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Co:J:c~r a:id Alu;r.in tiun Ir~dustries In Indi'l - A C::ise Stur.b 

No::-ferrous meta.ls co?: :ti tute a rnaj0r input fr the process of 
rd.pi.i i'.<du:Jtriali3ation. Thi:J is particularly the case inre.:>pect of 
th•· Indian economy. The successive Five year development ;ilan3 dating 
fro:r. th<? earl~ fifties have stre:.:ed t':le ::-o~e and :.iigniLcance of no::
fnrrous 'Tiet:.l.ls in oromo'.:ing the G"ro"th prncec-s. In the initi; 0 l st;.,;es, 
co: ~er, alu~initi~, lead zinc, etc. accounted for a la:~ share of Ind!a'~ 
i:p,:rt till7 d~spite the low per c;:ipita co'.:c; :::iptinn o · t"-,e.>e me~als by 
i tern~ti1ra} Standard.:. Qtvia~sly thP SaJution WaS to exr"~re the 
dcr': 0 sr,i~ nd.,,.ntial ir r<"srect of these meb.ls a:id to U-r:ng t' eir acceler2.
tr:". d·ve'.0;-"l!·:;:t. Thi3 h:i. b·er. the ce'.ltre-pi--cP of I::-Ea'1 ';cverr.'."!•::t 
pJ~:..-~:; 'll7.'.1'" L·0~: th-: V""'ry inc~,pti'.";n of the procc,;.: 0f p~a::ne:i e::r:'.1.,-·.~2 

.i··.rr·l_:i:;t··,~:t. rr~:·_: ~-'"·.;u.lt of th~-~ p:licy can [,p ,;(~er. i~ t:-:e p-:-o~r~..3~ 

ac':' ·:»:i i:: t::" idt:·:.t:.fic;:i.ti,•r. and i:;r'.:lvin,; or~ resc.rves r·l01tir:,c7 to 
tt~1.:0r nor;-~ ... ~r:-1--;"".; ·:-.·~t .1 ore.=. duri:, t:1 · l~:.s-: threP d~r_·;.'.1.:iP .• 

~·1·;·~1-! ... e~:-1~· v-~~;~l Or(•) - :·;r0-... t~ ~,.... RP.~·'r-1:~'")3 

IJ.- ''.~}]:_~,, 'I'(";:::~.·'1 

J,n;id .'.: C:;:.C Q;n 

(l·~a'i ~a!'.<in::.l~1 
:! • c 7 

-;; / 
,. ... 

; / 

~ .. .;:~:;t:\ "1e:·-t:. ~rr}i~~ L!._i o~::~~ --." :.,:-~· 0r·1(:·~· ,,~· ..-) t~ .1~ 

~!~.~·.1;:;tr:;,; i.~~'"")rl 0 :)1Jr1t!"";~- • . :.~ ir;·~ru~L ~~ !.· t.f1 • 1~-:~: 1: 
11:·;- - +.: ,-, · ~·:--.;11:~~n ')r•-:..;~~t d·,y ~,.1::.· 1 4:7'iJ:.i 1· i 1,~· ! ~· - by ::0 n'!•'.8' 8. "''.""': 

., ~,, ~:;_,· t-~"'~·-•. - C" bP ~ttr~i'"':Pri o:1y ov••n a. ]0r;~c~ nr>r:-yj --f ~.!-;~ 

;)~1'"i ~>1;-"tt ·r:' Rit'· ~ C··:~.r·~·!' C-J ~:f0rt ;tt.;pen1i-;7 t~;:'.) :-! .,-, ,._,r :~~.-.. ·n1~·"'.11 
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Table - 1 
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Salient Pr.:i.m.;;ters 01' Progre.:;s of ~o:-:-fer::-ous ~et:-tl3 Develo'Clllent 
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~opper Industry 

Eindust;:;.n Copper Limi:ed (HCL) a public sector undertaking, is 
the sole producer of prinar-J refind cooper in India. Some state ~::ining 

Corporations viz. Chitradurt_'."e Copper Company, Karnatake; Anrihra Pradesh 
I.tining Corpocation Lfoi ted (Ai.1PC); and Sikkim Mining Corporation (SVC) 
~lso ~ave develored small mines with matching concentrators for ~ro
ductio:. of co0per concentrate:::~. The Co;;per c0ncentrates proiuced by 
these companies are sup;clied to HCL for botr smel tin,~ and rPfinir:g. 
A::other mine at Aobamata (Gujarat) is beir:g developed by Gujarat ~.aner;:;.l 
Develo.,ment Corporation (GMDC). The Copper concentrate:; frorr. the plriy
metallic ore of :.his mine "'i~l not 8e of the quality req:;ired fnr the 

cm,,,;+. i · 3~: "1 tor and there f.'Jre 'II' i 11 have : o be toll smelted at road • 

:5ir:cP its for'.'lati '.lr: in l ;(_7 HCL r·~;,orted lo:;;:;er: evvry ye;:;.r <>xce.,t . 
ir 197:'-7'. The ar 0 •.:::ulate<l };s:ics t;.)ta~Jed to R:. 1,97::; mi'lion tj"l 
19r1 _'-Sl. E'~L -·la:nPd to !":cic_;c. t:-:P C''-:1.cities of thP K11Ptri a:vi ~h,<':-~la 

~-"lte:-s frr1 31,000 ar:d l'.·,;:;CC tpy to 115,ooc and 20.ono tpy r"3p"'ctiv<ly. 
•~ntri PXp2~si0n wa~ to er~bl<> it to h:i.n11P the concPrtrate fr0~ th~ 

np·"J y or10ne ' '.'~llan,j c· h;c1 rd r· or r:• ·rt l·a t.,r. Exo;:i' .~1 iri:c ha3 ,, ·,: lJ no'., b• r: 
;:;_:'(:()··::·!. i r.e0.; a r?..rt of M:: l?..n,jkh;:,,:, cor centratP is t'.'.>1 1 Slli-1 ter: arr0;:d • 
'Tlhp co-np:;:-:y i:;t.~::d:. to ":1ha::C" car.-,ci "..i r:~: thr<) ;..;~1 nxy.~p:· PrTirr.·;'~,,..t or 
nrr·CP._~2. a:_~ . 

Ir: ad:iitir,,n, thf:re is ;1. possi(1i_]:_ty of .:1~~tir.g :1r· 0f ;:}_ ~J~','11.)~' tr,.:_r· 
.-rr_. lt'?!' b:i.3·' or: i·te,";r.1tpJ d<:>\···o:'.'l':;t ., .. th 0 .~ir:·7ht" .·-, ('.,:.'.!"~ bP.1t i·; 
~ihar. In p;:i,rly 1981:, t';"' com;;:c.r,y is:·•.w: a r;-l0bal t"n:1·::" '.'rH' ;-~·'1ir'r;:ir·y 

:i·.udi~.:; tn ·'Z>)i 1it t>1P co:i:· r· ii··;-:)::: ts i: tr,n re-:i0r1. T·,,. first ph;-is~ of 
the pr0-~Ta:r.me p:·oposes dt-velnpine a r:elf mini:> ar,ri fr.stctlJir.g :n;it~hir.g 

cnr.cPritrati:;n cap;;city. '.~1sabar:i, Pa"..h~,r -ora, S'.:rd:L an! R;i\.:ha 'TlinP.~ ;cdre;1rty 
e~:r:~ nit S<'1lf' ')f t'1e deposi ~-s or th<' Si· f,T,: h11m bP] t • 

;'.CL exn·~·ct:· that r;l~,·np· r,i>w rPfin>ry c;:.par·itie. 'lt -lhe:.:-"i. a.nd 
';ha'.si1~1 1vi11 produ e enou-;•: byp~·"l·~uce trncE' 11'.'merits +.o 11a''Y''': t ;:i nl'•· 
rer.ovP~y fani"ity. ThP ~x'stin.r, byp:-0r!ur:'.. pl;:i!'l'.. :i.t. r;hatc:'''1 ·"i'l b" 
e xpandr>d awl 110dr>rri sed to ha :i : 1 " thf:' l 0:i !'rom bn th the re· i ::e ~·ii:-s • 
About lA~ tor.r s of an') :P nlim 0 s w0uld be treated annually • 
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The prices of copper in India are determined by the Mineral 
and '.fet::i.l Tradir..a: Corporation (W.n'C), a Government ow:ied canalising 
agency. The prices are dAclared or: a month to month basis and are 
rehted to Londor: "!etal Enchare;e (LME) prices. The imported copper 
carries 117~customs duty and Rs. 3,500 per tonne as countervailin~ 
duty. This~s to p~otect the high cost mining and smelting oper::i.tions 
of HCL. HCL has to sell at the price fixed by :.U.ITC • 

Coppe1 h;.se industry in India presents a picture of unco
orliinated growth. In ,;ome areas, ir:stalled capacities are far in exces8 
of the existi:~g d•!land. As a result of idle excess capacity, there 
is no pr'rn0::iic incentive for te-::hno:ocicaJ improvement ar;d innovations. 
The co-existence of: large and relc:.tive1y :ir.aller units has le::i.d to a 
vF>ry u:h·:;-tJt'iy co:-.petition, this phen0m"nor: especi01,1ly exisb in the 
·wirYiir~ rin. ,(')~esti.~ win· industries • 

Ther'· are >:ci.ze.· +,i or.s that the prcsPnt 11i.ning ar:d. smelting 
opPra~~nns ba~ed o~ lead ore may be suspenrled and t~e da~estic require
:n"'nL~ ')" ~.,p;:i 0 r "'!::l,V bo m0t ",hrough imports. This, wi 11 savp the 
j i:dw:try frl!': tr:e burde:-1 0 ~ '!Uti "'S lPVied On i'il'.'Orted met;1 ~ to '.JI''lt"'rt 
t:1e do:n.::stc p:-0ic1cci''n. The pre.:;ent facilities rr1ay however bP kept 
oper'"!\..l" t:-:: 2Y!·v0 th" str:>te-71.c nr>eds. This dnes not, hmre·:er, a·pf>a.,.. 
t'.) Le a vi:iblr. ~,:.:;:.er in ;hP li ht e>'. investments ci1ready mC1·lP ir, thP 
ertir" iniustry ~n~ exnnrti~~ already acquirerl during two decades • 

I I I 
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• • • Table - 2 Summ.a.!J: of CoE~er Ore and Metal Resources in India 
as on ~l.~.128~ • 

• 
• No.of 

• .. In situ Reservesl!!esources de po- Average ReserYea/ 
Ore Metal sits/ Resources per dep-

• (Million (000 Grade 

"' 
proj- osit in 000 tonnes 

Tonnes) Tonnetl Cu ects. Ore ~ • 
• I Workill( Mines 

• HCL mines 252.12 3,081 1.22 10 25,210 308 
Other mines 1.22 88 1.22 6 1,200 15 
Sub-total 259.34 3,169 1.22 16 i6,no 198 • 

• II Project under 
considerati?nL 

• Formula ti or1 

• Rakha Phase-II 46.56 582 1.25 1 46,560 582 
Others 10.04 156 1.55 3 3,350 52 

• Sub-total 56.60 738 1. 30 4 

• III Denos its a1u~arentll 

• Viable 
186 Bihar 97.17 l,?99 1.34 7 13,880 

• Raja.CJ than 12.49 • 180 1.43 4 3,120 45 
Madhya Pradesh 1.00 105 1.50 1 1,000 105 

• Other States 1.03 26 2.52 2 515 13 
Sub-total 117 .69 1,610 1.37 14 

• IV .f!.;:a-margin~. 

• Sub-mar~inal 
Prospects 

• a Above 0.60~ Cu 47.84 534 1.11 31 1,296 14 

• b Belo'" o. 60" Cu 84. 79 242 0.29 3 28,7:63 81 
Sub-total 132.63 776 0.59 40 

• v All India Total 

• 3 Above 0.60<( Cu 481.47 6,051 1.26 71 
b Belo" 0.60;.( Cu Btl.79 242 0.29 3 

• 
• TOTAL 566.26 6,:?93 1.11 74 -
• • 
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The reserves or 6.3 million tonnes or copper in India are not 
or significance in the global perspective. The reserves or copper in 
principal countries is given in Table - 3 • 

Table - ; World Reserves of Copper (By Principal Countries) 

(In '')00 tonnes) 

Countr..z: 

World : Total 

United States 

Australia 

Canada 

Chile 

Papua, Ne• Guinea 

Peru 

Phillipines 

Zaire 

Zambia 

other Market Econo~y Countries 

Poland 

USSR 

Other Central Economy Countries 

Resene Base 

505,000 

90,000 

16,000 

,2,000 

97,000 

14,000 

32. 100 

lF,000 

;i0,000 

34,000 

11,000 

13,000 

36,000 
11,000 

Source: Mineral co:mnodity summaries, 1982 • 

The above figures bear testimony to the fact thRt the distri
bution of known reserves of coppPr metal is widespread and further 
that no Dingle coLJntry po:>sesses copper reserves that gives it a posi
tion of .-;orld :olllination • 
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Technical and Socio-econoaic Characteristic of Copper llines in India 

Ex-ploited llines 

Cop~er ore in India is llined exclusively by the public sector 
undertaking. HCL operates 10 major working •ines. Six other relatively 
smaller mines are operated by the State Government undertakings. The llines 
exploited by of HCL (Appendix Cu-1) hA•e reserves or 3.081 Iii.Ilion tonnes 
of copper in 252 million tonnes of ore with an average grade of 1.22'.'<Cu. 
The six other working Iii.nee have only 88,000 tonnes of copper metal resources 
in 7 aillion tonnes of ore. The location wise distribution of reserves in 
exploited mines is indicated in Table 4 • 

Table - 4 Location-•ise Distribution of Reserves and Exploited Mines 

~esou.rces Distribution ~ 
ORE ~Aetal 

Location 'No. of Exploited' (Mill.:.on ('000 
(State) 11ines tonnes) tonnes) Ore !tl!!. 

Bihar 5 66.27 975 25.6 30.8 
Rajas than 4 70.2?. 799 27 .1 25.2 

Madhya Pradesh (MPt l 115.63 1,307 44.6 41.2 

Others 6 1.22 88 2.7 2.8 

~: Exploited Mines 16 259.34 3,169 100.0 100.0 

The mines in Bihar have the dchest ore with an average copper of 
1.47~ Next in importance is the mechanised large scale open pit in 
Madhya Pradesh "1th co ti per cont..,nt of 1. 22 ff.. The ore in the •inPs of 
Rajasthan has a copper content of 1.141.. The operation in mines under 
'others' cateiJO!'Y is limited to conc••ntration o:· ore. The concentrates 
froir. these mines are transferred to HCL for s111el ting • 
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On the bads or 50" inaitu resenes as recoverable, the present 
known resenes in working mines would be exhausted in 24 ,ears at a 
depletion rate of 65,000 tp7 • 

Unless supported by comprehensive perapect~Ye planning, there 
11i5ht be crt-tical shortages in the domestic supply. 'l'he anticipated 
deple-tion schedules of mines has to be precisel7 determined to faci
litate advar.ce action for new mines or expansion of working mines • 
Moreover, the new mining activity coming in place of the depleted ones 
should teed the same mill and/or sme·1 ter which received the ore from 
the depleted mine. An examination of data presented in Appendix Cu-I, 
for example, brings out some critical periods which have to be watched 
anri monitored carefully. The M:osabani mine is expected to be depleted 
in 1994. This will mean a shortfall of about 11,500 tonnes of metal 
product. Other critica~ periods are, 1996 (closure of Pathargora), 
2001 (closurp of Rakha), 2009 (closure of Surd.a) and 2013 (closure of 
Kendadih). To m3!.ntain the pr·oduction of copper metal at the pre-1q94 
level, In·l ia has to develop a new mine or expand produvtion in the 
Indian copper complex (I.C.C.) by 11,500 tonnP.s in 1994 and c1rrespond
ing p·oduction levels for the period stated above in respect ~r other 
mine3. Sir.ce development of new minES involv~ long gestation period, 
pla~.nin;; ;'or such projects has to ·oe ta'.:·'·n up in advance • 

The resources data of the exploited mines presented in Appendix 
Cu-I, are apnlicable to the extent of depth explored/developed, which 
varies fro'!'. 50m (Chandmari) to l060m (Mosabeni) fro:n the surface. If 
the ore is cor.tinuin, down to a depth of 1060m in all the areas (where 
considPrablP e,.,_poratlon and development have been carried out), 7,200 
tonnes of copper would be available per metre depth from 14,400 ton~es, 
of insi tu copper resPrves pP-r metre of depth (Appendix Cu-II) from 
co;;per ore ,;ith an avera5e copper extent of 1.27'1. Appendix Cu-II 
spells out extension of the existing deposits ~r the deposits in the 
n--,ighbour-ho:i(: which cllr. be developed to substitute the mines likely to 
be denleted • 

Mode of CakulA.tinr: of Royal ties and Levies 

Royalty s 3ince the mineral rights rest with the State Governments 
they c0ll·~c'.. ro;talty in lieu of the depletion of their natural a!'leet.s. 
The r~tP,s o~· royol ties on different 11ineralc; are fixed by the Central 
·-;ovi:>rnment and revisP.d at intervals of every four y~ars. The present 
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rate of royalty is Rs. 4.0 per unit percent of copper metal per tonne 
of ore on prorata basis. It is fixed (not on a rational foundation) 
and collected by the State Governments. '!'here is no fixed interval 
for revision of and the rate of cesa varies from State to State. 
In some states it is as much as 200 to 300 percent of the rate of 
royalty and is usually a point of controversy between the mine oper
ator and the,. State Governments • 

Besides these explicit duties, the implicit duties are in the 
form or exci~e duty, sales tax, octroi etc. on the different inputs 
consumed in the minin,:; of ore. These duties ultimately result in in
creasing the cost of production • 

Since the mines are operated in the public sector, the profit 
and loss constitute the assets and liability of the Central Government 
and the State~1 • 

Available Infrastructure 

The 111ines are connected to the b0neficatio~: plants through roads/ 
ropeways. Developments of infrastructure within the lease arP.a is the 
responsibility of the lessee which in this case is a public s~ctor under
taking. Investment on infrastruc·ture form part of overall mine project 
cost • 

Intermedfa7 Consumption in 1985 and its EVolution During Recent Years 

The mining and milling capacities of HCL in the three geographical 
re«ions are as follows : 

(Mi 1lirm tpy) 

Eastern Sector 

a OrP raising 1.830 
b Millin~ 1.551 

Western Sector 

a Ore raising 2.73 
b Millin« 2.5 

Central Sector 

a Ore raising 2.0 
b Milling 2.0 
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The inputs conawaed per tonne or copper ore in HCL'• Moaabni 
aines (in Baetern region) is furnished in Appendix Cu-III • 

AB is evident from the table the salary/wages and benefits 
account for 62~or the value of one tonne or copper ore raised. This 
reflects on~the extent or aechanisation of mines. These mines ean, 
at best, be called seai-mechanised. Over staffing may be prevelent 
to soae extent • 

There is, however, negligible variation in the cost of inputs 
consumed in the small min~s operated by the State Government. In this 
cnse the cost of manpower is only 52~ of the value of production. This 
is attributed to the fact that these mines are comparitively newer and 
the management has b·~en able to keep the wage bill lower through their 
pra~ma.tic evaluation of the shorter life span of the deposit. The con
sumption of inputs in smaller mines is presented in Appendix Cu-IV • 

Annual capacity of copper concentration plants operate<'. by HCL 
is as follows 

Annual Milling Capacity 
~ (Million tonnes) 

Bihar 1.551 

Rajas than 2. 500 

Y.adhya Pradesh 2.000 

T 0 T A L 6.051 

Besides, small benefication planes are operated by the small cooper ore 
mines located in An'lhra Pradesh, Karnataka ?.nd Sikkim. The inputs con
sumed ~er tonne of concentrates vary according to grade of silo-ieed and 
the expe~ted metal recovery in the concentrates. The benefication plant 
consists of sections : (a) crushing; {b) grin•iing; (c) flotation; 
(d) thickening and fil tera !,ion; and (f) disposal '1.nd water rccla11ation • 
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The different inputs consumed per tonne of concentrates in the 
case of HCL are su11111arised in Table 5 • 

Table - 5 Inputs Consumed for Production of One Tonne of Copper 
4 Concentrates in the Concentrators Operated by HCL 

Durillf' the Period 2979-80 to 1964-85 • 

Cost in Rs. 
oer tonne Cost in Rs/ 

Quantity of concent- Rupee value 
Item Unit per t·:mne rates of concentrates 

1 Or0 '!'onne 19. 7~ 3' t14 3 .13 0.90 

2 Rel.,;ent 43.37 } 

3 EJ ectric ity !Gr.I 476.oo 157.08 
) 
) 

L1 Lubricants Kg ?.)5 18.00 ) 
~ 

c; Stiares 60.83 I 
./ ) 
6 Grinding :TIP.db Kr; 11.47 43.11 ) 0.10 

1 Liners Kg 2.2? 53.lO ) 
) 

8 ~.~'l.'lpower 45.35 ) 

9 Other-s (not ) 

spec.:.fie:l) 5.03 j 
.;uch ::i:>) 

Scre·0 
"': ·].)th ri 0. ;")(, 7 ';; 

Cr.,, veyor tolt I' ··' 0. 01.86 

3' (\ 31.00 1.00 

---------

Ore, <>lect:-ir·lty, rP'<;"•?!1t5 :tni rn;:,r,:10•.fer :-ir~ the :nair; inputs 
repi!'~:d '.'or '.'OnCP,ntrati.or. Of' ''0:'p.-~r 0re; ')re itsf'!li" 'lCCOUnts for 901'. 
of the total value of pr.oducti m • 

I I I I 
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The consUllption of inputs in smaller concentrators operated by 
small mines in Karnataka and Andhra Pradesh is practically the same. 
However, on account of economies of scale the cost of the ore, reagents 
and the manpower vary marginally (Appendix Cu-V) • 

.. 
Evolution of Production & Per Unit Cost 

Appendix Cu VI 5ives the production of copper ore during the deca~e 
1975-l984 between 1978 and 1984, the production declined. This was mainly 
due to the inadequate power supply and the restricted availability of 
explosives. The production, however, picked up from 1982 with the com~i
ssioning of Malanjkhand Project in Madhya Pradesh • 

Table - 6 Value of Production of Copner Ore (1975-1284) per Tonne 

Rs./T·m:-:e) 

Year All India 3ihar Rajas than r.tadhya P:cidesh 

1975 106.1 106.1 106.8 

1976 q9.4 111.0 d8.3 

1977 117.6 ll4.l 121.4 

1978 120.9 132.9 109.2 

1979 137.4 153.2 125.4 

1980 163.R 173-9 149.7 

1981 ''.\12. 5 183.6 233. 7 

1982 182. 3 187.8 2)7.0 73.0 

1983 192.7 1')0.9 254.1 147.0 

1984 189.7 192.0 262.0 120.4 
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Production of copper ere in Bihar comes exclusively from lL~derground 
mines. In Rajasthan also the production of ore is from \Ulderground 
working except far the small amount contributed by Chandmari open 
cast mines. .~nd this explains the lowest value of productions per 
tonne in ~.f.P. as compared to the working mines in Bihar and Rajasthan • 

.. 
Invest'!lent 

Based on the various schemes/projects recommended for copper 
by the Planning Commission for the Sixth Plan Period(l980-85) the 
invest~ent, as detailed in Table 7 has been made in the conper mining, 
l"li1lin : and S"':el ting 3Ub-s~ctors • 

Tabl~ Invest111~nt MadP in th~ Mining, ~illing and Sm~lting 
Sub-Sectors of Co;:<ier_ Indus try • 

---·--
Ite'Y! 1980-81 19'31-82 1982-83 1963-81. 1 %4-85 

1 Co~tinuing scheme 314.5 358.4 264. 3 90.0 265.1 

2 New sc~ec1e covered 
unde~ sixth five yea= s.o 75.? 119.5 44.4 plan and !Hd-term 
review. 

3 Replac'"~ent renew.1.ls 60.0 rno.4 145.7 pq.6 200.0 
and tOW!"l!'Jh i p 

4 Science & Techn::>1ogy 12.0 15.7 2.9 
Sche:ne 

T 0 T A L 379.5 534.0 541.5 279.7 468.0 

Source: GOI D?p•.rt:nent of 'Hnes, varioud AnnuaJ Reports . 
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The long term p!'ogramme envisages Rs. 6,713.0 million and Rs. 1,572.l 
million to be invested during 1985-90 and 1990-95, as summarised below 

a Continuing Scheme 

b New Scheme 

i 1!.ining & Concentrator 

ii Metallurgical Plants 

iii Industrial H~using 

iv Po~er Generation 

v Pre-feasibility Studies 

c Science & Technology 

T 0 T A L 

1985-90 

1.4 

2,392.0 
1,469.6 

100.0 

1,710.0 

80.0 

20.0 

l,OOS.O 

6, 773.0 

(R3. aillion) 

1990-95 

1,572.l 

1,572.l. 

AS a result of the invtstment the following are the sali~nt 
achievPm~~ts in t~~ min~ng and concentrati0n of copper ore • 

1 

• 

Valanjkhand Copper Project 

Th~s is the largest open cast mine in the country ~ith an 
a~nua1 mining capacity of 2 million tonnes oi' ore equivalPnt 
or a:--out 23,000 tonnes of copper metHl per year. An invPst
ment of R~. 1,307.5 !'llillirin has been 11adf' on the p:·0.ject. 
~hP first sta~e of one million tonn~s of copper or~ per annum 
with m,·str:hin:~ co:·.centrHtion capacity •w.:=i.fl completed ir July 19R2 
and t~e full capacity in 1984 • 

p],,~,ni:.i:; Cn"'l-ni~;::ir> 
•- ,. • 1 , ) • • ' T. 11Jrrt::r~1 ,r•vr·nvn 
A nnew1 ix r;u- ~V 

, lfor'-'.jr.;; p;rollt" on '.fon F~rr•11 .. ~,~~t::il~ Crrn.-.11r 
?iv0 '(,,'1r Ph~\ (J9f3)-g'J), f'or 1P.t'1iL !l~P. 
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Nosabani Mine 

Expansion of Nosabani nline capa·~ i ty from 50,000 tonnes per 
month•to 80,000 tonnes per mor.th w:1s completed in April/ 
May 1985, at an investment of Rs. 81.00 million • 

Since the conper ore m1n1ng concen~r~tion ann smelting are 
vertically integrated, the copper ore and concentrates do not find 
access to the open market. Small min~s and concentrators operated 
by the State Governments also s• 11 the concentrates to HCL under 
contr~ctural obligation • 

Existing Proces3i'ig Operations (Srn"·l ting, Refining, Production of 
Semi-finish~d and Finished Projucts) • 

3~elt:ng & Refining of Copr.er 

Presently in Inrii8, conper is being produced exclusivf:; by 
nyromettallur ;·ic'il operatio'.19 usi ,; fla:>h furn:ice technology offPred 
by M/s. Duto1<'u.:npy of Finl::t::rl. The s·1el ters are located at 

Khetri in R<i,jasthan with an inst->lled cap'<city 
of 31,000 tpy: and 

Gh:itsila in Eihar with an installed capPcity 
of 16,000 try • 

Th~ smelter at Khetri h~s a cent percent rPfinin~ c:ip:icity 
while the re!'ining cap;.;c·ity 'lt Ghatsil;:i. is limited to R,400 to'.1nes 
per a:mu::i. As against the. tot;{l refinin,; capacity thP i;r0·!uctinr. 
of w!r-eb~r.~ rP,~isti~red l·:->.:;.'; t1!01n 50·-". of C'.::ipqcity utilisation "Z"·cpt :>r.c~~ 

'·' Ue rerio•i l;?S-e4. The hw c;ip8city u·Eis:i'.ion ;,; 01tt ·i1,ut•<l 
t0 1n'lf o:'')(l·1ct~ ',~~ fro"( +_,fl,~ ·:frie~; • 
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Table - 8 

Year 

1975 
1976 
1977 
1')78 
1979 
1980 
1981 
1982 
1983 
1984 

Source 

... 
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Production of Wirebars Level of 
and the Value of Production 

Production Capacity 
(in tonnes) Utilisati0n ( '.'Q 

12,2?8 31.03 
17,012 43.18 
21,069 53.47 
11,754 2Q.83 
14,707 37.33 
17 ,021 43.20 
14,787 37.53 
15,066 3;:,.24 
19,585 49.70 
18,651 47. 34 

Value of Production 
(Rs./Tonnes) 

20,219.6 
22,737.0 
23,640.2 
25,72~·.2 

30 ,136.8 

32,092.1 
30.773.3 
'?7,'252.3 
36,658.3 
35,902.0 

r.overn!.!Pnt of India, Indi'lY> Bu".'e;rn -:if Mines, ~!ir.er8.} 

St~tistics of Indi~, April I9e5 • 

Since m~l tin1s· of co;-per co:ice:-.trates is t~.rou,L.h exot:r·,ermic 
reactior;s, no e:,ergy i~> cor.su:!led in smel tin,;. Cop;Jer conce!"!trates, 
electricity, ma:1power, spare partf: etc. c•r:stitute the ma,;or in:-:uts. 
The cnr.sump·,io~1 of these inputs i:t f'urnish~d in Table 9 • 

T;:i,blP - l Average of Inputs Con3u~ed for Pro~uction of One Tonne of 
Cop;Je:- Anod 0 Dur.'. ng the Per j_orl 1279-85 in Smelters 

~rated hv HCL • 

!'.nit 

l Cnnc~ntrRtPs Tonn~ 

2 PowPr KN:! 
3 :.'.ar: ;1c1fP r 
4 OthAr!l 

(inr,lurlinF,' np;:;rf> 
pRrt re~~ent8 etc.) 

'.),urinti t.y 
oP·r tr·nne 

C")St in Rs. 
per tonne 

ig,so6.27 
460.02 
110.or: 

4 ,O;:>I'. 7J 

25,005.00 

Cost in R.:./ 
Ru;:-eP 1f;>.1 u,.. 
of AnorJ., 

o. 79 
0.02 
0.03 
0.16 

1.00 
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Consumption of inputs in copper refinin5 is presented in Appenaix Cu-VII • 

Besides cathode copper which is the main end product, s~me
products are.produced as a result of refir:ing. The sub-products obtained 
per to~ne of copper cathode are : 

.. 
Anod"' Scrap 

Liberator Cathode 

Li ~·er8. tor s lirTJe 

·:ickel sulphate solution 

Anocie slime 

Quantity per tonne of 
Refir·e:i. C•p:·,~r 

199.91 Kg 

4.09 Kg 

21. 77 Kg 

0.72 •3(f1.36 Kg 'Jickel) 

5 .00 V..g 
(14 gm silvt>r, 15~· gm 
selenium, 2~0 g~ gold, 
2.4 gm tellarium) 

PCJ,.>"".' : s one 1f th>" most cri tj cal inputs in copper :.iin~ng and S'i!Pl ting 
indu;;tr-:1. At t:w c11rrent status of pro~uction, th~ requirPm~r:ts of 
:)O"er oer tonne of cor,rer met:il is as 1~ol lows : 

;::ene!'ication 

SmeJ t.ir;g 

Refiri ng 

T 0 "' A I. 

Specific C0nsu~ptinn 
KCC, Rajasthar . 

3,750 
2,460 

1,060 

1 '131) 
800 

9' ;00 

in KWH/Tonn"! of Hefined Gripper 
ICC, Ribar 

6,250 

1,910 

1,440 

610 

no 

10,q}(i 
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Higher power consumption at ICC compared to KCC is due to the differ
ences in the characteristics of ore, operating technologies particu
larly in mining and slag cleaning operations and capacity utilisation • 

Based'on the above input norms the demand of power fo~ the differ
ent operating units of HCL works out as follows .. 

KCC 

ICC 

'l!CP 

Energy Demand in MW 

Present (1984) Future (199C) 

32.5 
34.0 

10.0 

40 

52 
16 

The supply of power from the utilities i.e. respectiv~ State 
~lectricity :Brnrds h,qs been inade1uate 1.r.d acc011panied with frequent 
interruptio:is • 

In the Khatri Co~per Complex, povier shortage has been ~ 11ajor 
con~tr~.i~t in ac·hi•vin,_:; the desired ecor;omic level rif cap~city utili
sation. The level of satisfaction of supply or oower by the utility 
i.e. Rac;a,cthan State :;lPctricity Foard for bstance, was 57 Jin 1980-131, 
5°"' in 19f.Jl-e? and 68~ in 1913?-83 • 

Ir. I. : . C. the major p ·obl ,.,m h.::i.d be n the frequent load shedding/ 
Ltt-r:curtior: wh.!.··h destatliztci operati'."lrs in ;:i.Jmo:it all sect0rs 0 1' pro
duction. As an illustration, the ·1umber of' interruptions and their dur;:itions 
d 11rin,~7 thP three years are given below : 

Year 

1980-0 
1~81-8? 

19P~-83 

Power Interrupt:on <'it r.c.r:., Bihar 
Number Duration in hours 

l,BOC 
1,1:64 
1,6?? 

1,] 29 
817 
901 
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To tide over this uncertain power supply position and also to 
offer stability to the operatin~:; systems, H.C.L. has taken steps to 
boost up its existing- capti'!:: generating capability i.J 75% of d~mand 
satisfaction ~evel to achieve 60~ overall utilisation of installed 
capacity. Table 10 shows the split up of captive power generation 
capacities at the three operating sectors including the m0de of gene-
rati'Jn. .. 

T::i.ble - 10 Present and Future Captive ~owe~ Generation Capacity 
at. all the Three Sectors of HCL 

1 

2 

3 

Sector 

KCC, R;;.jasthan 

ICC, Bihar 

MCP, Madhy'i Pradesh 

Ca itive Generatin 
Stea:ri Gas IX; Set 
Present 1986 

4.2 

?6.4 

14.0 

7.0 

Ca acit in r..~ 

Steam Gas 
Future 199C 

O includes the proi1)sed l~O ;tu coal based thernH 1 plar.t i:: the 
j')int sector • 

The above increase in the installed capacity wi21 dovetail th~ impl~menta
tio:i rattern of ':·xpansior:/ne ... p··ojects • 

F'ue1 is another cd ti cal input, its steady suc,ply is esser•tial 
f'or a:·hie·Ji'Ls the de:Jired f"ap'?.city utilis.::ition -:i.nrl for completion of 
11inP rom;tru:-tinn/expl;:i.n:il :·rn •ithi:: tne ;;;tipul:, t0d timr. Rec:cn:ly t;1e 
dwnand for iistillate f\l~ls :ni coa' has ;:i.lfl0 increaseri co"siieY"ably 
becaus1> of th·~ increase in captive pow.:>r ;-~e:1eratin,,; capa:·ity. l!CL lo.as 
worked O\~L dem;;ri '.or various fuel'' to m•~et it.·. pr·oducti1,;: as well as 
prrner 5er:"ratior: targets both present as well ~rn future (T;:ible 11) . 

" 
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Table - 11 

KCC, 
Raja<ith~!n 

rec . 
3ih~r 

Othe~.: 
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Demand of Varivua Fuels by HCL 

Type of Fuel 

Distillate 
Fuels 

Furn;:tce Oil 

Coa::. 

Disti1:i.ate 
I<'ue ls 

T.t':1!"'r:r-tce Oil 

Co"t.l 

~lie:: i l latP 
F\.1e 1.> 

Annual Reguirements 
Present (19s6) Future (1""'9""'"90.;;..).__ __ 

F~r Produc- For Power For Prod- For Power 
ti on 

5,000 Kl 

30,000 Kl 

Generation 

16,500 Kl 

600 tonnes 

1,000 Kl 10,000 Kl 

12,000 Kl 

12,QD::-1 36,000 
tc:-:nes tonnes 

4,000 Kl 6,ooo Kl 

uction Generation 

46,500 Kl 8,000 Kl 

45,000 n 
1,000 tonnes 

1,500 Kl 13,0CO Kl 

14,000 Kl 

12,000 72,000 
tonnes tonnes 

4,500 Kl 12,000 Kl 

(),-: .. ,~Pr \P.n l·ttA:y been introduced in the process cycle of smelt~r 
l-,. r ', ,,·:i:~·:· t. the proiucti0r' frJr.1 exi!:!tin: units rind a:;.so tr. co:itrrils 

tl-1" .'·:····,n;:; : · :ini cons:mption of rP.vPrtf:. It is used for Pnrichment of 
;Jr0~' , , · 1ir:u~rr·1nt·-J ::;•1pp1y of rixygen i:; P.snential :or flm1oth running 
0·. np '.'" :rnfJ.•:-:t]y rCCJUirP;;;ent r," OXygen is Within the r<inge Of 

')G, .- ~ .• ,J -pr tonne rif met~l Si'!P.J ted. 'J'n cater to thP. nerd, pn.rti-
r;, l"iri J ::: ·.h•· lfP t'·:rn 3~r·t0r (when~ OXY/!'':n supply from extArn8.l ~.isencies 
i~ v• , .. ,. .. ":i v ;ln»r;i~lc> t.0 power cut awl disruption due to transport 
r;c1ns':.r.;i t;;;. HCL h:i.s ·c·cbc,d t0 install ultimately a 150 tpd oxygen 
d'· t. .;lr•~a.ly thr~e sr-:all oxygen u~1its each of 150 NM3/hr capa~ity 
;1:-.: ~·~"''''' :::1 ti-'irig insta11Pl '1t Y.hr>tri ~o meet a part of p1·AsP.n-c. require
:a...-:1·1t.r: • 
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Analysis of the Ch!nges in the Structure of Balance Sheets, 
Profit and toss Statement of H.C.L • 

The statement of profit anJ loss and sources of funds and 
expenditure are furnished in Appendix Cu-VIII and Appendix Cu-IX 
for the period 1972-73 to 1984-85 • .. 

During this period HCL suffered a net loss of Rs. 1,154.5 
llillion. The net income durin5 the period increased 12 fold while 
expenses in production registered 15 fold increase. This resulted 
in heavy losses in some of the years such as 19T/-78 and 1980-81 to 
1982-83. This is inspite of the fact that percentages of material• 
cost and manpower to the cost of production have not shown signi
ficant changes. The value added as percentage o~ capital employed 
has shown a remarkable increase fror.i 27 .o~ in 1978-79 to 51 tr/.. in 
1984-85 • 

The C.ata on manpower employed, wages and P'·oductivi ty are 
furnished in Tab~e 12 • 

Table - 12 Evolution of Na11es and Productivity (At Current uric<>s) 

1978-79 1979-80 1980-81 1981-82 1982-8~ 1983-84 1984-85 

No. of employ-
ees (other than 23,638 24,415 2),.376 25,846 26,071 26,248 26,6)4 
ca:•ual) 

Prod• .. tetivi ty 
per employee 497 602 671 57? 578 746 695 
(Kg.of ·,.,irebar 
Copper) 

Avera;;e monthly 
emoluments per 585 737 834 941 1,024 1, n4 1,566 
employees (Rs.) 

Value of produc-
2' 545 3,046 3,979 2,p2 3,893 4,<m5 6,301 tion per month(ftl) 

Value a:lded per 1,51? 2,512 1,530 750 1,509 2,478 3,416 man month (Rs.) 

Source: Government of India, Bureau of Public Enterprises, Public 
'Enterpris~s Survey, VoJume - 3, various Issues • 
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The table exhibits increasing wage levels in noainal teras 
with corresponding increase in value cf production per aan month. 
Value added per aanaonth dipped very lo• in 1981-82 but shows a 
rising trend.in nominal teras from 1982-83 onwards • 

It i!f generally argued that prior to the natior:alisation the 
Indian Copper Limited was making profit, with its annual production 
in the regio:. of 10,00C tonnes. It needs t:> be mentioned that the 
parameters adopted prior to nationalisation for ore reserves estima
tion were ~inilllWll stoping width of one •etre, cut-off grade of l~ 
copper and pay limit l.8%copper which gave rise to narrow lodes, 
payable zones in patches an-. low ore reserves of very hi:.:;h grade • 
Th~ prese:-it servir.g of cut o::f grade to 0.5.~ ccpper diluted the 
average 6-rqi~e of feed to the concentration down to present l .Or}.,, 
copper • 

The hL;h operatir:g coJt of HCL result from : 

l Uneconomic grade of the copper ore in India whi~h averaee 

2 

3 

1.11~ copper al'l against 3·~ in other copper produdng 
countries. '!)P.s pi te the very low grad.I'! of tr.e ore, India SP t up 
production facilities purPly on strate~ic grounds; 

Uneconomic scale in operatio11 wh: ch restricts HCL to pro-
duce only 6,ooo lonnes of ore per ,t"ly as ;:i,~f>-ist 80,000 
tonnes in the major minin~ countrieE. Besid~s, the s~el-
ters and refineries ~rP dwarfs when compared to the large
scale operations of other produring rountries; and 

Lack of power supplies fr~ra the state grid. As a rPs~lt 
of this HCL is forced to opvra Le captive diesel-bA.sf>:i gene
rati,:6· sets w!1ich Rdd to its power costs by an additfor.al 
Rs. 8,000 per tonne of copper produced. If adequate power 
is supplied from the state grid, it would stni1-;ht away 
reduce R:J, 8,000 from HCL's prflduction co!'lt • 

A &triking feature ia that lLl•'s averac:e cash cost of production 
still compnres favourably with the major w0rld '.":opper produ(·ers. Two 
indepth studies carried out inderrnndly in 1982, one by thA U.S. Rureau 
of Mines and the other by Com;;iodi ties Research Unit (Clm-Londor:) covering 
about 250 co~per mining coawanies f'oun;l that the avera,;e cash cost of 
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production was about 1.2 dollars per lb of copper ex~luding depreciation 
and interest and not taking into consideration by-product recovery. This 
is equivalent to about Rs. 33,000 per tonne at the prevailing prices and 
dollar parity.and is about the s~me as HCL's cash coat of production. The 
main point favouring the world's major producers is that b~iri:t bi:ised on 
richer copcer o!'e than HCL's they are in a positir.n to recover : .. ii;n quan
tities of p~cious metals as by-products from copper ore, 3uch as molybe
denu:a in North America :mi Chile, t::obalt in Za'.llbia and ?.aire, {;old in the 
Phillipine", and so on. T~1ese by-product recoveries pa~· bacl.c ;.i.s much as 
40 cents per lb to the producers thus brin.::-:in._~ down t:1eir net production 
co.;t to 80 cents per lb. By product co·1tent in India, copp<ir ore on the 
other h;:ind is very lo'-'. For in:1tance thro1.H·h a t.'1tal copper met::il produc
tion of sn;,: 25,000 tonnef3, :!CL is aHe b recwer about 60 k-; 0f' ·old, 350kg 
o~· silver, 3,400 kg of selenium <'in: 60 kg of tellu:::-ium. All the3e together 
p~y bRck nqrdly 2~ of thA tot~l c0st of pro~uctio~ • 

;nder such ci:-ct;m:::t~":".'PS t'1i:; ec-rnomic:,. ,f c;'lpp"'r ini ~in>c i'i Inrifa 
lies ir rtetPr~inin~ the wi1ths ~nd tonn?.~e~ o: ore borliPs ~ith lower 
c1;t-off 1n,i indPntific~1'tior. of the .,_s ·0cioitp.i '.'l}n-·r:>.ls ·ni '.lll';t~1s which 
c·,n be ..,xtructed in th<> ornCPc;c; t" bo> ~~out<:>d. Ob·1:'..o·;,.-,l:: tli" nror:,,ss 
i:ielected will be th 0 ".>nf' -,.;(deli ,.:i11 res·11t i"l tre '."'::txirnu:n Axtraction of 
domin::i.nt rniv:er"l1 or '11et~1. Th"' rli"'J<>nsiy:o-: a:· t'l~' or 0 body h?.VP t'J hP .'O 
d'-'"!ine'lted "lS t~ f;iril'ii..:<te ::\'J'),;ti«r, ".>f on~.: 1?1.-t ":<i:,fn· ,.,,,+,r.o·l or under
.'2,'rmmd mr·t;_o:l ~~uit~~ f'0r ·.·.id<> -;~'"' •·,o-1i;">'· 

Evo1uti:rn of Price:> 11' Co:-ir-er 

'!'~bl.:~ 1) f·Jr·r~i~~~r:--· t·; 1 : .. r~c:::: r: :.~· i1·0t:·~~~ _.. Ir1<i·· v:!:::-~-
vis LM~ price:;. Th"' ::iv•~:··~·~ r< 0 1':'iciP] :r.-;'.~fr1,y .·<>1. l :!.'.. • 11ric·-·!'i of CuflpP.r 

in l'.105 in Ir.1!"1 w 0 R· •• ~4,::·~-5 o<·r t.11:r". ~n th!': f"r" of it, thi;; f;tP''P 
ir.rr··::\:":f of~ ()Ut R;. '),G'.)'.] D·"r • .. -rnn-' i· _',Jct ·)n·' vn.,r ~"r1 bf· ".ttr~butf:, 
ti :>om"· P«:t.-"~;t to th"' ~'.ud:~·. ;nr·· ~sr~ i~. L'''.·: pr;rr·3. ;11t -, r0u~:h r1mp::iri
s _1:-; !ihO\'.r~" t~~1t PV'?r: t~~ L"f~' ~ ·VP~~·,::"~ }1: ~. :i~ .. l;·t: i·: lr'"-'5 ~··1U'.:ltt:r~ t~ much 
}~Sil th?r. R·•. ?Q,::;C;· ;;.-.:; .~rm·~. ':'·n,~ v, 1 -·r:.-r· .-" tbn ..... n ·1.•· eri".'P in In"i::i 



••••••••••••••••••••••••••••••••••• 
Tt,_Y·le 13 1DJ:.ern:1"-: ion.c11 and IndL:rn Prices of Coppe,,!' 

_]275 192§_ 1977 _l97n _l2.1.2._ l9E~O _!981 1982 1983 1984 1985 

I. L~ :.E Co;-·pe r 
L\nnu.:i.1 .::iv0r.!•'n 

~-rice in £/ 
tonne) 556.f.:l 7' 2.·'fO 7:,0.;~5 710.·:0 9 ;4.04 941.75 ,:65.75 846.14 1,048.84 1,032.60 1,235.00 

% ch.:-inqe over 
previous year 

L !·'.S copper 

40 • 4 (-) 4 .1 (4 15. 3 31.5 o.a c~ s.1 ~>2.2 

in Rs/~onne 10.140 12.558 11.369 11.155 15.970 16.550 15.190 14.266 

Aver<"tge of nun thly 
prices of copper 
wirebars in 
Indi::i. 1n Rs/ 
Tonne (;-:LTC) 25, ;83 26,3f35 27,583 28,330 34,220 35,169 32,542 29,567 

24.0 (-) 1.6 (+)-19.60 

16.580 16.015 19.030 

40,167 39, 333 44,225 
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Copper and Copper Alloys and Seais 

The downstream industry consists pf units captive to the Ord
nance factor~es, railways, mint and also units manufacturing seals which 
are entirely owned by private enterprise. The industry has registered 
a fourfold expansion ovP.r the last three and half decades. Notwithstand
ing the imp'l'essive growth, the present semis industry is far behind the 
other developin5 econoaies such as South Korea, Brazil etc. both in teI'llS 
of scale of operations and technological stand&.rds • 

Pres~ntly BO~of the total conper consumption in India is in the 
form o: wr.:-ou~ht products, while the rest is accounted for by other indus
tries such as castin~, for;ings, chemicals etc •• 

1 Copper ·:;ire Bars/Continu0us Cast Copper Wire Rods (CC Rods) 

The sh~re of Flectrical in:iustry Le. power generatior. and 
utilisation increased from 56~ in 1976-77 to 62;( in 1982-83 • 
mhe main probleill ii; this ?.rea relates to the projuction of 

appr~pria te typ' of material empl oyin:_; latest tecrinoln.gie.; • 
India is ''till la5ginc.: in p:-o :ucintS cooper rods by the con
tinuous process. Adequate c.c. rod units nAed to be ins
talled in different p~rt~ of the count~y to cater t0 the 
needs of the electric~,1 sect ,r. However, the G0vern"T!ent 
hri., d·:·cideti tr' p!·otluce thesf: rod:· '.)nly b the public sector. 
The Grwcrn:nent l3 of the or5ni.·111 th t r:.i:. rod units 
belo•R 31, OJ tp;v cap::icity are unremuner~tive. 5L~C"' c.c. 
rois 11rt> lar,.se .'>pace occupyinf; i ~.ems 0tnd have '-O be h8ndled 
care!'1illy to pre6erve t}ieir prope!'ties. Transpr)rtati·rn 
probl"':ns W')uld ari.1e in t;ikin.:; ~he raw material from a 
si1gle l<irgP capacity plant to the wid<:.>;y disr·ersed user 
industries. Transp0rti:1i; c<itho·;es to t'1P, widely dis!Je!'ned 
c.c.r0d manuf::icturin; ur:its WOilld be ea.oie:- than tr•rns
po"'.'tin5 the iinal pro:•uct to the cnnsuming ur:its. Even 
;:;,,000 tpy uni::, have 'bl?en found tn be 0'.'0n,,mic8.l ly vfable 
in 0ther c0u:-1trics • 



-----------------------------~-~----~-~-

• • • • • • • • • • • • • • • • • 
• • 
• • • • • • • • • • • • • • • 

2 Winding Ylires and Strips 

The electric wire industry in India is now a little over 6o 
years•old but the major expansion an< growth in the industry 
has occurred during the last three decades. At present, there 
are a d0zen large scale 11a.nu1'acturers in this field besides a 
hos~ of medium-scale and s11a.ll scale manufacturers. There are 
a few manufacturers who have developed into integrated units 
making semis to finished products. Average annual production 
or strips during the last decade is furnished in Table 14 • 

Table - 14 Average Annual Production of Winding Wires and 
Winding Strips During 1975-76 to 1984-85 

Or~anised Sector S.S. Sector 
Winding Rinding Winding Wires Grand 

Region JU res Strip:> ~ &: Strips Total 

Western 9,980 4,365 14, 345 2,500 16,845 

Southern 2,500 800 3, 300 1,800 5,100 

Northern 2,200 )70 2,570 1,500 4,070 

Eastern 2,600 1,280 3,980 1,200 5,080 

T 0 TA L 17,280 6,815 24,095 1,000 31,095 

Sou.rce Indian Nor. Ferr:>u::; Metals \!anufacturers Ai;:iociati'm, 
Bombay • 

Input/output ra.ti o during this period •~-is : 

Co prier con,.;umerl/ tonne 

Cost of copper co~surned per 
tonne of wire/strip 

Cof;t of copper per Ru!>ee 
ValuP o wire/Strip 

1.02 tonnes 

Rs. ~3,670 

Rs. 0.86 
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It is observed that about 13-17~process scrap is generated 
by winding •ire/stripa units. This is rec7cled and converted into 
•ire bars for •ire drawing. Copper oxide, which is generated at an 
average 2<( of aetal ael ted, is sold out • 

3 Flat Products 

Allong the other wrought products manufacture, sheets and 
strips froa a sizeable portio!1 of copper based semis. It 
meets 80(of the indigenous requirements. Yet, this utilises 
only 45:(or the capacity of installed. manufacturing units. 
Licensed capacity in this area is around 46,000 tonnes but 
proliferation of units has created an imbalance in supply 
and demand and the problem is co•pounded by the fact that 
many of the units are still to establish their credibility 
in manufacturing well proven items. To add to this woe, 
there has been further spurt in licer.sing which may increase 
the capacity by 10,000 tonnes and perhaps exceed the require
ments consi1erably. The total requirem~nt is expected to 
increase to only about 32,0CQ tonnes by the end of this 
dec~de • 

Nearly 50 -~of the production comtis from three uni t3 in the 
organised secto~ located in Bombay. The trade sources 
estimate the capacity of unorganised sector at abo11t 2,000 
tpy. The units in the organised sector gener::tll:-· have lllore 
sophisticated rolling mill3, electric annealing facilities, 
apart from g•=-nernl purpoSP machine ::;\1ops ~nd auxiliary 
facilities • 

The units in ~he u.~organised sector 1r\1Se operative processes 
which ar: normally outdated and consequantly concPntrate in 
products which are thicker in gP..U~e ::i.nd are used by non
industri~l sector. More snphis:icated product~, such as 
thinner gau;,7e materials or alloys of phosphor br-->nze, nickel 
:;ilver etc. are not takPn up in such units since th~se ref1uire 
more sophisticRted meltin~, rolling nnd ~nne~ling r~cilitieR • 

The total process 3crap rn.nges frorn 15 to :'0:1'. ~n.i i;; recycled • 
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lrlruded and Drawn Products or Copper and Copper Alloxs 

'l'beee products have been facing severe competition from 
i11por\s. This industcy is still in its infancy and the 
inetalled capacity is about 28,000 tonnes in both the 
organis~d and small scale sectors. 

~ 

Although there is sufficient installed capacity for pro
duction of tubes, sections, solide etc. alaost 15,000 tonnes 
of the Indian requirement is aet through imports. ~lec
trical power disalination and other tube utilising indus
tries will increase the demand to about 25,000 tonnes by 
the late ei.~hties and the indigenous producti'>n capcibili-
ties should match this requirement. The problem is not one of 
having sufficient capacity but whether the industry is 
capable of producing the desired quality components such as 
cupronickel tube~ for condenser applications, economically. 
Another problem which pla.~es the manufacturers is the 
vari~ty of specifications which are pinpointed in various 
coll~borat!ons for the manufacture of tube utilising 
com9onents • 

The indigenous production capacity f0r other types of wrought 
products including alloy rods and wires, sintered products etc • 
is ind~ed very low. They account for a total conper consump
tion of about 5,000 tpy. Foundry is a major innu3try which 
sho:1ld have made considerable progress in the wake of indus t
ri::i.lisation, is lagging beh5nd. It is not yet ge~red for the 
llk~nuf~cturP. of snecialisP.d v~lves an<l components for otl ex
plor::ition, for d~salin::i.tiori units, for nude:=:r power plants etc • 
'l'here is :;ti] 1 uncertaini ty about avallabil i ty of s~tisfactory 
components for stPel plants, such as tuyers, ro1 ling miJ 1 
compo:>l'!nts etr·. which can be eas lly manufactured. in the country. 
Ht>re ;i,~in the qu:=intities ~.nd the different snecificatior:s 
serio11sly ::iffect development of surh i telTlf:l. Nevertheless, 
there are many fo,nrlr!es fo th"' medium an·i sm;il 1 oc:=ile 
sector which try tn fill in the ~p and supuly c::i.8tin~~ of 
hi,~h co.,.per '1 lloys, snecial bronze etc • 
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The scrap gr;-nerated in the foundries of organised sector is 
l to 0.2~ as rejection .scrap and 10~15% as process (aach
ining) scrap. But in well established units H.ke that of 
Bhara~ Heavy Electrical Liaited (BHEL), the overall process 
scrap is limited to 5 percent. 3aall follnciries generate a 
considerable amount of scrap due to~ack of proper facilities 
to central the quality of castings etc. Since the smail 
foundries can always recycle their in-house generated scrap, 
they are less concious of scrap generation. The melting 
losses in these foundries are within ~he range of 2 to ·2.5-t 
whereas the maximum ~verage loss is expecte~ to be around~ 
1.0~ in an aver::ge size foundry. Th<!.;e losses c::-n be brougtJt 
dc;;.n by use cf c·lectric furnances which ~llow closer control 
of metal composition and other parameters such a~ ·t~mperntures. · 
Ho~ever, due to limited availability of po•er, only the fired 
furnaces can be used. Cer~in fluxes also can help to reduce . . ·-~" 
the losses • 

Constr'!.ints of Copper- Semis Indu:;try 

The producti~n bRse of In~iar. non-ferrous .semis ma~ufacturers 
is genera~ ly ,.;m:;.11 and r.on-;equently : heir p:·o !uction co;: ts are high; 
Since the instal l~d capoi" i ty L more than the :lem<>n: in l!ach of the 
semis ::ub,:ector~, thi,,: h:o.s brought btense coripeti tio11 •rnd in tr.e 
process h~·s brou.-;ht do· .. n :.he p:-ofi t mart;in. '!'he profit m::i.rgin for 
instar.ce ir; rP,srect of manuf;>.cture ,,; copper ~trips an ~ires rargP 
from 2~ to 5At. The los" of R • 14 per kg. of J:ire/strio.~ d 1Je tn 
rejection c::>nt~ibutes :.'i5nific?nily to thP. lo,. pr'.lfi t mar ;ir. • 

The he vy ir:ci:i.ence of all ;;ort2 ot duties ;:\.nd t>ixF>s l!>vied 
by thf> Centr::il and ;;t;:ite :;ov<?rnmP.nt.s only agg'!' vate the hi ·h cost 
operation.:;. BesidP.s th•· customs <ind count·rveillin~ dutie:·, th'!re 
are the oct·oi ~nd :>des t'ix. For ex?.'.llplP. in 'l.:=th"r~<;htr.::i, thl'rP is 
1.5~ octr,..,i on .;emis and ::i 4.., S" les tax. TnerP. has b~en 'i prn-
,:;TP. ,:iv<> incre:=tse in excise duty on copper .:~·mi· in ec:ic~1 bw::_:<>t. 
For ex~"11ple, in the 1984-85 budget : 

e 31)urce: Director Nati..,n:il ·.'lire and Metal Industries, Bo11b:Jy • 

,_1 I I 
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an excise dut7 of Rs. 1,500 per tonne as 
clamped on wire rods of' abow 6 • which 
were earlier exempt froa duty; 

tlie duty was changed from 10~ advalorea to 
specific one of Rs. 700 per tonne on copper 
~ction; 

the duty was doubled to 20-( on copper wire 
upto 6 -; and 

the duty wa.c; raised from 10~ to 28~ on 
liners hollow rods and print rolls • 

The 1985-86 Budget brou...;ht no relief. 1986-87 Budget broU&ht a 
li:tle r~lief on some semis but hiked thE excise on others • 

Excise O!: copper pipes and tubes is raised from 
9 ~to 15~ ad valorem while t.he tariff on shells 
and blanks foe pipe~ and tubes ~nd hollow section 
of coppP.r h-~:c; been reduced to 15~ from ?O"""' ad 
Talore11 • 

Stranded :.ires, cable:;, plated bevel and the like 
( P}Pctrica!J :• non in,~uhted) will attract an excise 
levy of 20 o1 ad valorem. Other similar artirles have 
higher "XCi.:e levy of 15~ ::i.d valore11 against the 
previou.; 121 • 

Cop~er wires now includP b~re cor-ppr wire of P1ec
tric:::, l gr::tde attractin.-. an excise levy of 201', ad 
V;llorem • 

With such .:;h.:1rp increase in levies, the semis indu 'try's pro
ductio.: eronomic:-: have b"en advP.rsely affected, the mu hrooming of 
siaall scrap based uni ts in the field h:i.c; bP.~n p0 . .;ing very stiff com
P"ti tion to the ·1rg;:inised units • 

The other notable impact on economics of semis manufacture is 
the pri:-:e quotati0n of prices on m~nt.hly basi,; hy MM'I'C. The cooper 
proce.::::or d11 not kno" what their oper:tting co.- t, will be at the time 
o· m;1king dP.liverie;, o~ pro .. e.-;sed material. The orders are mostly 
booi<erl on r,he b;;:~b o:' prev8.il in,; raw '118 terial prices and margin of 
five to ten percent to account for ugexpected increase in eost3. But 
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it the raw material cost. increase be;rond the calculated extent, the 
proceaaors run into hea'YT loeaes because aoat of them do not have the 
ad"Y&Dt889 of a price Yariation clause. The industry is of the vie• 
that llMTC should revert to its earlier practice of announcing prices 
on quarterly•baaia, if not on six aonthl,y basis, so that the processors 
1111.y book orders at firm prices and cOllJai.t delivery of goods in two to 
three months. · 

• 

:~ture and Organisation of the Links Between Cop~er Industry and the 
Other Sectors of the Econo:ix 

Based on five year groupin~, the follo•ing aver~e ~nnual con
suaptiori of copper is di.acernible : 

Period 

1951-55 
J.956-60 

1961-65 
1966-70 

197!-76 

1?76-91 

1981-84 (3 years) 

Avera,~ Consui11ption 
( '000 tonnes} 

24.8 

51.0 

10.6 

41. 7 

51.4 

71.5 
102.0• 

';.'he con.sumotio;, of copper ex,ibit:> considerable volatiJity. 
This i,;i>i bec~u~e 0f se•1Pral rea-m1s not the lP~st '>f which Wrt:'1 t~v~ 
8u··,;tituti">~ of copper by aluminium particularly in cab!Ps ;:ind con
:uctor3 on ,;round;; of pricP. liffere:iti;:+.l • 

India .. 1 ~conomy i.:; lar·:ely pl;:i. ne: at the ~cro-ef'onnmic lev··l. 
Derr.:.lnd for rop~i.sr (as for many ether metals) is derivRtive in nature • 
Gro•th o!' de-na.nd for co: per wo 1.1l j be dPpendent, for ~x:imole, on the 
growth pro.;;pecta of copper usine_; industries whirh in turn are deprn
dent on the 6ro·.it'.1 o!' th<> niltbnal econ -,my A<> a whole or of ~pecific 

• Furnisher. in detail in Appendx Cu-X 
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sector therein. On this premise, the behaviour of consumption of 
copper in India may be chronologically, explained as under : 

i .Period 1961-65 was marked by two wars - one 
with China and other •ith J)akistan. This 
boosted the demand for copper • 

ii This was foll~wed by a period of econ~•ic 
recession o•in'; to sher'9 deficit in farm out
put and increased borrowings. This resulted 
in ~evaluation of the Rupee and consequP.ntly 
cri~es in foreizn exchange reserves. ConsU111-
ption of co•iper f 11 sharoly due to restric
tions on imports oue to foreign exchange 
constraints • 

iii The period 1971-76 and 19?6-81 werP. charac
terised by the adverse effects of oil price 
esc::?.lat5 nns; inflatior:~ry trends and rece
ssion in engineerin0 industries • 

iv The running four years period i. 0 • 1982-86 
has brou,~ht relief to Indian economy due to 
fall in oil nric'es in internation::il mar,..:i:>t 
re;:;ul ting in easier f'orei._;n exchangP. fo!" 
inrpnrt of other es<;·--:itial industrial inputs, 
comfortable agricultural <:utpui and grovith 
of industrial output ranging from 6 to 10~ 
per annum • 

Inspile o~ th~ fluctutinb circuMsta~ces, the re3ili~nre of 
In-::inn co:Jp<>r indu.;try is clearly brought out by the su"1tained growth 
in five yearly q_verage;; since the period 1')66-70. The average con
sumption of 1971-76 periori was ?~~more th"'n thl'! prnvious ueriod. 
The 1 q76-8l perio•t average wa.; 39-.! hi ·her tht1n th~t of 1171-76 
period • 

Table 15 indica.te!l the rf·hti:1r,ship t'iat exLits between thP 
main supplierH of copper anJ it~ ~onsuming sectors • 
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Table - 15 Pattern of Oft-Take of Pr.iJ!larY Copper in India 

a 

b 

c 

d 

1977-78. 1982-8.,. 
Period orrtake~ Offtake~ .. 
Winding •ires, cables, 
electrical goods etc. 56.0 62.0 

-do- 5.0 

Seais & Alloys 10.0 15.0 
-do- 3.0 

Railways 11.9 1.6 
Mint 1.0 
Ordinance 6.o 

Miscellaneous 14.1 3.4 
-do- 3.0 

T 0 T A L 100.0 100.0 

8 Report of the ·:,orkinc Group on Non-Ferr::ms Metals 
(Copper & Nick~l), 1980 

• Hind•1stan Copper Limited, Annual Report 1982-83 • 

Source 

JOl'l'C 
Private 

HCL 
Private 

HCL/M'fl'C 
HCL 
HCL 

HCL 
Private 

It iG ze=n that compared to th~ 1976-78 period, there has been 
substantial increasP. in off-take by the electrical industry sector in 
the year 1982-83. The consu•ption in he ~~mi~ ana alloys industry has 
remainP.d steady i.e. 18"! of the total con;=umption. Or. the other hand 
other sectors have ilho•n decline in consumpti Y: whrrn corisidered together • 
This dPcline is attributed to lar~er jo~estic availability of scrap 
augmented by ever increasinc quantum of imports • 
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Iaport of Scrap • 

(in tonnes) 

•ate and Scrap of Waste and Scrap of Brass 
Copper Bronze and Similar Alloys .. of Copper 

1974-75 NIL 8 

1975-76 463 2,377 

1976-77 2,478 5,312 

1977-78 6,358 11, 760 

1978-79 9,886 12,378 
1979-80 13,521 22,576 
1980-81 19,640 20,795 
1981-82 19,210 19,674 

The i11port of copper scrap has been furtherlliber?..lised by the 
Government by categorising it under Open G0 neral Licence (cx;L) under 
the Import Policy 1985-90. Copper base scrap is an alternati•e or 
supplementary raw material to concentrates in the production of refined 
copper, but it is aleo the first choice of many manufacturers for u0e 
in the production of many semis alloys and chemicals. 'T'he qu~lity of the 
products manufacture.4 H111i ts the types of scrap which can 1;· used by diff
erent industries • 

Govern~Pnt Policies in Respect of Distribution and Pricing 

Since the demand far outstrips irdigP.r.ous production, India has 
to depend on imports and will continue to do so takin~ into considera
tion the limited re,•011rces of copper ore. Import of copper is canalised 
tnrou.:~h \!1!.TC. ThP- objectiw·s of canalLation are : 

~ s• Copper-base scrap meets 50~1: of the demand for conper in the 
non-socialist countries in India, contribution of scrap is 
roughly estimated at 15~ or consumption. · 
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Procureaent of metals at the most competitive 
prices through economies of bulk order and 
transport; 

Distribution of metal at the right time and 
right place; 

iii~ Ke4!ping the sale prices at the lowest with 
minimum margins for M'i!TC; and 

iv Customer service/satisfaction through streP.rnlining 
of di$tribution centres and procedures • 

r.'11TC has t,o,o sources for ''Opper imports. It has ente:red into 
lon, term :.irrant;ement ~it.h Za'11bia for supply of wireb'3rs. ?ambia because 
of gP.ograohical prox:irr.ity i;-; <i natura1 source of supply. For coppt!r rods 
MVTC goe;i into spot tender fro:n time to r.ime. I.imited shelf life of 
;·ods, delicate p::ickin.;, '.'Omp:1ri tjve priC'e situation at a p;irticuhr point 
of time vis-a-vis the cor.ver ion co,; t in India, ch::lnr,irg duty structure 
and limitation of handling ::t:r-e . om,:: e>f the irnnortant rea.:ons for going 
for ~pot purch~ses of copper rods • 

The selling price of impo~ted copper is regulated by a Pricing 
Committee headed by the Chief ro:troller of Imports and Exports. The 
pricing i'" normally done ori co~t '.'lus interest on principal. A:' for 
instance, if the selling price of c":1per in Inuia is Is. 44,500 iJer 
tor.fie, against the internR. :i ".'>rial free market price (LME) of about 
1,270 'Ol)imds or about Rs. 19,')7C·, the liifference betwPer! the inter
nation~J free market price a·'d the :;ellin5 price is explained by hL;h 
i:nport dur.ies which at µr.:~·0nt ;:ire ;:i,:; high as 117 ~plus countervailing 
duty~ Rs~500 pt, which on the b~ is of the c.i.f. coat cited ~hove, 
works out t1 aroi:.t 18.-, HCL al~o :;ells at the price thu.=: fixed. The 
hi -~h duty strurture is aimed at protectin6 thP orerP.tio,-:, of ECL • 

Nnte: The price pP.irl by ~~.HC in 10::g co:itracts m;:iy P.lso be s::iid to be 
the lo"e t becP.m>e th11 premium p;ii on thP: e c.,ntr::'l.ct. ovF>r the 
LYLE price:; ;:ire not obtainable in purchase:; in the International 
free markPt (Londor1 Met;il Exchi'inge). The prices :o hP paid in 
a:1y spot pu~cha~es Rre inveriably hi~her than in the lnng term 
contracts ,.i th nro•mcers • 
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Al though domestic prices are lir:ked to the international 
prices, there is a time lag in the for11Ulation of the domestic 
prices. As a result the dome3tic prices increasing •ith the inter
national prices but do not come down immediately when there i3 a 
fall in the International prices. This evidently encourages a great 
deal of specul~tion. Anyone can guess fairly correctly whether MMTC 
prices woulj go up or down, but it is the uncertainty about the 
extent of change that fires speculacion • 

Frolll the producer'::; point of view under such circumstances it 
means that either the customers ~ould not lift or delay liftir•g mat
erials spe~ially since the regbtration policy al3o d0es not bind thAm 
to lift their committed tonnages, or ther~ could be sudden heavy registration 
of demand, denending upo:1 which way the 3pPculation predominates. It 
distorts planning :;i.nd upset:~ all calculations • 

The distribution policy :or copper itself is charHCtPrised by 
a number of supperflu.)u~: regulations. Cnnsumers a.re -!ivided bP.twee11 
HCL and /;L~C and a consumer cannot .ihift from rme a,;1rncy to another • 
3uch a policy is p~rtly influenced by the nece.:sity t0 en ure dispoRal 
of :iomestically produce'i copper. The co:isumer, however, ....nuld like 
flexibility inobt;ii nin1; coi'per either f:-orr: HCL or 1!'TTC -:epending upon 
where the material i8 a.va1lablf-. In the ab:;er:c~ of' .;uch flexibility, 
consUJ11er.; are left in the brch if there at"-pointej sutiplyir~~ agency h::is 
no co~per in ~tock • 

It is someti11es advocated thRt di:otrib ti...,n of both indicenou.ly 
produce.! copper an. imported cop,,)er ahouU be handled by 011P. agency to 
provide ~he single window :;ystem throu,_h M'/TC. It b a vocated to be 
i:i.dvantaceou;:; to both the produe:P.r :c-ni th"' ind us try. '!'he arivantage.s to 
the producpr would be : i) ~.rye •1::.11 'i'1!"k 0 t thP entire output of HLL 
inc1 udinG even tne .'.ub-st-'lndarrl m:: t 0 ria1; ii) ~1·!MTC e:::tn m::i•.e 100 perc<>nt 

~: It meeds, howevl'!r, h: menti•Y"•P.d th;.; t i '.' HCL "ere to mqrket ro:iper 
at co:~t plus pr.inrir;:i1, its ;e1lirr.' price:' wnulrl he even hi,:hP.r 
thP.n the drimestic :>ellin-s price. of imported c0riper becRUf-'e its 
:::o:;t of pr0ductjon is mucn hi,,;i,..,r t•-~!'1 thP. i• ternationA.lly C<'llllpetitive 
levels. 

• ·From 70·1ad v;iJorem, import duty i1e:-:t upto 100"'i· November 1982, 
then tr:i ]05 perc~~nt in :,he next m·.nth and 11')" in March 1984 and 
117 ~ frl)m 1985 omr.<=trds • 
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cash payaent which is expected to improve the liquidity position 
of HCL; and iii) baaed on JOft'C's wide contacts with the consumers, 
essential feed back can be given to HCL about the consuaer•s require
ments regarding quality, delivery and type of aaterial. Advantages 
to the industry are also expected to be many such as s i) all indus
trial customere will be serviced by one agency; ii) MMTC can se 
arrange th• inventory holding that the costs could be brought down 
considerably; iii) pricing can be arran&ed so that the unhealthy comm
ercial practices are not followed, iv) the present bitterness of 
customers who are asked to switch between HCL and MMTC periodically 
can be eliminated; and v) cross coun~ry movement of metals by HCL 
and alGo by MMTC can be eliminated. MMTC h~s about 20 distribution 
centres, one each in almost every State of the country • 

The ans'.vP.r to the di:;tribution problem lies in three major 
ch~nf,'P.S: 

1 bringin;- abo1it coordination between the two supplying 
affencie>, just as in the case of another non-ferrous 
metals; 

2 makir.g a realistic assessment of demand ~hich would call 
for ~mong other things, firm monitoring by the Directorate 
G0ner~l of Technical Development (IX;TD) and other t~chnical 
~uthorities; and 

' introducin~ a reasonable reg_ 'tration noli~y which does 
not tr,rovr the prJducer at tr.- consumet's "1ercy or t:u~ co~sumer 

at th~ produc~r•s 

Government 3tntegy, Policies and Incentives to Develop the '.~ines 
and Copper Industries 

Unle::s new depo,;ite of large re.;erves Eke Malanjkhand are iis
C')vered, the ch::i.nceG o~ mf~etj n.; even 50 "f, of the demand (except for .;hort 
periods ~hen a new mine-~melter ~omplex come:. up) are remote. Therefore, 
the shor7.:~.1ll in dem::v1d has to be met by one or combinati0:1 of alternatives 
such ~:: : 

n Import; 

b Increased use of scrap; 

'· 
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c Smelting and refining of imported concentrates 
at new smelters/ refineries located in suitable 
areas; 

d ~rine resources development if possible; and 

e rea9ving the imbalances between mining, eoncen
.J.ration and smelting capacities. This may ease 
linkages in different regions • 

The first two points are receiving adequate attention and both 
together.- are takin15 care of nearly 60-65~ of our all demand for copper 
metal. The third an,i fourth .'i.lt0rnative are cf longer gestati·m and may 
not be of immediate help. The last alternative needs strategic planning 
and execution • 

A 1!.alan,ji..:t:~nd Co::iper Proj_ect w2.r-i sanctit>ned "i ih the i ·iea that 
the concentrates from Malanjkhand .ould be treatej at Khetri 
s:nP.l ter. The project ha:'> been cornmissi ::ined with the 0•1tput of 
copper at full ~aoacity as under : 

Ore Grade Annual recoverable 
CHllion tfil (-<:Cu) metP.l {Tonnes) 

2.0 23,071 

The project 'las been C'Oill'lli3sioned but the 1'.hetri .JmE:l ter exnan:;in': 
h~1Y not m'lterialiiwd. The r.;ap of l1l,OO;J tpy per;~ists : 

Mines of Khetri 
;il'..rn Mal:mjkhanrl 
(Tor:nes of Copper) 

45,UOO 

3111el ter 
(tonnes) 

31,000 

Refinery 
( tonf]_e..tl 

51,000 

Gas between mines 
Ref iner1 output 

(To~·r:e!!) 

14 '000 
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As a result, the concentrate is being sent abroad for toll 
smelting. There are four alternatives to bridge the gap : 

1 

2 

3 

4 

B 

The first alternative would be to set up-a s1ael ter at 
Malanjkl_land. Prima-facie it has been observed that the 
miniJlum economically viable unit alon5 with by product 
sulphuric acid facility is 50,000/60,000 tpy. The pr8sent 
cnpa~ity of the mine and the additional resources established 
around Malanjkhand do not warrant that • 

The second alternative could be to sell concentrate in th@ 
world market. The international price~ being low ~CL would 
sustain perpetual losses • 

The third alternative Wl)'--lld be tri toll smelt excess concentrate 
in foreign s·11el ter a.:; is being done at present. Toll !l;nPl ting 
is a comparativ·:ly expe:::::-ive prl)positio'\. The cost of t0ll 
smeltin~ pre3~ntly works out ta Rs. 11,500 per tonne of return
able copper. ~ainst this focremental cnst of production in the 
ex~rnded ,;meltini; and r<;finin:·, is e.;timated to work out ti) 
Rs. 4,COO per tonne • 

Thio fourth alternative 'NouJd be to au1~111ent the capacity of tbe 
Khetri s•nelter t'.1rough ·'.)Xyr;···n en:-irhrn"?nt of the proce:,:; "lir i•1 
the fla,;h furnace. 'rhe main invP ·tmo:nt in tl;<:> exp;m ·io:, of Khetri 
:;;1"'1ter · .. ;o;Jld be i· S"tting up an oxyg-=>n olant. Al0nc:;with exp::in
sion o'. Khetri smelter. '.t'he K•ietri refirier.;' h;:i.r; al'so to be expari
ded tn treat the inrrf>a;wd blLJter c,.,pn~r outp'-lt from expanded 
srnPlter. The pr<?.'ent re'.'in"ry ::it Khet i rh~ n0t hw1> a pu:-·ifi
c~tion sectinn. Tie pr-~~;ql to exp2n~ t~e refinery h~.· t'l includ~ 
the purifir:1tion :;pctirrn tn ·:·n;;ure th::tt the r:cial 't,v )f the final 
pr.,duct is accept~t-le to th· ')Pctr!c::i1 s<?ctor. Fu1f: of the r~quire
mants of electrira1 ~ioc~0r at pre:P•t ::ir~ imported • 

Amb;i.~?. .::i Mine in Guj•lr-Lt is b':'in dJ•VfdopPd by Gu,;c..r;;t iH'•"r'l1 
~v.-·lopment Corparati0· (';\;:'le). 'h- coppf'r cor:c<>ntrate frr:>rri tr-i; · 
pol,;r·ri~talli(' ore ·, i Jl nnt h8 :> n l~ t1 mP,,t th 0 q '.l': 1i t:1 rP>: 11i rem0nt:· 
of the feed of thP ,: >r"'IP tic .. mi;l t•·r ;;ind, t:ieref0rr>, "ril 1 haVP to 
bP Loll ~mPlted ahro~d • 
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C Mine Concentration Balance 

As against the ultimate production capacity of 9,000 tpd in 
Kbetrt Copper Coaplex, the designed capacity of the concentrator 
is 5,000 tpd. Certai~ modifications ~o the plant throU«ti 
installation of equipments in crushing and grin1ing system, 
woulti be necessary to augment the capacity of Khetri concen-. 
trator. HCL is, however, trying this by setting up of ore 
sorter prior to the concentrator so that the facilities suffice 
to handle the quantum of output • 

D Eastern Sector 

1 

2 

3 

4 

There is an imbalance betw.·en mining, milling, sm-=lting and 
refining capaei ties ir. the Eastern Sector • 

installed capacities are as follows 

a Ore raising 11 85 million tor.nes 

b Contained metal 20,160 tonnes 

c Equivalent refined Cu 18,043 tonnes 

a Concentrates 1. 551 million tonnes 

b Refined c··pper pT'oduced 
limited by concentrate 15,299 tonnes 
capacity 

3melter 16,500 tonnes 

Refinery 8,400 tonnes 

The capacities in the #estern 3ector ;:i.rr, already tie:1 up with 
Malanjkhand concentrator. As su~h there will be no surplus capa~ity 
available to treat mat,~rials from the Bastern sector. Pr:rusa.l of the 
various capa~ities in the Er'1s terr. 0ect.:ir brin;s-,1 out the f'.)llowing 
imbalances ' 
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i Between aining and lllilling 

ii J3etween aining and smelter 

iii • Between smelter and refinery 

0.28 million tpy 

1,543 tpy 

s,100 tpy 

To «f\rercome these imbalances, various expansion projects have 
been conceived by HCL. These are i 

the smelter at Vosabani is being expanded to 20,000 tpy 
with the help of oxygen enrichment of process air with 
augmentation of refining ca~acity; 

a new concentrator plant of 3,000 tpd capacity is being 
built at Surda to eliminate the mis-match of mines output 
and concentrator capacity and also as replaelllll~t of the 
olri concentrator; 

some minor expansions of mines are being undertaken by 
employing some additional equipments to fuller use of 
hoisting capacities; and 

the by-product plant at ICC is b~ing expanded to treat 
the Pntire generation of ::lime from expa.ndPd refinery 
capacities at ICC and KCC. The excess of 8lime at pre~ent 
is sold out • 

E R!finery-Wire Bar BaJance 

The installed capRci ties of thP wire bar plants of HCL are as 
follows : 

KCC, Rajasthan 

rec, Bih;ir 

31,000 tpy 

8,400 toy 

Ho·.\ ever, Government of India has decided to ins I.all continuous 
c~!:;t cop;.ier rod project based on high grade Cl"Jpper cathodes to be imported 
by lt 'TC. It may be located somewhere i V~estern India '1lor•r;-with the 
na;,ural gas pipelines. Af; a rc··ult of this ciP.velopm•'nt, j t is not nece
ssary to Augment the capacities of the ~ire ~ar plant 2i~her at Ghatsila 
or at Khetri • 
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Legal and Institutional Aispects 

1 Treat•ent of Foreign Capital 

Forejgn ·Exchange Regulation Act. (FERA) and provisions of 
foreign investment and collaborations are not applicable 
to copper industry since copper aines a.nd smelters are 
owned by the public sector and copper and copper alloys 
semis inducitry i~ by and large financed indigenously • 

2 Prot~cti:rn of Environment 

This is governed by : i) Environment (Protection) Act 1986; 
and ii) ·,•1ater and Air Pollution Control Act. For strict 
enforcement of the new Act, an implementing authority h~s b~en 
set up by the Department of EnYironment & Forest to check fur
ther degradation of the environment • 

The Act gives sweeping deterrent powers to the Central Gnve"tn
ment. It provided for prescribed punishment i.e. five yeare 
imprisonment ~r a fine of Rs. O.l million and seven years im
pri3onment for contravention beyond a periou of one year after 
the date of conviction and a fine of Rs. 5,000 for every day 
of contravention • 

The Act aLo provide:.: for punishment where an or~·ence has been 
committed by any department of Government public undert::t%ings. 
In such cases, the head o;· the department sh:tll be def'med to be 
guilty of the offence and ;;hall be liable to be prosecuted against 
and puni:ihed • 

The i;nplementing authority will have wings for developing stand
~rds monitoring and enforcement. These wing9 ~ill be manned by 
sci8ntific aGministrative an~ legal personnel • 

The degradation <lue to 11ining pro,;ects will b·" sought to be 
minimised through a system of environment impact aS8f'SSl'IPnt 
before the start of such projects • 
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The new Act P-ill not replace the existing Central and State 
- organisations but will only assist thea in discharging' their 
functions. The Centre will have the power to intervene if other 
aeasu:res fail • 

Veasures ~en by HCL for Protection of Environment 

There are basically four forms of envirom1ental hazards in 
various fields of copper aining and smeltint; operations. These are 
solid waste, liquid, effluent gaseous discharge and noise. There is 
presently no legislation in India specifying the upper li11tits of 
tolerance of the above agents of P.nvironment hazards. The ~inistry 
of Environment and Forest has however, issued guidelines for environ
ment controls in mines as well as smelters • 

1 Liguid Ef!l uen t 

The sources of liquid effluent are from mines, fertiliser plants 
and other proce.:s plants. Generally these effluents are treated 
to take care of toxicity. Effluents are required t0 be al o treated 
for elim.inatir.g high quality of suspended solids • 

2 Gaseous Effluent 

The ~ource of gaseous effluent are from the ::melter plant, acid 
plant anrt fertilizer plants. Further the dust load in the mi~es 
are required to be maintained within safety limit. Toxic ~-ases 
like carbon mrmoxide and nitrogen oxide are released during blast
ing. These alongwith d;esel engine exh;i.u;-;t gases, 8re being con
trolled F.nd maintained bdow the acceptable li:ni t:; by adequate 
ventilr tion of the mine~. '!'he du<it in the crm>hing sections 
has been cortair.ed by proper operation of dust extraction equip
mPnt. The slllpher diexide emitted from the 3me1 ter is con:rnmed 
in by produr.ti-:m of sulphuric acid, However, dut to frequent 
interrupti11ns of sulphuric acid plants at Kh~tri. ancl. Mosabani rh1e 
to power shorta?,"e, at;nosriroeric pollutil"ln iG 1ft0n n:::iticed, !:luring 
t':i3 time, the 5a3se.:; ;ire let off throu.-~h sutf'ic1rntly high chi:1ney 
to rwiuce the co•1centrci. ti11n of sul ;:>h-;.ir dio>eiiie 'lnrl othnr t,.,xic g;i;:;efl 
bcl.:iv: the acc~!'table leveb. !io·,.:ever, ·.vith C'lptive oower .•;011Prati·1r. 
thin proble~ is not li~ely to perBist • 

II 

·, 
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~ Solid waste 

Areas have been located f~r proper duaping of solid wastes 
from the aines. '.l.'he solid waste from fertilizer plants are 
disposed off on a regular basis. The tailing from concen
trator plant is being disposed off in a tailing pond from 
whe:te the clear water woula be recovered for re-use in the 
plant. Planning is in hand to dispose tailing from concen
tration at ICC in tailing pond • 

No specific stulies hav,~ been comucted by HCL so far for 
ascertaining the noiae pollution. However, ear-~uffs have 
been provided by HCL to the persons working in his'h noise 
areas • 

HCL hris tak~n steps t0 au,:;ment be labor::i.tory faci.litie3 
for monitoring the liquid e ff1 uent and the mines <lischare;e • 

Arr~ngements have also been taken in hand for monitoring the 
dust borne by the exhau~t gaees. Both at Khetri and Ghat
sila, inte~'Tated neutralising systP.m for liquid effluents 
are being planned. M/n. Dhara!llsi ~.!or;:i.rji Company has been 
e::gaged as co:-.sul tan ts for anti-po1 lutian mea::;ures • 

Safetj· Heal th ~:.nd ·:iori<ing Condit~ <:>ns 

All procluctio:' activities wheth,,r in ~ working mine, imderground 
or open ca:it, or in a plc·nt are attended with many hazard~ lik·~ly to 
result in the deterioration of hPal th, minor or ma,;or accidents and even 
death. The undesirable results of thef!P. ha7.a.rd:> are mainly due to humri.n 
failures, which c:tn be ;ivoided by adoption of c0rre"t techniques, design 
and safety measures. !HnLrium safety provisl_rrns have been indicated by 
relevant Mines (Am!,nded) Act 1984 ::ind Factories Act anrl rnle:'-1 and regula
tio;is frelme l t'.1erP.in. These rr•.wlations are P.nf()rced by the Directorate 
GPneral of lv1ines S;ifety (oc;..n) :i'1d In:,pi:>cbrRte of Factl')ries under the 
!.'.inist!"J of Labour . 
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Table 16 Occurrences of Jlajor Accidents in the HCL Mines and Plants 
During 1981 to 1983 

4 No .. of Persons 
No. of Acci~ents Seriously 

Period ~ Serious f.i) led Injured 

A ~ 

1981 5 164 5 164 

i982 3 128 3 130 

1983 2 145 2 147 

B Other than 
Mines 

1981 1 32 1 32 
1982 NIL 31 NIL 31 

1983 4 23 5 25 

Source: Directorate General of Mines Safety (rx:;rr.,;) 
Dh::i.nbad (Bihar) • 

Rate per 1,000 
;eersons Em:elo;zed 

3erious 
Death Injury 

0.33 11.2 

0.20 B.7 

0.10 10.08 

0.10 3.6 

NIL ).4 

0.50 2.1 

It is estimated by DGMS that the total direct and indir~ct cost 
of fatal accide~ts works out at about RR. 0.375 •illi0n to 
:-ICL • 
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Steps taken by HCL to iapr~e aatev standards are as follows 1 

Technological improveaents baTe been introduced in the 
rield of raising, blasting, stoping etc. to reduce hazards 
in ~ining operations; .. 
Monitoring and review of safety practices to identify weak-
nesses in the system and take corrective action; 

Training programme and safety campaigns are organiJed to 
generate safety conciousness a~d s~ill in reducing unsafe 
practices and hazards. Mines safety wpeks are or.s'?.nised 
on an annual basis; and 

A special sub-committee of the Joint Consultative Cornmi ttee 
on Sifety h:-is bee:i constituted at the highest lev~l of 11ana
gement on :natters concerning safety. This pr~vides excellent 
opportunity for workers partic:.pation in safety management • 
The safety co~rnittee has now ~~e statutory backin~ of the 
f~ines Act ( Am"!ended) 1984 • 

W"lge Levels 

1 Wage level:· ir> t:-e public sector e:'.lter;;ri~es :i.re ag-reod through 
long term ·iirige settlements between the mana(~ement and the workers • 
Bureau of Publir'. Bnternrises (EPE) constituted as an g_dministative 
unit u'lder th:i.t \Uni :try of Financ'!! is the nodal ar;er:cy for such 
3ettleme;;ts. HCL revised its wage structure throur;h :rnch settlement 
OD 1.8.1932 • 

2 HCL gives R. ~3 ",,f t::e wages as bo:-.us to the P11ployePs under the 
P:=ty:n-~nt of Bonus Act (as a11ended u::to 1780). This is irrespectiVP 
of :•°r1ether or not. the employer hn::; any a11ocable sur;:1us in the 
3..:::co:Jnti:ir,- :r~ar. The bonus is sup_:ect to a 'llaXi'llum 0f ?01'. of w::i.;;e3 
of em1loy0 ~ if j~stified by the av~ilability nf allnc~ble JUrplus • 

3 Producti<>n incPntiv2 ..>cheme is ope:--lted 0utr>ide the provisions of 
pay-ri··nt of Bonw' Ac· .• It is di!'ec:ly C">-rPl;:i,ted with .r_;eniune increas~ 
in ovt r::>ll volumr-> of production. :t b~::ome~; "!dmi.,;:;ible only Ol" 

~ttainm~nt of B ~pecified threshoi~ level • 
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The wages in the seais industries are governed by the settle
ment arrived between private management and workers unions. Such 
8,8reeaenta are usually operated for a period of maxilllUlll three 
years. The provision of payment of Bonus Act are applicable to 
the private sector as well • 

.. 
Institutional Organisation 

HCL comes under the administrative control of the Department of 
Mines which controls its functioning through the Chairman appointed 
by it • 

Budgetary support to HCL forms a part of overall financial allo
cation made to the Department of Mines by the Finance Ministry • 
Scheme of expansion/new projects and their priorities are approv~d 
and fixed by the Department of ivdnes in consul tat ion with the 
Planning Com.~ission and within the overall financial allocation 
accorded by the Finance Ministry • 

BPE is a nodal staff agency to provide mana;_;-erfal, ad·dsory and 
performance monitoring services in various facets of HCL management. 
Durin€ this process, BPE gets actively associated with the Depart
ment of Mines as well • 

HCL functions through a Board of Directors headed by its Chairman. 
HCL coordina te:i with the semis m:inufacturers throu-;h fixed linkarres 
in terms of ide~tific2tjo~ of firms ~nd the quantum of met~1 to be 
lifted within the specified time sc'"edrile. All t> 1 i2 is decided by 
the Cornmi t tee comprising of representati vrs of ~~'·1TC, "'.Y>p;:irtment of 
!.:ines, HCL, Directorate General of Technic~l] Development (DPo:irt
ment of Industry) on a h~lf yearly basis • 

Stragegie'" of IP.velopm":nt an-l CoopRr~tion 

?Io:· ExploitP.d Deoosits 

Det:lils of re~1ervNl in rN1pect of non-exp1oited but known 
de;iosi ts are furni8hP.d in Append ix.:: Cu-XI :tnd Cu-XII • 
Th~ total res 0 rve3 ir· these known deposits 2re , ummRriu~d in 
Table 17 • 
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Table lI Summe!:l of Reserves in Non-BxJ>loited but ~_nown De~osits 

~ 

Insitu Reserves in Million Tonnes Total Metal .. and Grade ~ CU in '000 
Proved Probable Possible ~ Tonnes 

i Projects under consi-
deration/formulation 27.79 27.52 1.29 56.60 738 

(1. 25) (1.35) (1.55) (l.30) 

ii Deposits apparently 18.11 70.42 29.16 117 .69 1,610 
viable (1.42) (1.37) (1.53) ( 1. 37) 

iii Paramarginal and sub-
. marginal prospects 

a) Above 0.6~ Cu 19.89 27.95 47.84 534 
( 1. 26) ( 1.01) ( 1.11) 

b) Below 0.6·~ Cu 43.57 Lil. 22 84.79 242 
( 0.22) (0.35) ( 0.29) 

Sub Tohl iii 63.46 69.17 13?.6) 776 
( 0.55) ( 0.63) ( o. 59) 

Grand TotA.l 

a Above 0.6~ Cu 45.90 117.83 58.40 2~2.n 2,882 

b Below 0.6-"'f. Cu 43.57 41.22 8~.79 242 

All Depofli t::i and Pr0s pee ts 45.90 161.40 q9.62 506.92 3,124 

Of the reserv9s tabulat(:d above, th!'! rl·.0 posits c::tee:ori;;ed a.fl 
projectn under conside1·:--.tion/.formulr1tion would ·r,e in a .-;t;:i.,··e of PX
ploi ta ti on in the VII and VIII Plan period. T1"1c pr-ojectE h~ve been 
indentified in Appenc.iix Cu-VII llnd correspondin~ investm1>nt ir1 Appen
dix Cu-VIII. Important new depo::>i ts under c:o: sider:ltion are a:> f0llows 
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1 'rlma]!!har - lakba - Sidheewar in Singhbhum contains large reserves 
by undertaking open pit mining together with large underground min
ing, a larger output as compared to underground mining is apparently 
feasible. Moreover, open pit mining may permit lowering of both c:ut
off grade and workable grade enh~ncing thereby the recoverable reserves 
by near~y 30:'(. While it may take 10 years to start full fledged 
underground operation, it may take 3 to 5 years to start an epen 
pit -;ine. This provides -~he option to increase production as well 
as maximise recovery of metal values from the deposit • 

2 A.abaaata Project is a polymetallic project being developed by the 
Gujarat Mineral Development Corporation. Since there are no smelt
ing facilitien for polymetallic concentrates, the concentrates have 
to be exported for toll smelting • 

3 Dikchu Co.,per 7.inc Deposit haa 3.lOo!, copper and 0.99~ zinc. The 
copper recovery in the concentrates is about 90~ The Himalayan 
bas'? metal d··posi ts are quite attractive as far as their metal con
tent is concerned. However, t~:eir structur?..l complexities, hostile 
terrain conditions and inadequate communiaatio;·:s and other infra-
3tructural facilities pose many problems in the way of their economic 
exploitation • 

4 Akwali ar.d Banwag are the two new pro,jects in Wes tern sector th<i t 
may play a sup~ilementary role in lengthening the life of the overall 
copper m1n1ng. The working mines ~ppear to contain copper at the 
rate of 2 .1 t'1ousand tonnes (Khetri ;:inti Kol ihan) to 2. 5 thousand 
tor,nes (Khetri, Ko:..ihan and ChMdnmri provided exfloratior. proves 
continuity of ore in Chandm:iri) per metre d0wn to a depth of 300 m 
from the surface. The other five better known deposits together 
may provide one thousand tonnes of copper per metre depth in-situ 
reserves down to ?00 m depth from the surface. If the annual rate 
of extract i or i , 10 m in Khetri nrd Xolihan mines and in five other 
mines, the avaihbility of copp~r metal from Rajaf>than for the next 
20 years may arr.ount to ltl. 5 to 16. 5 thousand tonnes per year. App
arently it ·;;ould be difficult to ·ubstain an a11nual production of 20 
to 25th. tonnes p0 r yePJ.r for more t'ian 8 years after which the avA.ila
bil ity from working mines in Rajath~n may .:harply ri?cline to a level 
of only to 10 to 15 thow,and tonne;; a year. There'.'ore, three steos 
are nece. aary : i) onen in.; of s ll[Pileinenta ry 1lines in the known · 
appuently viable dP.[l0fli t;; (Appr.ndix Cu-XII); ii) depth-exploration 
in the ·nori:in{~ and viab}e di:po.;it.3; and iii) intensiva exploration 
of paramarginal ::i.nd .;ub-marg-inal deposits of Raj::i.:o than • 
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Most of 31 paramarginal and sub-marginal proapects (Appendix CU-XIII) 
spread all over India are of small dimensions and have net been 
explored in depth. Any prospect having the potential of ;rieldin.; 
atleast 10 thousand tonnes of ore per metre depth over 500 m 
strike length with an average grade of 1.5% copper or so may be 
explored in details alongwith exploratory mining and 100 to 200 tpd 
pil~t plant facilities to produce concentrate (4 to 10 tpd). There 
are only 17 pr izpects with grade of above 1.2"'€ coppP.r out of which 
8 have more then 2.0 million tonnes of ore. Six prospects have an 
average grade of 1.50~ copper or above, out of Nhich three have more 
than one million tonnes of ore • 

The average P.vailability of copper from these 37 prospects is seven 
tho·Jsand tonne:; based on 50~ recovery from in-situ resources. 
Assuming the life span of each pro3pert to be 20 years, the average 
annual production from each prospect would be of the order of 350 tonnes 
of metal equivalent or to about 0.51 of the envisaged annual produc
tion of 65,000 tonnes from 1988-89. Since it would take atleast five 
years to set up any mine-conc<?ntratcr unit into commission, it would 
be neceJsary to plan production from 10 such depo~its every 5 years 
to' achieve an i:icrease of 5~ in production capacity every 5 yaers • 
~}imult~neously, every year, ~tleast two such deposit:; have to be 
explored and proved. If the minimum l .JlOr-d.tion of a prospect i~: 
carried out at 50 m x 50 m 5~id, the annual drilling rate required 
would be 80 holes of 300 m depth each when the succe,~s ratio is 501-
Thus, atleast 240,000 m of exploratory drilling in 10 pr')spects ever-1 
five years will be required to sustain the growt~ rate of about s~ . 
This wou 1 d amo-..int to atlea::it 80 m of exploratory drilling e•ery day 
or Const.int deployment of 30 drillin,•j machines every day (assuming 
annual drilling of 800 m per rig) for prospecting purposes • 

The working :nines and better knwwn deposit:; in India ta).:en togethe:-
can possibly pru~ide 65,000 to 72,000 tonnes of copper at An extrri"
tion rate of 10 m per year (ApDendix Cu-XIV). If' combined 1pen pit 
and underground mining system is ridopted for Mal::i.njkhand ::ind Rakh::i.
Sidhesw~r area, the possible increas~ i1 pr~ducti~n capacity at the same 
rate of extraction would be 25,000 tonneo A.t ~~alan,jkhn.nri and 13,000 
tonnes at Rakha-Sidheswar area • 

Thu3 a posnible increase of mine producti~n canacity from the exi~ti~g 
mines in the near f•Jture may be of orcier of 40,000 tonnes • 
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From the above discussion the following actions are suggesteds 

accelerating exploration and discovering new deposits at 
the rate of atleast one prospect/deposit with a minimum 
of 150 tonnes of copper per metre depth over 500 m strike 
length every year; and .. 
exploring and assessing the possibiiity of increasbe min
eral reserves and production capacity in existing mines and 
minerals deposits by suitably changing the cut - off grade • 
Reduction of cut-off grade will generally result in increas
ing miningwi.dth and lowering the average g-cade. The %increase 
in dimensions may be such as to permit open cast mining to 
be adopted or to introduce bulk underground ~ining methods • 
Because the tenor of the ore will be lower, various altP.r
natives available for preco~~entration ne~d be ex~mined. 
Heavy Media 3eperation (HMS) and various ore sorters are the 
techniques now available to reduce the cost of beneficia
tion of copper ore • 

Main Area for Co'Jneratior: of the Sub-rezior;Hl, Regional and 
the Countrien ~1tside the Region 

Necessary expertise in the field of proc3pecting and exploration 
for ~o~per are available in the country. Exoerti~e And faciJities for 
preparation of feasibility reports, development of mireR ~nd ~etting up 
of bo,neficiation plant.: for cooper are al:o '.1 available to a larr~e extent 
but foreign te hnical assi3trlnce as a back-up co:i ·:ul t::i.r:e·y is still rPquired 
in certah 3pecialised areas of mine design :>nd pla!1nin.:; :rn1 bo,nefi
ciatbn for polymet::i • lic ores. Ther:e snecifio,d area.s in which the forei!;n 
expertise or export o" technolo;y may be \nrr'1r:ted are .J:.::r.>J t out br-:] 'JW : 

1 Proo:pe~tinP,' of \'.ineml Re,·ources 

The Geologic;il Survey of Indi:-t (1;.;T) h:,,; the nece 'S:'.ry 
cxpr~rt i:; e for underta.ki ~1g ·eopli~lf: i. c:-t J , ';"'ochio;;i :i. r.:11 a !1cl c;round :; ur veys. 
G.;r may, however, require as:~istance fr0;n i·tPMl"ltiomi1 ri·er:cit>.1 f'Jr "lir
bor:-,e rer;Lin~d r<?connais::ia.nce by WRY of Jpeci:,J Pquinment:; fo~ exten::ive 
areas such as in Hajasthan a.nd concealed ·lep0:~i ts a~1 i!1 Mr-idhy:i. Pradcflh • 
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Systematic investigation over a period of years has brougnt 
to light existence of important potential mineralised belts in Rajas,han. 
A large potential area extending from a little south of Delhi to Amba
mata in Gujatat is one of the most important belt in India. ~lJe rocks 
exposed extend well over 700 km in length with a cu!lllllu~ative width of 
more than 150 km. Within this area of over 100,000 km bulk of the 
explor~tion-work has been centered in 20 sub-areas in about 90 occurren
ces of lead, zinc and copper. The aggregate area of 20 sub-areas consti
tutes very s~all fractio~ of the total potential. The pattern of explora
tion hitherto has been one of concentrating around small areas rather than 
expanding the potentialities over la.rge mineralised districts. 3uch 
investigation of larce tracts may involve sophisticated instruments for 
pinpointing the economic mineralisation in the belt • 

Huge deposits of various n-m-ferrous metals are also reported 
to occur under the desert cover of Barmer ~istrict in Rajas than stretching 
over an area of over ?8,300 sq. km • 

~orld's copper resources increased from 154 million tonnes in 
1960 :o 451 million tonnes in 1976 mainly due to cor.t"ibution of copper 
metal from Porphyry copper deposits avera~ing between 0. 3 ~ to 1.0,,( copper 
in grade. Similar increase took pl~ce in India due to the discovery of 
Mala.njkhand copper deposit during· the s;:i.me period. Pre,;ently, Porphyry 
cop"er dr?pos its comprise nearly 50 :'of the world 1 s cooper re::0nrces. 
But similar deposits of Malanjkhand contributes only 26<t of the country's 
copper rasources. It is quite po8sible that exploration in the vicinity 
of i·i'.alnn,jkhand may provide more eccmomi:::al •:eposits. TechnicA.l assistance 
from forei~ aP,"encieri may prove catalytic in locatir IS the further con
ceri.lert re:::ourceR nenr ~.ialan,ikh<rnd in r!adhyM. Prafi..,sh • 

B Detailed Exploration 

Miner::i.l F.xploratio:i Corporation (MEC) ic; fully e'lui;Jped to 
unriert:l.:-:e det<iiled exploration by wa,y of drillin ... and expl.;ratory m.Cn.i.nP,' 
to prove t'1e ore reserves in miner:i.l de po.· i t3 fnc i 1 i t:::t tinr: inves tm·~nt 
drvisi~n for exploitation • 
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2 Exploitation 

3 

a Necessary expertise is available with HCL, for preparation 
or feasibility reports and detailed project report for s111Bll 
and.medium scale copper projects. Other agencies such as 
J:ndian Burea~ of Mines (IEM) also have the requisite exper-
ties for preparation of feasibility reports for small and 
medium scale copper projects. For large projects, foreign 
assistance is still considered necessary • 

b 

c 

In the area of mine planning and design for non-ferrous met
als, appreciatle progress has been made in development of 
indigenous expertise, with the assistance of back-up con
~ultancy from reputed firms of foreign consultants such as 
Selltrust Engineering, U.K. and Golcer Moffitt and Associa
tes, U.K. The Planning wings of HCL are in a position to ~o 
detailed mine planning and designing under thP overall guid
ance of foreign consultants. ::owever, a.:isociatioP of foreign 
consultants may still be required for some more time before 
HCL is in~ positicn to reach the level of aelf-sufficiency 
in this area • 

In the area of mine coPstruction, expertise is available with 
the indi~enous agencies iuch as Cementation Comoany Limited, 
Mineral Exploration Corporation (MEC) and Bharat Gold Mines 
Limi te.J (BG\"L). Ho·11ever, n•:ine of these com~anies h-,ve exper
tise in high speed shaft sinking and t~nnelinG. ~fforts a.re 
being mr>.de to train BGML personnr:!l in the above area ir: the 
foreign c0untries anu al:.;o for obtaining forei n technical 
rollaboration for EGML and 'I.BC in execution of hi ~h speed shaft 
sinkin,; and tunneling • 

Beneficia. ti rm 

i L:'lhor<i.tory Facilities for Development of Benefida ti on 
Techniaue for Ores 

National Lahoratorien 1i ke Nati 'na1 ~~et:il 1 ur::;ica l Laboratory 
(:mL), .Jar;sh" lpur, IB't, Na;-:-pur, 'Shaba Atomic Rm1e::irch Centre (BARC), 
Hyderabad ::ind Re1:ional Res1>.arch Laboratory (RHL), BhubaneRhw;:tr have 
the re11ui~-;tte facilities and carabilitiPS to carry out inv0Htig.19tirm 
to develnp prnce;'.se,:i (except for complex multi metal dP.posi ts) fur 
producti0:-; of miner~ll c0nc.-,ntrates. As regards complex multi-metal 
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deposits, where production of clean concentrates haa not been possible 
so far by physical bene:iciation alone, the country shall have to obtain 
from abroad viable process know-how. In fact, Government of India is 
currently pu.Jisuing this 2atter with the Soviet Union and Poland • 

ii Design & Engineering Capability for Beneficiation Plants 
• 
In the past de~a.d.e::, the country has developed sufficient 

expertise ~o implement beneficiaticn projects either on a consultancy 
or on turn-key basis. A number of a,:;encies are capable of executing 
such projects. However, a0 in the case of multi-metal ores an~ other 
similar critical cases w'1ere specific expertise will be necessary, it 
is de3irable to have an open door policy to seek and obtafr, the nece
ssary expertise from agencies outside thP country • 

4 Extraction of Metals 

a Copper 

In the area of :smel tin,.;: of copper, flash sm<?l ters have been 
e3tablished both at Khetri and ~hatsila by !-!CL with the technical a::sis
tance/collaborati1v1 with foreign parties. Cer~ai;; technolo.:;ical a'1d 
operatio::al probler-:; were found at Khetri sme1ter ;i.nd :hese have bee1;, 
by ;-i,d largA, overcome, with thP. t<-=>chnical a:S.::istance f1 om a f0reie-n 
cor:sul tancy fir:n. For i;r1provi:·1g the quali tJ of "ire be rs ;:i.lso, ;:CL had 
obtainei te ·1mical as~•i:>tance bi.At windi:i0 ::ire 'lUali ty is yet t:i be 
s~tisfactorily attai1ed by the co~pa'1y. Efforts i:i t~i' directio:i are 
being continued· by HCL with in-h0useexperti~e • 

For expa:1ci01: ')f sm"lters :l;,d reCin<>riw·, necess•l:>y •"?XP'~"' !.s<> 
i3 n·')t ;:ivailable in the countr/. 'lCL i:: 0btc1ini:-,r; the ne·2e~;::1ry te·~h-

nic:-i1 a:·f;is tance/co1 l::i.borati·1'1 ··or :~hetri ,,::is] ter ex'.};ir.si"n from '.'/1. Qi;to
kumpu~ Oy, Fi:iland ·1ni for ICC/vcc re~inery exna~~1~n from ~/s. ~it~u! i~h! 
·.~eta l Corpora ti'>n Li ... i tP.:1, .fa.pan • 

In the Sin•,r,bh.im b0l t, the co .ner ,lepo:~i t:> ::'tl:•o ~·nr:t·; :n 1 1,l;r ;· 

a.:soci'lted rn·~tals lii.:E: ni~k<>l, mol:/ndr~nu11. coL:i.1 t, :;1=>leniurn, V~1111ri'.J.n, 

['Old, :;j}ver ;:ind ;"•l.-.o ril~!:;iu:n in traCP,;1 "If V•!ry ";·c:Rll per<:l'~Jt.-ipp, ,ii.tn 
f0reL;n technic'=!l a.;.: is t1~;ce, :i. plant for re-:;overy 0f :;elPr·iurn :;..r;.l nicltcl 
fro:n anorie .;lime· ::it ICC, (;h<1Lsila ba;i a1ready be<>n e:,t:J.bli;;h<>d :-:n:·: hri..; b··en 
in 011<:r:'iti0n for t',w 1:-t:;t fP," y~nn;. H8L Pr. ;inr:r:r:: hnve th"''~!<>lve::: 1l"? .. i_;ned 
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and set up a precious aetal recovery plant for extr::\ction of silver 
and gold from the anode slimes which ha~ already been operational for 
more than six ye~r:;. Recovery of tellurium from the electrolytic re
finery slime"has been successfully established on pilot plant 3cale 
through R&D ef~orts at Ghatsila. For the extra•tion of cobalt from 
converter slag at Ghatsila, technical assistance from Outokumpu Oy, 
Finland is being obtained. For expansion/setting up of selenium and 
nickel sulphate plants and precious metal plants also, technical 
as3istance of Outoku.'llpu Oy is being obtained. The plant is U."'lder ex
pansion to handle increased availability of slimes from Ghatsila and 
Khetri refineries • 

5 Project Implementation 

The level of experti2e available in respect of basic en~ineering, 
detailed en.-;ineerin;_; and project en;~ineering, in the country with con
sultant:> is adeq:.iate to handle all the activities rel3.ted to project based 
on indigenous know-how. These cons~ltants are now in a position to Wlder 
take the preparation of ba..:>ic en;i!'leerin:; packaf,'e with minimum fl)reign 
assistrlnce. Thus, it is now po:;sible to maximise the Indian participa
tion in these ir:iport::int area3. However, in Rreas like recovery of tracP. 
met~ls w•1ere previous experience is not available indigenou:.; ly it may be 
n!'.?ces:;arJ' to solicit foreign assistance • 

6 Research and Develonment 

a Recovery of Co;iper by l)ump J,e:=>.chin-; of Low Gra:ie 
Oxidised 1nd Lean Sulphate Ore • 

L::i.r.~e quantity of copper is a.nd will be <;.vailabl e from oxide 
ore with 0.5"to o.6~coTJper and lean 2ulphide .. ,ith O.?~ to o.3~copper 
duri•; the open pit minin<_~ of P/.afanjlcha.nd copper dio.90-it. Preli~~inary 
te;;t on leachin;s of the::;e ores in:iicelteci the po.rnibi.Jit.y o: rAcovery of 
n significant a:nount of primary cop9er which ma· otherwi ~P. be lost as 
waste. Further, te:.;t!'l on developing·a suitable procens, however, have 
:o be carried out. For thi;.; purp,):~e foreign consultants are b0ing 
appointed to undertake necessary tests and desi ~n the entire indw;trial 
oper2tio~, if the test~ are ~uccessful • 
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b Foreign consultancy may be warranted in respect of studies 
relating to the treatment of slag and reverts (including heat-recovery, 
optional cooling rate and floatation) reverts, purification of electro
lyte and recoyery of valuable metal~ from process waste • 

1 Copp9'r Alloy and Semis Industry 

There are a number of foundries in the medium and small scale 
sector which clai~ to supply castings of special alloys of copper. There 
are sti:.l areas for deve1 opment with rega."':'d to ~.;a.terials using ~lwni-
nium bron7.e, nickel - ~lumirium - bronze and a~loys for the heat exchan~ar 
and ship buildincr industry. It may be difficult to ta:ce advanta~ of the 
present proven technoloG-y available else~here because of factors, such as, 
non-availability of resources, meagre infrastructural facilities, hi~h 
co~t and high production tates (vi~-a-vis demana) of adopted technolo~ies • 
Of course, over~ll proven technolobries have bP.en succes~fully adoptei 
in the co:rntry, for example, continuous casting of ?.1loy strips and 
sectio~, adoption of high speed rolling ~ills with autom~tic gau0e control 
facility for producing thin gauge sheets and strips of continu::ms lergth 
with precious c0ntro), pro(~uctio--: of c.c. rods etc • 

' Further technic'.'l input may be needed i:. some ::i.ren:;. For ex'.!nl)le 
continuous c::vt strips co;.ild be utilised for the m-onuf1cture of tubes by 
suitable for-:ning ~.nd weldin,:; ope1-ations. Continuous C"-~' t rod~ can be used 
in some :i.ppl ica tions w:iere extr-:1de1 rods c:"!.n be dispe•1~ed with, thus 
a.ffordi· g reduc-t:'..on i.. co3t n.n<i better yield. Corttinuou::: c::ist rods of 
electrolytic c00per c-.n t-e used for the manufacture of l·;::g len.sth ma<~:1et 
wire without breaks, for r'?.ilw'ly overhPad tractio!'! c~~lP ~tc. ~he radiator 
ind stry c::i.n ~1 n benefit throu,~h manufacture of ,·:elded tubPs for 
radiator aoplic'1ti ons. ':'I-tin ,:;au-~e stri~s produced can be used '.or ra,~i:it0r 
applicatio:'s, c::ible wrappinG:', co-axial c'l':-.le .-heat,- etc • 

The othP!' new '1reas ·.•.hi ch m.'ly need forei. :n PXnert' s 0 '1rr~ the 
manufacture of fine ::?.ml ul tr:i.fine :.ire,', thi:. foil by rollh"- ?.;id prl)ducts 
made out of .:0~~e of thF> alloys such a.i b.~r:1l li'lm cor:::er .... ,, • 
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The country is self-sufficient in production of forged components 
which require s~aller presses but when it comes to manufacture of larger 
components fer electrical industries, the problem is one of lack of quality • 
In the ext~ion area, economic manufacture of colllllutator segments or the 
right quality is still posing a serious pro:·lem. The printed circuit board 
industry has very promising potential ~nd coupled with the employment or 
powder meta.ilurgy technique the scope could be considerable for component~ 
for computer and other electronic Ldustry products • 

The other areas n>l<te to manufa~ture of high ~onductivity copper 
ite"!!:' !'"uch as chromium coppe:-, 7.irconim ccpper, cadmium copper, silver 
bearing copper for welding tips, c:mtinuous cast mouldlj, switch and seg
ment components etc • 

The cost of intr~duction of rnoderP technology and hish productic~ 
rate vis-a-vis de!T:and may di::co'.lra. .e introduction of rr:odern facilities. 
It may be also worth noting thP.t ;.vi· fiout ,...,odern f<tcilities and capabili
t'ies it would :-e difficult t:-i meet the ::TO\'ling dem,,r.d of sned<tl products 
~nd the area calls for specia 1. r1.ttention • 
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ALUMINilJ]( INDUSTRY 

INTRODUCTION 

In India, primary aluminium is currently produced by four 
compar:ie'.:, "lccounting for a total of 362 ,000 tpy installed capacity • 
Of these, the Bharat Aluminium Company in the Public Sector (BALCO) 
has a capacity of 100,000 tpy. The three private eector companies 
e.re - (1) Indian Alu.,.inium Company (INDAL) with 117 ,000 tpy capa.~ity; 
(2) Hindu8t:>.n Aluminium Corpti. (HINDALCO) with 120,000 tpy; and 
(3) Madras Aluminium Company (llAL\X>) with 25,000 tpy. 1hese entities 
in the private sector have substantial forei,~-n equity participation • 
Aluminium Company of Canada (ALCAN) holds 50.6~ of IN'DAL; Kaiser 
Aluminium and Chemical Corporation of USA holds 26. 7<( of HI::DALCO 
:>.nd Aluminium Italia h'l.s 20" of thP equity in Y.ALCO • 

De:>pi te ;.he large share of private ownership, control of the 
pricin~, production and distribution policy is in the hands of the 
government. Imported aluminium is made available to consumer:; at the 
sa·ne price a:, the domestic metal by suitable fiscal adjustments. 
Thie is to protect t~e interest of local producers while ensuring a 
fair price t' the consumer. Present re ulations require 50rf. of all 
do:nestic metal to be electric conductor gr;:i.de aluminium. The mt.TC 
imports and controls the distribution of imported metnl in order to 
m~intain a.~ as:>ured level of supply to industry • 

The retention pricin; system is the government's method of 
keeping a tiis-h t control on the aluminium industry. Retention prices 
•n·P. fixed for P.a.c:n aluminium producer on the kk;is of its cost of 
produr:tiw1 a~ri a specified return on capital. A :i>al? price is also 
fixed by the ,;-overn::ient. If the retenti11n price for a par~icul8r unit. 
is lowP.r th.an the fnl"' pri:·e, the exces;. ::imount collected has to be 
credited ~o an aluminium reP,"Ulation a~count. Similarly, if ~he rete~
tion p:--:ice is more t>an the sal"' price i.e. its cost of productio;: is 
higher than .. he controlled price, the difference is rP.imbur>Jed from 
t·.e ~luminium re,,ul::i.tion account. The better :nanaged co·npanies claim 
: hat ~ .... ~ ;;y;:;tem penali.rns el'ficiency anj rewards inefficiency • 



-. 
• 
• 
• 
• • • 
• 
• • 
• • 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• • • • 
• 
• • • 

59 

Despite the problems with the electric power supply and pric
ing, the industry has a number of projects under construction or 
design. These are intended to make India an exporter of both alwr.ina 
and aluminium. In this context, India was admitted as the 12th member 
of the Intetnational Bauxite Association late in the year 198~. The 
integrated alqmina/alwniniua complex being commissioned in Orissa by 
the Natior.il Aluminium Company Limited (NALCO)+ •ill result in a major 
boost to output • 

HINDALCO is presently engaged in enhancing it3 capacity to 
150,000 tpy. To feed the tncreased ca~acity, the company is presently 
engaged to increase its alumina capacity to 300,000 tonnes per year 
under technical collaboration with Hun.;ary. HINDAT.CO's captive power 
plant - Renusagar Power Company - is bein~ expanded to 350 1f~ capacity • 
HI~IT>ALCO is the only company in India with captive electric power, 
•hich con~~ibuted to its relatively hi6h capacity utili~ation. NALCO 
will also have its captive power ir. 1987 while 3ALCO is coing ah<?ad 
with a .;imilar venture • 

Ever since NALCO was set up in the public sector P..nd work started 
on the integrated project ir. Orissa, the performance, managemPnt and 
growth of the aluminium industry has been subjected to intensive re'· iew • 
Questions of periodic ov·:r suoplies c0:-i::;equcnt to tr1e commissionin.; of 
NALCO have given rise to the need for a long term perspective on the 
exploitation and u~e of AlQ~inium. However, the potential for its 10ng 
term growth :ini utilisation is certainly beyond debn.te, ;siv~n the interests 
of overall economic devel0pment • 
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ANALYSIS OF THE T!XIBNICAL AND SOCIO-ECONOVIC CHARACTERISTICS OF THE 
BAUilTE MINl!S AND ALUMINIUM INDUSTRY 

Exploited Mines of Bauxite 
4 

In India, there are 95 working mines at present. Nearly ! •f 
the aines are 3mall mines with annual ~~~ctuction of 1,000 tonnes or 
less while at the other end of the scrle, 9 large mines account for 
65.48~ of production • 

Table 18 Percentage Contribution of Bauxite Production -
Fregue-ncy Groups 

Percentage 
Contribution in 

Production Group I' .~o • of Mines Production (~ 

Upto 1,000 33 0.56 

..1,001 - 3,0GO 18 1.88 

3,001 - 5,000 6 1.18 

5,001 - 10,000 8 2. 71 

10,001 25,000 12 10.84 

25,001 50,000 9 17.35 

50,orn and above 9 65.48 

95 100.00 

Of th"' 30 mines falling within the l:ist three groups, a sieni

ncant nu'lbe!' are captive mines of aluminiun indu3try • 
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Captive mines contributed about 1.84 million tonnes out of 
a total of 2.35 million tonnes of bauxite in 1985. The reserves 
in captive mines and availability of infrastructure are furnished 
in Appendix Al-I • . 

The..gradewise production of bauxite in India is as follows : 

Al20~ (~ Percentage Contribution 

Above 60 0.69 

55 - 60 12.06 

50 - 55 25.94 

45 - 50 59.57 

40 - 45 0.23 

35 - 40 0.03 

Below 35 1.48 

100.00 

Nearly 85~of b8uxite proau~ei In India falls within t~e Al 2o3 of 45 to 55<1.; productior. of speci:l.l hir;h grade with Al 2o3 content 
above 60·~ is negli,;ible • 

Bauxite i-; co~~sumed in aluminium, abrasive, alloy steel, cement, 
cera~ic, che~ical, iron and steel, oil ~nd rr:fractory industries. The 
percentage consumption of bauxite in the:;e i:1duotries during 1985 was 
as indicated beln~: 

Abrasives 
Aluminium 
Alloy Ster?l 
Cem~nt 

C1'r;:i,mics 
Chernicalr. 
Iron &: Steel 
Oil 
Refractory 

Consumpf:itm t)f B?uxite 
in 1285 ( 3 

4.10 
78.40 
o. 39 
6.16 
0.21 
1.54 
1.10 

8.10 

100.00 
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As in obvious, aluminium industry accounts for 78 percent of 
total conSUDlption in India. This is just below the world average of 
90~ of bawd te consumption in aluminium ipdustry • 

Alumini~m plants draw supplies mostly from their captive mines • 
The supply 3f chemical grade bauxite is mainly from Sa~reshtra area in 
Gujarat State while abrasive grade is largely obtained from deposits in 
Gujarat, l't;:1.harashtra and Tamil Nadu. Lohardaga in Bihar, Katni in 
'tadh:ra Pradesh and 3aurashtra in Gu,jarat are the principal areas supply
ing refractory grade • 

AlurniniLlill in:lustry g1merally uses baud te with Al
2
o

3 
C'.)ntent 

fro!!l 45 to 55~ 'fowever, sli~htly lower grades with a suitable 
blend ri.re « lso i1sed depending .uoon other chara~teristics such as 
fr.eedom from reactive silica • 

In steel industry, bauxite is used as sla~ correrttve in pl~ce 
of fluorsp:':!.r; b?..uxi te should have 45 to 54 ~ A1

2
o

3 
r1nd Si0

2
• i,::nni te 

c0nsume'i i:1 the refractory industr.r generally contains 58 to 60""'. 
:l.1 2o3, 2 to 3.5 J Fe2o~ and 3.5-1, Ti0

2 
(:nximu!'IJ. In the chemical 

inC'!~otry, bauxite h?..Vf!1;\ 55 to (plu~J 60:; Al
2
o
3 

and Fe
2
o

3 
le:'8 than 

2..; lS corsumed • 

LP.~our ~orcP in B~uxite Mines 

~hP ~ver2 ~ d~tly labour e~ployed i~ oper'ltin~ bAuxitP m;nes in 
1935 w"s 0f the ord•r of 5,000. This exclud"'ci thp l;'.>li:mr P"lul0yeci in 
tw0 -;iinin·· projects vi'.7,. GA.ndhm::i.r·:frin ~nrl P;:inchpP.tm::ili r:dne8 in Orins::i. 
ThP c.l·ill»d l::bour cnnritH11ter: only 15','( of the t0t'll employ'TJP.nt • 

JntPrrrJPrJir.ry C0':'11JrrJnti0n in F.xploitAci Minefl 'lr.i ib 
i'-:vn}uti0n Dllriri: RP.C•>nt Y<>~rs 

The exi~tin,~ 'ilu·ainium pr0dnctior1 CP-nn C' i t:v i ·· thP countr;v is 
)r'i',OOC tpy. ThP require..,ent of h:iuxite for this ~2t;;:ir~ity j,-, 'lr0und 
:?.? ·nilli•n hr~r·P. .• A 2.4 mi]}i_~·n triy c:i.n;:ic_it:1 min0 is unrll'>r r~·n~t
rur:·.i')' :>t, :-inc!Jr,H~rr11L to fPed LAT,Cn 11lumin'l n]:1nt '.'f '100,000 t,:.y 
c~t~·:·c: ty • 
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The nature of deposit determines the selection of mining 
method and consequently the consumption in inputs. Since th~ Indian 
bauxite deposits are near the surface and of a blanket type, the 
choice is f'or the opencast method. In the initial years, when the 
demand was lqw, manual mining in smaller deposits •all adequate. The 
subsequent expansion of the aluminium industry necessitated deve
lopment of large mines capable of concentrated production. In view 
of various ~eological habitats, the manual semi-mechanised ~nd 
mechanised bauzite mining operation co-exist • 

Transportation 

Transportation from the mine to the market or railhead is 
carried out wholly by truck in case of small tonnages. In all the 
important an:i large pro:iuction mir.es, m?terial fro:n '!line faces is 
removed by rear-dwnp trucks to th~ crushing plant where the material 
is then c_1.1:>hed ::t.'1d loaded into ro9eway i.mckP.ts. Bi-cable ropeways 
have also been in use. In the Gandhmardan mine of BALCO, it is pro
posed to \lSe the train-car .oystem of roneway upto the m~chani..;ed 
wa15on loading plant at railhead. At NALCO, the latest sinele flight 
multicurved cable belt conveyor system has been planned for removing 
bauxite over a 14.5 km. distance fron: the mine to the ;:i_lumimi. nlant • 
The existing ropewa.ys carry a.nnu;:i-, tonnages r::tngin · from 200 ,000 to 
300,000 tonnes. The Gandh:narj'<n ropcw'ly t:ill carry 600,000 tpy ;:i_nd 
the cable belt conveyor of ~lALCO will carry 2.4 million tpy • 

The inve3tment on ~he mo 'e of transport within ruine le;:i;,e area 
and to the loriding point or railhe~d forrnc; p2.rt o: cvera.11 pro,iect co:1t. 
T~ls also includP the private railway sidinc for stackin~ Rnd loRding 
facilities for bauxite • 

Consumption of Inputs in Bauxite Mi~ing 

Becausf' oi' -!·.e v;,ri•~'~ .;·:olot_;·ica~ habitat ;:i.r.u the~ .::egreP of thP 
mec·ha.nisRtion aiop~&1 cansumptinn of i~puts pnr tonne of bauxite mined 
variPS anprec iR.bly. Conciumptiri~. of i n:JUt:> in ,,p::m-cast P1inin1{ of bauxite 
nr~ctised in India, is direct:; related with the ~tripni"~ ~~~io, c1s
t;:inc~ of laterite dumping place frnrn the wnrkin~ bench~~ R~d locatinn of 
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crushing and loadir.g unit. Mechanised/semi mechanised mining of 
bauxite is carried out i~· Bihar, Madhya Pradesh and Maharashtra 
states while in other states the ore is won through manual opera
tions. Consllinption of inputs k~eping in view the causes of its 
variations, is .reflecteci in Appenciics Al-II to IV • 

From the data it is dLicernible that the manpower component 
in the val~e of production of bauxite from the mechanised mines 
ope!"ated by private sector, is about 16( "'hile in the case of mines 
operated by +.he public sector, this compone.1t risPs steeply though 
the cost of the other inputs (not specified) is bracketed with it • 
Ti&i:~ component alone makes the value of production of bauxite in 
putlic sector mine more th~n twice the v~lue of production of b~uxite 
from the mechanised mine operated by the private sector • 

The rate of roy;....l ty presently le·Jied in India is Rs. 8.00 per 
tonne of bauxite irrespective of grade. In the case of J;:irn::.ican 
bauxite, the levies are based on the basis of quality of bauxite a~ 
per the det;:i.ils f•JrnishP'.i in '!'able 19 • 

Tabl~ 10 Dis~~·re~ated Pro~uction r,ost for Bauxite ¥inin 
.:. '.1 .!amaic;:i. 1 eo 

It2m 

C:i.p:i city in tonnes/year 

:.lining 

D1-yir.,; &: Stora-i:e 

Deuri:-ciati•Jn 

B'l.;1xi tP. Levy 

Ror.l ty 

(In US ~ 
Min@! A 

42100 1000 

?.,862 

2.315 

0.134 
0.0?':) 

6.736 

13.658 

0.276 

20.670 

Sl)urce: ~hmaic;:i. Ba1;xi t:" Institute • 

ol'!r tonne) 
f.'irie B 

3z500 1000 

3.261 

5.J83 

o. 391 
0.012 

8.847 

19.64? 

0.275 

?0.764 
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Government levies in Jamaica account for 67 to 69'.(of the total cost 
of despatch per tonne of bauxite while in case of India these account 
for 10 to 25~ Other things remaining similar, the large scale mining 
operations result in lowering the cost of production since the larger
size minins equipments bring in economies of scale • 

Evolution c5t Production of Bauxite and ValuP, of Production 
Durin$ the Last 10 years 

During the last ten years, the production of bauxite has remained 
practically stagnant becaue: (i) there has been no addition to the smelting 
capacity during this period; (ii) indi~enous production was subject to 
vagaries of power shortages and interruptions and (iii) export of bauxite 
could not be sustained till 1979-80 due to the development of. other ~;ources 
of supply particularly Australia, which out-priced Indian bauxite because 
of pr0ximity of its bauxite resources near the porta and the economics 
accruing due to ~~enability of its deposits for bulk minine operations • 

Table 20 Production of Bauxite in India 0975-1984) 

Value of Va.lue of 
Production Production in Production in 

Yelir in tonnes 1 000 RupPeS Rupees/tonne 

1975 1,274,432 3,40,60 26.72 
1976 1,448,961 4,28,53 29.58 
1977 1,518,685 4,~9,49 30.26 
1978 1,883,251 6,02,53 32.00 
1979 1,951,933 7,68,13 39.35 

1980 1, 784,8'19 8,72,20 48.86 
1981 1,554,650 10,40,25 66.91 
1982 1,997,508 12,54,40 62.80 
19A3 1,576,055 12,21,47 77 .50 
1984 2,012'197 1'1,83,40 71.59 

3ource: GOI, Indian Bureau of Mim~s (PM), ~HnP.ral Jtcitistics 
of India, April 1985 • 

~: The Value refer to the pits' mov.th value furni<.he; by 
the mine owners to IBM in the Statut"ry Annual Returns • 
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The value per tonne of bauxite produced increased approxi
mately three folds during the ten years period. This is attributed 
to the increase in prices of inputs and revisions of wage structure • 

Table 21 EXport of Bauxite and Alumina From India 

Quan ti- Value Value Quan ti- Value Value 
ty in in 'Rs' in Rs/ ty in in'Rs' in Rs./ 

Year tonnes '0,:11) Tonnes tonnes '000 Tonne 

1976-77 34, 531 5,050 146.24 

1977-78 42,624 9,586 224.90 4,935 7,225 1,464.0 

197d-79 18,536 ?,992 161.42 20?,554 106,437 525.5 

1979-80 45, 526 4,8il4 106.40 l00,9dl 126,027 1,248.5 

1980-81 84,624 8,801 104.00 77' 380 137 '58t1 1, 778.0 

1981-82 132,818 16,324 ln.90 6,659 17,258 2' 591. 7 

1')8~-83 387,683 5'5'163 137 .13 37,265 68,.150 1,s36,s 

The per tonn"' value of exT)ort of bauxite h:1r:ily coverPd the 
av0ra.s-e charr;es per tonne as det8.ile.i b<->low : 

.. 

Depreciati'.)n & Capital '>ervicing 

Opera ting Cost 

Rail Head Cost 

Hail Transport from Railhe<td to p.,rt 

Port ChargBs 

Total CoRt Price FOB Indian Port 

This does not ~nclude profit • 

Rs./Tonne 

29.0 

30.0 

2.0 

3,.i. ') 

35.0 

130.0 
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India ~ould sell 0.2 million tonnes of alumina in international 
markets when it brought the prices down to Ra. 525.00 per tonne in 
1976-79. The price did not cover even the cash cost, (Appendix Al-V) • 
Except in th~ year 1981-82, the FOB price of export of alumina has not 
covered the co3t of production plU:J transport charges from aluaina plant 
to the port • 

Alumina ~1!anufacture 

The consumption of inputs per tonne o~ alumina production varies, 
df'pending on fa.ctors such as : 

i quality of bauxite; 

ii capacity of the plant; 

iii 

iv 

v 

c0nsistAncy of avail~bility of power; 

labour efficiP~cy; and 

tyue of the pr0duct .. ·.hether 'sandy' or 
'flour' alumina desired • 

Both the ~cono:nie; of :ic:ile P.nd the transport cost of b;:i_JXite 
have effect on the over~.11 cost of alumina manufacture. These are t:

0 ll 
exhibite'i in thP. Apr:er.diz Al-'v to V1I. Wages 2.nd s~larie!'! constitute 
54.8;or the total value of productior., while fuel and energy account 
for 31 ~ to 39 ..... 

While crimparb~ the ;il1rnina pr0ductior. in .J:lc:?.ica vi0-a-vis 
InrUan oper::ttion both m:-i.npo·n•'r an::i fuel :o.nd ener~-y together accC>unt 
for 57 to 75~of the total valuP of oro1ucti~n (App~ndi~ Al-VIII). 
'I'he ,:.fficie:icy i;: th~ u:e of fuel 8nd rq••; m1teri;:i 1 v.eizh more he:-i.vily 
than be'.:Afi ts aria int; from oh~ er0::omiP:1 of r.c::ile. To "· les0er extent, 
differ~nce:J i:; r.0::;t.:; of ~:in:~tic ;.;'Jd:-i, I;-,bo·Jr :o.n--1 tr!'!.n .oortati m ::i};,o 
acc0unt for th'· v::.ri8.tion:: • 
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The Evaluation of Existing Processing Operation 

The origin of the aluminium industry in India dates back to 
1938. Alumini~~ Production Company of India Limited - which later 
tur-. nd out to be the precursor of the present day INDAL - started 
with the production of sheets from imported ingots. According to the 
latest ava~able information INDAL has a smelting capacity of 
117,000 tpy spread over three s~elters located at Hirakud (Orissa), 
Alupura~ (Kerala) and Belcaum (Karnataka). In additi~n, the company 
has downstream facilities in rolled products, extrusions, wire rods 
and foils, located fa Belur (•Nest :Sengal), Taloja (Maharashtra), 
Alupuram Alwaye (Kerala) • 

Th·= growth perfor:n~nce of HLDAJ,CO has been a landmark in the 
development of aluminium industry in India. In the year 1,959 the 
company started with a modest s~elting capacity of 20,000 tpy At 
Renukoot (UP). Today :tI:DAtCO has the distinction of being the sin,o;le 
lar,-;e:.;t inte,::;rated plant in the country with a smelting capacity of 
120,~00 tpy and a cactive power p1ant of 270 MW caoacity. The Cl)ffipiiny, 
in addition, has a s•:i-fabric~tion ca~acity of 37,800 tpy in rolled 
pr'.)ducts, extru3i"rns ;mi wire rods. Pla.!12 are under ·11ay to increasi:' 
the s~~lting ca~acity ti 1,50,000 tpy • 

The public sect-Jr .joined the indu:::;try in 1965 with the setting 
up of :EALCO. Initially it w~s proposed to set up th" intei;rated plants -
one ?.t R."!tnaeiri (Mah-tr:;.sf1tra) and the other at Korba (M:oi.i 11ya Pradesh) • 
The pr0pCJsed Ratna.~iri plant could not go beyond the foet::i.l sta.a,-e 
becau3e of th·~ hu;;e re~erve. d i_,;co·•ere<l ir. the &·ic tern Co;:-cst ::ind o im
parative adv<>.:1ta ;e in settinJ up a pl;:rnt :;omewhere in the Ea:,teI"!"l 
Re~bn. This, in f;:ict, is 1.hP. ger.esis of the NALCO ;·r0ject. The Korb;:i . 
plant has?. s~eltinc can~city of 100,000 tpy and a se~i-fabrication 
capacity or ·)2 ,000 tpy. The se :i L i_ric'1.ti.-:in prori-..ict mix of the cnmpan;y 
include' r0lleJ pr'liuct', ,·xtr·1si.:i!1S -;nd .,.ire ro.~:;. In the early 
yenr11 the p"rform:"::c:r- c':::i:-actr·ristic:i of th,.., cmnpany were hadly hit 
t,,,r:~usc of the i.mdP.q;.i:-i ti'> '"'V?.i 1 ::ib.i.J i ty of po·.ver from thP. nuhlic utility 
~~vstem. PlRr:; '1.re un~··r «8.y for settin,; un of cc,ntive power plant of 
'iro u:w • 
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In the year 1965 MAI.CO set up a 10,000 tpy plant at Mettur 
(Tamil Na.du). The company increased the installed capacity to 
25,000 tpy but has shown to signs of growth since then. The co:apany 
is the smallest producer of the metal in the country. The semi
fabrication capacity of the company is 17,500 tpy in the area of 
rolled products, extrusions and wire rods • 

The significance of the public sector in the irdustry will 
receive a boo~t with the commissioning of the NALCO project. The 
project includes a bauxite mining capacity of 2.4 million tpy, an 
alumina capacity of 800,000 tpy and a smelting canacity of 218,000 tpy. 
The project will have a captive power plant of 600 M'N capacity. In 
addition, it would have port facility for the import of 146,000 tpy 
of cau~tic soda and export of 325,coo tpy of alumina ir. the existing 
berth of Vishakapatnam port. The c~mpany propo~es setting up semi
fabrication ca~acity to the tune of 149,000 tpy and the product mix 
would inc lune rolled prnducts, extr is ions, wire rods and foils. .~i th 
the production at !~LCO reachins- its full capacity, tho. public sector's 
sh;i.r in the total aluminium srnelting at )18,000 tpy would be 55~ 

Evoluti~n of c~oacity and Production 

The ,;rowth i» the iootalle<l capacity ':tnd pr0ducti0:·· ~·~ dumi
nium in India is €iven in Table 22 • 

'l'able ?2 

VF>;:ir 

1950 
1960 
] 970 
l ')75 
1 (rt6 
l')Ti 
l ')7n, 

r;:rwoth in the Iri"talled C;i-11acity ;-ind Pr0d1wtir>-; of 
Alu~inium in•I~dia 

Can:tcit,;x: Producti0n 
Quantity Rate of Qu::intity Rate of CaMci ty 

( '00'.) Growth ( 1 000 Growth Uti-~i!'l::it.ion 

tonnes) (~ tonnes) (~ ( .-1,) 

5.0 4.0 so.oo 
lA.O 16.24 18.0 16.24 100.00 

ins.a 26,?2 169.0 25.00 91.24 
?111.0 i.21 174.? r;. 51 72.'?8 
?56.o 6.!2 w·1.a 1').98 ill.95 
26'~.o 4.69 196.4 (.~ t.. '59 73.2R 
2·~9.0 11.59 204.'1 4.33 68.53 
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1979 321.0 7.36 210.7 2.e3 65.64 
1980 321.0 171.6 Ci 18.51 53.86 
1981 341.0 6.23 208.2 21.33 61.06 
1982 341.0 208.3 61.09 
1983 362.0 6.16 213.6 2.54 59.01 
1984 362;0 220.0 2.99 60.11 
1985 "62.0 276.5 25.68 76.38 

Till 1970 the industry reported a high capacity utilisation 
ar.d was marked with rapid strides ir development and growth. This was 
made possible through the adequate availability of power, efficient 
prod~ction management as well as favourable market conditior.s. The 
deciinir.g trend started in the seventies and beca~e significant in 
the latter half of the decade. Except for HI'"DALCO - which P.Stab
lished its captive po.ver plant in the mid-seventies - all other pla:'lts 
were badly hit by in;:i_dequate power suppli:es, resulting in the falling 
canaci ty utilisation. Appendix Al-IX :ives the companywise installed 
capacity, production and capacity utilisa.tio:· between 1975 ::ind 1984 • 

Under thP Aluminium (Cor,trol) Order of 1970, all primacy 
producers are required to keep aside 50 percer.t of their metal pro
duction as ?C p;rade. The c:m!"lumption of EC ~ade after h;:i.vini; touched 
61-., of the tota1 co~sumptio.·. in 1976-77 came dnwn to 34.8~ in 1984-85. 
Thi~ trend warr~nts a careful lonk at the Aluminium (Control) Order in 
the perspective of prevail in._; condi tio!1a 9 In fact, the existing allo
c;;itio'.1 system will have little relevance in the ernPr~in,; over-suoply 
situation conseq11ent to the coi'!I1is:3ionin~ of :;ALCO in 1987-88. The 
pr'.)ducers of metal could be left ?.lone to d·"al with the demand for EC 
bTade 11luminium ourely on the b:-,sis of the :narkPt dM•elopmer.h • 

Pricing Syste!l'ts 

Under the pr0valli~g :y,·t~~, r0tentin~ pri~en nre fixed for 
such manuf:icturin.~ <?ntPrprise'1 :1i th the objectivP of ensurfr 0; :::i sti
oulated rat!? of rr>turn nn n~t wrirth, at varying lPVPls of capacity 
utilisatiri'i. The s«lP. price ic~ al.~o a•lmir.istP"?"ed by the G0vcrn:i1Pnt. 
'!'he i::mlicatinns o:· this aooroach are that thn administered prices 



• 
• • 
• 
• 
• 
• 
• 
• • • • • • • • • • • • • • • • 
• • • • • • • • • • 

71 

have to be changed with the changes in the cost of production. The 
prices of both EC grade (IX:) alwniniWl and Comercial Grade have been 
changed from time to tiae - sometimes 3 to 4 tiaes a year. Appendix 
Al-X and Appendix Al-XI reflect the average prices prevailing during 
the period 197~-86 • 

The prices are influenced by the levy of excise duty (collected 
by the Central Government) and sales tax (collected by the State Goverb
ment under whose jurisdiction the unit is located) on an ad-valorem 
basis. This results in a larger rise in consu.'ller prices, every ti!.1e 
the administered prices are increased • 

Evolution of Consumption of the 1~in Inputs 

Con3umption of inputs in pre-baked furnace in India durin~ 
1977-1983, is furnished in Appendix Al-XII. Cost of inputs consumed 
constituted 96 to 97~ of the total cost of p:·oduction during- the period • 

The wages component in the total value of production of metal 
(in percentages at the smelting sta~ only) work~ out as follows 

l21.l 1980 12Qi 

Waee~ 1.5~ 1. 37:;., 1.39~ 

Salary o.6:' 0.49-~ 0.4?:.I'. 

The con.,umption of inputs per t'rnne of metal is a functirm of : 

vintage effect and the technology av~ilable ~t the time of 
installation; 

plant sizes, as the unit consu~ption of i~~ut3 declin~z 
::;omewhat with incrP.asing ph.r.t size; 

relative energy rP.S()UTCI'! f ndowmP.nt c,n:i tP.chn'1logy chaicP. • 
This is specifically ~~olicable to cnnsumpti0n of power • 
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The Indian industry was initially set up when tne price of 
power was below Rs. 0.10 per unit and formed a relatively lower com
ponent of overall cost. The energy saving aspect was, therefore, of 
lesser importance.· But since the energy crunch from 1972-73, the 
industry has 0been constantly engaged in conservation of enprgy and 
other inputs •. The backward linkage in the Indian context are quite 
comparable ~o the smelters of same vintage and capacity in other parts 
of the world. The data are presented in Appendix Al-XIII • 

There has also been improvement in Indian s~elter paramet~rs. 
Slectric current efficiency of the order of 87.l~ and electric current 
de::si ty of O. 73 'A..'np/cm2 have already been achieved. \H th the ~doption 
of monolithic c arb~n lining by the indust:!'y the life of the cell linini 
has improved to 2,200 days. 'i'hrou~h in-house R&:D efforts the industry 
is constantly ent,"'lf,'ed in f 11rther improving the technical parameters to 
save inCJuts • 

Evolu :,i.Jn of Price ~f :.~ain Inputs 

Evclution of prices of main input.s and ,·lect::.·ic'll power is sho,.n 
in ;,:Jpenii '< Al-XIV and Appendix Al-XV • 

A salient feature of the alu~inium industry ha~ b~en t~e esc~}a
ting cost of inputs. The annual rate of grov.th of tre prices of inp:its 
has rani-;81 from 10 to 15"".. These cost :iush-ups he:.d i:nn:icts O'.. the cost 
of proriuctinr.s of the vir?,"in metal. Between 1979 and 19R3, the tat::i1 
cost of producti'm exclu.;ive of depreciatian ::ind interP.st ch:ir;~es, "1er.t 
up b;; 148 perMnt i .. case of PIDAL, 84'" in the CCLS" of ::1 D~.l.CO, 111"" 
in the case of !l'J,LCO and 75~ for BA.I.CO. And, of the tot::i] cost increase 
around 40 per cent was accounted for by ri;-;e in p 1J1~(:r r.oz t.-; for q 11 the 
con.,a:iieg. A further '.'Q to 25 ;~r cent incre.'l.Se 1·10:.o; -:i '" tc-, the r):;e ~n 
the price: of el calcin0d petroleum cokR (CPC) qn~ pitch • 

Ther~ h"-ve heer1 .:ome cost i;,cr1=>as·: on acr>1unt 0f.' ,J'!.h~r i'lnuts 
1 i•."' ;i~u"lini11:n flou ... id':?, cr::ol i t0 .'"n'i c:iu:::tir- :3orl."l. :~ow»\'•'r, th•''.'>" ·10 
not h:;vn the :P:nf" ?-i;nific'lnr'"' ;1·; th~t of power, CPC ~·1ri : Ltch. It t> 
al:.•M w)tew'Jrtl-iy th'1 t the Irr t te r tl1r 1

"''' i n;;11 ts ·-i.rA '' u ·w1i "'d I'','/ th•" public 
sector •mt0:!'.'pri;.e,-: ·:n.I th<:?ir price .:tr11ct·n·e h:,;; not [,,.,,n r'lti0::~•1i:J 0 rl 

~.:1 JAt • 
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Table 2~ 

... 

C.P. Coke 

Caustic Soda. 

Pitch 

Canada 

·Nest B\lrope 

U.~>.A • 

Brazil 

13 

Comparison Between International and Indian Prices of 
Inputs During 1984 

Inter
na tic na.l 

4,400 

1,706 

2,100 

0.04 

0.20 

0.22 

0.22 

6,450 

5,483 
5,000 

0.45 
0.45 

0.45 
0.45 

(Rs./Tonne) 

Ratio - ... I ..... n_di_a _____ _ 
International 

1.47 

3.21 

1.83 

T~ ma.y b<:! ins t~'Uct ive to eX?..":ine the effect of the pri~es of 
po1:er, C.P.1-. and :Ji tch on the prices of aluminium m;rnufactlired in 
In<lia as comp;:i.red t0 ai tuation obtainin:-;- in the international 1M.rket • 
This i.; irmA intr-.e f'11lowin . .:- T·1bl0 ?4 • 

'I'able 24 Sirrnifir:·rne" of Po-.v~r, CPC :rn'1 Pitch in Aluminium Price 1984 • 

.(Rs./Tonne) 

Int"r- Corn;11mptirm pr>r Excess of 
Indi;in national tonne of Indian 

Input Pric(> Price Aluminiul'l Cost 

Po-.'Jer 0 .tt s 0.20 16,500 KW!! 4,1?5 
C.P. Coke I)' 4 :,o 4,400 0.40 to:me 820 
Pitch 5,GOl 2. 70 0.20 tonne 460 

5,405 
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The above illustrative calculations show that the prevail
in« Indian prices of power, C.P.C. and pitch alone raise the price 
of aluminium manufacture in India by as much as Rs. 5,405 per 
tonne as compared to the international market. 7iith this order of 
price differential the scope for exports of Indian aluminium is 
virtually non-existent • 

Evolution of Pro:"itability 

The implications of the prevailin~ system of retention prices 
are obvious. First, the administered price can not remain constant 
over lor.c periods unlegs, the cost of production also remain unchanged. 
Second, the changirus levels of capacity utili~ation - this could be due 
to factors beyond the control of the manufactur-ing enterprises - will 
lead to flt1ctuatin,:c· rates of reiurn. And most i!llportantly, any failure 
nri the part of the pricing authority to promptly respo:-:d to ch:rnges in 
oost of producti')n, would result ir. uneven fimrnci::il per··orm."l.nce, often 
to the detriment of the m?.Pnf~c~~ring enterprise. It 3hould also be 
noted that since aaministered prices can not be rt-vised freouently ancl 
innut prices generally keep on rising a:~ discussed earlier, the net 
effect could be a rising cost of pro.iuction, co:-:tinuo1wly erodin,:: the 
marGin envisaged initially in the administered price • 

The administered price for aluminium metal d~fined as the 
retentior. price, epecificall;r provides for a post-t.ax return on net 
·,yorth of e::ich enterprir,e, ra:1ginP,' from 7 percent at 55 ... , utilisation of 
instaJled capacity to 12 percent at 90-1'. capacity utilisation. Thus, the 
maxi:num fP<!:~ible retur:. for any enterprise can rnt exceed l? per cent 
of it8 net hOrth. In the context of these co sid~rations, objectives 
and li'riitations i:nl"'lied in thP reter,ti;n price, the pr~fit:it:ility durins 
theperiod 1977-1'183 for four alu"ljniu11 '.l:anufaf'b.rers i::: indic8.terl. in tr~e 

fo11owin::, T::iblP ?=). Th·: ~ornput>< ti.0118 are b~sed ori bale>.nce sh--·et data 
and"'- unif''.)r:n a 3'.l'!lption of corpor~tr: t?ll: liahilit.y ·:t 57.7 p.~rcr:nt • 
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Table 25 Profitability Performance of Aluminium Companies 

(Percenta~e) 
• HIDAL HINDALCO 'MALCO BAL CO 

P.A#T. P.A.T. P.A.T. P.A.T. 
.as ~of as ~of as '}(.of as ~of 

~ c.u. N.W .• c.u. N. 'Ji • c.u. N.W. c.u. N. ·N. 

1977 68 9.51 77 13.10 68 32 
1978 86 10.82 69 9.54 92 4.90 34 

1979 84 10.90 78 8.45 90 10.73 30 

1980 60 5.83 75 1.56 90 2.28 30 

1981 91 4.45 64 6.21 59 36 

1982 73 5.?f; 76 5.75 57 44 

1983 44 73 1.69 20 

Source: HCAER ~ Aluminiw1 Industry - Problems &: Prospects, 1985 • 

~.Jote: C.H. - Capa<"it~r utilisatirm rate. 
PA~ Profit ~rter t~x • 

The ~bove analy:;is brings but a mimber 0f conclusiJns. :lone of 
the companies C".n achieve the maximum retur-; of 12"'1.' of net .,.:0rt11 After 
payraent of taxes, even when op·;ratin;; at 90 per cent of C;"tpacity. For 
all the companie, pr)fitability fal}fl •·1tll below the as:umption irnpliecJ 
in the formulae for fixin,s the retenti::in pri oo~: with tne excepti !n of the 
three ye;1r.:; en :ing 1979, profi t;:i.bili ty is ~-;een n:1 lower than 7~ ::ifter t~.x 

return at 55 oercent capncity utilisation provided for in the rete:1ti~n 
p!.'ice f.,r:nul~e. And a 11 the compani~s with th 0 ex:cepti ,n of !~t.LCO, harl 
0per:i ted at well over 55 per C"!nt utili.3ati'1n of ca.pa.City. ~e r;v ~de~1ce 
:·>upport: the view that objectives of ·he r-f'>te:it:on pri e for·nul::ie hn.ve 
not b' e:J c·e" li~-; erl in practice • 
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It is clear that the companies have been gradually approach
ing a near non-viable state over the years. It is particularly note
worthy that MALCO had become non-profitable even when operating at 
over 55~ of ~apaci ty. In the cas·e of BALCO, not only was profi ta-
bili ty not attained till 1983, but even the net worth and become negative 
with recurring· levels of very low capacity utilisation • .. 

The poor financial per:·ormance of alu:ninium comnanies ha& to 
be seen in the contect of their technical performance. The available 
evidence - particularly in terms of material conswaption - suggest a 
satisfactory record on t'-1is score • 

The analysis ~learly est~blishes that po~r pro'itability 0f the 
~lu~iniu.~ companies primarily arises from : 

an inadequate retention price mainly on account 
of it~ failure to take account of the increasing 
input co3ts and the delays in comp~nsating for 
such increase through an expeiitious revisioP of 
the rcte~ti0n price; and 

falling capacity utilisati~n • 

.'ihile the .~osts of inruts have esca1atd ranidly after 1979, 
retention p".'i ce i'.lcrease granterj by the Govr•rnmcnt hn.ve r.ot al·JJ::iys 
kept pace with increase in co~t~ • 

Retention price of .1c•nufacturers (except L·'.DAL) were revi::ied 
r1 4th October 1979 and were fixeJ on the ba ;is of raw m;:i teri" i nrice:·: 
prevn.ilint~ in early 1979. Retention prices rnm~:nerl fL<e i :111 throu::;h 
1980 ~hile n~ice of!~~ ~~teri~ls witne RP.i l~r~e incrnR•P h0t~~Pn 
1979 -. n:i 1 ')h:l. Po•:. er, C.?. '.~al:~ ~ni Pitc-h '-' 1 rrne cont ri r>u ter1 60 "- o •~ 
increase i:; f'03t of nrod11ction. (;0 S"•JU ·ntl,v, in 1980 ;ill ·1a>:uf~cturcr.o 
Vf"'rP. incu··riw·: 1 lo,;~; i-in the :i-:lA of meta}: Priv.-,te m'\nufacturPr.'· 1o.~ing 
around R.·. ?,000 per tonne of metal ~hile BALCO, ~ith it~ la~~er intPrc~t 
~nd deoreciatioP, OV•?rheads, lost more th~t R;>. !0,000 pPr tonne of '!let;il. 



• • • 
• • 
• • • 
• • • • 
• • 
• 
• • • • 
• • 
• • 
• 
• 
• 
• 
• • 
•• 
• • • • 

11 

The situation appearo to have improved only in terms of lower losses 
even with the 1983 retention price revised on 3rd Decemter 1981 • 

The prices were revised upward by 6~ in December, 1985 with 
a corresponding 6%decrease in excise duty so as to keep the consumer 
~rice of al.uminium ingot unchanged. The prices of R.P.C. ~ere slashed 
down by Rs. 940 per tonne in 1986. The industry did not set any relief 
in prices of other inputs. Instead, State Governments have increased 
power tariff by as much as Rs. o.oa per Kwh • 

:,fain Sunoliers of Inputs and Their Evolution 
Over the Last Years 

Bauxite 

The renerves of bauxite in Indi8. r~present over 11 ~ of the world 
rPserves. In view of the vast bauxite reserves, there should be no 
difficulty in meeting the reauirement for P.luminium production in the 
country for several dec~des • 

Power i~ the criticRl i~put '.~r oroauction of nlu~ina into 
aluminium And constitute 35 to 40dof the cost of alu~inium production. 
On an averaee every tho:.i31.nd tpy of :ilu:ninium ingot pr-od11cti'1n rP.riuires 
al•out 2 W:N of power. At present, orly ·c'J::-1',I,CO ha:: :1 captive therma] 
genF!ratint; cauacity of 270 :l.'i. and thi:: is pl~nned tot· 3Ugmented to 
350 r.fN. INDAL is al.·o workinl'\" on various sche:r:es lo in~>tci.11 captive 
power plqnts in Orissa ~nd K8rnat~kR on a con~ortium b~~is • 

The installation of a captive po•.er plant of 270 MW cape.city of 
BAI.CO h;-,s been sanctioned by the covern1~'!nt :.ind it is ·~xoected to 
be in ·iperation tm•:1rdu the end of tne :)ever.th Plan Period • 
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NALCO with a sanctioned 600 lfN captive thermal plant, will commi
ssion its power generating facilities to synchronise with the colll!ll
issioning of its :>melter. It appears that JIALCO •ill continue to 
depend on T~mil Nadu State Electricity Board for power supply • 

The ... po«>er requirements for production of aluminium in 1980-90 
are estimated at about 1,000 MW. The corresponding generating capa
city that should be directly related to aluminium industry - assuming 
75"! effectiv<> po•er ;~eneration works out to be about 1,350 MW. Any 
shortfall with reference to this requirement will directly effect 
thP domestic alumini~m ~vailability • 

As worke·' out earlier, 100 kg of caustic soda is required for 
diGe3tion of ba~xite to produce o~e tonne of alumina. Hence, ~ norm 
of 0.2 tonnP of caustic soda per tonne of aluminium may safely be ado
pted for v:or~:inc:S out the re,,uirements of this input. For ::lC'tieving 
aluminium proauction estimat 00 d durin!S the VII Plan, caustic soda require
mPnt will ir.crerlse from auout 54,000 tonnes in 1984-85 t0 ;ihout 94,20' 
to~ne~ in 1989-90 • 

~P~uir<>mPnt of Caustic ~oda 

Particular!'! 

Reri.uire~Ar't ..,r •-:::·ustjC' 
Sod:-i '~~ '.''.JO Vg • 

1985-U6 

?80 

'i6 

1'!86-87 

289 

56 

l?G?-88 

593 
711 

( IQ()Q tonn<>s/yerlr) 

lgBB-89 1gs9-90 

483 4r15 

97 100 

• 
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At present, there are 34 caustic soda plants in operation in 
the country and the current production of caustic soda is about 6,25,000 
tonnes. The other industrial consumer of caustic soda include other 
industries like textiles, paper etc. Adequacy of domestic production of 
caustic soda to meet the growing demand of aluminium industry will depend 
on the future.growth of these industries. Viability of caustic soda· 
depends on economic use of by-p~oduct chlorine anJ assured supply of power • 
Both of these pte-requ1sites are doubtful to be accomplished either for 
further uti11sation of installed capacity or for setting up of additional 
units. For meeting shorta~e, if any, caustic soda will have to be imported • 
NALCO ;;ill import its ertire consumption of caustic soda; infrastructure 
has already been created for receipt and stora,:;-e of caustic soria at 
Vishakap,1tnam port • 

CAlcined Petroleum Coke 

On th~ b~sis of 0.450 tonnes of consumption of C.P.C. per tonne 
of ~luminium as work~d out earlier, the requirements of C.P.C. dur~n~ 
the period 1985-86 t~ 198~-90 to meet the projected re1uirements of 
aluminium ~r~ indicated below: 

T2. t:1f> 27 

P~rtic11 l~rn 

~stfm;1.ted 

.Production o~ 
;:iluminiwr. 

CPC r<:.>nui. red 
(ig 0.45 tnnn<> 

R:l W petr')1 etn 

Estirnted ::i.•,q_uirernr.?nts ::;r,.1 SunpJ y o: '..::J! dne1 
PP.troleum Cnke 

'000 tor.nes' 

1185-86 1?86-81 1987-A8 19P.8-89 1189.;90 

250 289 393 483 49° 

126 Vh 177 217 225 

C0kP (RFr:) 
re1uir·"n •'1) 1. 3 ~ tonnP 16fl 168 ?)5 28'1 no 
per t"nnc'• (If CPC 

I II 
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The present installed capacity for production of CPC is 
276,000 tonnes distributed among the six suppliers as indicated 
in Table 28 • 

Table 28 Canacitv for Calcined Petroleum Coke 

Name of the Unit 

IOC/llerauni 

Indian Carbon, Guwahati 

Indian Carbon, Budge Budge 

Fetro Ca~bon, Haldia 

Goa Carbon, Goa 

Bong"! igo;-. RefinP.ry, Bongaigon 

T n T A L 

(Tonnes) 

Caoacity 

45,000 
65,000 

16,ooo 

50,000 

50,000 

50,000 

216,000 

The presen: productio~ of CPC is about vs,ooo tpy which :r.atc::es 
.he require~ent~. The new units at HPldi8 And Goa Are b~sed on imported 
RFC ann h::tve not as yet ::ichieved full production. The futt..re requi re11.-nt 
of CPC fo:· the ah•minium industry c;rn br· i!:'1i.·eno:1 iy met by 1?1stallin,c; 
new C"lpacity, if reouired,whilst i:nportin~ "'.clequate quantity of RFC • 

Co::t1 T::i.r Pitch 

As a.iread·1 established a ior;ne of :i.lurnir.i1.:.rn rr~nuires R;->pr0xi
mat1~ ly 150 kt, of· coal tar pi t:-h. ThL w:)rk out to 47 ,O'.::·O t0nni>s 
for thP. prr..:iu('tio:J lPvel of 380,000 tpy lu:·i·· 1985-86. T~1b W'11Jld 
hcrr,;is~ to 75,000 tonne': by th 0 f'in:il ye-,;· of VII l''lar (J9S5-8r'i to 
1989-90) • 

St•.,:-·1 Authori t;/ of Inriiri (.jAIL) i • thf> larn;P~ t produ(·er of 
coR. 1 t::i.r pitr·h i:i the country. Ar:;irt fr01TJ 3AIL, 0:hpr pr1')(h.:•'~'r:> 
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like B.~arat Coking Coal Limited, Durgapur Project Limited and Shalimar 
Tar Products also produce a small quantity and this does not have much 
impact on the overall market • 

According to the present assessment, demand for pitch f~r alumi
nium and graphite industries ranges from 70,000 to 80,000 tpy • 

.. 
In the immediate future SAIL has no ex~ansion in hand and as 

such availability of pitch from SAIL may not change in the next few 
years. About 28,000 tonnes/year of pitch may be available from Vizagw 
StPel Plant during the VII Plan • 

It is evident that dapendence on imports for pitch may continue 
for the aluminium industry during the VII Pla!1. Import of pitch is allowed 
under Open General Licence (mL) which is applicable for itPms not produc~d/ 
available in the country to the desired extent • 

Cryoli te 

The ;:tve·:·a,,-e norm of co!lsumption of cryo~i te is about 50 kg per 
tonne of aluminium. However, aluminium producers recover cr~ribli te fr0m 
not skim~in,-ss for recycling. They also h~ve or pr~pose to have faci
lities for i·qcovering cryoli te from pot gases. Ta1<ing the proposed 
recovery of cryoli te by the producers, it is fe 1 t that a norm o" 
about 25 kg per tonne of alu.11iniu:n may be adopted for ·1;orkin.:; o'..lt the 
net requirements of cryoli te for aluminium prnduction durin1:;- the next 
five years ~-' furni.~h-;d b T'lhle 29 below : 

T::i.ble 29 

F:Rtimrited 
2rorluctior1 
::il uminium 

Cryolite ·qi 

tonn!'!r.; pFn· 

~ouiremPnt of Cryolici:i for Aluminium Pr0ducti •n 
t~rin~ the next r:ve years (1985-8~ t0 }9n9-90) 

1982-'.f. 12R6-fl.1 i0Rl-'3B l0~8-8Q l 'F·:2-10 

of' ?.RO 289 593 4;i3 ,1 Cl() 

0.0;5 
tonne 7 7 ]() 1? 13 

()f ~ ru::iinium 

--
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The present capacity for production of cryolite in the 
vountry is 8,770 tpy. Imports are also effected for blending 1 

Table 30 Caoacity and Production of eryolite 

1 

2 

3 

4 

5 

6 

7 

Unit .. 

Navin Fluorine 
Ind., Bo<r.bay 

FACT, Cochin 

Dharam::;i ;.,:orar ji 
Chemicals Limited 

Phosphate Co. Ltd., 
Calcutta 

Adarsh Che"'l. & l"erti
liser, Calcutta 

Installed 
Capacity 

4,000 

1,650 

1,500 

540 

J~yshree Che~. & Fcr~i
liser, Calcutt3. 180 

Pr~mier ~1?rtilis0r 

Ind. , ''ad ::-.::i.s 

T 0 T A L 

540 

8, 770 

---· -------

(tonnes) 

Production 

4,207 l,?.81 1,340 1,889 

120 9.5 

554 soc 

86 

227 

125 

167 

4,381 1,676 1,643 ?,171 

'Po :rier!t th~ :>h'.1rt f.oi.l l i;, '.~H' -~u ~~-'.re .JP'l.r,;, .::i.drii •;ional faci
li tie:-; for ~, -? p:·.-,,1, cti '" n f r:ryoli_ t., ,. i' 1 havr: tn be contin-uc. 1 

utili:-;in,~ fr~i ,Pn0 1," fl4,1.or·:in·r/h~· :1n-iur~. fr>m oho.:ph1tie: f~:!'.'tilfrn!' 
iridu.-;t"y. :~o::<?v·~r, i~. i.: nr:r.•·:;;;;:ory t:1 c·.:::urr! th:lt thr•:: :n··,et. th.., 
sp1::c·ific::iti.-,., f~''V'Ci2ll;,' i" rr~!:;F-~t ·1'.' P">O,, .;;_lir:~ C-Yit- ntf;, 

,_ J 
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Aluminium Fluoride 

35 kg of aluminium fluoride per tonne vf aluminium is the 
average consumption in Indian smelters. On this basis the rP.quire
ment of aluminium fluoride works out as shown in the table 3i • 

.. 
Table 31 Requirement of Aluminium Fluoride 

Particulars 1985-86 1986-87 1987-38 1988-89 1989-2.Q 

Estim2.ted 
Productior: of 280 289 393 483 499 
AlUJ11inium 

Aluminium Fluoride 
@ of 0.035 tonne per 10 10 14 17 18 
tonne of aluminium 

The nr2sent i:1s ta lled cap<ci ty :·or production of aluminium 
fluorid<? L; 11, 550 tpy and :i.ctu.:il productio~ at pr~sent }::; or the 
order 0:- it,000/5,000 tonne.; 11.s defailPd in Table 32 • 

Table p C;in1city.(~roctu~ti')n of Ahrnini;im l'lu0ride 

(tonnes) 

Pro<iuction 
Proi.iuct--"'r' s p:ic,p c;:l.:-i;ici t;r 1'1]9 1qso 1981 ~ 12.§2 

t:'lvin Pl nar icl e 
Indl;o e,ono 2,7?? 2,2?3 'i' ?] 9 '5, 70? 4,100 

Ev-:>rest 
?.,COO 30? 

Ri:>fri['.'e~·-nts 
569 130 4~~ 55-1 

llhrt I''l "1~ i '..'0rn r ,ii 1,150 69 1?3 14;? ?03 350 

T " T . L 11, ')')0 3' 103 2,715 3,4q1 4' 305 5,0:.'": ,, . ... 
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The units have not yet attained full production. The domestic 
production of aluminium fluoride is supplemented by i~ports. Additional 
capacity that is likely to be implemented will increase the present 
capacity~24,~50 tpy by 1989-90. De~ails of new capacity are furnished 

in 'I'a.ble ''· 

1'able 33 ~\dditional Capacities for Aluminium Fluoride 

Na~e of the Producer 

l Ta.mi:nadu Fluorine & 
Allied ChP.·n. Limited 

2 Hindustan Copper Limited 

3 SPIC (Tamil Nadu) 

T 0 T A L 

(Tonnes) 

Capacity 

7,500 

3,000 

2 ,500 

13,000 

Con3ideri~3 that aluTiinium pr0duction from 1987-88 will require 
over 18,000 to:ines of ::i.luminin!'ll fluoricie, it fr necr.'Jsary t'iat the new 
cao;:icity envisaged should -;o into pro;1uction from 1?35-86. To the extent 
that th!'rne requirements are not :net, imp0rts '.7ill h2ve to be contin'.Jed • 

Carbon Blocks 

C::i.rbon blocks are use i in the cati1ode linin1r, of ::i.luminium pots. 
Al though cathodes are not consumP.d duri :i~ met2. l pro. luc :.ion, t'tey have 
a limiteri. life ;;p;:!.ncf4-5 yP.ars, du<? tn ·,hrrrrnl and e1ectric1l hocks. 
This material i;; u.;f"i hy ::\l J th., prw:ucer::i except tIIPDALCO (·,.no u:;i> 

monolithic lining) • 

The present reriuirement of carbm bl ick:-; i:: ;·1br,u1; 3,'.QO tormt>;; 
pP.r 'l.nnu:r. ~·hich i:i b~ir;::;- met nntirely by imports. The rP,11uire:n.,nts m2.:r 
go 1rnto about 6,noo trinneG by 198(-87. Frolil 19130 IiffiAI, ha:; b<:P.n mP<>tin~ 
a prtrt of it:: r:,'luir*"m0nt fr0m it;; unit ;it Bel i;n1,m h1:1ving R. e1.p::\ci ty of 
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2,800 tonnes per annum. Based on the experience of INDAL, it may be 
worthwhile to augment the capacity for meeting increased demand for 
carbon blocks in the t'u.ture • 

Semi-Fabri~ted Products 

. 
The.J>resent licensing policy stipulates that primary producers 

of ~1u~inium can have semi-fabrication capacities to the extent of 50~ 
of the installed capacity of primary metal production. The GovPrnment 
gene~lly encourages joint sector companieJ to go in for semi-fabricated 
products • 

Most of the modern semi-fabrication capacity is with the primary 
producer~ of the met~l. The distribution of semi-fabricatio~ capacity as 
between primqry and secondary m.~nufacturers in the year 1983-84 was as ~ 
given in Table 34 • 

T~8le 34 Distributio~ of Se~i-Fatrication Cao~cities 

{ '000 io:mes) 

Primary ;;>eco~dqry 

Pr:Jduct Producers Prod'-lC"rs 'I'ota.1 

Extrusions 113.7 19.3 38.0 

WirE" RodR 63.5 g2.s 156.3 

Rolled Products 93.? 17 .4 110.6 

Foils 4.0 5.9 J.'l 
• 
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As against these capacities, the production of rolled products 
and extrusion ha.~ been as follows : 

(tonnes} 

Rolled Products Extrusion Products 

1965-66 34 r .JOO 6,056 
(5,908) 

1970-71 62,130 
(16,030) 

10,535 . 

1975-76 64,200 11,813 
(17,790) 

1980-81 75,090 
(18,910) 

45,035 

1982-83 86,078 35 ,4;2 
(19,770) 

Figures in tr~l'ket indicate production of r01led 
products attained by !'leltine of scrap • 

U..;e of scr~p in rolled products h:·.s been continuously increas
ing. ...ince tne usP of -:iluminbm scrap in;olves l/15t1 of Pner,_;y w:;eo 
in producti n of pri:n.-iry met::\1, the Government h~s incre::iS<:·d the UcJP 

of scr::tp by c::ite/''ori:-;ing its imports under OGL. To pr'.)mote exte:osive 
use of the met~l, the licenRing policy has b~en liber~ 1 i~ea. Broad 
bandin,;; of Rome of the semis hR.'> t"·en pe!':nitted to h? covered under 
the licensed cripa.c:ity. 'Phe primary pr0ciucer:: :-:rP ~t "" 1.rlv::ir:t~F_;e01;.· 
po.~i tion in iclr·ntifyin;{ new ~rP::is of u"P ~m<i <1"!Velooi•;. :h"' pr'1r1~1rt. 
ThPy h:'tv<> ,~ot t\-,e neceR:>" c.v P.xpi:;rtisP a:;d rP.:rnurre::; t0 /l in for 
develOOlil"'nt of' 'illoys :ir.d their SPinis • 'fn"'S!") prnri.U<~'-"!'!" rnve c.he 
t1>chnic;i1 :'lr.d 'inanci8~ b;:i~k-up to iPvPl 0p prr,ri1wt:c ~,:ivi:w '.~·i~urP 
;i ppl ic;:. ti 'lns • 
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Profitability of Semis Manufacture 

The imnact of the downstream operations on p~ofitability is 
worth noting. The profit indicated for INDAL, and Hl DhLCO especially 
after 1979, ap.pears to be the result of gains arci:-uing from downstream 
operations~ather than from the production of primary metal. And since 
neither J.'LUCO nor BALCO had any significant downstream opP.ratl.ona during 
this period, they were inevitably in the red • 

Appendix Al-XVI indicates the evolution of relation~hip between 
the prices of in.sots and semis and th ... value added per tonne in down
strea'll operations during the period 1975 to 1983. It is evident that 
the vaiue added per tonne of foil m~nufactured is the maximum but its 
de:n:cnd in the India!1 context is very limited. 'h.lue a-idP.d per tonne of 
extrusinn:; h;:,~ ahnys been cthead of rolled products, but the bulk opera
ti-:rn:> in respect of :·r:>lled products a:; c0moared to extrusicm have he1 ned 
i'1 over?.11 quantum o" pr:.fit::chili ty • 

B'lckward Linkcves for .;en.i:; Pr(')durti0n 

PropeI"7.i Ro'is 

Pres':'r.tly t.1·0 :r~d<>::; o~· ~C cr::i.rle ,.,_1 umin:i.u-n are s·rnr1lied v i7. • 
aluminium with 99.6-f r;11.rit.: r'.. GrP.de I ;ird ·dtl-: '1').5~ n:;:tjty ""·:1 Gr~de TI. 
3U >ply Of in\,..,tfl is in the '.'orr; jf rPc'.t;;;!1{Uhr \Jars Of 800 X 150 X 115 ffi,'".1 

wr'iJ.\hin'( :it cut ?O V.f.'.·· ·:::ir•' t.h;:i.n '?O" of the EC' \"ti!'e rod pr0d;.;cti0n fr 
India L1 by c0nti nuous CR.:;tir.;· 1nd r~.Jli · ·,~. poru1arly ":nrwin ::i..; Pr"lper·:d 
oroce.::s. The r.0ch' pr0d11ce ! lrve -. nomin:: 1 ri i;;;:n(>ter o,. q. 50 pluR O. "> mm 
(3/8"). r~PnerR!ly the l1irc rorls ;;re .:ur:-lierJ in MilEi of 1 to J.5 
to:mPs. Ho·.·pve, . dcpe!1din,~ '1!1 the S!'PC i fif' rpquj rement:"' "!11 h· .-d}inp: 
f:ciciliti.e,; .,v;"Ji!,,1:,·}e to tlin c 11:;t0mer 500 "·. coil» :ir" 'll:o surnhed. 
Link'1f-':P" :~0r prrJper.,.,i r 0 d ~1"""Uf:ict~ir"' ~~r: f11rni ·her1 in 'T'"hle 350 
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Table 35 Weighted Average of Inputs Consuaed for Production of 
One Tonne of Properzi Rod During the Period 1975-1983 

Cost in Rs. per .. Cost in Rs • Rupee Valu~ .,f 
Unit Quantity per tonne Pr.,perzi Rod 

1 EC grade 
aluminium tonne 1.03 8,725.33 0.98 

2 Electricity 4.16 H 
3 Fuels & 0 

3~.68 0 Lubric;i.rits 0 
4 Stor~s & 51. 71 I 

Spares 0 
.:: :·.'~:1npower I 
.) I 

- 1.'.anageri:11 &: g 0.20 

Supervis0ry 16.50 
~ 

- S'dlleri & I 
60.40 { 

Semi-.;~:i l led 
~ 

6 Others 34 .55 I 

T 0 T J... L 8,824.33 1.00 

Ger.eratio -. of c;crA.p -'lnd in-hou3e prot:essing of scrap b or. ::i.n 
river;:i·'"e ""; fol low~ : 

1 'fol tini; ,,r.rl Holding Scr;:i.p 

? !·:nd dr:cP:; & Start.in; •cr:ip 

3 In~p"c ti :-in :1cr;,p 

3.,, Sold Ou t:·irie 
( dro.;s with 25• 
40"'.metril content) 

5 _, 

1 "'-

100 .... 

100-". 
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Extruded Products 

The linkages for extruded products are as furnished in 
Table 36. 

Table 36 j!eighted Average of !Rputs Consumed For Production of One 
Tonne of Extruded Products of Aluminium During 1975-1983. 

Cost in Rs. per 
Cost in Rs. Rupee Value of 

Units Quantity per tonne Extruded Pro~ucts 

1 Aluminium Tonne 1.07 14,620.0U 0.94 
2 Electricity Kwh 1150 230.00 0.01 

3 Fuel Oil J,i tres 200 266.00 0.02 

4 Master Alloy Kt;. 9.33 373.20 0.03 

5 Manpower 60.0() 

15,549.20 l.00 

The norm:: of gener-iti')n of .·.er·:;-: i:-: th"' a!um1ni"..lrn r>xtru-~ion 

inrius try on w av<Cr'lge were as fol lowfl : 

1 In, ~ots melting 

2 Cut end~, m~chinin. etc. 

3 Final r~~pertio~ rej~cts 

Scran generated ns 
percen ta:•e of al u
mini um C'Onf111mel! 

1;-.-1, 

Scr;:i.n recycl <>rl 

Dross ~:old out-

100·! recyc1ed 

100 ::' r1>.:: ye l erJ 
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Rolled Products 

The average operatin5 parameters in Indian rolling mills 
durin,; the period 1975 to 1984 are furnished in the Table 37 • . 
Table 37 Avera';;.--e 0Eeratin~ Parameters in Indian Aluminium .. Rollins: Mills - 1212 to 128~ 

Net Melt Power Fuel Rolling Oil 
Recovery Loss (Kwh/ (Litres/ (Litres/ 

Year ( :') .Li Tonr.e) Ton!"e) Tonne) 

1975 60.2 2.20 1,791 185 ;. 71 

1976 58.3 1.82 1,795 171 4.66 

1')77 57.9 l.8S 1,6n 133 4.4'l 

1978 60.1 1.91 1,649 138 4.27 

1979 61.0 1.65 1,636 131 5.17 

1980 63.2 1.63 l,60J 130 4.35 
1981 58.5 1.28 1,740 129 4.76 
1982 56.9 1.40 1,713 131 2.6e 

1983 56.8 1.41 1,700 1?3 3.29 

1984 57ol9 1.29 1, 554 115 2. 5~, 

:.rote: Recovery dP.notPd iJ ~vc~rage rec0vPry r . ..,,. sh·~et;;, circle0 i:wd 
stri. µ~; • 

'!'he scr:'ln r.;enPrateci i" .J i !'i hoi..;s e recy cl ed. 

The oo:>t nf :iluminiun r~llin,'~ inc?'e.<tsr>d tw0 fold ·~uring be 
period 1975-1984 ririmP..rily due tr; the ir.crc1.s,.., in thP W'1,7:'3 strurtur1°, 
po.ver t;:iri ''f ci11ci ('()r;t )f f'JPl et~. Thn c~~·np;p,; in C"Rt "1tT"UC'tarP ::i_rp 

r<>fJ'!cted i:1 !.pp~n,lix Al-XVII. 
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Aluminiwa Foils 

Foil stocks are used for manufacture of cluminium foils. The 
linkages on the averaee are as follows s 

• 

A1~minium Stocks consumed/tonne 1.35 tonne .. 
Cost of aluminium/tonne - Rs. 19,823.57 
Cost of aluminium/Rupee 
value of foil - Rs. 0.45 

Nature and OrP,'anisation of Links between the Al-:iminium Industry 
and The Other Sectors of the Economy • 

The links between aluminium industry and the other sectors of 
economy can be defined in terms of consumption of alU'Ttinium i!1 different 
sectors of the economy as sho~n in T~ble 38 • 

T;'.lble 38 Cor:su1111tion of Aluminium in Different Sector'; of 
Indian Economy 

----------------------------'0""'0:..::0'--tonnf!S) 
Sector 

1 Electrical 

2 Transport 

3 Household .~ 
Commercial 

4 Building & 
Con:-iumpti :m 

5 Pack;'.lr,fng &: 
Container 

6 Machinery, EquipMent 
& Others 

All Sectors 

1950-51 

(2.9 
(20) 

0.9 
(06) 

1.1 
(52) 

0.3 
(02) 

1.5 
(10) 

1.5 
(10) 

14.8 

1960-61 

17.5 
(40) 

5.7 
(13) 

10.5 
(24) 

0.9 
(02) 

4.8 
(11) 

4.4 
(lu) 

43.7 

fil0-71 

84.0 
(48) 

14.0 
(08) 

49.0 
(28) 

3.5 
(02) 

14.0 
(08) 

10.5 
(06) 

] 75.2 

1980-81 

164.6 
(52) 

34 .o 
(11) 

60. J. 
(19) 

19.0 
(06) 

19.0 
(06) 

19.0 
(06) 

~16.6 

S·mrce: NCAER, Aluminiun Inriu:otry in India, Problem:-; & Pro&t)P.ctc;, 1985 • 

Note: Figures in 08ranthe:; fa indicate percentae;eB • 
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The~e has been a significant shift towards a larger use of 
aluminium in tne electrical sector. This has come about through the 
increasing substitution of copper conductors by aluminium and the grow ... h 
of power sector during the successive Five Year Plans and the consequ~nt 
increased demand for elP.ctrical grade aluminium. However, the increase 
in alwniniwn"use in electrical sector took place mainly during the 
fiftie::> and -'ixties. Among the n .m-electrical sectors, there has been 
some improy#ment in transport and building and constructior., but in the 
case of other categories, the share of aluminiW11 consumption has been 
either on the decline or tended to ~main stagnant. 

The use pattern in various sectors observed in In~ia iR very 
much at variance with those prevailing in the developed c0untries as 
well as in several other developing count~ies. A comparative assessment 
car: be !'lk'"lde from the pr'">portions >3ho7in in Table )9 • 

j'cible 39 Com:Jar;i.tive use pattern of Aluminiul!l -
India And OthPr ~oijntries 

Developing 
Ind i?. Countrif'!s 

Sector of ~cono:ny (1980-81) (1979-80) 

Electrical 52 15 
Transport 11 2/ 

Househ~ld & Co111111ercfal 19 12 

Building & Con~truction 6 2?, 

Packaging & Container 6 10 

Machinery ''~quipment and others 6 18 

DeTeloped 
CountriP.s 
(1979-80} 

12 to 16 

17 to )2 

10 to ?O 

10 to 30 

7 to 15 
15 to 28 

It iR clear that in the developed c~untr 1 es 8luminium findR 
anplication mainly in transport and build.in--, co:.,;tructi:'>n ,·ectors. 
Since aluminium is light ::i.nd is Paf;y t11 . .,-,rk 11i th, other countri~s 

• 
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have taken advantage of use or alWlliniwn to eave fuel in transuort 
sector and save timber and consequently forest resources in building 
and architectural applicatione. This is the trend in the case of 
other developing countries also. In the Indian context the share of 
aluminiWll consumption in the electrical sector bas been more or less 
stagnant during the period 1970. While t~is could be p~rtly due to 
the &low-down of investment in the transmission and distribution faci
lities during.the recent years, a sliGht increas~ in the transport and 
construct~n uses is discernible. The developed countries having reached 
an advanced star£e of infrastructural development, reflect increasing uses 
of aluminium in se~tors other than electric~ls. This trend will come about 
in India also, or.ce the national power grids are fully established. 

The consumption of aluminium is sensitive to the general level 
-of eccnomic activity which makes it reliant on derived demand. There is 
a very clm;e relationl!hip between the growth of GDP (Gross Domestic Pro
duct) :tnd growth of consumption aluminium. '!'he elast.icity of consumption 
of alumir.ium in India is 1.85 i.e. l~ g~o•th ir. real GDP implies on an 
ave-nr;e 1.85'1: increase in consumption of <iJuminium. This is what may be 
actually expected in a developint; countr:r like Indfa.. Sine<> Indi::i has 
extensiveelec~trification pro&ramme ,._nd hasa..structure of the indu~try ¥Vhich 
existed in de·Jeloped countries in e'lrlier st:iges, a hi,;her specific de::nn.i 
for aluminium could be erected to re::;ul t. The elRstici ty c,f consump~i0n 
of .<!lumi_nin:n ir; deve1~,ped count:::ies is 1.2 to L ) • 

Effects o!· ·.'i.n~s, Alu'lli!l;:J ?Vrnts and Sm"!'!.ters on the !-lati0:-·al P.c0nomy 

Al u'Tlinium is more a cani ta1-inten:-> ive industry. Incrs-as~ i!'l the 
sc;ile of 0pPr!'lt1o~s in aluminium induntry a.,., not generrite proporationate 
increas~ in <?:1,:>loy·1ent. '1'he t0t::il m?.r.oo'.n1 r e"1ployed pre~e:· t 1 y iri bauxite 
minin~, "lhminiu11 pr•vluc t.in"1, smel ting1semi-fnbrication ;:?nd cetntive power 
plant (.d"erever it ha;:; b,_,en f;pt up? •.vith pri:nary ::tlu;r:inium pr"'l d ucers is 
about ?5,000. It npd;c;, hov'v~r, to be emph~!'>isert th~t d."Jwnstre;:ir:i emplloy
rnent ir. furth~r pr0ce3;;in.: ;,he i::got;;, st>·.i-fabricati ..,n :rnd in the rr1::1.nu

fac t'.1r~ :;'.· fir,i·ned pr0,foct~· ~uch ::is utf'nsil;:;, ;l!'chitecturril fit.tingc;, 
furnitur-i:> "'tc L .;.·-rvE:r:~l timi:>s the number ofper,:'.)n:; p;;i:;lnyPd dirPct1.Y in 
.q]uminium or>ductiri:·, It i~ partic;l~r1y discernible th--t t'1P bulk or 
SP.conrlc·:-y ;-::c: tPrt;ct.r;; <>11n1."lyT.e~t P"l~:i~t~-~ f·.,.~,,, the s-,~11 :;c:de s<:ctor 
-,hicr. :1cc0tmt~- for more t'1an 40·_, or th~ ust> of ::1.luminium in utP.1'l:>il pr"

rluc+.i."'ln o-:-:·1 in conr.i11ctor c:•;,Je m'.1nufacture • 

It he;:; b'-er. ~--tim~t.P.rl th:it :iriditin:;:il ..,..,.,p10y n.- t opr..,rt•initiP~ frDT'l 
:m eo n.;· pr' ;r8:nm,.,.-o rel:-itir:cr, t.0 the alu:·iin.!.U'll industry would bP. of tl-ie order 
of 6,:JOI). 1'hi5 wilJ enhqnce the totP.l direct emplo::·,,,nt in qluminiurn 
prnducti0~ t" about 31,000. 

~: Ave ·:;Pe ~'Tlpl.oyment ir1 r.:.ipi ti ve llnd .:.is wP.11 ;.is nl"\n-c~ni ti ve b~uxi te 
mines in India is of the ord1>r 5,000 both skilled ::i.nd uns'd11erl. 
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Job Opportunities In Semi-Fabrication Facilities a.nd 
Pinished Product Vanufacture 

l(a.npower Requirements Annual Capacity 
'l'onnes 
per Nos per 

n
Engi- Techni- Skilled Skilled 

Pacility year year ~ cian 

A sm FABRICATION .. 
1 Continuous Strip Cast

ing Machines 

2 Rolling Mill 

3 Extruded & Draw 
Pr0ducts 

21,000 

20,000 

15,000 

4 Semi-Co~tinous Extrusion 
billet casting shop 25 ,000 

5 Continons Casting-roll
i n,;; mE 1 for ·.vi re rods 

6 J'orgin@:S 

7 Remelting Facilities 

B FUHSHED PRODUCTS 

8 Household Utensils 

9 Milk Cans 

10 LPG Cylin1er Plant 

11 Beer B;:i.rrels 

12 3oda :1~ ter ..>yrfr°.')ns 

13 ~eat Exrhangers 

14 La "10 po~; t ~ L.1mp arms 

15 R:'l.in i:utter.c: of .; 1p· ort~d 
typ·· .9, h<! n(~i '1{';' f0rm 

. 
20,000 

1,500 

2,000 

135 270,000 

600 100,000 

e,oco 400,000 

400 40,001) 
(50 litres) 

350 500,000 

750 

1,000 

r.oo 

2 200,000Twt 

35,000 

ano,ooom 

4 

6 

5 

4 

3 

1 

11 

3 

3 

3 

16 ContainA-..<;~ tRr~s And 
b::!nkers , .. f"lod & chA- 1,200 3 36,000 m -
~ic~ 1 indu~tried 

17 Pannel:; for Bui l:U ne; -C 

Con~; tructi('n 1,400 

11 

10 

12 

10 

1 

3 
2 

2 

2 

12 

3 

3 
6 

9 

3 

Workers Workers 

35 

85 

85 

30 

30 

10 

12 

17 
18 

50 

18 

18 

2) 

30 

12 

40 

? 

60 

90 

88 

50 

50 

10 

13 

7 

35 

15 

15 

?l 

30 

10 

e Source: UNIDO, Aluminium prJ,foction and usP. in Developinl) cour:tries with npech] 
<:11pha:Jis on ihe manufaeturP, of alumj ni11m ~;u,1 s ~nrl fir:i~h···d products • 

• ., 
• 

- Octobe.r 1184 
- Magyflr Alu:'!linium 1984 

110 

201 

190 

90 

24 

40 

100 

36 

55 
72 

34 

l?O 

12 
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AlWllinium producers are at present fully equipped to train 
personnel of all categories to handle bauxite mining, alumina pro
duction smelter operation and semi-fabrication facilities. However, 
there might be the necessity of sending, on a selective basis, opera
ting personnei as well as some senior technical experts to foreign 
collaborators t.o expose them to the more SO!)histicated techn•)lo._·ical 
practices. 

4 

Both the scale of operatio~ and complexity of the plants at 
d:fferent stages of aluminium production and fabrication have been 
increasing over the periods necessitating spPcialised managem~nt ski:l. 
In view of t 1'h;, it is felt that i:nproved tr?.inin"; facil~ties for 
man:i.semer.t of alumi::iiui:l plants, nee::i to be ta·:·m up for various facets 
of 'il?..n::tge:n":--t • 

Pr0tection of Envir·r'T!ent, .Vorkin;< Cor.di tions, He'll th ~ ~;:ifety 

He~lth ~nd Safety 

From b~uxite m1n1ng to pro:uction of SP~i-f~bricatio;,, aluminiun 
ind.us tr; f?..ces safety n?..z-:rds characteristic of 12.rge oc;; le :nanufar.tur
ing includ::.ng- che"li~al 'l.nd :net::i: lur .J;.::?.l pr·:-,ce;:;:·;in?;. F,.-:;uxi ts :n;nir:g 
b 0 i.:: · '1ne!'l-cast tyDe in India, :lo~s not pose ~erious proble:n i-; s:i.f1>ty • 
Nevertreless the rni!'l] n.:;· '>P"'r'1ti )n:1 :ire regulated throu -~h Mines Act 
(;,-.;t>--!"1) 1983 • 

The h;:i?:ards oi caus :i c h11rn ami burns due to splarihi .,.g- of hot 
··lc.ctr0lyt~ =>nd mi:>tal st~tutorily require aluminium p!"'.''1uc 0 rs pr<Y-:idin~; 

!'1'1fl"ty '1:" . .;<<>ts s11ch as s?.fety helmets, oggles, fa~"' shi 0 ld~, s~.foty 

boot'.";, ~loves =>nd rrii tten::i, ;rn-:;-lP :~hieH etc. to ri""rsonnel Pri,-;~~<l in 

u.nufacturing. It is P'.c:-;u:rPd thnt u~dP.r the fact".l;-y 'let (Ame!·dprJ.) i::;pecial 
pr-)t<:·ctlve s"lfety ;:-v:it?:"Pts, both st~ndard anr1 nnn-st~.ndare to prrivi.de 
::id"'·~U'lt" s:if<>ty for :;orki;ii: per::onnel i:· the jndust:ry • 
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Electrical hazard for operators working in the aluminium 
smelters is almost eliminated by providing, in addition to special 
insulated safety boots, multi-stage electrical insulation in civil 
building and oetructurals of the cell houses at every possible place 
of accidental grounding of electrical circuit through the operators • 

Environmental-Impact of the Aluminium Industry 

BaUJci te !lining 

The principal environmental conaideration in m1n1ng should be 
the complete rehabilitation of the mined land to alternative land use. 
It remains a distrrnt go~l in India. The Phutkapahar mines of BALCO 
have reached exhaustion staee and will be ?bandoned without specific 
measures for their rehabilitation. Ho~ever, it is reported that at 
the other BALCO mining aite at Amarkanata1', care is being taken to 
raise suitable plantation and cover the land with grP.en vegetation • 

Cre extraction in open pit m1n1ng prJduces a large a~ount of 
dust; subsP.q1i;:nt onerations like transportati0n of mineral ore, grinding 
etc. rai8P e-..ren big·;er cimount of du::~t. T'!1e dust r;:i.ised by mining 
equipment is arrested by dust collectors "hile du::;t raised by movement 
of dumpers is supressf~d by VP.tP-r spr::iying-. 'l'he !!luridy water during 
rainy se:ison is drained away f!'om the quarry into i:;ui table dispos::! 1 
area to a-::-oid ;:iny ground polluti')n • 

Alumina Plant 

The major pollut-.i.nt::: -;ener::iteri in thP. alumina plant are red mud, 
waste liquor and boiler emi:'..;innR. N:.> 0th.::>r indu:>try discards such a 
huge qu:intity of wa~:t~ mainhinin<. 1 : 2.5 r::itio betw•!en the end pr'1iuct 
and wast~ prodt:ct • 

Alu~inium Smelting 

Table 41 f~ives the main type-; of pollutr.nts fr1rn primary 
alumini,1m n:ielters • 



•••• 
• • 
• • • • 
• 
• • • • • • 
• • 
• 
• • • • 
• 
• • • 
• • • • • • • • 

97 

Table 41 Main Pollutants Fro~ Smelters 

• Type of Pollution 

l Gaseous .emissions 

2 Solid emissions 

3 Liquid effluents 

4 SmPlter wastes 

5 PastP. prep~ration e11issi·J:: 
and wastes 

6 Anode backing 0 missions 
;:i.nrl was tP.s 

7 Cast hou3e cmi~sions and 
waste 

8 Ancillary ouo.ratior.s 
e;r,i9si ms :l!1r1 wtlstes 

Material Produced 

Carbon mor.oxide, carbon dioxide, Hydrogen 
flouride, Sulphu= dioxide, Carbon disul
phide, Silicon tetra-flouride, Carbon 
tetra-flouride, Hexa-flouro~thane, Water 
vapour • 

Alumina, Cryolite, aluminium flouride, 
Calcium flouride, Carbon, Iron oxide • 

Flu.oride compound:;, llydrocarhon.s ( fro'.11 
soderheJ:g plants), entr;dne•i trn. tei:-• 

Spent pot linings, anode butts from pre
back~d cots, dust from gas cleanin~, 
slud1~es from cleaning ~crubbing WP.ter, 
$1.terial from pot skimming, spills • 

Coke 'ius t, co;, 1 dust fi!ier:, hydro
carbon fumes. 

Hydro-carbon.~, fluoride:-;, .;ulphur • 

Fluxi~~ fumes (orimArily a1uminium 
chloride), tr~cP. flv~rine, sulphur 
di.oxide • 

Dust from bulk m11.terial h'l'1Jlins-, demoli
tinn of old nots, and cleanin~ of pre
back~d 'lno~~ butts Lo recover carb,n • 

:.:>ource: The ·:iorld Aluminium Industry, Vol. 1, Austr;:i.lian ~~:~1er;:i.l Econ0mics 
Pty. Limited, Jydney, Febrinry 1982 • 

ThP. conrPntr.01tion of carlJJn m•)nnxide ::ind sulpli.tP' dioxide is low 
an'.l does not rer.uire ;:;oecial measures. The ma.ior prob1P.m j;; oosed by 
..;~sP.OUs ::ind p··rticul:ite fluoride emfrsinn which requirr>n r,re'lt 'ltt.>ntiJn • 
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Pollution Control Measures Taken by the Industry 

Bharat Alumin;i.ua Company Limited 

1 Alumilna Plant 

Caustic laden red mud slurry is pumped into specially built 
red mud pond away from inhabi ta ti on and the rlear ·:a ter is pumpen 
back into the process. The waste liquors from different sources are 
also collected int.o sul'lp ;:i.!1d fed back to the system. The dust raised 
by boilers of steam pl;lnt i..i collected by dust C'.)llectors :ind the 
flue gases are vented out .i.nto the atmosphere through sufficiently 
high chimney. The nlumina calciners are also equippedwith electro
stratic precipi t?..tors and. bFL~ filtl'rs to arrest t'-e flying '! lumimt 
iust durin~ cR!cinati0n • 

2 Smelter 

Four g'l.s r·leaning unit::' haw.• been i11sfa.lled at Kor~;a .Humi
nium plant to contr"l the pollution h?.zard~. Tar '1.nd dust are 
arres"';ed by electrostatic nr1>ci pi ta tors while the f• uoridos ar~ 
wet scrubbed before venti n - it into the ::i tnosphere t'1r0u.-;h 80 m 
high stacks. The ef:'iciency of gfls cleaning plant at Korb::i. aluminium 
plant is 98~ for fluorides, 9605;-:! for dust and 69·~ for hr, whic-h 
2..::-e 'Rell •1i thin the desired norms Cr::;oli te is recovered f'r0m thP. 
s c rubbe1: :>o 1 u ti on • 

3 Fabrication Complex 

The fabri.cation unit ;hes not pose 
proble-s except the emulsifiP.d err1uents. 
rnent plant has been provi~Pi at Vorb::i. for 
WRter ber0.::-e di~pos11 • 

'~ny sPri.ous pol lut•.n:: 
~n e~ulsio~ trP.at

treat~~nt of ril lad~n 



• • • • • • • 
• • • • • • • 
• • 
• 
• • 
• • • • • • • • • • • 
( 

• • 

99 

Indian Aluminium Company Limited 

The entire pot room 
Alupuram was

0

modernised at 
increase in ~tack height. 
nal environaent • 

exhaust system of the 50 KA line at 
a cost of Rs. 1.0 million including 
This has helped in improvin~ the inter-

At Hirakud (Orissa), the p~t dust design has been changed 
to balanced duct design in a section-on experiment ba~is. This 
new design h::i.s helped in improvin1;· the intPrna1 atmosphere. It 
is planned to changP. over to the duct design in stagPs in other 
sections also • 

For external environment C!)!ltrol nm·1 has initiated. sys
te~atic assessment of fluroine content in foli~~e ~round ~ km. 
radius of the smelter plants. Preliminary results indicate the 
flurorine level within limit3 • 

Sorial forestry hafl ~iso been started t•) prr>Vide green belt 
around smelter pl8r1ts • 

Not~s Approxirr;:i.tply 780 "13 of f':'tS~s 'lr"! pr'1rlucerl ner tonnPs of 
alu~inium fro~ the r~y0lit~, ~1u~i~!u~ fluori1e, calcium 
flouride "Ind sor:li.u:n flu0~idP. u. erl in tl-ie electr1l;:sir> 
process. In pr;:i.ctice, qr>t.ual rrmintit? rf'lP;;Ae« v::iry r,or.
a iderably dr!pendi r.,'.{ on "'.1ch f;'!c tors as :e'Tlperc.i tur~, bath 
eompositian methnrl nf wnrkin~ th~ net~, tyn~ of anodP, used 
and Cruf;t hre-iirino- :.echni~uc. F.mbFi.0'1 1PV!'l ~lf10 v::i.ry 
during nmel ting cycle, primaril.Y as ::i rPsul t of rhanges 
in levels dllrir.g crust br.· a\{i n~ "nd iilumina fe~ding. As 
for ex:r1ple, routi•:e crllst bre::i kin·: Cl'ln incr<?as~ the 
normal 1eve1 of fluoridA e:nis::i ion tn ~O k8"/tonne of :ilumi
nium te"11porarily and cru.; t break in;~ anri the a:~di tior1 of 
alumina, wnen gas forms at the anode (the anode effect) 

can incrP-ase the e·~i ss ion level to M h.i.trh :is ~5G to 
400 kg./tonr.e of alumfoium • 
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Hindustan Aluminium Corporation Liaited 

1 Effluent 'l'reatment Plant 

The effluent treatment plant is being designed and installed 
to collect a~l waste products such as oil emulsion, water containing 
fluorides, caustic soda etc. This scneme which is under implementatio~ 
•ill control the liquid and solid effluents • 

2 Air Pollution Control 

A scheme has been designed to collect all the gases from the 
pot CP.lls and treat th~ s~me with alumina so as to absorb all fluorine 
ThP. dry scrubbing system-for which know how has ::i.1::-eady been received 
froD? M/s Alasa - Alusuisan Switzerland will ensure clean pollution free 
at;nosph~re in the pot room. The sche'':e was to be installed in 40 pots 
on trial basis by 1984 • 

3 Boiler Ash 

F.8.rlier !U:Jl."LCO h8.d manual asn dispos<ll ~i.·st,,!m .. hich W"lS 

c::iusin~ envirrmmental proole:':i. The ;:i.sh disposal syste::i w~,s mechanised 
with the installation of a irnbmerged a.sh conveyor and all the ."lsh 
is now collected in silo and discharged by me~ns of truck intri ne:Jrby 
valleys • 

4 Electr0-3tatic Precipitator 

The! Alectro-static prP"ipibtc.,.s installf>.i i·-· t'ie 'qot::i.r:v 
Vi1n i" Al11mfn nlant ::irre11ts qnd puts t•ack the ;i1uminA. dust and 
pc-i:vcnt.:: it fr-rn e:::c~ring in the .'1.tmosphf·rr. ~e :idv8.:1t'-l."'i:>S are 
tw0 fnld vi~ prevent pollution and save alumina from ;oi~; waste. 
The Pf:'idenr:y of the elertroatatic precin:t"tor i.~ <i-bout '19 J• 
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Madras Aluminiu.~ Company Limited 

1 f.2:LSestion 

2 

The gases e!lli t.ted from the electrolytic cells are sucked and 
scrubbed with caustic soita to fix fluorine as sodium fluoride 
and to regenerate it as cryolite • 

On the Floor 

Bag filters in electrode l'a.-;te Pl::i.nt and electrostatic preci
pti ta tors in cakinatio!'l section are installed for preve:oti 1!1 of ciust 
p'l llutbn • 

~8.tiinal Alu~ini~m Camnanv Limited 

In S:'!l~~1 ter ri:_visj ;"Jn-fu'Tle trea•,rnent >1-.:it dl 1 b.: inst:il le:l to 
;:i.ri'0rb "1.l l the ga3es :ind oartj c11la tes. Th,, h'.)lrli::.3" e 'f ici<":'1C} in the 
pot ron~ will be 97~~ith this 3yste~ ~nd th~ cry0l!te C'.)nsu~ption will 
be rPluced C)"1Sider::i.bl;r • 

?rom ths foi:."e::::oin;~ it ~s be "J':Jserv~d that all :he pri"lary 
produc~rs of ?..li.1'1lini1rn have a::h.)ted e:wircr.'f!entcil crmt-:-o] :nea:rnre;1 
o~ v;:;.ryi~r.;- : .'v~"?8. T'1 or(i 0 r t; ens11re t.'·:~ ~ f'uturP. p1?.'lt- « r>f> ;,;et np 
with cornprP.h•>;,.:ivP. '1rra~1cem1-:nt 0; 1·11!'." p0lluti:')r, c,wtrnl, it '':ould ;:ippef!r 
nece~:;r.;;i!'."y ~o e-·nn:n·~ at lea3t 1 to 2·" of the a;:ile realis;:ition e:~clusiv":!.:1 
f0r undRrtRkin~ pollu~i~~ control me~~ures • 

·:o:-Exoloitis ! DPno.:it.;; 

Duri.n1: tl1e h.;t "1r·cP.~le cu1d a h;:i1 '.', tne.rP. h8:J bren 8. si[;:1it'icnnt 
thru:·t in t'1P riirP.etinr. nf "st1b1 i~b.!.·~:; ne-.·1 b;iuxi ~e re· ·!"VP.!; in Inrfig 
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particularly in the Eastern Coast in Andhra Pradesh (AP) and Orissa 
states. As a result of this, the figure of known bauxite reserves 
has risen from approximately 345 million tonnes in 1970 to the order 
of 2,670 milljon tonnes in 1983 • 

Oft~ total reserves of bauYite deposits both exploited and 
non-exploited tab'.llated in Appendix Al-XVIII abo,1t 1,930 million 
tonnes of reserves are in the non-exploited deposits. The currently 
assessed bauxite reserves of the order of 2,670 million tonnes,• 
would be aiequate to produce ?.bout 1.000 milli0n tonnes 0f alumina, 
or about 500 milli :>n tonnes of , lumihi~. These reserves are e!'loueh 
to meet the requirements of aluminium in a co1L~t~y for a considerably 
long time. Bulk of these dep0sits may, therefore, be s~ared for export 
~urposes. ~e denosits ~hich a~~ s~ited for development for ex~ort 
purpo< es are : 

1 

2 

S2.ura3htra Bauxite Th>nvsits i!'l J:r1nag·ar District of Cu;larat 

The deposits lie wi t'1in 0.5 to~.c kw-from the coa:;t. T;1e ouali ty 
of b~uxite in these depo0its ca~pare~ with the best bauxites of 
th" world ::ind Japan has found that the 1u:-:d1.ty of Indi"ln b.uxite 
surpa'lsa~ th:it fr:im Indonesi:i, Mal:>;vsi"I '1nd Austr:1} i::i. :iowPver, 
in vie if of tr'1nsno:=.-t problem~, the 3aurashtra baux; tf?.1 -u·~ yet 
to attr~.ct foreign buyers. Gu,jarat Miner'11 Th.>ve~·'iDrr.er~t :~ornorci

tior• (!-;l'fDC) h"-.: b.ce:: pla!'lni'l,:;" to have ;rn alumimi. phnt for export 
purposes based OD these deposits. The dAtails of the prop0sed 
facilities alongwith det::iils of ii1vestme1,ts ::ire furnish0d unriP.r 
the topic '~ew Projects• • 

An::intai>;iri !'Ind Chi ntapalle ~roun of deposits in And 11r::i Pradesh 
have the di;::;tinction of f,eO!f.r-'l.phic 1 prcn.:imi t.V tri Vi S'lkh;ip:-1tn::im 
pert. The der,ositio have 'l.bout l80 million tonnes of reserves • 
U3SR h?..S !"ho1'n int~rest in dep'.'.>Si ts for i!llport of rft'lXi te/::ilumi '1-3' 

but ti1-l dcite the dPfi.nit.e fina 1cial ?.nd b:1y-1J~ci-: :irr2.:ig1•ment hc>.V"' 

not been ~rrived at • 

II I 
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Envisaged or Feasible Projects and Volume of Required Investment 

On a ~oad assessment the likely capital investment in the 
Seventh Plan would be of the order of Rs. 33,146 million. The 
break-up of investment is furnished in Appendix Al-XIX. A brief 
descr!ption~f the projects which are under planning/implemen
tation during tae Seventh Plan Period is given hereunder s 

1 Aluminium Complex of NALCO 

NALrO has been established with the objective of exploitint; 
the bauxite reserves of Panchpatmaliin Orissa. About 
400,000 tonnes of ~lumina will be converted into aluminium 
metal whil~ balance alumina is planned to be expor~ed. Out 
of the 218,000 tonnes of met~l it is proposed to convert 
100,000 tonnes ?.S F.C grane wire roris and the b?.lance 118,000 
tonnes as pies for production of semis. These ~re expected 
to bi;! co11missi:)ned in phases fro·i 1987 to 1989. The esti
mated cost of the nro,iect is Rs. 24,400 milli0n • 

2 Downstre::i:r. F'"lciJities for '.JALCO 

Setting up of value ;'l·.1ded d · vrmtre;ir'i f?..cili ties i:ire conside;P.d 
co:;ducive to ic11pr~;ve the economic viability of the i~AiiCO com
plex. The fe::i~ibility report for j ... wmstre;:ir1 f?.cilities is 
under orep1r~tion. Toe entimRted cost of the projects is 
Rs. 2,320 million for the prnduction facilities ~s rurnishe~ 
below : 

Extri.<" ion Prochctr. 

Foils 

C::i.p;ici ty 
( '000 tpy) 

25 
10 

5 
100 
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' Aluminium-Silicon Plant for BALCO 

A feasibility report for setting up the plant with a capacity 
of 90,000 tpy was prepared by VAMI of USSR in 1980 in colla
boration with Indian Rare Ea~ths (IRE) under UNIDO assistance • 
Production of the alloy was envisaged through the electro
therlllic process using sillimanite concentrate available as 
by-product of mining of ilmenite from beach sand. Subsequently, 
a techno-economic evaluation was done by YAM.I in 1983 for the 
plant down-sc:i.led to 30,000 tpy. The plant is now slated to be 
implemented by NALCO at Angul in Orissa ·oy 1988-89. The i.n-
ves tment would be of the order of Rs. 390 million • 

4 Gandh::i.m::i.rdan Bauxite Project of B~LCO 

GciTJdh;imarda:l ba11xi te deposits ::i.re located at ~~ambalpur <tnd 
"ola:i.·.;ir districts of Orissa. '.'res en t1y, PALCO i~ develop-
ing a 600,000 ts~ mine in this deposit at an estimated cost of 
R8. 52•) million. The project is scheduled to be comnleted b:; 
October 1986. The bauxite dll be transported t') Korba alu:iir.a. 
plant throu'3'h r0pew;:i,y and ra i.l w;:iys • 

5 C::i.ot!ve Power Plant for BALCO 

6 

Im1deq1~:1 te powf:r suppl.J from Madhya Prade2h· Sta ti:> ElPctric ity 
Eoard has hitherto resulted in under utilisaticn of installed 
cr.i p?.ci ty of Korba s•::elter. B.t,.LCO h~s, therefor~, d•cided t~ 

set up a captive power phnt '.:>f 270 1,rH c?.pri.rity. The pr0ject 
is under implement"tion. The likel;1 cost of the pr0.iect is 
of t":e order of R .• 4, 212 million • 

f;~1<>ncinv, f::i.ci 1 itie~; 'l.nd Repl::icement Need for Et.LC'O 

"' •:orb:> rni t 

For fuller uti1is~ti0n o!' c:~p,:icity of 100,COO t,;y of 
srr,elti=-r, 35,000 tnnnes of properzi rods, A0,000 t"nner; 
of' rolled producta, 7 ,ooo tenner. of Pxtr11d~rl rr0du~ts 
"r;d the t1?.l<tn~e 18,000 tl')nr:es r.s i ent.';, the: f·,1Jo•.vir.~ 
''!'tl''ilCinp- "aci.'.Hies ~re n'-erlerl to be ir;:;trtllP.d. ;it Korb:'. • 

I I I 
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augmentation of facilities to generate steam required 
for alunina plant 

modification of leaching process to suit the charac
teristics of bauxite available from GandhaRlardhan 
mine 

provision of additional cold rolling unit to match 
the hot rolling mill 

iv . installation of slitting-cum-rewinding line to meet 
the market demand of 101~ weight spoolless coils • 

MetallurJical and En0ineering Consultants (India) Llmited 
(MECON) is presently Pngaged in carrying out a compre
hensive study of these aspects • 

b Bidh~.n B::!gh Unit (Erdwhile ALUccr;, Jayk?.ynagar, WP.st Bcn,c;::.l) 

It h;ts been decided to activate the !'ler-:i-fabrication faci
lities of the unit (which han been closed for the last over 
15 years) to imprrwe the firancia} nerform?_:~ce of the unit 
:w a l;hole, it is proposed to provide facilities like die
shop, homogenising furnace etc. nee1 to be provided in the 
ex"trushn pbr,t, to start with. The foil plant w>lich was 
set up Viter than the other fabric2tion facilities is in 
good condi ti m • 

Res eq re h & DP.VP l ripmer. t in RALCO 

Aue:rr.entation of f:=tcilities in the R&D section of Korb;:i ..,re plannPd 
for development ~nd te~ting of J0phistic~ted aluminium alloys Rnrl 
se::ii-f::i.bricated pr'.)ducts for defence 8nd ztrategi.~ ,:; 1rpos8:0 • 

Prnro~~ls are under consid)ration for demonstr~tinn unitq for 

i 

ii 

iii 

energy conservatinn in rotary calcinRr fo!' ~llu"Tlina; 

for utE1s<i.tion of red-mud; and 

fnr nrnducti~n of Ruper purity ::ilu~inium. 

Prclimin;:iry action f0r these propos~l9 h~vP bRPn cnmpletAi 
t~ rnu,rh lH!DP ::ni UI;IDO ar.irliRtance • 
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8 New Scheme of BALCO 

a Andhra Aluminium Project 

A teasibility report for setting up of an alumina ~lant 
in Andhra Pradesh with an annual capacity of 6oO,OOO -
fj)0,000 tonnes •as prepared by USSR in 1980. Subse
quently in 1982, it was modified to include an export 
oriented bau.d te mine of 2. 3 million tpy to supply the 
required mineral to the alumina plant. The project, 
e~erging on the basis of discussion hitherto envisages 
development of a 2.3 million tpy bauxite mine in Andhra 
Pradesh for export of bauxite to USSR on long term 
basis, later expa~sion of bauxite mine to 4 million tpy 
and setting up an export oriented 600,000 tpy alumina plant • 
The proj~ct is yet to be implemented • 

The estimated cost for the total project comprising of 
the export oriented mine and the alumina plant along 
with r~ilway and port facilities etc. is likely to be 
of the order of R'-. 8,000 million. This p~oject is 
considert1d as - p'.)te~1tial Seventh Plan project subject 
to financing ~rr~ngements and agreement o~ 10ng term 
export of ::ilumina to USSR a.t an acceptable pricin;; 
formula • 

b Expansi1!1 of Korbn Plant 

EALCO plans to initiate actinn to expand its ~melter 
capacity by 25,000 tpy at a cost of Rs. 550 million • 

9 Gujarat Alumina Plant 

M/R. ALU'!'BRV-:"i( I of ;:un.::<iry prP.p';reci fe::rnihility renort in 
1979 for eslablishmant nf RluminA plPnt of 0.3 mf ,li~n tnnnes 
c~.n:icit.i' b:1sed on Kutch rlepnsi ts in Gu,jnrat. J,ocn.tion of 
alUJT1ina in the Kanrila ::'re· Tr3.d"' Z0nP. ·ill c0i'lt R.0 • 1,590 
milli0n ana ~t Devpar loration about Rn. 1,670 milli~n • 
GM'OC w:inted the a 1 umina pr0cluced to be toll-~me1 ted by 
!!/s. qur,1~arian Alu'Tlinn Corror:ttion. Estnb1 h1hment of th~ 
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the project depends on satisfactory foreign financing of 
the project and buy-back at mutually satisfactory price • 

. 
Aluminium Research Develonment & Design Centre 

The •xisting aluminium inQustry in the country is ~ased 
almost entirely o~ foreign know-how. 'I'hough certain a~ount 
of research and development ~ork on various technological 
issues is being carried out by the aluminium ini~stry as 
well a.s certain re:>ea.rch laboratories, a coordinated effort 
in R&:D would be essential to attain self reliance in the 
alumiria and aluminium te~:-,nolo_;·y for the d~velopment of the 
aluminium indu3try • 

A ori>p'lr?.t'">I'"'J pr.Jj'?et re~ctt for setting up of ;i. c 0 ntr.<:> h:v 
been ~repctre;i by ALUTI-~RV rKI assist"!d by:.'.'~:-:;;::. r;;.rroo h;;.s 
rendered ~11 assistance for prep~~at:3~ of this ~8port. The 
entf.mated co:ot for the cer.tre may b~ P.s. 490 miJlior! • 

R:itna.:;1.ri Alu::i:.nium Pro~ect 

The ?..a tnagiri AJ uniinium !"rojec t '-"it!: a ~;-, n:1·.--:i ty of 50, 200 
tonnes per ~n;Ju.~ ;:·~1 ": !1,..·nctioned h:f r';overr.~ent M.:: ~;:!:l;i' ~:J 

Aoril 1974, at a bbl cq:.:;t of Rs. ?A"' miLion. 1;01'PV<ff, · 

bec~use of fl.'.Cl.~Cial constrahts, ir:iplrme!lt:::t~0r r,f I'r0,j~ct 

could not be u~derta~en • 

I nve3 trr.en t in the Pri va ti:> :;ector 

Inf0n,,1 tion in respPct of future in"J<c•stml"nt 1r. t~A ,1ri':~t"' 

prim::t!';'f sc:ct,1r is shown belo"" : 

( 11.· • 'Tli11i,.,,n) 

..!!.!lQA L CO ~ >AV ·o Tnt:-, 1 

New c ·•· I ci.pa"1~1e5 

Exp~inJ ion o:' 950 9.1 0 1,850 
Cap;1ci ties 

''.oder~d :'}ti 0:1 & 
450 240 Repl~c~m~nta 10 700 

Gr~nd 'I'ota i 1,400 1,140 ] 'J 2,550 
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The total investment indicated in the Appendix Al-XIX includes 
the cost of development of infrastructure facilities such as roads, 
railways, ports etc. These investments are incurred by the concerned 
project authority. The likely investment for infrastructure develop
ment in the state of Andhra Pradesh, Gujarat and Orissa is likely to 
be of the order· or Rs. 2,650 million. The break-up of this investment 
is furnishetr' below : 

. 
Infra.structure Develo~ment 

The availabili t;,- of adPquate po·1:er, water cind transportatinn 
facilitie0 for raw matP.rial~ and finished products are import~nt 
factor.3 to be con:;id-:recl in the iP.frastructure development for <>luminium 
in:ustry. Since the identified bauxite deposits are located away 
frol!l the exist in;; r" il ::mi rood n.::;twork~, tleve lop-nent of new raiJ c>nri 
ro;vfa n·eds to be pJa'lned P_l;->n,: with develop"!ent of alumi.niwn industry. 
Development of ?.dequate port facil1ties is ?.lso required for exnort 
of value a~d0d ~lu~in~ • 

Since the r:!eve],r-rn·r,t of triese facilitie!'l will r~'luire con
siderablP time, the oi!"W'!i wher-" such lieve1 o::iment is rPquiren neeri 
to be i"'J.P.ntified ::ond r,0ce'3'.l"'-1'~.r ::i.cti'in !-'\ioul; be ir.i:i'lt~'1, suffi·-,iPnt]y 

in ::i.dvance • 

RRil·Hays 

a Ahdhra Alu~ina F~0je~t is prop0s0d t'i 
rRilw~y tra~~ of ~~a~· 62 km. het~cpn 
he::id rhr"l'f,;:itn:.~ or ~"Y:',,V'•r,_.., t0 the 
8ite Rt K"l:'hn:i·ir?v:-inr>ta • 

he ,;erved by ,: 
the exi~ti~~ r~i1-
pro;v)c e:i pl:rn t 
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b In caae of .NALCO, a link track of abeut 174 km. is 
under construction between Koraput (on Kirundul -
Kottavalasa line} and layagada ( on Jlaipur - Vija.ya
nagaram line). Another link track o~ a.bout 170 km. 
between Sambalpur - Talchar i• ~nder construction • 

c ~ndha.urda.r. Bauxite Project of NLCO under cons
truction, will be serwed by about 26 km. B.G. 
Railway track from L*khna railway station to 
foothill. This line is pres•ntly under constructfon • 

Andhra Alumina Project is proposed to be located near Krishna
devapeta villa0e in Vishakhapatn~m district based on Eauxite 
deposits of Jarella/Sapparla about 45 km. from plant 3ite • 
The new road that needs to be developed for the project may be 
about 40 km. inclJding Sapparla Mines and plant. Existing 
roads will need widening/b~ck tapping, etc • 

Gujarat alumina project ··•hich is proposed to be located in 
Bhuj in Kutcn district dll require auout 2 km. of ro;:id fr()m 
plant site to existing nationaJ highway. ,-io111e exist:'..r.g- roads 
!MY require widening to cater ta the incr--· cised tra •"fie load • 

Port F'aci 1 i ties 

The export of b:ilk qu~nti ty of alumina. will r1>.auirf! the deve
looment of additi0nRl port f::i.cilities like irstnllati,n of 
aluminA s iloa, provisi.,n of pneu:natic cor:veyin.'S ,3yst"-m "or 
landing ~Jumina JlrPrtly int'I thP ~hip·i, Ptc • 

The facilit~e3 <:t ViR"l.kh::.io::i.trnvn nort beirg devf'l0pPi f...,r NAl.CO 
will re'1uire :-> 11.,nentation for handlin'.!" ::i.•iditio·;;i1 ".ur1iM fr.nm 
A.nrthra Alurrdna Pro,ject (for l"!:rnort) ::i.nri i"1;Jort of materfa.ls • 
Kandla port h::i.s been r0n,,idP.rc>d for thP export ::ilur11tnq from 
Gujat'at AbMi'1<t Project • 
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The requirement of power for the existing alumina plant is 
of the order of 826 MW. 'l'he present supply arrangement of 
power

0

is f~om State Electricity :Board except in the case of 
HIIIDALCO. 

Company 

1 3harat Aluminium Co. (BALCO) 

2 Hindustan Aluminium Company 
(Hihl>ALCO) 

3 Indhl Alu:ninium Company 
(INDAL) 

1 Alwaye Plant 

ii Hirakud Plant 

iii Belgirnm Plant 

4 r..~adras Aluminium Co. (MALCO) 

Requirement of Power (ttR) 

235.00 

45.40 

50.00 

171.20 

75.00 

It is reported b.\' the ir,iustry that ;in interrupti0:--i of ;;J h-:·urs 
in supDly causr-s an ;i1ditio&1<1l hikP .i:: thf'> 0-c;~,:,ly 0f m~t::iJ b~· 

R~. 2,800 per tonne, for the metal producer! i:1 the t .. ·o d;iys 
which follow the intel"rupti m. An O:.ltP.f'.'"' or 4 ho:;r: C?..l.l>'<?d 
~ hi 1<e i11 the metal pr5 ce by R:i. 5, 600 oer t0nr.., for 5 d~:r~ 
th~t follow the interruption. ..,..his is reported ittf'> t'l : 

hL:her power co:-rnumptj on per tor.n'? of h".lt rrwt::i1: 

incr:-:;:ised c'.1nsumption of <tno·i"' '<fl: r,,! tr. ·n r.ori 1.1 
(er olite Pnd a1~'.ll'nium f1uorid0); :i11d 

;.mort"!r Gp<rn of life of cathodR lin.iri,~ • 

1'!",n ir•iU:; tr:/ ha: "'fitir.ir:itP.ri th::it for earh !,I.'/ '1"'S'•" ~'it, 8:1pr'lxi
·n;1t~ly 5.5 pots h2.Ve to be ::.hunter:. Relir;in ~ ;, : r",;t::i!"tin ~
PXp1>nse.~ of P.:.ch pot C'.lme t0 :<bout R:•. (),] milli1n (1984 pr[r.-.r;) • 



--------------------------------~---~------

-·-· 
• • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • , 
• 

111 

Investment for Infrastructure 

Investment for infrastructure includes the cost of railway 
track, road, ·sp&cial type alumina wagons, external power ~upply, 
external watP.r-~upply, port facilities etc. The estimated invest
ment requir.ed for development of infrastructure facilities for various 
projects is ·~iven below : 

~scrip ti on 

1 Andhra Alumina Project 
including mine 

2 Gujarnt Alumina Project 

3 GP.ndh~m3rtian Bauxite Project 
(tmdPr implementation) 

Investment in Rs. aillion 
for Infras•ructure 

1,020 

130 

150 

4 Port Facilities at Vizag <i.nd KandlE. 1,350 

2,650 

The aluminium industry in Indi?. h;:,::; been built with mo,~t 
of the 3}11rr.inium tec'lnolo .ies ::ivail::ihlP. in the world durir·g the 
fiftiP.'' .,n< :;ixt~F:s • 

2 

A1 'Jl'iinitJm Corr0ratic1n of 
Ir.d:a, A03.nsol (N. :;P.n13"al) 

~air~a Aluminium Co~pa~y, 
.,P.:tur, !';}:nil N3du 

Fore frn Co 11 ;:i hor"l tor 

Sw in:-; Al umi ni um 
(AIFm1;..;.;i:.;) :)wj tzerland 

Aluminium I~a1i~, 
Ita 1 y 
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Name of Alumini1111 Plant 

Indian Aluminium Company 
Hiraku d, Alwaye & 
Belgaum 

Hind\'.fstan Aluminium Ccrpn. 
Renukoot (U.P.) 

Bharat Aluminium ~o. Ltd., 
Korba, Madhya Pradesh 

Katior.al Alu~~nium Co~pany 
Limited, Angul, Orissa. 
(under cor.~truction) 
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Foreign Collaborator 

·AI.CAN, Ganada 

Kaiser Engineers Overseas 
Corporaticn, USA 

ALUTERV - FKI, Hungary 
for alumina plant 

3weteMetpr,.,mexport US3R 
for s~elter & fabricati~n complex 

Aluminium Pechiney France 

These technolo::;ies w<?re brought ,.;ome years ago :lnd ·,7h i_le they 
are fully absorbed and considerahly Indianis'"'i by now, a lot of H&D 
viork would be required to k<".en th.em moder;-.i:~ed; viA.ble :'nd pollution 
free. Latest technolo~J to c:1me to India is the PPchiney tec•·nolop;y 
adopted by NALCO • 

For :·,e first four unit,,, the know-how and the detailed engi,..,1>ering
\Vas carried o:.; t by the foreii-;n tecl-tnical c0l lahorator:;. The dc.tailed 
rl,,r>i1;n, engineerin:; ;:oncl co:O'.ul t· -1c:·• 0 Prvices for the pr0jects durin,; 
the lA.S t di>CP..de hafl been •mdert;;i '-:Ecn b~· Ind i->. r. -"n;-:inP.ering ~nrl "omrnl
t::trcy or;:i;::inisati0nH. For imril9ment::i.ti'rn r-,t f:;ture :ilu!'llinium pl<int.;, 
nece~•sary in<li~e'.·-v:iw3 experti."'e ",.,r dntqi]l'.!d d~3ig:., ~.);,:ml t::>ric/ ;:ind 
engineerir..·: M•rv ices h'l.s bF>er. d~ve ! oped in thF> c:mntr~:. H1... .1r>vr>r, bar; ic 
kna··.-ho" ~~nr t"ie pro,ject,1 t0 i··corp,.,r::ite l."l.tP.st tec!-.riolo .Y is sti 11 
reoui red to b<:> im :iorted frnm f0re i..~n "'Jurce0 ur:t i 11 the Al u"l in ium 
le!'

0

e"1.rch, :)ev;>}op!"1ent ::ind !Jesi.;-;n r:;:,ntre is ;;i:>t un in -:.h"' c0untr'j • 

C0nsider~bl 0 dev~lopments h~vn taken plare ir the ndvqncel 
C·l'Jr;tti•~:-1 le<l.din·: t., pr()•1u rtirm ~n l'l;)er:itint; COHLs ~:nd c;n ,.,rv1ti0n of 
ener:y. EAL• 0 1 .'l Alurnin::i plant ::ind ".lumini•Jm .;"l•]tPr •:. idi w<?rP 

cn~11i.·;; i 1n·:d i'1 nid-0event:i :-:. -:-:8.J Rl..;o n·~e: c0rt;; in ;r"'unt of moderni
.3:iti rin in :;necific are::is. :~ev,.,ltJt!··n1r;/ ""':'n:~Nl have -:-.akr-:1 nlac-e 
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especially in the downstream areas of rolling, extrusion and casting 
·of aluminium. It would be appr~priatc to identify specific areas 
of technical cooperation with tte advanced countries and conduct 
detailed integrated studie1=; for each plant to identify areas where 
moder:iisation efforts could be undertaken especially in the context of 
energy saving •. .. 

Various operational sta.ces in the ~-:1luminium industry are : 

i 

ii 

iii 

exploration and tni:1ing of bauxite; 

conversion of bauxite to alumina; ~nd 

ame1 ting of ~lumina to ::i.1 uminimn metal ;::irir1 

:ri.brication of metal to various forms for 
injustrial use. 

In a) 1 the:~e :ielis lot of proi;;re.;s 1· s been ;-;.-de o>..'1d i'.'.!pr0ved techno
logy ::ind :nroCP.-'S intr,.,(hced in the co:.rntr:.;, ~1et there ::i.re "1.rea·, of 
i:npr0ve"Jent • 

Bxolorn.t.:i :1n of ~;:i.uxite RP.;erves 

Ba~:r.i ':e -1°po_, it.:; t•.!i :!'7 of v=;.rii~d t~: ;-ies . nd !.()L-U!li ~o !''Tl ·d thi:; 
:i. .·i-g-le ::,:·e". n 7 e:i spl'>cir,: "ttentirin in i>:;t1:n?.tiJn rif res"rven .'lr:'i gr::\de. 
The drill:r:G· has ch<>n e.i fr0m ·1,et to dry 1irilli'lg. !Wen thi~.'. h;:is 
been replacP.J by V<J.c-..i .. un .ir:!.11 ir«:;· tec':nol o ::: ;:i broad. This tf)c'!nol o :y 
mri.~1 n·,;;.i r. 1uipmt?nt r:anuf;:iccurin; f;.c ili tie'.: ci.n: tr~ininc; .1f drilling 
o.=·r.:rrnne1 :.n the ~.)u::tri.e;~ v;'·1~r·? t~e -bove t<-·c~:;.·);0r;if):; •r• prri.c-ti.s"?rl • 

Anotl.<?r a:;pect in t:1e mattrer o!: b·;;;..~t,f) re.;ou!':" 1.D'.Jr;;.;_;;;:i 1 i~; 

the ::i:1-lic1ti:m of 1.;·el)-stiltj.~t.:.c.; :1.ml C'.)rnputPri:;' ti0r; 1!" ri"ti-l :!'l')r m:n" 
ol;:irnh;.-:. 1'··ii::: i·· tlPt'"''. :. ! ·ptp·] ln ti:~~ DP" b::i:ixi ~" m'nP of" N·~.I.CO. T,,P 
kn:Yf,-hQW nned t') be f,!}J' tr~:rJ.'f t'TA:l .!rJO 'J0'1i.r.o.J i~ :,ll fqtl.Jt'P '.llin<?:• 
sot~:~·>. :~in8;; c·1~ld be d•-.·:e 1 :ir·ed '·J't....,:-:it~:·-:ll:r t·i ·~;- :11-r rPquir"'d 
QlJ:=iU t.y of •n<itPricil t.0 t~P ril.c-:':t:;. Cnntr'11 nx:·)rir:::.:-,r :1·-:-f!nr'ir>~ likf> 
';P'ilo:;fcq1 '.urvt? · 0f In.1iJ"<, '.'.inPr::l -:;::rnl0rnti.11:·, r:0r:•orr:t.~ -.,., -'>hou1(l 
eet enui "!''~d fnr this ::incl ON~r;:ting rn · r··:> sho•ilrl. h:we tr~ined o·"'r
so~::~l frir nrpn~r 8~~11~~ti'1n nf thP~P tnchniq~n .• 
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Mine Planning and Design 

IndigQnous expertise is well developed to design mine projects 
wi. th sufficien! Cl)mpetence. MECON is already c:-irrying out the detailed 
~n~ineering, mi'ne pla:ini •g and development for 600,000 tpy Gandhr:i.m~rd::i.n 
mine for Bt.!!CO. Engineers India Limi te·l (EIL) is renderinrr detailed 
engineering services for 2.4 million tpy PancLnatmali mine of NA.J,CO. 
However, to keep abreast with the latest technolor,ic~1 advancement 
in the world in the field of computerised mine planning, it would be 
necessary to have interaction with reputed or,'/'nisati"ns abroad • 

M<rnufacture of Al umin:=t 

A beisinnins in thE> development of i.-:di ;er:ou::i con~·uJ t<.?!:cy :oind 
engineerin,:s se_-_.vic.::s for the 'l.luminium in:;t.::try in In :ia waH ma.rlP with 
Indian Qr,-r,,_nic:<l-ti o:·s underta'dn:; the detail~i en.·-"in"!erin~ ::i.:::~1i ::nment 
for 100,000 t:'Y integrated a1uminiu:n i::omplex :.t Korb:l. Det:::iilec'l 
en:;inP.ering for a project of thi,, ·1<L~ni tude ·:::•.• carrioect 0:1t inrl.Ls".'n
ously for t!1e first time within the cour:try • 

PresP,!"!t!y, 8n ;ineern Ind Li Limited (~IL) is carryinn: 'J:;t the 
detailed en,'.i_neerin::; for :"lumin::i ::i.nd alumir.i'Jm ;;!ants of •;,u.co • 

But (''.)·1~iricr~ble improvemP.nts h'\V~ he 0 n ''chieved in t:'"' qrJv:incert 
count: ies ir order to reduce ener,y consump:i ·: ''n'i c.1;>t of or0d-ui::tirrn ;is 
well a;: to improve the ouali ty. Are::is of t~,.,"'"' ievelopm<>nb include : 

i 

ii 

j ii 

iv 

fluidisei ced c lcin"l ti -in .. hi·'.'~, r"rini '.'e;; 30" 
1 P.SS er,er:_r;y tnan the 1"0:-:vent ~on" ' r"! t:::i.ry ca lei nP,r; 

iry di::pos.1] of rei r1111d ::i: c0J>:; r~d r.0 C'-in·:c-n
t' :mr<l w<?t impounrii: - :ncth0d; 

r.-, 10v:i 1 of or :?.:1ic i:,1nuri t,ie::;: ,, 

procro:;:: c -:::tC'0l L l'.'0LI -:: rn'.cr0~.-.-,-·". ·.or:>/ 
C'J!nD 1J t·~·r.-; ~t~ • 

The f1'lirii.·nd bn'J 1"'1"1rn.ti.on :Jf ?..1umin::i h,,, L·:P'1 ::i.:hpt<'1 •',-,r ··1.U''), "'he 
rr:cent cr•·:-rl ,•;nrlrl ov0 r iH t1 pr0dur.e s::ind;: '!.:1rT1in:" 8.t cr-:~Ps.=.. p-~"!':1~At"·rr: 
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achieved in European aluaina plants resulting in less ener5-y con
Blaption. BALCO has adopted \he sa11e process • 

# . 
It is understood that P.!r.nA.LCO has initiated action to change 

over to fluidised bed calcination in replacement of the existing 
rotary kiln.,.ystem and other energy saving features in their exp~sion 
of the plant. BAI.CO is taking up e~-periments to r~duc9 fuel consuep
tion in its rotary kiln calciner on the lines suggested 1/ UNIDO • 

e Technical know-how needs to be imported to develon fluidised bed 
calcination equipment in the country • 

~inium Smelting 

The existing ::tluminiUll' ~melters ir. the country ~re bRsed on 
conventional Ha.11-Heroult process with current intensity rRnging 
from 50-100 KA with an avera 0·e power (OC) con!":um:)tion of 16,500 kwh/ 
tonne. The a1uMinium smelter under constructior: by NA.LCO i:i Qri;.sa 
has a current inti:msity of 175kA ~nd will h~ve power C'.m.:um1tbn of 
around 13,600 kwh/tonne • 

The prP.sent world trend is tow:o:.rds l~r .. :er cell~, hi1;hnr amperar,-e 
cell hooding vii tri dry g.--,s cleaning and controJ led Tperation. Cell" with 
a currert intensity of upto 225 KA are :, lre? :y ii: oner;;, tior: in certain 
countrie.,. For optimlil"I prnce:.-rn C'.">ntrol mecha:iisatirin ;ind ;:tut.omatimn 
have been exten.oively introduced in new plants. In the international 
field, cell with higher ampera:;e upto 300 Y..A are under experimentation • 

Computerised 11utoma.tic vol'ia(s-e c.Jntro] :::.;ste:ns ::i.re ad-,pted to 
achievP. subst<'r.tial s.~vings i - power and r?.w :nateri~11 C")!'S:Jmntion be
sides better pr">ductiori efficiency. Autf')!n::i.tic vol t::i C:P. contr()l :>y.c:te.., h".s 
been i :Jtalled in Indi1 by BALCO, MALCO ;mt H':> L. ::n the ::UC'l plant 
a com-puteril"ed pro ces contr0' .'lyflte'.'!1 is plRl"'r~d to be ir:st::illed • 
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It is suggested that a comprehensive study be carried out for 
the exioting aluainiua industry with special reference to incorppra-
tion of new technology, in order to reduce energy Rnd raw material llJIJISll 

consumption and to achieve higher productivity and efficiency. Foreign 
know-ho• may be acquired wherever necessary for technological upgradation 
of the existing plants • 

... 
Semis Manufacture 

For the prop ·sed downstref-lm facilities for NALCO, ~1N hass: 
been a~si~"ned the task of de~~iled engineering consult~ncy and uroject 
management serlices. ·~ufficier.t experti:'e have also been developed 
for ma!1uf,··cture of different Plloys of aluminii;m ar:d their semis • 

R & D F~cilities 

In the: light of pace at which technoio0:ic::il :ieve] opment in 
aluminium ;:i\Jr~;...d -,re takirg place, it is in the i:-'terest of al.umini:im 
producing· comp;mies in Ind fa to 3et up the reriuire:.i R&D f~cili ties 
which could de::l] wi t;1 diff~re"lt phase8 of deveJ oomerit re}:;: t ... d to 
aJuminiu~ product.kn a:id ;:i:y.lic;:i.tio1. The r0 :::e~ rch fqci_l itiPs should 
cov!'r the "rec;;.s of b~rnxi te be:.eficiatio:·: ::tnd min.i.r.e, hauxite p!'O"e.~s
ing rtnd -.lur,ina prodaction, ~r'.le}t."!r rid c··rbon t1=>ch'1olv,_7, ~lloy 
develnpn..,11t, C<'.2t"!.r:: ·n:1 ft,uric::tioi~ tec~nolo,;y i .. cltding d"ve1oumi:>nt, 
of nei,r npplic;:!tio ,s. De>•ils of R&D efforts of primctr-J ~1umininm 
prnduc rs ::i11d the '11«'!'1.> in which for1>i,~:1 -i;;~; ist';JnC"' ·~8Y be ,,.~rrantr.rl 
C\re n0~ 0~ below : 

B.AL::o h·_: e·tabli:ihed a pilot plant !'nr P.va'u".tinic; b:>uxite 
s~~iples f."r 'roduction of alumjna;ber.ch fwa1P t 0 2 ·"Jn•: foci
li tie." are ?1s0 iv-: 1;•er1.ti:-n. In <!'lctiti();, lM;n r,.C'flitie:l 
f'"lr dPVe]Op'!l€:lt Of :''JOh.iS ~jr>;>t"-i '>}lJr:J~!'lfUm rt' }oy:1 frir ove·•
t'!::ll f<ibri.c-"lti.r:. for i··!'en<'" <>-irl othi>r Rtr~tP ·iC' i:;urpo:>"'S 
r!:d impnrt .~ut:·titut:·'.)n ~·r"! .,_; ,;· e:·t:-ir·Ji;;hPd •. A 1tudy 
L •:icier 'Ii J f.)r tl;e u." of lithi1h: c.~ri·,nate "L1i 11·H;ni:>."'iurn 
c:>r>or.atP tn red·1c!'> ~l~ctric::;i} re,·ist~nce <>nd ,."';>r y co"
:;ipr,pt~,m. It i~ ::il:=:J or-,.-.f).;"-d ~. · t:-1·rc up the .;turly fr;r 
P..!':;:i-.cing :::.-;·vice life of equipment ty r•1::1k·n,q; mor"! pffectiv~ 
11s~: of oil:. ~ind l·~bric~·nt:~, ::i 'llS'i f0r r"'cl~imini; v··lu:i' 11" 
oil ~n'l lidditives. Ar:tirm r:u.; bPen initi;:i.ter• ror i;:-ijrful " . u.:e •). re:J m.1; • 

t 
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b Indian Aluminium Company Limited (IBDAL) 

The major thrust in the R&D efforts is directed towards 
eder;y conservation. The objective is to improve energy 
con~umption to around 14,500 kwh/tonne by 1987. ThP 
~chemes involve improvement in anode, cathode and busbar 
deHign changes, installation of micro-processor devices, 
improvement of pot room equipment and replacement of old 
mercury arc rectifier by silicon type rectifiers • 

The company is ~lre~dy recove:rin~ cryolite from spent pot 
linin~s. Its study indicate~ scope for miniaising loss of 
fluoride ii" spent liri"lg during its dismMtling from pots 
to its desp2.tch t0 er. oli te recovery plant at Beleaum. A 
sche-ne h;:i,s been work"!d out and wil 1 be implemented within a 
year or two • 

Vinadfu:n r<>covery fr,,m the qlumina plant liquor ha~~ bi:.>e!'l 
impl ernen tF!d • 

·~'hP. com;:.~ny is r"'co·:erin,..:: carbon fr·., .. sn<?nt lining- which 
h,.,,. been usied ~.s :1 pot lir!in,~ '!l;tteria1. as ::i <:1lbstit1Jte for 
~nt~~ecite thus Ravin~ ~n fo~.,i~n ~~ch~nge • 

"..!. d "'t ,_, · 1 • ·" C ,.., t' 1 L·.,,;t d ("l"rn' '"0) c 011r u., 11 .. ·t um1n l ·.,m or,or:t ior. 1 .... P.J nu_.,,,., 

".'hf' comprir.y h"!:~ ..-!0r" c;•1si '.c"!'8 1 le work in a.~similation :md 
<':':"lmoihJ.tj ~n of d-:i ta on <:ri-"r;;,y C')!1sumr:t; 0r~ and h··:·; i'ii ti:i
te~ a numb~r of sche e2 for ene~~ cors~rvati0n ~nd in-
cr• '1:3ing cur.rent effici<?n:::y. '!'··•· old rotary kiln calciner 
is tn bP. rP.pl'ced by 'f111idise'3 bed vertic~l ·.~'llc:iner' 

·11hic!-, L; exnei.:-:t<!ri to :reduce the fuP.l 1)il con:;umution by 11"()ut 
30~ in the ~luminq plant. ~lu~ina nlqnt is under exnansiin 
to 50_,,()0C t·inn<:.' '"t':<u:; l c::i~.aci t,Y t~·.r'.)1,,1;;>~ Hun ~nri;rn teri--no-
logy. 'Phi:- ln•·'wii::s 

r~i.;·;n.;· pLr:t 1iT.F·r r:oncentr~ti'>r·. by 
;:}'! !.i.·,,; o;:tr::i 0V.8!J0r2.ti ;r. llni t 
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liquor purification 

heat transfer of pregnant liquor by 
spent liquor 

hydr~ga.rnate technology and red mud 
causticisation 

The expansion is expected to becompleted by 1986 and involves 
an investment of Rs. 500 million. The modification in technology is 
expected to reduce steam consumption from 5.0 tonnes (1983) to 4.14 
tonnes per tonne of alumina, and abo rcsul t in reduction of consump
tion of electrical energy • 

A scheme has been pro~osed to replace the exi~ting old s:nall 
si?e boilers ·11ith a large 90 TPH pulverised coal fired boiler \'ifth 
cogenerati~n facilities • 

The review of the steps taken by the ir.J.i·.·idual units in the 
field of R&D, lead to the conclusion that t:hout:"h tr,ere had been cor
siderable e7forts, this ha:;; not resu1 ted in the upgr"ld<Jt10:1 of the 
technolo~ on a signific::i.nt scale. '!'hr "llu:ninium indwitr:/ in Incii:.:i. 
is ·10 ye~rs old no·:;. There are four cxi:;ting ·,.mi t:" ::m: one under 
i'llp1Pme'1t8.ti0?'! and er;c!i of these has " diff~re:it tf:C"~:::>Jog-f. Thi::; 
is a reflection of the fact that Ind:ri h ::: not been ::i.ble to suiJ."3-
tantially absorb any 0:£ the tec:"nolo,;ies i'.:':ported in Fie pa.:>t. In 
this co~text, it is imp<:r-cttive :11~~ t~1 alu:ni!li•u11 indu:~tr;;· 8.s ?. v:liole 
:ohould n'.)ol ex;Jertise b u11grode th"' t-:ch'.:olo. ·y in t.he;_r pl?.•1t:• \"it'". the 
~elp of t'leir F>oreign C'.Jllaborator.; to 1-'rin.:. t"'em t~c1•c.0' ogic"' i 1y ;:it 
p~r with t~e pla~t~ abroad • 

Another FtreR. i:; ir1 the a<'pl i.c:iti,.,n of ;; lumir.iwn. ::·0r E>ver:: 
tonne of '!let'll pr,vJuced, it i.::; nece•·'~~ry t>-1:it ; .. . P rr>'11r·1ted, c:i.:~t 
and fab!":r:~•.te,i 5.· t11 U-38.hle ::i:•plic~ti0'.s - a'.'pJic,.ti.0.., ·.·· ich :irr> 
vi;iulP, her.R•,i('i:--d to tl1° r: •n:-;:1mP.r nJ r,i.ti '.~·tl r>f'.'';'.1-·r:iy. lfith it er•:~
sing l·:vel '.Jf rro:iur:t,i"n, t°'iP pertinent i:;!c\.i--' ir !'idia ii !,o irCr 0 ::if>e 
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the consuaption et aluminium. India has a large potential i:> the 
electrical, transport, building and packaging fielda. These have 
to be developed and tapped by R&D and marketing efforts. Creatin~ 
and satisfyini these potential markets, multiplying the uses of 
aluminium manifold, •ill be the challenge which not only · the R&D men 
but ::ilso the marketing men and entrepreneurs will have to face and 
solve. Ind~ will have to evolve a judiciou~ mix of fabricatinJ 
technologies to meet its special needs. India will need to expand 
the highly sophisticated production and capital intensive primary 
rolling mills which can recycle scrap and sati.sfy the conventional 
utensil a.nd household market. India will need high capacity, hie;-hly 
pr0ductive and hi&h quality presses which would produce goods of 
average specifications • 

In the ca:; tin.; :t.nrl diec:i3tir:g sectors, inte~sive R&D efferts 
will b~ t"eflUired to sci.ti~fy the r:;ther :;trin :ent requirements of 
castings suit::ible fot" the newJ;r e"!ergin;s transriort sector. Myriad3 of 
techniques i~volvi~C jointin~, b~.zin~, enodi~ing, n~i~ti~g, surface 
fbis.-;in:_:-, gauge c -,ntrol. :iew allo•·s etc. ··•ill h::ive t0 be iev.,.lo~e1l by 
R&D effort~ at varim.;:_; centres. Indi:i. will of cour.=>e, need the assis-
t::ince of mor-e deve1oped C".)untrie11 in the for!ll of i-r.forn;:iti:Jn, technology 
excl1a.nge ::ind m:1rkt:>ting intelli~er.ce s0 th::i.t Indi:i. could le"rri from 
t'1eir exnerience, av0irl t.he nossible pitf::i.lls :ind catch '.tr. r-rn fi=i.::it as 
oo~sible with t'lie mor·t:> :;.~v:;·1ceri us3.ge of a1uminiu!ll in these c-.untries • 

A 1111T1iniu!! is a r-;~od c0:iductnr of electrici t;y and Indi"i ha!> larg-ly 
eXploi tPrf t;1iS prnperty in th~ field ofpower C:'P.ller~.ti•'.)rJ ann trans:i-:iS:':inr., 
Hmrnver, t'1ere ::irl' =-tre'l.· li:re i'l.'Urninium vrin<lin;-~ ;•;irl); :·1iAr" f1:rtl-1er 
R&D '."0ri< i:> r<?r::uin~d .1 • .., that t'1e potential of ?.1u:'lini11m U~':'l .-e fr, eler:t
rical indu::tr,; is fully exploited.. As;iistance from adv:rnced conr.tries 
in thir: r<>.;n" t m3.y n.r:celerate thP orocess • 

~ndia h'lS :;tLJ t0 m~:1ke a 8ie-nific·nt be . ..;1nin'~ in t'ie ,;irea of 
:-:1b:'t:.ti1ti">; 0f timber (in b11ilning· -,nd arc·nitPctur;-.;1 "'np1ic::itinn8) 
witn '•~ll'llir.ium :.,nd S<iVin·; of fuel in tr~··.-,nort SC:.'Ctnr. Qth• r r:-1imtriP.8 
h:>"p t • ·r.·r f\111 :> 1lv:rnt::i :e of t>·is fuel ~nd forest :-i;i·.1i!1i~ po~R·:tialities 

-.•,ri}r !n•:i;:i.•:.; tr.:i;1:Jn0rt ;:inti buildirr; !'11?rt•1r.q c0m;11mP h'lr:llv 151 of 
~1umini11m pr0duce1; i'1 J'.ln'l.n the:" '.>~ctor<; con"ume ;:i,.: ~iwh ~n 50·~ 
of the ~lurniniu~ u~ed. · 
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Appendix Cu - I 

R•••rv•• And Qthel Tocnnical •ai•m•t•ni of Exploit•d Min•• of Copper Dre ln lndia 
Ae on 31at Morch t983 

Elc pl oi tod Oline I 

I 

l oA E .. stern Sector 
(I .c.c:. Group I 

, . Moaabtl,ni 

~ Pathargora ~. 

;,. jurda (Ph~ae 1 end 
Phan ll) 

.:. t:end~dih (Ph~s• I 
an<! Pt>aae J l l 

s. 

1/ 
6"': 

u 

Rakha P'wH l 

Sub-Total• [astern 
~actor (JCC Grou~) 

s.weetcrn Sector 
(KtC Group) 

Hadhan-t:u.-n 

1: Kolihan 

3/ a: Chanda1ari 

9. Kho•ilariba 

Sub•To\alJ ~••tarn 
~ectcr IKCC Group) 

c. Cen\rel ~ector 
(11alanj Khand &:iroup) 

4/ 

oi::etion r Type 

Bih"r 

" 

" 

" 

• 

Raj a•• 
then 

of 

1ownttr• I •hip 

HCL. 
Public 
.iactor 

" 

. 
" 

" 

HCI.. 

" 

to": Malenj t:hend Copper HoPo HCI.. 

Sub•Totall HCL. ain•• 

Proved Probable PoH:lble 

9.8t lo 70 J.9B 
(I• 70) (1.72) (1. 19) 

t.70 o.44 J.39 
(1.47) ( 1.36) ( 1.42) 

I J,65 s,37 7.50 
(l.20) ( 1.22) 11 .22) 

a. 79 3,02 J,01 
(I. 70) (,. 72) (I• 711) 

7o83 - -(I .19) 

39,78 I Z,61 14.88 
~47). _t1.4J_l_ (t.47_1 

7.92 
(D,95) 

12 ,99 
( 1. 71 ) 

o.ze 
(1.90) 

21 .19 
(1.43) 

24.34 

84.31 
( 1 043) 

7.74 
( 0.511) 

s .1;1 
I I, 1 S) 

t .77 
(I ,JI) 

15, 12 
(1,05) 

36.08 

63 ,Bl 
( 1.19) 

23.28 
(O,~J) 

I 0.56 
< 1 .1 s > 

-
O,IJ7 
1 t .so) 

33.91 
11.00) 

55,21 

t 04,00 
(loOT) 

To·hl 

.. 
17.57 
(I. 71) 

2.53 
(I 0 44) 

23,52 
( t .21) 

14.82 
( t. 76) 

7.DJ 
(1. t ~) 

156.~7 
(1 .~_7_) 

38 ,94 
(D.513) 

29.16 
(1,40) 

1.11 
( t ,JI ) 

0,J!i 
(t .02) 

70,22 
( 1.14) 

115.63 

--
252, 12 

(I 022) 

('ODO •••u•ed ••tr•• propoaad coverable 
tonnH) :4 eu. •ine r•••rv•• 

capacit:.- in yeare 
(tnd) 

300 0.5 1 or.a 3200 ti 

J6 o.s 347 401'l 13 

~05 0.5 500 , 300/1800 26 

261 u.s 500 200/I ~00 30 

93 o.s.,1.1:10 206 1000 18 

975 

362 o.s 7ll0 5000 16 

400 a.s 56D JOOO 19 

23 o.s 46 500 8 

15 o.s 60 too 7 

199 

1307 0,4 350 ~700 29 
(D,45 for (Upto JOO 
open-pit) MRL.) 

JOBI 

-~------ .. -~-··-·-. ·-------------·---..-----
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ln•oitu ~r• re•el'\lee 1n •illion ·ratol 
Type of tonr.aa ctntJ arsde ~~ Cu. •"ntol 

~xple>it~d Mi.,• Locet:i.on awn er- Proved Probu:· le Ponible Tohl (I OJO ' 
•hip tonnes! 

.. 
D. Other Workini Hines 

5/ 
11-: riangpo ;Jikkim .>MC - 0.47 - 0.47 6 

( 1 .19) (I 0 19) 

, -, 
~· Ingaldal Karna- CCC 0.19 - 1.04 1.23 19 

take ( ~ .;'.6) (1.44) (I .54) 

13. Kalyadi II " 1 .13 1.73 0.11 J.il3 27 
( 1. JJ l ( .i.e,JJ I :J.6J l 1,1.ea l 

14. r-t~ilar-.11 A.P. APMC u.1s 0.41 - o.s6 9 
( 1 .9;; I ( 1 0 36) ( 1 .54) 

6/ 
1 s"'; A"jpura•Jariba Rojas- HZL - - u.e9 a.a9 12 

than (1.J6) (1.30) 
6/ 

16'°: 3andnlel00ttu AePe HlL - - 1.04 1.04 15 
(I 0 42) (I .42) 

Sub-Total.a Other 1.47 2 .61 3.14 1.22 BB 
working .._nee ( 1.zaJ ( 0.96) ( 1 .37) (I 0 22) 

Notci Lifo of recoverable rc5crveG i5 co~put~~ on proposnd ~~pacity. 

.!,I The vertical depth cornpris~s of 150 ., 5bove vellcy lovel ond 620 rn holow it. 

3/ The vertical cleoth co10prLes ,, 14,; m .lbove vallny level unc! 424 ,. below it. 

~I Ch.,ndm.iri mine is ar"" cust "orl<ings lying b11tlfcen 40;4 and 340 MRlo 

:}/Life ia baoed o.n open-:·,it reserve• of ~7.9 million tonn••• 

ICut•off 
grcide 
assumed 
," Cu. 

N.A. 

N.A. 

:;.:io 

1.00 

~/ 6C>.~ reeerv•• ..1re ruca\'..:r.>ble1 !loeidea copper t~e depoeit contain• 1.20~~ Pb. 11nd 2 0 51~ Zn. 

!I Jncidental to Pb - Zn ore mining. 

• • • • • 

rverticol rnst11- fLH'" of 
depth in lled/ rec~v.,r-

rnetroa pro!'>neod abh 
n1ine reser1i1e11 
caoocity 
ltnd I 

in years 

N.A. 100 9. 

300 Z50 

:.!JO 50'.l 

235 ti.A. 

Sourcu GOJ 1 Planning Co••iadon,, rieport of liorking Group on Non•fetroue Metal• !Core•r t. lick•llo 1984. 

•• .-



• ~ l 2. 2._ • Pro::eective Coeeer Cn Resuurces in Eaeloited t1inea ..,d Their 
I Neiqhbourhood ueto A ?eeth of tO§O Metres Fro• Surface • Appendix cu-n 

• (xplo£ht1 aineJ ifloder;ately Expected [xpectPd avai~ility pe:r Additional prospective ore 
! 11etre d-th 

llopoaih in neighbourhood explored !Grade 
Ore 

1
t •etel llptn depth I On I Met el • upto dept .. 

( 1 000 tonnH (tonnes) (Metre) t•ooo tanneo) ( 1 000 tonne~' ,_tr•> 

• hatee &5!!E 
\ A. !!!.e!oited ainea • Moub~nl. 1!l60 1. 71 40 6ao - - -

• P•ttt.ar1or• 347 1.44 10 140 1060 7t00 100 

Sud• suo 1.21 50 GOS 1060 28000 340 

• ICunciedih (hll) 500 1. 76 30 530 1060 16600 295 

Rekha (hll) 650 1.20 BS 1020 10.;o 34800 420 

• Sub-Total A 1.38 215 2975 tOGll 86700 t155 

1'· a. !!:11!!1it1 in naishbaurhaod • 5iddee-:r . 500 lo40 75 1050 1060 42000 590 
I· ' T-.,aha:r 500 t.tt 55 610 t06C 30800 340 • Turaoclih 250 1.s1 TO 1100 1060 56700 890 

N...tup 145 1.29 25 320 t060 22800 290 • R-hand:repaha:r 130 1.so tJ 190 t060 12100 175 

Dh ..... idi .. 120 1.42 25 350 101;0 23500 330 • 5uo-Tote1 a 1.31 263 3620 1060 187900 2615 

• ~Wioct11; • t. '5i!l1ited oine1 
IChotri 530(350) 0.91(0.91) 75( 100) lllilllx700(910) 1060 34200 310 

• IColihan 560(318) t.15(t.54) 40(78) 46(1(1200) 1060 19700 225 

Chandoar:I. 46 t.31 35 455 1060 35500 460 

• Sub-Tatel • C 1.08 150 1615 1060 69400. 995 

• D • a!22•ill in neishbou£haad 

AluoaU 150 1.so 10 150 1060 !1100 135 
I a.n .... 170 1.90 15 285 1060 13300 250 • mio1-io 150 0.95 10 95 1060 9t00 85 
' . 
~ 

llh•pni 250 1.01 20 210 1060 16200 17D 

lleeautgerh 100 1 .!12 15 285 taro 13200 250 
l 

~ub-Tatal • - g 1.46 70 1025 1060 60900 890 

i 5ub-Totel (C+£1) 1.20 220 2640 1060 150300 1885 

~ 'liz!El!i! !>ecto[ I 
I 
• t. M1lenJkl!ancl 

Main-lod• 300 1.13 385 4350 1060 292600 3306 

• Hain lad• haoqinc wJll lode 120 1.50 55 825 1060 51700 775 

~ 
, ... 440 5175 101)0 344300 408f 

bploihd ,,ines fof9 750 8940 1060 488700 5456 

t 
w•poeite in nnighbourhood 1 .14 368 5470 1060 300500 •2eo 

linnd Totel 1.27 fl38 f4•'10 1060 769200 9736 

! -• • • I 

• I I I I 

~ 
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'Z.3 

Average Consumption of Inruts For Production of 
One Tonne of Copp!.!r Ore at Mosqbani Mines of HCL 

During the Ten Year Period Ending 1984-85 

Items 

Constmt~ble Stores 

Steel 

- Cement 

Explosives 

- Timber 

- Others 

Cuantity 
per 

!!Dll tonne 

kg. 1.36 

kg. 1.97 

kg • 0.31 

Cost in 
Rs./ 
tonne 

4.6B 

2. 36 

s. 0·1 

6.25 

14. 38 

Cost in 
Rs./per 
Rupee 
Value of 
Ore 

0.03 

0.01 

0.03 

0.04 

o.os 

E r-1.:c'.inteni:f'.ce Stor-:;s 

S:><:.re Parts 

Lubricarits 

c Fuels 

D ?:lectrici ty K '·7'J ...... 

E 

F Othe.".'~ 

40.15 

9.46 

1.86 

o.es 

13.25 

107.08 

173.27 

0.06 

a.Cl 

0.07 

0.62 

o.os 

l.oo 

~: :O~t: rr:~fcrs to the dvcr.0iC'f'> co:~t o:~ inrut deliver!?'! .-it the 
rl:··,t d::dnq the :)criod uridr;>·· co:·::-i.r11?r;1tic1 r. • 

V 0 Jue r0fcr" to the exmin0 v..-:"!..uc of or"' exclu::ive of the 
~ll tRY~~ ~~d duties • 
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Weigbt@d Average of :Input@s Con gned For Production 
of ~e Tonne of Copper Ore During the Period 1979-81 . 
tp 984-85 at Sl!!all Mines Operated by Kamata}sa Mining 
Corporation - A State govemrnen!r Undertakinq._ 

Items 

A Consumable Stgres 

Steel 

- Cement 

Explosives 

Detonators 

Drill Bi ts 

kC]. 

k0 • 

kg • 

l~o~ 

No!::* 

Quantity 
per 

tonne 
of Ore 

1.04 

2.72 

o.s5 
2.20 

11.66 

Cost in 
Rs. per 
tonne 
of Ore 

5.18 

1.40 

7.70 

4.33 

3.33 

e - Timber 1.04 

e B Maintenance Stores 

• • 
C t:lectrici ty 

D Mc>.npower 

- I-~an age ri <'11 & 
supervisory 

Skilled & 
Semi-s'l.:i lled 

- Others 

30 

291 

414 

Kv:H 79. 31 19.83 

87.34 

llo::: 

~:o .s 

Ifoz 

167.83 

Cost in 
Rs./per 
Rupees 
Value of 
Production 
of Ore 

0.03 

0.01 

o.os 
0.02 

0.02 

0.01 

0.12 

o.s2 

i.oo 

• • 
• • • 
• • 
• 
• • • 
• 

Note: * indicates per '000 tonnes o: r'roauctio~. of Coprcr O.ce. -

• I 



-···-· • • • • • • • 
• 
• 
• • 
• 1 

• 2 

• • 
• 
• 3 

• 4 

• 5 

• 
• 6 

• 
• 
• 
• • • 
• • 

• • • I. 
11. 

llS 

Inputs ConSUl!!ed For Pmduction of One Torme of 
Copper Concentqtes In Snall Conc;entrators 
By The §tate Government During The Period 

1979-80 to 1984-85 

Copper Ore 

Lime 

~ineoil 

x~nthate 

Elcctrici ty 

Lubri c2n t:= 

Sp2res (Bearing~, pump 
casing, Sr-ares, lin
ings, conveyor, belt
incrs etc.) 

!·i :c.:~ -10eri ,, 1 [-..: 
SU n c rv :! :,.:·; ry 

Skill~d 

.:_,cni-skilled 

Unskilled 

!!!!!! 

Tonne 

Kg 

Kg 

Kg 

K:,;H 

Litre~ 

14 i·Io:::; 

11 No,: 

30 No~ 

26 Nos 

Quantity Cost in 
per Rs. per 

tonne tonne 

21.11 3542.89 

23. 28 14.08 

o.54 18.84 

o.16 3.79 

633.26 158.36 

i.oo 8.or 

134.50 

121.82 

400 ~. 28 

Cost in 
Rs./ 
Rupee 
Value of 
~mit 

o.s95 

0.040 

0.030 

i.uo 



................................. ~ 
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Appendix1T,Ci.~~;Vr 
• - -----a··~ ... ~- •-• -·-- .. 

EJ;:Qduction gf C!2I?:Qet; Ofe in India 
~ 1975-1984 

' ''D :rszm112 
Year All India A.P. BihC;,J,r - Knm<"ta}sa M,P, Orissa Ra1astban Sikkim 

1975 1,B38,468 2,739 1,0 3:3 ,086 61,0 55 - - 736,588 

1976 2,395,275 - 1, 185 ,095 71,935 - - 1,137,445 

1977 2, S51,888 '..>,050 1,280,669 69,365 - - 1,196,154 650 

1978 2,132,098 939 1,086,031 57,229 - - 98'7,870 29 

1979 2,156,5~2 - 9GG,157 45,744 - - t,124,471 170 

1980 2,005,436 - 1,145,386 42,981 - - 816,669 400 

1981 2 I 1\)9 I 00 7 1,97?. 1,247,'132 51 1 66 2 .. - 807,241 650 

1982 2,,178,935 1,861 1,347,895 50,007 462,443 - 616,439 290 

1983 3,423,555 1,015 1, 3vu, 3 78 61,288 1,110,976 160 949,532 206 

1984 3,893,6:,1 1,872 1,298,467 62 ,9 28 1,296,427 780 11232,707 470 

Source: Indian Bureau of 1 ... 'li,..,es, Mineral Sta tis Lies of Ind!ia, April 1985, 
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2 

3 

4 

5 

12. 7 

.:~pp_endix Cu-~ 
Average of Inputs Consuned for Production of 
One Tonne of Refined Comer During 'l'be Period 

1979-80 to 1984-85 at HCL Befiperies 

.. 

/:-no de Copper 

Electricity* 

Re;:rre:-: ts** 

sulphuric ."Cid 
~io Urc::i 
.-'.vi torie 
GelL;tinc 
:~yorochloric --::cid 

Stc.--.r:~*** 
') 

-;t 3 kg/ an .. r,nr~ ::· ;-i..:rc 
.-,t l'.' J:c:;/ cm'" ·: L:s::;l:rc 

!!nil 

Tonne 
KWH 

kg 
an 
rJTl 
('!ffi 

c:in 

Tonne 
Ton:,e 

".\ m-

Quantity Cost in 
per Rs. per 

tonne tonne 

1.22 30,500.00 

750.00 247.50 

45.00 18.45 
2s.oo 

~ 60.00 10.25 120.oc 
70.00 

1.02 122.40 
n. 3:J :rn. 40 

1.55 0.4~ 

Cost in 
Rs./ Rupee 
V2lue of 
Refined 
Couper 

o.98 

0.82 

6 f-'.ilJ Sc-:1•; kq 7 .91 

7 110.09 

31,046.5" 

* __ : .. :::: t ::r;_;, (1 · ,,1Qc"-.:.:-ic~_t'/ c'.J,... 0 1mrtiun is o:i <'1cco1.;nt 0£' 
cl~::ct~·ol'/' ic :0·.·.--c ., ..:~ 7.0% o· .:1cco::nt o:: motr)r dri»'c, 
li i1 ti: r; 8 ~-r. 

1 !I·\ .\ .. 

** -· :;•_;J..--hudc ~ciri i:: rQr"'irnd frr tr.c rroc1uct:io-- o cn:-D'?c 
.:· lr:f~.~t:::- c::·/:.:·.- •l: .•nrj rn;. ,__Lssolvil".fi rr:ill sc;le. 'T'r10 
o~~h··,... !"•:.'\(;"'.".~:· re ··dried :-- the !;!l(."C'trol;1 te for srrDoth 
:.····.~; ,, ~i1·.;.--:·t ',:010:.-:~t~_(");" 0. ·~c, :-,r:.r o··· t1·:~-~ r:·~thod0 • 

*** .,., o~· ·~lect::-·;l:'te, c;t',o•.ie \-:-!:'":i"c 
;1: .._ l; '.) t; i '. '"· j r : ;Ti ; ' c J. : ' { : , :-; 1 i rn 0 J.n-~c;-i,. 1.-i t·mk cin .. t:h~ COP!'r>r 
S' 1:-h·:te :-;cctio:,. 

'k* ** == ·:iater ic m.< iil';l rr r'Jircd ,c ;·mill sc,:i.1 C d~ .Z::301Vc:r, in the 
ccp;-.er s• .. l ~h::. tc :il.-J"1 t cool iwr ',:owe:-• ;-1 s m.1kr~ u: \·mtcr, floor 
·.-i< :-::hi~,, o • pur~ U.c: tior. S•!ctil.·l" ;md for sHmc 10ac;d.ng • 
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'!Wtl''' tyelJ.•lse l1•pt5511 u»lj•pfp Wuklne Dehl\! Sf ret's/he•• 
•r HI.Mun• rm·· 4•· Appendix Cu - VIII 

Cite. •Ulion) 
~--- .- ----,- - -------.--------.- ,--------.---- - -- -----. 

Detail• 1 1972-73,1973-74,1974•75,1975•76,1976•77,1977•71 ,1t71-T9,1979-ID,1980-lt ,t91t-12 ,1912-13 ,ttl>-.. ,1914-15 

A• lypygset heil•l• 

te Pmid up C•pihl 63106 713•4 lt4o3 715ot 797.D 

32305 44105 65100 11405 930ol 

l5'o1 tDDOoT 126104 t46To4 l606oll 

'64o0 9Uo7 tz3,QD 1D62ot t43Doll 

1152011 ZOD2ol ltf6.t 

2. Lomn• 

3e WD&"kJ.nv C•P:U Ill 
la..,• frw CMl'\rel 
liov'\e 

4o Cllllh Cr•dit/Adv.nc•• 35o5 11.2 15200 179.9 14105 

So lnt~el A••ourc•• 109•7 19403 279oD 31Tlo0 425ol 

~ 

TDoD 360 T 

147.1 132,5 11.1 

5!Mo5 65100 6T5ot 

36oT !iTot 

20703 at•·• 
65 toD '3Do0 

Sub•tat.i 11Dlo3 144404 1103,3 209706 22t5oD 252504 279709 2991ot :SSIOol 424100 

8. 81!9115•• y)i1iaad gn 

t, Gro•s Block 37406 63100 101206 115901 134906 154504 t63Jo6 111506 201107 222403 

2. Unmllocated Expandi• 
ture during 260.9 262,5 24104 26303 2T3o5 2350 7 Z!lo 2 35.4 29. 3 10.1 
conetruction 

3o Capital work• in 
prog:aso 227,7 25800 11909 IC6o2 37,4 

4o O'\hera 

So Working c~ itel 

60 D•ficit 

24401 292.9 42904 567.5 634.S 

o.e 

54,4 63.6 190oo 

2520 I 31408 

349, 1 43405 38106 

340,a 388.9 253oT 

3030 3 

43300 

441.3 

361.5 

375,7 

54206 

25Do3 

784o<I 

Sub•Total 1107.3 1444.4 180303 20!17.6 22!15,0 2525.4 2797.9 2991.1 3580.1 4240.0 

C. Wprkinp Retul\t 

1. N.t Income 

2. lxpen••" in Pro• 
ducUon 

t9t.l 230,3 312.6 377,7 82606 12505 70604 1D31o3 921.9 101602 

150.T 15401 23To4 31<1•!1 70706 103407 644ol 174,7 tt7ol 131112 

16100 2 1101.1 

20206 2DZ.6 

27207 24106 

100402 t:?Hol 

50'2o5 155103 

2765. · 2940, I 

51• S 24o2 

248.0 2f6.!I 

664.B ass., 

299.9 344.6 

10621 T 112916 

5092.5 5551.3 

1090.2 16650 3 

118'1!1 t6ll1I 

3e liro .. •-ti v'LoH 40.6 7602 n.2 62,a 11900 C•)2D!lo2 61.6 15606 11o1 (•)2!15o0 (•) !ltoT Hol 

•• lnt•••t 15o0 32o4 50,9 15,1 91,9 1D1o!I 10fo7 11302 119., 13005 1'6·' 124.3 

lo Tax P80Vi•lon 

22006 

tf2o7 

151504 

610.6 

3217o0 

11.6 

38816 

996.4 

37<1ol 

116012 

61Uo6 

230lot 

22 .. o2 

24oT 

Hot 

60 N•t Psafit/La•• 2so6 4308 24o3 (•)23o0 20.1 (•)31to1 (•)41.t 43.4 (•)101o5 (•)421ol (.) 2!16.3 (•l6T1I (•) 3114 

Sau~•• Ga~•rn•.,1 or lndie1 Buraau of Public Enterpriaee, Public ~nt•~pr!ees ~urv~~, Vnlu•r. 3, Varinu~ l~sua•o 



I 2.9 
Analysis of Ch3fl p~ in St:-ucture of Jalunce :Ohceta. Profits end Losa Statements 

0 H>.n •:Stan oeeer td· Appendix Cu 
~ fin-iel And 1978-79 1979-BO t98o et 1981-82 UB2-B3 19e3-84 1964-85 

• .. illlli.ll 

• •• Capital [aployed (Ra. Million) 15i!9.3 t6Dt.8 1728.' t6t5.6 20'4.3 2061.0 2t'2.1 

2. W.W. af Pzoducti- (Rao lllillianl 122.0 092.3 9D.7D 844.J 1211.9 15450' 2'113.9 

• ,. p.i.111 ., !:llllllili~i• 
api tel Eaploy9CI ts> 45.4 55.7 52.S 5z.3 59.6 75.0 94.0 

• 4o Cost of Peoductian (n .. Million) 779.3 
116 '·' 

1030.t 1291.2 1538. 7 t692o6 2136.9 

s. Meteriel sq•\ 
") 23.D 26.9 28.t 31.1 JD.3 25,.0 24oD 

• Coat of production 

'•Im 1:1111 '••Si 21.2 2s.1 2A.6 22.6 20.a 24.4 2J.4 c .. t of PrO<luction (lL) 

• 1. Velua llddad (Ra. Killion) 429.0 590.4 4650!1 232.5 472ol 7110.4 Ul91• 7 

• .. .... ... .. 
Capitel laploy9CI ''" 

27.0 36.9 27.0 14.4 2lo 1 37.9 51oD 

• a • a.. 
'· C.at af :-Oalaa , •.. aillion) 693.5 8'2.7 955.t 1347.0 t276o4 t6D5.a 221111.4 

• tD. l:lli 11 11.&I! ,,, 109.0 96.7 114.11 149.T f33o6 ttCi. 1 10509 •at s.1 .. 

• Ito Md ¥life,, (S) 
Capi tel loyn 

40.0 5706 41.t ss.T 46o7 10.1 9'·4 

12. •et 5elg (lLl 11.2 104.5 7706 84.l 73.6 
"· t 

136.4 • Curr •t As Ht• 

(C) Ps!fte& 

• 13· Moe llf .-ploya•• 23,638 2 • .,415 25,316 25,846 26,071 26,2411 26,634 

1a. II••• '•illil '•Mu.a , •.. , 67,235 65,607 681 100 62,509 711,413 711,520 llt!·427 • [aployeae 

14· Value of production per aall 
-tll (Rael 2,545 J,046 2,979 2,722 3,1193 4,905 6,301 • .... Valua 9Cldmd per aanaonth (Rao I 1t5t2 2,015 t,530 750 1,509 2,471 lt4t6 

11. 4"er119a -ntnly sale• per • •PleyH (Ra.) z,2.u 3t152 2,732 2,902 3,054 4,629 6,525 

(D) E:Mmliill • 16. lilllll llMliD ,,, 10.6 16.5 6.1 Losa 2.0 n.a 13.3 C911itll1. aaployed 

• tTe ii•• bl!&li (S) 3.9 906 o.6 LaH LOH 2.1 1.2 
< C9flitml aa~loy9CI • 11. i1111 E11lii~ 

'"> !lo7 11.0 lel Loa• LoH 3o!I 1.2 
I In lalao 

• 19. E11,ii:l1,111:S11 

'"' Losa 4o0 Lo•• LOH LoH Lo•• Loea Nnt llOl'tti 

20. MIS E11li S 
'~' i.o•• lo4 Loa• Loss Lo Gs LoH Lo• • l"aid-UP-C epi t-1 

21 • I • I '1a111111iiu,r11 '"' .. Net :.de• a.~ o.o 0.3 0.3 c.s t.5 0.2 

-• -• • • • • 
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Appendix Cu - x 
Avfilability of Copper in India - Sourcerise 

Based on Production, Imrorts & Stocks 

(in tonne::;) 

! Domestic rirc,;~1cti0n 
(wire b<>.r~-.l 

i HCL, Gh.:i tsi 12 
ii ECL, Khe tr.-. 

':'ot::l (i+ii) 

II :~-1,,'.:: o:' Cot:'r·s:r C: :.ti1odcs 
(!·:·:L, Khctri) 

I I I ::CL, :-:t1 c. tsi L, own u :~.:: 
c:: Co r:·V'".? ! ;- - r ~JD 1 ! r:(l 

rrod·r::t:-

i ":i r 1 ·- n r:: 
iJ. ·:Iir·"' ::-o,·~

'Tn t:-, 1 i :, :Tc 

1981 

5,156 
9,631 

lilr)1 ... I . 

~ -,r 'l 
~I "-".J._ • 

l,J7-1 

, . ::/·' . - I 
,, 

' 
!: :~; r:_ 

lL_•' '7(' 

11 
I ·nc 

7" I. 
r,79 

lC ,n·r-..r' 

01"• r. rpn ,, I ,, I 

---

1982 

7,465 
7,601 

15,0GIS 

7,578 

l,63'.: 

·1 1 I :1 (= 
iu, ':. '2. 
c:_ ') '.1'"10 - ,, 

() c ~?.6 

' 
_, 

8 7 ') 
I. r' l~ 

l '' , (_) 

l' 
.. 
L· '-:· 

---

1983 1984 

7,9.39 7,276 
11,596 11,375 

19, 5,-:5 18 ,6 51 

3,716 0 ,117 

1, -·n l, {', .1.< 

I; 7 -. ") ., 
~ ,(i'.E , .) 

l:.J.2-1 J ') .., r: 
t. " -

>)() Ir_; f~ t~ "'7L...,71 

f. l' 
.,., - ,. (> ,-) " ' 

.. , ) 

o: ')()~ :0 7'7~ 
' 

.. ~ I I. 

1 ~; I !'l 
,. 

1 - ,,r··;-· 
' ----- ----

1 n, :.:rq .-, . / "7 t.., 
_) 

' 

~~0' · rec: * """C1 I , Ir. (ii_.,_, ~~u re.:l': l) .'. ~ ~ .i. i'.(~ :·, Cr):- .~ :1 r ... · i · - r1 · . 'r~,l -

** 

;_~r"D ·.t: ;.:,.-:.;_ _, ~: iri I;.-,,;.:_ , '. r' l-...iune l'll>· • 

.::::'.tir:,·tr·ri n the:;)·!::;;:- 0. 

i...icenr·:,~:: • 

._. i.:r ,·, '· ·m:· 
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Reaa!"e• of Coppef Or• Jn Projecta Under Conllid•J•tipn/roJ"'ulation 

App e n di x Cu - XI 

llepoeit Locsti.on In-Situ ore reaervea in million ,Tot Ill Cut~ff Vertical llnstelled/ Life of th 
tonnee and arade ~ Cu Hetal grade depth in proposed recoverable 

Pro wed jhobable IPoaaiblef Total lOOO \on- assumed ••tra mine caps- reserve• i 
neal 'JI: Cu citv (tad) vaare 

~~er consideration/ 
orm ... ation 

"• 1,£, llraue of HCL ilihar 

1o R'1kha Phase II • 27. 79 1a. 77 - 46.56 582 D.5 650 4000 23 
l 1.25l ( 1.25) ( 1.25) 

2. :iurda Phil~a JJ 
! • 

e Reserves included under exploited min••• 
3. 't'dadih Ph.ose II 

a. KCC Gro~ of HCL 

4. Akwali 11 Raj.:isthan - 1.04 Do61 1 e65 25 D.4 150 200 a 
( 1. 60) ( 1 .33) (1.50) 

c. Other ProJacta 

•• ll11bnmata of GMDC Gu]arat - 7.13 Do44 7.57 122 
( t .59) ( 2.05) ( 1 e62) 

J/ 
6· l.leri of RSl-1DC Rajaatllll'I - o.se ri.24 o.a2 ' ( 1 .13) ( 1e131 (1o13) 

Total Projecta 27.79 27.52 , .29 56.60 738 
11.25) ( 1.35) (hrS<I) ( 1 oJD) 

Notei-

11 
~ 

Life is co•puted on tha basis of faasibility report o.e •illion tonnes of minaable reserves at 6°" r11cov11ry 

ti 
u 

This is poly•etallic dapoait of lead, zinc and copper ballidaa copper the ore analysis 3.23~ lead and 5.4~ 
zinc. Feasibility report hes baen prepared uy RTZCo 

This is elso polywietallic depoeit with lead0 zinc and copper. 

GMDC Gujarat Hinaral Dav11lop11ent Corporation - A State Undertaking. 

RSMDC Rsjasthan State Minarlll Devalop•ent Corporation • A State Undertaking. 

e 

n 
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T 
' • Re5erves of Coeeer ln ueeasi ts: ~e"rcntl,ll Vi•->le 

(As on 31-3-1983) 
Appendix Cu -XII • 

• cation L•••-
hold Or tonnes 

ilepo:Jit Free- Proved 

' 
hold ves in 

ears 

' • '· T1&ra•dih l!ihar Partly 11.a5 tT.85 280 1.0 250 
Freehold (1.57) 11.57) 

z • Sidtl••••r • HCL 17.85 20.95 38.80 543 o,s 500 • lease ( 1.401 (1.401 (1.40) 
1/ 

lo t-.. pahar- • 18081 ~-95 2a.a2 319 ~.1 500 • ( 1 o08) '1.1&l (1.111 

•• ilaya..Uill • Freehold 2.e2 2.a2 34 1.00 • ( 1.21 l (1.211 

• s. Nancl11p • ..oo •• oo 52 145 
( 1.291 11.291 

' ,. R...:handra Poher • 1.10 1. 70 26 130 • ( 1.50) 11.50) 

• 1. lltuulkidih • lo1B J.18 45 1.0 120 

5ub•Total15ihar 11.as &Oe49 18.83 97.17 1299 

• '1.40) (1.34) ( 1 o26) (1.34) 

• •• llhol-.b Reja1than Freehold 1o44 1o44 14 150 
( 1.001 11.001 

• 9. Banwea " HCL 2o64 20'4 50 a.so 170 
leasehllld (1 o90I (1.90) 

• 10. llha9oni • 2066 2.s& s.22 55 Oo&S 250 
11.011 ( 1.07) 11.011 

• 11. aaaantgarh • 3019 3.19 " o.so 180 
(1.921 11.921 

, $ub-Totala Rojaothan !l.!13 2.s& 12.49 180 
(1.53) ( 1.011 (1.43) 

I 

• IZo MelanJl&h~. "·'· HCL 1.00 1.00 105 0.45 120 

~ 130 

l~nJ wall lode) ..... 
leasehold 

fl 
11£1rchu Silclci• SMC 0.2, Do21i a 75 - (3.20) l3o20) 

'"· 
H u.p. Aal&ot Fr .. hold 0.11 0.77 111 

~ 
(2o32) (2ol2) 

Totals Appar ... fty 1801' 70.42 2!1.16 "1.69 1'10 • vi•blo~ ( 1 o42) (1ol7) ( 1 oll) 11.37) 

Not•I 

• JI 
I • 

At ,.. LUL-11ff ·11 .. Uc Lut..11 1·e·,1;1vrr. rn Jr,.1.• m1JJion t.ounrn; r1ith 1.4,, f.opp,·r 

u iCrrorrv1•'> .. r1piut.irt1.1te, c"'plor.·t1,H1 .i:t \..ontiri11inq • 

• y Linc '""'"t"nl 1.4(,'.;. 

t al 

• 
• • 
• 
• 
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Appendix Cu-m 
\Aa Dn 

L.cicetion hold(L.IU Met.al grade depth 
or rree- ---..--...---.-...... ,_ ..... --~ ..... ,,._, ..... ~"""",....._-T( •ooo ···-- •etre 

4t,~---~------.&------'~h~o~l~d~(~F~·~H~):.r----.....1.-----~-----1.------''--~t•o~n•n••-•~>_.__.__c_u;;;.. __ ....__~ 

•• ' 
Meinajhari• 

•• t 
Behargore 

• J. B•r•gonda 

• '• ~eeiupur 

Ta.alrhun 

lDlihen Nort.h 

lDlihsn lntervenin9 

•'· Ak .. eli Extension _c. Singhen• 

11 • Kuractp11r 

~2. 

Banera (1>ebpur11) 

Baner• Reeerve 
rarest 

Chinchroli 

Sur•hari 

s.1 ..... aJ; 

Tejwala 

Setdudhie 

aari 

Melweli 

'olie 

F' ad.sr-Ki-P ul 

Khankn.r~ 

l111i1lia 

Pular-P Jr!> or i 

Kenchiganehelu 

Aladahelli 

Bihar 

• 

• 

Orisse 

Orissa 

I>:. Bengel 

Rajas than 

" 

" 
.. 
• 

" 
• 

" 

" 

" 

" 

" 

" 
Rajasthan 

" 

r~;p. 

l;d1ara
shtra 

Karnatak., 

" 

L.H. of 
HCL 
r.H • 

r .H • 

F .H. 

F .rt. 

r.H. 

L.M of 
HCL 
L.H of 
HCL 
F.H. 

F.H. 

f.H. 

f.H. 

f.H • 

f.H. 

f.H. 

F.H. 

f.H. 

f .H. 

f.H. 

f .H. 

F.H. 

f. H. 

F' .H • 

f.H. 

f.H. 

f.H. 

F.H. 

f.H. 

L.H. of 
KCCL. 

t.16 
(1.59) 

o. tt 
lt.BSi 
t.OJ 

(0.80) 

1.04 
l t. 60) 

1.11 
( 1. OJ) 

1.00 
(1.36) 

a.so 
(1.00) 

o. 75 
( 1 .43 ) 

u. ~" 
( 1.46) 

1.1:.! 
( 1.24) 

o. 75 
lt.00) 
J.86 

\::.~Cl 

a.so 
(2.31) 
o.so 

(t.S9) 
0.10 

( t .47) 

0.26 
(0.80 J 
O.JS 

l0.80) 

o. 61 
( 1.33) 
2.9S 

(0.90) 

1.11 
lO. 71) 

3.28 
(0.99) 

o.•7 
l t .03) 

o.s1 
( 1 o2S) 
1.so 

(0.89) 

0.66 
l1.1s) 
a.so 

(t.20) 
1.00 

( 1.20) 

a.so 
(0.80) 

0.90 
l1o35) 

o.ss 
(1.35) 
1.00 

(0.90) 

0.34 
( 1 .12) 

o • .22 
(1.05) 
o.oe 

(0.96) 

3.20 
(o. 77) 

0.20 
(1.95) 

'o. 75 
(1.00) 
J.BB 

(0.90) 

o.so 
(2.31) 

1.66 
(1.S9) 
0.10 

( 1.47) 

0.11 
(1.85) 

1.29 
(O.BO) 
o.3s 

(0.80) 

1.6S 
(1.50) 
2.95 

(0.90) 

1.11 
(0. 711 

J.28 
(0.99) 
1.64 

( 1. 03 J 
1.s1 

(1.31) 

1.so 
(O.B9) 
o.66 

(1.1S) 
a.so 

! 1. 20) 
1.00 

(1.20) 

a.so 
(0.00) 
0.90 

(1.3S) 
o.eo 

( 1. 00) 

o.ss 
(1.35) 
1.00 

(0.90) 
1. 09 
(1~33) 

0.2;: 
(1.05) 

o.oe 
(a. 9B > 
3.20 

(0.77) 

0.20 
( 1 .95) 
o.u 

(1.46) 

1.1~ 
(1. 24) 

8 

35 D.7 29<-

12 

o.eo 

10 

2 

10 

J 21~ 

2S 

26 

8 

32 0.40 

17 

20 o.ao 

11 

8 

6 

12 

4 

12 

B o.sa 15 

1 0.60 

9 

15 

25 

4 

3 

14 

(Contd 



- .! .. ·-· ............ -.............. -....................... -
Deoasit f.H. 

- rocotlon r·A• or 

31. Kallur 

32. Mschanur 

3 J. Kalaspura 

34. Nallakande 

35. ilhukonda 

J 6. Gani-Kalava 

J 7. l·lamandurl/ 

Karnotako 

• 

• 
A.P. 

• 

" 

Tamil
Nadu 

5ub-total• Prospects with mare 
than o.6~ cu. grade 

zl 38. Malanjkhand- M.P. 
(Oxide ore) 

J 9. fa1lanj I: hand~/ " 
(Lean :>u~hide 

Ore) 

40. &.:;lw a Gangutil<a Har,yana 
(Mahin dragerh) 

Sub-total• Prospects with less 
then 0.6~ Cu Grode 

Tctal Para-marginel and 
Sub-•arginal Prospects 

NOTE I• • 

f eli. 

f .ti. 

f .H. 

f.H. 

f .H • 

f.H. 

f.H. 

HCL 

HCL 

f.H. 

l34 
1'i"'S"rtUll"e1111rvu1 

Grade 
Proved f Probable 

2 .... 
(0.85) 
1.80 

( o. 92) 

4.91 
(1.48) 
2.15 

(1.51) 

0.15 
(D.68) 

19.89 
( 1_.<!6) 

43.57 
10.22) 

43,57 
(Do2Z J 

63.46 
(D,55) 

-
-

1.00 .. 
( o. 70) 

-
-

0.43 
(1.37) 

-
27.95 

( 1.01) 

5,.150 
I o.5a J 
20, 72 
(0.33) 

1s.oo 
(0.30) 

41.22 
(0.35) 

69,17 
( o. 63) 

!/Contains 1o14~ Pb,, 5,25~ ~n end 30gia/tonne Ag, 
!I Within designed pit-limits, 

2 .... 
(0.85) 

1.ao 
(O. 92) 
1.00 

(0.70) 
4.91 

( 1.48 J 
".15 

(1.51) 
0.43 

(1.37) 
o.1s 

(0 • 6B) 

4 7o84 
( 1 • ., J 

5.50 
(0.!18) 
64.20 
(0.26) 

15.0o 
(D.30) 

IJ4. 79 
(0.29) 

t 32. 63 
(0.59) 

21 

17 

7 

73 

32 

6 

534 

32 

165 

45 

242 

776 

MHndtx Cw •::!IJZ(tontd .. ) 

11:n1.c:11l
depth in 
111etr11~ 

90 

2!10 

100 

Up to 3 76t·: .. L. 

o.2to0,40 350(Upto JOO 
MHL.) 

,oo. 

!I 44.0 million tonnes of ore with 0.22~ Cu, within the designed pit•limita. 
4/ JO~ wide lorle traced over 2.0 km. strike lnn~th. 
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Appendix Cu-m 
Plp!d Mi.111 ' S.eltH Pgdtestie pf Cae• far Tm Yem 

l1t85-l6 to 199'-'5) 

• 
·-~ tbe PnJect 

• 
&netFemeeSr•tHm 
' t•tvn Hsll' 
• (ai•ti"t Project•) 

Meaelt•i 

5uccl• 

Petharvora 

1t .. dadih 

Ore (tpe 
ulti.9ate 
C8PllCity 

3200 

1300 

400 

200 

1000 

500 

800 

400 

ln,egreted llavelopm..nt 6000 
$in9hbhua Belt (Roam-
ltellh 11 J 

• 5usda 11'. . 

• Totel l(ol ~ l(b) 

• rr.:::%;;!";!;,esul 
I) lthotrl 

• Kolihan 

I) th.nneri 

• Daribe 

' J... W••\•m S&tpr 
~ (Nd PirojectaJ 

l Alnoal.t. ,. ..... 
wl(e) ..... d ll(bi 

! 
Central :>~ctcr 
(Hdenjkh.>nd) 

) Le~c.hing 

Ill(e) ~nd Ill(bi 

fl. z. Jl .,d Ill 

~pl'Stt put9iJ9 Hkh 

Ji.. ..Akk.t.• 

1P' Chitredvr~a/Kelyedi 
.... ReJpuH•Deribo 

" AIMl•et• . ,.., ... 
1" .1Udu9ud •• • ; 
• • • 

2200 

5000 

3000 

1000 

100 

200 

500 

6700 

"' .... '") 

1.22 

0.90 

1.Ps 

1.33 

0.!16 

,0.90 

1o53 

o.96 

1.05 

0.95 

0.70 

1.60 

0.15 

t.60 

1.36 

1.57 

1. 30 

AnNa.J. 
recover- t'85-16 

eble •- l•t 
tal 8t year 
ultia8te 

'"' 

10.C82 

3141 

1120 

714 

2576 

1208 

3286 

10J1 

16915 

5611 

t0482 

3141 

1128 

714 

2578 

46094 18043 

8715 

11952 

2116 

400 

677 

1955 

5230 

1961 

1900 

400 

25815 154911 

23077 23077 

1300 

24577 23077 

96486 56618 

'6837 50956 

1986-17 
lillnd 
year 

10482 

3141 

1128 

714 

2578 

t987-19 
3rd 
year 

10482 

3141 

1128 

714 

2578 

19811-19 
4th 
year 

10482 

31'1 

tt26 

71<1 

2578 

1208 

1031 

t9&MO 
5th 
yea 

10482 ,,.., 
1121 

714 

2578 

1208 

1031 

,,.,_,, 
6th 
year 

10482 

3141 

1121 

714 

2578 

1208 

3286 

1031 

t9'1-t2 
Tth 
yea 

10482 

3141 

1128 

714 

2578 

1208 

3286 

1031 

tt82-t3 
Ith 
ye er 

111482 

3141 

1121 

714 

2571 

1208 

3286 

1031 

,,~ 

tth 
tyeer 

111482 

3141 

1121 

71' 

2571 

12118 

3286 

1031 

181143 11043 20282 20282 23568 23568 23568 23568 

6000 

9960 

2116 

400 

8715 

11952 

2116 

400 

8715 

11952 

2116 

400 

677 

8715 

11952 

1900 

400 

677 
1955 

8715 

11952 

400 

677 
1955 

8715 

11952 

400 

671 
1955 

8715 

11952 

677 

1955 

8715 

11912 

400 

677 

1955 

18476 23183 23860 25599 23699 23699 23699 23699 

23077 23077 23077 23077 

2]0IZ 23077 23077 23017 

59596 64303 67219 68958 

53634 57872 60497 62062 

23077 

1350 

24427 

71694 

64525 

23077 

1350 

24427 

71694 

6452!> 

23077 

1500 

24577 

71844 

64660 

23077 
1500 

21577 

71!-!4 

64660 

t994-9: 
10th 
ye er 

1046<: 

3141 

1126 

714 

257E 

120E 

3266 

1031 

4230 

1480 

291'8 

8715 

11952 

400 

677 

1~55 

2369? 

23077 

!SOC 

2457 

77474 

69727 
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C!J!l!!r Met.el llttve1011•ent in the C-trel Sector 

i 

;~-
(148S"-8( Te 1'18f-'r0} 

I 
'- llabe,jldlllllll Pnject 
.... Sc._. 
•'• Mbl .. I 

•• lllllli!! C•••:r C-l.ex 

• lo Ill- Exp-1• Df Surde 
il • .._ hp•~ Df ....... 

Wo ..... _. Varilcal. Shaft 

• lw.1.a.,nted~t 
( ..... hldle II) 

•• Surtla 11 

• wl. lllp9Mian d K•ndellih Hlna 
wllo lxplon'-J ~nt 

• b. l[heb:f. C!!ll!! :r t!!!!l!U 

l. lhbl-. Slllllft Dupenl .. 
llo a-. Expluati.on • ill. .._. llina 
lw. IMtri Stoeft Deepening 
•• Almall 

• wl. lxplontor;r Devel..,..nt 

c. flal8nJ.._... r-er PsDJ•c~ 

• lo bplontor;r Development 

•• C..!!19!ts 
• lndl!! C•par C!!!!l!l.eX Surde Conur.t:rato:r 

t. MHallunlcel P:i:aJacte 

• •· llllti•n ~e•:r £!!!!21ex 

i. t,..naion or s .. iter 

• iio Expansion of lt•finery 
iii. Expansion of by-product Plant 
iv. ltol.l.ing Mill Mocltlliaation 

• v. Acid Plant Expenaion 
vi. Moly Recovery Pl.ant 

b • Khatri C!!J!en C!!!J!lex • i. Expanaion of S.e1'8r 
lio Expandon of Refinery 

• iU. Contop s .. 1ur 
iv. Exp•n•ion of AcJ.d Plant 

Co "9lanJld1and 

• io L•echi.n9 Experi••ntal 
ii. LallChl.119 Projact 

• •• Other fletallugical PnJ•ct• 

i. Centinu- C••t Copper Rod 

• D. Jmtuetrial Hou•i.lllJ 

!. ,_,_ntion • io &-. Turbin• of KCC (2 x 10 MW) 
ii. lep.\aca .. nt of Boil•:r 

• ii.lo Captive Tl•nel Plant at ICC 
( 3 JI 30 11111) 

'• ,_,l!ld!!i.litl£ Studi•! 

• '· Sci•nc• Tachnolog 

i. ContinuitMJ Sch•••• • il. I" SchhH 
ning, 8•n•fici•tion L H•t•llurgy 

•"· 
• 
• • • 
• 
• 

Raplac .. ent and R•n•w•l 

EaiI-iiil l:Giii I '"Bi Total. I r.c. To tel I r.f. 

t363.t t.• 

12.3 , .. 20.• 2.6 
n.• t2.7 J&.• 5.6 

!509 .. 0 '21.5 

uoo.o 32S.O 
500.0 10.0 
251.2 ts.o 16.0 9.0 
to.o z.o 

1.s.o 11.1 111.0 3.4 
10.0 10.0 

10..0 20.B 
260.0 65.D 
l6.1 2t.a 
10.0 z.o 

10.1 4.0 

515.3 20.0 2e.9 1.0 

52.0 5.4 5.4 6.0 
219.9 59.5 10.2 2.T 

93.0 1.1 11 .o 9.0 
30.0 5.0 
89.4 6.6 34.0 2.6 
15.0 s.o 

306.3 22.e 43.3 3.2 
277.6 76.4 13.1 3.6 
1Z5.4 46.4 31.3 11.5 

50.0 12.5 12.5 3.1 

15.0 1.0 7.5 :i.s 
100.0 20.0 

211.0 62.4 23.0 6.8 
100.0 20.0 

220.0 uo.o 10.0 3C.O 
10.0 15.o 40.0 5.0 

1600.0 320.0 

eo.o •o.o 16.0 a.o 

20.0 10.0 4.0 2.0 
1000.0 10.0 200.0 2.0 

9915.1 1214.8 1030.2 99.0 

(I" ... lli.lli ... ) 

I l!iii=1'7 
Tot.el ' r.f. '"':!' Ttttal. • F.E • 

23.0 2.!I 14.1 2.0 
u.1 3.9 10.s t.l 

13.0 1S.5 

t6Z.S &0.6 

51.0 3.3 93.0 5.4 
2.0 z.o 

12.5 2.l 1&.o 2.6 

26.0 5.2 
43.0 10.1 so.a 12.5 

6. 1 s.1 
2.0 z.o 

2.0 2.0 

259.9 9.D t73.3 6.0 

16.9 1.7 29.T 3.1 
37.3 10.0 73.4 19.B 
34.6 2.a 47.4 4.0 
10.0 7.5 
55.4 4.0 
10.0 

105.4 1.a 149.5 11.1 
44.7 12.3 toe.a 29.T 
62.7 23.2 31.4 11. T 
25.0 6.2 12.5 3.2 

T.5 3.5 
40.0 a.c 

58.2 17.2 129.a 36.4 
20.0 20.0 

320.0 320.0 

16.0 8.o 16.0 '1.0 

•• o 2.0 •• o 2.0 

200.0 2.0 200.0 2.0 

1459.9 u2.a 1808.0 232.5 

Centd ... /-
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;;; ..... 
(la ... .Wea) 

I •!• " I ~f;fJ. I ti"!'!fi Ptei"?ft'®; 
Tl!!!! • Fl 1'=} n: 

t..40 

··-.. 1!!!11• s •1 C!!ll!I 

• '· .... I: ..... _ ., , ..... ''·' '·' 12.3 , .. 
u. .... 1: .. ... _., ..... ... '·' n.c t2.T 

SU.Ir; F hztial s..ft ao.o 20.0 ao.o :za.o zn.o ss.s --- n.o 

• , ... 1 .............. 1., at ( ........ llM - II) tao.o cs.o llD.O cs.o 522.5 130., m.s '"·' ........ 11 lllD.O tc.o too.o tc.o COD.D 51.0 
.... , ..... , .. ., "-'11111.h - ct.o M- cz.z 2.s zs1.z '5.D 'l wi.l. t..ineteQ o.wia,..nt z.o z.o to.o 

W C1 Fir C!!!f!l.U 

• .l• hid._, Shaft llupening te.5 3.5 J0.5 5.9 93.5 t7.7 23.Z 
.l.l. ..._ E11ploretl• 10.0 

.I.I.I• ._. 111- 30.0 ,.o 30.0 6.0 86.0 11.z 1:.0 3.6 • l•• llOlnzi Sheft 8-p.aing 50.D 1z.s 50.0 u.s 193.0 ... z n.o 16.I 

t 
,,_ Alllllal.l 2.5 3'.7 

i "'· I:~ 1ew1..-nt z.o 2.0 10.0 • •· !!l••e• , C!ppr ••Je! 
lo bplmetaq ~' z.1 10.t .. , ... 

! ld'z Cws Cft!• s...- c--tntor 113.;I c.o 575.3 zo.o 

.. "II U!!lfU9l Pn,lect8 

•• l!!!IB C•H£ C!!lll! • :1.. '. 
,,_., 5-lter sz.o 5.C 

"· 1:.-ila ., ..,~ "·D 27.0 ztt.t "·' • l:l:l. 1:.,..m.- ef ... ;nduct Pl..t t3.0 l.l 
'"· wu .. llll.l "8dnftleatlon 7.s 30.D 

W• MU Pl..t txpatllllGA .- ""' '·' • wlo ~ ..._q Pi-t ts.o 

•. w cmnc-1 .. 

• :I• ~- ef 5-lter a.t 7.0 306.3 zz.1 
u. 1..-1- "' ~ '"·' ••• zn.6 l6.C 

\ U:I.· '-- 5-ltd tzs.c ""' ~ 
:lw. 1.,..-.. ef Aci• Pi-t so.o tz.s .. ,,,.,.,.,. , S. LllrcM119 I~ 15.0 T.O 
u.~ .. •nJ•t 30.D 600 30.D 6.D too.a zo.o .. ._ 19u M•HP91cal PzeJ•!! 
S. C-U- C•t Ctipper Red 211.0 6Z.C 

•• ld!!Villl "-i!!I 20.0 20.0 100.0 
~ ,_ .. '-!!liOfl t .. -·--.. '" " . " "'' 10.0 30.0 

l:l. -.i•-nt of Wlar •o.o SoD 
:1.:1.i• C.Uw llle-1 Plant n JIC (3 x 30 Ill) 320.o 32000 l'°°oD 

• !'afmHUl!I Stl!llUI ,,.o a.o ,,.o a.o ao.o •o.o 

; 1. Iii• JI !!!!Molan • :I• CanU11ui119 Sc:"-1 "· .......... 
l t. lllltl..,, .. 1t1fic:i1tion •nd llnalluzv ... o 2.0 •• o 2.0 zo.o 10.0 

I• lln1!£!1!E •m! R1-1 200.0 2.0 200.0 2.0 1000.0 ta.a • 13'8.2 173.8 1t06oT 123.9 6173.o 762.0 1572.1 3"2.6 

fi 
~ 
' • • • • I 

• 
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Appendix Al-I 

_.-,a1'"'~=.i."'n"'"-''ir.1,..-~:11.,t._ ___ : .. Jo r ~aur~Of 1~7~ ii_. i.; 1 Tr; n!i;:o rt tamu.i~,.1.~f1•!W:,..iiiiiuiri:-=f;:::;~ ccn[!enBij~·-ir:•!n~[XlsiI!sJ•u·lr: •::=== 
Lcc-,.Uon l·Tlo&.al '·"c! ;»~tenet' ho., a.:.o&.i.n,, ~l;ats lc:.p,r;i~ C6S in j\l~!'.l S.i"O>- fc.,_0.l 

Kort.a 
Si4s;;ur 
!list. r •• I'. 

119n11<oot 
i~in,.:iur 

Cllst::. 
\ U.P.) 

ci:p"city ~:1iw Ji.st,,nce ~ listcn;:e I: •10~.1 •or :>I.I'll millicn 
(in """""") loc~Ucn ~c" er tra ~'°~ cf tr,)di:otonc:et in tomes 

ns.,._ rt to ln!OPC rt tli tb' bican ftcr1'e s 
ri;ilhll3CI .. lu:i.i.n.o ~l.•"lt 1r.i:>e t 

3l:,OOO (i/ Ra!<tid"°' 
a.r & 
:t3'lbo
dac!•r in 
ara~il<·"1-
tek '.list. 
(t".P.) 

16.c 1ar.. 
by 1:0 tpt
bic,,tib> 
aipeu"y tc 
Chukti;:>-f\~ 
r .. U.lhe~c! 

frrtJ"' r: il.a A olir t I 
~· .·.d tnin.· cl ,nt 

1'l:i ""'· 
by btu~d 
~·auc;. 

(ii) Phutk- IS.6 km.t.-y 
?2hr.r, !t tph bi
~il~spur c~bla rope
~~~ r-,.r•.w2y tc th£ 

~l.,.ina 

plant 

(iit)G.?ndn- :s.s k:o.~ 366 kit. 
mardan 310 tph bv 'road 
hills in bi r;.,bll! g"uge 
S""'bal~ur EOpway 
1)1.stt. 
Ori,sa 
(undllr 
ccnstruct!.C.n) 

1s:..ooo \a~i r. ~id?.o.,~et} 
&Sider ii Birhnipet.} 
u:p~n.i.on or 1n:o.i11L11> 
ta 30J,QGJ al'd 

111 l'leian"~et) 
1v p ,.khr.r } 

" a.-irob,.r ) 
or l'!ill<'r;ls 
l JOin.,rals 

Lta.(" s\Jb. 
siOiary of 

flt:; 'JAL!ll) 
in Ranchi 
Oist.. 3ih,,r 

6? kr.i. 21i6 
by roa<l 

a~. by 2~ b'f 
tph bi- bmad 
ceblll IQ pe- g~uge 

way to Richi-
9ul3 ~ailtr ~d 

32l .OOO en ti. 
verge 
of 
dlpli
Uon 

Ill ,Ct:O L n the 
vercie 
of 
cJBpli
tion 

E00,000 230.0 

1,5:1,000 s.o 

100,000 s.o 

(a) Arn,.r1<1.ntak 
:'lines 
l'lendla 
Oistt. 
l'l.P. 

20.96 ku. 776 lc:r .• 
to 411.0 IGr.. 

004.n 1,00,oi:;o 30.6a 
to 

to ponorc e24 
road •Hy 
stat.ion 

(II) r.ud, 12,000 Lah~rd•ga, 9.6 ""·• 
Ranchi Llis t, lly 4:1 tp h 
3iher ""nocnble 

1211 klll by 2:12.6 
nnrrow 

2,00,oo':l 13. s 
"1onb•d 
Olstt.. 

"ih .. r 

( ;i) au lqoum, 1, 5•,ooJ 
1( .. 11"\,ot :k< 

(ii 8.;gruhi 11 
1 ii) Hini 
(iii) enuaar 
(iv) ser•n9oa9 

r.11art.''""'"di sa krr .. 
r; ines in by tt>ad 
l'o lhapur uht.. 
(·; •h•,r .• shtro 

gauge l 
65 lcl:l.by 
bniad 
gauge 

58 1<111. 

16. 23 

9,t. 

49.00 16.• 

~.16 

49.29 

6S.O 0.02 

r.onto0 •• ••• ••• l./-
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,~ aiun.tna Planta -- -,-Plajoreaurce of bauxite Medls of Tran.Po-rttj\nu81--fR9murce' -Chin-ice 

llPd'Y 
• ·•and Ql.atance fmm Aluinina plgnte• 'capacity•in • 
'Location 'Annual "1ines 'Diatenc• 6 i()iatence 6 'Total 'of mine •million ----~,----------
' 1capecity 1Jacation 1mod8 Of traJ.moae Of tr~csiatance 1 in tome• tomea I I f 

'(in tonnes) ' •neport to •nepiort to 'between ' ' ·A{a.Os • sio • . • ~c OJ 'Tc:o 
~ ' 'railhead "alumina •m.tne l • • ' · • - • a. • .Z. 

' ' • • 1 pl!l\t from 'ellllline • • 1 • • ~ 
I I t t t..,_f1a-14 '"'"""'• t t I I I t 

Plecrras Aluminium Mcttur 32 0600 s~reenoY- Eb Km by - eo kn. 1 a:>ooo g. 657 42. 52 s.n 27.60 1. 4'I 
Co. {fllALa>} Salem alst. hill Salem road 

TamilnadU !list. 
Tamiln"'du 

National Aluminiun 031'11 an Jo di eoo ;O CXl Panchapat- 14 kmo by - '\4 km. 2,~0,000 37S.O .-;. ED 2.65 
eo. Ltd. Koreput nali, belt conv~ 

-(N'AL-00) Dist. Orisse Koraput Olsto yor system 
or1ssa 

l of resources of 
te in captiVf! mines 7J~, 597 I 

the inform~tion received from Primary Aluninium Produc~rso 



• • • 
• • • • 
• 
• • 
• • 
• • 
• • • • • • • • • 
• • • • 
• • • • • • • 

A 

c 

D 

\40 

Cons'l.Yn2ble Store 

High Explosives 
Deton.-c:tors 
Drill bi ts 

Sp2r~ parts 
Luhri cc..r: tG 
Ot'liers 

fuel:: 

=~lectricit"y 

r-;2:--.nc0ric1.l &· 
SUpervigory (22 Nos) 

Skilled (74 No.s) 

Semi-sW:ille-: (35 No'."') 

l:nski l ler: (15 t·:os) 

(10 l!o;,) 

Cost in Rs • 
Quantity Cost in per Rupee 

per Ps. per Value of 
Unit tonne tonne Bauxite 

kq 
Nos 
Nos* 

0.40 
0.06 
3.00 

o.9o 

0.10 

3. 43 

0.11 

5.58 
0.63 
0.21 

1. '11 

0.51 

1.25 

1.51 

0.83 

0.31 

0.14 

0.01 

0.22 
0.03 
0.01 

O.O'.' 

0.16 

n. '·5 

~: * inc:.:ic<~t·:::. t."'1c number C0~1 ~umr~o '''~ .- thn· :? ,nri to:i:~e~: 07: 

D::;t:xi t~ • 

R.0. M. ::t.-:i c"!:: fr: r Run-0 f-r;; ir: c • 
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Weighted Average 9£ 
One Tonne of R.o.M. 
in A Mechanised Ba 

Appendix Al-m.t 

** 
Guantity Cost in 

per Rs. per 

1984-85 
of 

*** 
Cost in Rs • 
per Rupee 
Value of 

~ tonne tonne 
B:ot_:xi te 
Prodl.:ceg__ 

Consumable Store 

Cement ka 
E:-:plosive & Dcton2.t0rs 
Drill 3its Nos* 

~l ::ctrici ty 

t-i:-c;:~0cri ~il & 
Sil pt: :-\r i sr~ r1~ 

Ski ller1 
Sr:i :i - ::;}: i l l 0(i 

Ur. - :c·~: i 1_ l .; ,~ 
Oth~r-~ 

( :0 
(5Cl 
(27 
( r: ,~ 
'" 

(28 

Lit re::; 

Litres 

K·.-;:: 

::c,::-) 
:.:o s) 
: ; r: :·) 
., ' ... o SJ 

J.;0 s) 

0.18 

1.62 

o.1s 

~ • :'.9 

: .c~ 

o. 12 
3. 21 
0.07 

12.54 
1. 41 

,1. 07 

•O 78 . 

" " ~ 

·:· ) 

0.12 

0.44 
o.os 

o.14 

(). ()? 

~ . 17 ,_,. 

:~: * C.::_i: ::ur~P t~c: 

* * Co ; ·: r·c : •~ !'." s .-_v••r .·..:; <::0:-'.t r·.-.-·\',J 1: · .. u··r·.:-("· 
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A Co:1 smn<tble Store 

:C::~losives 

B M.-::.b ten.'1rct? Store 

c 

Sp.-:re p,...,rts 
Lubrican t.s 

- Others 

Fuels 

l 
::::> Electricity 

E Mc:npower 2nd Other 
I~puts (net s~ecifi~d) 

- M.:1'.". 'gc!"i~l & 
Sunervis0.ry (15 Los) 

Skil~cd 

.Se:..i-skill~d ( :!38!'.oG) 

- Uns}:iller (l.~ No::;) 

,~A pp end i x Al ~ nz 

Cuv.ntity 
per 

!!nll tonne 

kg 1.21 

Cost in 
Rs. per 
tonne 

7.11 

11.27 

5.03 

1.53 

4'"'. 28 

1984-85 

Cost in Rs. 
per Rupee 
Value of 
Pmductio!: 

0.11 

0.17 

0.07 

0.63 
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Appendix Al -V 

Co:,~;ur:'L,ti.,r. of In:~:)t.s per Tonne of Alumina in u PL-mt with <t Cana.city of 
0.1::-, l·:il lio:-, Tonnr:: Per Yc-:r Situuted ;·,..·JCN From The l1ines. 

1977 1980 _, 
·u.-t:-iti t~ f<o. tr. '-'<tluo '._;u.::mtit{ Rw.te Value QUol'lti ;r 

Pi!rticulc:r.s (tonnes (r;;)_ <r~) _ (_tonne_s __j!1tl__ _(Rs)_ _lt.nnnes _ 

:'101:xi~e 2.7775 79 ! 05 719.55 2.731~ 98.66 269.47 2.8459 
J..;c Ol. ::..:U O:i. ' ') . l/' . ' - . l ( . ) 0,1)(102 1072.6'1 0.25 O.OC036 1990,82 0,72 0.00029 

o.OOOl3 2430.45 0,30 
C:-~~1 :::tic Soc~~! :1.C9C7 20 3 5. '.A HA.S9 0,00076 5127.53 465.38 0. 089 5 
L ir.1c C,C137U :.ou.18 ; 1. SC 0. 0 ~'9 2 5 472.63 28,00 o.o 756 

St., rc'.1 I', • l) ~ 3 2 sn i. 39 5.9~1 0.00119 3708,C2 4.43 0.0010 
:='iltcr Clot-: ( l ,) (). ,_··, -, 1 c 1s.(xi ':

1 ,:.i9 o.766GE3 1s. 06 11. 53 0.1454 
So\.,1_' .. '..:=:11 :J.Cl('7 1 l r_,. ~3 2 2 :: • 0 1 0. 0 16 59 2335.16 38. 74 0,0186 
~·Qrc :-- :---:.-= c r1.\)"'l1J C?~P3.80 loUO o.oro:37 110 34. 00 4.07 0.00018 

Stec.r' Co ::1 o.9137 107. 70 9 (_! • 4 2 0 • 9 3 l 38 175.84 163.78 1.0f304 
fuel Oi 1 (KL) c,1341 ! Ci(!-;. 7 3 135. 10 0. 139 28 1707,64 237.85 0.1351 
ElectrL:i ty (:r: w:-i) 1Cj)7 0.113 55.38 391 0,226 88.54 397 
W:iter Ch:-! rq~s - - - - - 0.91 -
i·l.:::i.ges 46.98 65.21 
Sal.J.rf 27.C8 36.38 
Repa.ir & ~~ 1 ~ten~nce 11.12 19.51 
Con.'· -:>le Store 77.31 91.22 

-
c .: -...:ost 906055 1526.04 

Tot<ll So~ 99 ::. 03 1617.92 --
--

198~ 
Rate 
- (Rs) -

156. 79 
3349. 08 

5'329.83 
609 .14 

5279 .64 
54.82 

2767.67 
15210.41 

260.27 
2812.93 

0.3488 -

Value 
{Rs) 

446.22 
o.98 

476.87 
46.05 

5,47 
7.97 

51,46 
2.01 

281.20 
380. oo 
138.50 

1.34 

91.03 
46.57 

2. 70 
110.97 

-
2090.14 -
2135.28 
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~A pp e n d i x Al - 'lZI 
c~ • ·'-"·· - ' '. - • W-

Weiahted Average of Input Consumed for Production of 
Qne 'lbnne of Alumina During the Period of 1979-80 to 
1985-86 at A Plant Witb Capacity of 0.154 Million 
Tonnes Per Year and Situ.ate.d Near The Bauxite Mines, 

Guantity Cost in Co.st in Rs • 
~ 

per Rs. per por Rupee 

~ ~ t.onne tonne of ;.luminci 

Bauxite Tonne 2.89 158.00 o.13 

Reagents 

Sodiun C:c.rbona.te (N u
2
co

3
) kg 121.00 2UJ.46 0.25 

Lime kg 15.30 6.oo 0. () 1 
St:, rch k0 2.00 s.as 0.01 

Enerrry 

.Slectricity }( -i~-!-I 233.67 48.26 0.0•' 
Fuel Oil Li tr·-'::; 312.33 .as. 40 o. 3: 

Stores 

Filter Clotlt Metrr::: 0.1'.0 6.93 o.n1 
Sp~-:-..:.r~s 6t;nOC o.o5 

'r: :"'.:er 3. 3 3 

H.:: y:;:o·.:cr 6::'. 33 l~ {· t:, I. _'_. 
Cthcrs ll ~. oc (_;. 1C 

J17l.:;C l. r.r ---
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W.:ighted Average of Inputs Consumed For Productial'l Qf 
Qne TQnne of Alumina During The Period of 1978-79 to 
1985-86 at The Plant With Annual CaDacity of 72,000 

And At A Medil:im Distance From The Mines 

Cost in Rs • 
'.:unntity Cost in per Rupee 

per Rs. per Value of 
Item 2.nil tonne tonne Outou t 

Bauxite Tonn0s 3.10 185.45 0.11 

Re.:i.gc:-i ts 

Ha 2co 3 
ka 132.28 364.82 0.33 

St.:.rch kg 2.48 8.06 o.c1 
Lime kg :22.19 G.70 0.01 

2ncn:t: 

Con.l kq ~I ~~si:. 4'1 19°.87 0.18 
Fuel Li trc::; 103.71 14/..35 o.13 
L::lectrici ty K"'v:!·I 3~6.3'.'. 35.63 o.o3 

Sto rr:s 

Lubric<1n ts 3. 3 3 
.Sp::l res 5(. 6P o.o: 
Filter Cloth r\:ttr·:::: E~. 6 5 10. 2r. 0.01 

r';,- r1;.o we r lrH.6~ o.os 

i t-::-;r' 7100 ~ i ;:i}. (81 !'.o :-;) 
ii SU}'JCIYi sory ( 9,-, ::o ;.:) 

iii Skillec-S (16 /. i !o;,) 
iv Ur: ::;~:il lr->'1 (20 r~ o ::;) 

v Ot~.cn; (30 : : ( I:--;) 

1, lU. 79 l.on 



• 
• • • • • • • • Capacity of Alumina Plant 
e in Tonn~ear4 

• • Ruw M;1terials 

Bauxite Cexcl. levy) e Lime 
Caustic Sod::-2 e Floci;..1_lan ts 
Others • e Ooeratir:a SuDr lies 

• • 
Fuel 
Others 

e U tili tie;. 

Stet:"tr~:. Power, W<: te r 
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Plant A 
l,1ao,ooo 
$ _D.:.;;/o __ 

15.17 9.36 
1.85 1.14 

14.75 9.10 
3.34 2.06 
1047 0.90 

94063 58.36 
4.69 2.39 

• • 
• • 

L.,·-:o':r £: '!Jle>r:t m;::jr:tcn.-.:-cc 26.25 16.1.9 

• • • • • • • • • • • 

Other Cost::; 
;-1" -;d t0 Levies 

49.8~) 
1P. 41 

2'.:>'1.43 

Al-D 
In Th 
1980 

(US$ per tonne) 

Plant B 
(550,000)x2 

$ % 

13. 58 12. 4'1 
2. 79 2.56 

10.91 10 .oo 
/..26 2.07 
0.26 0. 2<1 

5,~.62 :,0.09 
0 0 75 O.G9 

'1.35 '.'.?9 
19.53 17.')J 

2 !i-. 1 5 
ti 1 1 c:, . --

----
17'1.5:0 

Plant C 
550,000 

$ 3 

11.93 10. 56 
1.54 1. 36 

17.21 15.23 
].16 2.80 

5 1 .81 45.85 
1_.96 :.73 

15.51 
~"i.G9 

--
1011./? 
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Appendix A.I.- IX·, 
Co:w .. :-v•.·i~_'." C:,· 'Cit°'lc Prod11c7ic.: :1nd C.:1r:1 city lltilis2tioQ 

Corao. ;il'·" 197" _..} q7 (', J.<177 Ft78 1979 J.980 ., l9JU .... .. 19 .. 82 1983 1984 
I:~D;,L 

I .·--2 < • oro tonr•r;) 96.nn 9b.OIJ C)(j. 00 9G.OO 96.00 96.00 96.00 96.00 11 7. 00 11 7. 00 
Pro · ·ctirY ( I r , •.. ,., ":onn.-..::::) 7 •. rn o~.so (r;,.90 8'.'. 7n f3 1. 0() 58.10 87.90 70.60 51.70 48.00 
C-.~-.-cj_~,. t~'til~.S _f-_i(I~. L .) 0 1 087 Pfl.1~ 6:·'· 6S t.~(. 1. 5 84. 38 60.52 91.56 73.54 44.19 41.00 

'.: .:.: : D~'}~CO 

T " 
..1... ·-. { •000 torr.c~) 9S. on <) ::.. 00 9S.:>O 9 s. oc~ ioo. oo loo. oo 170.00 120.00 120.00 120.00 
Pro d~~ctio:: {•non ton~, 1~:=:) (; ~. 40 rn.1;0 73.10 66. Or! 77.80 75.40 77.30 90.70 93.90 126.00 
c ! : '"".city i : t il i .. t j c " ( ~ .. ) 6r·.6R ~~,::-·-.o~~ 7C..95 69.47 77.80 75.40 64.42 75.58 78. 25 10s. oo 

- . ) .. .(~0 

r.c. (IO'~() tor.r.n:::) :: ::;,. 0') 40.00 52. 00 83. 00 ioo.oo 100.00 100.00 loo. oo 100. 00 100. 00 
fcC'(luctio:: ( I r. .. r' tC) !·-ir·. C! S) 16.10 24.70 38.60 3 3. 50 29.50 16.00 28.80 34.80 61.30 87.00 
C-:!~ ~ ci t.-y U ti 1 is · ': ic:! (:~) 6H. 10 70.00 75.20 91.60 89.60 88.40 56.80 48.80 26.80 60.0() 

;.:£d::f2 
I.e. (

1 000 tonr~e::;) 7. s. 00 ~s.on 75.ori 25.00 25.00 25.00 25.on 2s.oo . 2s.oo 2s.oo 
Production ( •cnr; -to:;~.·~~--) ~7.10 1 7. 5r 1.s .,'..~o 22.90 /?..40 22.10 14.20 12. 20 6. 70 1s.oo 
'.::>1 p. u ti 1 i ; , • t :L : : ( . ) ,~, ::.~ • ii ('. ·1:' 0;. i. 7r-.• ~O ~J :!. • Gr 89.60 88.40 56.80 48.80 26.BO 60.00 

':"C· ,_'/,L -
I.e. ( 'OOO ton r; ,~ .-; ) ~·11.0'· 2s·· .ori ?GE~• 0 (1 'lOI") .•fl J:->1.00 321.00 341.,00 341.00 362.00 362.0C . .... - . ' ', 

Fro~1cti~-.n ( • 0(1(\ t()~!~ ·-:-:' ~) 1.74.:'' 2"'l.B0 H)G.1n ..,,., ,. ()n '.' 10. 70 171.60 208. 20 208. 30 213.60 276. OC •- re - .._ 

Cnp. utili~~~irn ( ) 7~.':'..~~ ;·;1.9~ 7 - ~ . ., .'. ,' \~ Gc.s- 65.61'! 53.46 61.06 61.09 59.01 76.2C 

:sourcP.: g,, scfl or i:"l Fo --1,; •·ion :'u '11 i ~;hcc1 !">~' t:11"' r-:tin1·r~r r)ro:1~ 1 r.ors. 

~= I.e. .st--.n.is f0:- In~t-.11r.r1 C>,p:;r.it~y. 
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Appendi x--·Ar-··.x: ,, . 

Price of Electric(l Grade (EC) Aluminium Ingots In India 
1975 to 1986) - Non-Levv 

.. 
Ex-Pl:::.nt 

5,484 

8, 200 

6 ,lSO 

E:,100 

::;,050 

10,l~l 

11,197 

15,!:ll 

15 I·~ l J 

Exci::;c Duty 
!{.:i.tc 

40% l\dV. 

Excise 
Duty 
i\.mcn.:.n t 

2,193.60 

40~~ + ~:.2000 5,280000 
pe: tonne 

40~~ ~~.8'10 
;!~!:"" ton~~c: 

/;Q;~ ''S., ;·O'J 
!'.Y: tonne 

112;'. :~_,.:..:~o 

r1e::- tonnr 

r--. -. -:.'?~ • 50 
.· '.. ,... -'-rJ :-1:·: ,~ 

., . 
• 

. . . 

---·-------------

SC', les 
Tax 

R:ite 

20/ ,., 

2% 

20/ 
IO 

201 
/0 

{Rs./tonne) 

Sale 
Tc>.x 

Amount 

153.55 

Tot.:!l 

7,831.15 

269.60 13,749.60 

244.20 12,454.20 

242.80 l~,382.80 

?.73.82 13,964.82 

745.46 19,381.9~ 

75~.18 19,556.GA 
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A ppe·ndix Al- XI 

de 99 0°0} Aluminium in Indi 
1975 - 1986 

!!:xcisc 
Duty 

Rates 

Excise 
DJ. ty 

Arnooot 

8,100 40% + ~2000 5,240.00 
per tonne 

7,750 40% + r~sos 3,900,')r; 
p~ r- torn:.0 

a,osn 40~~ :~sor: 4,020.or. 
nc::: ton:-:e 

8,850 ~'.::% :-:8t.O 1,5'.-.7,0C 

9,802 

11,397 

L ,311 

:pc! to:-me 

Jt '"'.C, 
.. . ,,v 

"'Z'. 

• • 7'' 

- ")', - "· .. 

t:,llE,8:'. 

~ ~ ?.',.- ,., ,.., .. , . '··' . 

'."I 1 . (• • r -

( R,s,/Tonne) 

Sc: les Sales 
Ta."{ Tex 

R::ite Amount Tot:ol 

")Of 
.. ·_ ,c 

.., ... 
I'.•,-

/'", 
·: . 

, . , 
'::;J 

,,..,,., 

")'. 

266,80 13,606,80 

233.00 11,883.00 

268.14 13,675,11 

3 ~ C: """.., 
' ( • .J 

, '"'I .- I") ..... 

' . 

l!.,197.:22 

19 Ir.": "'le l~ 

1 n I! ~ .- ::.n ___ ,.:.·-•-"~' 

...,,.., ,....,!'")"'} (,(\ 
. . I.,.. • ·~ '. 

,...1,,..., "'I()'; J-(". 
~. , ' .. ) 

,, ' , .-.. 7:·. '"°1'' 
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Appendix Al - XII 
Cu·-.:.::..:.nn-tic-. of: InD1 ts For Productio:·: of One Tor.ne of Aluminium 1-".etal 

In Prc-'.3.--,,:erJ f·ot in Ir:di~ (1977·-;;-l983) 

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

~icul2rs 

_\luminn 
c ~:oli tc 
_.:, l 1..1.. .F louridc 
B.!ked :\node 
So :·l ~ .. z\ ~11 

_tc~ntitv 

( to:·rne s} 

1. 9778 
O.O'."'t-;,1 
o. 02·15 
0.453l 
O.JO~l 

o t.11er ( Gor.::1x etd o .oc111 
~·1uor Sp-:!¥· 
[<•din inq t-:i:: o.o~54 
·.,:c:ges 
S<:il.::ry 

Slectricity (K~·.r::) ll:,706 
Repair & M~j~ten~~rc
Consum.."l.'-le Store 
_.:,l loys 
~.eli · ~:;.-_: of lot 
other thz-.n reli
ni: rr mix. 

t,) Cost of Inp·~:ts 

1977 
Rr:i'·e 

(?:) 

1oos.s 
715:.i.'17 
8659.67 
3170.59 
1>7S.P2 

'J ;'._ l llC! 

( ~ ; ) 

l () 88. (, 2 
21 i. 39 
?.12.lC 

1'136.73 
l.~s 

~3G!.1~ 3.7~ 

35.JG 
!0(~. 7 ''. 
41.17 

0. 14 30 7 18 7. 7 1 

14. S~l 
107.9~ 

2H.56 

G~,78.02 

Ci) ?ot2l Co:;t o F!--odurtion 6907. 30 

.'../S x l 00 (:~) <J'.:i.23 

~ u,1r1 ti tv 
(tonne•:-;) 

:).0033 
[). 009 39 
o.02a9s· 
o.11s270 
o.co/B'/ 

0.00118 -
0 0 0?5~5 

16 I ·'150 

J2ii.Q_ 
H;,te Vu.lue 

(:J __1~) 

1617.9'.·~ 3241.12 
10'."'59.G7 96. 35 
7 l 771. 7'1 340.86 
587C.6S 2660. 34 
~33:).J(i 6. 70 

'11~57.85 5.75 - -- 62.85 
149.26 
53.26 

0.::264 3725.0l 
2.22 

l 59. 25 
9.65 

54.54 

10567.16 

10867.50 

97. ~4 

.... 1983 
Ouan ti ty Rate 
S tonnes) (Rs} 

2.0227 
0.01405 
0.0213 
o.4398 
o.ooso 
o.ooos 
0.0016 
0.0201 

16,491 

2045.80 
16374.57 
18402.11 

7794.08 
2767.67 

7743.97 
3260.6 

0.3487 

Value 
(R,,) 

4138.04 
230.02 
392.61 

3428.20 
13.88 

6.67 
s.2s 

60.73 
21s.1 
65.78 

5751.48 
5.49 

170. t 7 
7.89 

87.97 

14579. 29 

15482.98 

94.16 
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Appendix 
M::tterial Inputs For International and 

Indian Aluminium smelters - 1983-84 

Al -.xm 

• .Ins;~ Intem<'tional Indi<m Industrv 
H .i... ~ Df'..LCO E.z..LCO E. '..LCO 

• • • • 

r :.iur:i -:.c (tori::·~:::) 

1 :irr.-, (:~) 

~-:":.-.:-er: (' . 

(. - " . , 

4"!-90 

. l . . '. , '- . • ,. 'n1n1um .:.r.r:~ .. _1_'.1:: 

.·l:Jr:ii.na 1.9-1.95 

Crrol'. tr {:'j) '.'0-30 

C: l cj '1 F ~·] \' •-; ··; · · ~l, 8-3 • 6 ' 

Pitch('-; 

1.93 

' 
J 

... ,., .on .. )·_ 

:'.75.'Y~ 
l!l! .oc: 

5.6-6.0 5.69 

180-::'.r)r' 178.9'; 

5C-60 151.~() 

5-6 2.06 

2.0 2.02 

"') i _.,.,,,... 
. . ..,) - j'~or)( 

~r' -c1:.: 4 29. p, f) 

• • • • • ..::.J-.'.' r-,:-r:clG,691;* 16,Cr')- 16,-10· 
l~-, 3r. . 

·~~~~~~~ 

• • • • • • • • • • 
• I 

5.69 5.5~ 

-; ~ ": r:ri. -.. ~ ... ._,- 166.0C' 
- ,,.. n n,-
,,· r', •J • ' , :21SO.l:C 

t.. n:~ . . .. 
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'-:.:eri :i.l 

L:, ~~louridc 

C~·ol ite 

C,.:;'.: stic SOd::i 

::·um2c~ Oil(Rs/KL) 

Stem Co'1.l 

c. t-. Coke 

:-~ard Pitch 

:::.ode:. ;,sh 

:
0 ,,_':xi te 

Appendix Al - ,.XIV 

!212 

,\vera::::e Delivered Co.st of Input~r Aluminium Industry 
.Q1U:.ir:q the Period 19 7~£34 ( Rs,/ronne[ 

!21.t "!2.I1 1978_ 1979 ~ 1981 ' 1982 1983_ 1984 

% Annu· 
al Gro 
wth 
~ 

8647,31 ,,1 1 1.'.A3 r;Gf3l,67 9f~6J,61 106~3.21 13~71,$6 16740,99 17705,09 18385,80 18676,70 9,0 

7-~-:i_6,27 7C,\.H,J3 76Gl,7C, 80GC,39 92')'!,Q~) 1.0884.23 13770.17 15004,86 15790,54 16234.86 9,3 

~ 1 :q • 3 4 2 i ) 3..;, • 1 9 2 rJ 4 •· • 7 4 :>1 S 0 • G 2 

S23,20 1001,04 1010.08 101:1,27 

93,73 1J7,82 107,80 113,70 

2305,16 21~7.44 2095,81 2023,24 

1063,20 ~747,S7 1758.93 1826,38 

1271,05 1216,59 1177,81 129~.63 

73,03 7~.19 79,78 78,37 

463C,91 

1153, 51 

145,68 

2935,05 

1994. 72 

1703.55 

E::a. e2 

~'i06·1. 99 

1752,81 

176,:.3 

49 42. 12 

2561.23 

2469,R4 

100,97 

5714.05 

2310.97 

- 216. 75 

6466,02 

3365,65 

2589,33 

119. 77 

5487,42 

2683,32 

216, 75 

6749. 51 

4766,15 

2466,67 

150,13 

5315,98 

2818.14 

260.58 

6139,25 

49:71. 53 
2791,06 

138,19 

t~otc: D0live!.0d Cost incl~kies b ::;ic price, excise duty, sc:les tax, freight 
,~r:cl other i'- c.'icicr,t,,l ci1.-.rc'(~s. 

Soc.1rce: :-rirn:ir:· l'!.o,: 1 icers of ,:,1u: inium in Indi;-,. 

5483,64 11.1 

2950,73 15.2 

265.65 12.3 

6450,33 12.1 

5001. 70 18, 8 

2802,42 9,2 

147,84 7,3 
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.. 

• 4\:ppen dix Al -._ell 

• • Poi:1er Rs,te~ of MA!n ~:m::l:£ to \htminium sm~lteq:; ~ 
Diffeq~nt State Els:=ctrici ~ Board~ 

• 
• { P .~ i setJ.< ';JH) 

• Year UP • MP Tardln2.du ~al:-t Karnatcl<n Oris~ 

• 1970-71 2.00 

• 1971-72 2.00 

• 1972-73 2.00 

• 197T-'i ·~ 2.00 2.00 

• 1974-75 2.or; 5.68 

• 197~-7G :;. 00 9. 70 7. oc 7. o·_, 2.0° 

• 1976-77 11.on 12. t'!Q 10. 70 7.00 7.on s.oo 

• 19 77-7:-> 11.00 13.54 io. 10 9.50 9. or: 10. 0() 

• 197::--79 lJ • or 15.41 10. 70 9.50 9. 0"· lo .46 

• 1971)-80 16.66 ~0.811 17. 50 9.50 9.CO 10 .46 

• 19so-e1 19. ::,7 25. 58 17.50 10.86 19. 58 10. '."5 -

• 30. 28 

• 1981-8'." ..., d. t1'"' 35. 40 17. 50 l·J.86 30.W ..., ..., • 1() to 
...,6. t) 5 

• 19H'.":-~13 '1 '.'. 6H 39 0 '."O 38. 50 lO.e6 30.18 "f .os 

• 19''.1.-f',/, IJ~:.so to ·~ ~. 10 4"..t.O 10.f;I) 30.lP '."'G.95 

• 5-:i .15 

• 19~ tl-P 5 So. 73 -15.:W 411.'1() :'.'."'. 7n 11.10 1-·.r.o 

• (1.9.(;'1) 

--• n-! tio of 

• l<:Y 1-85 3.oo 1.77 2.53 ?..09 2.10 la69 19('0-81 

• 
• ~r~= ):' rim.-ry :.l11rni ni i_un r ror:·.:c0r.s, r:otn o~e T' "i ;,~ :-- 0.01 hl f'P.•· 

• • I I I 
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A ppe nd'i x 
,~>l:''ri:!~f~'l'l·ii;i!f - •. xvr·: 

' 
Al 

Rr-l...-!tiu11 sh:i!2_,,Qeh.'ecn Prices of !.lurninium Inqot /,nd Ser.ii-F.~bricptcd Products -
V ·1i'0 ,\~ir'r:-•1 in M~'.·uf':c-ct-ur0 of Se!Jlis 

,.-0 .-:-1-
..:...---. 

10'75 

197,-

1 977 
~ c~ •' 

1979 

19:1c 

'.98~ 

lS'8'.'. 

1 'Jf ~ 

S;-; le!"' v-,::' • c in R:-:;./tonn0. 
PnJJ•n:-·j_ Iblle(1 

I:-..-:o t;; 1.:od :;:: tru sion s E.£2.duct s 

5 , : - -c-, • q ., h I 1 <) n • '.'. ;~ J l , 4 5 7 e 7 5 

c,1q·;.c;-1 r.,11c1.01 L ,.;71~.41 

c, , . t; 1 
• ; • •') G , ·l 6 ~ • ' H 1 1 I : G () •. 1 () 

\ I · o I ...., e :. 'J _] '11 0 C 5 e Ci ( 

7,'<,--"1.''. 7,7'19.7G 1],,11-~'..86 

C,5:9.~3 A,596.41 1~ 1 799.52 

11,~61.0° 1i,2~6.7~ 19,690.98 

>1 ,s::r..07 ~ .. ,on: .6:: ;:;•,5J0.75 

-~,s9~.;:.; 14,9115.76 :-i::,JJ7.s7 

l.l , 0 '11 • 69 

1 ~I •10(\ e 1 (\ 

) '.°'I ()(>2 e 80 

1. ~' , c sn • 9 7 

,~,171.3~ 

15,~?2.oa 

,A,607.51 

21.735.09 

2~,365.12 

~~~~~~~~~~~~~~~~~~~-

~: ~-:]. \.'-
1

,.1,·_, c;-:c~':c~e:"": e-::r.jsc r~~:-~'ll 1-~11cJ {-:~.l C)t!lf!r tu.:<c::;. 

V2luc h~ded in Rs./tonne 
• ~lle<i 

E;:tru~ionq. fpiducts Foils 

4,318.60 4,073.34 11,774.04 
4,~:7.93 4,021.73 11,871.85 
5,0::>2.rF, 4,260.93 14,465.?.7 
:,2:>.1.511 1,993.54 14,088.91 
4,691.00 3,582.17 17.293.91 
7,209.88 4,614.87 20,001.92 
1, s.10. lO 6,145.77 18,277.97 
7,3.'0.90 6,429.00 1a,91;4.04 

6 I 950.07 6,468.82 19,387.76 
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Appendix Al -m, 
..,!:,i..;. 

Co ::::t Stn1ctu ro o i i\lurnir.iurn Ro 11 i:-19 

F-: 1>ric-"tio" Rnn.1:i r & Op. :::iuppli- Deprecia-
Cort E:rnn lO".rmc-: t Fo•.-:0r F\1cl 1·1 , ':-. tellll.D.$!" e~ a. !;ion ~rs 

Inc1cx F .-./ !{-::./ Rs./ D.-. I R<- I R·- I •Rs./ Rs./ . "'·,. ., . . . 
Y cu.r 19'10 !Q:s.£ tonne (~;) tonne:- ( ~ ',) tonne ( ~;,) tonne {%) tonne ~%) wnne 1fil. _tQnn~ .00. 

1975 315 2,Q68 1. '::i::i.9 '::i;? 199 lJ :?17 8 2 2 '1 '1 247 8 112 4 315 11 

197( 33~ J .1.~o 1,5'38 !!9 '1:,7 15 259 fl 136 4 265 8 92 3 393 13 

1977 3'."3 1,049 1 •. i 'i .• 17 4/ 5 l5 lCiO 6 138 5 260 9 103 3 479 15 

l 978 3 :'6 1,169 .., , 1") 11 ~ 5~ /1C) 1 1 5 1 79 6 160 5 276 9 115 4 305 10 

1979 382 3,G03 1 ,i~ 3 7 51 51G 1 '1 185 5 174 5 308 9 128 4 455 12 

19?0 427 4,027 2,on6 50 677 17 295 7 J95 5 334 8 173 4 345 9 

1081 5<15 s,1t1<. :1,::::s 4:.:i 87~ 17 406 8 n: 4 390 8 225 4 812 16 

1°" 2 5 ,~ !'! s, ~ ]0 ') "') "' ') 
~. I •. I , 

,13 ] ,08r' ~ 1. ,,_ 1 "'l, 8 ~Or' '1 456 9 319 6 442 9 

19f"'3 613 5, 7f'.'2. :,67·1 tl 5 1,197 ') ' ·115 7 ~19 4 492 9 364 6 477 8 

19e~ 6~~6 6,or.?. :) , 5<1() tD ~ ')('\""I , . , ' ~. ~o 798 7 ~ 8 '." 3 472 8 314 5 929 14 

·:ot:: F-J;ric--:tic'.. c,·:-t i. .c ''i'.":> t, rJ:,-,,·icri ,·:::·i r10::c-~.:itch co;;ts but excludes frci0ht chC\rges. 



~·. • • . ·- . .. . . ·-·-.·- .~...... . • • • • • • • • • • • 'pf e A ill JIP:.. •·i.--""'i 
l"ventor> of ~•serves Jf a .. uxite Jn ~x~loitcd and :.on-Ex2loitcd Jupcsita !n lndie 

- l~s on 31 •• 19b3) 

--.5.t.ate/Dis1:rict 1 Ne•e of Jeposits t "P lei t ed/r;on
~ xolLitJ'd 

.. ~.au.o.a.vr:o~ '"'' , • ..,. ........ u . .111 1 0111•tHt _J Chemical; Mb~l~I ~ __ . I I Ro ~sur•,dJ !n8icd'.:cdf nf :i1."r·,.j J Tcit.,1 Jt(,/"~_l.S ~ O:r. l'h:.. c_U 'TJ C.i. 

1.~_b:~ 

i)V1~~~h~p4~~~m Ji~t. 

ii):: i·t :l~1d~.v-·.ri Ji·,t. 
"'·-• t- .~ iri Grouo ~i of 

~"'.JC:...lt:·. "" .... fi.int...,p...;.11:3 
~raup of ~~posit;-----" 

a)S~,>p<>rl<> Jlo;:;ko; J&Z :.on-Cx;.loitod 

b)J~rreld Jeoosit ~on-Exploited 

c )Other ilapos its :•_on-Exploi tcd 
Sub. total of nndhi·" Praccsfi 

-----------------
2. ~ 

i jRElnchi Jist. 

ii ;~·:~l.am ~·"'l .... i_.t. 

iii j.:.i,!uth.:-il t: ~J!'Sj.3n ... 1s 
LJi:;:. 

iv ):'.-:Jnshyr J:~· t. 

.:.>uL. totJl ui .Jih ... 1r 

J~sruncit, ~or~uud~a, ~xploit~d 
~~irhni;' ... t, i ·.aic.Ji.inp at, 
.3'"'urob.1r, Pl.ikh .. rr~~t, 
J~~ir~at, ~hampdrp~t, Won-Exploit~d 
G.irot:..t deposits 

·.~"t.1rh·.Jt ~.:!Utt!i"·U 

clnd J31iirout drOd 

..J-.Jhitigdnj Ar'..!a 

l\h.J:.--agp:..i:- Hii.l~ 

i~on-:.:xploite<.J 

1fon-ExploitecJ 

Non-<:xploited 

--------~---·---------

3 • :;uj;;rut 

i)J.1r1 ::~: ·= ~i!•to i\nown 1::> Sc.1ur.;sht.ra 
~).JuxitC'-occur.• U.5 
to a kin. from co~·Jt 

!:.xplcited 
irnn-i:..xploi tild 

74 • 60C 

n.tiOO 

17.,597 

17.59 7 

1J.953 

ii ;K.u~ch ...,i:..;i:. "1bdt.J!.d' ."\njur, 
~"khcat, i:an~hvi 

Exploitdd 24.771 
i~on-E:xoloitiJU 

:. ukh~-:itrdria ·~~ ------

- - (4. 600 

206.00C 200.JOG -
206:d'oo 

196.566 198.566 
196.566·-.:~ 

17.6i.l 1 J 5. 2 76 

L J • 5~ 6 20.526 

3. 114 3. 1111 

12.030 12.ilJU 

1. ·' 1J 1. 51 J 

17. ~ll 1 3 7. 903 7J .2.:1 

4 6. Lil. 

~ '(.16 

5 J. ~ 
to 

:., ~- • u 

·~.50 

40-60 

J .14 

J.J4 

2.3 
to 
.: • Li 

2-1~ 

16. u. 
17.53 

1u.o 
to 

15.0 

2.56 

~. 11. 

u .o 
to 

12. 5~ 

--------------------------- ---------
1J.~5J ~5-60 ..:-.! 3-.: 2. 31-..:. 3.: 

( .o 31 J.7C2 5.~J:J 

~4. 7 71 .., ..• -tJl• ~-~ 3-11 ;;.sc-~.5C 
J ti u.: 1 1~.cu7 1 !j •••• 

---- .... _ -
lli)Oth~r ~i~t~i~t~ 1.s16 u.114 ~tl.6~~ JU.~34 

:iub-tot "1 of G~------------ ______ .....;;.4.;;;.0.:..2:.4::.;;;.0 _ _,:.'T.~- 4 2., \_L "2~ ._3.l L_ ___ ..:::--===:--==-=---==--== 
4. Go.:i, .U.:tl"lLI i ~ :.:iu 

5. J3rn~u & K3shmir 
~iasi Jist. 

6. K ,,rnatakd 

.:. lcvcn :..i ..... "oai t~ 

Chak"r• Chhar,,1rb"re'. 
etc ti 

i) ~orth KanJr~ Jisttl Swurn~g~ddu 1 ~umtJ
pfoataa .... Haldipur 1 
Nittddgi, 3hatkal & 
~1 undall i-T al god. 

C:xploited 

~Jon-Exploit~"!d 

:~on-Exploited 

ii )South ~"nera .Jist. Guppi ;>aref'late~ Partly-;;xploited 
F Jdur-:-e, NagaW&ka,lb.irft, 
Mudugal, Kall~m~ncruru, 
BadgaMlr ?lated~ in 
Moddibidri-5dmp~ye3 
areiJ, .-..uddarka, ;h~lm,?11._• 

etc. 

10. 03 6 6.353 9. 6ll0 .:0.069 50-~~ 

J .042 4. ~) 0 1.2eu ~5-6U 

1. 11 0 2.300 13.014 16.4<:4 

6.500 6.097 i ... 597 50-55 
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iiilBelsaum & Chick
magalur Districts. 

~arlo hill. aailur 
hi 11, Joknur-t'lavga 
hi.Ll• Kiniye. Kiruale 
J amboti ridge• lle1nt. 
and 1-londil hill 

Exploited 

Sub-total of Karnateka 

1.~ 

i) Cannore Dist. 
~ 

ii) ~uilon Oist. 

Anantpur Gudda, Perla, Ion-exploited 
Narala and Talakanam, 

Cherukad-Vadakkamuri, Non-exploited 
Chittavatram, PJllikal 

iii} Triv"ndrum Dist. ~:angalafarJr-Chilampil-Non-u xploi tcd 
Hudapraum, Adicchanallur 
Adikkukulangara, Kudira-
nak.:imkunnu 

/. ,, 'f 

2. t.?9 

0. 771 

•·>'' O·n1- ,. ,,, 'ts-so 

9ot99 19.663 310011 

s.769 4 .121 10.661 

o. 770 2.ou 2. 765 

0.930 10520 20450 

-- 5 ub-t o tarcil'-----i:erala u;~-t.4D!T--706"5"0._""""'t_s_._8"9_o_-_-_-____________ . 

9, Madhya Pradesh 

i} 9il•spur, Dist. 
Shahdo.' &. ~:anc!l.a 
Jistr:i.::ts 

ii) Surguja ~ : 

iii~S~lclJhat Ji5t. 

Amarkantak 
da~ositsa having 
R~ t:i. Dddar 1 ~anhu 
Dadar, Jamnuna Jad.:ir, 
&. Umargcbar areas, 
Kabirdadan, 5iria
pondipahar, Gadida-
d ar-Chhindpani-Dhado
telu,~aikibav~lapaher, 

?ondi bahJ:oehar, 
San9lu J~dD~, Chdkmi
Dadar,9ijapahar 

Exploited 
~on-Exploited 

Vest Cdppinga o# ~an-exploited 
laterite on the 
plattaias in the nort~ 
ern p~rt cf dis~ri~t-
:-.anip ~t n~:ds sneci.11 
rofe!"encu 

G;,d Jcidar, :;:><plaited 
iihu~ri Hill, Kotp;;ih,.r .:.. Non-exploited 
.. ajiri D.<dar. 

31.696 
12.571 

.27.140 

o. 730 4. 550 

70072 

21. 750 

13.073 

31.896 
19. 64J 

4B.B90 

5.260 
1.J .a 7J 

iv) 3,.~tar i.list. 3a.;.ladi.la r"ngo Non-exploit ad 0,46J - 9.ouo 9.463 
vl 

vi) 
vii) 

v!iil 

ilaigarh uist. r;on-e><pl.oitcd - - lit.596 9.596 
ihjn.:,ndgaon Jist. flan-exploited - - 5,000 s.100 
ilewa 4 Satna llist. Naro Hill area .. Exploited - 47.2JO 0.712 47 942 
C.ther ilistricts 0,161 o.2sa 1.212 .t ... 711 
~ub-total of h.P. ---- 60,430 6'4.609 68,875 19Jo914 

3. Maharashtra 

i) Kolaba :Jist. 

iil Kohl.apur lli5t, 

iii l .~.:rtnar;iri ~.t.. 

i' ) 5.:::tara • -t.:.sl-. 

Cappin~ of pl.:iteaus Unexploited 

Ndgartswadit ahang~r- Exploited 
wadi ~ Udgiri ddoaait~ 

Continuation of deoos- ~~ploit~d 
its ..,_ Kcrlla::>ur Ji st • 

A s~rios of ol~tod"S 
wnich ru~ par~llel to 
the Koyna ~ivcr ~a~~ey. 

r~on•cxploi ted 

16,812 

4J • .:8J 

O.J 6.: 

1.256 
2.059 

O,Otiu 

6 .auo 

v l ih<lne ,.'4..:,.~ - ·,,cn-t..xoloit'3d 
-----·--------... _____ ------- -------·--------;r:-.:S:i--·12. &.. 11 

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

1.350 21.418 

19.060 65.432 

s.16J :i.229 

9.164 

0.900 0,900 
;:6.4 73 10.:.142 

f5-so 

55t~60 

•• 



•• . ... . . -.-.--.-·-.- ..• ,-.... -.--.--. ·-·-··-·· .•.• • • . - . • • • • • •• 
St ate/District • ~ame a~ Deposita 

10.~ 

iJ~ol~n~ir ~ ~c~~dl- ~hdri~r highlands-
pur :.:i·•tricts iarminv the: W.&s't.ern 

b.:tundary of Stdta-the 
im~ortant occuranca.. 
;re iJ 3arapet Dongar, 
iil5ainio~ra hill, 
iii)Kondamal hill, 
iv) s ... d lahli hill, 
v} 3095 hill etc. 
vi )G,mc!hmard•n 

ii)Kalahandi 

iii )Kolah;,n<ii ~ Ko~l't;>Ut 

ivlKor~put Diet. 

11)Phulbc1ni :iist. 

vi)undar~~rh Jist. 

vii)Keonlhar Ui~t. 

llo Rajasthan 

iJ Kata 

12. Tamil Nadu 

i )Maduri JL t. 

iiJNilgiris tist. 

iii )Salem ~l.. 

Pott:f gi area l'L vin9 
i .:>c tmali d•ll••ite 

Palni Hills ~ear 
Kodaikanal 

MJthorai, Kotagiri, 
~erkomb~i ~ Iliyada 

.r~~'::J ~ Ii. Kollai-
r.i.alai Hills 

Si.ib·ti:lt&ror Tamil NddU 

13. Uttar Pradesh 

Benda, Lalitpur & 

158 
E-ocploHed/ 

I 1'.on-Eocploi hd 
I Resorvalli lr1 r:illinn Tonnes 
PeasurDd f lndl;;vtcdf Inferrodf Tole.I 

I ;homicµ~lf:'~-
A.fa.03 lSLO"' L!=~_a.O) Ti: 02. 

t:xploite.d oe. 60 7 116. 6 76 .:.:.640 230.005 

.. 

Non-1111ploited - - ~J!l.314 239.314 

fJon•exploited - - 161.000 167.000 

e;,.p.loitea 163.310 179.980 11. 71 375.000 
Non-exploited - - 5 76. u.: 576.020 

•~on-exploited - - 18.uoo 18.CJOC! 

Non-tixploited - - O.G6S 0.065 

IJon•l' xp loi tc: d - 5.090 4.91J 10.000 

----
271.!197 303.746 1039.659 1615.404 

Non-exploi tad 1.010 1.01u 

Non-exploited 2.230 0.020 .(.250 

Exploited 1.140 2.966 4,106 45-50 4o58 23 .15 1.40 

Exploited 1 o!l87 7.670 !l.6!17 4!>-50 4.24 24 • .(5 1 oJD 

4;z-r7 -s.1rn1 - -.i;uso- --17.-IJIJJ 

Exploited 9.385 o.6J6 4.000 14. 021 
Varanasi ~istricts ____ __ 

G it~:'>ID TOT AL - "-- L l ,JlA 554.861 649.744 t462.!102 2667.587 



153 

= InvestmEnt In Al.r.>i·lium lndustry ouring Sev nth Ploll Appendix Al - .m 
~ ----·~ 

' P ni jec:t P articularc • • 

~bllc sac!lr 

· 1;2nynuin!l ~ch-• 

•> p91.f!cta 

,. Netlanal al&ainiur.i Co. (NALal) 

(1) aluaine-Uumlnium Complex 
2. Bharet Alunini.-n Co. (!!Alai) 

(1} Gendhdnaraan l't 1ne 

• (11) CepUua Power Plent 

s•total (•) 

.&!!I [llllY!I r.;;;._ PllldUCUvity l 

.pacity llUllNUon) 

'· •rat 11.m.m111 eo, 

• lllllina Pllll\\ 
(U)aulllium P1-t 

(U1)Blahen &aVll lrlit • ~tchl (b) 

~i!!lll!•n\ I !1!~•111 
(11 a£n •nanc:e) 

•• llldet a1u1w .... eo, 
(l~ alulllna Pltnt (ReOllUCI Pond) 

• (11 U..tna P lent 
(Jii) Bidhan Beqh tl'lit 
(iv) Pullution tor1tr11! (l'lensures) • Sub-total (c) 

••1! lliD!l!I 

.r.cµ.,( l 

1. U &!i!ll! U.,,,li nl.!f· .r.,a • 
• (1) sa11&-rab. phnt 
; (U) Al.-inl..-S.i.Ucan Project fl• lblEI fl lilill'iJi~ '81 

(1) Special Crede ~lUlllJ.n• unit 
' (U) 9eudw l"ina l d11111ina 

•u- Plant (Ancthr» Pro Jee t) 
[J<Pana1or of Korba Plant 

; (iv) LPG tylindor unit • (81dllen tlagh) 

I le fdlJ1E1S C!!l!!E11l Oevtr!§l~enl ~£e&Ea"2n • 

• • • • • • 

(1) U.-nino plent 

Tot"l • 11 

I II 

(stim., --rsrxt:h 
t<id/anti.L p l:fl 
cip.,t~o 'Tot_,l 1905-"5 

24,«I 0 12,13) a,ooo 
....!.ill.. -1AL 1illQ._ 

531 t7Q aio 
4,212 4~ 9<40 

21, 1l8 12, 81(1 9,uo 

151. ~ ..!!.. 
6~ 1 15 

~·: ~ 4 25 
1i.. 

---~ 

2.-i 5 ~ ------

174 4 :l9 
ai T ""ii 

"1 11 
15 3 

lB 5 

174 4 29 

.21,SSl. jJ. 84'1 cl lll 

.la7.Ul .l£ 
2,Jai 1Zl 
3~ Zl 

S.763 ~ .-1g_ 
11l .l 

s,u.io 24 2!'(; 

SJJ 
100 

2,6:0 1~ 

14, 12~ 29 548 

('Is. Pi illicn) 

Spill cv· 
Cightth 

19~-87 196d-89 1909-90 To tel Plan 

4,000 21n 12,2., 
1,99i :m.L m.. -!&.!L 

$ 2!1i 
1,'l!JO 700 2:12 l,762 

5,99i 91n 222 16 ,298 

l! 1L .L .JL. a 
35 15 .. 65 
~ 15() :a 'II ,., 
" 4 'II 

84 79 a> 'II 235 

13 42 36 31 .m. 
"1ii'" '"ii"" ""ii"" T .. 

18 18 14 10 '11 
5 4 2 1 15 

10 10 10 3 38 

43 u l6 :a 170 

~.oli'3 1, I• I "7'8 3o ii,,70!} 

.1.ll.l1 ~ ..m... ..ia!L 
8'10 1, 160 170 2,3a> 
14.l 2l0 lo l!IO 
.m .1alli.. ~ ~ ...7.E- 776 

11 28 • :2D 113 
EllO 1,~o 2,~o 2,~o 7,550 3~ 

100 10:1 100 4!0 
10 30 60 100 

336 7:1l 1,000 4~ 2,6EU 

2, 167 3 19Ja 3,7.:io 2,970 1l,32l 776 

(Contd ••••••• , 
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[3tMll-
Si,.fii" -- seven tri pf o!!..f..':..tls!.!L. 

t.ed/~nti PlAn 
1':1Eliil-lit' r To tel 

$~i.ll Oll''r 
Totnl 198~tt'.> 191r'>-67 1987-iitl 19ai-119 Cightn 

CiP~t••a 

J Plan 
CD st ~ t ' 

::1. $~1~-:e l Tec~nologY 

~'le >" •rch 6 DAlli>lopneot) 

~a) :~ntln11tn9 Scheme 
,_ ?h~rnt Al\ll'linium 62 12 .,. 10 2J 6 - ~ 

Alloy l Proouct ()·vPlcpr•nt, 
[l'\er9y Conservation, wastt 
.Jt.i.UsoU.on etc.) 

':) '1ew Schf!~a .. 3h~rat Aluni'liurn Co. 30 - 1 7 1U 7 5 30 
(:>melter, Input. lmprovt•IT'mt 
alot i«>lllng ~.ill etc.) 

-· :l\.l!'in.i.uio Rese~rch, 490 - 90 130 ':ii.I ~ 90 490 
~""~e!::e'lt & Jcsi~ !;s:ntrc 

~ub-Tot~l sa2 12 1lS 147 12' 103 95 570 

Tot"l Public sector 4~,257 12,oos 9,1!64 e,J97 s, 1 !'B 4,ca1 :1,095 30, S9E 776 

~. ':-i·.·~4!-r ~ector 

ConUnuing 5clwmPs 

'•} >1-nci"'ln r,.cillties l r1odernisi\tion 
(Po.·r>r l."lit 0 C~lci,,, t~n P lont, 
i~:ni-rc.b. Pl'flt Etc.) 

,_ Hindust~n AluminiUJTI ~o, 9Sl 

2.. l ndi~n t,l....U niUI!' !,jo. 900 -
Sub-Total (e) 1,a~ 

( => 'leph!:""'""t 6 Rene•"ls 
\ · oi·,t<·,ance) 

'· ~industan ~l ... in~ .. ca. 4~ 

2. l ndian 111..-iniuor. Co. 241() 

3. ~laoras 11l1.1111niucn .:o. 10 -
Sub-Total { b) 700 

Totel Private sector 2,S!D - 195 !'165 910 715 165 2, 5!l) 

:;r..,,d Total 46 ,lkl7 12,eas 10 ,0 !'8 a,962 6.069 41,796 3,2EO 33, 146 776 




