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1. EXECUTIVE SUMNMARY (RESUME)

1.1. Project Background (Chapter 2)

The project initiator for construction of the experimental
deponstration wmit (EDU) for production of aluminium-silicon
elloys from sillimanite concentrate in Orissa (India) is the
Industrial Promotion and Investment Corporetion of Orissa Limited,
IPICOL {IFICOL House, Janpath, Bhubareswar 751007). IFICOL is the
State's Government development bank ead maragement ccnsultancy
for medium and large-scale industries of tie Staete of Orissa.

TLis Feasibility Report for construction of the ZDU for produc
tion of alurminjum-silicon elloys aiws at ccaversion of sillimanite
concentrate turned out by OSCOM (Orissa) as a by-product,

Tizlementation of this project will ezsure:

- esteblishment of new technology in Izndian conditicns for
production of alucinium-silicon alloys;

- training of required workfcrce for future expansion of
production cf the above alloys, with ever growing demznd for
alloys;

- complex cornversion of sillimar-ite-ccntairzing sands of
Orissa state;

- expansion of raw material resources of the Indian alumi-
nium industry due to utilisation of slumosilicate ores umsuitable
for pxoduction of alurina und improvenment in consumption struc-
ture of prirary sluminium;

- reduction in consumption of primary alurinium in manufac-
ture of Al-Si alloys (dependirg on grades of alloys in average
by 20%) and respective decrease in irport of aluminium for this

purpose, by opeming = new saurce of production of Al with
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decrease in specific electric power consumption (up to 5-8%), i
and elimination of consumption of pure silicon.

The lab tests and pilot trials conducted in 1980 (under
the TNIDO contract No..77/65 of 8.06.78) by the VAMI Institute
of the Ministry for Non-ferrous Metallurgy of the USSR proved
in principle the potential of use of Indian sillimanites for
production of cast aluminium alioys.

Based on the tests carried out to the order of the Indian
company IRE under the contract Fo., T81/91 signed between UNIDO
and V/0 TSVETLETPROMEXPORT, the VALI Institute of the USSR
Ministry for Non-ferrous Metallurgy prepared the Feasitility
Report for comstruction of the Silicon-alurminium glloys plant
(SAAP) in the State of Orissa (India) of ¥ ,000 tpy capacity in
1982.

The above Fezsibility Report was discussed in February 19383
by IRE with participation of UNIDO and VAMI representatives and
approved as a quality report.

However, due to financial !iwitations ircposed for the near
future and shoriage of electric power, IRE decided to postpone
construction of the SAAP and expressed a wish for consideration
of the atove production racility as an experimental deroncstra-
tion wmit with output of about 30,000 tpy of alloys. After
considerzation of the report onlthe EDU, the managerent of IRE
assured jn their readiness to escist ary Indian company in
implementation of the above project, l

It this connection the Government of Orissa authorised the
TFICOL responsible for development of the State's industries to
investigate this issue in order to establish the ¥DU in the State

of Crissa,
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1.2. Market and EDU Capacity (Caapter 3)

At present demand in aluminjum-silicon alloys in India is
estimated to be 45-50,000 tpy. By 1935 this demand (estimated
basing on analysis of development of the industry and consumptlion
structure of primary alurinium) will reach 85,-90,000 tpy.

According to prevailing tendexzcy 1n India for replacement
¢? heavy-weight steel structures by lighter structures of alumi-
rium and its alloys favorcble precoriitions exist for more dyna-
ric development of manufacture of elloys owing to further deve-
lopment of such large users of aluciznium alloys as c§r rering,
aircraft, railway and building indusftries.

Manufacture of A1-51 &lloys besed on traditional technology
(éirect glloying primary sluriniur with silicon) is constrained
tecause of shortage of alurinium, wrose irport increased more
tnat 20 tirmes for the last 10 years.

The introduction of electro-thermic metallurgical smelting
cf A1-Si alloys in the present derznd - supply situation (70-
=75% of demand met) would ensure decrease in alucinium ircports
for alloy manufacture by 14,-18,000 tpy.

The EDU czpacity in the event cf cczversion of sillimenite
concentrate is 9,450 {py, with 28,223 tpy of finished Al-Si
alloys (depending on grade).

In future on the basis of estirated demand in range of
finished alloys, and also full utilisation of sillimanite
concentrate of OSCOM the annual seles of elloys cowld reach an
estimated 90,000 t, provided that EDU is expanded by addition

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

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

- raw materials for electrosmelting: sillimanite conceatra-
te, kaolin (dry cleened), alumina, coal, petroleum coke, quart-
zite, electrode paste;

- additives fcr finished alloy production: aluminium
copper, manganese, nickel, magrcslium;

- auxiliary meterials (molesses, cryolite, etc), and uti-
lities (power, water, compressed air, fuel oil, steam). .

Nearly all materials and inputs required for alloy merniufzc—
ture are available in Orissa. Average radius of supply of these
materiels to the plant amcunts to 400 km rax,

The annual derand of the EDU:

- sillimsnite concentrate - 11,350 ¢

-~ molten aluminium - 19,740 ¢
- fuel oil - 9,120 ¢
- power - 5,650 LMih

1.4, Location of EDU (Chapter 5)

Location of the EDU was considered in the region of the
towns of Hirexud and Talcher, as recommended by the EPICOL,
in the north-weztern developed industrial section of the State
of Orissa with available electric power and cosl resources.

Besides, the INDAL's aluminium smelter operates in
the region of Herskud and the NALCO's aluminium smelter is beirg
built in the region of 'falcher,

Availability of the aluminium smelters in this region will
ensure supplies of liquid aluminium metel required for productic:n
of finished aluminium-silicon ellpys.
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Area requirements for siting the EDU are estimated at
12 hectars.

1.5. Plant Organisation, Overheads and Other Costs

(Chapter 7)

Taking into consideration that the EDU is proposed to be
located in wicinity of sluminjum smelter situated in region of
Talcher or Hirakud, the economic calzulation were worked out
in view of cooperation of EDU with one of above mentioned
snelters.

The problems related to manning the EDU, organisation of
maintenance and repairs, transport services end others were
solved in the context of the above statement.

Overheads include factory, and indirect costs related to
marketing and sales of finished products, that is charges

related to manufacture and sales of Al-Si alloys.
1.6, Menpower (Chapter 8)

Total manpower for the EDU is estimated basing on full
capacity of the plant in number of 240 persons, with 154 produc-
tion workers, 53 indirect labour, 6 maintenance workers and
27 engineers or technicieans.

It was assumed that planning and functicnal management of
tke EDU is effected in the framework of the smelter.

1.7. Project Irplementation Schedule (Chapter 9)

The following EDU project implementation programme was

assumed for the present Techno-economic evaluation:
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- before the start-up of construction - the preparation of
the Feasibility Report, geo-technical survey, site development,
and detailed engineering, release of final specifications;

- construction period of EDU - 1.5-2.0 years;

- equipment supply and erection - 1.5 years starting with
the last quarter of the first year of comnstruction;

- commissioning of production capacities and stert-up of
production - the third yeer, and attaining the full capacity of
the EDU producing commercial Al1-Si alloys- the fifth year from
beginning of construction.

The Feasibility Report considers additionally the varient
of EDU construction in the region of alumirium scelter in
Eirskud. The evsluation is based on comparison of raw materials
transport charges.

The calculations revealed that the location of the ZDU in
Eirakud determines (with other conditions eguai) the decrease
of annual profit due to increase cf transport charges by more

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

1.8. Financial and economic evaluation of project is based
on price/cost levels of 1982 up-dated in June 1933 in Orissa
State Government, not considering escalation.

Foreign currency component is detercined on the basis
of rupee equivalent of 1 rouble = Rs 10 edopted according to

agreement between the USSR and India for industrial construdtion.

1.8.1. Total investment costs
Total initial investrment costs for EDU construction amount
to Rs., 212.8 mln,
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The distribution of this amount by major items is shown
below:
Ttem | Expenditure category Amownt
| Rs.Xln
1 . Site prepafééiSﬁ }Z.éh’" o
2 ; Buildings and civil works 49,4
including housing colony - 4.3
Tecknology (know-how fee including tex) 2.8
; Equipment % '
| 4,1, Production equipment, including ; 101.2
4,1.1. Imported from the USSR ! 92,5
4,2,2, Indigenous L 6.7
4,1.3, Purchased in third countries 2.0
- 4,2, Erection | 1.7
é 4,3, Port charges, insurance, transportation
to plant site 4,6
Total eouigﬂent-‘wuﬂme4~>‘mm“«.'”m“”"mm 117:3-
5 Prelirinary expenditures (project engi-
neering, adrcinistration recruitmsnt
Soviet experts services etc,) 23.4
6 Current assets (100%) 171
EbéAi IKVESTKENT‘COéié--.“h-”>u.MA~m~Mff- MNWNE%?.B

mrr—— et s e e s

The additional capital expenditures for gas cleaniug system
in amount of Rs. 31.2 mln, are also included in calculations,
The construction of gas-cleaning system is assumed after the
attaining the full capacity of EDU. In this connection the total
capital investment cocts were estimated in amount of Rs.244 mln,
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The break-down of initial total capital costs by sources

of finance is represented by following indicators:

-+ s e mm e ememam

Share in total

Item Source of finance Rs.xln volume of
expenditures, %

1 Equity capital, total 9.7 32.8

incl,: - government equity o4.8 30.5

- margin money 4.9 2.3

2 i Long-term national loan : 56.4 171

| Supplier's credit 94.6 44,4

g Short-term loen on working |

‘ capital [ 9.1 4,3

5 ; Current lizbilities i 3.0 1.4
Coren | - 212.8 100.0

1.8.2, Project financing

According to financial scheme the expeaditures of EDU

construction (excluding housing colory tut including 35% of

working capital) would be covered by goverament equities and loan

essets in ratio 1:2. A part of these assels in amount of supply

of equipment and technology is covered by Supplier's credit,

and to finance the remaining portion the locat long-term loan

18 used. The construction of Lcucine colory to be finaanced
“‘b ‘

completely by equities.

65% of working capital total requirements is to be finen-

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

is to be covered by margin money.

N
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1.8.3. Total production costs
The total production costs computed as annual to“al amount
of expenditures on production of AL-Si alloys after reaching

the full EDU capacity make Bs. %85.3 mln.
By cost items this amcun. is distributed as fcllows

. _ Amount
Iten Cost item Rs.mln
1 Factory costs, including 552.9. '
1.1. Raw materials, utilities and inputs 54¢,.2
: 1.2. Wages and ssalaries of direct 2.2
i r2npower
i 1,3, Factory overkead costs 4.5
2 Firished product szles and marketing costs 16.2 ;
Total operating cosis I 569.1
3 Financial costs (average for the total ;
operating period) ; 5.2
4 Depreciation (averzge for the total f
operating period) ; |
§ TOTAL production costs ! 5.3

1.8.4, Financial evaluation
The financial evaluation is based on following prices:
alloy - Rs 23,000/t, alumirium (primary iiquid) - Rs 19,600/t,
fuel oiL - Rs.3,000/t, and electric power - Rs. 37.1/1000 kwH,
For detercination of financial impacts of EDU project im-
piementation the calculation of cash-flow, net-income statement

and projected balance sheet were carried out.




On the basis of these calculations the indicators of project
profitability and economic efficiency were determined. These
indicators are summarised ir following table:

Item Description . Unit | Velue

1 ‘ Internal rate of return:
!

1.1 ;On total investment % 24,8

1.2 iOn equity capital % 24,8

2 ’

3

Pey-back period year 5

Break-—-even point % 46,4

P emm— o -

According to UKNIDO recormendation severel ratios proving
the economic viability of the project are shown below:

- project profitzbility, determined as net profit after tax
as a percentage of sales, makes about 3-5% for the total calcula-
ted operationel period (15 years);

- the ratio of gencrated cash and amount of debt repsyment
(interest and debt service), characterising the level of cash
generated for its coverage for total calculated operational period
mokes about 2 ¢ 1 which is in satisfactcry morgin es per the UNIDO

guidelines.
1.8.5. Conclusions

The Techno-Econoric Evaluation of EDU coastruction in India
(Talcher) carried out allows the following conclusions to be made:

1. The implementation of EDU project to produce alucinium-

silicon alloys by electrosmelting method ensures for Indias
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- the complex processing of sillimanite-bearing sands of
Orissa state and the establishment at this basis the wasteless
production;

- the enlargement of raw material base of Irzlian alurinium
industry due to the processing of alumosiliczte ores unsuitable
for alumina production and the balancing at tkis ezcount of the
demand structure of electrolytic aluminium;

— the reduction of prirmary aluminium consu=;iion for
aluminium-silicon alloys production (in average ty 20% and the
respective reduction in its improts for this purocse), the reduc~
tion of electric power consumption (by 5-8%) and t=e compiete
eliminstion of pure silicon utilisation;

- the industrisl-scele rastering of the teczmology of
electrotherrmal method of alloys production;

- training of labour, technicals and engirsers.

2. As the celculations worked out had skowm, she location
of EDU in vicinmity of alurinium smelter in Talcker from the
econoric point of view is more viable as corpered with its loca-
tion edjacently with the source of the major raw rcterial
(0SCOM site, Chatrapur) due to the reduction of eluminium cost
by more than 8% at the expense of its utilisation in liquid state
and tkhus the reduction of losses.

The comparative indicators by these sites are as follows:

1. Internal rate of return, % Talcher 0500M
on investment 2&,8 16.3
on equities 22.9 15.6
2. Pay-back period, years £.0 6.0
5. Break-even pOint, % %04 76.2
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3. The present Technc-Economic Evaluation is prepared in
full volume in accordance with "Manual for the Preparation of
Industrial Peasibility Studies" (United Kations, Kew-York, 1978)
and in fuil compliznce with UNIDO requirements.,

Financial eveluation of the project including sensitivity
analysis has been carried out with the use of computer and set

of programmes developed in VAKI.
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2. PROJECT BACKGROUND

2.1. Background
2.1.1. Aim of Project

The Project aims at establishment of the experimental
demonstration unit in the State of Orissa to produce aluminium-
silicon alloys from sillimanite concentrete containing upto 62%
of aluminium oxide and 37% of silicon oxide turned out as a by-
product at the OSCOM (Orissa). The above unit will ensure
establishment of a new technology for production of aluminium-
silicon alloys in Indian conditions and training of labour
required for future expansion of production of the above alloys,

with ever growing demand for the alloys.

2.1.2. The project is aimed at carrying out the production
0i Al-Si alloys from the sillimanite concentrate using a new
process, by a reduction smelting of the concentrate in the
electric—-arc reduction furnaces followed by dilution of an alloy
with aluminium,

The new production process allows to simplify an equipment
flowsheet, reduce the capital costs, considerably expand a raw
material base of the Indian aluminium industry by the use of the
alumosilicate ores (bhe Indian sillimanite and other similar

materials) not suitable for the alumina production, to decrease

a consumption of the electrolytical aluminium by 20% and that of
power - by 8%, to completely exclude the use of pure silicon and
to partially use secondary aluminium for dilution.

When employing the new process along with the sillimanite
concentrate the following raw materials will be used: kaolin,
alumina, coal and petroleum coke. The materials to be proportioned
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in a powder form, mixed with a binder, briquetted, dried and then
transferred for a reduction smelting in the electric-arc reduc-
tion furnaces. To produce silumin or other commercial Al-Si
elloys, a primary alloy obtzined in the electric-arc reduction
furnaces after refining will be diluted with required quantity

of 2lurinium,
2.1.3. Type of products zod product cix

The techaclogy proposed allows to produce the alloys of the
following epplicatioas according to the Indian Stazdard for alu-
rinium alloys (Indien Stendesrd Specification for zluminium and
alumirium zlloy ingoctvs and castings for general engineering
purposes, Indian Stazdards Institution, Ilew Delhi 1975) 4420,
4520, 4600, 4600A.

Beside these rzin alloys used ir India, special alloys cen
elso be produced (4525, 4€3%36, 4652),

For the proposed experimental demonstirztion unit made up of
one direct ore reduction furnace with power rating of 17 ¥ a
narrow range of allcys (grades 4600, 4600A and 4652) is sucgested,
as these alloys are the most common et present in India,

For the purpose of celculations of the production prograrne
of the EDU it is assuzed that 40% of refined a2luminium-silicon
alloy produced in the direct ore reduction furnace is used for
manufacture of alloy grade 4€00, 30% - for alloy grade 460CA and
30% - for alloy grade 4652,

2.1.4, Field of application

The above alloys deperding on a content of chemical corpo-
nents in them will be used in the following:
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- in the cylinder heads with air and water cooling and ia
< the pistons of the internal combustion engines;

- in the crane bodies;

- for the parts of scooters, planing boats and fans;

- in the building structures,

2.1.5. Capaciiy of the EDU and its location.

The capacity of the rroposed experimental demonstration
wmit is deterrined by the direct ore reduction furnace with power
rating of 17 LW, .

On this basis the design capacity of the EDU will be
2,540 tpy of crude aluminium~silicon alloy or 28,223 tpy of
finished alloys.

According to the exploration data, the sillimanite deposit

S in Orissa ellows future increase in production of the sillimzrite
concentrate at OSCOM up to 60 thous.t/year which, in turn, will
percit, if necessary, 5 to 6-fold increase in the production of
Al-Si alloys. through exparsion of the EDU by addition of three
or more similer direct-ore reduction furnaces for production of
alumirjum-silicon alloys.

Siting of the experirental demonstration unit was recorzended
by the IFICOL in the region of the NALCO's smelter which is being
built in Talcher.

As an alternative site for location of the EDU the region
of the operating smelter in Hirzkud is considered.

These towns are located in the north-western developed
industrial area of the State of Orissa, Area requirements for
siting the EDU are estimated at about 42 ha,

- ———
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2.1.6, Orientation of EDU

As shown above the major task of the experimental demonstra-
tion wit is to estabiish a new techzology for production of
e urinjum-silicon alloys in Indian conditions and training the
woreferce required for future expansion of alloys production, with
sveady growth of demsnd.

According to the data supplied ty Indian Rare REarths Ltd
(IREX) the annual production of Al-Si zlloys by synthetié method
in India for 1980-1981 was about 30 trous.t/y, and the requiied
cuaztity is estimated to be 50 thous.i/y with a projected rise
to 80-85 thous.t/y in 1985,

At present the demand for Al-Si alloys is met through produc-
tion et small plants by melting the Iriigerous and irported alumi-
riuz ezad silicon.

The msjor consumers of Al-Si alloys in India are ASHOK
Leylazd, Madras, India Pistons, Madras, BELT Ltd.Bangslore and
ELL Bengalore which have their own facilities for producing these
ellcys.

On the basis of an analysis ir the rise of consumption of
£1-3i alloys in the Indian industry it can be assvued that by
1990 a demand for these alloys will be about 120-130 thous.t/year.

2.1.7. Project implementation schedule

From an experience in construction and commissioning of
sirilar plants in the USSR a complete irplementation of the EDU

for production of Al-Si alloys in tkhe quantities stated above

is plenned for 6 years teking into account the reaching of the
design capacity.
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The construction of the EDU is proposed to carry out in one
phase commissioning one electric-arc reduction furmace.

2.1.8. Socio-economic importance of setting up production

of Al-Si alloys in India

As has been noted above, the organisation of production of
A1-Si alloys from sillimanite concentrate in India will percit
in future to completely meet its derand for these &lloys and to
export a part of them.

As has been noted above, the project is to be built in-
Orissa state which is one of the backward states eccnomiczlly.
As it was indicated in 1980, for a population of 26.7 mln there
are only 1.350-1.530 industrial enterprises with capital invest-
ments of Rs. 7,709 mln which is only 3% of the total investrment
in the industry fcr the whole country.

It follows tzat construction ¢f such a project as Wze EDU,
erploying 240 workers will be a positive factor for the state,
where the unemployement rate among the active populztion is
10.82%.

2.1.9, Corparison of IDU capacity with similar

facilities in India and abroad

As has been noted above, an annual production of Al-Si
alloys at various plants in India by the conventionzl metzod
during 1980-1981 was 30 thous.t. Hence the setting up of Al-Si
alloys production at the proposed EDU at the rate of 28,223 t/y

will increase the production of Al-Si alloys in the country two
fold after expansion.

There are no similar plants for the production of Al-Si
alloys any where in the world ﬁsing the proposed process, exept
in the USSR,
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2.2. Project Promoter
2.2+1¢ Project Initiator

The project initiator of the experimental demunstration
uit for production of aluminium-silicon alloys in the State
of Orissa is IPICOL, the Industrial Promotion and Investment
Corporation of Orissa Iimited (IPICOL House, Janpath, Bhubaneswar
751007). |

IPICOL is the development bank and manesgemert consultancy
for medium and large-scale industries of the State of Orissa,

JPICOL in cooperatior with other State's organisations and
the Government of India promotes develorment of new industries

in the private and public sectors aimed at utilisstion of vast

industrial resources of the State of Orissa,. .

2.2.20 IPICOL role in EDU project irplementation

IPICOL showed a great interest in construction of the EDU
in Orissa and was active in providing a nucber of basic data and
recormendations for siting this wmit in the region of the towns
of Talcher and Hirakud, next to the sluminiurm smelters.,

According to IFICOL's inlormation it was granted a license
from the Government of India for construction of & single-furnace
experimental demonstration unit in the State of Orissa.

2.3. Project history

2.3,1. Historical development of project

On behalf of Indian Government the Indian Rare Earths Ltd
(IRE), requested in 1978 UNIDO to carry out prelicinary studies
of possibilities to produce aluminium~silicon alloys basing on

sillimaenite concentrates.
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In this connection and in accordance with contract Ko.77/65
dated 8 Jjune 1978 between United Nations Industrial Development
Organisation (WNIDO) and V/O Tsvetmetpromexport the institute
VAT of Kinistry for non-ferrous metals of USSR carried out
laboratory studies and trial tests in 19380 on Indian sillimenite
concentrates supplied by IRE,

Studles and technologlc;l trials proved the possibility
of using Indian sillimanites for electrothermic¢ production of
silicon-aluminium glloys.

Alloy produced from sillimanite was treated to obtain
casting aluxinium alloys, grades 4600 and 4525 (according to
Indian stendards), used in automobile industry.

The Report on studies carried out was examined and approved
by representatives of UNIDO and IRE,

Based on the performed tests to the order by IRE under the
contract No. T81/91 signed between URIDO and V/O Tsvetmetprom-
export the VAMI Institute of the USSR Ministry for Non-ferrous

\Tp:epared )
Metallurgy Tthe Feasibility Report for construction of the silicon
sluminium alloy plant (SAAP) in India (Project No.DF/IND/81/015).

The above Feasibility Report proves expediency of establish-
ment of the facility for processing a co-product of the OSCOM -
sillimanite concentrate - to prqduce aluminium-silicon alloys
by dbuilding on its territory a special plant with the following
major techno-economics:

1., Capacity:

- crude alloy 28,600 tpy
~ finished alloys 90,000 tpy
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2., Capital investment Rs., 935.4 million
3. Men on roll 700 persons
4, Internal rate of return 22.3%
5. Overall profitability 22.2%
b. Breakeven point 64.8%

This Feasibility Report was reviewed in February 1983 with
perticizction of the experts of IRE, UiIDO and VAKT,

It was disclosed later, that the IRE Board of Directors
during the meeting in the second half of June took the decision
not to proceed with implementation of this project (even the
single-furnace demonstration unit) because of constraints and
lipitations connected with commissioning OSCOM in 1983/84,
However, IRE is prepared to cooperzte with other Indian companies
czpable of implementating the project,

In this connection the Governrment of the State of Orissa
atthorised IPICOL responsible for prorotion and financing industriedg
of Orissa to study this issue with the view of establishing in the

tate of Orissa the facility for processing OSCOM sillimenite
ccacentrate, first by construction of tkhe experimental demonstra-
‘tion wit (in the region of Talcher or Eirakud towns).

Based on the zbove statements the Feasibility Report for
construction of the erperimantal demonstration uhit for production
of alurinium-silicen alloys has been rrepared in accordance with
tze afore -mentioned contract No. T&1/91 (Project DP/IND/81/015)
with siting the urit as recommended by IPICOL in the region of

Telcher or Hirakud towns nearly the eluxinium smelters.
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2.4, Techno-economic Evaluation

2.4.1. Designer

This techno-economic evaluation for construction in the
State of Orissa for prcductioﬁ of aluminium-silicon alloys
from sillimanite concentrate by a new method was prepered by
VAMTI Institute of the USSE Kinistry for Non-ferrous Metallurgy
as a follow-up of the contract No. T81/91 between UNIDO and
v/0 Tsvetmefpromexport under which VAMI Institute prepared in
1982 the Feasibility Report for construction of the silicon-
aluminium alloy plant (SAAF) for processing sillimanite concent-
rates on the territory of IRE's OSCOM facility (Orissa).

2.4,2, Client -'United Nations Industrial Development
Organisation (UNIDO), Vienze, Austria,

From the Indian side assistance to the EDU project is
rendered by the IPICOL of the State of Orissa, the prorcoter of

industries in Orissa.
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3. MARKET AND PLANT CAPACITY
3.1. Alloy Demand and Production

Anglysis of production and consumption trends of aluminium-
silicon alloys in India carried out by VAMI on the basis of
demand assessment and review of the world production of primary
sluminium metal and its consumption structure showed that India
has a great potential in market for aluminjum-silicon alloys.
The market includes such large spheres of economy as transport
(car-making, aircraft, railway industries), manufacture of .
household durables, electrical sppliances, electric motors and
diesel engines.

Demand of India for aluminsum-silicon alloys is estimated
at 85, to 90,000 tpy for 15&5.

The proposed production technology of aluminium-silicon
elloys by a new electrotherzic rethod emsures, as compared wiv
the conventional synthetic methsd (direct melting and mixing of
aluminium and silicon metals), savings in primary aluminium upto
150-200 kg/t of alloys, which is critical for the Indian ecoromy
as the major trend in aluminium consurption in this country is
the power engineering industry (50% of total consumption), where
aluninium is used to replace more expensive end scarce copper,
and shortage of aluminium in other industrial fields is covered
by import.

3.2, Product Sales

This Feasibility Report assumes that the resulting aluminium-
silicon alloys will be totally marketed in India.

According to the Basic Data (adjusted in 1983) the average
price of aluminium-silicon allcys is Rs.22 to 27 thousand/tonne

|
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dependirg on the grade, and Fegions of location of producers
and users.

For the purpose of calculations the average price of the
elloy grades considered (to be produced at the EDU) is Rs.23
thousand per tonne. Effect of the alloy price fluctuation on
profitatility of the EDU project is shown below in Section 10
“"Finance and economic analysis".

Schedule 3.1 shows calculations of sales revenue based on

the assumed price and production programme of the EDU.
Schedule 3.1

Calculations of Sales Revenue

C ———

Years from the shart-up

Wit  —yearq 0 ! Year 27 T Yeir'3 end

rice .
%s/t - following

Q-ties Sales  Q-ties Sales  <-ties Sales
to be . reve- i 0 be reve- to be Tevenues
sold . nues sold nues sold Rs thous

. : Rs thous Rs thous |
4193 96439 6290 144670 10383 | 241109

3397 78131 |5096 117208 8493 195339

3699 ! 85077 |5548 l127604 9247 ' 212631
.‘ | ;

11289 | 259647 | 16934 i389482 28223 !649129

4600
4600A
4652

Total

|
|

Sales revenue is shown with sales charges of 2.5% of total
sales revenue (according to IRE data). Calculations of expenses
is given in Schedule 3.2,
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Schedule 3.2
: Charges, Rs.000
Value Unit Cost  Local | Amount - - f == - -
item ; ; foreign | local total
2.5 % Sales | Rs.000( 649129 - | 16228 16228
of expenses : i ? i :
sales r ] ? ;

3.3, Production Programme

The proposed technology allows production of a wide range
of finished eluminium-silicon alloys to Indian Standard
(I8:617-1975).

For the purpose of calculation of production of finished
alloys at the EDU are teken two comzon grades 4600 and 46004,
and special grade 4652.

Depending on the level of production capacity of the major
process equipment (direct-ore reduction furnace) for manufacture
of refined primary alloy and its consumption for manufacture of
the finished alurinium-silicon alloys of the above range Schedule
3.3 determines the prcduction programme of the EDU.

Schedule 3.3

Production Programme

————— e e a4 o e e e ——

Years fron the start—-up

Al=Si At 100% c 3
alloy capa- 5
grade city 1 L ?? _
1 capa~ | quan- capa- quan- capa- quai-
city | tity ity tity  city  tity
%2 |t % t % -t

3% and following

¥
b

4600 , 10483 40 | 4193 . 60 : 6290 l 100 | 10483
i ; | |
| ‘

|

[




Years from the start-up

Am-si | At 100% 1% 28d 33 ana
elloy & capa- i following
grade city : i e
l ‘capa~ quan- , capa—- gQuan- = capa- . Quan-
! city  tity | city tity city | tity
; % . 2 ¢ % Lot
’ ¢ :. : r
46004 8493 | 40 3397 | €0 5096 100 : 8493
: . i : i i
4652 9247 . ™ 13699 . " 15548 | " i g7
Total 28223 | 11289 16934 ! 28223

— L

The following breakdown of ratios of finished eluminium-
silicon alloys was determined based on the above figures:

grade 4600 - 37%

grade 4600A - 30%

grade 4652 - 33%

The above production programme is goverred by the output of
refined primary alloy depending on availability of the direct-ore

reduction furnace capacity.
3.4, EDU Capacity

The design production capacity of the proposed unit is
governed by the gmount of finished aluminium-silicon alloys which
can be produced on the basis of refined primary alloy with 60% Al
and over 37% Si produced in the direct-ore reduction furnace.

Normal attalmable cgpacity of the EDU in terms of +the primary
alloy (9540 tpy) is governed by the process capacity of the

direct-ore reduction furnace,
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Production output of finished aluminium-silicon alloys is
also determined by the grades of alloys manufactured which require
different amounts of refined primary alloy. So with the same output
of the direct-ore reduction furnace, amounts of alloys produced may
differ depending on the market. According to the proposed renge
of sluminium-silicon alloys, the level of their output may range
from 26.2 to 30.8 thousand tpy.

Based on the proposed breakdown of finished alloys the normal
attainable capacity of the EDU is 28223 t of aluminium-silicoﬁ

elloy per annum,
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4, NATERIALS AND IKFPUIS
4,1, Characteristics of materials and inputs
4,1.1. Material classification

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

- raw materials: sillimsnite cozcentrate, kaolin (dry cleaned),
alurina, coal, pet.coke and quartzite;

- proceééed industrial materiels: moltéﬁ aluminium, elect-
rode paste, manganese, copper, rickel, magnesium;

- auxiliary materials: molasses, common salt, cryolite,
potassium chloride, sodium fluoride, refractories.

- utilities: electric power, wzter, fuel o0il, steam, compressed

4,1.2. Specifications for rzw e=d other materials

To produce primary Al-Si alloy of optimum composition with
60-65% Al sillimanite concentrate, kaclin of high alumina content
is required. This will help reduce addition of alumina to the feed,

Harmful impurities include irozn, titanium and zirconium oxides.
Ketals of these oxides pass to the melt in full quantity and their
seperation as intermetzlloids in the prrocess of finished casting
Al-Si alloy production results in lower recovery of products and
extra costs. This is why content of iron oxides in the feed is not
to exceed 0,7% and the sum of titanium and zirconium oxide - 0.4%.

Resistivity of electrode paste is to be &7 ohm.mmz/m nax,
with ash content of 7% and volatiles of 12-20%. Specifications
for electrode paste are based or necessity to maintain certain
process parameters during smelting in the electric arc reduction

furnaces. Coal used as a reductant in the process is to have high
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reactivity, which increases with higher volatiles and lower ash
content, Content of iron oxide is to be in agreement with the
general requirements for its content in the feed.

Pet .coke is to contain minimum amouwnt of sulfur, basing on
environment protection requirements and corrosion of equipment.

On this basis the following specifications are to be met
by chemical analysis of raw materials:

- Sillimanite concentrate to contain at least 56% A1203 and
not over 0.6% iron and titanium oxides each, and 0.5% zirconium
oxide;

- Dry cleaned kaolin to contain 36% win A1203 and 0.6% rax
of iron and titanium oxides each;

- Alurina to contain 94% min A1205 and 0.1% max of iron oxide;

- Quartzite to contain 93.5% min SiO2 and 0.2% mex of iron
oxide;

-~ Coal to contain 30% min of volatiles and 0.8% max of iron
oxide;

- Pet,coke to contain 7-12% of volatiles, 85-90% of fixed
carbon, 1.5% max of sulfur, 0.1% max of iron oxide.

In order to secure a possitle production of finished casting
Al-51 alloys of grades 4600, 4600A and 4052 with iron content
from 0.6 to 1.3% (according to the Indian standard) the following
iron content in raw materials used for production of the above
grades of alloys is specified: 0.2% in aluminium, 2.,3% in manéanese
in master alloys (copper, nickel, magnesium) - 0.6% each,

To ensure required strength and heat stability of briquetted
feed some binder is to be added to the feed along with kaolin which
has some cementing ability. As a binder the use may be made of
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magnesium lignosulfonate in the form of lye or powder, and
molasses - waste of sugar cane processing. Binding ability ol
molasses depends on sugar and ash content, Ash can be a source
of hermful impurities of iron, calcium, phosphorus. On tkis ground
molasses are to contain 62% sugar, 8% max ash, including 1.5% Ca0,
0.2% Fe203, 0.2% P205. Common salt, potassium chloride, cryolite
and sodium fluoride used as fluxes are to contain 0.5% moisture
(frdm boiﬁ%vdf‘view of safe operation).

- Xlectric power. Voltage 415/230 V, 50 Hz. Current rating
depends on characteristics of each particular power user,

Water used for make-up losses of the water recycle system
of the shop and for cooling the fire boxes in the reductant
grinding section, and also for cooling certain elements of the
electric arc reduction furnace, transformers and pneumatic screw
feeders is to meet the following specifications:

- total hardaess of 3 mg.equiv./1 max;

- carbonate hardness of 2.5 mg.equiv./1 max:

- suspended solids of 20 mg/l max;

- iron salts of 0.1 g/l max;

- total dissolved solids of 100 mg/l max;

- pH of 6.5-8.53

~ temperature of 3000.

Fuel o0il used for process néeds is to contain 1.5% max of
sulfur, calorific value 9500 kcal/kg rin,

Steam to be used for fighting accidental fires in coal
bunkers of the feed preparation room and raw material store is to

be saturated and have pressure of 0.3-0.7 MPa at entry point to

these units,

———— e
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4,1,3, Selection and Specifications for Raw and Other
Materials and Production Factors

Basing on data furnished by a number of Indian firms the
following raw materials, supplies, etc. were taken for calcula-
tions in the Feasibility report:

- production of crude Al-Si alloys:
sillimanite concentrate, alumina, kaolin, coal, pet.coke,
quartzite, molasses, electrode paste;

- production of finished casting Al-Si alloys:
molten primary aluminium, secondary aluminiur in pigs, manganese
metal for manufacture of alloy grades 4600 with iron content of
0.6%, and alloying metals (copper, nickel and magnesium for
alloy grade 4652).

Also for refiring crude A1-Si alloys end manufacture of
finished casting alloys are used comzen salt, cryolite, potassium
chloride and sodium fluoride.

Specifications for the above materials and supplies are

shown in Tables below.

Sillimanite concentrate

S e e e e e - —
S/N Description Unit Average
value
1 Alao5 % 61.5
2 Si0, " 37.0
3 Fe203 " 0.1
4 TiO, " 0.1
5 Zr02 " 003
6 Ca0 + MgO " 0.2
7 Noisture " 0.5
8 Bulk weight g/cm; 1.95
9 Mean particle size | micron -5004+100

c mer err— e e ey b A . .

L O O et i P




e ani e
| /N Description | Unit . Average value
L2 L.0.1. " 1.0

3 - §i0, " 0.03

. "

! 4 Fe205 0.02

5  Nap " 0.4

6 | Bulk weight g/cn’ 0.93-1.04

i

b7 5 Angle of repose deg. 21=32
i :

8 . Mean particle size micron +45 mcn-85-88%
. ‘ ' =45 mcm-12-15%
!

Dry cleaned kaolin

/N Description Unit Average value

1 A1203 r % 38.0
- 510, " 44,0
! "
- Ti0, " 0.45
.5 Ca0 + M0 " 1.0
S - Moisture " 2.0
! 7 L.0.T1. " 15.5
: Bulk weight g/ew® | 0.35
5 9 Mean particle size micron -2 mcm - 68%,

+2-10 mem - 27%,

{ +10 mcm - 5%
'
i R
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Coal
. 8/N Description Tnit Lverage value
1
i T T _ oo
1 % Ash ' % P 22.92
3 . . " :
2 g Fe203 in ash ; .62
; ' " .
3 Fe205 in coal ﬁ 1.98
4 Volatiles : " ©31.43
5 | Moisture " i 5.03
{
6 | Sulfur in coal " PoQlub
+ [ 4
. 7 | Fixed carbon " § 20,55
' 8 ' Bulk weight g/c® | 0.7-0.8
|
. 9 Size | mm 200 max
Pet.coke
S/N - Description Unit Averege value
1 Ash % 0.2-0.3
2 Fe0; in ash oo £ 4%)
; ] " _n_
3 2 Fe205 in coke 2
4 : Volatiles ; " L0.2
' !
5 ; Moisture . g " § 6=15
i
6 | sulfur in coke " 0.8
7 Fixed carbon " 8.0
8 Bulk weight g/cm 0.7-0,8
9 Size mm +250 - 1%;
-2504150 = 5%,
} 1

=150 -~ 94%

#¥) - not available
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Quartzite

‘bescription tnit iAverage value
810, 7 | : % | 99.5
Al203 " 0.2 totsal

g ”
Fe203 A1203+Fe20
Bulk weight g/cm} 1.5
Size ! mm 10-70

3

o varr S s e @ S §
v

b

Lolasses

- . S A o o Y - e o o A - -

'Mwbéécription Unit Average valﬁ;

 Organic matter P 1 72.0
incl. sucrose ‘32.0
glucose | 14.0
fructoce 16.0
non-sugar matier 10.0
Inorganic matter (ash) 8.0
Moisture : 20.0
Specific weigkt ‘ 1.5
Viscosity ; 20000

Electrode paste

S/N Description Unit Average value

2 | Volatiles 12,0
3 ' Fixed carbon 86,0
y
5

Resistivity . 2 los 0
: m
Apparent density

- green : g/e’ |1.58
= baked " 1.4
Porocity 30,0
Compression strength f  150-250




N

- 40 -

Nolten primary alurminium

S/N Description Unit | Average value
|

1 Fe % l 0.2

2 Si " i not specified

Manganese metal

— e e e e o — 7ty © SR T i B T e 4 Y X e T PR e e

Description ; Unit Average value

S/N
1 m L% 99.5-99.8
|2 5 " 0.028
| |
3 C " ~ 0.01
4 s " . 0.004
5 0, "y 0.18-0.39
{
" I o. .
6 H, | 0.0006-0.018
Vi Fe " | Na
8 Lump size mm g powder

Chemical analysis of copper, nickel and nagnesium used for
manufacture of finished casting alloys as alloying elements
is assumed on the basis of Indién Standards.

Chemical analysis of a flux also corresponds to an Indien
standard, except that moisture content is limited by 0.5%.

Fuel oil to be used as a process fuel has a heat capaclty
of 9700 kcal/kg. Industrial and potable water supply will be from
the regional water supply network. Water supply is from the

operating aluminium smelter near wkich the EDU is sited.
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4,2, Supply programme
4,2.,1. Fundamental data

The product mix of the Al-Si alloys to ve produced at the
EDU and specified in p.4.2.1.1 is adopted for estzblishing the
programze of raw materials and other inputs.,

Alloy grades are selected in accordance witk the Indian
staadard "Spécification for aluminium and aluzinium alloy ingots
and castings institution", New Delhi, 1975, tekinz into conslidera-
tion their demsznd, optirum technical and ecczomic performances
and composition of the located raw materials,

The specific consumptions of raw and otier rzterials and
power for production of primary refined and castizg alloys are
indicated below in pp. 4.2.1.2 and 4.2.1.3. io2nuel volume of

production by alloy grades is indicated in p.4.2.1.4.
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4.2.1.1. Composition of alloys %to be produced in EDU

Composition, %

10.0-12.0 ;

115

0.5 ‘ 005 i 007—105 1.0

(the rest in aluminium)

for
calcu=

silicon ; manganese . copper assumed nickel
. Ifor [by ! for " by  for
stan- calcu- | stan- calcu- stan- calcu-  stan-
dard lation | dard | latiomn . dard lation dard
do B Tl s
40.0-13.0! 12.510.5 | 0.5 ! 0.1 0.1
10.0-13.0{ 12.5]0.5 | 0.5 0.4  O.4

by
stan=- calcu-

"lation dard lation

0.1
0.1
0.7-1.5 1.0

0.1
0.2

magnesium

for

0.1
‘0.2
008"105 1.0

iron
by for
stan~ calcu~
dard lation
20.6 0.6
1.0 1 1.0
1.0 ' 1.0
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4.2.1.2., Specific consumption for production of primary
refined Al-Si alloys

Unit of Specific consum-

ey e s me

W O 2 & N VY-

16
17

18

19

Consumption article measure ption with losses
and moisture

Sillimanite concen?rate t/t 1.19
'Dry trezted kaolin " 0.302
Klumina " 0.337
Coal " 0.813
Petroleum coke " 0.604
Kolasses " 0.465
Electrode paste " : 0.087
Quartzite " ' 0.186
Cozmon salt " ; 0.0170
:Cryolite " % 0.005
[Pctassium chloride " i C.0C5
' Electrode casing " 0.00%5
iGraphitised electrodes " 0.0035
iProcess power E 1000 KWH/t 13.0
;Power
;- for gas cleaning -t 0.94
- other uses N 0.966
Fuel oil t/t 0.14
' Recycled water /% 780
Compressed air nmﬁ/t 850
Spare parts t/t 0.004
Refractories t/t z 0.02




MOLASSES KAOLIN ALUMINA
0465 0,302 0337
! WITH
P ATER 0722 112 -
1 FRACTION +2+-Emrm
T t v v § 05

PROPORTIONING 13384

FLUXES
Q027

—»={ MIXING

4106

BRIQUETTING

4106

ELECTRODE
@ BRIQUETS DRYING |3737

v—

&lH' )

E VAPORATEL'

WATER 0369 | |

FEED MELTING
AND REDUCTION  |4245

EAN/NG OF
|FusNACE GASES 2895 K

ALLOY REFINING 377

LoSSEs 0027
—

70 AIR

: SECTION 1




MINA PETROLEUM COAL
COKE
337 0604 0813
=-8mm
'S
CRUSHING 1417
GRINDING AND (/357
DRYING

EVAPORATED WATER

R "ED

LOSSES 4, /57

@¢

| Lump FEED

0315

SLAGS

PROPORTIONING

FRACTION- 2 MM

Q35

70 DUMP Q07

SECTION 2

REFINED
ALLOY

ALUMINIUM
IN PIGS

10

207

-

MELTING OF

FILTER RESIDUE

009

L0SSES 0027 |
7

CASTING 0063
LOSSES U
SILICA-
ALUMINIUM
0062 PRINC
‘ MATE;
ALUM




ALLOYING
COMPONENTS
(CyNi,Mg)

003 /

FLUXES

Q028

MANGANESE
gom

1 LOSSES } 0031
P

’ \
FUSION AND
FiLTRATION  |3109

ALLOYING  [3018

LOSSES 003
MELTING OF |
Firer respue |99° CASTING 2988
LOSSES 0Z7 Losses QO3
— . ——
Y
CASTING 0063

ILOSSES Q001

CASTING
ALLOYS

2,958

PRINCIPAL PROCESS FLOWSHEET
MATERIAL FLOWS PER 1TONNE OF REFINED

“Qopmorm Aux3
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4,2.,1.3. Specific consumptions for production
of casting alloys

Consumption
articles

Molten eluminium
' Befined'alloy
Langanese
Copper
Kickel
Kagnesium
Cryolite
Comron salt
. Potassium chloride
10 © Sodium fluoride
11  Quartzite (grit)
12 . Pig iron
13 g El,power
14 | Fuel oil
15 | Water
16 ; Compressed air
19 | Spare parts
18 | Refractories

%/t

Units
of

.+ measure

kg/t

"

"

KWEH/t
t/t
/%
nm&/t

t/t

Alloys
T 4600 4o00A 4652
0.73 0.683 | (.68
0.364 0.337 = G.3095
9.65 - - -
- - 10.2
- - 10.2
0.6 | 0.5 0.5
5.0 § 3.0 3.0
5.0 3.5 3.5
1.5 1.0 1.0
5.0 5.0 5.0
1.0 1.0 1.0
200 200 200
0.075 0.0795 | 0.075
14 14 14
55 55 55
0.001 0.001 | 0.001
0.003 c.003 | 0.003

.
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4,2.1.4, Annual quantity of production by alloy grades

Annual quantity of

Alloy grade
production in tonnes
1 f 4800 10483.5
2 i 46004 8492,5
4652 - 9247
TOTAL: 28223

—— [ — R e . e .t e mm—— ——

— - W T . r————— s e

4,3, Selection of supply programme

4,3,1, The selection of supply programme is determined by
the consumption of materials in procduction, by the continuity
of production, by the availability of storage capacities,.by the
uniformity of utilisation of traasport equipment and erployment
0?2 personnel attached to the handling operations,

4,3.2., The consumptions of raw end other materials by the
years of running of the plant are specified in p.p.4.3.2.1
and 4.3.2.2 according to the capacity of the reduction arc furnace
achieved by the end of the first year of operation to 40%, the
second year - to 60% and the third year - 100% of the design

capacity.

|
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- 4.,3.2.1. Annual demand of raw and other materials and
power for the production of the refined
A1-Si alloy
|
[ Years from the start-up
: Raw and other materials, : Uzit — - _
power sources ~of 1st 2nd 3d
_megsure
AT —m s . — o . ——— A c e - C e ——— _VA—‘-T. e -
1 Sillimznite concentrate i t 4541 i 6812 11353
: ! -
2 Dry treated kaolin C ot 152 1729 2881
3 Alumina t . 1236 | 1929 . 3215
4 Coal ot . 3102 | 4654 | 7756
i ! !
5 Petroleum coke ot . 2305 3457 g 5762
6 Lolasses .t apm | 2se2 | w36
, 7 Electrode paste ¢ 332 498 | &30
. 8 Quartzite ot | 710 1065 1775
. 9 Fluxes:
, = common salt I - 65 97 162
, - cryolite t 19 29 48
: - = potassium chloride t 19 29 48
| 40 Power 108 57 86 142.2
’7 : k¥ hour
11 Fuel oil t 534 802 1336
12 Recycled water 106 0 3.0 4,5 744
. 13 Compressed air 108 5 | 3.2 4.9 8.1
-
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4,9,2.2. Annual demand of raw and other raterials and
power for production of casting Al-Si alloys

Raw and other
materials, power
sources

Molten aluminium
Refined A1-Si alloy
Manganese

Copper

Kickel

. Megnesium

i
1
t

" Fluxes:

|
I

! = cryolithe

i - common salt

- potassium chloride

- sodium fluoride

' Quartzite

Power

Fuel oil
Water

Compressed air
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Unit
of
measure

¢ e ct of

c¢ ¢

10% xw
hour

1o§ 0

10° N

-

Yearcs £rom the start-up

1st

790
3816
0.5
38.0
38.0
38.0

6.1
. 42,25

45.8
12.4
56.5
2.26

84,7
0.16
0.62

2nd

11845
5724

57
57
57

63.4
68.7
20.1
85
3.4

1270
0.24
0.9

34

19741
9540
101.2
9%.3
943
94.5

15.2
105.6
114.5
3345
141.4
5.65

2116.7
.4

1.55




q‘o‘l‘o Cost Estimate

The estimate of production expenses for materials and
utilities for the EDU is shown in summary Schedule 4.1 and 4.2.

The calculations are based on arnual reguirements for
naterials and utilities as estimsted on the basis of the consump-
tion figures and proposed production programme, and prices of the
materials and utilities as specified by the Government of the

State of Orissa in June 1983,

-~
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Proaect' EDU

s/N Q-ty . Unit

1.1
1.2
1.3
" a.n
1.5
1.6
W
}1.8

21
2.2

3

2.3 !
2.4

11353

2881
3215
9756

5762

4436
830
1975

o e oo i e

-
o
n

BT

{

i

3.1 12671
1

3.2 : 2480

¢ o ot ot

Schedule 4,1
Eatimate of Production Ekpenses
T Materials and Ttilities D T T
g » Product. Reflned primary alloy
Cost item ! Local | Unit Expenges, Rs. 000
| 1 price Foreign Local Total
Raw, main and intermedlaue '
industrial products
Sillimenite concentrate Rs. 1000 - 11353 11353
Dry cleaned kaolin Rs 2200 - 6338 6338
" Alumina Rs 2810 - 9034 9034
. Coal Rs 300 - 2327 2327
Pet.coke Rs 6000 - 34572 34572
i Mollases Rs 95 - 421 421
Etectrode paste Rs 7810 - 6482 6482
Quartzite Rs . 200 - 555 | 355
H !
i : !
. o , ! | ) SOOI
Total of 4 ! i - - 70882 | 70832
\ ‘
Auxiliary materials ‘ ! '
Common salt Rs 300 - 49 49
Cryolite ' Rs | 17000 - 816 816
Potassium chloride Rs % 4000 - 192 192
Graphitised electrodes Rs } 44170 - 1502 1502
!
Total of 2 ; 1 2559 1 2559
Recoverable waste 5 2 f
Slag ;

Intrapped dust i




" Project: EDU i ) Product: Refined primary alloy
: [ S T
, S/N Q-ty  Unit Cost item , Local gﬁge
: . A e e et e e e e o e e s o a3 2
o . ma '

5.1 11336 | t ? Fucl il Rs . 3000
% | Utilitles 1 |

% 5.1 |142203 k¥h @ Electric power, ; Rs 371
; 000 | withs ;

S5¢1.1 ;124020 do Process ! Rs 371
15.1.2 18183 do | Auxiliary Rs | 371
L 5.2 l7uan w’ . Industrial water . Rs 300

000 |
5.3 8109 Nm Compressed air Rs : 16
000 | |
Total of 5 1 .
Grand Total % i
N S e L

Estimate of Production Expenses

—

raa e

Materials and Utilities

¢
.

" “Expenses, Rs, 000

i Local ‘Total

j 4008 4008

i 52757 52757
46011 46011
6746 6746

; 2232 2232

i 130 130

E 55119 55119

| 132568 132563
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'S/N

'

2.1
2.2
243
2.4

3.1
3.2
3.3
3.4

by

9540
19741

101.2
9.3
945
9.3

105.6

- 15.2

148
141.1

' 2116.9

' Project: EDU

© et . R —— ad e

c o ¢ o

¢ o et o

Unit

Estimate of Production Ixpenses

Materials and Utilities

Product: Finished Al-5Si alloys

T
i

Cost item ; Local Unit o
| price Foreign Local Total
Main materials and |
intermediate industrial i
products
Primary A1-Si alloy Rs 132568 132568
Molten primary aluminium Rs 15600 386924 386924
Total of 1 T i S TTTTT594%27 T T 519492
Industrial materials ' |
Manganese Rs 26000 2631 2631
Copper Rs 30000 2829 2829
Nickel Rs 90000 : 8487 8487
Magnesium . Rs 22000 i 2074 2074
Total of 2 | : L 16021 16021
i ) ! i
Auxiliary materials ; ! ‘
] | f
Common salt ‘ ' Rs 200 i 32 32
Cryolite ! Rs 17000 ! 258 258
Potassium chloride and ' %
sodium fluoride Rs i 4000 592 592
Quartzite Re i 200 l 28 28
Total of 3 | P | 910 T 910
Fuel ‘ :
Fuel o0il Rs 3000 , 6350 6350

Schedule 4.2

S

" Expenses, Rs. 000
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S/

T T "Materials and Utilities
Projects EDU Product: Finished Al-Si alloys
iQ—t:y ‘ Unit Cost item Local g?%ge §
: ‘%
; Utilities %
Se44.6 k¥h Electric power Rs . 371
000 ; :
395.2 | m Water ' BRs . 300
000 {
1552.3 | No? Compressed air " mrs ! 416
U00 ‘ i
Total of 5 f 2
Grand Total , | }
Less cost of primary ‘ i
alloy : !
! .

- 52 =

Estimate of Production Expenses

Foreign

" Expenses, Rs. OCO
Local  Total
i
2094 2094
|
1317 | 1317
25 25
!
2436 3436
546209 ! 546209
413641 413641
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5. SITE LCCATION
5.1. Location

Region and state of EDU location was chosen according to
the recommendations of IPICOL taking into consideration the
following factors:

- availability and loceztion of raw materials and utilities;

state governmeznt public policy;

infrastructure availability;

recommendations of company-initiator of thne project.

On the basis of the above factors IPICOL has recommended
for a techno-economic assessment to locate the EDU in Orissa
state . situated in an eastern part of India. This state has
possibilities to supply the EDU with raw raterials, materials
and power to produce Al-Si alloys.

Orissa state is the main state of the coumtry in rining,
supplying a totel amount of chromite in the cowmtry, more than
one third of manganese ore and quartzite. Mining of coal, iron
ores, limestone, fireclays and kaolin is alsc of great importance,

The tests revealed that from gbove raw materials coal,
quartzite and kaolin can be used for production of Al-Si alloys.

Regarding a raw material of the aluminium ihdustry it should
be noted that India has one of the largest reserves of bauxite
in the world. As per data at the beginning of 1982 the reserves
of this raw material is estimated to be 2,592 rln.t., which makes
8,3% of world reserves., Fror the above amount of bauxite Orissa

state share is 1,416.31 mln.t, which makes 55% of the national

reserves,




o
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5.2. Site for the EDU

For a purpose of this evaluation a .site for the EDU to be
loczted, as recommended by IPICOL, adjacent to the aluminium
plant being built by NALCO in the vicinity of Talcher. As an
alternative, the siting of the EDU is cornsidered close to the
IIDAL aluminium smelter located in the neighbourhood of Hirakud,

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

5.3. Sources of raw materials, materials and utilities

supply '

At present IRE, initiator of thils project, in region of
Cratrapur, Orissa state, is setting up an industrial corplex,
nzrely OSCON, intended to co-produce up to 30,000 tpy of sillima-
nite concentrate which is the main raw mzterial for production
of Al-Si alloys. According to IRE data the above corplex is
likely to be commissioned in early 1984,

In this state National Aluminium Corpany (NALCO) in vicinity
of Taléher and Koraput is constructing a large aluminium complex
(capacity: 800,000 tpy of alumina and 218,000 tpy of alurinium)
which ensures supply of alumina and alurinium for the EDU.
Cepacities of alumina production are projected toc be cormissicned
in 1985, and of aluminium production in 1986.

Coal should be delivered from Talcher Coal Mines, quartzite-
from Koraeput region, electrode paste - from Hirakud, In future
there is a possibility to supply kaolin from deposits of Sambalpur
and Hirskud region,

In Orissa state exists a developed network of power trans-—
rission lines and important capacities generating electric power

totaling at present to about 1,000 MA, with an expected increase i

up to 1,600 N by the end of 1985,

e

| i
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. According to the tentative data the EDU's requirement in
power will be 163.65 mln.k¥.hours per year, to be supplied from
the Talcher power system.

The supply sources planned and annual recuirements of the
main types of raw materials and materials for production of
Al-5i alloys.

Description Location ﬁgnsiie_v ggig?er fgiii%ud

ScIip megt  distance  distance
t t km i km
1 Sillimanite con- Chatrapur, " 11.352 300 650
centrate OSCOK ;
2 Kaolin Trivendram . 2.881 2.050 1.950
: Kersala :
5 Coal Talcher + 7.756 - 180
7 4 Petroleum coke Barawni, 5.762 1.860 . 1.450
i Assem ‘
5 Quartzite Orissa L 1,775 300 650
; ; i ; i
' 6 Cryolite, | Bombay | 48 1.780 | 1,250
[ ' ifluorides ! § ;
T !
+ 7 'Mlunina Karaput | 3.215 625 | 580
. t ¢ :
8  Electrode paste  Bhubaneshvar i830 130 . 260
. : x
‘9 éFuel 0il Visakhapatmam | 1,336 600 : 450
10 'Liquid aluminium Talcher 19781 | - -

- - . f i e e s bty BT % id M e L ) s e - ow

5.4, Local conditions

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

Feasibility Btudy has not been selected yet, a general description

of the Orissa state is given below.




“, 504010 Climate

The climate of Orissa is a hot and humid one. During all the
yéar the variations of the temperature is in the range of 25 to
28°C, an average maximum reaches 47°C and an everagge minimum -
5°C. The climate in Orissa is influenced by the monsoon air masses
moving from the Bay of Bengal. An annual rainfall is about 1,500
to 2,000 mm with 80% of it for a period from the middle of Juce
to the end of September. During the monsoon period there are.
heavy storms and cyclones on the Orissa's coast and almost every

year there are floods.
Agriculture and Industry

Orissa has the largest acount of forests in India. They
occupy 42% of the total state's area. This state forms a part
of the Great Rice Belt stretching alont the eastern coast of the
Indostan peninsula. Rice occupies about 80% of the state's sown
area. Usually after rice other grain and bean crops Tollow.
Batata, sugar cane, groumd nuts, sesamum, as well as chili end
tobacco are also of importance.

The most important industrial crop is Jjute, it occupies the
Kataka region where a network of irrigation channels is provided
for. ] |

Orissa is one of the main mining states in India., It suprlies
almost all chromite and graphite mined in the cowtry, over 1/3
of the manganese ore, quartzite and dolomite. Of a major importance
is the mining of the iron ore (containing up to 60% Fe), coal,
limestone, refractory clay, kaolin and bauxite.

The first major project of the state implemented in 19548-1957
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was the Hirakud hydroengineering compiex brilt on the Mahanadi
river. As a result a water storage was crected to supply water
for about 250,000 hectares of farmland. An installed capacity of
the complex was 270 MW,

On the basis of power from the Hirakuld complex and of the
Talcher cogl an iron aud steel plant in Rourkela was brought into
service, Then two ferromanganess plents were built, along with
the Paradip ﬁort in the Kahanadi river mouth and some other
projects. The aluminium industry of the stzte is represented by
two sumall aluminium smelters in the vicirnisy of Hirakud and
Sambalpur and slso by a major alumirium smelter close to Talcher

and a big alumina plant near Kareput being built by NALCO.
5.5. Environamental impact

The EDU's impact on a regional irfrastructure will no be
significant due to the fact that it will use an already established
and mainly built infrastructure of the aluzinium smelters located
near Telcher and Hirakud,

The EDU's influence on the region's ecology will manifest
itself in some pollution of the atmesrhere by dust and gases
produced in the course of the process., an amocunt of the dust and
gases after the gas cleaning stage is expressed as follows: dust -~
98 kg/hr, S0, - 46 kg/hr,

The maximum concentration of these pollutants in a surface
layer under the most unfavourable meteorological conditions, as

has been shown by the preliminary calculations of dispersion, at

- the boundary of a one kilometer zone will be as follows: dust -
0.17 mg/m}, sulphur dioxide - 0.030 ms/m?. These figures are less

than the maximum permissible concentrations for populated areas




N

according to the current sanitary norms of the Soviet Union. !
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5.6, Estimated costs

The estimates for construction of the EDU were prepared for
the wmit to be located on a site'of the plant being built. Due
to this trhey do not include a land acquisition cost as well as
costs conzected with the site's use,

The costs connected with preparation of the site for

construction are included into an estimate of the investment costs

for the briliings and structures, section 6.




¥ 2 6. TECHNOLOGY
6.1. Kinds of technologies for aluminium=—silicon alloys

) Casting aluminium-silicon alloys are generally produced by
the synthetic method which involves melting of electrolytic

aluminium and crystalline silicon.
The Soviet Union has geveloped and is successfully using
| on a commefciél scale an eiectrothermic retallurgical process
for production of silicon-aluminium alloys based on a direct
‘ reduction of aluminium and silicon from natural alumosilicztes
and other silica - containing aluminium ores in electric arc
! reduction furnzces.
In the electrothercic process raw materizls in a powder form
s (sillimanite, kzolin, alumina, coal and petroleum coke) are
proportioned, rixed with a binder additive, triquetted, dried
and transported to an electric arc furnace for reduction melting.
For silumin end other aluminium-silicon casting alloys a primary

alloy produced in the furnaces is diluted after refining with a

corresponding cuantity of an electrolytic or secondary alurinium
and also with copper, nickel and magnesium depending on a grade
to be produced.
One of the main advantages of the electrothermic process
of A1-Si alloys production is the possibility of using low-modulus

alumosilicate raw materials, such as kyanite, sillimanite,

kaolins, low-iron bauxites and others which can not be efficiently
treated to produce alumina and electrolytic aluminium,

Besides the above-mentioned electrothermal method in compari-

son with the synthetic one has the following advantages:
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reduction of the capital costs;

reduction of the power consumption;

no crystalline silicon used;

- lowering of the total electrolytic asluminium consumption
by 20-25%;

- usage of the major process unit of a substantially higher
_ power rating (active power rating of the electric arc reduction
furnaces used is 17000 k% while 175 kA electrolytic cells' power
reting is 750 kW, i.e. 22 times less);

- low electrode material consucption due to replacemeant of
an expensive anode paste by cheaper reductants-coal and petrcleum
coke (an anode paste consurcption is 565 kg per tonne of the
electrolytic eluminium, an electrode paste comsumption is 87 kg
per tonne of the refined A1-Si alloy, or 145 kg per tonne of alu-
minium in the alloy);

- low cryolite consumption (8 kg instead of 34 kg per tonne
of aluminium produced by the electrolytic method) =nd no aluminium
fluoride used; )

- lowering of fluoride emissions into the atmosphere;

- the use of cheaper alternate current in place of direct
current and consequently, elimination of the cepital costs for
instzllation of rectifying devices and also of the operation costs
for a current transformaticn.

Capital costs calculations and calculations of an electric
power consumption for silumin end other Al-Si casting alloys based
on operation data of a number of plants in the USSR conditions skow
that silurin and other Al-Si casting alloys production by the
electrothermal method in comparison with the synthetic method

e
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restlts in reduction of the capital costs = to 10% and a decrease

ir consumption of electric power by 4-8%.
6.2. Process selection, Major process parameters

Sillimanite is a quality raw naterial (A1205 - 61.5%, 8i0, -
37%, Fe203 - 0.1%) fgg;Al-Si alloys production by the electro-
~ernal method. Thus¥a sillimanite concentrate treatment on an
irdustrial scale the only process for Al-Si 2lloys production is
tze electrothermic process which consists in a reduction melting
¢ the feed to produce primary Al-Si alloy. To produce sillurin
a=d other casting Al-Si elloys, the primary ailoy after refirning
is éiluted with a corresponding qua=tity of electrolytic and
s2ccndery aluminium and alloying metals (copper, nickel, magnesium)

zrending upon the grade.
6.3. Principal process flow-skzet of Al1-3i alloys
production

Cerbon materials-lump ccal and petrcleun coke -~ used as
rzductants are received at the raw material storage znd, when
recessery, crushed in the jaw and roller crushers. Coal and coke
crushed up to =30 mm are transported by belt conveyors and en
elevator to the shaft-type mill for grinding., Coal and coke ground
2 to -1 mm are then transferred by the pneumatic conveyor irto
korpers in the feed preparation rocm,

At the raw materials storage there is a device for treating
the slag wastes. These wastes are separated into three fractions:

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

rreparation room hoppers, a coarse fraction rixed with lump coal

and quertzite is returned to the electric arc furnace for melting.
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The powdered sillimanite, alumina, kaolin are also fed into the
hoppers of the feed preparation room. There are also hoppers
there in which dust from the gas cleaning plaat and a medium
fraction 6f the waste slag are gathered. All powder components

of the feed are metered by continuous weighers and by. screw
conveyors are sent to a tlade mixer. A binder-rolasses solution
is added to the mixer. A mixed raw feed is tracsported to the
roller presées. Raw bricuettes with the help of vibration feeders
are fed into a conveyor drier where they are dried and consolida-
ted. The finished briquettes via a system of the vibration feeders
and belt conveyors are transported to the furece for rmelting,

A primary Al-Si 2lloy produced in the fiurnace is subjected
to high-temperature refirning and cast into ladles which are then
transported to a low-terrerature refining unit,

The furnace off-gaces are fed into a gas clearing system
from which the cleaned gases are discharged into tkhe atmosphere
and a collected dust is returned to the process.

Refined alloy is cast into holding furnaces where liguid
aluminium and mangenese are added. When the rcelt reaches a certain
temperature an excess iron, titenium and zirconium are filtered
out,

Filtered alloy is received in a collector of the filtering
furnace where it's alloyed with’copper, nickel, magnesium and
other components, depending on grades of Al-Si casting alloys
to be produced. After mixing and blending the alloy is analysed
and cast on a casting conveyor. Filtration residues are recovered
from the filtering furnaces funnels and transferred to an induc-

tion furnace for remelting to produce a commercial alloy -

silicoaluminium with a rather higher ccnteat of iron, manganese,
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titanium and zirconium.

A chemical analysis of silicoaluminium , 7%:

Si - 14-24; impurities, not more than: Fe - 4.5; Mn - 3.5;
i - 2,0; Zr - 2.0; Al - the rest.

Such alloy can be used in the iron and steel industry as
a complex steel deoxidizer. The using of silicoaluminium instecad
of a separate utilization of aluminium and ferrosilicon makes
it possible to produce more pure steel with a lower non-netal
impurities content. Silicoaluminium can elso be used a reductant
for ferroalloys production and a complex inoculant,

For determination of optimal alternative of gas=cleaning
for electric arc reduction furnace the following methods of
gas~cleaning have been exarined:

- dry gas-cleaning (in tag filters and electrostatic
precipitators), ensuring dust recycle into the process;

- wet gas-cleaning (in Ventury scrubbers), with this
method the captured dust is removed to the durmp,.

Analysis of calculations and techno-economic parameters
show that the dry gas-cleaning in electrostatic precipiteators

is the optimal alternative.
6.4, Brief description of major process equipment

The major process equipment of the EDU is listed bellow:

in the feed preparation room:

- a conveyer drying oven - 1pce;
in the alloy production and furnace room:
- an electric arc reduction furnace - 1 pce;
-~ a tilting rotary holding fwrnace with an

agitator - 2 pcs;s

- a filtration furnace with an agitator

2 pcs;

-
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- an induction electric furnace - 2 crucibles with 4 set of

electrical equipment.

Conveyer drying oven

The drying oven is used for drying briquetts. The oven
consists of a heat-insulated casing divided into 16 charbers,

a metal perforated belt made of movable Jjointed box-shaped
szctiors, fans supplying the dryirg asent separately to each
czamber excluding three last chambers used for briquetts
ccoling, an exhaust fan ensuring gas movement along the oven and
i%s removal *throughout a dust separator to the atmosphere,

A center-to-center distance of the driving shaft of a belt
tor is 37.4 m; a belt width is 1.5 m. The cacing dimensions:
leagth - 31.2 m, width - 3.3 m; keight - 3.9 m,

Drying oven specifications
Pafémefers. o ;Vﬁ;;t o£-~-‘ V;ih;.- % Eeméik'
reasure s
1. Capacity E t/br - 5-6 :
2. Residual moisture content ; |
of briquetts % - 1=2 ,
3. Fuel o0il consurmption for | ' ‘ .
firing - kg/hr  430-150
4, Power rating of installed ;' l
motors - kW i 93
I
L e |
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Flectric arc reduction furnace

The electric arc reduction furnace is used for primary
Al-Si alloy melting from a briquetted feed. The furnace consists
of an open rownd lined bath, three self-baking electrodes with
a steel casing, an exhaust hood with lifting curtains, an elect-
rode suspension and adjustment mechanism, a current lead mechanism
and an electric equipment including furnace transformers, coitrol
pannels and boards, an automatic controller, the equipzent cf a
transformer cooling system, a pump-and-accunulator stztion.

Each electric furnace is powered from 3 single-thase
furnace transformers JOIHK-2I000/II , each with a pcwer rating
of 8,333 kVa, operating voltage of 11,000/230-140 V, oil-water
cooling, with a built-in on-load tap changer on the secondary
side,

Buswork is delta-wired on the electrodes.

To compensate a reactive power of the furnace circuit znd
increase the power factor the furnace transformers include a
special booster transformer for connection of corrective capa-
citors. To bring the power factor of the unit to 0,9 the 11 kV
buswork is connected to a capacitor bank of power factor correc-
tion, Electrical paramcters of the furnace are automztically
controlled by a power controllers of type APP-1 by means of an
electrode movement.

Taphole opening is controlled by the stinger device cornected
to the phases of a secondary voltage of the transforrer,

Protection of the furnace transformers and their control is

achieved by means of HV circuit breakers of type BIL-10, located
in PY-11 kV rooms in a separate building,
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Current supply from the furnace transformers to the ele-
ctrodes is via the copper buswork consisting of 8 tubes of
220 mm O.D, and 20 mm wzll thickness and flexible copper strips,
moving current-carryirg system of electrode holders and contact
plates pressed to the electrodes. A btuswork current dexnsity is
0.85 A/mm? at an electrode operating current of 85 kA.

The moving current-carrying system consicts of two parts.
The lower paft includes contact plaéés with a pressure ring,
The plates are housed ir a cylindrical water-cooled split casing
acting as a seal focr the contact device of the system at the
point of eantry through the cover of the exhaust hood and protects
the system freom heat raiiation from the furnace tcp., The current-
carrying tubes of the lower system lead to tke current-collec-
ting part of the upper system suspended from the load-bearing
casing of the hydrauwlic 1liftirg device., Suspension and slipping
of the electrode is by rmeans of spring-loaded hydraulic devices
ccensisting of two pressure rings mounted on the suppori frawes
of the hydraulic 1lifting device. Slipping is performed by hyd-
raulic cylinders fitted between the pressure rings of the device,

Cables near the furnace ere lzid in tubes, and openly in
the electrical rooms., Fcwer and control cables up to 1000 V are
of grade EPBH and EBBI-T.

The furnace transfcrners aré located in a separate rcom
not far frem the furnace. The control,instrucentation and metéring
panels are located in the electrical rooms on the servics plat-
forms,

The cormon groundinzg circuit for the electrical eguipment

of all voltazes is provided. As a grounding conductor provision
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is mzde for the fourth cores of the power cables and steel _
|
> strips 25 x 4 mm, The table below shows specifications of the
electric furnace,
Specifications of Electric Arc Reduction Furnace |
E
Pzrameters Cz2it of Value Rerarks
Leasure
1. Iurnace power :
rating |
- total KVA 25.0 l
- active AN 17.0
2. Type of furnace three-phase
- open
5. Tspe of bath round
stationary
p4 &, Trpe of electrodes self-taking
with iron :
casing i
5. Tuzber of pc 3 !
electrodes ' . {
€. Electrode diameter =mm 1,400 i
7. Location of electro- . at apexes of an
des in bath ' eguilateral
i triangle _
8. Electrode circle  mm 3,100-3,300 variable at
diameter ' shutdown
. ©. Fumber of tapholes pc¢ 1
i )
i 10, Georetrical size
g of bath ;
; - depth mm 2,450 ‘
} ~ diameter o 6,800 i
~11. Fumber of furnace i
P : transformers pce 3 ?
i : '
: 12, 0ff=load voltage i
' of transformer v v 140-230
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Holding furnace

The holding furnace is designed for sze_ting of the refined
Al-Si alloys with aluminium and discharging tze elloy for
filtration. ’

The furnace consists of a welded cylizd-ical casing lined
with refractory bricks, aﬁ 0il burner, a hkyd-ez=lic 1lilting
device and an agitator umit,

The casing is provided with a tip usel Zo= chzrging and
discharging the alloy, a hole for the agitztizz it and a hHole
for the burner, two annular rims supported o= ro.lers fitted on
the foundation and a lug for linking to tke tluzzer of the
hydraulic 1ifting device,

The agitating device is of an electrczeszzr’c type. The

working merbers are built in heat-resistazts stzel,
The hydraulic lifting device consists ¢t oz2 pluzger, oil

puzpset, hydraulic equipment and controls.

Specifications
Parameters Unit cf Velue Remarks
| measure
; 1., leximum termperature | O¢ €50 _ )
2. Holding capacity (by Al-Si
alloy) ' t 30
3, Angle of rotatlion degree ¢ 60
4, Time of rotation S % 15-50
5. 0il consumption for heating ke/h | 70-90
6., Installed power of motors kW P14 ;
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Filtering furnace

The furnace is intended for filtering the alloy discharged
from the holding furnace and its alloying with a master alloy,
then discharging the alloy to the casting operations.

The furnace consists of a refractory-~lined welded cylindri-
cal casing, a removable cover and a motorised drive of the cover,
and two oil burners. A hole is provided in the furnace casing
for charging master alloys, flux and cleaning the furnace, with
a cover, a hole for the filtering hopper, two holes for burners,

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

Specifications
Pareznsters Tnit of . Value Rermarks
Zeasure ;
1. Leximum temperzture \ °a % ©50
2. Holding capacity (by Al-Si 5 |
alloy) Pt : 30
g |
3. Fuel o0il cozsumption ks/h i 80-100
4, Installed power of motors kW l 1.1

¢
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Induction furnace

The induction furnace is designed for melting a filter
residue, preparation of rmaster alloys, secondary refining of
A -Si alloy.

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

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

an inductor, magnetic cores, power plungers, and a cover with

the cover lifting and turning device,
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The inductor and bottom are of a removable type.

The crucible and furnace bottom are lined with special
refractory concrete.

The inductor is of a water-cooled, cylindrical, single-
layer, single-phase type made of copper tube of a specific
configuration.

Power supply to the electric furnace is via the flexible
water-cooled cable. The irductor is surrounded with a crown of
laminsted packs of magnetic cores intended for absorbing dessi-
rated energy from the irductor. The magnetic core packs aré
built in special steel znd iscleted from the inductor by spacers
of heat-resistant materiel,

The electric furnace is covered with a welded cover lined
with refractory concrete. The cover lifting and turning device
is byiraulic. Ketal is pouzed trrough the tip after tilting the
furnace through an aagle uwp to 400°, Tilt of the furnace is
controlled by meens of lirit switches., The hydraulic tilting
device consists of two rlungers, hydropower pack and hydraulic
equirrent.

The set of electricel equipment of the furnace includes:

a fuwrzace transformer, cozntrol end instrumentation panels, an
autorcatic controller of furnace operating paraheters of type
APVP, a capacitor bank, a contactor panel, a hydropower pack for
the furnace tilting hydrosystern, a tilt control panel, inductor
lining and insulation zlarms, a heater for inductor drying

with a control panel,

Each furnace is powered from a single-phase transformer

JOLE-2700/10-73y3 , oil-cooled, with power rating of 1,600 kVA,
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voltage 1100/1054-210 V and an on-load tap changer on the
secondary side of the transformer.
One set of the electrical equipment is provided for two crucibles
of the furnace.

To correct a reactive power and to maintzin a required
power factor provision is made for the capzcitor bank., Part
of the bank is permenently connected and thke othzr part is
connected according to the preset operatins coniitions.

Protection of the furnazce transformers azd cpesration is by
reans of HV circuit breakers of type B3-10, loczted in the
PY =11 kV room, Buswork of the capacitor bazk ard current-car-
rying system of the furnace are made of flatv zluzinium buses
on ingulators. Current density in buswork is C.5 A/mm?.

Cables inside the electrical rooms are orexly lzid, wherever
possible, near the furnzce - in a metal tube, Power and control
cables up to 1000 V zre rairly of grades EF> ani KB3i-T.

The induction furnaceé afe located cn the first storey
and the cgpacitor bank is sited in a direct vicizity of the
furnaces. The control and instrumentation pznels are built in
vo the wall recesses of the electrical rooms at the level of the
service platform. The furnace tilt control ranel is mounted next
to the furnace, becauce of the recessity to obscrve the metal
discherging operation from the furnace ares.

The hydropower pack is located in a sesarate room under
the service pletform,

The furnace transformers are installed in separate rooms

in conjuction with PY -11 kV.

Specifications of tihe furnace are shown in Table below,

|
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> Specifications
_ T T T .
! Parameters i Unit of | Value Remarks
| | measure
1. Holding capacity - % 6
: 2. Transformer power rating kVaA 1,600 s
. 3, Power demand
inductor . kW 1,C30
unit kW 1,10C
:’ 4, Nurber of phases
| power supply v 1 .
contour circuit 1 '
Ve 5. Frequency
, power supply Hz 50
, contour circuit - Hz 50 |
| 6. Nominal voltage 3
power suprly ‘ kV 10 «
contour circuit ; \' + 1,320
7. Power factor (Cos ) i '
before correction i , 0.109
after correction . i 1
8. Cooling water requirements ’ /b 15.0 l
9« Pressure drop of cooling
weter in inductor . m 29
& - — . - - S - ;m_._-_.,
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6.5. The electric loads and power requirements of the
> EDU are given in the Table below:
' Ser; User Power require- Annual power
No rent, k¥ requirenment
Hﬂ.ngkw-hr
1 Raw material storage with .
grinding dzpartment - 0.3 ; 1.05
2 'Reductants grindirg depart- 1 _
ment 0.3 , 1.15
3 Feed preparation roonm 0.45 © 1.6
| IAlloy production and furnace ;
; room 19.28 : 138.85
5 'Gas cleaning plant 1.25 - ¢
6 \Water recycle wit 1.0 % 7.5
' f
YA ' Compressor station | 0.75 4D
Totals 25.36 P 163.65

6.6, Estimated costs

An estinmated cost of the zZDU construction is determined on
the basis of calculations carried out in accordance with the
Initial data, which have teen prepared by a group of experts of
VALT Institute of MNinistry for non-ferrous metallurgy, of the USSR
in collaboration with IEE, the pr&moter of the project,

6.6.1. Technology cost

The cost of know-~-how of Soviet side was determined in smownt

of Rs, 2,0 rln, Taking into consideration the tax on know~how in
4
amoxmt of 40% of its cost the total sum of capital costs for

technology acquisition kakes Rs, 2.8 mln,
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6.6.2. Equipment cost

Capital costs for acquisition and erection of the equipment
include the following cost items: equirment and materials, erec-
Yion works, a primary stock of spare parts., Taking into account
that tte unit under consideration is of an experimental-demonstra-
tion type, a custom duty on the imported ecuipment is not included.

72 the present estimate the eguiprent is classified into the

following tyces:

6.6.2.1. Production equipment includirg the major process
equiprent, bandling equipment, electrical eguipment, instrumenta-
tion and automation (controls), equirrment for the mein process

operztions end other wits and machirery.

6.6.2.2, Auxiliary equipment incluiing the electric power
sgquipment, ccopressor station equiprment, letoratory, comzunication
ead signaling equiprment, in-plant senitery engineering equiprent,
water supply and sewerage systems equirment and other types of the
suxiliary equipment,

For calculations of the capital costs of the equipment the
costs of the equipment, materials and erection are adopted as
follows:

- for the equipment and materials supplied from the USSR - in
accordance with V/0 Tsvetmetpromeiport dataj

- for the equipment and materials supplied by the Indien side
(ventilation equipment, purps, process steel structures, pipes and
valves of cast iron) the initial data of the O3COM site were used.
The primery stock of spare parts (4% of the equipment coct), as

well as the cost of erection works are calculated in accordzance

%ith the initial data. A summary estimate of the capital costs of
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the equipment is given in Schedule 6.1.
Production costs of the maintenance &rnid current repair of
the equipment are assumed as a percentage oI <he equipment cost

-~

and included into the unit's overhead costs (lhzpter 7).
6.6,3%. Cost of buildings, structures e2i other civil works

The following cost items are included in an estimate of the
civil engineéring works:

- site preparation and development - lsv:sllirg;

- buildings and special civil works - ceczcstruction of buil-
dings and structures, special civil works incside tuildings and
structures: equipment foundations, eir chkzrtezs, pits and trenches,
lining with refractory bricks, heat insul=tI=z worke,

An estimate of the civil engineering woriis wes calculated
on the basis of conservative figures for crz-<Tities ¢f civil
works, building structural corponents and type of wcrks (earth-
work, foundations, roofings, frameworks e%c.) sad wes calculated
in accordance with order of magnitude unit rztes of civil engine-
ering works assumed in Initial data.

A summary estimate of the capital costs Zor cor:ztructing
the EDU's buildings and structures is given i= Sckeiule 6.2.

In accordance with initial data the azzu=1 expexditures on
maintenance and repair of buildings and struciures z-e assuzed
as the percentage of the total cost of civil enrireering works
and this cost has been included in composition of trhe unit's
overhead cost (Chapter 7).

A township to be provided for the EDU's perscnzel with a
total estimated cost of Rs.4.3 mln, Thie fisure was arrived at

in a similar way for the figure of a townskip for the OSCOL's

personnel,
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In a financial analysis of the project zpart from the initial

capital investment an additional expenditure is included covering
construction of the gas cleaning plant (Rs. 31.2 mln.). This
expenditure to be effected after the EDU has reached its total
annual capacity.

Sckhedule 6.1

- . S e v e— ——— e ® . ¢ | - L

Estimate of investment costs

Equipment

" 777 Project: EDU

" Costs, Rs.thous.

Ser, Description ; fdreign' including ~ local Total
Ko, { supplies
| from third
g countries
1 Raw materials storage  4.882 - 455  5.337
{
2 Raw material grinding i
department 1.861 - 421 2.282
Feed preparation room | 8.419 . - 1.512 5.531
Alloy production and | f
furnace room 163,166 !} 2.002 1.148 64.314
5 DPower spply | 15.254 Po- 23 13.277
6 Cocpressor station 1.267 1 - 92 1,339
7 Vater supply and §
sewerage networks 125 - 730 €55
8 Lichting 225 - 2 227
Totals | 94,543 ) 2,002, 6,650  101.193
!
9 | Erection - - 1.697 11.697
Total, including | f
erection i94.543 ¥ 2,002 18.347 112.89%0
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Schedule 6,2

" Civil engineering workg

o e e B SE e e em

Estimate of investment costs

e e~ e —— —— . —— e —— — o e - oot Sl 1 W S8 e e e P, . PSRN

Project: EDU

- e ——

§§r * Description éo sts, Rs.thous.
i ‘Foreign  Local  Total
1 ? Levelling - 2,620 2,620
2 | Buildings and structures i .
2.1 ' Raw material storage - 2,821 2,821
2.2 Raw material grinding
department - 755 755
2.3 Feed preparetion room - 5,486 5,486
2.4 Alloy production and furnaces
room ; - 50,850 3C,850
2.5 DPneumatic conveyor trestle '!
with conveyor gallery - 1,588 1,338
2.6 Power supply - ©94 694
2.7 Ccmpressor house - 285 285
2.8 Motor roads - : 1.224 1,224
2.9 | Water recycle ucit - 846 E46
2.10 , Water surply and sewerage
| networks - : 634 €34
2.11 ; Site development and ‘
' lighting - 96 96
Sub—total, item 2: - 1 45,009 45,079
; Ev;nsh;_p e i v : 4,596“‘4,290 -
Totals - 51,989 51,989 |
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7. EDT'S STATUS, OVERHEAD AND OTHER COSTS

7.1« BDU's status

As has been mentioned above, the EDU to te located in the
vicinity of the smelter being built. It was assuced that the EDU
will be a pert of the aluminium project, fror z= orzanizational
point o2 view. It is also assumed that in the Irzzework of the
smelter tze arrangements will be made for ma-zi=c= tze DU, for the
running azd major repairs of the equiprent, tulldinss and structures
as we_l as for an external transport service.

T-e main structural process unit of the DT is the alloy
production gad furnace room, The production w=its providing the
process rneedls zre as follows: the raw materiel storzge with the
reducterts grinding departrment, the compresscr stztlicn, the water
recycle uzit, the power supply facilities,

T-e expenditures formed as a result of tzz =eztlerials and
power used in the above units, are included ixzIo <tke vroduction
costs azd are deterrcined by the corresponding czlctlations in

secticn 4,
7.2 Overhead operating costs

The overnead operating costs include the f£cllowing:

- costs Zor the maintenance,'running repeir exd servicing the
buildings and structures at 0,5% of their cost, the same for the
equipre-t-at 2.5% of the total equipment costs, eccording to the
Initial d=te;

- costs of the wages and salaries of tke nca-productive
workers, engineers and technicians, clerical staff and servicing

persornel are in accordance with a calculation givea in section 8

(manpower);
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- miscellaneous costs (lighting, ventilation, air condition-
ing, drinking water) - at 0.5% of the overhead costs;
- indirect costs, sales expenses determined in section 3,

For a summary estimate of the overhead operating costs for

the EDU see Schedule 7.1.
7.5. Depreciation

¥hen calculating the total production cost of the manufacture
of Al-Si alloys for a financial-economic evaluation of this
project (section 1C) the depreciation and financiel charges
(payrent of an interest for the loans for finencing the construc-
tion) are added to the operating costs.

A depreciatior rete is deterrined on the basis of the

following rates assured from the Initizl data:

- equipment - 10%
- buildings a=d structures - 3%
- preliminary expenses - 10%

When determining the deprecistion, the capitalized interests,
as well as a cost ¢f the township and the curreat assets were not

teken into accowmt,
7.4, Income tex

fn income tax is tsken to be 57.75% of the taxed profit
(55% - tb2 income tax + 5% surcharge of the income tax were taken
according to the Izitial data).

If the first cperating years give losses, the tax to be

paid after the losses have been covered.




Estimate of production

Overhead and operating

Project: EDU

Unit of

Ser.. .
No. Value measure
1
1.1 2.5 Percentage of
equipment cost
1.2 C.5 Percentage of !
buildings and !
structures
cost
|
2 |
2.1 j
2.2 .
!
2.3 )
2.4
; i
3 3 0.5 | Percentage of
‘ t { items 1 and 2
é
4 - i -

o B e — - . ——

1+ et

Schedule 7.1

costs
costs

1

Deséription Costs, Rs.thous,

Local Arount -
. ' costs foreign local  total
Maintenance, current repair and
servicing
Equipment : Rs.thous. 112,8% - 2,822 2,822
Buildings and structures ' do 45,079 - = 225 225
Sub-total, item 1 - f - 3,047 3,047
Wages and salaries
Non-productive workers Rs.thous., = - 775 773
Engineers and technicians . do - - 521 521
!
Clerical staff : do - P - 34 34
i !
Servicing personnel L do - b 78 78
‘ ‘
Sub-total, item 2 - - {o- 1,406 1,406
Miscellaneous unit's costs Rs.thous, 4,453 ; - 22 22
]
‘ .
e e e i
Sub-total,unit's overhead ;
costs 4,475 4,475
i i i .
Indirect costs Rs.thous. - { - 16,228 16.228
Totals - . = 120,703 20,703




8. MANPOWER
®

Based on the composition of the EDU units end the regime of
operation of mejor process equipment the totel nomber of producti~
on personnel was estimated of 240 persons, including:

- direct production workers - 154 rersons

- indirect labour - 53 persons

- engineers, technicels and ofZfice steff - 27 persons

- maintensnce staff - 6 persons.

The wages end selaries costs were estimated on the basis of
everage monthly wages by cetegories of lebour assumed as per the
earlier Feasibility Report end the projected nomber of workers,

The cost estimate is given in Schedule 8-1,

Schedule &-1
¢
PRODUCTION COSTS
WAGES ARD SALARIES
UKRIT: EDU
SN | Lebour cgtééory NowGEWAQQEAg;'Zﬂﬁaéiﬁhlia%gﬁgééjmmnnfotal
wor- morn*hly wege insurence, costs,
kers wage,Rs fund, fringe benefitsks.
; Rs. ~—percen=- emount,thous
| thous., tege,% Rs.tho-
; USe.
1 Direct production |
~workers 154 . 740 1404 60 842 2246
2  Indirect lebour 53 . 760 483 60 290 773
TOTAL of workers 2071 - 1837 - 4132 3019
3 'Engineers end tech- %
‘nicians 25 . 1240 372 40 149 521
* 4 . Office staff 2  e15 21 ' 60 13 34

.5 Meintenence personnel 6 680 49 ‘ 60 29 7§
: TOTAL 240 - 2329 - 191 3652
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9, PrOJECT IMPLEMENTATIOR

9.1, Programme and EDU project implemertstion schedule

To evaluate the EDU project the following programme of EDU
project implementation was selected for celculatiors:

- before the beginning of construction - the geotechnicel
survey,site development, preparing the basic engineering for
process pert of the design end detailed engireering for otker
EDU units, issuing ordering specificetions;

- before the start-up of production-construction activities
for vwo years;

- supply end erection of the equipment for 1.5 yeers siesrting
from the lest querter of the first year of ccustructiion;

~ putting into operetion the production fecilities in the
third year after sterting construction comprising cne eleciric-
arc reduction furnace;

- stert procducing finished products elso from the third year
end reaching a full design cepecity of the ZLU in the fifth year
from the beginning of construction.

The project implementation schedule prepered in conforzity

with this progremme is given at the end of the chepier.

9,2, Evaluation of IDU locetion variants

Additionally the elternetive variant of construction of enelo-

gue unit producing eluminium -~ silicon &lloy in region of opera-
ting aluminium smelter in Hirekud was considered. This variant
wes evelueted by trensport charges for rew materiels as cozpered

with the site in Telcher region,
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The comparative calculetion given below was cerried out 1 ising
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 / or initial data on cost of transport cherges (Rs.0.4 per 1 t/km)

and the sources of suprly of raw meteriels and mejor materials,.

1 Variants
i~ Talcher region Hirakud region
; ; site site
Description of | Source of e -
rew material i supply gquanti- amount, quenti- amount
; ties to Rs. ties to Rs.000
’ be trans- be trens-
! ported, ported,
’ thous., thous.
t /km t/km
1. Sillimenite con- Chairapur,
centrate (Orissa State) 3406 13€2 7379 2952
2. Kaolin Trivendrem
(Kerala State) 5906 2362 5618 2247
3. Coal Telcher - - 1396 558
N 4, Petroleum coke Berauni(Assam
' State) 10717 4287 8355 3342
5. Quartzite Orissa State 533 213 1154 462
6. Feolin, salts Bombay 1189 476 835 334
Te ilumina Kereput 2009 804 1865 746
8. Electrode paste Bhubaneshwar 108 43 216 86
9. Puel oil Vizeghaepatnam 2072 829 1554 622
10, Liquid elumi- Localy avai-
nium lable - - - -
TOTAL 10376 - 11349

As it can be seen from the above calculation the EDU location
at Hirekud site (with other conditions equel) determines the
increese of operating costs at the expence of trensport charges

for raw meaterials by Rs. 973,000 per year or the respective dec-




rease of the profit resulting in decrease of toiel profitebility

v of EDU at this site by 0.5%.

9,3. Cost Estimete for Project Ipplementetion

The project implementation costs formed at the stages of
construction preparetion, commissioning and reaching the design
capecily were determined according to "Initial deta".

A composition end volume of the costs are as follows:

- poft charges, transport charges to the siie, insurence are
included in emount of 5% of imported equipment costis;

- works required for construction including temporery buil-
dings and structures - 3% of the civil end erection works'
costs;

- engineering works - 2.5% of the construction cost;

] - start-up and commigsioning operetions - Es. 910 thous,accord:

ing to Supplier's estimete;

- administrative recruitment build-up, kiring end training
the personnel, contracts oxd supplies and products' shipping -
Rs. 1 thous/year per one expert;

- treining the Indien experts in the USSR end sccomodetion
to the Soviet experts deputied to India for construction end
erection supervision, starting-up end commissioning wocrks during
an initial period end performance guerantee tesis - at the rate
of Rs. 740 thous., and Rs 3830 thous., respectively, was determined
by the Soviet side, An income tex for services of the Soviet
experts is assumed to be 40% of the foreign currercy component

+ for remuneration of { he Soviet experts;

- accomodation of the management of the plant under construc-

tion - at 0.3% of the construction costs;




- control and coordination - at 1.5% of the construction

' cost.

Besices, the estimate includes contingencies at 10% of all
the costs but cost of colony and of & pert of the equipment in
the alloy production & furnace room to te bought by the Indien
side in the third countries.

In the estimates the preliminsry period costs to be written-
off during the construction period,

A summery list of the project implecentetion costs is given
in Schedule 9-1.

Schedule 9-1
Estimste of investment cosis T o
Project implementation o T
A " Broject title - EDU
Ser. ity Uit Deseription 008 Ravtnous.
- Ko, , fore- | indige-' total
: _ , ign . nous
Ly 2y K3 5 6 . 1T
1 , Port charges, transport, :
i insurance - 4627 4627
2 ; Works required for const- - 1782 1782
. ruction, including tempo-~
3 rary buildings end struc-
f tures
3 , Engineering 1586 2379 34965
!
4 ' Stert-up end commissioning - 910 - 910
5 Administretive recruitment
build=-up, hiring end train- ‘
ing the perscnnel - 5 5
! i :
6 'Know-how 2000 | - 2000
i i ;
) 4 7 Tax on know=how - 800 800
| : ‘
8 ) Training Indian experts 955 785 1740
. in the Soviet Union é
‘ |
,




12 3 4 5 6 7

9 Accomodetion of Soviet ex-
perts deputied to India
for construction and erec-
tion supervision, start-up
gnd commissioning during
early operations and per-
formence .guerentee tests,
collection of initial da-

ta for deteiled engineering 2767 1063 3830
.10 Income texes for services
of Soviet experts - 1107 1107
-1 Control, cocrdinetion,
stert-up & commissioning - 2409 2409
12 Contingencies L1846 2825 7671
TOTAL 22154 18692 30846

10, FINAKCIAL AND ECOKOMIC DVALTATZICN

In present chapter the enalysis of E=U project 1s presented.
The enalysis is besed on unit's full cepeciiy (production of
28,200 tpy of eluminium-silicon alloys).

The expenditures on construction and cperstiion of the plent
were calculated at price level of 1982,up-ce-eé in June 1983 in
Orissa State government without teking iric eccourt the escela-
tion. The foreign component of invesiment costis ves determined
on rupee eguivalent of 1 rouble = 10 rupees in eccordence with
egreement between USSR end India for construciion of industrial
projectse.

The enalysis includes:

- calculetion of cash-flow starting from the first year of

construction of EDUj
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- calculation of profits end losses by years of operation;

- calculation of projected balance sheet for all period of
construction and operation;

- celculetion of internal rate of return based on deterrina-
tion of net present velue of EIDU construction project;

- calculaetion of totel profitebility, including determina-
tion of simple rete of return on investment end equity cepital;

- calculation of investiment pey-back period;

- determiaetion of break-even level of operation;

- gensitivity anelysise.

Economic evaluation consists in sumiarized determinetion of
requirements in cepitel investment costs, working cepitel, totel
current assets, production costis aad sources of finence. The eva-
lugtion is based on determined capital investments in consgtruc-
tion of buildings end civil work, site preperation, acquisition
end erection of equipment, pre-prro@uction expenditures, materials
and utility inputs, menpower, other overheads, as well as on detsa

on finencing, deprecietion, tex regulationg etce
1041s Total irvestment costs

Total investment costs in £DU construction, determiued by
summarizing of fixed cepitel (initial investments end pre-pro-
duction cepital costs) end current assets, meke Rs. 212.8 mln,
including initiel investment of Rs. 172.3 mln, pre-production
costs of ©s. 23.4 mln. and current essets of rs. 17.1 mln,

Besidesg, the calculations include the additional cepitsl in-
vestment for gas cleerning unit in amount of Rs. 31.2 mln. In this

connection the total investment costs amount to Rse. 244.0 mln,
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v The investment costs and their break-down by years ere suma-

riesed in Schedules 40-5 and 10-6.

10e1.1. Pixed asseis

N

As indicated fixed assets comprise iritiel invesiments and
pre=-production capital costs,.

Fixed assets in amount of Rs. 195.7 mln are determined on
the basis of;calculations of invesiment costs by cost items pre-
sented in chapters 6 end 9.

These cost comprises:

Rs. 2620 thous.

- site preparetion and development

- buildings erd structures, Rs. 49369 thous,

including housing colony Rs. 4290 tthous.

- technology (know-how incl.iex) Rs. 2800 thous.

- equipment - Rg. 105820 thous,
incl. indigenous -~ Rs. €650 thous.
supplied from the USSR - Rs.97168 tkous.
purchesed in third countries - rs. 2002 thous.
- equipment erection - Rse. 11697 thous.
- pre-production costs - Rs. 23419 thous,

TOTAL - Rg., 195725 thous,

While determining the equipment cost the port and trensport
charges for delivery of imported equipment to the jobsite, are
elso included edditionally in emount of Rs. 4627 thous.
The fixed capitel investment by cost items are given in Sched:-
le 10-1, and their break-down by years of construction - in Sche-
’ dule 10-2%,

* The Schedules of this section are given inthe end of this
. Chapter
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10s1e2+ Working capital

Net working capitel, defined as required current assets minus
current liabilities, comprise inventories (raw materiels, auxili-
ary meterials and supplies, finished product), cost of alloys
sent but not peid by Clients €ccounts receivable) and cesh.

Celculetion of total amourt of current assets and require-
ments in working cepital is besed on technologicel date on emount
of inventofiea of rew meteriels and supplies expressed in deys
and their costs in accordance with Estimate of ernusl operating
costs, which is determined in its tvrn on the basis of production
costs, ennumerated in Chapters 3,4 and 7 end summarized in
Schedule 10=3,

Inventory of finiched product is calculeted basing on opere-
ting costs, net of sales cost, in emount of one week teling into
account the anelysis of existing alloy supply period.

In accordance with UKIDO guidelines the sales of finished
products end acquisition of meterials is essumed by deferred
peyments (for the calculations the accounts peyeble are assumed
for 7 days, The receivebles (debtors) are determined on the
basis of opereting costs, end accounts payable (current liebili-
ties) - on the besis of raw meteriels, production end euxiliery
materials,

Cash=in-hand is determined’in amount ensuring two week sela-
ries and weges to be paid and overheads to be covered.

Calculation of working capital requirements is provided in

Schedule 10-4,

10.2. Project Financing

The equity capital of the government and loaned assets in




o

- 91 = i

ratio 1:2 are assumed as the sources of financing of experimen-
vy tal dembnstration unit construction (excludings the expenditures

on housing colony construction, to be finenced by the eguity
capital). The part of loan to cover the imported equipment sup-
ply and Soviet technology (Rs. 94.5 mln) is to be financed by
Supplier's credit. The remaining portion of loan to be covered
by long-term national loan.

€5% of totel reguirement for working capital ere covered by
short-term loan at 18.5% of ennuel interest rele. The balenced
35% of working cepital are cepitalised end finenced with the
seme terms &s the fixed cepitale.

As said sbove the part of requirement in current ausets is

included in form of current liebilitiese.
10.2.1. Equity Cepital

The EDU construction finencing is assumed initially by go-
vermment equities. Basing on above ratio the equity capitel
emount to Rs. 63.8 mln.

Teking into accouv~t the housing colony cost and the portion
of working cepital, tle total amount - of assets to be fi-

nanced by government equities makes Rs. 6y.7 mln,

104220 Long-term Fational loan

Amount of long-term netional loen is Rs. 36.4 mln.
The loan is appliczble with 12.5% of interest rete under condi-
tion of loan repeyment by equel installements for the period of

¢ 10 yeers starting from the next year efter plent commissioning.

Interest charged on loan in costruction period is added to

loan end is repeid together with initial loen sum.
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10e2.3« Supplier! credit

Supplier's credit is determined in emount of Rs. 94.5 mln
(or 44.4% of total amount of current assets end fixed cepital)
ig essumed with 4% interest rete end repayment by equal imstal-
lements for 10 years starting from the next year after plent
commissioning.,.

Cepitelized interest on credit in caelculetions is considered
in total emount of credit end repeid in period of credit gepay-
ment on the same terms.

Credit is given under seperete egreement “etween competent
orgenizetions of Supplier end the Indian sice.

¥hile determirning the credit eamount the cost of imported egui-
poent was assumed ir celculations witbout corsidering the purcha-

ses from third countries to be effected by InZiian side.

10.2¢4+ Loen on working cepital

Funds for working capital at €5% of totel requirement (Rs.
9.1 mln) are to be obtained in form of short-iterm loan at 18.5%
of interest rate., This loen is not to be repeid, but at the
end of plant designed operation period the lozn is considered
in its sezlvege vzlue.

The finencing of totel requirements in funds by sources and
the break-down of financing by yeers ere sumrmarized in Schedules

1C-T, 10=8,
10.2456 Yeriod of operastion

To enalyse the cash irflow (in form of socurces of fineance
end seles revenue) end cash outflow (investment costs, production

costs etc.) the plent operation period is assumed for 15 yeers,




- 93 -

At the end of t.is period the salvage value (housing colony +
working capital+cost of fixed capital net of deprecietion) is

considered.
10.3. Total production cosis

Production costs were determined on the basis of Estimate
of annual operating costs, calcuistiocn of deprecietion end inte-
rest in period of construction cai;ulated as totel ennusl sum
of alloys production costs for the totel period of EDU operetion.
Production costs are shown by masjor cost items in agregated form

with their break-down ty years of operetion in Schedule 10-9.
10.4+ Financisl Evalustion

?o eveluate finencielly the implemeniation of construction
of experimential~deronstretion uznit *he calculaticns of cesh-f1low,
of net income stetement (profits end losses), projected valence
sheet by years of operstion for 15 yeaers were worked out.

The finencial enelysis ig besed on the following basic prices:i

1) price ¢f e luminium-silicon alloy - Rs.23,000/t;

2) price of aluminium - Rs. 19,600/t

3) price of power ~ Rs. 371/1C00 kVh

4) price of fuel oil - Re, 371/1CCC kWH

The celculation of viabilify of the EDU project include the de-
termination of the internal retes of return on investment and
equities, of the pey-back period end tresk-even points.

The financiel enalysis is worked out using the computer prog-
remmes developead by VAMI Institute. The computer printing of fi-

nencial aenalysis results with besic prices includes the following

celculetions. i
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1, Cash-flow for financial planning (Schedule 10-10)

2. Net income statement (Schedule 10-11)

3. Projected balence sheet (Schedule 10-12)

4, Calculation of internsl rate of return (Schedule 10-13)

The profitebility of EDU project based on basic prices is
cheracterised by following indicators:

- inte;nal rate of return on investment - 24.8%

- inte;hal rate of return on equities - 23.9%

- pey-beack period - 5 yeers

- break-even point - 46.4%.

10.4.1.1. Internal rate of return

The internzl rete of return represents the profitebility
fector at which the total volue of projected receipts is equal
to the emount of the current investment, or put enother wey,
when the net present velue is equal to zero. The internal rate
of return was celculeted by discounting obteined values througho-
ut the time to their present value.

Calculeted in such a way on the basis of deta provided in
Sctedule 10-13 of net income,the internal retes of return on

equities and the totel invested capitel meke 23.9% and 24.8%

respectively.
10e4e1.2. Simple rate of return

Simple rate of reiurn cheracterised by the retio of met ircome

versus equiiy capital ie celculeted for eech year of EDJ ope-
rating period. The values of simple rate of return are given in
Schedule 10-12 FKet income Statement (Profits and losses). Additi-

onelly the ratio of seles revenues to net income is shdown by yeaers




of operating period.

10e4.143¢ Pay-back period

The pay-back period of 5 years after the beginning of unit
operation was determined by period required to recuperate the
initial investment outlasy trrocugh the profits earned by the pro-
ject after tax. For pey-back period determination interest and
depreciation were edied to ret profit.

Grephical determinetion of pey-back period is shown at the

end of the chepter.

10.4.2. Breck-even point

The breek-even point determines the level of cepacity utili-
sation, when the breek-even cperstion would be reached or in
other terms the seles reverzes would be equsl to rroduction costise.

Such an operation is insured through 46.4% of the erc reduc ~
tion furnace capecity utilisation (in physical quentities this ve=
lue is equal t0 4,430 t of rrimary refined slloy).

The minimum quentity of commerciel Al-Si alloys produced at
this level is determined at 13,100 tpy (with basic price level).

Grephicel determination of break-even point is shown et ihe

end of the chapter,

For determination of bresk-even point the enrual financing
costs and deprecistion were included in fixed costs as average

annuel value for the total estimated operating pe-iod.

10.4 43, Sensitivity enalysis

The sensitivity anelysis includes the study of influence of:

- price of alloys,
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- price of aluminium,

- price of power,

- price of fuel o0il
on internal rate of return and break-even point.

For each price of alloys and fuel oil the sensitivity anely-
sis was worked out to determine the influence on aluminium end po-
wer prices. The impact of each of these parsmeters is shown in
Schedule 10414 "Sensitivity Analysis™ at the end of the chapter
(For the varients which are not viable the internal rate of re-

turn has & symbol 777.7).

Influence of slloy prices

The alloy prices were considered within the range of Rs.21,C00
to 27,000 per 1 tonne with en intervel of Rs. 1C00. The diviation
from the basic price level (Rs. 23,000/t) mekes - 9% to +17%,

Th. enelysis shows that thé project can be vieble even witn
the minimum level of alloy price, but the price of eluminium used

has 1ot to exceed the level of Rs. 18,000-18,5C0 per 1 tonne.

Influence of eluminium prices

The aluminium prices were considered within the range of
Rs. 17,000 to 22,000 per 1 tomne (with devietion from basic level
of +13%).

Its impact on viability le%el is significent which is condi-
tionned by the high cost component of aluminium in total amount
of operating costs (70%). The tendency prevailing at present at
the world merket to decrease the price of metal (considerebly
lower the minimum level assumed for calculations) ensures the

economic viability of t e project.
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Influence of power prices |

The power price was studied within the range of Rs. 371 (besic
price) to Rs. 500 per 1C00 kwH (+35% from basic variant).

The enelysis shows that the project &s a whole remains viable
even with the price of power of Rs. 500/1000 kwH, but the elumi-

nium price has not to exceed Rs. 20,000 per 1 tonne.

Influence of fuel o0il prices

The fuel cost mekes less than 2% out of thetctal amount of
. operating costs, thus the varietion of fuel o0il prices doesn't
irfluence significently the viability of the project. For the
increase of fuel oil price of +10% assumed in calculations the

irternal rate of return decreases only bty 0.4%.

The totel effect of veriebles

The totel effect of veriables characterises the viebility end
treaek-even level of the EDU project in best (high alloy prices and
low prices of meteriels end utilities used) end worst conditions
(low elloy prices and high prices of meterials erd utilities).

In best conditions the internel rate of return on investment
increeses up to €2.9%, and IRR on equities - up to €3.6%, the
break-even point reduces down to 17.8% of cepacity utilisation
(or to 1,700 t of primery refined alloy).With the low price of
elloys the project viebility dépends on the cost of eluminium
used in preoduction of commercial aluminium-silicon e&lloys. With
the price of metal exceeding Rs. 18,000-18,500 per 1 tonne the
production of commercial Al-Si alloys is not viable, but <he
project es a whole is vieble for the rroduction of primary re-

fined alloy, as the influence of other variable costs on the
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rate of reiturn is less important as compared with eluminium.

The interconnection of all parameters end their influence on

internal rate of return (on equities) are illustrated on the diag-

ramme of sensitivity anslysis given below at the end of the Chapiex

10.5. Conclusions

The financial end economic evaluation carried out fof expe-
rimental demonstration unit located at Talcher Site shows its
high profitability. As compared with the evaluation of similar
unit at OSCOM site, the internal ra-e of return on totel invest-
ment as well as on its equity portion, for the present project
in absolute velues is nigher by 8.5% with the respective recduc-
tion of breask-even operetion point (in physicel quentities of arc
reduction furnace capacity) from 7,270 t to 4,430 t of primery
refined elloy.

The irncrease of profitability (viebility) of EDU construction
project by more then 40% as compeared with its locaticz &t OSCOM
site is meinly determined by significant reduction in annual slu-
minium consumption (by more than 1,800 t or by 8%) end by iis

utilisation in liquid state.




Pixed investment costs

Schedule 10-1

Rs.000

i Item "“rIﬁveéfmeﬁi“cafééa;§_—"“’{?oreiéﬁ_rmidagl Total
! T )
1 ~ Site preparation and deve- E
- lopment ;
1.1 | Site levelling - 2620 2620
2 - Civil works ,
2.1 Buildings end structures - 45079 45079
2.2 : Housing colony - 4290 4290
| Total of buildings end
* structures including
housing colonoy - 4°369 49369
3 i Technology
3.1 Know-how 2000 - 20C0
3.2 Tax on know-how - 8C0 800
' Totel of technology 2000 8000 2800
4 : Production equipment
!
4.1 ' Indigenous - 6650 6650
4.2 ' Supplied from the USSR 92541 - 92541
4.3 ; Purchased from third count-
; ries 2002 - 2002
4.4 | Port charges, transport,
insurance - 4627 4627
4.5 Erection - 11697 11697
Total of production equipment 94543 22974 117517
5 Pre-production expenditures
for project implementation 10154 13265 23419
GRAND TOTAL of fixed cepital
investment 106697 89028 195725
including housing colony - 4290

4290




——— ey

i‘.S o CGO

art=up, comml-’

Period Congtruciicn ssioning and Total
operction |
T yer I | 2 34
‘-;ést. cost tore- 1local E total fore=- local total fore- local total fore- localr;otal

category ten | i e ' A
1. Fixed investment cosis 28455 33332 i 61787 68088 4CC91 108179 =~ 2340 2340 96543 75463 1723C6 |
1.1. Site preparation end de- ; : l

velopment - 2620 ° 2620 - - - - - - - 2620 2620 |
1.2, Builaings and structures - 27047 | 27047 - 18032 18C32 - - - - 45079 45C79
1.3. Housing colony - 1570 | 1570 - 2720 2720 - = - - 4290 4290
1.4. Technology 20600 800 28C0 - - - - - - 2CCC 8CC 28C0
1.5. Production equipment 26455 1295 | 27750 68088 9982 78070 - - - 94543 11277 105220
1.6. Erection works - - - - 9357 9357 - 2340 2340 - 11697 11637
2. Pre-production costs 3578 6379 9957 5652 4520 10172 924 2366 3290 10154 13265 23419
2.1. Temporary buildings and | |

structures - 1782 - 1782 - - - - - - - 1782 1782
2.2. Design engineering 1586 = 2379 . 3965 - - - - - - 1586 2379 3465
2.3, Start-up and commissioning - - |- - - - - 910 910 = 910 510
2.4. Administration staff re-

cruitment, training of

personnel, provision for : i

sales and supplies, ma- ,

nagement costs, conirol i '

and coordirnation - i 440 . 440 - 1344 1344 - 630 63C - 2414 2414
2.5. Iraining of Indian spe- f ;

cialists in the USSR 425 | 360 . 185 530 425 955 - - - 955 785 1740
2.6. Accomodation of Soviet _ |

experts dispatched to In- i ;

dia for designer and erect- ,

ion supervision, stari-up :

and comnissioning, tax on ‘ ‘

services of Soviet exterts 230 207 437 1657 1300 2957 880 663 1543 2767 2170 4937
2.7. Contingencies 1337 1211 2548 3465 1451 4416 A4 163 207 4846 2825 7671

TOTAL of items 1 and 2 32033 39711 71744 73740 421611 118351 924 47C6 5630 1C6697 £3028 195725
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Schedule 10-=3
Estimate of annual operating costs
18,000
Period N Stari—upréhd-ééﬁ;-m-Fﬁil cepa-
missioning city ope-
: | | retion
Year 3 4 ' 5-th end
; others
Production programmé,é>wr4d _T>‘mé0"<§ 100
. Cetegory - ) i ) i
' 1. Rew materials . 28353 42529 | 70882
f 1.1, Sillimanite concentrate ; 4541 %6812 g 11353
1.2. Keolin | 2535 3803 é 6338
1.3. Alumina 3614 5420 i 9034
1.4, Quartzite 142 213 355
1.5. Coal 931 1396 2321
1.6 Petroleum coke 13829 | 2CT743 34572
1.7+ Binder-molasses é 168 ;253 421
1.6. Zlectrode paste . 2593 ;3889 | 6482
2. Electrolytic aluminium % 154770 %232154 | 386924
3. Master elloys L eros 9613 16021
4. Auriliery end other meterials ; 1378 ;2090 | 3469
5. Utilities . ] 27566 41348 | 68913
5.1, Electric power 21940 | 32911 54851
5¢2¢ Fuel 4144 6215 10358
5.3, Others 1482 12022 2704
| Total for méteriélg';;&ww‘mﬁmw-‘
utilities 218475 327734 546209
6. Wages of direct manpower 2246 i2246 2246
7. Factory overhead costs 14475 24475 | | 4475
)
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Period  Start-up and com- ! Full capa-
- missioning : city ope-
‘ - ration
T Mm‘féér - ”“?"% “3 r 4 ; S-tg end
\ others
o Production prograuce, 40 | 60 100
pie '
Category
T.1e Meintenence and repair of _
buildings end civil work 225 225 225
7«2« Meintenance of equipment
end mechanisms 2822 2822 2822
Te3e Salaries of manegerial end
services staff and indirect :
lebour 1406 4006 1406
Te4e Other factory costs 22 22 22
Total for factory producti-
on costs 225196 334455 552930
8 Other indirect costs 1€228 16228 16228
B8.1. Finished product sales costs 16228 16228 16228
Totel opereting costs 241424 350683 5639153
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Schedule 10=4
Calculetion of woiking capital requirements J

Rs.000

7 7 Inven=-{Coef-"

Stér¥;ﬁb~£nd Pull-cepacity
Cost category 5§§§§’o¢f2§§ comissioning ' years
cove- ' of years sterting'
rege | turn- from beginning:
over._gf,999§tru°tl°n . .
- . : ; -3 4y 4 | 5 6-thend
; ; 5 : follow-
: ' ing yeears
Current assets ? i
1. Accounts receiveble 7 51.4 | 86 1 129 218 218
. ‘ ! ¢ :
2. Raw materiels, mate- i ;
riels end finished ! ; |
product ‘ *
2.1s Sillimenite con- : - |
centrate 15 24 - 189 . 284 473 473
2.2. Kaolin 14.5 24.8 g 102 . 153 256 256
2.3. Alumina L4 25,7 | 141 ;2 352 352
2.4, Quertzite 44 8.2 17126 43 43
| .
2.5. Coel i29  |12.4 | 75 13 1188 188
i 2.6, Petroleum coke 32 11.25 1229 1844 l3073 3073
2.7+ Molasses } 15 24 7 Fo11 18 18
| i v
! 2.8, Fuel 15 24 173 259 432 432
2.9, Master alloys and i :
| guxiliary meteri- : ’ ; ’
els i7 51.4 152 228 379 379
2.10, Pinished product {7 51.4 | 4508 | 6696 | 11073 11073
e @ . " 3 r——— Yy ‘.i * M o
Total for raw materlals, ’
meterials end fi-| !
' nished product ‘- - €593 & 9825 | 16287 : 16287
3. Cash-in-kend 115 P4 550 | 550 [550 i 550
| i
Total for current ‘ , | *
! assets - - . 7229 ' 10504 | 17055 17055




Rs.000

Schedule 10-4 {Cont.)

|,
: u—— - — - e = m e e - N et e m—— o ——— [ - PR
"Inven- Coef- Start-up end  Full-cepacity
; Cost category iory, fici- commissioning | years
' deys of ent of years starting
cove- turn- from beginning
rege over of construction i
3 4 5 6-th end
follow-
ing
years
Increase in current ’
assets - - - 3275 6551 0
4. To be excluded:
4.1, Curcent liabili-
ties (eccounts . '
peyeble) 7 51.4 1211 - 1816 3027 3027
‘ Total for net working '
A cepitel - - 6018 8688 14028 14028

capital

Increase in working

!

2670 5340




Schedule 10-5

v
K Total investment costs
| v
Ks.000
/
! Item Investment category "Foreign Locel ! Total I
[ ‘ -
2 1 Fixed investment costs 96543 106963 203506
' 1.1,  Initiel capital investment 96543 75763 172306
' 1.,2.  Gas-clesning plant - 31200 31200
2 Pre-production capital
expenditures 10154 13265 23419
3 Current assets - 17055 17C55
including:
3.1,  Working capital - 14028 14C28
A 3.2, Current lisbilities
(eccounts payeble) - 3C27 3027
TOTAL investment costs 106€Y7 137283 243380
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Break-down of total investment costs by

Construct

P;ribd
Year j I 2 i 3 | 4
) W-ﬁ‘a;;t' é - fore- local total fore- local total fore- Ilocal total ' fore- local
ign : ign ; dign y ign
Cailegory : I ;
1. Pixed invest- ; : : 5 i !
ment costs 28455 33332 61787 68088 40091 108i7. - 2340 2340 = -
‘ } : ,
1.1, Initiel ca- ‘ f ' 1
pital inve- . z
stment 28455 33332 61787 68088 40091 108179 - 2340 ,2340 - -
1.2, Gas-clean- ,
2. Pre-producti- i '
on costs 3578 6379 9957 5652 4520 10172 924 2366 3290 - -
3e Current assets
increase - - - - - - - 7229 722y - 3275
including: ! ;
3.1, Working ca- - o ‘
pital - - - - - - - 6018 6018 - 2670
3.2+ Current 1li- ’ !
abilities - - - - - - - 1211 1211 - €C5
TOTAL investment
costs 132033 39711 71744 73740 44611.118351 924 11935 1285 - 3275

SECTION 1
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irvestment costs by years

Rs.000
Congtruction ﬁ
| 4 | 5 6 __.___ i  Total
. total fore- local total Ifore- local total fore- local total ' fore- local totel
| ,ign | : ign ‘ign |
: r ' ? ! A : - L f
- * s ; -
2340 . = = = - - - - 312CC 31200 96543 1069632035C¢
! : ' | _
2340 - - - { - S - - - - - 96543 75763 17230C¢
- - - - - - - 31200 31200 - - 31206 31200
3290 = - - - - - - - - 10154 13265 23419
7229 - 3275 3275 - 6551 6551 - - - - 17C5% 17055
- 6018 - 2670 2670 - 5340 5340 - - - - 14028

1211 - €05 605 - 1211 1211 - - - - .G27  3C27

S 12854 - 3275 3275 6551 4551 - 31200 31200 106657 137283243980

: SECTION 2
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Schedule 1C-7

Sources of financing of initial

investment costs

Rs.CCO
Item  Sources of fimence ’fvféi-éi’g;"}? TLocal Total
1 Zquity capital ;
1.1 Govermment equities - ?64828 64828
1.2 Margin money (35% of working :
cepital) - 4910 4910
TOTAL equit&‘géégééi - 65738 69738
2 Long-term national loan
(12.5% rate of interest) - 36356 36356
3 Short-term loan on working
: capital (18.5% rate of interest) - 9118 9118
4 Supzlier's credit 94541 - 94541
including
4.1 Eguipment supply 92541 =~ 92541
4.2 Technology 20CC - 2000
5 - Current liabilities - 3027 3027
TOTAL 94541 118239 212780




Period Congtruction

SECTION 1

108

Break-down of financing sources by yea:

bl

3 -

tart-up and commic.
Years T ? Y 3 o
7cos;;wﬂny_mﬂfg;glfhiscél.]fotal-fore- local total fore- local total
cost ign ign ign
category T
1. Equity capital - i 43289 43289 - 26449 26449 - =~ -
i
2. Long-term national : :
loan C - - - - 25816 25816 - 10540 1C540
3. Short-term loan on
working capital - - - - - - - 1108 11¢8
4, Supplier's credit 28455 =~ 23455 66C86 - 66086 - - -
5. Current liabilities =- = - - - - - 1211 1211
TOTAL ' 28455 43289 71744 66086 52265 118351 - 12859 12859
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Schedule 1C-8

inancing sources by years
Rs.000

tart-up and commissioning

o fuli cépééify n
g operation “otal
o 3 ' 4 ' 5
- féf;- local total fore- loc;i %otal fore- local total fore=- local total
ign ign ign ign
) - - - - - - - - - - 6-73y 69738
- 10540 10540 - - - - - - - 36356 36356
| - 1108 11¢8 - 2670 2670 - 5340 5340 - 9118 9118
- - - - - - - - - 94541 - 94541
- 1211 1211 - 6C5 605 - 1211 1211 - 3C27 3027

12859 12859

ERh
-
t

3275 3275 - 6551 6551 94541 11823y 212730




Period "% start-up and
~ commissioning
- Year 3 : 4
Production prog- ) ; ; ' S
ramme, % 40 60
1., Cost of raw mate_i

riels and utilii- |
ties |
2. Cogt of weges of
direct producti-

218475 327734

on workers 2246 2246
3+ Factory overhead
costs

4.
TOTAL factory pro-
duction costs

4, Indirect costs

5e¢ Product seles

costs

TOTAL operating costs
6. Interest
T« Depraciation

TOTAL production
costs

4475

4475

JOP

225196 334455

16228

16228 i

R, "’IY"‘_"“"" .

241424 350683
8093 | 9101
15805 | 15805

265322 375589
i

SECTION 1

16228
569158 569158

15805

5 6

100

546209 546209

2246 2246

4475

552930 552930

16228

e977 1806

- 15805

. 593940 593569

H
t

100

4475

T
100
546209

2246

4475

552930
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1 1 Bop, 2,¢c. 1 46,8 1 51 @& 1 €1.,2 I
e Yl E L R R bl LD bt e Rl R ~e=-1
3, 1t 2ran0, 1 I”R*,® ¢. 1 22,1 1 18,2 1 14.7 1
I I I7Rz,°, ¢, 1 20,¢ 1 16,3 1 E.7 1
1 1 5P, °.C. 1 s0,8 ! s?2.0 1 66.8 1
R I T TR T R PRy L U P B Lt PR L PE L TS B R c---1
L, 1 22070, 1 I7Ry,°,Cc. 1 7,2 1 3, 1 ?7?77.7 :
! I IfRz,o,C, 1 ?27?7,7 ' ?27.7 1 777.7 |1
t 1 BEP, °,c, 1 %5, t 127,717 1 177.9 1
--"l-'--'--‘c--X""’ ------- -!---""-—-!'-"-'--""l """" -"°l
5, [nsnssgne, 1 I7%R:,9,C. 1 0,0 1! 0,v 1 0.0 I
1 1 I7°Rg,0,c, 1 0,2 1 0,0 1 0.0 I
1 .1 BEP, o°,2, 1 0,9 1 g, 1 c.9 1
'-‘-X-"-‘-"--;l'-"’ ------- -:"--.--—-:--’°’~-"'! “““““ !
6., lrarenges 1 IRR:,®, ¢, 1 0,0 1 c,U 1 .0 I
1 ) S R:..a Ce 1 6,0 ! o,u 1 0.0 1
1 1 BSP, o°,¢C. 1 0,n 1 o,u 1 0.0 1
—---l------n----,‘--oc‘-- —————— I----.-v--!"-"-'-"-1"'-“"’ 1
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SHEDULE 10-14/7, SENSIT{VITY ANALySIS

PRICE OF SpeAL sLLOY : ”§ 2%,68 PSR T2y
prRICE 0OF ey, OlL + ag2730 PzR Tnay
T P el Ll CA L L TP B P et E e L E LR EE LT 1
' 1 ALuM NIy | {ELECTRIz PQWER CORICE,RS/K4haM |
v NN [PRICE,OS/T | |ewa-seecclmevavra=ne]ceacsea-]
' 1 1 1 3712 d 435 1 =g 1
R B L L L T c]ewe~tmcaclinenreseran]oemoaraa-]
LS 17370, 1 1"R1,?,c. 1 51,6 1 L9.,Y 1 t8,1 I
1 1 I [7Re,o,C. I 52,2 ! s0,4 1 48,7 1
! ! 1 <P, o, c. 1 22,5 1! 23,2 1 23.8 1
S P D S TR P NS PP P R IR EE L L LA
voa, 1 1esnn, 1 I7R:,o ¢, 1 “«0,0 I 15,9 1 13,8 I
m ! 1 [ [2R2,?,2. 1 40,3 1 17,1 1 33,7 1
! ! .1 BEP, 0., 1 29,8 ! 11,6 | 13,8 |
R P el e g P B L LT R T N PR Tl EEEEE e-1
1 3, 1 20409, | I7R1,0 ., 1 38,1 15,0 1 31,8 I
M 1 1 IRRz2,2.,C. 1 38,3 ¢ 35,4V 1 31,9 1
: H .1 8SP, .. 1 31,3 1 33,4 1 35,8 1
lemeolererrnsvsanmleeraccnera_[~o2ecrmscc_locsana cwloeocmen- 1
1 4, 1 22970, 1 I®Ri,°,c. 1 27,7 1 26,3 1 26,8 i
! 1 1 I”RzZ,2, 2, 1 27,2 1 23,3 1 18.5 !
! I .1 Bep, 2., 1 €2 2 1t 46,1 1. s1,6 1
{meelececrunamea]lomcnracno-- R P T AL R R L L L LR
! 5, lossssgsas, | I7R:;,P,C, | 6,0 1 o,v 1 8.0 1
'- ! l l-:R:-OD-co I 0.0 ! O.U l 000 !
! ! .1 BEP, o, C. 1 2,9 1 IV c.n !
I P L L T L R P R R L L PR DAL TR R R AR R
' 4, lransagae, ] lRPI,o,Cc. 1 0,0 ! 6,0 1 r.0 I
! 1 I I7Rz,2,2., 1 c,o ! e,0 1 t.0 I
1 1 . .1 BEP, 2 C. 1 0,0 1 o,v 1 c.0 1
feemrlecem-nonaeploc=acccence fom=cnmec Jecscmarca]lccacomoanl]
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SHEDULE 10-14/8¢ SENSITIVITY AYALySIS

PRICE OF SP=AL zLLOY : RS 25500 SER 79

PRICE OF FueL o©CIL

T -RS3I0N0 PER Tay

L R P e L AL R T N PGSRy O_I—---.---_.--w-q-.--------ﬁﬁn-l

ELECT®[C POWER PRICE,RS/KWaH

I--—-.----X--w-.-’—-l---------l

T ALUMINIuN
NN IPRICE,RS/T I
I o1

1

1

371 ! 435 1

50

L

I

O--'lsvb----Qp--l-----—-----_!----0.--_!----.-'--{--o------!

1. 1 17370, 1 I”Rt,P, e, I 51,3 1 9.6 1 47.9
[ l IQRAOP.CQ ' 52.9 ! 50,2 ! 4‘-‘

! .1 BSP, P, 1 22,7 1 23,2 1 24,0
"--I---'-‘-‘ﬁ--1”"--——-"-!---"----I--'-‘-’--l-----'—v-
20 I 10600. [ IQR:,D.C. ! 39.3 X 36.7 ! 33~6

1 I IRRa, P, . 1 L0,0 1 36,8 1 33,4

1 I &ZpP, o, ¢, .1 30,10 ! 31,6 I 14,0
"‘-‘--."~"~--l‘--“—---o--_l---"----!-"--—'--I ----- P - .-

3‘ 1 209900 i lq“l'p.C- 1 3?.8 1 34.7 1 3106

1 I IRR2,P, c. 38,0 1 34,7 1 31.2

1 .1 BEP, o, 2, 1 31,5 ! 33,8 ! Jé.1
--—"--—~~-0~..-1-‘---—----—_!--—-ﬁu---!--’---P—-] ----- L P

b, 1 22970, 1 I°Ry1,e.c, 1 27,4 ! 26,6 1 20,5

! 1 IRRg, 8, c.0 1 26,8 ! 23,9 1 18,1

I T B - N 2.6 1 46,6 1 52,2
---‘x------nq---lc--q--------1-.--.---_!---b~-~.-l-----o---

S, lssmseyns, | I7R1,P,c, 1 2,9 1 0,0 1 0.0

! I I7Rz,P.C. 1 0,9 1! 0.V 1 0.0

1 1 BEP, o,¢, 1 ooo ! 0.u ! 0.0
cmme gemerr e eg ] rrrar i cnn- P R R R i el L R K TR oy PR

G, losssagasn, I I°R;,® ¢, 1 0,0 ! 0,0 1 0.0

! I IRRz,0,2, 1 0,9 ! 0,0 1 0.0

1 .1 85P, Poc. 1 0,9 1 0,0 1 0.0
---.'.’."--’.--1-"'----—--;!---..ﬂ--_’---—.--.-; ----- ® -

I

I
1
1
!

1
1
1
!
I
I
1
!
1
!
1
1
1
1
i
1

1
1
I
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SEEDULE 10-14/9. SENSIT VITY AyaLyS1s

FRICE GF Spt=AL sLLCY
PRICE pF Fuey ol

« RS 25008 PER TN

* 2§30 PgR TgH

!----1_.-—-‘--”-.'Jo-cq--------I..---.Q'-..,.---Q-p-’-----.----.'-l

vl 1 i v P E W S 4 2 d SB 1@ g et +d @ I VB (@ Sl (-}t E N A I 8 S Ve

T ALuUMIMNIYy 1
NN OTPATCE,RS/T I
1 R {

---‘!---""-""----!""‘-‘-"-"'..

1, 1 17278, 1 1R:,P ¢,
1 1 IR%Rs,P,C.
1 } 1 Bsp, o ¢,

- - ‘.--—--.n---l--‘"-----"-

2. 1 10690. ! I'ZR:’D.CO

! I IRz, ,¢C.

1 . .1 BEP, B ¢,
o-—-I.--'~-""--n---l"'""—-—--"-
3, 1 20420, I 1RR1,°P,c.

! I I°Rz,° cC.
! . .1 8P, ° ¢,
""""l-."-""".-u-x"-".-----"'-

4, 1\ 22370, I 17M:,® ¢C,
! I I7Rs, P, C,
{ .1 8P, o, C,

-- o= !-—---o-'.--.l-".-o------
Se [nssssyzns 1 1R, . ¢,
1 I IRR2,P,¢C.

1 ., 1 BEP, P .C. |

—- - !----'n.‘oc;-l"'"--'--"-
6, Isasongan, | IRRy,P ¢,
1 1 [7Rz,P,c.
1 . .1 BEP, P,

cemelavccmamvenpml oo

1
1

1

?

I
1
1
I
!
!
!
!
!
H
I
1
1
!
1
!
!
!
1
!
!
!
!
1

ELECTRIL POWER PRICE,RS/K%WaN |
L XL IS I----'-P--;----—-.--l
37 I &35 1 500 1

-----.---!——-.----.,!--.._-----I

51,1 L9 .4 1 47,7 1
51,7 g0 . 0 I 482 1
22,8 23,6 1 26,1 1

PRy PP (e S PR PR Ry N |
39,5 36,4 1} 313,13
39,8 16, 1 33,1
0,1 32,1 1 14,3

- Ve e . —,w.‘----‘l--------.
37,6 36 5 1 31.3
31,7 14 6 1 30.9
31’7 33,9 1 6,3

27,1

1

1

1

1

1

1

1
cermcerenjeccanca=]
23,7 1 20.2 i
!

1

1

1

1

1

Sl el FW EE FG P G L R Sl had P =l ¢~@ =0 O bl Id I E >F O e e

26,8 22,6 1 1746
«3 9 47,0 1 53.90
- ow B wa ----.-"--1---.-'--’
g,0 o,u ! t.¢
0,0 0, u 1 0.0
0,9 0.0 1 0.0
IR Y T PN e PR TR T TR PP |
0,0 o,u 1 0.0 !
0,0 0,0 1 0.0 !
0,0 0,0 1 0.0 !

---o.-—--X-----—'.-l---o—"o--l
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PRICE OF St=AL sLLOY : RS 27008 PER Toy

PRICE BF FueL. ol _ ¢ RS§2720 PER Thay
R o LTS ELE L P P T B el EEPT E L E LR et el “-f-l
T ALuUmIMIyn 1 TELECTRIC POWER ORIZCE,RS/KWapl |
NN IOR'CE,NS/T 1 [=oe-rmcelcernremrei-ccacran-]

8 v 10 P L@ O 1W 1C 1= B B LD I E +® 2@ P v el S W rB B L L% B LB IS s r

1 1 1 17}

--—-l.--—--.---.,!----------n_!-o---'.-.._

1. 1 17970, I I”R3,°,z 1 62,9

! I I7Rz,2,¢c, 1 63,6

1 .1 Bep, B, 1 17,8
----t-—---_-.--.‘l-‘- -------- _‘---------

2, 1 1°670, . 1 I?2R:,P,c. 1 22,6

1 I [°Rz2,0, 2, 1 83,3

1 .1 BSP, Po,c. 1 22,9

----t-------'---!----"-"'--—!""""'"'--
3.1 20670, 1 I®Rp,°,c, 1 51,0
{ I I”R2,P,2, 1 51,6
1 ., .1 8EP, 0 £, 1 22,8
-"-.‘-"‘"-"ﬂ-bl ----- w---o--!-------_-
4, 1 2290, 1 IaRy,®, ¢, 1 2,2
! 1 I7Rs,0,C, 1 2,8
! .. .1 8ZP, Poc. 1 28,2
'-"l-------a.--.!-----------
5., lessnsgoes, I I°R:,° c, I n,0
1 1 IMRa,P,cC. ! 0,0
1 1 8P, 2., 1 0,9
1
1

-!-.------_

--‘-!--.-’.-'Q--- “"""'"--'!----.----
6. ".Q...n.. IQR:'DQC. l O'o

1 [TR2,P,C ! 0,0

1 ‘ 1 BEP, o, ¢, 1 0,0

---0I-o.--.a-n.—-l------------!-'-"'----

-

L35 I 590 1
—eremoreelecccanmans]
61,3 1 59.7 1
s§2,0 1 60,3 1
18,2 1 18.6 1
crevemcCoalrmecemanal]
L9,8 1 46,9 1
s0,8% 1 7.4 1
23,0 1 24,1 1

P R TR Iy SR |
L8,1 45,2 1
48,7 1 45%.7 1
23,9 1 25,1 1
cevaretee]ccnancna-]
19,1 1 36,1 I
39,4 1 36,1 1
29,8 | 31.7 1

R L I P B L L L
o, U 1 0.0 I

0,0 1 0.9 1

0,4 ! 0.9 !

PP PE R P e L L
o,V 1 0.0 I

o,u 1 0.0 I

0,0 1 0,0 I

1

------’-—!—----"---

14 P 2o B 54 d 1h l ) P Seg Tt TD @ 0 Fd vd h 4@ O +® Pt 8 -4 (e
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SHEDULE 10-14/11e SENSITVITY A4ALySIS

-—
CET TS SSezS=CSZeZ2C="2=

PRICE 0F Sp=AL 3LLOY : mS 27780 PER Toy

PRICF OF LAV XI5 t %5320 PER VoM
!----l---—O--~.-;!—--ﬂ-----—-,l----..---.'-‘---'°‘°""‘--f'l
T ALUMIMT g 1 1ELECTRIZ POWER PRICE,RS/KheH 1
SN OTemtcE,"SryT IR R D At AL N EE LR L L LR

1 1 1 37y ' 438 1 500 1

B T B L D T R P P D L LS EEE P PP LR
1, ! 17070, 1 I"RI,P,C. 1 62,7 61,1 1 56,5
1 1 I"R2,?,C, 1 3.4 61,8 1 60,1
1 .1 BSP, PoC. 1 17,9 18,2 1 18,7

e T R R R B el Lt L IS R L DL TP

2., 1 1°6“°. 1 IQR:;B c ! 52.‘

--Q---'.-]--~--'---

9,6 1 46,7

| 1 I7Rz,°,c, 1 53,1 s0,2 1 47,2
1 i 8P, P, 1 22,1 23,1 1 24,3
R P L LT R R R . L ALl BT .-
3, 01 202%0, I I9R;,®,c, 1 50,7 L7,9 1 45,0
1 I IRRz,0,¢, 1 51,4 L8,8 1 5.4
1 ] BCP, P, 1 23,0 26,1 1 25,3
R LT R R I T TPy P R L L L e Py P R R e L R L T
6, 1 22390, I IRy, P, e, 1 t1,9 38,9
1 I I7Rz,p2,¢c, ¢ 42,3 39,1 35,9

! | BEP, o ¢, 28,3 30,0 312,90

----I-----a----_l--~--—-----_
5, loenesanse, 1 [2R],0 ¢,
! 1 IRz, ¢, 0,0
! .1 BcP, B 0,90

1

! [Py PP
1

!

1

°--'I—--"C'"---J-"'------'_!-~--'----

1

1

1

{

0,0

e.0
c.0

~
¢~

6, lnasasmass 1 [QRp,5 €, 0,0 .0
1 I I7°RA,9,¢C, 6,0 0.0
1 .1 BEP, ©o,.0, 0.9 1 0,0 1 0.0

--—-!------c-.--l-----------_ P al. L I P PR T B e e R

1
!
1
1
o,v 1 0.0
1
1
!
!
1

S L Lt SB L W IS FW s sk I W P 0 1@ 1 sd e S bW - ¥

% 4@ P LB L =8 1=h 1B @ L@ 1@ Nd 44 @ v 4 4d T4+ Al s R A B S TS W e

1
!
1
1
1
1
1
1
1
1
1
!
35,8 !
!
1
!
14
1
{
!
1
1
1
1




SEEDULE 10-14/12.55q517xvx79 ByaL;Sts

POICE 0F Si-AL ALLOY : as 2?g5p0 PER Tgy
PRICE QFf FutL ol P oRs33e PER Tay

!—---'-------.---1—--‘ ...... - 1-.~-'
- By W=, Vg wmson- ------l
! T ALUMINT g TELECTRIC ®caERQ ORTI- R
T NN IPRICE,ASr7 | 1-------:ux--:----::fl-f:fﬁzf-i
: ! 1 ST MLt 438 1 squ
!---w].-.-—-----_,l-—-----_---_!----c.--_ !--w'..----!---_-----!
D W 17070, 1 I°Rp,o ¢, 1 42,5 ! 0,9 ! 56.3 1
' 1 I [7Ra,°, 2, 43,2 61,6 | 59,9
I 1 Bsp, o ¢, 17,9 18,5 1 18,7
—--'l.-----w.'—_xc-—q ..... - - N Wy ------'--!-00--:---
» 2, I 19670, 1 I2Ry,s, 82,2 69,4 1 L€.,5

: 1 InRz,o.c.
I .I EEPO B.Co

49,9 1 47.0
23,4 1 24,4
SR L PP I SR
3,01 20970, 1 InNRy,o,¢,
1 1 I"Rg,0,¢,
1 ! etpP, B,

—.--Q----l---.-q---
27,7 1t b, 7
t8,2 1 45,2
26,2 ] 25.4

—— BNy .

----I------.-n--l--"-’--"-
4, 1 22570, 1 InRy,s.c,

v
v
v
!
v
.
.
v
1
.
'
.
: 1 I I7Ra,0,c,
?
v
'
v
1
!
r
v
¢
*
v
!
!
!

o

1
!
!
I
1
I
!
!
!
{
!
18,6 1 35.6 !
!
!
)
I
I
1
!
!
I
1
!

38,9 1 18,6
30,¢ 1 32.2

-o-----.-l---------

1 .1 8%P, o,cC.

- - l---—-.n----.l---q_-—---~

T NT S N C0 FS tw et St % G L 4 e 4 W S e 8 et e et et b
[
-
~

S, losnangne, I InR:,°, ¢,
1 I IR, ¢,
1 . .1 BEP, o, ¢,

----!.----‘-.---lo--q---__-—

6,0 1 0.0
0,0 1 0.9
0,0 1 .0
6, Tannnpnpgne, I I?Ry,e, ¢, e T
I 1 ITRL;°.C.
{ .1 BeP, o, ¢,

---.l---—-.----.x--‘”-‘---"

T C.0
0,0 1 0.0
0,0 1 0,0

!
1
!
!
!
!
;
!
:
!
!
!
!
!
!
!
!
!
!

--------_I---.--.--lo---—----
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[PADMX 3. CPEAHErOACICA YPOREND BEIYSLITCHHOCTA
( B EA203°M YPORHE LEH )

D!ASRAMZ’).A‘JER_:_AGE YEARLY BREAK-EVEN POINT
( AT THE BASIC LEVEL OF FRICE)
MAH. PyNAs
RS, MLN
| 6494
ecot 594,0 /
540+
>
/i
480+ x/ -\*/
; S/ [
(31;40 %?oo"
é « \\Q,v
4204 35 SN
_,g?’«f’ M
Q;V
VO
250
r 4
. 'L
2002
TOYKA BEIYSSITOUHCCTH
BREAK-EVEN POINT
24LC-
180 1 3
}
120 -
60 - MOCTOSHHBIE UIAEPKKN —47.8
FIXED COSTS -478 ‘
. 5 2 ;aﬁ’u M 3 I g ] & |
0 10 20 30 4 5 60 70 8 90 40

MCROAD2CBAHYE MOWHCCTH
OPERATING CAPACITY
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PAPHMK 4. 3ABACHMOCTb BHMK OT YPOBHS ULEH
DIAGRAM 4. EFFECT OF PRICE LEVEL ON IRRI

BA2CBLE UEHH! - CNAABCSB - 23000 PyYn /T
BASE FRICES: - ALLOY -R3 23CC0/T "
- ANOMUHAS  =19600 pynien /T
- ALUMINIUM - RS 15eCC/T
- SAEKTPCIHERAN - 371 pyruit/ 1000 xay.
- POWER -RS 371/1CC0 KWH
- MA3YTA - 3000 PR /T
-FUEL OIL -Rs 30CO/T
| EL A
IRQI' %
37 ¢
S4¢
51 ¢
1 Py NIMEHEHNY UEH
48 k_HA CAASH Y
WITH TEVIATION OF
451 PRICE OF ALLOY
42 ¢
39
\ |
NP/ YEVEHEHMN UEH HA MA3YY
WITH TE/IATION OF PRICZ OF FUEL C'L ¢
EXTFCIRIPIA:
' WiTH TEVIATION CF FR..E
\ OF FO 2 r ~ =

-

MeU NIMESHEHAN UEH HA ;
AARCMAHAA ’
WITH TE/IATICN OF PRICE
OF ALUMINIUM

-5 -0 =-S5 O +5 +0 415 420 +25 +30 +35
OTKACHEHME UEH OT BA308BbIX, %
DEYIATION OF PRICES FROM BASE CASE, %
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MPACYK 5. 3ABMCHMOCTb BHMA OT JPOBHA IEH
DIAGRAM 5. EFFECT OF PRICE LEVEL ON IRRE

BA3C3LIE LEMBI: ~CMAABCSB - 23000 PInAN/T
BASZ PRICES: - ALLOY - RS 230€0/T
~ AAKCMUHNR -496C0 PYIHA /T .
- ALUMINIUM -Rs136C0/T
- DAEKTPOSHERrMU - 3 pynvn /AC00 X3T-H
— POWER - RS 371/10CO KWH
- MAZYTA .- 3000 PYNA/T
- = FUEL OIL < RS 3¢C0/T
© §BHDA, %
IRRE’ %
574
S41
5,,1 +
431 fPVY MIMEHEHVA LLEH
HA CAAAZEI

45+ WITH DeVIATICN CF
- FRICE CF ALLOY

NFYA N3IMEHEHAN LWEH HA MA3YT
WITH I':&vm‘rzcn OF PRICE CF FUEL QIL

NPA MIVEYESM UEH HA
SAEKTPCSRIFIV RO

-\wm-c DEVIATICN GF
WFRICE CF FOWER

I |
NPy AMEHE Hyn LEH |
HA_AACMAHAA \

WITH DZVIATICN CF FRICE
OF ALUMINTIM

-5 0 +5 +0 +15 +20 425 +30 +35
CTKAOHEWAE WEH OT BA308bIX, %
DEVIATION OF PRICES FROM BASE CASE, %

<45 -10
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