tity and labour salary ro- local total wage, reigIJ Rs. 

thous. 
- ·------- -

-·· 1 1 oersons Administration 124.0 - 0.12 0.12 . 
2 11 " Senior management 106.0 - 1.17 1.17 

3 27 n Supervisors, foremen 73.0 - 1.9i 1.97 

4 Workers 

4. 1 202 " Skilled 41.0 - 8.28 8.28 

• 4.2 42 " Semiskilled 33.0 - 1.39 1. 39 

4.) 17 n Unskilled 31.0 - 0.53 0.53 

~\ Tm'AL 13.46 13.46 ~'\ 
,_. ------- ~·------·--- - - -- -· ---- ------·-----... ----------- -------- ~--· >----· 

.. 
! 
I 

,,., 
I I '· 

' 
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9. PROJoECT IMPLEMENT AT ION 

9.1. Project implementation programme and-time 
scheduling 

114 

The following project implementation prograrr.me is assumed 
for calculationsa 

- before ti~ beginning of construction within 15 months 
after the Contract a't:erd it is plar:ned to prepare basic engineer
ing for other units end to transfer design specifications; 

- the construction of project components befor~ geginning 
of producti.on is planned for a period of 2 years; 

- the equipment is to be supplied and installed within 
1.5 years starting from the last ~uarter of the first year of 
construction; 

- commissioning of production capeci ties ond start-up of 
production is planned from the fourth year from the date of 
Contract award1 

- reaching the de;ig~ capacity - fourth year ~fter stert-u? 
of cen~cities operation. 

TotPl C.uration of project implementation period from the 
dL".;e of Contr£.ct e.ward to ~he beginning of produ~t]on is 
39 r.:or:ths. 

The pro~ect i":pler.1entc.tion progrf-.r.ime for the estE.blishmer.t 
of in.duetriel production of Al-Si alloys is shown on Dj_egrc:.:.i. 

9.2. Cost Esti~ete 

':he inVef't:::er.t CO f:t ~ fvr pr·o j ect i::ipler;,e!1'tH tio:-. forr.,eci r-'":; 

pre-inve!.:·tr.:,:.nt ::--te:re, in com:?tr.;ction period, stcrt-up aru! 
r: or:;;ii ~sion~n£ of p:-odt~c t io!1 cH;ieci ties F::-'e e~ti:r.~ ted in E.ccor
dElnc e v.ith the initial d.ote. 

:he co~ts includes 

- insurRnce 'lt O. 25% of proje-ct components co~t; 
- costs of manager.1~nt, control, coordination, start-up £1nd 

commissioning, build-up o! administration, recruitment end 

training of sta:f:t, and le.bour - at 5% of cost ot works; 



.. 
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II5 

- survices of Subcontractor's specialists related to designer's f 
supervision, supervision of erection, technical assistance - in 
amount of Rs. 3.16 mln. as per Supplier's estimate; 

- tax on services of Subcontractor's specialists - at 35% of 
foreign exchange component of services cost• 

- cost of training ot Indian personnel at Subconractor's plant 
for 3 man-months. 

Tbe estimate of investment cost - Project Implementation is 
given in Schedule 9-1. 

, 
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Schedule 9-1 

Estimate of investment cost 

Unit Costs, Rs. mln 
cost, 
Rs. fore- local total 
thou. ign 

1 

2 
0.25 % Insurance of units 102730j) -

2.1 25 

2.2 15 

].1 

,.2 

4 

}5 . 

3 

3 

5 

! 

Services of SUbcontrac-
tor' s specialists 

man.Im Cost of services and 
supervision charges 92.0 1.20 1.10 2.30 

pers. Transport charges to 
fro Russia 57.2 0.86 - 0.86 

.- _-...-

Tax on service a of SUb-
c ?ntractor 's specialists 1200 

. ·- - . ::---

Total of 2 

Training of Indian per
sonnel at SUbcontractor•a 
plant 

2.06 

man/m Cost of training, lodgillg 
.and boarding charges 124.4 0.37 

0.42 0.42 

0.37 
pers !Transport charges to 

iand fro journe~ 57.2 0.17 - 0.1~ 
I ---~-----------+----+-----1----~--~ 

% 

Total ot -; 0.54 

f contro~~. :oo~i~~tioD, 
istart-up and commission
ning, build-up of admini-
· stration, recruitment and 
'tra1n1.ng of personnel, 
;arrangement of supplies 
I 

I 
TO'l'AL 

20904lt -

0.54 
.. ~ . 

10.45 10.45 

.. 
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10. FINANCIAL AND KOONOHIC KVALUATIOH 

10. L General 

The financial and economic evaluation presented in this chap

ter was prepared in accordance with methodology of UNIDO and using 

crlHFAR 2.1 programme. It includes computer calculations, 

preparation and BUJDmarizing of results in fora of corresponding 

Schedules and Charts. 

The financial evaluation based on these results and presented 

on Charts also includes sensitivity analysis and analysis of 

project break-even point at different levels of capital investment. 

production costs and sales revenues. 

The costs of construction and operation are estimated at price 

level of December. 1991 without taking into account its escalation. 

The foreiRD exchange component of costs was estimated on US 

dollar basis with a conversion rate of 1 US dollar = Rs. 26.0 in 

r.onformity with the Protocol of discussions of Draft Feasibility 

Report . 

It is to be noted that the present financial evaluation is not 

considering the other national economical and social benefits from 

the present pro.1ect. These questions may be studied at follow-up 

stages of pro.1ect implementation. 

As the result of calculations carried out the following 

par;:unetera were obtained. characterisinR the economic viability of 

Al·Si alloys production in the avera~e annual para.meters for total 

i~riod of operation: 

1. f:rsles revenue. RR.min 

2. Production r.ost. RR.min 

- <>PP.ratin~ exPf!nReA. RR.min 

- depreci&tion. Rs.min 

- interest. R.~.mln 

3. Gross profit. Re.min 

4. Tax. Rs.mln 

5. Net profit after tax. Rs.mln 

6. Cash balance. Rs.min. 

1353.6 

1238.6 

1122.4 

64.6 

51.6 

115.0 

68.0 

47.0 

69.2 

The project economic efficiency as a whole is specified by the 
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following parameters: 

1. Internal rate of return: 

- on total investment. X 

- on equities. X 

2. Pay-back period, years 

11.65 

7_80 

6.0 

119 

10_2. Initial information and evaluation of calculation 

results 

The results of calculations under COHFAR programme are 

SUDDarized in following Schedules: 

- ''Swsmary Sheet" 

- "Total Initia!. Investment" 

- "Total Current Investment" 

- "Total Production Costs" 

- "Working Capital requirements" 

- "Source of Finance" 

- 'T..ashflow tables" 

- "Net Income Statement" 

- "Pro.1ected Balance Sheets" 

The initial data are BU111Darized in Schedules of Investment 

Costs. Production CoAts and Sources of Finance. 

The Schedules of Cashflow Tables. Net Income Statement and 

Pro.iect Balance Sheets include all absolute and relative parameters 

resulted from calculations and illustratinR the financial state of 

pro,iect for a product ion period of 20 years. 

COHFAR prograwne also presents the results of calculations in 

form of chart.A. 

The Schedules and Charts prepared by rA>HFAR are ~iven in the 

end of Chapter 10. 

10_2_1. Total Initial Investment 

The total initiftl investment is determined as a total of fixed 

assets (cost of site preparation. technolo.w. equipment. buildings 

and structures. project implementation). and pre-production capital 

.. 
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!20 
expenditures (interest during construction). 

While determining the total initial investment the 

pre-operating costs and contingencies are added to the total 

investment coats at 3X of civil work and equipment costs including 

... installation in agreement with the Protocol of diecuseions of Draft 

Feasibility Report. 

, 

The total initial investment amounts to Rs.1194.0 aln. 

including: 

L Fixed investment costs: 

1.1. Site preparation 

1.2. Technology 

1.3. Equipment 

1.4. Building & structures 

1.5. Project inpiementation 

1.6. Township 

Total fixed capital 

2. Pre-operation & contingency 

3. Interest durinR construction 

Total initial investment 

includinR: 

1-at year of conctruction 

2-nd 

3-rd 

J'oreiflll 

6.50 

131.53 

2.60 

140.63 

3.94 

9.19 

153.76 

0.60 

0.80 

152.36 

Local 

22.40 

2.27 

686.73 

209_04 

14.54 

43.51 

978.49 

28.18 

33.57 

1040.24 

29.40 

353.30 

657.54 

Total 

22.40 

8.77 

818.26 

209.04 

17.14 

43.51 

1119.12 

32.12 

42.76 

1194.00 

30.00 

354.10 

809.90 

The invcntment coats for replacement during production period 

are included at 20% of indegeneoua equipment cost and complete 

replacmn~nt, of 1 inin~ for electric arc reduction furnace. holding 

and filtering furnaces. 

10.2.2. Total Production Cost 

The total production coats are calculated baaed on cost 

estimates of operation costs. depreciation and interest during 

operation as totjJ annual costs for production of alloys durifl8 the 

whole estimated period. 
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The results of annual production coetts for the 1-et year of 

operation (beginning of operation). and 4-th 

capacity) are given below (in Re.mln): 

L Operating cost 

LL Rav materials 

L2. Holten aluminium 

L3. Utllities & inputs 

L4. Rnergy 

L5. Labour 

L6. Repair & maintenance 

L7. Overheads 

year (reaching lOOS 

1-et par 4-th year 

19.42 89 26 

181.05 832.13 

14.84 68.21 

31.45 144.57 

10.10 13.46 

1L53 30.73 

5.66 15.10 

-----------------------------------------------
Total 

2. Depreciation 

3. Interest 

274.05 

268.00 

98.37 

1193.46 

104.30 

109.40 

-----------------------------------------------
Grand total 640.42 1407.16 

The ratio of the above cost items in total production coats 

is shown on Chart ''Structure of Production Coste". 

10.2.3. Working Capital 

In accordance with the Protocol of discussions of Draft 

FeaRihility Report the working capital is determined in ?.mount 

equivalent to direct opcratin~ coats for 40 days. 

The total workinR capital requirements amounts to R5.13?..5 mln 

Jn conformity with the Initial Data 35X of working capital 

(RR.46.4 min.) are capitalized iu form of inar1dn ll)()ney and 65X {Ra. 

R6.l min.) ~re accounted in form of current assets. 

10.2.4. Source of Finance 

The Financing of total investment coats excluding the cost of 

Township are by equities and loans in ratio 1:1. The construction 

of Township is covered by equity capital. 

'111e loan for supply of imported equipment is covered by 

.. 
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Supplier·s credit at annual interest rate of 12X and debt repayment 

period of 10 years start-up and commieaioning of production 

capacity_ 

A remainder part of loaned assets is to be covered through 

+ long-term local loan at annual interest rate of 16X and repayment 

period of 10 years with grace period of 2 years after start-up. 

, 

The capitalized part of working capital (35X of it) is 

financed at the same conditions as fixed investment_ 'lbe current 

assets are covered by short-tera loan at annual interest rate of 

2L25X. 

It is assumed that the financing starts froa equity capital. 

The total requirements in funds including working capital 

amounts to Rs_ 1326.5 mln_ ,_ including: 

1. Equity - 621-23 

2. Supplier#s credit 153.22 

3. Long-Term loan 465.95 

4. Short-Term loan on working capital 86.10 

Total 1:126.50 

10.3. Analysis of Profitability and Financial 

conditions 

mln. 
.. - -.. 

The conditions of project profitability and its financial 

feasibility are shown on Charts: 

"Total Sales and Production Coats" 

"Annual Net Cashflow" 

"Accumulated Cashflo"I" 

"Annual Financial Cashflow" 

"Debt Service Ratio". 

The Charts represent graphically. that: 

- The products are sold inside the country. confirming the 

project orientation to domestic market. The sales are increaainR 

• from about Rs.0.31 mln. (1-st year of production) to Rs.1.44 Mln. 

( 4-th and fol lowing years). 

The assumed scheme of financing as a whole ensures the 

stable financial statue of the project. The project has a positive 

cashflow balance starting from the first year of operation. The 

.. 
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I23 
annual net cashflow increases from Rs_44_5 aln- at first year of 

operation to Rs_74_8 mln- after reaching the design capacit¥. and 

as an average annual for the estimated operation period amounts to 

fta_69_2 mln-

During the first three years of operation due to mastering 

of production capacities as well as to high interest rates of 

credit repayment and depreciation rates the project will have no 

net profit but starting from the third year the annual income is 

higher in 1-5-2_5 ti.Des than the debt eervice liabilities which 

also illustrate the high level of project financial stabilit~-

10_4_ Internal Rate of Return 

The internal rate of return CIRR) is the discounting rate at 

which the total costs related to project construction and operation 

become equal to amount of future income after project 

implementation_ 

As it is shown in calculations, the IRR parameters are as 

follows: 

- on total investment CIRRI) 

- on equities CIRRK) 

- 1L65X 

7_80~ 

The values of IRRI are lower by 1_82% as compared with the 

level of this parameter determined in the Draft Feasibility Report 

(13.47Xl. The main rP-ason for this is the increase of tax on 

taxable profit assumed for calculations in the Final Report from 

44.8% to 51.75% in accordance with t.he Protocol of Discussions of 

Ora ft Fe;rn i hi 1 i t.y RP-port. 

10.~. SP.nsitivity Analysis 

The sensitivity analysis carried 

chan~in~ the main pro.1ect variables 

investment coats) on pro,ject feasibility. 

out studies the effect of 

(sales. production and 

As the IRRI is the najor ewmnarizing parameter of feasibility, 

the sensitivity anlyeie studies the values of this parameter at 

different points depending on the variation level of above 

variables. 

The sensitivity analysis is presented in graphical form on 
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Chart ''Sensitivity of IRR"_ 

The calculation results show: 
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The la.eat impact on IRRI is effected by variantion of 

.'.nvestment. At increase of 5X the IRRI reduces from 1L65X to about 

llX. With the increase of investment of lOX the viability of 

project is still maintained CIRR is about 10.35X, or it is lower by 

l.3S as compared with the base level). At decrease of investment of 

5X the IRRI increases to 12.37X. 

- The project is most sensitive to variation of sales and 

production costs. An increase of production cost or decrease of 

sales of 5X decreases IRRI to the level 9f 4.7-6.0X and the project 

becOllles unfeasible at increase of production cost or decrease of 

sales by 1DOre than 8%. At decrease of costs or increase of sales of 

5% the IRRI increases by about 1.4 times (froa 11.65X to 16-16.7~>-

The last point may be explained by the fact that the main 

component of Al-Si alloys as well as of alloys production costs is 

aluminium. The share of aluminium in finished product is 84-87%, 

and in framework of production cost structure the cost of aluminium 

consumed markets is about 60X. Thus the project is most sensitive 

f· to variation of aluminium price. 

10.6. Break- Rven Analysis 

The Break-even analysis determines the minimum production 

capacity utilization level (break-even point) at which the sales 

equal the production costs or in other words when the project bears 

no profits no losses. 

The break··even point ie calculated for two statuses of the 

pro.iect: 

- fixed assets don't include the financial coats for interest 

repaynlf:nt. on credit and loans: 

- interest rP.payment is included. 

Its value ic as follows: 

- excluding finance 

- including finance 

53.3X (15870 tpy} 

- 88.9X (26480 tpy) 

.. 
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10. 7. Findings and Recoanendatione 

1. The financical and economic evaluation carried out allows 

to draw a positive conclusion on viability of the project for 

establishment of electrosmelting production of Al-Si alloys in 

India. Thia state1DBnt is illustrated by the following: 

- stable growth of demand for Al-Si alloys on the internal 

market of the country due to rather high rates of development of 

industries consuming these alloys (automobile, manufacturing of 

railway wagons, scooters. motorcycles, household appliances, eta.); 

practically unlimited reserves of natural aluminosilicate 

raw material - the shore sand of Orisea State and possibility to 

locate the production of Al-Si alloys in the area of eillimanite 

concentrate manufacturing and in direct vicenity c.f the source of 

molten aluminium; 

- stable financial status of the project. which is specified 

by a positive net cashflow balance during the whole period of 

project operation. avera~e for a year of Rs. 69.2 mln. and high 

debt service ratio (ratio of received cashflow to debt amounts to 

2.0:1). 

2. As aluminium is the moat expensive component of production 

r.osts, the supply of molten aluminium directly from the Cuetomer·a 

Smelter determines the significant saving of production costs and 

due to this fact improvement of pro,ject techno-economic parameters. 

3. Tile project is more stable to variation nf invest1nent costs 

and it is more sennitive to variation of sales revenue and produc

t.ion cm1ts. This meanR that while taking the decision on pro,iect 

implementation one should be very careful in evaluation of demand 

of Al-Si alloys market, that of raw materials and utilites and 

input, first of all of aluminium. because the variation of its 

price affects mostly the economics of the project . 

.. 
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---------------------------------------------------------------------- allfll U - fill. LDlllilO. l.S.S.I. ----

Pnject &l-Si 111.,.. Ima 
1992. r.w.u, 
11111 ColtHct lo.19/151 

3 yur( 11 ~f coutrlctiOI, Q JWI of lfMcti• 
CVrt1CJ COlftrliOI fitll: 

foreip cvrner 1 ait = 
Ioctl cvrner 1 •it = 

1.0000 •ita lmUtill cvrwy 
1.0000 ai\l KCGatill ClmSJ 

ICCOlltill CV!'llCJ: ... ah 

Total initial inveetaent mill cm\ncti• ,._ 

fim ... ta: 
cvmt we\a: 
totil 1111t1: 

UM.• 
l.00 

1194.00 

u.m 1 fmicl 
O.• I fertitl 

12.m I foreita 

Source of funds mill COUtl"ICti• .... 

"9i tJ • aruta: 
foreip lout : 
lOCil loua : 
totil fads : 

121.23 
153.22 
419.S5 

1194.00 

0.000 I foreita 

12.832 I foreita 

Caahflov froa operations 

fnr: l 4 15-20 
~pmtill co1ta: 274.05 1193.46 1150.TS 
dtpreeiatioa 267.99 104.31 2.o.&8 
iatemt 98.37 109.40 18.30 
--------------... - -------... ·-- ............. _____ --·------
productiOI Cotti 640.42 1407.11 
:btmf foreip 1.511 2.211 
totai MlH 313.55 1441.14 

~11 iacote -326.87 33.98 
Ht i1co1e ·326.87 33.98 
mh ba:uce 44.5~ 66.49 
set :aahflov 10.40 237.80 

le: Frmnt i1lue ~t: 12.00 I : ·23. 75 
:~tmal htt ~f ~Hara: !!.65 I 
l!~m :in equ1 tJl: 2.!4 I 
~t~;~ ?I !qUitJ2: uoi 

Index of Schedules noducHffCC8PU 

T~tll iaitial im1t1e1t 
Totll i1n1t1eat duriac noductioa 
T~td noduct101 co1U 
llorkiaa C.piul ~imntl 

C11Ulot Tablu 
Projected laluct 
let i1e• mtant 
Sovct of f iluce 

1199. 73 
-0.00 I 

8'46.84 

13S9.54 
655.98 
678.12 
712.52 
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l ----------------------------------------------------------------------- alfll 2.1 - flll. LDIIU. l.S.S.I. ----

Total Initial Inveetaent ii la. ala 

Tm ................ 1992 1193 191C 

Pi.Rd iamtlfft CGIU 
Lud. aite preJlfttiOI. JmloPltll 22.40 0.00 0.00 ' 
llildi111 ud citil wom . . ... 0.00 156.07 lM.05 
luilil!'Y ud se"ice facilities 0.00 0.00 0.00 
Iacorporate4 fiud weu . . . . . 7.60 tn 13.54 
Plot 1tcUaery ud •i111t1t . . . 0.00 193.ZI 649.§5 

----·----- ------ -----
Total f iJff ilmtlfft COIU . . . • 30.00 354.10 71'1.14 

Pre-prodlctiOI capitil eipelditma. 0.00 0.00 42.71 
let aorkiq c11ittl ............. 0.00 0.00 0.00 

------------- ----------- -----------
!ottl i1iti1l i1mt1e1t costs ... 30.00 354.10 809.90 

Of it foreip. ii ' ................ 2.00 0.23 11.81 

Project &l-Si 11IOJ1, lldia --- 1992. Jebrury 
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---- ------- ------------------------------------------------------------------------ Clllfll 2.1 - UII. Lll!IClll. l.S.S.I. -----

Total Current Investaent ii b.111 

Year . . . . ..... . . .. .. . . 1995 19 1917 1• 1m-2112 

rind i1mtle1t eo1ta 
f.ud. site prepmtio1. jenfopent 0.00 0.00 o.• ••• o.• ••• hildilll ud tiYil IOrU •••. 0.00 o.ae ·-· ••• •-• ••• &uilivy ud se"ice facilities 0.00 0.00 ••• ••• ••• 0.00 
[1Corpmtff find weta .•... 0.00 0.01 ·-· ·-· ••• ••• Plot. llCkiaery ud ~1i111e1t . . 0.00 ••• ·-· ••• o.• 11.• 

----------- ------ ------- ----- --------- -------
Total f iied iueatlett coatl ...• 0.00 0.00 • •• ••• ·-· 11.• 

?ttproC!Ktioa capitals e~tclitve1. 0.00 0.00 o.• ••• • •• BO 
liGrli:it eapital . - . ... .. .. . . 29.10 ~-30 37.22 ,_. • •• 0.00 

-------------- ----------- ----... ---- -------- ---------- -·----------
Tctal :urmt i1m:ae1t mta .. _ 29.:o 56.30 37.22 9.U f.00 'IUO 

Of it fo!!ip. I .. . .. . . ... 0.00 0.00 0.00 0.00 uo OJO 
----.. ----------------------------------- ------------ ... ----------------------------------------------------·-· ... --- ...... 

Project ll-Si 1llort. [ .. ia --- 1992. Februry 

------------------------------------------------------------------------------------- Cllfll 2.1 - fMI. LllllCUI. l.S.S.I. -----

Total Cur~·ent Investment ia b. 111 

Year . . . . . . . . . . . 

Pixed i1,estae1t com 
t.and. site ?reparation. dm bpWat 
Bl;i lcin1s ud ciYi! mks . .. 
An1il!ary ud smice fmlitiea 
!11-:urporated fixed assets . 
P'.ut. ucbiaery ud !i!Uipant 

!~~al f:Ied :uY!!tlfDt mt! . 

?rwo-:!uc:icn :apita'.s ~Ii>'-Dditms. 
ilo!l:ui ca;; l ta'. . . . . . . . . . . 

!r:tal mrm imment mt! ... 

~f :t !mip. 1 ........ . 

2004 

0.00 
0.00 
0.00 
0.00 

1:.47 
-----·--------

11.47 

O.~oO 

0.00 

0.00 

2005- n 

0.00 
0.00 
0.00 
0.00 
e.oo 

----------·--· 
C.00 

0 .00 
0.00 

Q.00 

0.00 
. -----.. --------.... -----.. --- ------- ------ -----·-- ---·- ......... ---------- ---- .......................................... -------------- ---- ...... -............. -...... -.... -...... . 
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--------- ----- --- ------- --- ------ ----- ------- --------------------------------------- tlllf&I Z.1 - fllll. l.DIKUI. l.S.S.I. -----

Total Production Coste ii b. ah 

Ym ..... . . . .. . . . 1995 18 1117 1991 1999 2000 

+ i of IOI. CIPlcitJ '1i11Ie product l. 21.76 54.31 92.41 100.IO 100.00 100.00 
In uterial I .. ...... . . . 19.42 SUI 1%.55 19.21 19.21 89.26 
OUer ra1 uterials 181.05 ~.16 719.5' 132.13 832.13 832.13 .. ... . . . 
Utilities ... . . . .. . . . 14.84 43.87 63.GI 11.n 61.Zl 18.21 
laero. . . . . . .......... . . 31.45 92.91 133.10 144.57 144.57 144.57 
wboar. direct .... ... . . 10.10 13.46 13.46 13.46 13.46 13.46 
lte1ir. Niatewce .... . . 11.53 23.05 30.73 30.73 30.73 30.73 
Spma .. . .. . .. .. . . . .. 0.00 0.00 0.00 0.00 0.00 0.00 
Factory omieada . . . .. . . . 5.66 11.33 15.10 lUO 15.10 15.10 

------------- -------------- ------------ ------------ ---------- _.., ________ 
factory coats ... . . 274.05 m.25 1108.18 1193.46 1193.46 1193.46 
Adli1istrati.e omheads .. .. 0.00 0.00 0.00 0.00 0.00 0.00 
Ildir. co1t1. sales ud distdbutioa 0.00 0.00 0.00 0.00 0.00 0.00 
Di~t mta. sales ud di1tributio1 0.00 0.00 0.00 0.00 0.00 0.00 
Depttriatio1 . ....... . . . 267 .99 191.04 139.73 104.31 81.17 60.51 
'iaaacial coitl . . .. . . 98.37 111.23 111.23 109.40 lOCJ~ 90.81 

-------------- --------·-·--- -------··----- ·--·---------- -------------- --------------
Total production costs . .. . . 640.42 1079.52 1359.14 1407.16 1374. 73 1344. 78 

---·---------- ---------·---- ----·--------- ---------·---- -------------- ---·----------·----·-------- -------------- -·---·-------- -------------- -----·-------- -------·---·--
C.ists per unit I sin(le product I 2.04 t.16 1.02 0.98 0.95 0.93 
Of it foreip. I . .. 8.51 4.21 Z.85 2.26 1.90 1.59 
Of it miable.1 . .. 38.53 67.57 n.11 Bo.60 82.50 84.34 
Total labour . . . .. . . . 10.10 13.46 13.46 13.46 13.46 13.46 

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

• Project Al-Si a!loJs. India --- 1992. rtbruary 

------···--··--------------·-----------------------··--··- -------------------------- ru!ril 2.1 - YA!!!. LUIIGUD. O.S.5.1. -----
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------------··--·----·········------------------------------------------------------ alf&I 2.1 

Total Production Costs i1 b. 111 

Tur ............... . 

I of .. . capaci tr I 1i1cle product\. 
la1 uterial 1 . . . . _ _ 
Othr m uteriala . . . . . . . . 
ltilitiea ............ . 
llera .............. . 
Libr. dimt .......... . 
lepair. uiatuuce ....... . 
Spuea ............. . 
Jictory omHadl . . . . . . . . . 

ractorJ c:1t1 . . . . . . . . . . . 
Adli1istratite mrheada . . . . . . 
lad1r. coats. Siles ud distribution 
Direct costs. sales ud distribution 
llepreciatioa . . . . . . . . . . . . 
Jiwciil eosta ......... . 

Total production cost1 ...... . 

Co&tl per unit ( single pr~uct l 
Of it foreip. I ........ . 
Of it miable.1 ......... . 
Total labour . . . . . . . . . . . . 

2007 

100.00 
89.26 

832.13 
68.21 

144.57 
13.48 
30.73 
0.00 

15.10 

1193.46 
0.00 
0.00 
0.00 

28.39 
25. 75 

1247.60 

100.00 
89.M 

832.13 
88.%1 

1C4.57 
13.U 
30.73 
0.00 

15.10 

1193.46 
0.00 
0.00 
0.00 

24.33 
18.30 

1236.09 

2009· 1l 

600.00 
535.51 

4992.78 
409.26 
8'7.42 
Bo.76 

184.38 
0.00 

90.60 

7160.76 
0.00 
0.00 
0.00 

20.611 
18.30 

7199. '3 
________ ................ --·----------- ---------------------------- ---·---------· ..................................... ... 

0.87 
-0.00 
90.91 
!3.46 

0.86 
-0.00 
91.75 
13.46 

0.83 
-0.00 
94.52 
80.76 
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Hiii. LDIIGW. l.S.S.I. ---

-.. ------------------·-- ----------- ---- -- - - ... ---------........ --- -- ------............... ·--·------------ ----------------· -----·---·--------·--·-·---
Project Al-Si alloys. India ·-- 1992. Jebruary 

..... --------------------------~~~~~----~ -- - --
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- - -- -- - - - - - ---- - - -- - - - - - - - - - ---- - - --- - --------- -------- -------- - ---------- ------- - --- 12'&1 2. l - fMI. LDIKW. 1_s_s_1_ ·--·· 

L Net Working Capital ii .. _ 11.t 

Yw ...... - - - ..... - - .. - . - 1995 1994 t• l&-200 

Coml&! -cote ............. - . 

e.rre1t meta• " kcoata receinUe ... 0 0.00 0.00 o_oo 0.00 o_oo 
lm1\or7 ud 11ltrial1 . 40 9.0 23.92 'IV.Tl 101.8 HUI 109.91 
laero .................. 0 0.00 l.01 0.00 0.00 O.IO 
Spma .......... - ...... 0 0.00 0.00 uo 0.00 uo 
llort ii precreu ....... 7 5%.9 UI lUI 2U3 22.54 22.54 
riai.W proiicta ... 0 0.00 0.00 UC O.IO o_oo 

Cu~ ii Miii ............. 0 0.00 0.00 0.00 uo uo 
Toul emeat uaeta ........... - .... 29.10 85.40 122.62 132-50 132.50 
IA?mt li.ibilities ud 
kcouta p&Jible . . . . . . 0 0.00 0.00 0.00 0.00 0.00 

-------------- -------------- -----·-------- -------------- ----------
let eorlilf eapi tal . . . . . . . . . . 29.10 85.40 122-62 132.50 132.50 
[acreue i• aortilc ci1pi td . . . . . . 29.l~ 56.» 37-22 9.11 0.00 

let aorkill capital. !oe.il ........... 29.10 85.40 122.52 132.50 132.50 
let aorti11 capital. foreip ........ 0.00 0.00 0.00 0.00 0.00 

lote: Ide : 1i1i1111 diJ& of comaie : coto : coefficieat of tanom . 
-----... -... ------ ......... ------ .. ----------....... -------- -----------... -------............ --.................. ---... ------------------- ...... -- ... -......... --...... --------- ---- -------

Project &I-Si dl011. !adia -·· 1991. Mm?"Y 
f 

-·--- -- ---- -------------- --- ---------- ----- ---- ---· -------- -----··----- ---- ----··--·· ·~1&1 2.1 - YAllI. ~D!l~ilD. U .5. S .I. -----

Net Working Capital in Is. 111 

Year .............. _ .. 

t;.mract . . . . . . . . . 1dc coto 

C<irmt mtts • 
A~counts r~~~~uble . . . 0 0.00 
:mntm ud 1ater:als . 40 9.0 -2. 76 
hem . . . . . . . . . o 0.00 
3pam . . . . . . . . . C.OC• 
Ii-Ori in prmm . . . . ' 52.9 !3U6 
Finis~~d ~Ma.;:ts . . . G.00 

~sb in band . . . . . . . 0 0.00 
~!~al mmt m!ts . . . . . . . . . :32.50 
:m~nt ; :ab l ii. i~s a~1 
Amunts ~nble . . . . . . j 0.00 

~: •ortiac capitil . . . . . . . . . . 132.5~ 
Iacrme in v~rtiac capital . . . . . . 0.00 

ltt vorti1e capi til. local . . . . . . 13UO 
ltt t0rki1& capihl. foreip . . . . . 0.00 

lote: Ide : 1i1i1111 dm of mmet ; coto : coeff icit1t of tmmr . 
---.... --... -........ -.... -.. -----...................... --.. ------ ---...... ------- .......... -...... -.... -.. --.. -.. --........ ---................................................ --- .......................................... --

Project &I-SI 11loy1, 11411 --- 1912. rebrwy 

-----· -
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···· · ------------- ············-· ---------------------------------------------------·- -lllll Z.1 - UBI. i.DIICl&I. I .S.S.l. -----

Source of Jinance. construction ii b. all 

fur .............. 199% 1993 1994 

S..itJ. or4iury .. 3UO 35UI ZJTJl 
htitJ. preferea. 0.00 o.oa 0.11 
smmu. sr•ta . o.oa uo ••• 

!AIU &. fore ill . uo uo 153.ZZ 
Lou I. fort ill .. 0.00 uo I.II 
Leu c. fortill . o.oa 0.00 0.11 
!AIU&. lcal.. .. 0.00 0.00 419..55 
Lou I. loc.11.. .. o.oa ua O.IO 
fAlll C. locd .... o.oa 0.00 0.00 

........................................ ---·----··---- ·----·-------
r~u~ !ou ........ 0.00 uo 512.17 

Ciirrett li1biiities 0.00 0.00 0.00 
3uk ~!!'drift .... 0.00 0.00 0.00 

........................................ ... ...................................... ---··------·--
Toti! fuQ ....... Jli.00 ~JO 809.90 

P?Gject &I-Si 11IOJ1. IHil --- 1992. Ptbl"WJ 

·············-····------------------------------------------------------------------- Wil 2.1 · fJlll. LDIICIO. D.S.S.I. -----

Source of Finance. production i1 Is. 111 

Tur ............. . 

lquitJ. ordiaary .. 
l;ui :7. ~ref mm. 
l.i~s:dies. fmt! 

~u l. fo~~:fD 
U:an @. !Jr•:~ .. 
~u ·~- for~!~ 
:..ia: !. :c:a: ... . 
~~a: ~- .c!: ... . 
.. (iC .:. :~~il. .. . 

!:~; :cu ...... .. 

~•rm: ::ab1'.:~i!! 
:a~a :v~~dr!f! .... 

~.J~i~ =~D·ll ...... . 

!~95 

.;_ )~ 
; .)c~ 

C.!JC 
45.40 
~~- :c 

!996 

O.OG 
uo 
uo 

._, 
·:.·.:.., 

1997 

0.00 
UC 
C.00 

-15 .32 
O.CO 
uo 
0.00 
0.00 
0.% 

,, ~,, 

...... ·""L 

. !~ .32 

0.00 
0.00 
0.00 

-15.32 
0.00 
O.:IO 

-46.59 
O.OC 
u~ 

-6U2 

0 .OC 
. :io 

C.00 
0.00 
0.00 

0.00 
0.00 
0.00 

·4UO 
0.00 
o.oc 

·4UC 

0.00 
0.00 

·46-60 

0.00 
0.00 
0.00 

O.OC 
0.00 
C.IJQ 
0.00 
~ .OC 
C.~ 

0.00 
tl)O 

O.•XJ 

0.00 
0.00 
UC 

0.00 
0.00 
0.00 
c.oc 

-~t.:·J 

UC 

-e€. :c 

0.0\1 
:) . 00 

Pr~j~t A; Si 1llcy1, India ··· !992. 1ebruary 

- ---- -
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--------------------------------------------------------------------- ·~II 2.1 - fllll. LD~JGUI. '-S.5-1. ----

Cash flow Tables. construction ii 11.w 

Yw ......... 1992 1993 194 

Toul c.- iafl• .. ••• 354.10 809.90 .. ---------- ------------- ------------
fiwc:1l n10VCU . ••• lSUI 909.90 
Siln. •t of tu . . 0.00 UO UI 

Toul C.- •tfl• . . ••• l5UO 809.90 
---------- ------------ --------------

Toul -ta - . - - 30.11 lSUO 717.14 
llpmtiJC COila • • • l.01 0.00 0.00 
Cost of fiaurt . . . uo 0.00 42.76 
ltfiJlflt - - - - - 0.00 0.00 0.00 
~rpontt tu ... 0.00 0.00 0.00 
Di1iMdl 111i• ... ,_oo 0.00 uo 

Svtlu I 4eficit l G.00 0.00 O.OC 
C.l1te4 m~ bi!UCf 0.00 0.00 0.00 

llfl•. lOCJl - - - - 30.00 l5UO 656.68 
O.tfl•. local . . . . 29.41 353.30 &S?.53 
)arplu r •ticit l UI O.ftO -0.85 
llflOI, foreip ... O.OG O.GC 153.22 
0.tf!os. foreip ... O.IO o.ao 152.36 
Surplus I deficit l ~-'° -UO 0.86 

• le: mlfl0t . . . . . -30.00 -35t !O -76'.'.4 
·:a'.a:td net mh~l"' -30.00 -384.10 -!:51.24 

, 
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. ·-. ·-. -- -... --. --- ---- -- . -· -- - ----------------------------------------------------- 12111 t l - fl!!. r.ll!IGW. U.S.I. ·----

Caebflov tab lee. product ion ii la. IU t· ,.., .. - ...... 1995 1991 IJ51 1• 1999 - r 
Totll r&M i1fl01 .. MUS m.a 1332.11 1441.14 1441.14 1441.14 I ------------ ------------ ----------- ------ ----------- -------·-----
Ji111c!&l :uovca . 13Z.50 uo uo •-• 0.00 ••• S.les. at cf tu . . 313.55 921.13 1332.11 !441.14 1441.14 1441J4 ,. 

Toul r&M 01tfl• . . 401.53 944.11 12Tl.91 1374.15 1311.33 1313.51 
----------- -----··----- ------- ------ ----- -----

Toul uall .... 29.10 51.30 3'U2 ,_. I.II uo 
Ofentile COili ••• ZTU5 m.25 n•.11 1193 .• UtU• 1113.41 
Colt of f iluct . _ . 91.37 111.%3 lll.%3 1•.• 1•.10 to.II 
lft11J1Ht - - . - - I.II uo 15.32 11.12 51.12 51.12 
~rvc>ritt tu ... 0.00 0.00 0.00 0.00 1U5 3UI 
Jifi ... (liid ... 0.00 0.00 O.IO 0.00 0.00 0.00 

Sirplu r •ficit I 44.52 -1.7.95 60.S2 Cl.Cl 74.11 57.56 
C.lite4 cuk biluct 44.53 26.57 87.39 153.• 221.69 216.25 

I1fl01. loc1l - - - - MU5 926.13 1332. Ta 1441.14 1441.14 1441J4 
O.tfloe. locai . . . . 313.14 926.40 1238.25 1312. 78 1336.30 1355.39 
Svtlu I deficit i 52.91 0.43 94.53 91.36 1Rl4 85.75 
l1fl01. fortip ... 0.00 0.00 0.00 0.00 0.00 0.00 
0.tflOI, fortip . . . 11.39 18.39 33.71 31.87 30.03 28.19 
Sarplu f deficit l -18.39 -18.39 -33. 71 -31.87 -30.03 -28.19 

let culf!OI ..... !0.40 93.28 187.37 231.llO 236.83 210.28 
C..Jitff Id mlflOI -!140.84 -1047 .56 -860.18 -622.38 -38B5 -175.?7 

• -------- ---- - - -------------------·------ -- ------ ---- ---- ---------·· ----- ........ -- -·-·----------------------·--------·--·-··- ..... --·-------
?rojeet &l-Si allor1. i11fa --- 1992. Mr.an 

· ·· ·· -------· ----· ---------------------------------------·· ·------------------------- Lnlr&I 2.1 - Hiil. t.lllWI. U.S.S.I. -----

~\ 
Cash flow tables. production i11 is. 111 

'~\ 

Yur .. 2001 2002 2003 2004 :005 2006 
,, 

.. - - . - . 

~otii mll i1f;0t .. 1441.14 i44l.14 !441.14 1441.14 1441. !4 144!. !4 
-------·------ -·------------ -----·---·-·-- -------------- ------------·· ............................... 

f:mc:1: m~~r:!s . UC ~.00 C.00 0.00 0.00 O.OC 
;a:~:. 3t: ~: tu .. :44:. :4 !44!. :4 !441. !4 1441. !4 ;44: .14 :44:. 14 

~~~a: ~is~ ~atf::li .. :ru: : ~-t z~ 1455.28 1451.81 !382.~ 1382.4~ 
------·------· ·-- ----------- --·-----·----- -------------- ----------·--- ----·------··· 

~:it1i mt:s .. . . •L:lcJ ~-~3 70.00 71.47 0.00 0.00 
~~at:a( :cst1 . ::~3.46 1193.46 !19U£ 1193.46 1193.46 !'.93.46 
~~st of bam . ~: .5! ";2.22 62.93 53.63 44.34 lB5 
~~;>afltlt .. . . 6:.n 61.92 6!.92 61.92 61.92 61.92 
::.ir;icra:t tu .. 43 02 46.62 66.98 71.40 82.34 92.03 
bi~1d1 Piid ... c .00 0.00 0.00 0.00 0.00 0.00 

Surp:y1 r ~!icit 1 61.23 ~-92 ·14.14 -10.74 S9.0I 5U8 
C.!ated m~ D.iuct 347.48 414.40 400.25 389.Sl 44UO 507.21 

lafla1. Joell .. . . 1441.14 1441.14 1441.14 1441.14 1441.14 1441.14 
Mflat. Joni .... 1353.SS 1349. 71 IC32.S1 1431.04 1313.0I 13'5.21 
S.rplu I deficit I S'U9 91.43 8.53 11.10 71.08 7S.15 
!allot. fortip 0.00 0.00 0.00 O.IO 0.00 .... 
0.tflOI. forti!P ... 28.! 2U2 22.U 21.14 11.00 11.11 
Surplu I deficit l ·2U6 -2U2 ·22.11 ·21.14 ·11.00 -17.11 

.,,,. 

, 
' ------ ~--· -
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~.66 
2!.39 

:o:.06 
230.45 
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llO. TO 
341.15 

!OUl 
445.M 

, 

165.34 
611.30 

155.65 
7&&.94 
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le: :m~:~ ..... 
~-:1~ wt cuUlae ---- ----------------------- ... ---------- ... -----------.... --·------............. --------- ..... ------· -·------------ ................................... ----------------------

Pra,iect ll-Si allm. lliia - 1992. feWur7 

------------------------------------------------------------------------------------- Clllll 2.1 - 11111. LDIIQ&I. l.S.S.I. -----

Cash flow tab lea. production i1 b. ab 

lHr 

!ctal cw i1fla1 

Pi1ud1l relOVCU • 
Slies. •t af tu . 

To:i: euk OltflOI . 

T~ui wets 
CpmtilC coats 
Cost Jf fiwce . 
ltjliJlflt 
:::.,rpar• tt tu 
~itidt!!Cs 111id 

5irp:u • deficit 1 

C.l•ted mt hl~ 

!afla1. lou! 
:Alt!!~•. :oc1! 
3'a~p!11! ' iefi:i: • 
:c~:ov. ::!'!;~ 

>.:~::.:a. :~!'~:i! 

le: :is~f;;v . 
·~.m~:a:~ :tt ~uhf:~• 

2007 

1441.14 

0.00 
1441.14 

1365.96 

0.00 
ll9U6 

25.TS 
46.&0 

:00.1& 
0.00 

75.18 
582.46 

!441.14 
l~.96 

1s.1e 
~.or 
r. .,.

-.., "J":. 

'.4UZ 
~!4.4" 

1441.14 

0.00 
1441.14 

1317 .87 

0.00 
!193.46 

!UO 
0.'10 

!OU! 
0.00 

m.21 
705. 73 

1441.14 
'.317J7 

~· _;!( 

-c.~; 

~-~ 

'.4:.57 
:m.n 

2009-lt 

1641.M 

C.80 
8646.M 

7968.72 

0.00 
7160. 76 

18.30 
86.10 

T03.S6 
0.00 

6'1U2 
1383.85 

8646.84 
·~.7~ 
~7! ·~ 

:".JC 
.o)_;)C 

~-00 

~e~ .52 
ld3U~ 

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

.............................................................. ·········-··------- :-:'l!m 2.: - i!.~:. :ffm.!:. ~.:.:.~ ..... . 

Cashflow Discounting: 

!~·~::y :.¢:: ~t~~·;,; k :::·1• =~~II: 

It: ~rm:: t::•~ ....... 

'•: :~~m: u:Je ............ -:'~.:~ i: ::."'I 
:::~~:t. utt ~! i!t11r: : :E!: .. • ; 1 

:' :::t~~·: u:t Jf ittar: ;a :c:ai i:m:lf::: 
It: ~rem: nlut .. . . .. . . . . .. .. -:3 :: 1: :: . ~ 1 
l5:m~J b:e o! ittura t !II ! .. ll.~ 1 

ltt ~rtll : l•uitJ Piid plus rmms 

....... -... -- ...... -.. ----- ---·--- -.................. -.. -- ...... --- -------- .......... -..... ·-----. ------- .... -- ............ ------- .. -------- ................... ·-- ...................... -- .... -
Proiect ll-Si 11\m. ladil --- 1992. Mrun 

-
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----------- -- --------- --------------------------------------------------------------- iJJ!fll 2-1 - flll. !.DIIGl&I. 1_s_s_1_ ----

Met Inco•e Stateaent ii ls_ th 

!tu _ U3S 1991 1917 1!91 l• .. !cul DlH. itcL ulH tu - 313-55 92U3 1332.71 1441.14 1441.14 
1 Len: nr:11!le eoats. itcL ulu tu_ 24&_T5 729-41 1048-19 1134.lT 1134.lT 

l -------------- ------... -·----- ·-·---------- ----------- --------- .. 
l1r:1ble llr(it 66-79 197-42 283-19 30UT 301.97 

' 
&a I of tGtil ulea 21-30 21-30 21.30 zuo Zl.30 

' lot-nri1•Ie euta. itcL 4rpreci1tiat 295-21 238-18 199-02 113.59 1•.4' I 
I --·----------- -------------- -------------- --------- -----------

Opmtioul urci• . -221.49 -41.4' SU7 143.• 111.51 
b I of ~til silts -72.17 -4.4T S.37 9.95 11.55 

Cost o! f i&UCt 98.37 111.23 111.23 109.40 100.10 
-------------- -·------------ ------------ ------------ --------·-----

G!'GH tr0fit -326.87 -I5t69 -26.36 33.98 66.41 
A!lovu;es C.00 O.OC 0.00 33.91 38.45 
~wb:e tr0fit -326.87 -152.69 -2'-36 -t.00 27.9' 
Tu 0.00 0.00 0.00 0.00 10.15 

-------------- ·------------- -------------- ------------- ·------------
ltt profit -326.87 -152.69 -%1.36 33.98 55.56 

~j,jdflldl Piid . 0.00 0.00 0.00 0.00 0.00 
~•distributed Pf'Gfit -326.87 -!52.69 -26.36 33.91 55.56 
Attlilulittd aiistriktee profit -376.87 -479.5' -505.92 -471.95 -4!6.39 

~ron prafit. 1 cf toui salts -:cus -1U7 -1.91 2.36 Ul 
~: ?~:!!!. l uf to:a: sa:•.: -!~U5 -!U7 -1.98 2.36 3.86 
(.)(. ~~ ~::t. l of eqaitJ -5,_6: -:4.58 -4.24 5.47 8.94 
lt}I. ltt ;~:fi:•:Gtt~st. 1 of ims:. ·!9.36 -3.~ 6.66 11.17 12.13 
------- ------------------- ------- --- --------- --- -- ---------------- -- -- ------ -- --------- ------------·--------------------- -- ------- --

Projtct Ai-Si il!oJI. Iadii --- !992. Mrnry 

;\\\ 
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------------- ----------------------------------------------------------------------- ·M&I 2.1 - UBI. l.DilU. l.S.S.I. -----

Met Incoae Stateaent ii la. Ila 

,.,_ .. . . . . - ZOOi. 2002 2003 2004 

Total ala. iJ<:L allea tu . .. 144U4 1441.14 1441J4 1441.14 1441J4 
Liii: nrinl• cata. ilCL 11111 tu_ 1134.17 1134.17 1134.17 1134-17 1134.17 .. ------------ -----·------- -------------- ------------ -----------
tui1•I1 Ul'(i1 - . . . 30U7 306.97 306.97 3DU7 30U7 
Al I of toul salu - . . . . . - ZUI 21.30 2!.30 21.30 21-30 

b-rui•Ie coat.. iacL efl'ICi•ti• 119.• 109.95 109.ZO 109.20 115.36 
----------- ------------ ------------- ------------- -----·-------

Oper1tioul IUCil . .. - . 117.lT 191.02 197.n 197.n 191.11 
Al I of total ales .. 12.99 13.67 13.T2 13.17 13.30 

~t of fiwct .. 90.81 81.51 12.%2 62.93 53-63 
-------------- -------------- -------------- .......................................... -----·-·----·-

Crcn profit . .. 96.36 115.51 125.55 134.84 137.97 
lllovu.."tl. .. 0.00 4.6'7 5.41 5.41 C.00 
Tw•le profit . .. 96.36 11U4 120.14 129-43 13U7 
Tu .. 3'UO 43.02 46.62 66.98 71.40 

-------------- -------------- -------------- ---------·---- --------------
let profit . 58.96 12.49 78.92 67.86 66.57 

DiYideads Piid . .. 0.00 0.00 0.00 0.00 0.00 
U1distriiutt4 profit . 58.96 7L.49 78.92 67.86 66.57 
ktmlate4 udi1triDl!ted profit . -357 .42 -284.93 -206.01 -131.15 -7U8 

Groas profit. 1 of :oui n!es . 6.59 S.01 U! 9.36 9.57 
let pl'tlfit. 1 -:f ::!i: s.i:u . 4.09 5.03 5.48 4. 7! U2 
iOI. let ~rtfi:. : :::f eq~!:1 . 9.49 !U~ !2.70 !o.91 !0.72 
to:. ltt pMfit•:mm:. I cf :mst. !l.67 12.00 l!.77 9.66 8.43 
---- -- ------ ... ----------- --- ------ -- --------------· --- ------ -- -- ... ----- --... --- -----.............................. ----- .... ---- --- --- --- ------------------- --

~ject AH! allm. India --- 1992. PebrmJ 
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··-------------------------------------------------------------------------- allll 2.1 - fMI. LDIICW. l.S.SJ. -----

Net Inco•e Stateaent ii ... Ila 

fur ................. 2005 200I 2001 20ll .... 
Toul s&lea. iac l. 1llt1 tu ..... lffl.14 lffl.14 1441.14 1441.14 814U4 
Leu: nri1ble cotta. iacl. alts tu. 1134.lT 1134.lT lllUT 1134.lT aaos.02 .. 

------------ ---------- -------- ------- -----------
fuitble IU1il ..................... 306.97 306.91 •.97 3111.91 1841.12 
&a I of totll ales ................. 21.30 21.30 21.• 21.30 21.30 

lot-nridle coata. iacl. depreci1tia1 103.52 94.M IT.• 13.12 463.99 
-------- ------- ------- --- ------

()pent iou l ll?fi:. . .. 203.45 212.&9 219.29 m.35 lm.a 
la I of toul 11 les .. 14.12 14.17 15.22 15.50 15.93 

Coat of fiwce 44.34 35.05 2S.75 18.30 18.30 
----·--------- ------------- ·-----·------ ---·--------- --------·-----

·~oss profit . 159.!l 117.84 193.54 205.05 1359.54 
!ll!!iUCfS . 0.00 0.00 0.00 0.00 0.00 
!wble profit . .. 159.11 117.84 193.54 205.05 1359.54 
Tu .. 82.34 92.03 100.11 lCUl 703.51 

-------------- ------------ ----------- ------------ -------------
let profit . 76.77 as.at 93.311 91.94 155.98 

OiYidndi Piid . 0.00 0.00 0.00 0.00 0.00 
hdistribated profit . .. 76.77 85.81 93.311 98.94 155.98 
kC\91lltted udi&tributed prof it .. 5.19 91.00 184.311 283.32 939.30 

:jross profit. I of totil sales . 11.04 12.34 13.43 14.23 15.72 
lft profit. I of totd sales . 5.33 5.95 6.48 U7 7.59 
iOI. let profit. I of equ;t, . 12.36 13.81 15.03 15.93 !05.59 
iO'.. let profit+iatemt. I of imst. 8.50 8.48 8.3' 8.23 41.31 
--... ---- ... ·- ... -- ..... --............... -----..... -... -.. -................................ ----. -............................... -- ....... -------... ··--------------------------------------- --------------

Project &I-Si 11loys. !nfa --- 1992. February 

---- -
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----------------------------------------------------------------------------------- 'lllf&I 2-1 - fill. f.llillGl&J. l.S.S.l. -----

Projected Balance Sheets. construction ii ... Ill f .. · 

Jw .................... 1992 1993 1994 

T•tll uau .................. 30.00 314.10 1194.00 
-------------- ·----·----·-- -------------

JiJM meu. 1et of deprKi1ti01 0.00 30.00 314.10 
Coutncti• ii procrtll ........ 30.00 354.10 809.90 
Carrat Ulltl ................ 0.00 0.00 0.01 
cm . ..u .................. 0.00 0.00 0.00 
C... 11rtla. fi111Ct mil1blt . 0.00 0.00 0.00 
i... curiM fol'llri .......... 0.00 0.00 0.00 
Lail ....................... 0.00 0.00 0.00 

Toul li1bilitiea ........ 3C.OO 334.10 1194.00 
-------------- -------------· -----·--------

lt11i tJ c1pitll .............. 30.00 384.10 621.23 
leama. reuiaed profit . . . . 0.00 0.00 0.00 
Profit .................. 0.00 0.00 0.00 
wac ud 1ecli"~ ter1 debt . . . . 0.00 0.00 572.77 
Cam1t li1bilitie1 . . . . . . . 0.00 0.00 0.00 
But Oferdraft. fiwce ~uired. 0.00 0.00 0.00 

Total debt ............ 0.00 0.00 572. 77 

ltaitJ. I of !iibilities .... 100.00 100.00 52.03 
.. -... ---------------- --- -----------------... ----....... -----..... -... -......... ------------ ---------· ........ ----............... --........ ---------------- ----......... ---...... -... --.. 

Prtjtet Al-Si allofa. India --- 1992. P~bm~ 

------
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----------------------------------------------------------------------------------- tlll&I 2-1 - flllI. LllllCl&I. l.S.S.I. ----

Projected Balance Sheets, Production it ... 1h ·-· 

Jw .. - - - - .............. 1995 1991 1991 1• 1991 2* 

Total meta .................. 1325.50 132&.50 1311-11 1213.24 1242.• 111U9 
-------------- -------------- ------------ ----------- ------- ------

find meta. 1et of iltpmi1tioa 92Ul 73UT 595.ZC 490.94 •.n SCl.21 .. 
CoutnrtiOI ii procrtll ....... 0.00 0.00 0.00 0.00 uo 0.00 

' Cvrut meta .............. 29.10 15.tO 122.12 132.50 IJZ.50 132.50 
eu.. Nik ................. - 0.00 0.00 o.• ••• ••• • •• 
CW RrPl•. fimce mil1blt . CC.53 21.57 87.31 153.• 221.8 21U5 
IAlla wried fortml ... - .... 0.00 32&.81 CT9.51 505.92 cn.95 416.39 
i... ........................ 321.87 152.19 21.31 0.00 O.IO 0.00 

Toul li1bilities ....... _ 1326.50 1326.50 1311.18 1283.24 1242.90 lllC.39 
-------------- -------------- ---·---------- ---------·---- ------------ -------------

l•uitJ capital .. - - .. - - ... 621.23 621.23 62U3 621.23 621.23 621.23 
ltaem1. ntaiaed profit .... 0.00 0.00 0.00 0.00 0.00 0.00 
Profit ........ - .. - ...... 0.00 0.00 0.00 33.98 55.51 58.96 
IA>ac ud ~i111 tera debt . . . . 705.27 705.27 689.95 628.03 561.11 504.20 
C.rrut li1bili tiea . . . . . . . 0.00 0.00 0.00 0.00 0.00 0.00 
But omdnft. fiwce ~uired. 0.00 0.00 0.00 0.00 0.00 0.00 

Totil debt - .. - ....... 705.27 705.27 689.95 623.03 5'1.11 504.20 

l•11itJ. I of liabilities .... 46.83 46.83 47.38 48.41 49.98 52.45 
------ -------------- ---- --- ------------------------- ..... --- ... -------.... --- ............. -··-··---·--·-------· ------------------------------------

Project Al-Si dloJe. Iadii -·- 1992. Jebruary 

' ---... --- ... --··· --· -. -- -· ····-··· --- ----- --------·- --------------------------·····-· COBfil 2.1 . YAllI. WIJWD. U.S.S.I. -----

Projected Balance Sheets, Pro due: ti on i1 b. Ila 

~\ !m - . . . . .... . . . . . 2001 2C02 2003 2004 2005 2oot 
. ~' 
" 

Total assets .......... !13UO 1080.51 1007.SC 944.33 892.61 844.93 
-------------- -------------- -------------- -------------- -------------- ·--------·--·· 

Pind uaets. net of :!?mi~tion 298. 60 248.68 198.77 2!2. 70 239.94 205.15 
·~cstruc:ion in pr~cms .. 0.00 0.00 70.00 71.47 0.00 0.00 
c~mat assets .... . . . . . 132.50 132.50 132.50 132.50 132.50 132.50 
Cast bani .. . . 0.00 0.00 0.00 0.00 0.00 0.00 
Cash surplus. fim~! mil~tl! . 347 48 4:4.40 400.2~ 389.51 44UO 507.28 
:..Oss carried f:mrd .. 35U2 2803 206.01 138 .15 7U8 0.00 
:.Os! .. . . . . .. 0.00 0.00 0.00 0.00 0.00 0.00 

!:ita: li~t l:: :irs . .. ::3€.00 1080.5! 11)07 .54 944. 33 892.61 844.93 
-------------- -·------------ -------------- -------------- ----------··-- .................................. 

lqui:y carita; . . .. . . ~2!.23 621.23 621.23 621.23 621.23 621.23 
im!"m, re:a:aed ~refit . 0.00 0.00 0.00 0.00 0.00 5.19 
Profit . . .... . . . .. 72.49 78.92 67 .86 66.57 76. 77 85.81 
~ac ud aed i U1 ttl'I debt . 442.28 380.31 318.45 256.53 194.61 132.69 
Cumat Ji1i>iiitit1 .. .. . . 0.00 0.00 0.00 0.00 0.00 0.00 
W oflrdrdt. fiwce requil'td. 0.00 0.00 0.00 0.00 0.00 0.00 

Tot.I debt ...... . . . . . 442.28 380.31 31a.n 2S6.53 19U1 J?.19 

S.1itJ, I of lhbiliti11 .... ~U9 57.49 SU& &U9 suo 73.52 

ProJeet &I-SI 1110,., Illlla ·•• 1992. febnary 

---- -
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----------------------------------------------------------------------- alJll 2.1 - fut. LDIJiW. l.S.S.I. ----

Projected Balance Sheets, Production ii b.111 .. Year . ...................... 2007 200I 2009·\& 

Total meta ................... 891.71 990.SS 1Sll.S3 .. -------------- ----------- ----------
file4 uatl. •t of depreciatio1 lTS.M 152.43 44.11 
Coutnctioa it procreu .... 0.00 0.00 0.00 
Cllrrut auetl ............... 132.50 132.50 13Uo 
Cid. but ................... 0.00 0.00 0.00 
CW arpla. fiuace miliblt . 582.4£ 705.73 1313.15 
l.a1 curied f ormd .......... 0.00 0.00 0.00 
I.On ........... - ... - .... O.ilD OJM 0.00 

Total liabilitiu ........ 891. 71 990.65 1560.S3 
-------------- -------------- --------------

!qui tJ capital ........... 621.23 621.23 621.23 
lesmu. retaiaed profit .... 91.00 184.38 283.32 
Profit ............ - .... IU8 98.94 655.98 
IA>ac ud ledi111 tera debt . . . . •.to 86.10 -0.00 
Currut liabili tifl . . . . . . . 0.00 0.00 0.00 
Ball omdraft. fiaaaee required. LOO 0.00 0.00 

Total debt ................ 8&.10 M.10 -0.00 

lquitJ, I of liabilities ..... 69.67 62.71 39.81 
-- ------.. ------.. ----.. ---------------------.... ---.. -... --... -... -............ -- ..... ------- ---- ------- -------------------- ..... --.................... ·- ... -------------

Project Al-Si alloys. India --- 1992. Jebruary 
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Y!riable c fiied cost r = foreip T = total .. 
DOliDd J 0.00 31.80 3.03 6.34 31.80 

' DOliHl T 1134.17 272.99 28.27 59.14 1407 .16 
stut ' 0.00 54.53 2.32 4.85 54.53 
start T 246.76 393.65 4.91 10.27 640.42 
bmt ' 0.00 31.80 1.58 0.98 31.80 
break T 1008.63 272.99 1.80 2.18 1281.62 

7 0.00 0.00 
8 . 0.88 1.07 
9 41.85 7.41 

·· production le•el 

i 
'· 
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------------------------------------------------------------------------------------- Clllf&I 2.1 - YllI. LllllGIAD. U.S.~. 
VALUIS chnt ducriptio1 [STUDUDJ 

-----------------------------------------------------------------------------
Total Salta l Prodactio1 Costa Project ll-Si 111011 

b. 111 
-----------------------------------------------------------------------------

local sales foreip sal locd coete f ortip cos 
1 313.55 o.eo 585.19 54.53 313.SS .. 
2 926.83 0.00 1034.03 45.49 m.u 
3 1332.78 O.llO 1320.43 38.72 1332.78 
4 1441.14 o.oc 1375.37 31.80 1441.14 
s 1441.14 0.00 1348.51 2&.15 1441.14 
6 1441.14 0.00 1323.33 21.45 1441.14 
7 1441.14 0.00 1307.37 18.21 1441.14 
8 1441.14 0.00 1299.17 16.42 1441.14 
9 1441.14 0.00 1291.72 14.51 1441.14 

10 1441.14 0.00 1293.60 9.56 1441.14 
11 1441.14 0.00 1278.35 3.68 1441.14 
12 1441.14 0.00 1261.46 1.84 1441.14 
13 1441.14 0.00 1247 .60 -0.00 1441.14 
14 1441.14 0.00 1236.09 -0.00 1441.14 
15-20 8646.84 0.00 7199.73 -0.00 !646.14 

J t a r 
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. .. 
-------------------------------------------------------------------------------------- COllf&I 2.1 - 11111. LllIIGIAD. U.S.S.!. J:-
ilLIJIS cknt ducriptio1 [STllDdlli 

&11111 er. ope rat iolS Projtct &l-Si allo11 .,. Is. 111 
-----------------------------------------------------------------------------
•:Start •P local Ht C foreip Ht .. 

-29.40 -0.60 -30.00 
2 -353.30 -0.80 -354.10 
3 -823.97 -143.17 -7&7.14 

• 4 10.40 0.00 10.40 
5 93.28 0.00 93.28 
6 lP.38 0.00 187.38 
7 237.80 0.00 237 .80 
8 236.83 0.00 236.83 
9 210.28 0.00 210.28 

10 204.66 0.00 204.66 
11 201.06 0.00 201.06 
12 110. 70 0.00 110. 70 
13 104.81 0.00 104.81 
14 165.34 0.00 165.34 
15 155.65 0.00 155.65 
17 141.57 0.00 141.57 
18-2'f 782.52 0.00 782.52 

J e a r 
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------------------------------------------------------------------------------------ '~'~? ! - llJIT. LllllGIAD. D.S.S.R. ·· 
flLDIS c~1rt de1eriptio1 [ST&llllDJ 

kt-lated Cf. operation 
... 111 

Project ll-Si allop 

~ -----------------------------------------------------------------------------
•:Start 1p local 11t c foreip 11t 

l -29.40 -t.&O -30.00 
2 -~2.70 -1.40 -314.10 
3 -1006.57 -144.57 -1151.24 

• 4 -991.27 -144.57 -1140.14 
5 -902.99 -144.57 -1047.5£ 
I -715.11 -144.57 -ll0.11 
7 -477 .81 -144.57 -m.31 
a -240.98 -144.57 -315.55 
9 -30.70 -1:4.57 -175.27 

10 173.96 -144.57 29.39 
11 375.02 -144.57 230.45 
12 485.72 -144.57 341.15 
13 590.53 -144.57 445.96 
14 755.87 -144.57 611.30 
15 911.51 -144.57 766.94 
17 1200.60 -144.57 1056.03 
18-2J 1983.12 -144.57 1838.5~ 

r e 1 r 
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:;;~::::~'.:~~'.~~'.~'.~:~~~~::::::::::::::::::~::::::::::::::::::········ tlllfll 2.1 · 1111. lll!IGlll, l.S.S.l. ~ 
lu1d fl09 of fuda I fi1uce l 

h. 111 

•:Stut •P local fuda foreip fu 
1 30.00 0.00 
2 354.13 0.00 
3 623.12 144.03 

• 4 52.51 -18.39 
5 -92.85 -11.39 
6 -92.85 -33.71 
7 -139.44 -31.87 
I -131.99 -30.03 
9 -124.53 -21.19 

10 -ll7.08 -26.35 
11 -109.62 -24.52 
12 -102-17 -22.68 
13 -94.71 -20.84 
14 -87.26 -19.00 
15 -79.80 -17.16 
17 -18.30 0.00 
18-ZJ -104.40 0.00 

f e a r 

Project 11-Si allora 

30.00 
354.10 
7S7 .14 
34.13 

-111.23 
-126.56 
-171.31 
-162.02 
-152. 73 
-143.43 
-134.14 
-124.84 
-il5.55 
-106.26 
-96.96 
-18.30 

-104.40 
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·;;LUrS·---~·~;;-~~;i;;i~;-f~~j---------------------------------------------- ~Al !.! - !I!!. L!I!~. U.S.S.~. 

---~;;-~~i~-~;1;~·;;-;;~--------------~j~;-;i:51·;ii;~-------------
11t c11Ul0t/debt 11nict 

------------------------------------· ----------------------------------------
NII CUI 

1 0.11 
1 0.84 
3 1.48 
4 1.39 
5 1.46 
6 1.38 
7 1.43 
8 1.50 
9 0.89 

10 0.9! 
11 1.56 
12 1.61 
13 2.04 

J e a r 
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----------------------------------------------~------~--------------------------~- ~II 2.1 - YllI. LllllGIAI, O.S.S.I. -
Ill.DIS c~ut dtacriptioa [STUMIDJ I 

' 
S.uithitJ of Ill 

i1t1r11l rate of retart 
ProJect ll-Si allop 

nlea price operatiq c iaitlal ill 
-5.0 4.70 15.98 12.3' 11.15 ~ 

-4.7 5.21 15.74 12.33 
I -4.4 5.71 15.50 12.28 

-4.l 6.19 15.26 12.24 
-3.8 6.65 15.01 12.19 
-3.5 7.10 14.17 12.15 
-3.2 7.54 14.51 12.11 
-2.9 7.97 14.26 12.0I 
-2.6 8.39 14.00 12.02 
-2.3 8.79 13. 74 11.97 
-2.0 9.19 13.48 11.93 
-1.7 9.58 13.22 11.89 
-1.4 9.96 12.95 11.84 
-1.1 10.34 12.68 11.80 
-0.8 10.70 12.40 11. 76 
-0.2 11.41 11.84 11.67 
0.1 11.76 11.55 11.63 
0.4 12.10 11.26 11.59 
0.7 12.44 10.96 11.55 
1.0 12. 77 10.66 11.51 
1.3 13.10 10.36 11.47 
1.5 13.42 10.05 11.43 
1.9 13.73 9. 74 11.38 
'\ '\ 14.04 9.42 11.34 L.t. 

2.5 :us 9.09 11.30 
2.8 14.66 8.76 11.26 
3.1 14.96 8.42 11.22 
3.4 15.25 8.08 11.18 

~~\ 3.7 15.55 7.73 11.14 
·~ 4.0 15.83 7 .37 11.10 

4.6 16.40 6.63 11.02 
4.9 16.68 6.24 10.98 
~ " •• L 16.96 5.85 !0.94 
5.5 !7.24 5.44 10.90 
5.8 17.51 5.03 10.87 
6. ! \1. 78 C.60 10.83 
6.4 !8.04 4.16 10.79 
6.7 lUl 3.70 10.75 
7.0 !8.57 3.23 10. 71 
7.3 i8.83 2.14 10.67 
7.6 19.08 2.23 10.64 
7.9 '.9.34 : . 7! !0.60 
8.2 19.59 1.16 10.56 
8.5 19.84 0.58 10.52 
8.8 20.09 ·0.03 10.49 
9.4 20.58 ·l.34 10.41 
9.7 20.82 ·2.07 10.37 

·· variation in I 

• 
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·~ :•1~:~;~~.;;·;;;;'·;;,~~;·::l::::::~j~:_::;~:.:i;:·:: .. :::::::----------- llllllll 2.1 

- iAllI. LIJI-iGRAD. U.S.S.R. 

annual sale total costs fi1ed costs 
1001 1441.14 1297.77 163.59 

·· capacitJ utilization 111 

' 

------------------------------------------------------------------------------------- COMfAR 2.1 - VA~I. ~KNINGiAD. ~.S.2.~. 
VA~U!S cha!t !escript:cn :s~ANDARD! 

It 

-----------------------------------------------------------------------------
Br!at even char~ inc!. fin a nee 

Rs. 1ln 
Project Al-Si alloys 
for 4!h production year 

------------------------------------------------------------------ ----------
annual sale total costs fixed costs 

1001 1441.14 1407.16 272.99 
·· :a~acitJ utilization 111 

• 
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I. EXPLANATORY NOTB 

This equipment list of the basic items included in the industrial demonstration unit 

for electrothermal production of aluminium silicon alloys from sillimar.ite has been prepared 

in conformity with the Protocol of ne~ .. tiations for collection of basic data (para.10.1) with 

~O and MECOM during the visit of the Soviet experts to India from Pebruary 1 to 21, 1990, 

and Memorandum of discussions of lnteri~ Report based on the results of Pilot amenabiiity 

teating of India n raw materials at VAMI Pilot Plant during the visit ot Soviet experts to 

India from March 2 to 12, 1991. 

The present equipment list in accordance with para.9.3 of Memorandum, shows the specifi

oationa of equipment and instruments, study of this list will allow Indian partner to select 

equipment and instruments to be manufactured in India or to ensure its IA.lpply from the third 

countries. 

The list of major equipment has been prepared with breakdown by the process areas. · 

• 
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NOS 

No according 
to technological 

llowaheet 

l 
4 

£ 
7 

l... 
10 

J_ 

1) 

Trans. 

No 

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

Name and technical characteristics 

~Rnw material storage with cruehi~ 
Process design 

Major proce~s equipment 

Jaw crusher, capacity 12-18 m3/hr. 
M0 tor rating 45 kW. Input opening 
- 250 mm, length - 900 mm. Maxi
mum lump size 210 mm. Width of 
output opening 40'!:20 mm 

Roll crusher. M0 tor rating 45 kW. 
Roll dia. 1000 mm, length 550 mm. 
Max.lump feed size - 50 mm. 
Adjustment limits for lump feed -
4-18 mm. Rolls rotation, r.p.m. -
6J, 89, 112 

Inertia screening.area 1250x)OOOmmi, 
J.7 m2, input lump size - 50 mm. 
Box vibration amplitude, atz 
1 ~ _1 - 1.6-J.7 mm 

B·-1 4.s - 1.6-2.06 mm 1 vibration frequency s- -16.0,24.2~ 
screening holes size - 5x5 mm 

Pneumatic breaker for slag. 
Hammer force 480 kg, striker rate 
50-100 strikes/min 

Total: 

Type, 
brand, 
model, 
cipher 

Unit 
of 

measu· 
remeut 

pc 

pc 

po 

pc 

\ 

Net weight, kg 
Quan· 1---------

Uty 

1 

1 

1 

1 

of one 
piece 

total 

8500 

1)400 

2000 

4000 

~900 

.. 

5 

Whom tu 

be 1upplled by 

,.--' 
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NOS Type, 

' 
Unll Net welght, kg 

Trans. brand, ot Quan- Whom to 
No accordlng Name and technical characterlsttcs model, measu- uty of one to technological No total be .... pplled by 

tlowaheet cipher rement piece 

Handling Equipment 

2 EOT crane, capacity 5 t, span pc 1 - 15110 
4 22.5 m, liftins height 16 m. 

Cabin control. Overall motor 
rating 31.7 kW 

__, 
6 D)T grRb-type crane, capacity pc 1 - 18400 - 5 t, span 22.5 m, lifting height 2 22 m. Bucket capacity 2.5 m3 • 

Overall motor rating 61.2 kW. 
Maximum eingle motor rating 
22 kW, total number of motors 5. 
Dui1y eye le 40~. 

R Electric car, capacity 2 t. pc 2 1900 .3800 
Motor rating 5.5 kW (travel 
motion) 

§ Troughed belt conveyor, belt po 1 - 2000 
3 width 650 mm, length 8 m, motor 

rating J kW, including& 
a) structural steel 1600 

I b) belt m 21 '45 
I 

c) drive . I 255 

i 
i 

Reversible belt conveyor, belt pc 1 - 2100 
5 width 800 mm, length 7 m, motor 

rating ) kW, includinga 

. 
..,...,-, 

\ .\ 

~ 
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NOS l I l lJ n ll Net weight, kg 

No according I Ty pl'. 
Whom to Trans. 

Name and technical characteristics brand, of Quan· 

to technological No model, measu- tlly of one total be supplied by 
ilowsheet cipher rement piece 

a) structurA.l steel I I 
1700 

b) belt m 19 ·- 190 
c) drive 210 

..1Q Inclined troughed belt conveyor, pc 1 - 3000 
belt width 650 mm, length 21 m, 

6 motor I'fiting 7.5 kW, including: 
•' 

a) structurel steel I 2190 
b) belt 

I m 47 - 360 
c) drive 

I I 450 

.11 Inclined troughed belt conveyor, i pc 1 - 4280 
8 belt width 650 mm, length 32 m, I motor rating 7.5 kW, including& 

I a) structural steel .)JOO 

I 
b) belt m 70 - 530 
c) drive 450 

E Chain elevator, bucket width pc 1 - )000 

' 
400 mm, bucket capacity - 6.3 l, 
pitch - 515 mm. Chain velocity -
1.47 m/s. Max. lump size - 50 mm. 

I Elevator height - 11 m, motor 
rating - 11 kW 

I 1. I 
I 

\ .\ 
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NOS ------ --1 
------1 Trans. 

Name and technical characteristics No according 
to technological No ,. 

llowtheet 

..ll 
II 

, 

: 

I Inclined bucket elevotor, bucket 
width - 650 mm, bucket capacity -
65 l, bucket pitch - 400 mm, 
chain velocity - 0.45 m/s. Maxo 
lump size - 150 mm. Inclination 
angle - 60·-82°. Length - 22 m. 
Motor drive rating - 30 kW 

Total: 

Sanitary-engineering design 

Fane 
r 

Dust I.D. fan with motor 4A18°'\, 
Motor rating 22 kW, capacity 

Type. 
brand, 
model, 
cipher 

\ 

Unll 
of I Quan- 1 

measu- Uty 
rement 

pc 1 

pc I 2 

Net weight, kg 

of one I total 
piece 

26.390 

78080 

550 1100 

--- I I I I I I 
12000 m3/hr, head 300 kg/m2 

Total a 1100 

2 

~ 

.\ 

Sanitary-engineering Equipment 

Cyclone capacity 12000 m)/hr 
Duet cleaning efficiency - 65~ 

Bag tilter, capacity 
19400 mJ/hr, efficiency - 99~ 

Total: 

pc 

pc 

2 1700 3400 

2 4580 9160 

12560 

~ 

-'. 

8 

Whom to 

be 1upplled by 

_., 
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NOS 
Trans. I Type, Unit Net weight, kg 

brand, of Quan· Whom to 
No according Name and technical characteristics 

to technological No model, measu- tlty of one total be supplied by 
flowaheet cipher rement piece 

Section II. MATERIALS 

4 Structural steel et.J 1500 

5 C.I •. valves -'100mm 500 \' 

6 Malleable C.I. valves '100mm 50 
~ 

7 Electrowelded steel pipes die.. 1000 
50-100n ~ 

8 Water and gas nupply pipes dia. 500 
50-100n Im 

INSTRUMENTATION DESIGN 

Instruments nnd Controls 

1 Gamma-relay level me~nr 
sensitivity - 2.5x10 iq//kl 

pc 6 '95 27· 0 :tJ 092~3 
2 Relay-220 VAC, 4 N.0.+4 N.C. 

contacts pc 10 ).0 JO.O 

3 I Circuit brenker, I Natl.TRIP • I 

0.6 A pc 10 ).5 .35.0 
I Cu'T OFF = 1.5 I NOM.TIUP 

4 Electric bellN200 YAO pc 1 - 0.5 

5 Stepdown transformer~220/J6 VAC 

I 
pc 1 - ,3.0 

\ .\ 

.. 
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NOS Type. Net weight, kg 
Trans. 

Unit 

No according Name and techntcal characteristics brand, of Quan- Whom to 

to technological No model, measu- Uty of one total be supplied by 
Uowaheet ctpher rement piece 

6 Cabinet w/rear door, pc 1 - 350.0 
l200x800x600 mm 

Total: 4'ff.5 \' 

Cables __, 

7 Copper cable, shielded, 4x1 mm2 59.76 

ELECTRICAL DESIGN 

ElectricRl equipment 

1 Packaged transfonner substation set 1 - 7500 
with transfonners 11/0.415 kV, 
capacity 6)0 kVA each 

2 I A.C. control station boarde, st en-
02en type, lerge eize, dard 4 )00 1200 

I 
2 U0x3200x600 mm 

J Control cabinets and panels, panel 3 80 240 

I floor and wall mounted, 
2000x800x600 mm 

4 I Distribution points w/circuit 

I 
breakers rated 6J to 250 A pc 3 170 510 

5 Distribution boxee w/knife 
switches or plug connectors, pc 3 25 75 
600x300x300 mm 

6 Reve~·eible and non-reversible pc 5 9 45 
magnetic starters current 10 to I AO A 

' .\ 

·--- .. 
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NOS 
Trans. 

No according Name and technical characterlJUcs 
to technological No 

flowsheet 

7 Miscellaneous control and signal-
lill8 equipment 
---

Total; 

Electric lighting 

8 Electric lighting fixtures and 
light eources 

Total of electrical equipment: 

Materials 
! ,.. 

9 Cpbles, cross-section 2.5'*240 mm~ 

10 Steel water and gas supply 
pipes, dia.50-80 mm 

11 I Electrical instellation and 

I 
fixing materials 

12 Structural steel I 

1) I Insulation materials 

' .\ 

\ 

Type, 
brant!, 

Unit 
of Quan-

model, measu- Uty 
cipher rement 

I 

pc 10 

Net weight, kg 

ol one total 
piece 

2 20 
..... --· 

9590 

150 

9740 

2300 

8450 

2420 

1790 

900 

··--- ~ 

11 

Whom to 

be supplied by 

-
\" 

_., 

,. ,. 
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NOS ,- -------i --- -- I 
Trans. I Type, Unit I 

No according I Name and technical characteristics brand, of Quan· 
to technological No model, measu· tlty 

flowaheet cl pher rement 

1 

2 

J 

4 

5 

6 

;t,RFIDUCTANT GRINDING AREA 

PROCF.sS DESIGN 

Major Process Equipment 

Tangential hP.mmer mill, moior 
diameter 1300 mm, coal capacity 
9.0 t/hr 

Duet cyclone for explosive 
tuels, diameter 1400 mm, capacity 
15000 mJ/h 

Flap valve with cone valve, 
Dnom 150 

Electrostatic precipitator, gas 
!lowrate 43200 mJ/hr, cross

section area 12 m2, hydraulic 
resistance 50(5) Pa (mm H2o.· 
gauge) 
Sizes 7800x4900H • 19635 mm 

O.ve:n of drying ag€nt with water
cooled coil pipe, volume of 
turnace chamber - J.6 m) 

Pneumatic transport vessel, 
capacity 2.5 t/hr 

Total: 

V.AllI 
clrg. 

VAMI 
drg. 

pc 

po 

po 

pc 

po 

pc 

1 

1 

6 

1 

.f 

1 

12 

Ne! weight, kg 

of one 
piece 

54 

-

Whom to 

total be aupplled by 

17800 

2100 

.324 

3.3500 

50000, incfsding 
atee:::. - 1 00 
Ibric ka - 5000 

500 

104~ 

.. 

~ 

l ~ 
I ,. 

\' 
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NOS I I Type. ! Unit Net weight, kg 
Trans. . Quan- Whom to 

No according I I Name and technical charactertstlcs brand, of 
to technologlcal1 No model, I measu- uty of one total be 1uppUed by 

flowsheet cipher reme11t piece 

Fans, Pumps I I 
7 LR mill fan, w/motor 4A315S4Y3, pc 1 - 3675 

rating 160 kW, 1500 rpm, ca.pa.city 
17000 m3/hr, pressure 7500 Pa 

8 Radial fan (centri!ugal) W/motor pc 1 - 411 
~200M6, rnting 23 kW, 975 rpm, 
capacity -30000 m /hr, head-1b00 : )a 

~ 

Total: 4086 

Handling Equipment 

9 Scraper feeder (stationary), 
capacity 10 t/hr pc 2 5460 10920 

10 Paddle reeder, capacity 
1.4 t/hr pc 2 840 1680 

11 Manual travellill8 worm blocks, 
oapao!ty 1 t, lifting height 3 m pc 1 - 23 

Total: 12623 

Materials 

12 G8 s and water ducts dia.100-400mm 1 
welded of steel sheets 4 mm thick 25000 

' .\ 

·--- ~ 
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NOS I -, 
Trans. i Tyre. Unll , 

No according ' Name and technical characteristics brand, of Quan-
to kchnologtcall No 

1 

model, measu- Uty 
llowsbeet I cipher rement 

1 

2 

) 

4 

5 

6 

7 

8 

9 

10 

11 

-, INSTRUMl::NTATION DESIGN I I I I 
InstrumentP nnd Controls 

Gamma relay level meter, sensi
tivity - C::.~a10'l. kg/kl 
Chromel-copel thermoelectric 
transducer, measuring range -
50°c ••• +600°C 

Platinum resistance therm&:' 
tra.n.sducer. Measuring range 
oo c ••• + 1000° c 

Measuring transducer, 0-5 mA 

Pressure transducer, 0-1 MPa 

Flowrate transducer, 0-5 mA 

Chamber-type orifice plate, 
Pnom = 0.6 MPa, Dnom = 100 mm 

Indicating manometer, measuring 
range 0-1 MPa 

Automatic recorder, scale 0-100• 

R~gulatorj-220 VAC, input 
slgnal-0 • .? mA 
Contactless vtarter, reversive 

-220VAC 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

14 

28 

28 

28 

16 

10 

10 

JO 

50 

10 

10 

Net weight, kg 

of one 
piece 

4.S 

1.0 

1 .o 

3.0 

12.0 

14.0 

0.5 

2.0 

12.0 

5.0 

4.0 

total 

sa.o 

28.0 

28.0 

84.0 

192.0 

140.0 

5.0 

60.0 

600.0 

50.0 

40.0 

·---- " 

•'. 

14 

Whom to 

be supplied by 

$1615",4 ''• 

,,...., 
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NOS I Trans. 1 Type, Unll Net welght, kg 
(Juan- Whom to 

No according I Name and technical characteristics bra11d, of 
I model, of one to technologlcall No measu· tlty total be supplied by 

flowsheet 
cipher rement piece 

12 Electric actuating mechanism ... 220 '' I pc 10 12.0 120.0 

13 o2 analyser, measuring range 
0-10% pc 2 11.0 34.0 

·c 
14 Relay~220 VAC, 4 N.0.+4 N.c. 

contacts pc 50 3.0 15.0 ,_., 

15 Circuit breaker I NOM.TRIP = 0.6 .L pc 200 3.5 700.0 
I CUT OFF = 1 .5 I NOM. TRIP 

16 

I 
Stepdown transformer..-220/36 VAC pc 6 J.O 18.0 

17 Voltage stabiliser~220 V pc 10 3.5 .35.0 

18 CRbinet w/rear door, 
2Sl00x1000x600 mm pc 10 400 4000 

19 I Inetrument~tio~ cabinet with 
rear door, UJ,UJ -3D-I-1000x600 set 5 158.0 790.0 

I 
YXA 4 YP30 OCT 36.13-76 

20 Platinum resistance thennal 
I transducer, measuring range 
I o0 c ••• +1000°0 pc ·1 - 1.0 
I 

21 I Copper resistance thennal 

I 
transducer, re.nge ooc ••• +200°0 pc 5 1. 5 7.5 

22 Measuring pressure transducer: pc 12 13.0 156.0 

I 
0 ••• 1 MPs 
0 ••• 6 MPa 

\ .\ 
• 



NOS 
Trans. 

No according 
to technological No 

flo\Y1heet 

23 

24 

25 

26 

27 

I 
28 

29 

)0 
I 

31 I 
32 l 
33 

)4 

\ 
.\ 

I 

-~ .~~ 

Name and technical characteristics 

I Fuel oil quentity indicator 
Scale 0 ••• 100 dmJ/hr 

Indicfltin~ preR:ure gauge. 
Scale O.O ••• 6 MPa 

Straight technicAl thermometer 
Scale o0 c ..• +Jf>Ot 

Radioisotope relay instrument 
for level meRsurement 

Indicating ruid recording 
instrument, SCPle 0 ••• 100% 

Double-ch~nnel power supply unit, 
~ 220/ .?6 V AC 

Rejulator,. .... 220 VAC, 
o. mA 

input signal 

szt-point tlev15e~ f~J.· manual in~t 8 §~a~Itfrom o mA to unc . 
Contro block,~24 VAC 

Contactless starter, reversive, 
""220 VAC 
ElectricRl actuator,#220 VAC 

ELECTRICAL HARDWARE 

Distrubition switch gear with 
one input and 24 feeder switches 

Tot el: 

Type, 
brand, 
model, 
cipher 

\ 
I . 

•: 

16 

Unll Net weight, kg 
of Quan- Whom to 

measu- tlty of one total be supplied by 
remeut piece 

I 
pc 1 - 3.5 

I 

pc 5 0.5 2.5 '<·' 
_., 

pc 3 0.01 0.03 

pc 5 4.5 22.5 

pc 20 12.0 240.0 

pc 2 4.0 a.o 
pc 

I ; 
- 5.0 

pc - 2.5 

pc 1 - 3.0 

re 1 - 4.5 

pc 1 - 12.0 

pc 2 85.0 110.0 

77'75.03 

·-- "' 
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NOS I 
No according 

to technologtcal 1I 
Uowsheet 

35 

36 

37 

38 

I 
39 I 
40 I 
41 I 

I 
I 
I 

I 
I 

I 
Trans. I 

I 

No I 
I 

'U 
.-0..~ 

Name and technical characteristics 

PIPELIN:C: VALVES 

Globe coupled valve, Dn25-50, 
Pnom -to 1.6 MPa 

Three way e,~uge cock, Dn- 15 mm 

Total: 

MATERIALS 

CABLES AND \'1'IR~ 

Control cables with copper 
conductors, cross sections 

4 x 1.00 mn2 

5 x 1. 00 mm 2 

Control cables with aluminium 
conductors, cross sectionsa 

4 x 2.5 mm2 

10 z 2.~ mm2 

Flexible wire with copper core, 
cross section 1 x 1 nun2 

Total: 

Type, 
brand, 
model, 
cipher 

Unll 
ol 

measu
rement 

pc 

pc 

km 

km 

lan 

lan 

km 

17 

Net weight, kg 
Quan- 1·----------

tlty 

50 

10 

0.9 

o.6 

0.4 

0.3 

0 • .3 

of one 
piece 

6.0 

3.0 

99.6 

129.6 

124.0 

256.0 

14.0 

lo I al 

300.0 

30.0 

330.0 

89.64 

77.76 

49.6 

76.e 

4.2 

298.0 

.. 

I . 
.. ~ 

Whom to 

be supplied by 

'( 

_.., 
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NOS I Type, I Unit Net weight, kg 

Trans. brand, of "'uan· Whom lo 
No according Name and technlcal characteristics model, measu- tlty of one be supplied by 

to technological No total 

llowaheel 
cipher rement piece 

INSTAI.LATJON r:.ATimIALS AND 
I 

PRODUCTS 

42 Serunle ~;:; At eel pipe I 
GOST 8734-75 14 x 2 m 4JO 0.82 328.0 

43 Electrically weJded steel pipe, 
GOST 10704-76 20 x 1.6 m 50 0.89 44.5 

_., 

44 Flexible metCll conduit, dia 15 mm m 60 0.5 30.0 

45 Connection box, 230xIOO mm pc 20 O.) 6.0 

; Total: 408.5 

I 
ELECTRICAL DESIGN 

Electrical equipment 
I 

1 I Control station boards, 

I 22oBJ68oisMr~ size, pannel 2 JOO 600 

2 I Control cabinets and pa.nels, pannel 2 80 160 I floor and wall mounted 1 I 2000x800x600 mm 
J I Distribution boxes w/knif e 

switches And fuses, or w/plug 
connectors :1 pc 1 - 25 
600x300x300 mm 

I 

' .\ .. 
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NOS I Net weight, kg 
Trans. 

Type, U111t 
Whom to 

No according Name and technical characteristics brautl, of Quan- -
to technologlcall No 

l 
model, rneusu- tlty of one total be 1upplled by 

Uowsheet cipher rernent piece 

4 A.C. circuit breakers, current I I 
up to 400 A pc 4 J. 5 14 

5 Miscellaneous control and 
signalling equipment pc 10 2 20 lo 

·---Totals 819 

Electric Lighting 

6 Electric lighting !ixturee und 
light sources 100 

I Me.terials 

'7 I Cables, c£oss-section 2.~240 mm2 1390 ' 
8 Steel water pipes, Dn- 25-100 mm 1920 

9 i Structural steel 500 

10 I Inaulation materials .~ 290 I 

I 
! 

3. MIX PREPARAT .'ON AREA 

PROCESS DESIGN 

Major Process Equipment 
I 

1 I Settler, diameter 1200 mm pc 4 375 1500 
-1 

I 
101 I 

' .\ 

.. 
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' 
NOS I 

Nc1 according 
to t~hnologicai' 

flowsheet 

.\ 

L.. 
102 

L 
109 

L 
110 

L 
111 

6 -
112 

I 

Trans. I 

Nu I 

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

Name and technical characteristics 

Bag !ilter, filtration surface 
60 m2, explosion-proof version 

Explosion-proof metering device, 
capAcity 0.61-J.65 m3/hr, screw 
diameter 100 mm, pitch 100 mm, 
feeder drive motor re.ting 2.2 kW, 
vibrntor motor ro.tiug 1.1 lcW, 
metering accuracy - 1+2% 

Non-explosion-proof metering 
device capacity o.61-J.65 m3/hr, 
screw diemeter 100 mm, pitch 100 
mm, feeder drive motor rating 
2.2 kW, vi"l>retor motor rating 
1.1 kW, metering accuracy 1+2% 

Non-explosion-proof metering 
device capacity 2.4-14.3 m3/hr, 
ecrew diameter 160 mm, pitch 160 
mm, feeder drive motor rating 
4 kW, vibrator motor rPting 
1.1 kW, metering accuracy 172% 

Non-explosion-proof metering 
devicP. capacity 0.13-0.76 mJ/hr, 
screw diameter 63 mm, pitch 64mru, 
feeder drive motor rating 1.1 kW, 
vibrator motor rating 1.1 kW, 
accuracy 17-2% 

Type, 
brand, 
model, 
cipher 

Unll 
of 

measu· 
rement 

pc 

pc 

pc 

pc 

pc 

20 

Net weight, kg 
Quan· 1---------

Uty 

I 2 I 

I 6 

2 

2 

2 

of one 
piece 

2500 

790 

759 

1220 

460 

total 

5000 

4740 

1518 

2440 

920 

Whom to 

be supplied by 

_...., 



\ 

__ N_o_s I 
No according r 

to technologlcal 
llowsheet 

.\ 

L 
114 

8 -
117 

L 
120 

--1.Q : 
115 

., 1 -
1)0 

1-1 
121 I 

I 

.1l.... ! 

123 ! 
I 

.lL I 
126 I 

Trans. 

No 

,.;,~· 
/ - , 

Net weight, kg 1 I r i Type, Unit 
! Name and technical characteristics I brand, of I Quan- I -

I
, model, measu· ttty 

cipher rerneut 
or one 
piece 

total 

Paddle mixer, capRcity 6 t/l\r 
Motor rating 30 kW, mixer shaft 
rotation cycle - 90 min 

Roll pre~E, capacity 6 t/t~, 
Motor rr.ting 30 kW, Moulding 
pres8ure-:fOt10 MPn, shaft rotatior. 
cycle - 4-b min 

Conveyor drier, capacity 6 t/hr, 
overall motorA rating 77.3 kW, 
number of motor 17, conveyor 
speed 0 -.6/0.45/0.3 m/min 

Metering device, V • 1 m3 

Tank, capacity 6 m3, dia 2 m, 
Height - 2 m 

Fuel oil fire box, capacity 
1.0-1. 5 Gcal/hr 

Cyclone, diameter 700 nun 

Sump with mixer, diameter 4.5 m, 
height ).0 m, motor rating 5. 5 
k\'/ 

VAMI 
drg 

VAMI 
drg 

VAMI 
drg 

VAMI 
drg 

VJ:..~ 
drg 

VAMI 
drg 

VAMI 
drg 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

2 4800 

1 

1 

2 40 

1 

1 

1 

1 

9600 

11000 

96700 

80 

900 

27000 
includi114 
lining 
21640 

250 

•teel-260tl 
eoncrete-

35000 

··-- ,. 

21 

Whom to 

be supplied by 

~ 
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NOS I Type. U111t Net weight, kg 
Tra11s. I of Quan- Whom to 

No according Name and technical characteristics brand, 

to technological No ! model, measu- ttty of OllC total be supplied by 
flowsheet 

cipher rem en~ piece 

.J2- Mixer, diameter 2 m, height VAMI pc 1 I - 2700 

129 1.9 m, motor rating 3 kW drg 

.1L Continuous weightometer. single pc 1 - 1900 

151 
unit type, capacity 2 t/hr, 
motor drive rating 1.6 kW. Belt __, 
width - 1200 mm. Max. lump 
size - 130 mm, Accuracy of 
metering - 1~2% 

.l1.... Continuous weightometer, double re .2 3400 6800 

153 I 
unit type, capncity 2 t/hr, 
motor rnting 2. 3 kW. B,~l t width -
1200 mm, max.lump size - ~JO mm. 
Metering accuracy - 1f~~ 

.1!L.. Bu~ket with opening bottom, VA.MI pc 15 460 6900 
124 holding capacity 1 m3 cirg 

I 
I 160908 
I e:xc l ud1.ll4! 

I I concrete -35000 kg am 

I I lining -~ 1640 kg 
I I 
! 
! 

_a_ i pn 1 - 2455 

108 I 

~ I 25% 

.\ 
.. 

~ 
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NOS I I Net weight, kg Type, Unll 
Trans. brand, of Quan- Whom to 

No according 1 Name and technical characteristics 
to techriologlcal No I model, measu- tlty of one to la I be 1upplled by 

flowsheet cipher remenl piece 

,gQ_ ES single-girder crane, cepaci ty pc I 1 - 1045 
1)2 2 t, span 10.8, liftin~ height I 

12 m, overall motor rating ).6 kW, 
number of motors 4, maximum single 

I motor rating 2. 8 kW, du tl· cycle 
25% 

,_.J 

21 EOT top-running cro.ne, version pc 1 - 2950 - 5 (cabin control) capE'city J.2 t, 150 span 10.2, lifting height 12 m, 
overall motor rating 6 kW, number 
ot motors J, maximum single motor 
rating 4.5 kW, duty cycle 25% 

22 Passneers lift, capacity 320 kg, pc 1 - 3000 -
131 motor reting 7 kW, lifting height -

18 m 

£.J_ Troughed belt conveyor, length pc 1 - 2500 
106 15 m, belt width 650 mm, motor 

I 
rating 5.5 kW, including: 

I a) structural steel 1850 
I b) belt m 35 250 
I c) drive 400 I 
I 

a' Screw conveyor, diameter 400 mm, pc 2 3587 7174 
,,3 I length 34 m, motor reting 22 kW 

I 

.\ 
.. 
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NOS I I Type, U11ll Net weight, kg 
Trans. I brand, of Quan· Whom tu 

No according Name and technical characteristics I 

to technologtcal No I model, meusu· tlty of OllC total be supplied by 
flowsheet I 

cipher reme11t piece 

£2... I Inclinded troughed belt conveyor, pc 1 - 5225 
116 length 38 m, belt width 650 mm, 

motor rating 5.5 kW, includings 

a) structural steel 4:375 
'i····. 

b) belt m 82 450 
_.J 

c) drive 400 

26 Belt conveyor, length 21 m, belt pc 1 - 3300 
154 width 650 mm, motor rating 5.5 

kW, including: 

a) structural steel 
I 

2540 
b) belt m 48 J60 
c) drive 400 

£1__ Belt conveyor, length 20 m, belt pc 1 - .3000 
155 w14th 650 mm, motor rating 5.5kW, 

including a 

a) structural steel 2290 
b) belt m 45 J10 

I c) drive 400 

28 I Belt feeder 400E2000 mm. Motor dri ve pc 1 - 424 ml rating 0.75 kW. Lump size 50 mm me x. 
I InclinPtion angle - 0-15 deg. 
I 
i 
I 

\ 
.. 
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NOS I Type, Uult Net weight, kg 
Trans. I of Quan- Whom to 

No according Name and technical characteristics brand, 

to technological No model, measu- tlty of one total be supplied by 
flowsheet cipher rement piece 

~ Electric vibratin~ feeder, VAMI pc 1 - 900 

I 18 
trcugh length 2500 mm, capacity clrg 
to 25 m3/hr, motor rating Oo5kW 

30 Electric vibrating feeder, cepa- do pc 1 - 2600 
\'. 

-125" city 25 ~3/hr, motor rating 2 kW, 
trough length - 3600 mm 

_., 

2L BC'lt !eecier. Distance between druml!I 
152 axes - 3000 mmo Belt width -400 mm1 

Capacity 2 t/hr. Motor rating 
1.1 kW. Lump size - 50 mm max. 
Inclination l 1ngle - 0-15° pc 1 - 510 

J,g__ i Belt bucket elevator, buc~et pc 1 - 2120 

105 capacity - 2 1, width - 250 mm, 
lifting height - 22 m, drive 
motor roting 11 kW, pitch - 400 mm, 
beJ.t width - JOO mm, belt speed -
1.6 m/s, lump size - 70 mm, max. 

I 
I 

ll.. Belt bucket elevator, bucket pc 1 - 1900 
119 I width 250 mm, li!ting height - 1o,6111 

I 
drive motor re.ting 11 kW, bucket 

I capacity - 2 1, pitch - 400 mm, 
I 
I bel~ width - JOO mm, belt speed -I 

1.6 m/e, lump size - 20 mm max. 

J!_ Belt trippler pc 1 - 180 
107 Total: including .3928) 

structural steel 11055 
'ha 1 + 1 ~'7" 

.\ .. 



0~ , ; 

\ ~~ 

26 

NOS I Type, Unit Net weight, kg 
Trans. 

I Quan· Whom lo 
No according Name and technical characteristics brand, of 

to technologtt:al No model, measu· tlty l)f one total be eupplled by 
flowsheet cipher rement piece 

fans, Pumps 

l2..... Centri!ugal pump, capacity J0-50 pc 2 210 420 
127 m3/hr, drive motor rating 5.5 kW 

'(. 

JL Centrifugal dust !an, explosion- pc 2 )25 650 
103 proof, capacity 4000 mJ/hr, head 

150 mm H20, motor re.ting 5. 5 kW 
..-' 

J1- Centrifugal dust fan, capacity pc 2 325 650 
122 4000 mJ/hr, head 150 mm H2o 

motor rating 5.5 kW 

Total: 1720 

SANITARY ENGINEERING :UESIGN 

Sanitary-engineering Equipment 

1 
I 

Cyclone, capacity 12000 mJ/hr 
dust collecting efficiency 65% pc 1 - 1700 

2 I Bag filter, capacity 19400 mJ/hr pc 1 4580 I -
I dust collecting efficiency 99% 
I -- ... -
I 

3 
I Duet fan, capacity 12000 mJ/hr, 1 550 I pc -I head JOO kg/m2, motor 4A180.U 
I rating 22 kW 
I 'T'ota.l. 6830 

.\ 

·---· ,. 
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NOS 
Type, Unit Net weight, kg 

Trans. brand, of Quan· Whom to 
No according Name and technical characteristics 

to technologlca: No model, measu- tlty of· one total be 1upplled by 
flowsheet cipher rement piece 

SECTION II. MATERUALS 

4 Structural steel st.) kg 2000 

5 C.I. valves dia 1001 nm kg 500 
·c. 

_.. 
6 C.I. valves dia 50- ~5 

mm leg 50 

7 ElectricRlly welded steel pipes tlia 1001 DID kg 1000 

8 Water and gas supply pipes :iia 50- kg 500 
... 15 mm 

INSTRUMENTATION DESIGN 

Instruments and Controls 

$43i4,C 1 Gamma rela~,tevj1 meter, sensiti- pc JB 4.5 171.0 
I 

vity 2.5x1 kg kl 
2 Radio isotope density meter, 

measurill8 rall(',e 1. 5-1.8 t/m3 pc 3 200 600.0 

J Chromel-alwnel transducer, pc 50 1.0 50.0 
measuring range o0 c - 900°C 

4 

I 
Measurill8 transducer, 0-5 mA pc 50 3.0 150.0 

5 Automatic recorder, scale 0-5 mA pc 11 12.0 132.0 

6 Regulator;-220 VAC, input signal 
I 0. 'i .,,..A, 

pc 3 5.0 15.0 

.\ 
~ 
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NOS I Type, U11ll Net weight, kg 
Trans. I brand, of Quan- Whom to 

No according I Name and technical characteristics model, measu· tlty of one be 1upplled by to technological No 
cipher rement piece 

total 
flovnheet 

7 Contact le ~rn r:ta1·ter, reversible, pc 3 4.0 12.0 
..,220 VAC 

8 Electric actuating mechanism"'220 ~ e.. c. pc J 10.0 30.0 

9 Electromagnetic relny-220 V e..c. pc 100 3.0 300.0 
4 N.O. + 4 N.C. contacts 

I('· 

_.., 
10 Circuit breaker, I NOM.TRIP. • pc 115 3.5 402.5 

• 0.6 A 
I cut -off a 1.5 I NOM.TRIP 

11 Cabinet w/ree.r door, pc 11 400.0 4400.0 
2%00x1000x600 mm 

TOTAL: 6262.5 

ELECTRICAL DESIGN 

El~~t~ical ~QUipment 

I 
•-

I 1 Packaged trans!onner substation set 1 - 7500 
I consisting of a two transfonners 
; 6)0 kVA each, voltage 11/0.415 I 
I kV, 5 low-voltage cabinets, 
I 

tropicalised version 

2 A.C. control station boards, pannel 30 300 9000 

2~tfb&~t>bx~tff !maize ' 
3 SiK)'bie control cabinets, 

200 800x600 mm 
pannel 5 400 2000 

.\ 
·---- .. 



-~ 
-~'-; , l ' 

... ~ 

29 

NOS 
Type, U111t Net weight, kg 

Trans. Quan· Whom to 
No according Name and technical characteristics brand, of 

to technological No model, measu· tlty of one total be supplied by 
flowsheet cipher rement piece 

4 Control cabinets and panels, I c : ~ '.)Q 

!loo~ and wall mounted, Panel. 30 80 2400 2 OOOx800x600 ffilll 

5 Distribution points w/circuit .PC .3 .170 510 
breakers rated 16 to 250 A 

\'. 

. .-J 

6 Distribution boxes w/kni!e pc 11 25 275 
awitchee or plug connectors, 
600x300x300 mm 

7 Distribution boxes w/kni!e pc 5 16 80 
switches, 2IOxI90xIOOmm 

8 Reversible and non-reversible pc 20 9 180 
magnetic starters, current 10 to 
80 A 

9 I A.C. circuit breakers, pc 8 J. 5 28 I current up to 250 A 

10 I Miscellaneous control and 

I 
signalling equipment pc 200 1.7 )40 -I 

I Total: 22313 

Electric Lighting 

11 Electric lighting fixtures and 
light Bources 1450 

-~"' -

Total of electrical equipment: 23763 

.\ 
.. 



-~ -~~~ 

NOS I 
Trans. I Type, 

No according I Name and technical characteristics bra1ui, 
to technologtcal No model, 

Uowaheet cipher 

I2 
SECTION II. MATERIALS. . 
Cables, cross-section 2.5 ~ 240mm~ 

I3 Steel water and gos pipes, 
dia.25-80 mm 

I4· Electrical inntallation materials 
end fixtures 

IS Structural steel 

I& Insulating materials 

14. ELECTRIC ARC FURNACE ARF.A 

PROCESS DESIGN 

Major Process E~uipment , Electric arc, three electrode 
;;;: I furnace, rating 25000 kVA, open 

I type bath, round, stationary, 
I Soederberg electrodes diameter 

I 1400 mm, w/eet of electrical 
I equipment of overall rating 186 

I kW, number o! motors 18 

~7 I Stoking machine for electric arc 
furnace servicing, motors rating 

I JO kW 

I 

.\ 

Unit 
of Quan· 

measu- uty 
reme11t 

-

I 

pc 1 

pc 2 

JO 

Net weight, kg 
Whom to 

of one total be 1upplled by 
piece 

11?80 

~1000 

14450 

11950 

JBOO 

}!;~uipment co 
w thou:g 11n1 

S x10 

- 810000 I 4600 
incl • l inj ng 

400000 

700 1400 1.96 

.. 

st 
n1~. 

_,, 

11 .. 
•' 

\'. 



NOS I 
Trans. I 

No according 
to technological No 

Uowsheet 

L 
305 

L 
309 

L 
304 

L 
215 

1- I 

225 I 

I 
I 
I 
I 
I 

I 
I 

.\ 

-~ 0'-~ 

Name and technical charactertstlcs 

Metal filter-furnace, tuel fired, 
cepacity 15 t, door operating 
motor 1.1 kW 

Induction crucible furnace, 
cape.city 6 t, r&.ting 2500 kVA, 
overall motor re.ting 45 kW 

Swinging holding furnace, fuel 
fired, cape.city 15 t. Overall 
motor rating 14 kW, number of 
motors 2, maximum single motor 
rating 11 kW 

Refinin~ unit. Overall motor 
re.ting 5.8 kW, number of motors 
6, maxi~um single motor rating 
11 kW 

Air drier, capacity 100 m)/hr, 
power demand O,S kW 

Total equipment : 

Lining 

Type. I Unit 
of brand, 

model, measu-
cipher rement 

V.AMI pc 
drg 

(AT-6/ pc 
2.5-11 

VAMI pc 

I 
VAMI pc 

pc 

\ 
l ' 

... ~ 

31 

Net weight, kg 
Qua11- Whom to 

tlty of one total be supplied by 
piece 

I 

3 64000 192000 50.4 
incl .• liJl 1ng 

52000 156000 

2 27240 54480 50.764 
inolt.11 1111ng 
·g.110 ./JUI) 

' 
_.., 

.3 44000 132000 50.4 
incl.1:1 ning 
32000 96000 

1 - 518)8 53.435 
incl.lin:I ng 

13670 

1 - 1700 2.38 

1243418 4809-r. (Rs.12 .04 mJ 
683890 

I 

J, 
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NOS 
Trans. 

No according 
10 procl!U No 
tlowtheet 

8 
~ 

L 
216 

10 
~ 

11 
~ 

0~ - / 

Name and technical characteristics 

Auxiliar~ Equipment 
Section of 5 troughs for crude. 

alloy refining. 
Maximum section dimensions 
2250x1450 mm. Trough frame made 
of ~teel, on which asbestos board 
10 mm thick is installed from 
inside. Grafite plate 50x250x1450 
is on bottom of trough, then line< 
(rammed) with forming ground, 
rammed ground layer 25-30 mm. 

Stand for ladle drying and 
preheating by oil, drive motor 
rating 1.1 ·kw 

Filtering funnel 

Slag ladle, capac1ty 1 m3 

0 

•'. 

32 

Type, Unit Net weight, kg 

of Quan- Wb.om. to 
brand, 
model, measu- Uty of one .to~1l be sup_plied t, 
c iphe.z: rement piece 

pc 6 1640 9840 

. 
_.J 

mm 

VAMI pc 2 1090 2180 
drg 

• 

-"- pc 6 2500 15000 

-"- .PC 3 33?0 • 
10110 

I 

"' 



0~ , / 

\ 

Jj 
I I NOS ' Net weight, kg 

No according I 
! Type, U111t 

Trans. I of Quan- Whom to 
Name and technical charactertstlcs brand, 

I model, to technological No measu- uty of one total be supplied by 
flowsheet cipher rement piece 

I - I 

I 

.. I -
I 

.1L I ' Ladle cleaning machine, drive VAMI pc 1 
,,, 

1.300 .. 
224 I pneumatic, compressed air pres- drg 

sure 4-5 kg/cm2 
__, 

.u_ Ladle 10 t capacity pc 2 7500 15000 

301 
incl .. lil ing 
}450 6900 

.1L Ladle J t capacity, motor rating V.AMI pc 5 3500 17500 

310 i 1.1 kW drg. incl.lil ing 
1835 9175 

.12.. Ladle 2.3 t capacity VAMI pc 5 3350 16750 

212 
incl.11.z 1~50 19.30 

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

I I Totals equipment 87680 
I 

I lining .25725 I 

i 
I Handling E0 uipment 

I .1L ES single-girder crane, capacity pc 1 - 3985 
5 t, span 18, lifting height Jorn, 

209 overall motor rating 9 kW, number 
of motors 5, maximum single 
motor rating 7 kW 

.\ 
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\ 

Trans. · Type, Uull NOS I I I I 
No according : ! Name and technical characteristics braud, of I Quan· 

to technologlcalj No j' model, measu- I Uty 
flowsheet cipher rement 

.\ 

1L 
217 

.llL 
222 

.1i... 
302 

20 

314 

ll_ 
211 

EOT top-running crane, cabin j 

control, capacity 5 t, span 
10.5, lifting height 16 m, overall 
motor rating 18.1 kW, number of 
motors 4, maximum single motor 
rating 1J kW, duty cj·cle 25% 

EOT capacity 80/20 t, span 10, 
lifting height 25/27 m, overall 
motor rating 181 kW, number o! 
motors 5, maximum single motor 
rating 90 kW, duty cycle 25% 

EOT cabin control, capacity 
J2/5.0 t, span 28.5, lifting heighlt 
16 m, overall motor rating 
127.5 kW, number of motors 5, 
IIBximum single motor rating 
75 kW, duty cycle 40% 

EOT top-runninc; crane, version 5, 
(cabin c~ntrol), capacity J.2 t, 
span 16.5, lifting height 6 m, 
overall motor re.ting 8.1 kW, 
number of motors 4, maximum 
single motor rating 5 kW 

Truck, capacity 3 t j VAMI 
drg 

pc I 1 

pc 1 

pc 2 

pc 1 

pc 2 

34 

Net weight, kg 
Whom to 

be supplied by of one I total 
piece 

110.30 

_., 

85000 

44500 89000 

3950 

1250 2500 

" 
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NOS 1
1 I --------l Trans. 1 Type. Unit 

No according 
1 

Name and technical charactertstlcs brand, ot Quan-1 I 

Net weight, kg 

to technologtcalj No 1 model, measu- Uty of one 
flowsheet cipher rement piece I ' 

\ Truck, cnpnci ty 10 t VAMII \ pc I 1 I _ 
1 1 

total 

.\ 

g_ 
213 
2., -?1~ 
a 
223 

~ 
312 

I 
26 . - I ,eoi , 

£[_ 
202 
g§__ 

203 

~ 
307 

Electric car, capacity 5 t 

Electric car, capacity 10 t 

Fork truck, cnpncity 2 t 

Belt conveyor, length 158 m, 
belt width 650 mm, motor rating 
JO kW, including 

structural steel 
belt 
drive 

Belt inclinating mechanimn 

Travelling reversible belt 
conveyor, length 8.5 m, belt 
width 800 mm, overall motor 
rating 9.6 kW, number of rnotorA 
2, 111~1.::.·:l.rn\.Jm pj rit:l ~ 111otor n.• I.~ l1g 
7.5 kW 

Casting conveyor, capacity 
6.75-7.7 t/hr, length 12 rn, 
width 1260 mm (ineots 15 kg), 
drive motor rPtin~ 4 kW 

1500 
I drg I I 

I 1 I -
I pc )000 

V~I 
drg 

pc 

pc 

pc 

m 

po 

pc 

pc 

1 

1 

1 

,20 

1 

2 

.3 

6450 

4670 

.3600 

21725 

.. 
18600 

2.}00 
-:-t·-- 825 

20 

12900 

20000 60000 

·---- .. 

Whom lo 

be supplied by 

__, 

~ 



NOS ------1 Trans. 
No according . 

to technolo~lcall No 

.\ 

Uowtheet 

.lQ_ 
311 

lL 
218 

.E.... 
204 

ll.. 
205 

Ji._ 
214 

li_ 
313 

l§._ 
220 

IL 
221 

';I 

36 
r----- -~ 

Net weight, kg 1 Type, I U111t 
1 Name and technical characterlstlcs brand, I of Quan- 1-----------

1

. model, I meusu- llty 
cipher rement 

l Cast inE; conveyor w/lndle tippler, 1 VA.Ml pc 1

1 

1 
length 12 m, width 1260 mm, ove- drg 
rall drive motor rut inc 17 kW, i 
number of ~otors 2 , 

Bucket, cnpncity 1 m3 

Rotary feeder, capacity 40 1 
(0 9 04 m3), drive motor rating 
1.1 kW, number of revolutions -
6.6-1min 

Camshell cate with pneumatic 
drive 

Truck scale, cnpecity JO t 

Platform scnle, portable, 
fulcrum type. Weighine range 50 
to 3000 kg 

Cargo lift, caprcity 5 t, 
lifting height 27 m, motor 
rating 28 kW 

Winch. Traction 12 t. Motor 
rating 22 kW, vehicle m_tor 
5 kW 

do pc 

do pc 

do pc 

pc 

pc 

pc 

pc 

7 

10 

2 

I 1 

I 
I 1 

1 

1 

of one 
piece 

250 

470 

1.30 

total 

25600 

1750 

4700 

260 

4560 

750 

12000 

7400 

·---- .. 

Whom tu 

be supplied by 

~ 



-
NOS I Trans. 

No according / 
to IC(;hnologtcal1 No 

flowsheet 

~ I 
I 

Joa I 
I 

lL I 315 

!2.... 
J16 

I 
I 
I 

iL ! 
208 I 

I 

I 
' 
i 
I 

I 
I 
I 

I 
: 

\ 

, ";,, 

J7 
i---
i Typl', I Uult , j Net weight, kg 

I Name and technical characteristics bra111f, I of I Quan· 

I 
motlcl, mcasu· I lily 
cipher reme11t 

Ingot stacker, capncity 7 t/hr, 
capncity of conveyor J stacks. 
Total rntine ot instRlled motors 
7 kW, stack r~ight 900 kg 

Trailer for trnm'tport ot alumi
nium ladles, capacity 20 t 

'Truck tractor for trailer with 
ladle, motor rating 220 h.p. 

Total a 
includinga 

atructurr.\l steel 

belt 

drive 

Fans 

Centrifugal tan, capacity 1600 
mJ/hr, head 290 mm H20, motors 
rating 4 kW 

Total: 

pc 4 

pc 1 

pc 1 

pc 1 

of one 
plcl:e 

6400 

total 

25600 

5000 

7500 

398000 

18600 

2.'.300 

825 

92 

92 

·---- .. 

Whom to 

be supplied by 

_.., 
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NO~ j I 
I 

Typl', U111t Net weight, kg 
Trans. I of Q:.ian· Whom lo 

No according I I Name and technical charactertstlcs bra111t. 
to technological ~o model, m<.'USU· tlty or one total be aupplled by 

Uowtheet cipher remeut piece 

SANITARY E:mrNEERING DESIGN I 
I 

j I Sar~itary-enginaering Equipment I 

, I A:A.ial fnn, capacity 5000 mJ/hr, pc I 3 40 120 
head 10 kg/m2, motor 4A63B4 

_,, 

2 J~ir conditioner with sprayer 
section, capacity 35000 mJ/hr, pc 2 6350 12700 

3 Household air conditione•, pd 2 60 120 
capacity 600 m)/hr, cooler 
Q • 1.5 kW 

Total~ 12940 

structural steel st.3 

l 
1000 

i INSTRUMEN'l'ATION DESIGN 
I 
I 

InstnJ.ments and Co~trols 
I 

24 $276.9,Z 1 i 

I 
Gemma rela~1~evel meter, sensiti- pc 4.5 108.0 
vity 2.~x1 kg/kl 

2 Platinum-rhodium thermoelactri-
. 

I 

j 
cal transducer, measuring 
range 300-1500°0 

pc 44 1. 5 66.0 

i 
I 

.\ 
.. 
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NOS I I Type, 
I U11ll Net weight, kg 

Trans. ! of Quan· Whom to 
No according l I Name and technical characteristics brand, 

to technologlcall No 

I 
model, measu- tlty of 011e total be supplied by 

flowtheet cipher rement piece 

I 
' 

I 
J Copper thermal resistance trans-

I ducer. Mensuring range - 50°0 
+ 200°c pc 61 1. 5 91.5 

4 I Flow relay, Dnom 20 mm, Pnom I 
0.6 MPa pc 56 5.0 280.0 _., 

5 Measuring transducer, 0-5 mA pc 105 3.0 315.0 

6 Flowrate measuring transducer, 
0-5 mA pc 5 13.0 65.0 

7 Automatic recorder, scale 
I 

0-100% pc 100 12.0 1200.0 

8 ElectromPgnetic relay-220 VAC, 
4 N.O. + 4 N.C. contacts pc 120 3.0 360.0 

9 Stepdown trans!ormer-220/36 V pc 4 3.0 12.0 

' Cabinet w/rear door, I 10 
~200x1000x600 mm pc ro 400.0 aooo.o 

11 I Circuit breaker, three-pole, pc 10 2.0 20.0 
I 

I I NOM.TRIP = 4A 
I I cut-of! a J.5 I nom.trip 
I 

12 

I 
Switch, I nom.trip • 0.6 A pc 120 3.5 420.0 

I Total 1 10937 .5 
I 

I I 
I 

\ 

·----· .. 



NOS ' I Trans. i 
Name and kchnlcal characteristics No according : 1 

to technolo1e1cali No I 
llowsheet 1 

13 

14 

15 

16 

1 

2 

\ 

I 
SECTION II. r.:ATERIALS. 

CABLES 

I Control shielded cable, 
cross-section 4x1 mm2 

Control copper cable, 
section 5x1 mm2 

Control aluminium cable, 
section 4x2.5 mm2 

Installation Materials 

Steel seemless pipes 

ELECTRICAL DESIGN 

Electrical equipment 

co nper, 

Packaged transformer substat.on 
consisting of: two transformers 
1600 kVA each, voltage 11/0o415kV~ 
two high-voltage feeder cabinets, 
5 low-voltage cabinets, tropical
ised version 

A.C. control station boards, 
~~tfOx~~tif~size, 

Typ~. ! U111t 
brand, 1 of 
model, j meusu· 
cl pher reme11t 

GOS'l' 
6734-716 

km 

km 

km 

m 

set 

panel 

40 

Net weight, kg 

Quan· 1 
lily of one j 

piece 
totul 

Whom tu 

be 1upplletl by 

2.4 I - 367.2 
__, 

5.2s· - 670.4 

0.5 62.0 

20 164.0 

1 18900 

50 .300 15000 

·----- .. 



"' 

41 
I I 

I NOS I Type, Uull Net weight, kg 
I Trans. I brautl, of (Juan· 

I 
Whom to 

No uccordlng I Name and technical charac-tertstlcs model, m<.'USU· tlty ol one to lt.>i:hnologlcal No I total be 1upplled by 

llowaheet 
cipher reme11t piece 

3 Si[)8le control cabinets, panel 6 
I 

400 2400 
2UO x000x600 mm 

4 Control cnbinete and pnnels, 
floor and wall mounted, panel 40 80 3200 
2000x800x600 Jillll I 5 Distri~ution points w/circuit 
break~rs rnted 16 to 250 A pc 10 170 1700 

\ 

_, 

6 Distribution boxes w/kni!e 
s6o~o~x30op~g connectors, pc 50 25 1250 

7 

I 
Distribution boxes Qbkni!e 
switches, 2IOxI90xI mm pc .30 16 480 

8 

I 
Reversible and non-reversible 
magnetic starters, current 10 to 

i 100 A po 50 9 4r;o 

9 I I A.C. circuit breakers, I current up to 250 A pc .30 3.5 105 

10 I Mis~ellaneous control and 
I signalling equipment po 100 1.7 170 
I 

11 I 
Si~lc-phase tranetonner 1l~ltage 10 8 80 I pc 

I 10 V, power rating 1000 A 
12 

I 
Electric lighting !ix~uree and 
light sources 6000 

13 I Correction capacitors, voltage 

l 10 kV, rating 1125 kVAll set 12 1400 16800 
I 

\ 
·---- .. 



NOS I 
No 1&ccordtng 1 

to technological 
lloW1heet 

14 I 

I 

15 

.\ 

Trans. 

No 

... :..~ 

42 

f Ty pl'. U111t Net weight, kg 
1 brand, of Quan· j I Name and technical characteristics model, mcasu- tlty of one 

j cipher rcme11t piece 

I Set of equipment for electric r I 
arc furnace: 

1o Electric furnace sineel-phRse 
on-load voltage regulation 
transformer, oil-wnter cooling, 
forced oil circulation, rating 
833 kVA, voltnge 
11000/140+150V, indoor type 

2. Automatic power regulator 
with pump station and cylinder 
bank 

). Control board 

4. Control cabinet 

5. Control station 

Set of equipment for induction 
meltine furnaces fAT-6/2.5-11: 

1. Electric furnAce thr~e-phase 
on-load voltage regulation 
transformer, forced oil 
circulation, rating 2500 kVA, 
voltage 10000/423+2113 V, 
indoor type 

2. Reactance coil, rating 
1900 kVA, voltage 2100 V 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

3 

, 
2 

1 

1 

1 

2 

40000 

350 

1900 

total 

120000 

9680 

700 

250 

445 

2.)400 

3800 

.. 

Whom to 

be 1upplled by 

__, 
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NOS l Ty pl', Net weight, kg 
Trans. I 

lJ 11 ll 

No accor<ilng I Name and technical characteristics bra11d, ol Quan· Whom to 

to technological No model, meusu· tlty of one total be supplied by 

llowaheet 
cipher remcnt piece 

J. Capacitor bunk pc I 14 I 1200 16800 

I 4. Control cabinet 19 JOO 2700 pc 

5. Control pt.nel pc 1 - 250 

6. Control pnnel pc 1 - 150 -·' 

7. Pnnel with control equipment pc 1 - 350 

16 I Packaged distribution unit, 
rating 11 kV, consisting of 

I 6 cabinets set 2 15000 30000 

17 Packaged un~~ for feeding 
electromagnets operating 
high-voltage breakers set 2 JOO 600 

18 Single-pole trip, voltage 11 kV, I current 2500 A, motorised main 

I 
knife switch, work drive on 
grounding knife switch set J 50 150 

I 
,9 I Current tre.nsfonner 11 kV, 

I 1500/5 A pc 3 I6 48 

20 I Voltage transformer 6000/100 V pc J 24 72 
I 

21 
I 

Current transtonner 11 kV, 
1000/5 A pc I2 i6 I9'2 

I 
I 

\ 
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NOS i I I ' I Net weight, kg 

~o according I 
I Type. Uull 

Trans. I 
I Name and telhnlcal characteristics 

braud, of I (,.}11811• 

I 
Whom to 

to technologlcali No 

I 
moll el, measu· lily of one total be supplied by 

llowsheet 
cipher rement plc~·e 

I 

I 
I 

22 I Bushing and post insulators pc 2000 5 10000 
I 

I I - ·--··· ...... _ 
I i Total 1 

286122 

I I SECTION II. MATERIALS. 
I 

23 Co bles , section 2.,?-1240 1wn2 I 38600 _, 

24 Busbars of aluminium alloy, 
I section 6x60-10x120 mm 2700 

25 Steel water and ges pipes, 
dia 25-:\Q mm I 47700 

26 
I 

I 

Electrical instollation materialE 
and fixt urea 34300 

27 Structural steel 45000 

28 Insulation materials 9400 I 

FINISHED PRODUCT STORAGE 

i SANITARY-ENGINEERING DESIGN 

I 
I 

Sanitary-engineering Equipment 
I 

1 I 
Ii~"sehold air condi t ic.ii1er, pc 1 - 56.6 
capacity 600 m)/hr, cooling 

I 

I ca.pocity 1.5 kW 
I 
I 

I 

\ 
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NOS I I --1 --~-, --

Trans. I Ty pl'. Unit I 
No according 1 I Name and technical charactertstlcs brand, I of Quan· 

to technologlcall' No 

1

. model, measu- llty 
flowaheet cipher remenl 

2 

3 

4 

5 

6 

7 

, 

I Vnlves 

I C.I. Vnlves 

I C.I.valves 

I Valves of malleable c.r. 

SECTION II. MATERIALS 

Electrically welded steel pirn 

-Se.me-

Water P.nd c,as supply pipes 

5. GAS CLEA?JING SYSTEM 

PROCESS DESIGN 

Major Process Equipment 

Bag filter "1th pulse compressed 
nir cleaning, filtering surface 
1600 m2, gas flowrate 14 m3/hr 
at system inlet, dust loarl of 
polluted gas - 20 g/m3 maximum, 

din.4oql- kg 
-300rrun 

tiia 1oomm 

liia. 70-
L 15 mm 

!' '!; 

~
ia.400-j- kg 
JOOmm 

ia.80-I ks 
100mm 

~1a. 50-I kg 
-15 mm 

pc 

kg 

14 

7 ---~ .. w-..---

Net weight, kg 

of OllC 
p;.~ce 

33140 

' I 
total 

2300 

BO 

JO 

,30000 

1500 

1000 

46.3960 

45 

Whom tu 

be supplied by 
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4& 
I 

! I NOS Typ~. U111t I Net wetglit, kg 
Trans. ' I (,Juan· 

I 
Whum tu 

' brand, 1 of 
No 11ccordlng I Name and technical characteristics 

No mod<'l I rnl•asu- I Illy of OllC i be 1upplle11 by to technological I cl pher' i rcmeut 
total 

flowshee~ I 
pll'Ce 

I 

I dust load of cleaned gas -
0.02 g/mJ mux, hydraulic 
resistance - 2 kPa (mcx) 

2 I I Air drier, c~pocity - 200 mJ/h 
of dry air I I ;">C I 1 I - I 1'·~5 

J ' I Strai~ht -through cyclone, <lin. J .. 1, I 
inlet g~s flow - 27.98 mJ/s, 
hydraulic revistnnce - Oe7 kPa, 

I I I I I 60000 cleaninh efficiency - 7% I pc I 6 I 10000 

4 I I Cooler.cooling surface - 4?.5 m2, 
initial gas temperature - J00°C, 
final to-120oc, hydraulic reeis-

I tnnce - 0.5 kPa I pc I 4 I 79000 I J16000 

5 I I Vortex oil-moisture separator, 
capacity 20-70 mJ/min I I pc I 2 I 190 I 380 

I I 
6 I I Flap valve with cone valve 

Dnom 200 I I pc 

I 
78 

I 
40 I J120 

Total: I I a450i5 

Pumps e.nd fan r: 

7 I Fpn, cap~city 275 000 mJ/hr, hea, ! 

12. 5 ?.1Pa with electric mo tor 
1250 kW 1-fan welght l pc J 588.3 17649 

-electric motor wej~ht !JC j 4840 14520 

\ 



NOS I I 
No according l 

to technologtca I 
flowsheet 

- I 

8 

9 

10 

11 

12 

13 

.\ 

Trans. 

No 

'"'~ 'l 

\ 

I 
1 Type, U111l I n I bra11d, of Qua • l 

Net weight, kg 

1 Name and technical characteristics model, measu- I tlty of 011e I 

1 
I cipher J rement piece I 

Single-chamber pneumntic vessel 
cap~·city 20 t/hr, length 400 m, 
pressure 600 kPa, consumption of 
compressed air - 15 m3/hin 

Jet pump with intensifier 
chamber, capacity 16.5 t/hr, 
pressure 200 kPa, au pply distance 1 -

150 m, consumption of compressed 
air - 15 m3/min 

Total: 

Handling Equipment 

Screw conveyor, length 8 m, 
diameter J20, capacity 16 t/hr, 
motor rating - 5.5 kW 

Screw conveyor, length 15 m, 
diameter J20, capncity 16 t/hr 
motor rating - 11.0 kW 

Screw conveyor, length 18 m, 
diameter 320, capacity 16 t/hr, 
motor rating - 15 kW 

Screw conveyor, length 20 m, 
diameter J20, capacity 16 t/hr, 
motor rating - 15 kW 

Total: 

pc 

pc 

pc 

pc 

pc 

pc 

I 
I 
I 6 
I 

6 

4 

2 

I 

11578 
80 

874 

1467 

4 I 1708 

14 I 1054 

I 

total 

9468 

480 

42117 

3496 

2934 

6832 

25956 

39218 

·--- .. 
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Whom to 

be supplied by 
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NOS Type, Unit Net weight, kg 
Trans. of Quan· Whom to 

No according Name and technical charactertstlcs brand, 

to technological No model, mcusu· Uty of one total be 1upplted by 
llowaheet cipher rement piece 

SANlTAHY ru;GI NE1':RING Dr~SIGN I I 

SRnit~ry-cngineerlng Equipment 

Household air conditionef, pc 1 - 56.6 
capocity 600 mJ/hr, 
cooling capacity 1.5 kW 

_, 

Total: 56.6 

ELECTRICAL DESIGN 

Electrical equipment 

1 Power oil trnnEiforrner, ratjng set 2 6000 12000 
1600 kVA, voltage 11/6.6 kV 

2 Control sttttions board, outdoor pc 

I 
2 2000 4000 

type, consisting of 10 panels, 

I 
600x2500x600 

3 
I 

I.D. tan control ce.binet, pc 2 60 120 
wall mounted, 600x800xJ50 

I Floo:" mounted, 4 i power pc 1 - 300 
I distribution point, with feeder 
I breaker rated up to 6JO A nnd 
I I 8 line breakers rated fran 16 to 
I 250 A I 

I 
I 

-~ 

.\ 

·--- " 
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NOS I ' 
I Type, Uni\ Net weight, kg 

Trans. I Quan· Whom lo 
No 11ccordlng Name and technical characteristics brantl, ol 

I to technologlcall No model, measu· lily of unc totol be aupplletl by 
llcwsheet cipher rement piece 

5 I Electric lighting fixtures I .350 -
and light sourcen 

Total: I 16770 
I MA'l'Bl\IALS ,-' 

6 Cpbles.t section 2.5 .. -':!40 mm2 1800 

7 Steel pipest Dn 2~100 mm 4710 

8 Electrical i~stallation materials 2510 
and :fixture.a 

9 Structural steel 80400 

10 Auxiliary, installation and 
other materials 66100 

I I INSTRUMJ:lJTS AND CONTRO~.s 

I I 
1 

I Copper resistance thermal pc 12 1.5 1a.o I 
I transducer, measuring ru.nge I 
I 
I o-1so0 c 
I 

2 I Copper reaistunce thenne.l pc 4 1. 5 6.0 
tr£'.nsduc er. Meas. range 0-100° c. 

I Protecting reinforcement material 
I ft 96. Installation length - 20 mm 
I 
I 

I 

.\ 
·---·- .. 



NOS NOS 

Nu according 
to technolo~lcal 

flowaheet 

-.) 

4 

5 

I 

I 
6 

7 

8 

9a 

I I 

I 
I 

Trans. I 
I 

I 
I 

Trans. I 

No No 

I I 
I 

I 

,.., .-:;,, 

Name a11d technical characteristics Name a11d technical characteristics 

Te:npert'ture-senci t ive element. 
Control ronge 0-30°C. At low temro 
i~ clodng 

Contact elcctricnl ~nnometer 
Scnle 0-10 kg/cm2 

Interchangenble differential 
diaphragm manometers 
1. Menruring rnnge 0-630 kg!/ m2 

2. 

). 

0-0.4 ke!/cm2 

0-4 kg1'/cm2 

Interchangeable differential bell 
manometer Vlith output signal 
10 •• 0.1 m Henry 

1. Measuring ranee 0-100 kc.!/ m2 

2. 0--0.4 k:Pa 

Diaphra&m scparetor. Range 
0-4 kgf~2 

Differential liquid dr~ucht ~..nd 
head ~eter. Rnnce 0-6)0 kgf/m2 

Twelve-channel controller and 
recorder. Scnle o-150°c. One 
measuring r~nge. Four-wire con-

-------·-·· nPr.t.i nn 

.\ 

TypL•, 
brand, 
model, 
cipher 

TypL•, 
brand, 
model, 
cipher 

I 
i 

U1111 
of 

measu· 
rcment 

U1111 
of 

measu· 
rcment 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

pc 

I 
I 

I 
I 

I 

l 

<.) <.)uan· 

tlty 

I 

4 

18 

2 

1 

1 

4 

2 

20 

6 

2 

.50 

Net weight, kg 
Whom lo 

I of one total be 1uppllell by 
piece 

0.3 1.2 

2.2 39.6 
_.J 

12.0 24.0 

1&,0 12.0 

12.0 12.0 

24.0 96.o 

24.0 48.0 

. 
0.5 10 

2.7 16. 20 

13.5 27.0 

·---· .. 
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NOS I I I 
Net weight, kg I Type, Unll 

Trans. ! of Quan· Whom to 
No 11cconiln~ Name and technical charactertstlcs bra11<I, 

to technologtcal No 

I 
model, mcasu- tlty of one tot11l U~ IU!iplled by 

flowshect cipher rcment piece 

I I 
I 

9b SP...me. Three mea~urinf ranees. I 
I 

Tranaduc er type n HT 0-5 mA) I 
Scnles1 0-6.J kPn,0-1 kPa, 
0-5x10:.> mJ/h pc I 

I ?. 13. 5 27.0 
I I 

9c Same. Three measuring ranges. 
Three scales: 0-100%. Trnnadc.cer 
type n HT (0-5 mA) pc 4 13. 5 54.0 

__, 

10 Norrnalizin~ trensducer l in~ut s!J-
nal 0-10 m n, output s gna 0-5 

pc 10 4.5 45.0 

11 Induction flow-meter, trasducer 
covered with fluoroplaetic 

11a I Dnom.•50 mm, scale O-J1.5x10-4mJ/9 pc 5 4.0 20.0 

11b Dnom.aJOOmm, scale 0-1251x .. '-4mJ/ ii pc 6 4.0 24.0 

11c Dnom.=80 mm, ecnle o-aox10-4 mJ/s pc 1 4.0 4.0 

12 I 
I Relay-level gauge I 

12a I 1. Media - bulk, electrically 
I conductive pc 24 14.0 336.0 
I 
I 2. Uedia - liquid, conductive pc 8 14.0 112.0 
I 1.3 R~lal level gau~, version··1, pc 2 4.0 8.0 I 

I ~2 OV C, measuri limits 0-2 m 
14 I Multi-channel ~ignf'lling unit. 

I 
Measuring range o-100°c with 
three-position signalling pc 1 - a.o 

#' 

.\ 

·-- 41 
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I 
I 

NOS Type. Unit I Quan-
Net weight, kg 

Trans. I brand, of Whom to 
No according Name and technical characteristics I 

to terhnologlcal No I 
model, measu- tlty of one total be 1upplled by 

flowtheel I cipher rement piece 

45 SenHitive element of mnjor-type I I 

I pH-meter, scale 0-10 units pH pc 2 a.o 16.0 

16 Industrial transducPr. Output 0-5 mA. 
Meas. range 1-14 pH units pc 2 7.5 15.0 

17 I Secondary recorder. Input 0-5 mA. I 
I 

Range 0- 100% pc 2 15.5 .31.0 

18 General purpose monitoring and 

I signalling equipment with record-

I 

ing block. Relocation amplitude 
10-1000 mcm. Frequency range 

2.5 12. 5-500 Hertz pc 1 -
! 

_, 

19 Electrical actuator,-220 VAC pc 4 12.0 48.0 
--· .. 

Total~ 1060.5 

I ELECTRICAL HARDWARE 
I 

20 I Distribution switch-gear with 
I 

I one input and JO !eeder switches pc .3 100.0 300.0 I 
21 I 

Di~tribution switch-gear without I 
! input switch, 6 feeder switches po 1 - ao.o 
I 

I 

I 
Total: .)80.0 

I 

.\ 

·---- .. 
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NOS I Trans. I Ty pt•, I Unll Net weight, kg 
' Whom lo 

No according I I Name and technlcal characteristics brand, of Quan· 

to technological No model, mt>&SU• Uty of one total be 1upplled by 
llowtheet cipher rement piece 

PIPELINE V .ALVES I I 

I 22 Globe coupled valve Dn • 15 mm pc 50 2.3 115.0 

2) Three-way gauge cock 
Dn • 15 mm pc 20 ).0 60.0 

_, ---
Total a 175.0 

PANELS 

24 Cabinet panel w/rear door. 
'411-3A-I-1000x600, YXJ1 4, 
OST 36, 13-76 po 7 1j8.0 1106.0 

25 Small-size cabinet panel. pc 2 48.8 97.6 

I 
~111H-1ooox600-n YXA 4-YPJO 
OST J6. 1)-76 

Total: 1203.6 

SECTION II. MATERIALS 
I 

Control cable with copper cores 
GaiT 1508-78, cross-section 

26 4 x 1 mm2 km 4.0 99.6 398.4 

27 
I 

14 x 1 mm2 km 296.0 
I 0.3 as.a I 

I 

.\ 

"' 
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NOS I . l Net weight, kl{ 
Trans. I rypc, Uull 

No attonflng Name and technlcal charactertstlcs braml, of Quan· I -
to technologlcall No I model, mcasu· tlty of one 

llowsheet cipher rement piece total 

.\ 

28 

29 

JO 

31 

)2 

33 

.34 

35 

)6 

37 x 1 ID.Ill~ 

C.:-introl cnble with copper cores 
GOST 1508-78 and braided, Fection 

4 x 1 mm2 

14 x 0.75mm2 

Coaxial c.Hble ,section 4:!xo.;5 "''"2 

Flexible wire with conper core, 
section 1.0 mm2 GOST 6323-79 

Total I 

INSTALLATION MATERliLS AND 
PRODUCTS 

Seamlens steel pipe 2 GOST 8734-7 5, 14 x 2 mm 

Flexible metal conduit, DN 15 mm 

Connection box , 230x100 mm 

Connection box , 280x110 mm 

Total a 

km 

km 

km 

km 

km 

m 

m 

pc 

pc 

I I i 0.4 

0.1 

0.2 

0.2 

0.4 

500 

100 

12 

1 

665.0 

15).0 

296.0 

16.4 

14.0 

0.82 

0.5 

0.3 

266.0 

101.1 

59.2 

3.3 

5.6 

925.4 

410.0 

50.0 

).6 

0.7 

464.3 

.. 

5'+ 

Whom to 

be supplied by 

_, 
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I I ' I NOS I Ty pt•, Unit Net Wf'lght, kg 
Trans. I 

No according I Name and teC'hnlC'al charactertstlcs bra11d, of (Juan· 

I 
Whom to 

to technoluglcal No model, measu· lily of one to tu I be 1upplled by 
llowaheet cipher rement plec:e I 

./. ADMINISTRATIVE BUILDING 
I 
I 

SANITARY BliGINEERING DESIGN 
·~ 

Sanitary-engineering Equipment _, 

"' Self-contained air conditioner, 
cnpacity 7000 m~/hr, cooling 

pc 5 1200 6000 

capacity J2 kW 

2 Ho~eehold air conditioner, pc 10 56.b 566 
I capacity 600 mJ/hr, cooling 

capacity 1. 5 kW 

Total: 6566 

I 
I 
I 

I 

' 

i 

.\ 

·---- .. 



,.,, ,,, 

'!fl. 

NOS 

I 
Type. Unll Net weight, kg 

Trans. brand, ol Quan· Whom to 
No according Name and technical characteristics model, measu· tlty of one be 1upplled by 

to technologtca l No cipher remenl piece 
total 

lloW1beet 

ELECTRICAL ENGINEERING 

Electrical equipment 

1 Distribution points w/circuit 
breakers rated 16 to 250 A 

pc 3 170 510 \. 

_, 

2 Si~e-phase transto~N)· ~,iltage pc 3 8 24 
10 V, power ratins k 

3 Electric lighting fixtures end 
light sources 2,300 

Total a 2834 

SECTION II. MATERIALS 

4 Cables, section 2.,5-t 240 m.m.2 390 

5 Blectrioal installation 
materials end fixtures 620 

6 Structural steel 130 

I lo 

.\ 

·--- .. 
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NOS 
Type, Unit Net weleht, ke 

Trana. Quan- Whom to No accorjlng Name and technical characteristics brand, of 
to technological No model, measu· tlty of one total be 1upplled by 

lloW1beet cipher rement piece 

2.WATER RECIRCULATING SYSTFJ.! 

PROCESS DESIGN 

Pumps, tens 

1 Electric pumpset, motor 
4AM250M2T2, capacity 300 mJ/hr, 
head 6J m H2o, motor ratill8 

d87 2661 90 kW, 29oO :rmp po 3 

,-' 

2 Electric pumpset, motor 
4AJ4225M2T2, capacity JOO mJ/hr, 
head 42 m H2o, motor rating 
55 kW, 2900 rmp po 3 662 1986 

) .Axial tan, motor BACO 14-16-32, 
capacity 500000 m)/hr, 

I 
head 15 kg/m2, motor ratine 

4960 I I 
30 kW, 178 rpm po 2 9920 

14567 

I 
Totals 

Pipeline valves 
I 

I 4 Gate, Dnom 300 po 26 253 6578 

- - 5 Same, Dnom 200 pc 10 125 1250 

6 Same, Dnom 150 pc 6 73.5 441 

.\ 

·----- ""' 
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NOS I Unit Net weight, kg 
Trans. i Type, 

of Quan- Whom to No a<:(:Or<Ung Name and technical characteristics brand, 
to technological No model, rneasu- tlty of one total be 1upplled by 

flowaheet cipher rement piece 

7 Same. Dnom 50 po 8 10.4 147.2 

b Clapper ewing-check valve 
Dnom 200 pc i 12 41.4 496.8 

9 Fire hydrant H-1750 pc 13 142 1846 

Total a 10759.0 

SECTION II. MATERIALS 

10 

I 
Steel pipe dia J25x4 m 2000 )1.66 6).)20 

11 Same. dia 108x) m 750 7.77 S'll/l.5 
I 

C.I. pipe dia 600 200C 222.9 445800 12 m 

1) S8 me • dia 500 m 700 167.5 117250 

14 I Sarne, dia 200 m 300 44.6 1.).)80 

I 15 Sarne, dia 150 m 200C .)0. 5 61000 
I 

16 I Si;.me • dia 100 900 18.9 17010 
' 

m 

17 Ceramic pipe 1 dia 150 m 100C 

I 

.\ 
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NOS Type, Unit Net weight, kg 

Trans. of Quan- Whom lo 
No a~ordlng Name and technical charactertsUcs brand, I 

to technological No model, measu· uty of one total be supplied by 

lloW1beet 
cipher rement piece 

ELECTRIC.AL DESIGN I 

Electrical equipment 

, Packaeed transformer substation set 1 - 16650 
consisting o!a two transformers 
1000 kVA each, voltage 11/0.415 
kV, two high-voltage feeder 
cabin&te, 5 low-voltage cabinets, 
tropicallised version 

2 A.C. control~etation boards, 
~'Obx~6"bedx:61J~f~ size 

panel 12 JOO .3600 

3 I Si~~ control cabinets 
20 ~800x600 mm 

pa.nel 4 400 1600 

4 Control cabinets and panels, 
floor and wall mounted panel 8 80 640 
2000x800x600 mm 

5 I Distribt~_t:i.on points w/circui t 

I 
creakers rated 63 to 250 A po 2 170 340 

6 Distribution boxes w/kni!e I 
I sibbi~i~31xf~g connectors pc 6 25 150 
I 

7 I Distribution boxes w/kni!e 
I switche~ po .3 16 48 
' 210x190x100 mm I 

8 I Boards with circuit breakers, 

I 
number o! groups up to 12 pc 2 70 140 

I 
i 

\ 

.. 
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NOS 

I 
Type, U111l Net weight, kg 

Trans. Quan- Whom to No ae<:onUng Name and technical charactenstlcs brand, of 
to technological No model, measu- tlty of one total be 1upplled by 

flowsheet cipher rement piece 

9 Sinele-phase trans!onne1
60

volta- po 2 I 8 16 
ge 10 kV, power rating 10 kVA 

10 Reversible Nld non-reversible 
magnetic starters, current 10 to 
80 A pc 5 9 45 

1-; A.C. circuit breakers, current 
up to 250 A pc 6 ).5 21 

12 Miscellaneous control end 
signalling equipment po 20 1. 7 .34 

13 Electric lighting fixtures e.nd 
light sources 220 

-
Total I 2)504 

SECTION II. MATERIALS 
I 

14 Cables, section 2.5 •240 mm~ 5100 

15 Steel water and eae pipes, 
dia 25-80 mm 7200 

16 Electrical installation and 
!ixtll.!ing materials 2750 

17 Structural steel 1780 

18 Insulation materials 1100 

\ .\ 

·--- .. 
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NOS Type, Unit Net weight, kg 
Trans. brand, of Quan· Whom to 

No according Name and technical characteristics 
to technological No model, measu- ttty of one total be 1upplled by 

flowsheet cipher rement piece 

3.COMPRESSOR STATION I I 
PROCESS DESIGN 

'\ 

Major Process Equipment 
,_, 

1 Piston-type air compressor, set 2 11450 22900 
c~pacity 62.2 mJ/min, absolute 
pressure 0.9 MPa complete with 
motor CDl'J,16-24-10, rating 400 
kW, voltage 10000 V, automatic 

I control, intermediate and ter-

I mination e(uipment, w/optional 
equipment at extra cost)a 

End cooler (version 1) po 2 880 1760 

Air accumulator, capacity 6.J mJ pc 2 1425 2950 

2 Air drier with cooling cycle, 
capacity 125 mJ/min, dew point 
of dried air +~o0c (similar to 
air drier OBM-15) po 1 - 5500 

3 I Heat exchanger, absolute pres-

I 
sure 1.0 MPa, surf ace area 
150 m2 po 1 - 4200 

I 
I 

I 
Total: .37.310 

I 

\ .\ 
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NOS I Type, Unit Net wet1rht, kg 
Trans. I brancl, of Quan· Whom to 

No according I Name and technical charactertsttc:i 
model, measu- uty :>f one be supplied by to technologtcal No total 

flovnheet cipher rement piece 

Pumps 

4 Manual pump, delivery 0.74 l 
per double stroke, pressure 0.3 
MPa pc 2 13.6 27.2 

5 Electric piston pump, capacity 
1 mJ/hr, pressure 1.6 MPa, 

,-' 

motor AMPSOJ..4, mting 1.1 kW pc 1 - 1)0 

Total a 157 .2 

Handling Equipment 

6 ES orane, single girder, 
capacity 5 t, span 9 m, length 
10.2 m po 1 - 24.'.30 

Total 1 24)0 

Auxiliary Equipment 

7 Bleeder silencer, diameter 1020, 
I height 5350 VMw1I po 1 - 1806 

drg 

8 Filter with silenoer,flowrate 
63 mJ/min, l,eight 4780, width 
2095, depth 1520 pc 2 1945 3890 -9 Devices for cleaning compressed 
air lines pc 1 - 366 -

' .\ 
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NOS I Type, Unit Net weight, kg 
Trans. I of Quan· Whom to 

No according I Name and technical charactertstlcs brand, 

to technoloilc1l No 

l 
modt'I, measu· tlty of one total be 1upplled by 

llowtheet cipher rement piece 

I 

I SANITARY ENGINBERING DESIGN 

SAnitary-eng:ineering Equipment 

, Household air conditioner, 
'1,' 

capacity 600 mJ/hr, cooling 
capacity 1.5 kW po 1 - 56.6 

_, 

Total a 56.6 
\ 

VALVES 

2 C.I. valves Dnom 15-50 mm po 30 100 

3 Steel valves Dnom 15-200 :am po 60 2000 

I SECTION II. MATERIALS 
I 

4 I Steel pipes , dia. 50 mm • 1900 8000 

5 Structural steel 800 

6 I Structural steel tor tabrica-

I tion ot non-standard equipment 2200 

I i 

.\ 
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NOS l Type. Unit Net weight, kg 
Trans. I of Quan· Whom to 

No according Name and technical characteristics brand, 

to technological No model, measu· tlty of one total be 1upplled by 
llowaheet 

cipher rement piece 

ELECTRICAL ENGINEBRING DESIGN I 
I 

ElectricRl equipment 

, Pack~ged distribution gear ra~ed 
At 11 kV, consisting or 8 cells, ,-~ 

w/all necessary connections 
between devices f'Uld instruments set 1 - 20100 

2 Packaged power source tor elect- pc 1 - .300 
romagnets operating high-voltage 
circuit breakers 

) 

I 
Packaged transformer substation set 1 - 7500 
consisting of: two transformers 
6JO kVA each, voltage 11/0.415 

I kV, two high-voltage feeder 

I 
cabinets, 5 low-voltage cabinets, 
tropicallised version 

4 
I I Distribution points w/circuit 170 510 pc J 

breakers rated 16 to 250 A 

s Distribution boxes w/knite 
switches o~ plug connectors, pc 2 25 50 
600x300x300 mm 

6 Distribution boxes w/knife 
switches, 210x190x100 mm pc 2 16 .32 

7 I Re~ersible and non-reversible maf -i . netic starters,current 10 to 100.l po 4 9 )6 

I Tot alt 28528 

.\ 
.. 
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NOS l Type, U111t Net weight, kg 
Trans. i bra111I, of Quan· Whom to 

No according I Name and technical charactertstlcs model, 
to technological No measu· tlty of one total be 1upplted by 

flowaheet 
cipher rement piece 

SECTION II. MATERIALS I 
I 

8 Cableo• section 2.5 ~240 mm2 J900 
\ 

9 Steel pipes for water and 
gas supply, din 25-80 nun 9400 

_, 

10 Electrical installation 
materialR and fixtures 2000 

11 I Structural steel 8000 

12 Insulating materials 760 

I 

I 
I 

I 
I 

I 
I 
I 

' I 
! 
I 
i 

.\ 
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NOS Type. Unit Net weight, kg 
Trans. ol Quan· Whom to 

No according Name and technical charactertsttcs brand, 

to technological No model, measu· tlty ol one total be 1upplled by 
llowaheet cipher rement piece 

INSTRUMENTS AND CONTROLS 

, Chamber diaphragm PN • 1,0 MPe, 
DN • 200 mm pc 1 - 0.5 

2 Chamber diaphragm PN • 0.6 MPa, 
DN • i50 mm pc 2 0.3 o.6 

_ __., 

3 Measuring tlowrate transducer 
0-5 mA pc 4 14.0 56.o 

4 Measuring pressure transducer 

I o-i MPa pc 4 1).0 52.0 

5 Copper resistance thermal 
transducer o-ioo0 c pc 4 1. 5 6.o 

6 Liquid draught end head meter. 
Scale 0-0.6) kPa po 2 2.7 5.4 

7 
I 

Indicating manometer. 
Scale 0-0.6J MPa pc 2 0.5 1.0 

I 

8 I Electrical contact manovacuum i 
meter. Scale 0-1.0 kPa pc 2 0.5 1.0 

9 Straight technical thermometer 

I 
Scale o-ioo0 c pc 6 0.01 0.06 

10 Indicating and recording unit. 
I Scnle o-100°c po 1) 12.0 156.0 
I 

.\ 
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NOS I Type, Unit Net wel1ht, kg 
Trans. I brand, of Quan· Whom to No according Name and technical characteristics 

model, measu· tit)' of one be 1upplled by to technological No total 
flowsheet cipher rement piece 

I 

I 11 Root extractine block pc .3 J.5 10 .5 
12 Single-channel power supply unit pc 2 4.0 a.o 

- \' 
Total: 297.0 ,_; 

ElectricRl hardware 

1 .3 
I 

Distribution switchgear with one 
input and 18 !eeder switches po 1 - 90.0 

Total a 90.0 

14 Instrumentation panel with rear 
door. Panel-JD-I-1000x600 
YX.11+ YP.30 OCT 36.13-76 set 4 158.0 6.)2.0 

Total 1 632.0 

Pipeline valves 

15 Globe couples valve DN • 15 mm po .30 2.3 69.0 
16 Three-way gauge cook ~ • 15 mm po 10 0.3 ,3.0 

Total a 72.0 

I 
.\ 
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NOS 
Type, Unit Net weliiht, kK 

Trans. brand, of Quan· Whom to No according Name and technical charactertstlcs 
to technological No model, measu· tlly of one lo la I be 1upplled by 

llowaheet cipher rement piece 

SECTION II. MATERIALS I 
C~bles t 1nd wires 

Control cables with copper cores I," 

GCST 1508-78, cross-sections 
~ 

17 4 x 1 rmn2 KB Br km 0.5 99.6 49.a 
ia 5 x 1 mm2 " km 0 .4 129.6 26.0 

I 
Control cable with ~luminium 
cores GOST 1508-78, cross-sectio~a 

19 I 4 x 2.5 mm2 .AXBBr 1an 0.2 124.0 24.s 
20 5 x 2.5 111112 " Jan 0.1 1)6.0 1).6 

21 14 x 2.5 mm2 " km 0.2 326.0 65._a 
I 

22 I FleJdble wire w:L th copper core 
f4.o 4.i 1 x \0 mm2 GOST 6)23-79 flB3 Jan 0.3 

Total a 115.8 

Installation Materials Pnd 
Product a 

2) Seamless steel pipe GOST 87)4-75 
14 x 2 m 200 0.82 164.0 

I 

' 

.\ 
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NOS I Type, Unit Net weight, kg 

Trans. Quan· Whom to I brand, of No according I Name and technical characteristics 
to technological No model, measu· Uty of one total be 1upplled by 

flowaheet cipher rement piece 

24 Electrically welded steel pipe I 
GOST 10704-76 20 x 1.6 m 50 o.a9 44.5 

25 Flexible metal conduit, DN•15 mm m 100 0.5 50.0 
26 Connection box, 230x100 mm po 20 0.3 6.o. ,--' 

TOTALz 264.5 

' 

I 

I 
I 

.\ 
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NOS I Type, Unit Net weliht, kg 
Trans. of Quan· Whom to No according Name and technical charactertstlcs brand, 

to technological No model, me11su· tlty of one total be aupplled by 
floWlheet cipher remP.nt piece 

~ MAIN STEPDOWN SUBSTATION 

ElectricRl equipment 

1 Power oil transformer, three- set 1 - 187500 
phase, double winding, split low-
vol tat:~e winding, rating 37500 kV.A, 
voltage 220/11-11kV, on-load 

,.--' 

voltage regulation, tropicallised 
version 

2 Air circuit break~r,rating"'220kV set 4 156o0 62400 

3 I Three-pole trip, outdoor inetal-
lation, ... 2 20 kV, 1000 A, earthing 
knife switch set 8 775 6200 

4 Valve discharger,~220 kV pc 4 405 1620 

5 
I 

Current transfonner,-220 kV, 
1000/5 A pc 8 2600 2oaoo 

6 Packaged distribution gear rated set 1 - 75500 
at 11 kV, consistill8 of JO celle, 

I 
w/all necessary connections 
between devices and instruments 

I 
7 I Packaged power source for elect- ) JOO 900 pc 

romagnets operating high-voltage 
circuit breakers 

.\ 
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NOS ' Type, Unit Net weight, kg 

No according I Trans. brand, of Quan· Whom to Name and technical characteristics 
to technological No model, measu· tlly of one total be 1upplled by 

flowaheet cipher rement piece 

• Control, protection and 
regulation boards panel 12 500 6000 

9 Distribution points w/circuit 
breakers rated 16 to 250 £ pc ) 260 780 ..-J 

10 Bushing a..nd post insulators po 60 38 2280 

11 

' 

Electric lightil'l& fixtures and 
light sources 600 

Total a )64580 

I 
SECTION II. MATERliLS 

12 2 CAbles, section 2.5 •240 mm 61450 

13 I Steel water and ge.e supply 
I pipes, dia 25-80 mm 1150 

14 I ElectricRl installation 

I 
structures 2200 

15 Structure.l steel 1100 

I I 

.\ 
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NOS ! Type. Uull Net weight, kg 
Trans. I Whom to 

No according ! Name and technical characteristics brand, of Quan· 

to technological No model, meas" tlty of one total be 1upplled by 
llowaheet cipher reme11, piece 

5. FUEL OIL STORAGE 

PROCESS DESIGN 

Major Process Equipment 

1 Coarse oil filter, diameter 150, 
_, 

capacity J mJ/hr pc 2 125.4 250.8 

2 Coarse oil filter, diameter 100. pc 2 94. 1 168.2 

3 Fine oil filter, capacity 8.3 I pc 2 220 440 
l/s {JO mJ/hr), pressure 2.5 MPa 
(25 kg/cm2) I 

4 Oil heater, capacity 1.7 l/s pc 3 616 1848 
~6 mJ/hr) ~ pressure 2.5 i1Pa 
25rg/cm2 

5 

I 
Horizontal steel vessel, 
capacity 75 mJ pc 2 4-400 '800 

I -
Total a 115~7 

Pumps 

6 Pump, impeller diameter 180 mm, 

I 
capacity 12.5 l/o ~45 m)/hr), 
pressure 0.37 MPa ).8 ~cm2), 
motor BAOllH62-2, ratill6 1 kW, 

I 2950 rpm po 2 I .315 6)0 

r, 

.\ 
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NOS Type, Unit · Net we11ht, kir - Trans. of Quan· Whom to 
.No ac:conUng Name and technical charactertlt1cs brand, 

to technologlcal No model, measu- uty of one total be 1upplled by 
floweheet 

cipher rement piece 

7 Pump, capacity o.a3 l/s (J mJ/hr), pc 2 120 240 
pressure 2.5 MPa (25 kg/cm2), 
motor 4AM112M20M2, rating 
5.5 kW, 1450 rpm 

8 Drainage pump, capacity 1.6 1/8 pc 1 - 53.2 
(5.8 mJ/hr)) pressure 0.25 MPa 
(2.5 kg/cm2 , motor A~P90L4, 

.-~ 

rating 2.2 kW, 1450 rpm 
-- . -

Total~ 923.2 

Handling Equipment 

9 ES manual single girder crane, pc , - 38.3 
capacity 0.5 t, span 6 m, total 
length 7.2 rn 

I 

I Total: 383 

I Valves 

I 10 C.I. valves DN 15-50 mm pc 75 360 
,, I Steel valves DN 20-300 mm po 75 2500 

SECTION II. MATERIAIB 

12 Pipelines DN 15- .300 mm 108000 

\ 
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Trans. I Type, Unlt · Net weight, kg 
of Quan· Whom to 

No according Name and technical charactertstlcs brand, 
No model, measu· tlty of one be 1upplled by to technoiogtcal cipher rement piece 

total 
flowsh~el 

G. TRANSPORT 

1 Truck, capacity 7+8 t pc 1 - 6700 '1,. 

,.- , 

2 Dump truck, capacity 7+8 t pc 1 - 7200 

Total.a 1.3900 

.\ 
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NOS 
Type, Unit · Net weight, kg 

Tuns. of Quan· Whom to No according Name and technical characterlstlcs brand, 
to technologtcal No model, measu· tlty of one total be 1upplled by 

flovnheet cipher rement piece 

7. ELECTRIC LIGHTING OF TERRITORY 

Electrical equipment 

1 Co8~1 cabinet, 
2 800x600 mm 

pc J 300 900 

2 Distribution points w/circuit pc J 70 210 _.J 

breakers, number of groups up 
to 12 

J Sin~le-f eeder box, pc 6 25 150 
12 Ox600x400 mm 

4 Electric lighting fixtures and 
light sources 1500 

Total: 2760 

SECTION II. MATERIALS 

5 Cables. section 2.5 ~240 mm.2 4150 

6 Steel water and gaa supply 
pipes, dia.25-SOni.,. 22500 

7 Electrical installation 
material.e 220 

8 Structural steel 430 . 
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NOS Type, Unit · Net we11ht, k1 

Trans. of Quan· Whom to 
No according Name and technical characteristics brand, 

to technologtcal No model, measu· tlty of one total be 1upplled by 
flowaheet cipher rement piece 

8.COMMUNICATION AND SIGNALLING 

1 Exchange telephone handset A IC pc 40 o.6 24.0 

2 Interoom telephone handset LtB pc 27 o.6 16.2 
•' 

) . Secondary single-face electr~o 
clock pc 27 2.0 54.0 

4 PAS loudspeaker, voltage JO V, 
rating 0.15 W, "Taiga-304" pc 20 o.6 12.0 

5 PAS hand set eet 18 12.0 216.0 

6 Magnetic thermal anunciator po )0 0.05 1.5 

7 Magnetic contact alarm pc 50 0.05 2.5 

8 Magnetic contact inertia 
sensor pc 50 0.05 2.5 

9 Fire alarm pc 10 0.1 , .o 
' 10 Burgler telecommunication 

alarm set 2 ~~.o 20.0 

Totals 149.7 

#' 
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