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I. BXECUTIVE SUMMARY

1.1, General Initiel Data and Conditions (Sectiomn 2)

The Project Initiator of the reconstruction study of the
calcination plant at the operating Korba alumina plant (Madhya
Pradesh, India) is the Government of Indie underteking Bharat
Aluminium Company Ltd. (BALCO) witl. place of business in New
Delhi (India, New Delhi, 110019) answerable to the Depertment
of Steel and Mines.

BALCO is an operator of the aluminium integrated plant in
Medhya Pradesh consisting of:

- bauxite mine;

- 200,000 tpy alumina plent;

= 100,000 tpy aluminium smelter.

The project is aimed at reduction in fuel o0il consumption
of the calcination kilns of the alumina plant through & more
comprehensive utilisation of heat of calcined slumina end off-
ges.

Reconstruction of the calcination plent at Korba alumina
plant will ensure:

- reduction in consumption of fuel oil down to 8,000 tpy;

= lower fuel oil imports for production of alumina,.

India has a limited fuel resources and is forced to import
the bulk of its needs from other countries,

Production capacity of the opersting slumina plants in India
in 1982 amounted to 640,000 tpy.

All these plants operete rotery kilns at the calcination

sections, Reconstruction of the calcination kilns with the view




¢ to utilise heat of calcined alumina and flue gas will result in ‘
reduction of fuel o0il consumption down to 254,00C tpy.
Under the contract between URIDO rnd V/O Tsvetmetpromexport
(No 82/61) the Peasibility Report for reconstruction study of
the celcinetion section at the Korba alumina plant is prepared
by VAMI Institute of the Ministry for Non-ferrous Metels of the
USSR.

1.2, Capacity of Korba Alumine Plent (Section 3)

The design cepacity of the Korba alumine plert is 200,CCCtpy.
However, because of shortage of electric power end low merket
demend for elunmina the plant hes not yet etteincd the rated ca-
pacity.

These reasons attributed to the present capacity of the

plent of 85,000 tpy of alumina,
1.3, Meteriels and other Production Factors (Section 4)

Alumine is obtained at the calcinetion section out of elumi-
nium hydroxide, as a main raw materizl,
Auxiliary means include electric power, fuel oil, compressed
air, water.
A Implementation of the concepts included in the Feasibility
! Report will ensure the following expected reduction is specific
consumption rates of fuel o0il and other major utilities,
TS/N Deseription  Unit  Change in parame ters L

—m

: before recons- recons- reconsgt-
‘ recons- tracti- trecti~ ration
truction on,I on, II III sta-
stege stage ge

1 2 3 4 5 6 T

1 Capacity of rotar
kiin of;yfluidisedy t/hour 12.8 14 21 28
bed celciner




2 3 4 5 6 7
Fuel consumption kg/t 124 112 '98 . 85
Compres-ed sir rate  mm3/t 96 142 142 96.4
Electiric power demand kwh/t 33 30 20 16

Note: Major process parsmeters of modified rotary kilns

of the plant under stage II include concepts under

stage I
1.4, Location and Plant Site (Section 5)

The alumina plent is situsted in vicinity of the town of
Korba, Belaspur region, Medhye Pradesh. At Present the iown of
® Korba is one of the industrial centres of Madhya Pradesh, the
region includes & number of thermal power plants toteling 540 MW
' and fired with locel coal, end also the BALCO aluminium integra-
ted plant comprising an alumina plant, aluminium smelter, and

cesting and rolling mills,

Korba is linked with the national railway Bombey-Celcutta
through & rail track end with major regionel centres of Medhya
Pradesh vie mo*or roads,

Power and heat supply of the region is from the erigsting
thermael power plents, and water supply - from the river of
Hesdeo,

The alumina plant site is located 12 lm North-Eest of Korbsa,
with area being abt 26 he, the aluminium smelter, and casting

end rolling mills are situated fast of the slumina plant.




1.5. Engineering Design (Section 6)

This Feasibility Report provides for reconstruction of the
calcination plant at the existing alumina plant aimed at reduc-
tion in specific consumption of fuel,

This reconstruction is proposed fur implementation in three
stages:

Stege I - modernisation of the hydrate drying zone in the
rotary kilns with recycle of dust from the electrostetic preci-
pitators to the cooling zone end improvement in fuel oil burn-
ing process (dwg.1354690-TM, sheet 1);

Stage 1I - installation of fluidimsed bed coolers to rep-
lace the existing planetary coolers of the rotery kilns
(dwg.1354691, sheet 1)

Stage III - replacement of the eristing rotery kilns by one
new stetionary fluidised bed celciner at the seme site
(dwg«1354697, sheet 1),

The last stage should be viewed as a poteantiel solution to
be materialised after implementetion of stages I & II end con~
sideration of production of speciel aluminas at the plent.

The Feasibility Report is meinly based on the use of indige-
nous equipment and inputs totaling abt 99,7%. Supplies of the
equipment and materiaels from the USSR (instrumentation and cont-
rol systems) essumed in this Feasibility Report for the sake
of cost estimation is less than 1%, and can be revieweq,if

egreed upon with the Indian Perty.

1.6. Production Procedure and Additional Expenses (Chepter 7)

The planned stages of reconstruction of the ce?’-~ination

(AT Ty ———
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department 4o not require additional direct spending of the
material, power and labour resources.

The additional production costs *nclude those covering the
current repair and maintenance of the newly built facilities,
their depreciation and an interest paid for the borrowed funds.
These costs are included in the calculetions into the fixed

(constant) production costse.
1.7+ Personnel (Chapter 8)

A reconstruction of the calcination department does not
involve any change in the composition end quentity of the
workers, engineers and technicians, clericel staff. Repeir
and maintenence of the newly installed eyuipment to be carried

out by the existing repair facilities of the plant,
1.8 Project Implementation

As it hes been agreed upon with the Indien side for reducing
the required capitel investments it is planned to carry out the
reconstruction project in three stages.

The first stege including en installation for a hydirate ther=
mel treatment and an introduction of the dust into a firing end
of the kiln requires small capitel envestments (Rs.2.9 mln) and
can be effected during 6 months,

The second stage involves dismantling the existing plenetary
coolers of the celcination kilns and an insislletion instead of
them of the fluid bed coolers. Along with an improvement of a
hydrate supply system to be carried out at the first stage,
these two successive reconstruction stages are assumed in the

celculations to be equal to 1 year.
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The third stage is assessed separately. It can be carried
out without taking ints account the activities p}anned during
the first and second stages, or at the following stages aimed
at improving the calcination process and at’'a higher utiliza-
tion of the design capacity. This stage will require the most
money for its implementation (Rs.25.2 mln) and involves a com=-
plete replacement of the celcination kilns by a fluid bed ins-
tallation for production of the cell-grade alumina. In the cal-
culetion a duration of this stage is assumed to be 1-1.5 years.

The periods specified above include only a duraetion of “he
construction activities and erection of the eyuipment end do
not include & preparatory period (investigations, engineering
etc.).

For determining an optimum reconstruction volume of the cal-
cination department reconstruction as applied to the second
stage the Feesibility Report considers en alternstive of instal-
ling a fluid bed cooler for one calcination kiln only. In this
case an amount of the additional cepital investiments as compared
with a modification of the two kilns is reduced by 45.5%. An
economic efficiency of the slternative being considered results
from an increase (up to 150,C0C t/year) of a calcinstion kiln's
capecity when operating with a fluid bed cooler,

The resulting parameters of the variants being considered
calculated from & design capacity of the calcination depertment

are given below,




T | Unit of  Reconmstruction volume

Description | measure T o a- ‘reconst-

: . riant (re- ruction of
constructi- one kiln
on of two
kilns)

, stege Il =~
1. Design capecity, alumina thous.t 200 200
2. Reduction of annual fuel
0il consumption t 5200 4500

3+ Capital investments, total Rs.mln 18.8 11,6

including
3.1, Hydrate thermal treetment =" 2.9 2.9
3.2. Additional costs connect-

ed with installation of a

fluid bed cooler Mo 15.9 8.7
4. IRRI % T4.1 93.7
5« Break-even point thous,t 21,0 17.9
6. PQYback period Year . 1.2 0.8

As one can see from the above figures an implementation of
the second stage of the calcination reconstruction involving
one kiln is more preferrable than a complete replacement of the
existing coolers (planetary) by the fluid bed coolers at the two
kilns. An efficiency of the variant being considered as compared
with the basic one is higher by approximetely 26% (when calcula-
ting for the design capacity).

1.9, Financial and Economic Evaluation (Chapter 10)

A financiel and economic evaluation of the calcination de-

partment reconstruction is made on the basis of a cash flow




.

analysis for the three reconstruction stages and taking into
account a production level. The second stage is evaluated as >
a successive one taking into account the costs involved ani \
savings effected at the first stage.

An evaluation is based on a price level for the beginning
of 1983 and does not take into account & price escalation.

As a profit pargmeter a net additional profit is assumed,
resulting from a reduction of the fuel oil costs (occupying in
the production costs' structure of the calcination department
over 76%) and a reduction in consumption of other services as
& result of implementation of the planned measures and an in-
creese of the process equipment efficiency.

A total amount of an additionsl annual profit for the

reconstruction stages is as follows

Rs.thous
e e e e e e
Current capacity (85 thous. ! Planne? acity (200 ,
t/year tr year) {
tages  total = ' including that  tota .ncluding thet |
annual due to fuel oil ennue. due to fuel
profit savings profit 0oil savings
I 3.023 2,927 7.113. 6.888
II 6.710 66342 15.789 14,924

III 10,177 9.514 23,946 22,386
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Total capital investment costs by stages of recomstruciion

and major cost items are as follows:

.

Rs.000
S.No Cost item ; 7 Stagééh _ L wv_
R S - S -2
1 Fixed capital investment,
total, including 2060 15403 21442
1.1 Civil engineering works 986 6655 10078
1.2 Equipment (incl.erection) 701 7237 10112
1.3  Know-how (incl.tax) 373 811 1252
2 Preproduction costs 843 3410 3807
Totel cost 2903 1€813 25249

In accordence with the initial deta it is considered in the
Feasibility Report estimetes that the capital investment required
by stages of recomnstruction would be covered by Govermment funds
in form of equities and long-term bank loans in ratio 50:50.

The production costs determined as the annual sum of edditio-~
nal production expenditures include scheduled repair end main-
tenance of units to be constructed, depreciation of caepital in-
vestment anc interest on loans. The salvage value of the equip-
ment to be dismantled is not included in calculations. The above

costs are distributed as follows by stages of reconstruction:

R8.C0C/year
'S.¥o! Cost item Steges
'f I - II III
1 _M‘Séhédﬁled f;pair and main-
'tenance .23 - 232 303




T S.No

Cost item f Stages
_f.____ﬁ,# — e e e~ T e et e e — -
. II‘ III

Depreciation 189 1223 1641
Interest (everage for ;
period of operation -
calculeted per one year) 76 538 732

Total 288 19v3 2676

Basing on the calculetion of cash-flow the parameters of

the internal rate of return, the breakeeven point end the pey-

back period characterising the efficiency of the calciner re-

construction Stages were determined.

i

The financial analysis is based on the fuel o0il price of

R8.2,740 per 1 liter (or Rs.2,870 per tonne).

The efficiency of reconstruction stages is summarized as

follows:

Paremeters

Internal rete of return on

. investment for capacity:
' - existing (85,00C tpy)

- Gegigned (200,000 tpy)

Internel rate of return on

~ equities for cepacity:

- existing (85,000 tpy)
- designed (200,000 tpy)
Break-even point

%

%
%

?OOOtpy
Pay-back period for capecitys 5
'« existing (85,000 tpy)
‘designed (200,000 tpy)

year

163.3
244.2

183.4
464.6
8.0

1.0
0.4

utagé-s
II I1I
31.9 31.6
74.1 66.0
44.1 40,1
119,9 87.5
21,0 20,7
2.8 2.5
1.1




As it can be Seen from the datea above the most efficient

is the Stage I. The parasmeters uncer stages II and III are ap-
proximetely of the same level. )

In addition to this the parameters of the annual savings
caelculated per Rs.1,000 of capital investment, also characte-
rizing the high profitability of the reconstruction ere suppli-

mented below:

Res.000
Stages 3 Cepacity level
existing | designed
I 1.0 2.4
II 0e3 0.8
III 0.4 0.9

1.10. Conclusion

The estimates justifying the technicel concepts of recon-
struction on steges of calcination allow to conclude the fol-
lowing:

1. The high efficiency of meessures for the calcinetion re=-
constriction proved by the experience of the USLR allow to imp-
lement witrin tight schedule (within limits of one year) with
the cepitel investment relatively low to compere with the profit
oblcined,

2. The reconsiruction of calcination at Korba Alumina Plant

in function of its reconstruction steges ensures the saving of




the annual fuel oil consumption in amount of 2,400 to 7,800 t
(celculated for the designed cepecityhk

On the national scale based on total availability of instel-
led capacities for alumina production (640,000-660,000 tpy) the
reconstruction of operating calciners of this type ensures the
reduction in fuel oil imports for these purposes by more then
20,000 tpy end thus improves the foreign exchenge belanceof the
countrye.

3. Based on the level of the cepacity utilization at Korba
Alumina Plent at present (42.5% of design cepecity and because
BALLCO is short of capital for investment the most reasonable
solution is the implementation of the first stage of reconst-
ruction of two kilns, including  he modernization of the hydratie
heat treatment and the dust recycle to the process, at the least
capitel intensive stage and the construction of the fluilized
bed cooler only for one calciner vhich can be considered as the
experimental demonstretion unit provided for the mestering of
the new process, personnel treining and gaining the erperience

of operaiion to be used &t other Plents of the country.

2., GEWERAL INITIAL DATA AND CONDITIONS

2.1, Project background
2.1.1. Aim and scope of project
The aim of the project

The Project is aimed to reduce the fuel oil consumption at
celcination depe:tment of the alumina plant at Korba (the steie

of Medhye Pradesh) due to more complete utilisstion of calcined

i g Y = * T T
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alumira heat and of flue-~gases and to optimizetion of fuel conm~-
busion condition.

The reconstruction of the celcination plant ;t Korbe enables
to reduce the fuel o0il consumption for this unit at the designed
capecity of the plent by 2,400-7,800 tonne per year (depending

on stages of recomstruction).

Scope of Project

To reduce the fuel consumption at calcinetion plant the
Feasibility Study considers the problems related to ‘he recon-
struction of eristing calcination kilns end e£lso replacement of
rotary kilns by & fluid bed calciner.

To speed up implementation of the fuel saving programme end
to reduce the initial cepital cost the Feasibility Study consi-
ders three stages of the calcination plant reconstruction:

I stage - Reconstruction of alumina hycrate drying zone, re-
cycle of dust from E.S.P. to the coling zone of the kiln and the
improvement of the fuel oil firing process. The above measures
will result in reduction of oil rate per tonne‘9f elumins by
9,6% and increase in throughput of the kiln to 14 tonnes per
hour of alumina,

IT stage -~ Installation of fluid bed coolers to replece the
existing planetary coolers for the rotary kilns. Implementation
of this measure will supplement the scope of work under the
I stage and will further reduce oil consumption by up to 21%
and increase throughput to 21 t/hour.

III stage - Replacement of the existing rotery kilns by a

fluiud beu celciner, In this cese rewuction in oil consumption




(regardless of the meesures under I and II stages) will emount
to 31% and throughput of the kiln will increase to 28 t/hour.
2.1.2. Product range ani cspacity )

The proposed reconstruction of the calcinetion kilns will
not effect ike t;ype anc ,uality of the procuct = slumina., It
will not affect the designed capacity of the Alumina Plant
(200,000 tpy) either.

2.1.3. Project implementation schedule

Besed of experience of reconstruction of the calcination
pPlants et the USSR alumina refineries we woula rvecomnend the
following schedule for the reconstruction of Korba Alumina
refinery caelcinetion plent:

I stage - 6 months;

IT stage =12 months;

III stage =12 months,

Construction will be implementied by stages. The engineering
design will by prepared simultiniously for three stages.

2.1.4, Economic benefits of the Project.

As is known India is rether limited in fuel resources end
is forced to import the bulk of fuel requirements from other
countries, |

The proauction capacities of the Indisn alumine plents in 1981-
1982 was 640,00C tpy of elumina, while all the plants use rotary
Kins for calcination of rotery kilns. Reconstruction of the
existing calcination kilns at the eslumina plents in Incie will
allow reduction in oil consumption down to 25,000 tpy, depending

on recuperation of flue gases and calcined alumine heet.




-15 =

2.2+ Initiator of the project end designer of the
Feasibility Feport

2e2e1e Initiator of the Project
The initietor of the Project for the study of calcinetion
plant reconstruction at its Alumina plant et Korbe, is Bharat
Aluminium Company Ltd. (BALCO), established in the yeer 1965,
New Delhi 110019, Nehru Place, 18,
BALCO's Aluminium Complex in Korba, Madhye Pracesh Ctete
comprises:
- bauxite mine
- glumina plant
- aluminium gsmelter
- fabrication c-mplex

2.2.2. The role pleyed by BALCO in :the Project Implemen¥atiion

BALCO is perticipating directly to carry out the Feesinility
Study on the reconstruction of Alumina celciners for energy
conservation et its Korba Alumina Plant on behalf of the govern-
ment of India,

BALCO has taken &an active part and renderec assistance to the
group of Soviet experts of VAMI Institite who had been to India
in Jenuery 1983 for implemeniation of the Contract between V/O
Tsvetmetprogexport and UNIDO to collect the Initiel Deta re ui-
red for techno-economic study on the feasibility of reconsiruc-
tion of the calcinstion plant,

2¢2¢3. Designer of the FeaQibility Report
In a.cordance viith the contract between UNIDO (United Netions

Industrial Development Organization) end V/0 Tsvetmetpromevport




- 16 -

the reconstruction studies (reconstruction) of salcination de-
partment of the Alumina Plent in Korba has to be carried out by
the All-linion research and design institute of aluminium, meg-
nesium and electrode industry (VAMI) of the Ministry for Non-
Ferrous Metallurgy of the USSR, Lening-ed, V.0., Srecniy pro-
spect, 85.
2.3, Generel characteristic of the Alumine plant
locetion region

The alumina Plent is loceted in the vicinity of Korbe town,
Bilespur district in the State of Medhye Pradesh, Incie.

At present Korba is one of the Iniustriel cent-rs of Meclhye
Pradesh and th “ollowing industrial enterprises ere located in
the region:

- Viestern Coaelfields Limited's Colliery complex;

- The Thermel power plants of 540 MW besed on locel coal owned
by Medhye Pradesh 7“lectricity Board;

= EALCO Aluminium Complex comprising of:

= Alumine plent of 2CC,00C tpy cepscity;

- Aluminium smelter of 100,000 tpy cepacity,

- Fabricaetion complex of 50,C00C tpy capacity.

Besiles, two super Thermal Power Plents one belonging to
Maihye Predesh Electricity Eoard end another to NTPC are unier
congstruction,

Por transportetion purposes Korbe iz connected by b:road
geuge railwey line of 37 lm long with the rgilvwey stetion
Champa on Bombay- Calcutte Nationel mein line. Korbe is also
connected with Bilaspur, Reipur ané othar importent centres of

State of Madhya Pradesh by all-weather motor roads.
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The major source of water supply of the region is the Hasdeo
river. The electric power for the region end its industriel

units in genersl is supplied from MPEB Thermel Power Plant.
3. CAPACITY OF THE ALUMINA PLAKRT IN KORBA

The designed capacity of the plant is 200,00C tonnes of elu=-
mine per annum. Because of shortege of power eveileble and *he
insufficient demané for elumine, the plant has never been run
to the designed capecity. Since stert-up of the plent (April,
1973), until now & total quantity of ebout one million tonnes
of nlumina has been produced by the plent.

At present the productivity rate of the plent is to the order
of 85,000 tonnes of alumina per year.

The prodiuction programme of the Calcinetion plent is con-
sidered in two varients in the Feasibility Report:

- basing on the designed cepacity of the plant of 20C,000
tonnes of elumina per year;

- basing on thevexisting capacity of the plent atl present

(in amount of 85,00C tonne of elumine per year).
4. MATCRIALS AND OTHZR PRODUCTION FACTORS

4.1. Requirements for rew materials and inputs.

Initiel procuct for alumine procuction is the alumine byirete.
The mein factor for the above conversion in calcination kilns

ig the constant minimum moisture content, since eech ecdditional




moisture percent increases the specific fuel consumption by 1%.

The optimum permissible moisture coatent which could be
allowed at hydrate filtration section is 7-8% agéinst the moi-
sture content of 10-12% in works hydrate of Korba plant,

Purnece 0il is used as the kiln fuel. At Korba Alumina Plant
the sulphur content of fuel o0il used reaches 4-5%.

In celcinstion kilns it is reasonable to use fuel oil with
low sulphur content so as to reiuce the :empers*u-e of outlet
reses from ‘¢ kiln and tc decreese *he fuel consumptiion, howe-
ver the availability of fuel o0il of lower sulphur is not within
the control of BALCO.

With the sulphur content in fuel up to 1% the flue-geses
tempereture can be reduced down to 140-160°C. The celorific

value of liyuid fuel used is about 9,400-9,6CC kcal/kg.

4.2, Selection end cheracteristic of raw materials
end fuel

The following is assumed for the calculetions of the Feasi-
bility Report:

= Alumine hydrate

e ——

S.N°f Chemical composition and Unit ' Meen velue

other specificetions i .
1 2 s 4
1 NaZOtotal % 0.41
2 K504 o1p1 | % 0.012
3 510, % C.G2T
4 F6203 % C.058

Smr—
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» _ B} S ]
1 2 ! 3 14
5 L.0.I. | % 34.57
(3 ~ Specific density ’ g/cm3 2.43
7 Bulk weight a g/cm3 1.23
3 hngle of repose aegree 30.0
9 Water content % 1C to 12
- Fuel oil - lowest celcrific value is 9400 kcel/kg.
- sulphur content, % - maximum - 4.5
- mlnimum - 2.5
4.2.1. Specific consumption of rew meterials, utilities
end inputs for elumina proiuction (for Celcina-
& tion Plant)

Unit Quentity

s.¥o  Description
1 Alumina hydrate ot 1.72
2 Fuel o0il, celorific
- velue 94CO kcel/kg kg 124
3 Compressed air rm> 96,0
4 Power kWh - 33,0
5  Weter m’ 7.0
6 kefractories t 0.,00384

4.3, Cost Estimate

The proposed reconstruction of the celcine‘ion plant requires

no additional production expenses for materiels and utilities.,
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Additional expenses relaeted to & higher flowrate of compres-
sed air for the stage I of reconstruction project will be offset
by totel savinsrs in operating costs as shown in the estimates of

edditional revenue for this stace.

5« LOCATION AND SITE

5e¢1e Plant location

Korba Alumina plant site is loceted &t dout 12 kms North-
East from Korba town at an approxima'e latitude 0f22°23'N end
longitude of 82°44'E.

The Alumine plent srea is & rectangulsr pbt 30C m wide enc
660 m long with totel area of 26 hectares and longitudinel side
oriented in North-South direction. The site finished level is
fixed at 288.75 to 291.75 m ebove the Mean See level,

The western boundery of ‘he si:e is facing the 440 MW Power
Station and is located ebout 3CC m from *his Power Stetion .
The Aluminium Smelter is located in the eastern side of 4lumine
Plent Site.

The flood basin of Dhengur Nells streem is loceted et the
southern boundry of the plent site, In this region the ash dics-
posel pond of MPEB is loceted. From the northern si.e of the
site & similar flood basin of Belgery-Nells stream is loceted,
where the Red Mud pond of the Alumine Plent is situated.

In monsoon period the water level of these streems reaches
280=286 m above he sea level. These streems are flowing into

the major river of +he region i,e, Hasdceo, running from north

p
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to south about 2.5 kms west from the Alumina Plent.
The plant site is connected with motor roads and the railwey

.

siding with Korba Railway Station,
5.2« Location of Calcinztion Plent

The eristing celcination plent consisting of two rotary
Kilns end two multi-storey structures by the ends of these kilns
is sited on the eastern boundary of the alumine plent siie vwith
area of 50x200 m., stretched in north-southern cirection,

The feei end of the kiln with the multi-storey structure is
in the southern part of thne plant site, and the uischarge end -
in northern parte.

This site also contains two fuel oil tanks on the northern
boundery end three tanks for soda ash near the southern boundery.

The site is levelled, provided with engineering communica-
tions end motor roads along its perimeter.

The elumine storage is loceted 30 m east of the celcinetion

plent, with & reil track passing between these two units.
5¢3¢ Cost Estimate

Since reconstruction of the calcination plant will be effect-
ed on the existing slumina plant, no erpenses for purchessing

+he lend site ere requirec,

5.4« Local Conditions

5¢401¢ Climate

The region climate isg tropicel, the region is noted for low
seismicity, maximum temperature of the hottest months (May=June)

ig +47°C, that of the coldest month (Jenuery) is +8°C., Average




®
monthly rainfall is about 1000 mm. RH renges from 11 to 100%.
Prevailing wind direction is northern to western,
5¢4.2+ Soil Conditions
The soils of the site are from sandy loams to clayey loams
with bearing cepacity of 1.25 kg/cm2 to 1.5 kg/cm2 at a dep*th
of 2,0 m and 2.0=2,5 kg/f:n2 at a cepth of 2.0 m anc 2.0-2.5 kg/cm2
et a depth of 4-5 m. Bed rock lies at & depth of 15-20 m from
the surface.
Depth of ground weter table is 2.0=3.0 m.
5«5« Environmental Impact
One of the major sources of pollution of air et the slumina
. refinery is calcinetion kilng, with the follcwing emmissions of

contaminents as of 1983:

JO . - ¥

S/N { Description Unit ' One kiln " mwo kilns
1 Dust kg/h 5=-6 10=12

t/y 4445 ~8-90
2 802 - 10 20

78-80 160

The proposei reconsiruction of the calcination plent ensures
reduction in fuel o0il consumption and in reie of exit gases.
Amount of dust and 802 per tonne of finished product emitted
into eir will drop as compared with the actual level of emissi-

a
onsg.
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6+ ENGINEERING DESIGN

6.1. Design break-down .

6¢1.1, Initial data

The following is essumed for as the Initial dsta for ela~-
boration of process calculations end erection drewings of re-
construction of ‘he Calcinstion plent:

= the capacity of the existing Alumina plant (designed cepa-
city) - 200,000 tonnes of alumine per annum;

- the continuous operation of process sections;

= the Initial data for elaboration of the Feasibility Report
of calcination kilns reconsiruction at Korba Alumina Plant
(New-Delhi, February 1983);

- the local studies of the calcination Plent carried out

during collection of the Initiasl data,
6¢1.2. Brief Characteristic of the Celcinetion Plant

The essence ofcelcination technology in Korba Plant is simi-
ler to the technology used in the U3SR end other countries and
consists of the following:

The hydrate of alumina AL(OH)B. vith tound moisture of
12% is fed to the rotary celcinetion kilns, Hydrate af‘e- peccing
through the <rying, dehydrsiing end celcinetion zOnes, leaves
the kilns in the output form of eluminium orice (A1203). The
cooling of this fine powder materials from celcination tempere-~
ture of 1150=120C°C down to 100°C is carried out successively in
the end zone of rotary kilm, in recuperaetive cooler and in hy(roe

air cooler, The sepersiion of refractory lining impuri‘ies from
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elumira is car:ied out in the vibreting screen instelled between
the recuperstor and hy.ro-air coolers. The cooled‘product
through pneumatic system is conveyed to the silos,

The flue-gases from the kilns are cleened out of dust in
cyclones and electrostatic precipitetor end :then through chim-
ney stack and discharged to air. The dust captures in electro-

static precipitetors end cyclones is recycled to the kiln.

The list of existing equipment in Celeinetion
Plant

S.N® Keme of equipment S‘eci’icéiioﬁ‘detaii;. e iﬁé-
& : GULI pecii talled
! 2 3 4
. . _v. e e e e mem e e e e e
1 Hycrate long belt con- 500 mm wide, 60 t/hr
veyor Capecity, speed:1 mt/sec 2
2 Apron feeder 2.0 m die, speed 4-10rpm,
N =11 kW 2
3 Belt convevor 650 mm wice, speed im/sec
N = 3,75 kW 2
4 Screw conveyor 450 mm, die, 6.5 m long.
Cepacity 30 t hydrate/hr,
N = 15 kW 2
5 Electro-static precipi-  LURGI type, 550 mi,
tetor 440 V 2
6 ZSP smell screw conve=- 500 mm dia, 7 m long,
yor N =5 kW
7 ESP long screw ccnveyor 500 mm dia, 12.5 m long,
4 N =11 kw
] 8 DC Dust collector 4 cyclones of 1.370 m dia 2
| (group cyclones,Istage)
9 Noric Dust collector 90 number CI cyclones,
(group cyclones, 225 mm die 2
II stage¥




2

- Kiln with main drive

Vibrating screen

Hy.ro-eir cooler

Pneumatic chamber pumps
(Fluxo vessels)
Primery air fans

0il supply system
0il tanks

Bag filter &btove the
kiln

SF (I) Bag filter

I.D. Fen

Air blower

3 .

3:6/3.3 m die, 8C m long,
slone 1°945' 42 sec/rev. In
kiln I - eltern.current
drive, N = 95 kW;

In kiln II - direct current
drive, N = 95 kW

1.22 m wide, 2.74 m long,
14 mesh screen

Aree, 5.2 m2, cooling su:face
76 m“, cie of coil tubes
50 mm

Capecity 5.8 m3

6650 m°/hr et 255 mm Vg,
N=11kw

Two pumps, 25=30 atm.pres-
sure, § = 7.5 ki, oil flow
3000 1/hr 40 m3/cepacity,
9.6 m3/metre tank reight

Two compartments with
exhaust fen of 170 m3 cepa~-
city et 200 mm Vig

144 begs, exhaust fen
566 m3/min

103000 m3/hr cagacity at

220 mm Vg end 260°C,

¥ = 150 k¥

Capacitiy 1450 m3/hr, pres-
sure 350C mm Vg, N = 3.75kW
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Description of the existing instrumentation
end eutometion systems

The instrumentetion scheme includes the following measure-
ments:

- Temperature of flue-gases and elumina at outlet of recupe-
rative coolers, of slumine aefter fluid bed cooler;

- Fuel o0il input including return oil ena primery eir consump-
tions;g |

- vraught in kiln &nd before ges sucticnj

- Content of oxygen and carbon dioride (COZ\ in flue geses;

-Hycrete consumption,

The process eutometion is not available. The following con-
trol systems are evailatle: the remote control of gate vsalve
installed at gas suction for orygen content in flue geses, ‘he
remote measurement of hydrete consumption and the sutometic
meintenance of fuel oil pressure in the return line.

6e1.2¢s Brief cescription of ges-cleening plant.
Deta on emissions

In celcinetion Plant the following sysiem of ges=-clcening is
pdonieu: ges from the kiln —» dust collectors (the steges I & II)

—» electrostatic precipitator — I, D.Fan -—» chimney stack,

The specificeiion of gas coming for gas-cleaning (from ome
kiln) is shewn in Teble below:

Géé pérameters From the Lfter cyclones Irom electro-
kiln static precini-
tator

Volume - mm>/hr 48,660 53,000 56,000

- e m g e e e e————— s e




)

Gzs parameters ! From the After cyclones ' From electrostatic ;
{  kiln . precipiiator
T . m e s e m e e~ m e T e
Temperature, °C ' 260-=280 240-250 230
Dust3content,
g/om 250-260 30 C.1
50, - g/om’ 0.2 - C.18

The major sources of detriméntal emissions at this plent ere

the celcina*ion kilns,

“he gpecification of kiln emiscions is &s follows:

Fmigsion Unit : Rrom one kiln Prom two kilns
type - o
Dust kg/hr 5=6 10=-12
t/year 44-45 £8=90
SO2 EE[EE 10 20
t/year 78=80 160

6.1.3, Scope of design documentetion

Desides the present generel Explanatory Noie of reconstruction
of the Calcination plant, the equipment end process flowsheets,
erection end construction drewings, power supply end automation
disgrems are worked out for each stege in the Feasibility Report.
The ebove documentation is in Volume II.

The list of equipment and materirls is given in Volume III.

The Soviet equipment, the Incien equipment and the equipment
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from third countries is used in the present Feasibility reporte.
6.2+ Framework of Project

The design lists and breek-cown dete mine the fremework
of the Project end serve &s *he basis of estimetion of invest-
ment ana procuctition costse.

In this case the framework cf the Project is limitec only
by this gection basing on the concepts of reconstructicn of
calcination kilng approvec by EALCO,

The eristing service lines ere concerneil vith insignificent
modifications.,

The proposed concepts are to te implementec in three fol-
lowing stages:

- the reconstruction of existing rotery celcinstion kilns
is to be implemented on steges I end II.

- Stage III §rovides for replecement of the existing :otary
kilns by one new stetionery calciner at the same site.

In this connection the reconstruction un.er steges I end II

involves the process, electricel end const:uction ‘esignes, the
] ]

instrumentation and eutometion of e isting rotery kilns in limi‘s

of the Celcinstion Plent,

The following major works shoulu be inclule. in the scope of
works under stage III besices the construction of the fluiZised
bed furnace from the side of the rotary kiln H© 2:

~ the reconstruciion of the aluminium hycreie feed line;

- the construction of the pneumatic conveyor reck for the

celcined elumina trangportetion to the stcrages

s

. -



- the moving of smell part of water supply end sewerage

system and reconstruction of fuel supply.

.

6.3. Technology

6«3. 1o Types of technology of elumina calcination

In world practice the slumina calcination is carried out
in rotery kilns in moving leyer or in steiionery fluidized bed
furnaces.,

The alumina calcined in rotery kilns is cooled in drum or
cyclone coolers, in fluid bed coolers or in coolers comtining
different principles of meteriel movement,

The elumine celcined in fluid bed furneces is cooleu in
cyclone coolers or fluid bed coolers,

The elevated fuel consumption is the disedvantage of the
alumina calcination in rotery kilns which is connected with
the low efficiency of heat exchange between “he mate-ial end
the furnece gases inside the kiln, the high heaf losses to the
enviromment related to the difficulty of heat insulation of ro-
tary kiln casings and to cooled water and the high tempereture
of flue-gasese.

vWhile calcining the alumina in fluidized bed furnaces, the
fuel consumption can be reduced due to the intensification of
drying end dehydration process, to the reduction of unit sizes
and of heat losses to the enviromment related to the reliable
heat insulation of stationary furnece casings. The celcinction
in fluid bed calciners enables the complete eutomation of the

process end the reduction of the opers'ing personnel, Besices
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Y the efficient control of the finished product cuelity (ihe
elphe-eluming conient) is ensured.

6.3+.2+ Selection of celcination process .

The celcination process in rotary kilns &t Korbe Plent is
cheracterised by the eleveted fuel consumptior emoun:ing to
124 kg/t because of high heat losses of flue-geses (up ito 237),
of celcined alumina and to the environment (elout 2863). The

heet losses of cesing of the recuperative cooler instelled on
the rotary kiln are rether important.

The mejor weys to increase *the intensity of roisr; kiln ove-
retion for fuel saving are as follows:

- the recuperstion of flue-gases heet cue to ‘he drring of
elunminivm hyirorice in fluiiize. tedi inside the f. nece;

* - the recuperation of the celcined elumine hert to heet the
air supplied for fuel burning and the calcination of rart of
the recycle dust,

The improvement of the process of alumine cooling in or’er
to use more comple*ely ‘he celcined elumire hest cen be implemen=-
teu in the cyclone-t;pe coolers or ir flui.ize. teu coolers. The
fluid bed cooler is assumed for the coniitions of the Korta nlent,
This is relatea to the fact that the utilisetion of ‘he cvclone
hect exchangers for cooling of clumine celcined in ke :otery
kiln requires the instellation of en acditionel surge itank :o
recelve the excess material because of the non-urniform dischaerge

A of “he kiln. But this concept makes the equivment errencement of
@ the process rather difficult end is not concicered,

In the traditionel method of celcinetion in roier- iiln
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the dust captured in the gas-cleesning plant is recycled to the
feed end of the kiln resulting in additional fuel consumption

L3

for the temperature of flue-gases.

To reduce the fuel consumption and the gquentity of recycle
dust between the kiln and tke gas cleening system, it is reaso-

ngble to supply the pert of the recycle dust directly to the

hightemperature zone of the kiln. As per the results of the

enelvsis car: ied out the crigtelline weter content of the re-
cycled dust is 1.5 to 2.0%. The guantity of the recycled dust

fed to the high temperature zone is determined by the temperature
conditions of the processe.

The possibility to use the fluid bed celciner with utiliza-
tion of part of the existing equipment is also congidered in
the Feagibility Report. The fluidised bed unit can be instelled
at the site edjaceni to the exigiing rotery kilm N°® 2 using the
system of the alumina hydrate supply and the ges-clesning plent
of the kiln,

This method of calcinstion process in the fluiaisea bed
unit is practically the ealternctive to the celcinetion process
in rotary kilns ana it can be implemented es the third stege
of reconstruction of the Celcinetion plent or separately without

the implementation of stages I and II of the reconstruction,

6.4. Equipment
6e4,1, Design Dete and Selection of LCquipment

The equipment is designed basing on the following:
- capacity of the sjumina plent (200000 tpy)

- continuous operation of all process sec‘ions (365 cays/yeer)




L

To select engineering solutions end equipment for recomstruc-
tion of the calcinetion department the following.consideretions
were £lso teken into eccount:

- minimum additional equipment;

- meximum possible saving of fuel o0il for alumire celcina-
tion after reconstruction;

- minimum time for reconstruction #ni instelletion of equip-
ment by stages;

- experience gained in the UZI5R in reconstruction of the

existing calcinstion plents at alumine refineries.
6.4.2, Priority of Celcination Plent Recomnstruction

As & relatively large scope of work is required to echieve
8 considerable reduction in fuel consumption at the celcinetion
plent, as vell es & high capital investment, the Feesibility study
provices for reconstruction of ‘he calcination kilns st the Korba
alumina plant by stages:

- Stege I = reconstruction of the calcinetion kilns in such
scope as to attain the required reduction in fuel consumption by
Jecreesing temperature of kiln e>it geses, to improve heat exchan-
ge inside the kiln and to recycle pert of cust té the hot end of
the kiln;

- Stare II = reconstruction of the kilns to ensure re‘uction
in fuel consumpiion by decreesing heat loss to eir by replac-
ing the existing heet recovery coolers by fluiuised bed coolers;

- Stage II1I - further reduction in fuel consumption (es com=-
pered with steges I e&nd II by replacing the rote y kilns ty &

fluicised bed calc’ner.

T
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tnelysic of the abeve siases of reeons'ridiicn of the cal-
cinetion kilns sugrests that the stage IIT should be consifered
only es & potential varient. ‘

Tecision on implcmentation of stage III of ithe celcine‘ion
depertment reconsiruction should be taken only after atiaining

the design cepecity of the plant (2000CC tpy) and es*teblishment of

speciel elumina proiuction at *he Horbe slumina plent.

£e4e3e Selection of Zguipment

Mo improve calcinetion process at ‘he Korte slum.ne plani
the feesibility study considers the follcwing proposels:

- drying hyire‘e in suspended state;

- recycle of dust to the hot -onej

- cooling - lumina in e fluidisec bed.

s

ed Stete

ot

€edo3.1e I rying Aluminium Rrirate in Suspen:

Tarlirr ‘*wo alie netives of ecuipment flowsheets for hr.rz-e
wrying were ccnsi .ered;

- feeding hydrate to the exiti geas duct;

- reconstruction of the kiln <rying zore.

tnelysic showed thet feeding hycrate io the ges cuct qui-

res & conciceravle reconciruction of the fee? line vith =_.itio-

nel instelletion of equipment (belt and screw conveyors, “iecvo-

tor) or reconstruction of the gas line (U-chared ges {uct with

installation of & feeder).

The Feasibility study :ecommends the elte:naetive with reccn-
gtriction of he diying zone of tile kilm, which will also ensure

no chenre in ine kiln feeding equipment, The kiln dehydr-:ion

cone will ve proviaed with a srecizl Yeaut exchenge lining.
X - Lo




i e oo S e ailiimitinn

a andet ahn

- 34 =

6.4. 3.2. Recycle of Dust to Hot Zone

necycle of dust to the hot zone of the kiln will be ensured
by provision of & jet unit operated by compresced air and &
cyclone to separate dust from carrier air.

6+¢4.3¢3. Cooling Almine in Fluidised Eed

To cool alumina in & fluidised bed provision will be mece
for & fluidised bed cooler in the form of & horizontal unit
with & directionel flow of meterial, including e series-connected
chember for separation of refrectory chops (tresh) from alumine,
eir ani eir-weter heet recovery chambers and seperrte cyclones
to cleen hoi &ir.

The world practice of the calcination inclules the use of
principle of eluminium hydroxide heet treetment in & suspended
state and fluidised bed: calciners with circulating bed, Lurgi
(*nG), flesh calciners Mark III, Alcoa (U3A), celciners of sus-
penced alumina, Pechiney (France).

Drawbecks of the above celciner designs lie in complerity,
separation of staces of treatment (in various units), reguire-
ments for gignificant diversity in types of refrecto y bricks,
reletively nigh energy demend.

The Feesibility study proposes & VAMI~iesigned flucised bed
calciner wnich includes cyclone exchengers for drying hyirete, @&

chaft heat exchanger for dehydretion in e suspended ted, & chsm-

bter for calcinetion in a fluidised bed anu & three-stage cyclone
cooler with eir-water fluidised bed cooler for cooling calcined
elumina.

Te calcinry is lined vi*h sten.e-é briclks end feet .."ec 8
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low hycraulic resistence. The unit is fitted with blowers to
suprly eir, fuel burners, hydrate feeders enc Pneumetic pumps
or air lifts for discherge of elumine,

£.5. Brief Tescription of Steges of Recons*: uction

of Calcingtion Plsnt
€.5.1. Stage I of Reconstruction of Existing Celcinetion
Kilng (dwg 1354690, sheet 1-2)

This stege of reconstruction of the celcination kilns provi-
des for drying: luminium hycrete in a suspended ted with recvcle
of dust to the c¢ischarge end of the kiln,

€.5.7s1, Hydrete . rying In Suspended Bed

Originel wet hydrete is fed by the erxicting screw feeder to
the modified drying zone of the kiln fit‘ed with :irensfer venes
enda a sepereting diaphragm of speciel design.

Loeded meteriel is dried when moving ehced by hee: of geces
from he dehydretion zone, becomes suspendeu in geses ens is
car-ied out from *he kiln to the cyclones (stege I end II) of
the ges cleening system,

Dried product trepred in the cyclones is trensferrcc elong
the inlined feeding tube tehind the diaphresm cdirecily in -he
kiln dehy retion zone. Since the cryins~ zone tecomes chorter “he
non-lineu seciion of tiie kiln ig lin-a vith .ef:actory brick,

Intensificetion of hydrete dryinc process ensures that ihe
proces: is completed over the short section of the kiln end
exit gas temperzture is lowered from 250="75°C to 180=--20°C, enc
hence reduces fuel consumption,

6.5¢7.2+ Recycle of Duct to Discharge "nd of XKiln

To lower fuel consunmpiion efter reconsi~uc*ion of the d-ying
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zone of the kiln it would be necessary to reiuce eir rete thro-
ugh the heat recovery cocler, This results in higher temperature
of elumine at exit from ‘he cooler, To lower temperature of
cooled elumine end to more efficiently use heet of celcined
elumine provision is mede for recycle of dust from the ©SP to
the discherge section of the kiln,

with thils purpose in mind modificstions will be introduc-
ed in the dust collection system, vihich irvolve removel of one

of the screw conveyors enc & cust elevstor,

)

¢

Trepres st is collectcd from unier “he TSP hoprers and
fec by the jet conveyor by means of compressed air to -“he areca
of ke burner platform to the discharge cyclone fitted vith a
fluidised bted lock, then greviiy fec to the discha:ge en. of
the kiln, Dust is celcined end pesces slong with elumina for

cooling.

6.5.1.3, Process Paremeters of Sta-e I

Capscity, t/h 14
Fuel consumption, kg/t 112
Tempereture of exit ges, ©°C 180-220
Compressced eir re‘e, ij/t 142
Power lemend, kWh/t 30

€Ee5ete4e New Equipment for Stere I
Jet conveyor, cenacity t t/h,
Digcharge cyclone, # €0C mm, fluicdised bed lock,

£.5.2+ Stage II of Reconstruction of Ixig'ing Celcine'ion
Kilng (dws 1354F91, 1354€93)

~te_ e 11 involves insislletion of en elumine coulere. This
stese will be implemented after intrnduction of the meestures

un. er stege I,
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6.5+2.7« Reconstruction Concepts of Rotery Kilnms

Stage Il involves removal of the existing heat recovery
cocler, vibrating screen, fluidised bed cooler, pneumatic chem-
ber pumps end beg filters.

The discherge end of the kiln is shortened by ebt 32 m and
fitted with & new burner end.

Celcinec glumine via the modified discherge end is fed to
the tresh seperator, where in & fluidised bed refractory spal-
lin~s erd lumps ere seperated from alumine flow, then slumins
comes to¢ the hest reccvery chambers, is coocled Govn in & flui-
Gised ted &nd discherged into the pneumstic ~hamber punrs. Hot
gir is cleened from cust in seperete cyélones enc is fed to ‘he
kiln for combustion of fuel, and t-epped .ust is recycled to
“he fluidised bed cooler.

The fluidised bed cooler is located downstramr of the rotexry
kiln.

6.5.2.2., Dust Recycle

Ireppea wust from the ESP fed uncer stege I to the discharge
end for calcination and cooling alumina et ‘he exit from the
heat recovery cooler, is fed via the discharge cyclone to *the
tresh separa*or under stage II for celcinetion end cooling rlong
vith the celcined alumine due to reconst:uction of the discharge
enu. of "he kiln,

rerleccment of e roiary heet recovery cqoler ty a stationarg
fluilisea ted cooler with insice lininz to encure lower tempere=~
ture outside the bhody will recuce heet losses to the sur-oun ing

eir. "he cooler will allow paescédge of such -ate of eir es required
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for combustion of fuel, which improves rate of heet supplied
to the kiln along with hot eir end recuction in fuel consump-
tion of celcination processe.

Improvement in the rotary kilns by marimum use of heet of
off-gas an. celcined slumine ensures 'eduction in fuel consump-
tion by 20-21%,

6.5¢.3. Process Peremcters of S‘ere II

Cepaciiy, /h 21

Fuel consumption, kg/t 98

4ir rate in cooler, Nm3/h 2C-211103
Temperature of exit ges, °C 180-220
Hot eir temperature, °C 5CC=£50

Hycreaulic resistence of cooler, Pa:

eir heet recovery chember LE00=-5CC0

air-water heat recovery chembter 9CLr=1C0C0
Power demend, kih/t 22
Compressed eir rete, Nm3/t 142

€.5e2e4e New Tquipment unier Stage II
tluidisea ted cooler wiil & trgsh senerator, erea of £5 mg,
Seperete cyclones, 4 pcs, ¢ 11CC mm,
Ten, C = 2500C m°/h , H = 70(C Pa
‘ir blower, G = 40CC m>/h, K = 11000 Pe.
Fe5e3e Stere III of ieconsiruction of Celrins ion Flent
et Korba Alumine Plent (dwg 1354692)
6.50301, Bezic Meesures
Stzre IIT of recongi.uction of the celcine'ion plent p oviies

for celcinetion of hy'reie not in the two erxisting -otery Lilns
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but in & new stetione y fluidisec bed celciner instelled ne- t
to -he kiln No 2.

Intensification of celcinetion process in & fluidised bed
considerably reduces size of +he unit, ellows instelletion of
the lining to ensure & low temperniure of thre celciner shell
end ensures reduction in heet loss to eir 3-5 times e&s compered
with e rotary kiln end reduction in fuel consumption by 12-14%
as comperec with an improved rcisry kiln.

In this case hydrete will Yte fed tc the res <uct of *he
crclone heat exchenger of the fluiiisiced bed calciner “o te d:ir-
cehyidreted, celeined anl tcoied, the firel proiuct will be fed
by pneumatic chember pumps to the e-isting silo, Exit cms
after *he cyclone heat exchengers of ihe calciner will te fed
to the ges cleaning system of the eristing -~o*ery iziln Yo 2 with
the first stege of the cyclone clez.:er (ZC .ust collec:cr), con-
sisting of four cyclones 137C mm diemeter tc he erpendel end

- ~ -

the secon: s*age of ~vclones 225 mm «ia (Io ic Tuzt collrctor)

-

t0 be removei, *he T3P *0 te reigines en. *he fure fen ({.D.fen)
to e repleceu,

70 feed hydrete to the fluidised bed celciner the telt con-
veyor supplying orisinel hydrete will te ev'enied, ent € rrcei-
ving hopper with & screw conveyor will te instcllel.

Yiring of the =iln with o0il is from the eristins fuel surply
line by elongation of the existing fuel o0il line.

Trrnsport of alumine from the fluisised teu calciner ic the

existing elumine storsye silo wil'! re,uire construction of & new

pneumstic conveyor rgck telwcen *he celciner gnéd ‘he stcrere
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30-32 m long fitted with pneumatic pumps.
6.5.3.2« Process Parameters of Stage III

Cepecity, t/h 28

Fuel consumption, kg/t 85
Hydraulic resistance, Pa 12000
Power consumption, k¥Wh/t 16
Compressed eair rate, Nm3/t 9.4
Tempereture of exit gas, °C 18C=220

6.5.3.3. New Equipment under Stage III
Pluidised bed celciner with cyclone heer e:xchengers,

Calciner proper enc¢ cyclone cooler 28 t/h capacity,
Screw conveyor ¢ 50C mm,

Fen, & = 440C6C m>/h, H = 24CC Pa,

air blower, Q@ = 15(GO m>/h, H = 15G0C Pa.

Pneumatic pumps, ¢ 180C mm.

6.6. Summary Teble of Major Process Parameters
of Calcinetion plant

Parsmeters under Parame-

| meters be- stage I end II of ters un-

_ reconstruction der sta-
 fore raeon- TEIMEUUONIR L ot
| _ : D new cal-

‘ ciner
U SR e e RS
Capacity of | t/h 12.8 14 21 28
one kiln :
Fuel rate  kg/t 124 112 98 85
Air rate ; Nm3/t i 96 142 142 9€ .4
Power demand ' kWh/t 33 30 22 16

|
|
|
i




.

L
Notes: Parameters uncer stage II of reconstruction include
measures under stage I. f
Paremeters in column 4 (before reconstruction) are based
in reported plent data and study conducted January 17-19,
1983
6.7. Concepts of Electrical and Automation Designs
As the Feesgibility study provides for reconstruction of the
calcination plant in three stages the electrical end autometion
concepts will be considered by steges.
6.7.1. Power Supply
Reconstruction of the process equipment of the calcination
plsnt requires no chenge in the existing power supply system,
Change in power demend by reconstruction stages is given in
Table below.
S/N  Description ' Unit Change in power <emand
: ‘stage I | stage IIE stage [ stege III
: LI & 11 f 7
1 Lew equipment kW 0,060 - +204,0 : +2C4,0 ' +203.0
2 Cancelled ' P
equipment kW 0.0 = =110.0 ' =110,0 -670,0
Total C.00 +94OO +94.0 "46700
There are no changes in power demand at stage I.
| () Total power demenc at stage II will be somewhat higherdue to
provision of electrical equipment for the fluidised bed cooler

(fans snd air blowers).
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This involves removal of electric users of the cancelled
process equipment with total power rating of abt 110 kW, inclu-

ding:

two vibrating screens, total power demend 10 kW;

- two primary air fans, total power demand 22 kV;

- two I.D. fans, totel power demand 45 kW;

- one blower, power demand 30 kW,

Under stage III two existing rotary calcination kilns willbe
replaced by a stationary fluidise. bed celciner, which involves
rddition of the following electric users:

- screw feeue., power cemena 22 kW;

- fan, power uemsna 56 kW

- gir blower, power demend 125 kW,

This involves removal of the rotary kilns with the electri-
cel equipment totaling 670 kW,

Power supply of the new electric moiors will be from +he
standby circuit breakers of the LV panel of the transformer
substation TS-5 (see dwg.1247412),

The supply and distribution lines will be leid in cables
with aluminium cores and PVC insulation, and tropicelised sheath.

Control and signalling lines will be laid in cebles vwith cooper

cores.,
6.7¢2+ Automation

Stage I, in addition to the existing automation system of
the celcination xilns, provides for compresse. air flow re‘e and
pressure gauges of the jet pumps.

Siaie 11 involves an autometion system of ‘he fluidised bed

————
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cooler. The major paremeters to be monitorel ere inlet and
outlet temperatures of the aust, asir, gas flows end alumine;

pressure and pressure drops in the cooler chambers, air end gas

v ey

lines; eir rates at the tresh collector section and coolrr,

The control system provides for maintenence of ratio of
fuel rate fed to the kiln end eir rate fec to the cooler, as
well as distribution of air by the cooler chamberse.

To prevent breakdown of the vibreting feeder it is inter--
locked witi a gauge of meterial temperature at the exit from
the trash separator.

Gauges and devices under steges I and II will be mounted
o the panels proviced in the eyisting operetor room in free
space,

Stage 1II provides for sutomation of the fluidised bed cal-
ciner which replaces two rotery kilns.

To ensure the preset operating con.itions of the celciner
the following peremeters will be monitored:

- ¢lumina :emperature in the shaft heet e: chenger ena upstreeam
of the cyclone cooler steges, before and after the final cooler,
fuel end exit ges temperaiures;

- air pressure after the fans, et the fluidised bed chember
section end the finel cooler, et the cyclone cooler stage, fuel

pressure at the burner and exit gas pressure;

- air rgte after the fans, at the fluidised ted chember sec~-
tion end the finel cooler, the cyclone cooler stage, fuel rate

fed to the fluidised bed chamber, water rate fed to ihe final

cooler;
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- anelysis of exit gas for content of oxygen and carbon
cioxide after the sheft heaet exchanger. .

The system for eutomatic control of the celciner provices the
following: _

- maintenance of retio of fuel end air rates fed to the
fluicised bed chamber;

= Gistribution of air rates by sections of *he fluidised
bed chember and finel cooler;

- feed rete of “he celciner according to *empereture of
exit gas.

Stage III involves provision of the operetor station of

the fluiuisea bed calciner.

6.8. Civil Enfineering concepts and Units
6.8.1. Existing verticel elevation and civil engineering

concepts of calcination plant

6.8.1.1, Vertical Elevation Concepts

The calcination plant with two rotary kilmns 3.6/3.3 m disa
by 80,0 m long consists of three parts:

feed end (cold end of +he kiln)

kilnpart

discharge part (hot end of the kiln),

Centre distance between the kilns is about 12.5 m.

The feed part of the celcination plant is en open three-bay,
fivestorey structure 30,60 m high with pletforms et €1.9.100 m,
13,800 m, 18,00C m, 22.,00C m end 30,600 m.,

Plan dimension of the structure is 19,70 by 27.50 m, with




larger dimension along the kiln. Two outer bays of the struc-

ture 7.20 m each are designed to accommodate the process eguip- {

ment anc ISP's. The centre bay (5.30 m in size) houses two hyl-
rate receiving hoppers at el.18.CC0 m and a steck 2.75 m cis, ;
45.0 m high instelled on e separate foundetirm at €1.0.00 m.

T™he kiln pert 7C.3 m long is open. The major structures of
the kiln part are four supports for each kiln, with top at el.
6.9 to 8.0 m.

Eech kiln is provided with cetwalks elong its si‘e from the
cold to hot end for meintensnce purposes mounted on seperete
steel supportse.

The discharge pert (hot of the kiln) is alsc a three-bay
L | open structure 21.0 m high end plen dimensions 22.5 by 25.0 m.
This structure is provided with two platforms at el.6.65 m for
instrumentetion end fuel supply equipment, end at el.12.000 m
for location of bag filters.

A shed with bay of 22.5 m is provided stove the ends of the

both kilns.

Pneumetic transport of alumine from the calcinetion plent

to the slumina storare is by Fluxo vescels mounted in e pit et
the hot end of the kiln measuring 5.0 by 2C.C m in plan en’
f£loor elevetion of =5.50. Length of the elumine pneume'ic con-
veying line leiu on steel supports from ilie Fluxo vessels 1o
+he elumina silo is 5C m.

IS The cable trench at el,+C,0C m nesses elong the whole cel-

cinetion plent, with coverings of precast R.C.C. slebs.
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6.8.1.2. Existing Design Concepts

Both structures of the cold end hot ends of‘the kiln are
three-bay multi-storey steel frameworks supporting cast-in-
place R.C.Ce floors on seconiary steel beams. All vertical
supports of the frames are two-branch steel latitice columns.

The column foundations are cast-in-place R.C.C. raft foun-
dations on R.C.C. piles 550 mm dia, 15-20 m long with tearing
caracity of 100 t each. The chimney stack foundation in the
feed structure is also a cast-inplace R. C.C., raft foundation
supported by 10 R.C.C. piles 550 mm die each. Floors et el.
0«CC mm are of concrete. Happers, chutes, guards enc steirs
are in steel,

* The shed above the hot end of the kiln is of corrugated es-
bestoscement sheete leid on steel purlins caer:ied by two trisngle
steel girders with spen of 22,50 m.

vialls of ihe instrumen.siion and substation rooms in the
structures are of brick, roofs of csst-in-place R.C.C. slebs,

Supports of the kilns ere of cest-in-place R.C.C., on cest-
in-place R.C.C. piles 550 mm die, 15-18 m long.

Guard structures of the pit for the Fluxo vgssels in the
uischerge structure (bottom, walls, slab floor) are of cast-in-
place concrete.

Characteristics of Mein Structural Elements Materials

All basic loac-bearing steel structurel elements are mace
of steel grade 440 to IS-226 with design load of 1550-1650 kg/cmz,
gsecondary steel members of steel grede 440 to IS=226 with design
load of 1550=1650 kg/cmz. For kiln supports use was me e of con-
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crete grade M-2C0 to IS-456, for piles - concrete grade M-200,
cover slabs - concrete grade M-250, foundations and mat founda-
tion - concrete grade M=-2CC, floor -~ concrete géﬁde M-150,

Reinforcement of the R.C.C. structures is re-bar with design
tensile strength of 2100 kg/cmz.

6.8.2. Proposeu Major Civil-engineering Concepts

According to the proposal for reconstruction of the celci-
nation plant by stages the civil concepts will be considered
separately for each stage.

6.8.2.1. Stage I

Stage I of reconstruetion of the existing rotary kilns invol-
ves an insignificant scope of civil works and is limited by:

- installation of two steel hoppers and chutes with a cepa-
city of 1.8 m> each on the platform at el., 9,100 m in the exis-
ting structure of the cold end of the kiln and dismantling a
few gsections of R.C.C. floor slebs;

- installation of special supports for two cyclone dischar-
gers 600 mm diameter each on the platform at el,120 m in the
existing structure of the hot end of the kiln;

- ingtallation of two pipe lines 100 mm diameter each for
recycling dust from the cold end of the kiln ‘o the hot end, the
gbove lines will be fixed to the existing structural members of
the cold end hot end structures of the kilns and the catwalks
running along the kilns,

684262, Stage II
(dwge.1332928~-AC, sheet 1-2)

Stage II of reconstruction of the two existing rotery kilns

- gy
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provides for replacement of the recuperative coolers of the
kilns by two gstationary fluidised bed coolers. Tye fluidised bed
coolers will be mounted at el. +0.000 in front of the existing
structure of the hot end of the kilns.

Siting the fluidised bed coolers in this area requires that
two fuel oil tanks along with the fencing will be moved 5.0 m
north,

Scope of civil works for construction of two fluidised bed
coolers includes the following works:

- construction of two cest-in-place R.C.C. pits under the
ends of the kiln for a trash separator meesuring 6.0 by 6.5 m and
“e2 m deep;

- construction of cast-in-place R.C.C. foundations for each
coolers;

-~ construction of a common (for two coolers) cast-ineplace
R.C,C. pit 5.4 m wide, 22.5 m long #nd 5.60 m ceep for Cers pumps,
provision is made for sheet piling of 30,0 m long and 6.0 m high
from el, =2.5 mj}

- construction of a shed on steel supports with corrugeted
asbestos-cement roofing above the new pit;

- installation of steel supports for new cycloncs on the
platform at el,12.0 m in the existing structure of the hot and
of the kilns witl dismantling smell sections of R.C.C. cover
slebs et el.6,650 end 12.000 m;

- moving two fuel tanks end their fencing;

- reinforcement of the eristing pit near the hot and of the

Klns to enable it to carry loads from the fluidised bed cooler

anu closing separate openings on the pit coverings witn steel

e
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platese.
6.8.2.3. Stage III
(dwg.1332929~-AC, sheet 1-2)

Clepe IITI involves construction of the fluidised bed calbinei
next to the rotary kiln No 2 from the side of .the cold end struc-
ture and installation of the alumine pneumatic conveyor rack
32 m long.

According to the process concepts the fluidised becd calciner
will be mojnted on a separate open multi-gtorey structure with
platforms at el.6,0, 12.0 and 18 m, with platforms at el.6.0
end 18,0 m coinciding with the platforms of the existing struc-
ture at the cold end of the rotary kilnsg, which is attributed to
technological links.

The new structure's widt'r between centres of columns is 9.4 m
end length 60,0 m, while ell process equipment is located on the
first (lower) platform.

To align the foundations for the columns of the new siruc-
ture of cold end the centré distance between the outer columns
is assumed equal to 3.0 m.

The fremework of the proposed structure will be of steel

with cesi-in-place R.C.C. on steel purlins,
Foundations for columns of the structure are as follows:

- supports bearing direct load of the calciner are in form
of cast-in-place mat foundations on piles (bo:e and driven
piles) 550 mm die, 18 m long;

- other supports in form of cast-in-place R. C.C. foundation

on natural bed;

- founiations for equipment located et grouni level sre of
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cast-in-plece R.C.C. and C.C. type. '

Ls fencing stiuctures (walls end roof) of the extended hyd-
rate conveyor the use is made of asbestos-cement sheets on
steel structures, end bricks for walls of & built-in instrumen-
tation room.

The alumine pneumatic conveyor rack from the calciner to the
storege is of open type, on steel supports 5.0 m high ena pitch
measuring 6.0 m; the upper part of the rack is also in steel.

Foundations for supports of the rack are on natural ted,

made of cest-in-place R.C.C.

6¢9. Estimate cost

Estimete cost of the reconstruction of celcination kilns is
determined on the basis of the finmancial estimation carried out
in accordance with the Initial data for elaboretion of the Fea-
sibility Report, which has been collected by the group of exrerts
of VAMI Institute of Ministry for Non-ferrous metals of the USSR
in collaboretion wvith BALCO who renders assistance under this

projecte

6.%9.1. Technology cost

The cost of know-how was determined by the Soviet side similer
to world practice in calculetion of anelog costs taking into

consideration the tax on know-how in amount of 25,0'% of its

totael cost, The Total sum of capital costs for technology acquis-
ition mekes:
I stage - Rs., 339,600
II stage -~ Rs. 398,200
III stage - Rs. 1,138,200
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® (ref.to Shedule 6-1)

6.9.2. Equipment cost

Capital costs for acquisition end erection d} egquipment
include the following cost items: equipment end materials,
erection works, primery stock of spare parts, port cherges,
benk charges, cost of transportation from port to construction
site and insurance charges for imported equipment.,

The production equipment includes the major process equip=-
ment, handling equipment, elec‘rical equipment, instrumentation
and sutomation equipment for mein process operations.

For celculetions of capital costs the costs of equipment,
materials and erection are acopted as follows:

S - for equipment and materials supplied from the USSR (inst-
ruments and automation equipment, cables) - in accordence with
v/0 Tsvetmétpromexport data based on 1983 price level;

- for equipment &nd materiels supplied by Incien side, as
well as for ihe cost of initial stock of spare parts (5%0f equip~
ment cost), btank cherges (5%) - in accordance with BAICO ieta
given in the Initial date for the preparation of the Feasibility
Report of reconstruction study of Alumina Calcingr for energy
conservation at Korba Alumina Plant in Indie end elso with the
initial data for the preparation of the Feasibility Report of ;

1 the setting-up of Gallium production at the same plent.

The investment costs were calculated for 1983 price level witho-

ut teking into account the escalation.

On the basis of the costs mentioned above the total cost of

equipment and materiels makes:
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I stege - Rs. 637,100
IT stege = Rs. 6,578,600
IIT stage - Rs. 9,192,800
{Ref.to Scheiules 6-2, 6-3),.
6.9.3. Cost of buildings, structures and o:her
civil works
The estimcted cost of buildings end structures incluies
the constru.tion works for reconstruction of the Calcire‘ion
Plent - _ismentling of :-CC sni steel structures, construction
of new founue.ions for equipment, pits, steel frsmework struc-
tures, racks, platforms, lining end heet insulstion.

The estimated cost of construction works is ceterminel tasing

on the overell (uentities of civil works end on unit retes in
eccoruence with DALCO date given in Annexu.es to the Initisl
cate,

The price level is edopted for the beginnirz -~ 1973 ithout
taking into account the esceleation,

The estimated cost of construction works ty steges of recon-
struction makes:

I stage - Rs. 896,400

II staze - Rs. 5,153,600

III staze = Ree 94162,200

(Ref.to Scheuiules €-4, €-5),
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Estimate of technology costs:

Lump-sum payments.

Schedule 6-1

) c : sl 1o o T Total
! S-Nol‘ Cost ilem Foreign | Local Rs. 000
f—— e ‘ L e e e ——— e e a—— -~ - - -
1 i 2 3 , 4 5
| S U S UG
} .
~ Stage 1
1 | Cost of technology know-how 271.7 271.7
2 Tax on know-how - 67.9 67.9
Total of Stage I 271.7 67.9 339.6
- Stege 11
1 Cost of technology know-how 318.6 - 318.6
2 Tax on know-how - 79.6 79.6
Totel of Stage II 318.6 79.6 348.2
Stage III1
1 Cost of technology know-how 910.6 - 910,6
2 Tex on know-how - 227.6 227 .6
Total of Stege III 910.6 227 .6 1138,2




. Estimate of Investment cost
Schedules 6-2, §-3
Estimate of investment cost
Equipment
Project component - Calcination plant
"S. 65;;: Unit | Item description iLo- . Fore-‘ Unit _L_p95t Rs. OOO :
No tity l !cal ign ; price,’ fo- llo- ¢ota1
3 : : Rs. 000 geign cal‘ .
T TTTY T s Ty te s
7 I Stage I E ; ‘
:Production equip- % é
ment ; T
6 37.8. t Process equipment ; + - 12.42:, - 469.5 469.5
v | :Spare parts é ; - 0.5 0.5
: ' Erection ? - 38,0 38.0
: gf;;;Irri . . T - 508 0 508.0
2 0.52 t Instrumentation =  +  162.3 84.4 15.6 100.0
and controls + - 50.3
Ce31 Spare parts ! + 4,0 = 4.0
g 1 iErection D - 18.5 18,5
Total 88e4 34.1 122.5
TOTAL of 4 88.4 542.1 630.5
3 165 % Port charges and
levies + - 88.4 =~ 1.3 1.3
4 1 % Bank charges + - 68.4 = 0.9 0.9
;' 5 % Trensportation

- 54 -

from port of deli-
very to construce
tion site including
-loading~unloading
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]
RS o lslelr e fe 0 |
operations end insu- | | ‘ |
rance + - . 88.4 = 4.4 4.4
TOTAL of Stage I . 88.4 548.7 637.1
Stage 11
Production equipment
1 322.2 t+ Process equipment + - 13,98 - 4506.4 4506.4
Spare parts ‘ 33.6 33.6
Erection + - 504.2 504.2
Total 5044.2 5044 .2
2 2.96 t Electrical equipment + - 47.7 - 141.2 141.2 ,
» Spare parts o+ - - .8 1.8 '
Erection _ ; - 28,2 28,2
Total 171.2 171.2
3 2,79 t Instrumentation and - + 344.59 961.4 77.7 1039.1
controls + - 185.0
Spare parts - + 47.7 = 47.7
Erection o+ - - 200.8 200.8
Totel | T 1609.1 278.5 1287.6
TOTAL of 4 + + 1009.15493.9 6503.0
4 1.5 % Port charges + - - 15,1 15,1 |
5 1 % Bank charges + - - 10,1 10.1
6 5 % Transportation from
port of delivexry to
Y construction site in-

cluding loeding=-unlo-
eding operations and

insurance + - - 5044 50.4

TOTAL of Stage II 1009.1 5569.5 6578,6




(Y
12 3
1 261.1 ¢
2 2.,13 ¢t
3 3.1 ¢t
® C.36 ¢t
|
4 15 %
5 1 %
6 5 %

i

4 15 el 7 |8 ]9 'o
Stege ITI * - [ -
| Producfion equipment ? ; i !
: i : ; ‘
" Process equipment o+ = 261 ¢ - T7256.7 7256.7
i | ~
Spare parts - - 15,0 15.0
Erection g + - - ‘682.4 682.4
Totel | | 794.1 7954.1
Electrical equipment | + - 44,13 - 94,C 94.0
f
Spare parts l + - - 13.2 1302
Erection g + - - 2102 2102
" Total § ' 128.4 1°8.4
Instrumentation end : =  + 259.42 8C4.2 38.0 842,2
controls .+ = 105.55
% Spare parts ; % + . ©39.8 - 39.8
z ! i :
Erection o+ - - 165.0 165.0
- Total ' 844 .0 2C3.0 1¥7.0
. Port charges + - - 12,7 12,7
Bank charges + - - 8.4 8.4
+ Transportation from
port of delivery to
- construction site in-
cluding loading- un-
loading operations
end insurance + - - 42,2 42,2

. TOTAL of Stage IIT

——————— < # . e e = —— -~y

844.0.8348,8 9192,8

i
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Estimate of investment cost

Schedules 6-4
6=5

Estimate of investment cost
Civil engincering works

Project component - Calcination Plent

' Cost, Rs.C00

Quan-Unit tem description Lo~ :Fore-{Unitr+«f
tity cal iign . cost, for- local toiel
: '8.000 eign '
2 5 S S "5'f 6 ; 7 8 9 10
Stage 1
Buildings and speci-
al engineering works
- - Generel and special
engineering works + . - - T2.T T2.7
80 m’ Lining works + - = 10,3 - 823.7 823.7
T0TAL of Stage I + - 396.4 8£96.4
Stage 11
Buildings and speci-
el engineering works
- General and special
engineering works + - - 1181.6 1181.6
450 m3 Lining end heet insule-
~tion works + - 8.8 = 3972.0 3972.0
T0TAL of Stege II 5153.6 5153.6
Stage III
Buildings and speci-
al engineering works
- - General and special
civil engineering works + - - 5448.1 5448,1
375 me Lining works + - 9.9 - 3714:1‘§?j431

T0TAL of Stage III + - - 9162.2 9162,2
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7. PRODUCTION PROCEDURE AND ADDITIORAL COSTS

As it has been noted above, the calcination.hepartment is
one of the main units of the alumina producsion. A modification
project at Korba alumina plant does not envisage any change in
the production scheme established at the plant.

The modification is eimed at improving end modernizing the
calcination process to increase an efficiency of the fuel use
end to recuce its specific consumption.

As it has been noted (section 4.4) the modification will
not reyuire additional direct costs connected with services or
lebour for this department,

The additional expenditures provided for in the Feesibility
Report include the routine repair and meintenence of the facili-
‘ies io be established, their depricietion end financial charges.
These expenses form the overheeds and are included into the
fixed production costs,

According to the basic data for prepere‘ion of the Feasibi-
lity Report the current repeir snd masintensnce costs to be at
0.5% of the buildings and structures costs and 2,5% of the equip-
ment costs, and depreciation - at 6.5% of the total investments
(without an interest paid during the reconstruction period), &s
is & current practice of the plent activity.

An interest is calculated from the conditions of the loan
for reconstruction ectivities, their repayment and en annusl
amount to be peid, according to the initiel date.

An Income tax and dividents to the shareholiers were not in-

cluded into the calculations beceuse at the present time the

plant as & whole is not quite profitable.




8. PERSORNEL

A reconstruction of the celcination depertmemt will not
involve eny chenge in the structure and quentity of the mein
production staff of the department. Repair endmaintenence of
the newly instelled equipment to be cer-ied out by the eristing

facilities of the plent.

9. PROJuCT TMPLIMONTATION
9.1. Progremme end time table of the project

According to the request of the Indian sice for reducing
the required cepital investmmets it is plenned to cer:ry out the
reconstruction project in three stages.

The first stage co-vering a hydrate thermal treatment end
re uiring smaell capital investments (Rs. 2.9 mln) cen be cer:ied
out during 6 months without time required for the engineering
work., To simplify the calculetions the recons*ruction costs will
be incluced into the finished product costs sterting from the
next yeer efter commencement of the reconstruction taking into
account a design capacity of the calcinstion department.,

The second stage involves en instaelletion ¢f the fluid bed
coolers., The carrying out of this stage does not evcluce the
costs involved in the hydrate thermasl treatment of the first
stage, they can be effected simultaneoucly,

Taking into account that the project will be implemented in

steges, & timeteble for carrying ont these two stepges was teken

as & basis when calc.leting the performence figures for the




second stege. First the thermel hydrete treatment is carried out
(stage 1) and then an instellation of the fluid bed coolers for
the both calcinstion kilns. For these two stages it is planned
to carry out construction work and instsllation of the equipment
during one year without taking into account the time required
for engineering work,

A design capacity of the rebuilt facilities will be reached
starting from the year followirz a completion of the reconstruc-
tion project (in calculations the third year after a commence-
ment of the reconstruction is taken as & reference). Starting
from this year the costs incurred will be written off end a to'al
effect of reduction of the fuel consumption will be taken into
eccount,

The third stage is considered separately from the first two
stages, because it involves a complete replacement of the cel -
cination kilns (complete with coolers, fuel supply systems and
hyirate charging facilit’es) by a fluicd bed celcinetion unit,
Jo, a totel amount of sevings for this stage from reduction in
a fuel and power consumption does not result from the previous
measures aimed at their reducing,.

On the basis of an utilizetion fector for the plant's equip-
ment (an utilization factor for the main process equipment is
below 37%), this stage is considered a&s & promising alternative,
Its realization is expedient for a higher production leve) becau-
se an operetion of this unit requires stable process conditions
for a specific utilization level of the production cepacity.

Besides, this stage during e replacement of the equipment will

bring some losses due to a reduction of the production output,
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The 3-d stage is the most capital intensive one (Rs.25.2mln).
A design capacity for this stege is assumed equal to that for
the 1-3t and 2-nd stages. It is plannec to reacﬁ this capecity
in & year following completion of the reconstruction (or in the

third year from the beginning of reconstruction works).
9+2. Project Implementation Variants

As for as the second reconstruction stage is concerned, an
additional aslternstive is considered of instelling a fluid bed-
cooler for one calcination kiln only keeping in minq that an
installation of the fluid bed cooler ensures & considerable (vy
€4% es compared with the resign figu:e) inc: ease of a calcination
kiln capacity. This alternative, as compereac with an ircialletion
of the coolers for the both kilns, will require less capital in-
vestments - by Rs. 7.2 mln of 45.5%, Taking into account thrt
the measures are fully introduced for e hydrate thermal treatment
(stage 1), & total amount of the capital costs for this elterna-
tive is Rs.11.56 mln against Rs,.18,81 mln of the basic variant
(stage II).

On the basis of & design capacity of the kiln under modificea-
tion (150 thos.t/year) its normel reachable capacity is assumed in |
the calculations equel to 150 thous.t/year) its normel reachable
capacity is assumed in the calculations equal to 15C thous.t/year,
The remaining 50 thous.t/year required for reaching a design ca=
pacity of the calcination department will be produced by the ope=-
rating kiln where the first stag.: works only were cerried out,

In the calculations for en existing procuction level the

fuel savings are itaken into account which are ensure, &8s a whole,
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@
through an operation of the kiln with a fluid bed coolere.
For calculation of the cash flows, IRRI and & break-even
point of the varients under consideration see Appendix
Below, in the Schedule 9=1 summary of the techno-economic
parameters is given of the variant considered in comparison
with the basic stage No 2
Schedule 9-1
Comparison of Parameters of the
Reconstruction Veriants
Description Unit _ Current capacity =~ Design
of me- variants
; asure basic-re- reconst- besic-re- reconts-
; construc- ruction construc- ruction
e ; tion of of one tion of of one
x : two kilns kiln two kilns kiln
! (stagell) (stagell)
1. Annuel output thous.t 85 85 200 200
1
2. Reduciion in annu-
el consumption of
fuel oil
3. Capital investments, |
total RS.m.ln 18.8 1106 18.8 1106 I’
including
3010 Hyurate thermal
treatment - 2.9 2.9 2.9 2.9
3.2, Installation of
fluid bed cooler ="= 15,9 8.7 15.9 8.7
4. IRRI % 31.9 49.5 T4.1 93.7
> 5. Break-even point  thous.t 21.0 17.9 21,0 17.9

6. Payback period year 2.8 1.5 1.2 C.8

1

el s ety e cn e ensan memer e o
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As one can see from the data above, the most preferrable
variant in a level of costs end their efficiency is a reconst-
ruction of the calcinstion department involving an installetion
of the fluid bed cooler for one xiln only. Besides, in this case
in the long run there is a possibility without reaucing a toial
output of the department, through some extra capacity available,
of using en existing calcination kiln for production, for example,

of special grade sluminase.

. e.
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®
Estimate of investment cost
Schedule 9-2
Estimate of investment cost
Project implementation
Project component - Calcination Plant
. L ,’"“'" K U {" T T T
S. Quan~ Unid Item description cgi r£°re-gcgs: ;~.99§EL«§§:999w-~
No tity *  CBT . TRE T EUSidp for- local total
| I ; d ei@ .
- . ¢ e e+ e o - —_———
12 3. 4 5 6 7 8 9 “10
1 ' Stege I
Control, co-ordinatiop
ste:t-up end ccamissio-
. nlng + ! - 507 5.7
? 2 f Units insurance + - 7.6 T.b
5 3 L Accomodation of Sovi-'
! : et experts deputied
5 to India for rendering
f technical assistance + + 297.5 69.0 366.5
4 Income taxes for ser-
vices of Soviet ex-
perts + - 198.,3 198.3
; Design works - + 187.0 - 187.0
6 | Administration char- _
: ges + - - 1.0 1.0
T Contingencies + + 84.4 179.4 263.8
TOTAL of Stage I 568,.,9 461,0 1029.9
Stage 11
, 1 Control, co-ordinati-
L) on, start-up end com-
missioning + - - 57«7 57.7

2 Units insurence + - - 58.3 58,3

———
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. o v —————————

: poe e e | : -
1 2 3 4 '5 j

3 : Accomodation of Soviet
erxperts deputied to
India for rendering

technical assistance + + 4GC.0 117.0 517.0
4 Income itaxes for ser- |
vices of Soviet ex- J
perts o+ - - 266.7 266.7
Design works - + 1427.6 - 1427.6
6 Administration charges + - 6.0 6.0
7 Contingencies + + 315.7 1130.6 1446.3
TOTAL of stage II 2143.3 1636,3 3779.6
Stage 111
1 Cantrol, co-ordinati-
Q on, start-up end com-
missioning + - - 82.6 82.6
2 Units insurance + - - 91.5 91.5
3 Accomodetion of Soviet

experts aepuiied to
India for rendering

technicel assigtance + + 517.5 174.0 691,5
4 Income texes for ser-

vices of Soviet ex-

perts + - - 34500 345.0

Design works - + - 1.0 10.0

Contingencies + + 451.2 2546.9 5755.8

TOTAL of Stage III 3208.9 254F(.9 5755.8

o mm s cmaee - — -




10, FINANCIAL AND ECONOMIC EVALUATION

The firancial end economic eveluation of the calcinetion
plent reconstruction study wes p:epared by stages in order to
show their effectiveness with respect to two levels of capecity
of the plant: existing (85.00C tpy) and design (200.C00 tpy).

Instellation of the hydrate drier (stage I) and the fluidi-
sed bed cooler (stege II) is considered as successive stages of
reconstruction. Replecement of the rotary kilns by the fluidieéd
bed celciner (stage III) is assessei serarately from stege
I & II, since, this stege is a compler of separate engineering
concepts iechnologically not relateu to two first stages and caen
be implemented without & preliminery modernisation of the equip-
ment, or at later stages of reconstruction,

Production expenses for the calcinstion plent at Korbeslu=-
mine plent include a mgpr cost item - fuel (75=78%), which is
0oil. Reconstruction of the calcination plant with the view to
conserve o0il (at high prevailing price of Rs 2870/t of oil)
ensures a significent economic saving.

This saving is shown in calculations &s snalditional revenue
of the calcination department accrued from lower.fuel costs and
other utilities costs (electric power, compresced air, indust-
rial water).

Teble 10=0 below shows celculations of the additional revenue
by the reconstruction stages end capacity levels of the celcina-
tion department.,

Assessment of costs 1s mace besing on the actusl price level

as of lLeginning of 1983 exclucding price escelation in accordance




s

with the Initial data and capital investment costs.

To estimete foreign exchange component it was assumec thet
Bs 10 is equivalent to R 1 in conformity with th; intergove nmen-
tal egreement fo- const:uction of in_ustrisl plent in In’ie.

The financiel analysis includes:

- estimate of cash flow from thé beginning of reconstruction
over the whole operating life (15 yesrs);

- estimate end determination of IRz on totel cepitel investf
ment, including IRR on equity, peybeck period &nd breekeven point
of the reconstruction project;

- gsensitivity enalysis showing effect of fuel oil price on
IRR, payback period and breakeven point items.,

Economic eveluastion involves determination in estimated form
of requirements for edditionsl cepitel invegtment for implemen-
tetion of the measures by steres of recomstruction, ed:itional
production costs releted to schediuled :epair and meintenante of
the fixed assets, anc finances. Cvaluation is based on estima=-
tes of capital investment by cost items (general civil works,
equipment, know-how, preparatory costs), t‘he Initiel ds*e on

megnitude of operating costg, depreciation, finencing soirces,

enc emount anc terms,
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Schecule 10-0

[ )
Estimate of additional revenue from
fuel end utilities saving
Steces en: cost Unit {Unit C?§s$m¥;iﬁg . Cepecity ,
celego:ries :0of me+~cost, g} alumin‘ e:isting, - designed,
asure, Rg | ~° _ : . 85,000 tpy 2CC4CCC tpy
x/OOOi Sggng ?gzgg_reduc- ennu- reduc- annu-
struc— struc-iion(-), al pro-tion &l ro- |
tion  tion incree- fit, (<), frfit,
se (+) Rs.CCOincre- Rs.lCC
of ennu- ase (+)
el con- of snnu-
sumption el con-
_..sumptiom __
Stege 1
1. Fuel oil kg 2870 C.124 C, 112 =1020 2927 =2400 €588
2. Power kolth 400 00033 C.OB -255 102 -600 240
9. Compresced air m3 1.6 C.096  C.142 +3910 = +9200 -15
Totel of I - - - - - 3?23 - 7113

Same, per 1 tonne

of elumine, Ps - - - - - 35.6 - 35.6
Stere I1

1, Fuel oil kg 2870 C,172  C.098 -1190 2415 =280 8C36

2. Power k\.h 4C0 C.03 C.C22 -68C 272  =1600 €40
TOTAL of II . . V;A-”.-;Mwh 7 5687‘ - 676
'C.aL of 3tzges
1 + 1I

came, per 1 tonne

of alumina, Rs - - - - - 78,9 78,9
stace III

1, TFuel oil kg 2€70 C.124 C,085 =3315 9514 -780C 2-386

;, Power kih 4C0 C,033 0.016 =1445 578  =3400 1360

3. Intuctriel water m® 250 0,007  G.003 =340 25  -80C 200

“GiAl of IIT - - - - - 10177 - 23946

MR ST . - - - - 119.7 119.7

ne elum
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10.1. Total Investment Costs

Tota' investiment cost bty reconstruction stages is determined
as sum of basic (civil works, equipment, incl. instellation and
know-how costs) end preliminary (to be used &t *he preparetory

stage) capital costs amomnting to (Rs thousend):

Stages
I I1 I& I III
1. Fired investment
cost,
total 2060 133343 154C3 21442
1.1, Civil works 986 5669 6655 10078.5
1.2+ Zgquipment 700.5 7236 7936.5 10111.5
1.3. Know=how 373.5 438 811.5 1252
2., Preliminary
expenses 843 2567 3410 3807
TOTAL 2903 15910 18813 25249

Amount of fixed assets (Rs 2060, 13343 and 21442 thousend,
by atages respectively) is estimated on the begis of estimetes
(Section 6, Schedules 6~1, 6-2, 6=3),

Scheduel 10-1 shows breskdown of the fixed capital costs by
cost items,

For the purpose of calculetions the Feasibility report
assumes thet pert of the equipment (instrumente‘ion snd eu‘oma=-

tion) will bte importec and so the e.uipmrnt cost includes bank

end instellation costse.
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The cost of process know-how includes & xnow-how tax,

Fixed assets include also & contingency of‘1o% of total
cost. |

Breekdown of preparetory costs estimsied by reconstruction
siages as Rs 843, 2567 eni 3807 thousend, respectively (indlu-
ding & contingency) is shown in Schedule 10-2,

Summary of cepital requirements is shown in Ochedule 10-3.

Breekcown of totsl investment costs by years of reconstruc-
rion uncer stage I & II is shown in Schedule 10-4, and under
stage III = in 3chedule 10=5,

Estimetes of totel cepital requirements do rot include the
working capital}l, as it is expected that implementetion of the

reconstruction project will require no additional expenses for

the working cepitel for the celcination section.,




Stages
costs

investment
category
1

1. Buildings and
gtructures

1.1, General construc-
tion works

1.2, Lining and heat
insulation works

1.3. Contingencies

Total of 1
2. Technology
2«1. Know=how
2.2+ Tax on know-how

2.3. Continrenries

Total of 2

Pixed investment cost

I | 11 |
" fore- local | total|fore-; local totel
ign ! lizn ‘ ‘
; . I
i .
2 3 . 4 5. 6 7
- 72,7 727 = ' 1181.6 1181,6
1
- 823.7 823.7 -  3972.,0 3972.0
- 89.6 ‘8906 ;51504 !51504
- 986.0 986.0 -  5669.0 5669.C
271.7 .= '271.7 218.6 - 131846
- 67.9 67.9 = 79.6 7946

?Te2 6.7 33.9 31.9 '7.9 39.8

| 289.9 74.6  373.5 350.5 87.5 438.0

59.1 14.6 73.7 91.0 22.8 113.8

Schedule 10-1

k8,000
I + 1II l I1I
fore-| local:totallfore4 local totel
. ign ! . ign
8 ! 9 ., 10 11 . 12 13 .

544841 5448.1

- i1254'3 125403

]
3
3714.1 3714.1,

916.3 916.3

4795.T 4795.7
'605.0 605.0

- 6655.0 6655,0 10078.5 10078.5

590.3 - 59003' 91006 - 91006
- 14705 1470- - 22706 227-6

i

649.4 162,17 811,5 1001.6 5C4 1252,0




3. Equipment

3.1, Process
Electrical

Instrumentation
& autometion

Port charges &

Bank charges
Transportation
from port to

Equipment erec-

Contingencies
T0TAL of 3

707TAL fixed in-
vestment costs 396.1 1663.9 2060.0146C.5 11882.513343.01856.613546.415403,01930.019512,021442,0

8.8
97.2 603.3

100941 77.7

100.9 556.5
700.5 1110.,0 6126.0 7236.0 1207.26729.3 7936.5 928.4 9183,1 10111,5

4540.0 4540.0 =~ 5010.0 5C10.0

1086.8 1097.5 93.3

109.7 (11,1

84.4

7271.7
107.2

882.,0

12.7
8.4

-aL—

42,2

868,.6
918.7



S.No

re Schedule 10-2

Preproduction capital expenditures

Steges Cl I
costs " fore-' local

cost ca- ign |
tegory !

Control, co=ordina-

tion, start-up and

commissioning - 5.7

Unit insurance - 7.6

Accomoda* ions of

Soviet experts uis-
paucheu to Inuia for
renaering technical

assistance 2975 69.0
Tax on services of
Soviet experts - 198.3
Design works 187.0 -

Administration char-
ges - . 1.0

5
Contingencies 48.4 2845

TOTAL preproduction 532.9 310.1

5.7

7.6

R8s .000
II I + II ) 111
"total | fore- local total fore-~ ‘locel iotal !fore- local |total
ign ign .ign
| ;
- 5707 57-7 - 63-4 6304 - 82.6 8?.6
- 58.3 58.3 - 65.9 65.9 = 91,5 91.5

36645 4000 117. 0517.0 6975 186.,0 833.5 517.5 174.0 692.5

198.3 - 266.7 266.7 =  465.0 465.0 = 345.0 345.0
187.0 1427.6 - 1427.61614.6 -  1614.6 2240.2 = 2240.2
1.0 = 6.0 6.0 =  T.0 7.6 = . 10,0, 10.0
76.9 182.9 50.8 233.7 231.3 79.3 310.6 275.8 K70.4 346.2
843.

2610.5 556.5 2567.0 2543. 4966 6 3410,0 3033.5 773.5 3807 8

]
~3
w

]



cost category

Pixed investment

2+ Preproduction capi-
tal costs

TO0PAL cost

Schedule 10=3

Summary Table of capital costs

fore-
ign

396.1

532.9

929

" local totael

1663.9 2060..

1974 2903 3471 12439 15910 4400 14413 18813 4Y63.5 20285ﬁ525249

—

I1 I +1II III

fore=- local!total}fore—‘local total  fore-~ local total
ign iign ign ‘

: i . 7 .
1460.5 118825 1856 .6 15403 1930 19512 21442

!
2010.5 556.5 2567 2543.4 856.6 3410 3033.5 773.5 3807

|
-~
N

{]

| i
! ; : b



hd ) » Schedule 10-4 o

Bresk-"own of total capitel investment by yeers
Stages I and II

Rs.C00
Period - | Reconstruction ! Total
years o I i II i _ - -
costs T fore- ' local ' toial | fore- | local | total, fo:e-  local total
cost cetegory ' ign \ ign : . 1gn '
I stage !
1. Fixed capital investment 3 Y6.1 1663.,9 2060 - - - 396.1 ' 1663.9 2060
; : '
2+ Preproduction capital ; -
costs ' 532.9 310.,1 843 - - - 532.9 310.1 »843 wn
Total of stage I 929 1974 2930 - - - 929 1974 2903 '
II stage
1. Fixed capital investment - - - 1460.,5 11882,5 13343 1460.,5 11882.5 13343
2. Preproduction capital
costs - - - 2010.5 556.5 2567 2010.5 556.5 2567
Total of stage II - - - 3471 12439 15910 3471 12439 15910

TOTAL of stages I + II 929 1974 2903 3471 12439 15910 4400 14413 18813

B




Period

vears

|
!
!
costs !
cost category 3
f —
1. Fixed capital investment

1.1 Buildings end struc=
tures *

1.2. Technology

1.3. Equipment

Total of I

2. Preproduction capital
costg

2.1, Insurance of units,
design works

Break-down of total capital investment Ly years

: fore=- 1
et

&
2

100146

2240,2

P

| 6720.0 6720.0 =

Stage III
Reconstructi;ﬁnm
I f II
local total }fore-' local
. 1ign
3 45 6

25044 1252.0 - -

4578.9 4578.5

11548.9 12550.5 928.4 7963,1

91.5 2331.7 = -

' 3358,5

928.4 ' 4604 .6

)
-3
N

]

Schedule 10=5 L4

RSQOOO

? Total
total fore- 1local 1to1al

ign i
7 8 9 10
|

- 1001.6 250.4 1252.0 §
5533 928.4 9183,1 10112.5‘
8891.5 1930.0 1951 21442
- 2240.,2 91.5 2331.7



2.2. Control and co-ordi=-
nation of Soviet ex- . :
perts (including tax) | !
and administration ‘

charges | 344.0 ' 402.0  TAE.O  173.5 209.6 ° 383.1 517.5 611.6 1129.1
243+ Contingencies 258.4  49.4 i307.8 - 17.4 21,0 % 38.4 275.8 T0.4 346.2

Total of III 2842.6 542.9 ;3385.5 190.,9 230.6 421.5 3033.5 773.5 3807.

GRAND TOTAL 3844.2 12091.8 15936 1119.3 8193.7 - 9313 4963.5 2@85.5 25249.0

i

—— .. R . . ‘ : ‘ " i e

- L) -
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10.2. Project Finarcing

According to the initiel dete the estimates assume sheres
(50%) and long-term bank loans (50%) as the mein sources of
finencing for reconstruction stages of the calcinetion plent,

Based on the egbove retio emounts of money by finencing
sources and reconstruction stages ere estimatei as follows

(E3 thousand):

Staeges
I I I & II I11
1« Covernmente csheares 1452 7955 9407 12625
2. Long-term loans
(12.5% interest) 1452 7955 9406 12624
Total 2903 15910 18813 25249

Scheduleas 10-6, 10-7 show breskdown of finencing sources by
yeers.of reconstruction,
The estimates assume the following conditions for grenting
long=-term loens:
-interest rate = 12.5%;
- debt peyment is by equel instellments for 10 yeers starting
with commissioning the reconstructed units;

- loan interest accumuleted on semi-annual besis during re-

construction period will be paid along with the originel smounts
under the same conditions;

- debt payments ere effected at the end of eech year,
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Schedule 10-6

>

Breek-cown of financing sources by years

Steges I end II

T8.,000
o Period L Reconstruction Totel
T <“~_*—§%;;; : 1 2
- |

costs , locel
cost category ’

e e e e

I Steage

1. Govermment ecuities 1452 = 1452

2. Long-term loan - 1451 - 1451
Totel of Stege 1 2903 - 2903

II Stege

1. Govermment equities - 7955 7955

2. Long-term loen - 7955 7955
Total of Stege II - 15410 15910

TOTAL of Steges I + II




e ———

Scheuule 10=7

Break-dcwn of finencing sources by yeers

Stage III
Rs.0C0
» Peribdf' } Recbnsirﬁdtidﬁ | f Totel
years ? 1 2

costs locel
cost cetegory
e Govermment equiiies 12625 - 12625
2. Long-term loen 3311 | 9313 12624

C e e e mm e b 4 el e s e e e eov— e ——————— . Vv ® W . - -

TOTAL 15936 9313

ks
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10.3. Production Costs

Production costs resulting from reconstruction of the celci-
netion plent include edditionel operesting costs by reconstructi-
on stages related to routine repairs, maintensnce of newly instel-
led equipment, ceprecistion of capitel investment end loen inte-
rest,

the estimate of additionel opere'ing costs is based on cepi-
sel invesiment by cost items and finencing sources by reconstruc-
tion stages, cnd elso the initial deta used for celculationsof
repair end meinienence costs of buildings, structures eni e, uip-
ment, deprecietion &s shown in Section 7. Loen interest in cel-
culated over the loan nreyment time on ‘he basis of anruel inte-
rest rete (12.5%).

Schedule 10-8 shows estimete of ennual procuction cosis.

Production cost s under stare II rere es‘imeted including

eaaiiionsl expenses of stage I of reconstruction.

Schecule 1C=8

Estimate of additionel procuction costs

-

. i ' Capital [ate, fnrual
Stages enc cost cetegories invest- a cogts,
ment, Ls,C00
Rs8.CO0 o
1 2 3 4

Stage [
1e Scheculed repair ani meintenance

1.1, Buildings and structures 936 045 5




®
1 2 |3 ' s
1.2. Equipment 7C0Ce5 2.5 18
Total of 1 ©1686.5 1.4 23
2. Depreciation 2903 €.5 189
3. Interest (average of estimcted
operetion period) - - 76
Totel of Stage I - - 288
Seme calculeted per 1 torne of alu-
mina, Rs
- for existing cepacity - - 3.4
- for <esign cerecity - - 1.4
Staze 11
. 1o Scheduled repair & msintensnce
1.1, Buildings and structures 6655 Ce5 33
1.2. Zyuipment ‘ 7936.5 2.5 199
é;;;i—ofr1vw | 145%1,5 T46 232
2. Depreciation 18213 6.5 1223
2. Interest (averare of estimeted
operation period) - - 538
TdEALannSfage II - | - 1993
- Jeme, calculated per 1 i‘onne
- for erisiing capacity - - 23.4
- for aesign cepacity - - _ 10,0

Stage I1I

9 1. Scheauled repair & msintenance

1.1. Buildings &nd structures 10078,5 0.5 50
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1 L2 b3 | 4
e O SH O R
1.2. Equipment " 101115 2.5 253
Total of 1 - 20190 1.5 303
2. Tepreciation Z 25249 6.5 1641
3. Interest (average of estimeted
operation period) - - 732
TOTAL of Stege III - - 2676
Same, calculated per 1 tonne of
elumine, Rs
- for existing cepacity - - 31.5
- for design cepacity - - 13.4
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10.4. Financial Anslysis

Estimate of cash flow and calculation of the parameters is
based on a design operasting period of 15 years including & re-
construction period (1 year for stage I, 2 years for stage II
including measures for hydreste heat treetment under stage I, end
2 years for stage III)

At the end of tris period estimete will be meie of ‘he selvezge
velue (undeterred velue of *o‘el investment cosi). |

Financiel enelysis is btesed on the price level as of begin-
ning of 1983 excluding subsequent price escalation,

Analysis hes been prepered for two levels of cepecity of *he
calcinetion plent besed on *he following conditions:

- estimated net revenue (additionel revenue lesc additionel
production costs) is teken es & net estimatec profit;

- normal capacity of the celcination section atieined after
reconstruction is 2CC.CCC tpy of alumins;

- base price of fuel o0il equels its actual price as of begin-
ning of 1983 of Rs 2740/1000 1 (or Rs 287C/t);

- design capacity is assumed to be attained the nert yeer
after completion of reconstruction (on 2nd year'unger stare I,
on 3d year under stage II end III from the beginning of recon-
struction);

- sengitivity anelysis investigates effect of veriestion in
fuel oil price within +20% of the bese price, eccor:ing to UNITO
recommence.ions, on IRR, breekeven poini en. peyback pe.iod. 1

Calculations of IKR and sensitivity enslysis heve been car-ied

out by the computer using a set of computer progsremmes ceveloped
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in VAMI,

The estimetes are based on parameters of ‘he current values
shown in 3checules 10-9, 10-10, 10-11 of cash fiow by reconst-
ruction stages. Estimated cash inflow includes money received
for capital construction from goverment funds and benk loans,
end elso money resulting from additional revenue es sevings of
fuel gnd utilities by stages of reconstruction.

The IRR is determined by discounting aifferent time net
values to current value with the use of d_scounting factors.,

Breskeven point is calculeted es derivec physicel uentities
and sets a minimum level of capacity et which edcdiliouvnel revenue
from reduction in consumption of fuel o0il and utilities eyuals

3 reconstruction erpenses. Congtant production costs for estimete
of ihe breakeven point include costs releted to meintensnce of
fixed assets, interest end deprecistion per everage year for the
design operating periode.

The results of computer celculetions of IRl and treskeven
poin: are shown in Schecules 10-12, 1C-13, 1C-14.

Peyback period is celculeted from “he sia 't of operst.on
aefter completion of reconstruction anu sets ithe time for which
total invesiment costs (fixed end preliminary) ere :epaid by

net additional revenue, The estimete of total invesimen: capitel

incluces net profit with interest ené deprecietion.
Teble below shows summary of scvings resulting from reconsi-

ruc*ion stages as estimeted on the bagse price of fuel cil:
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a
—_— : . . oy e -
S.N. Parameters Unit L_“.“__S??S?S o
I II III
1. Internal rete of return
1.1. on investment
} - existing cepeacity % 1C3.3 31.9 4442
- design capacity % 244.2 74.1 117.7
1.2. on equities
- existing capacity % 183.4 44 .1 65,4
- design canecity % 464 .6 119.9 180.2
2. Breek-even point CCot 8.0 21,6 20.7
3. Pay-beck period
- existing capacity yeer 1.0 2.8 2e5.
4 - design cenecity -"=  C.4 1,2 1.1

A8 seen frum results ‘he most sevings come from stage I of
reconst:uction of the calcinetion plcnt as the most cepiitel-in-
tensive verient ensuring the tigsest ennuel scvings from lever
costs of fuel per Rs of capitel inves:iment (1 end 2.4, recpec-
tively with the eristing end iesign cepacity levels), The corres-
ponling in.ex for stece II end III is Rs C.3-0.4 (wvith eviz*ing
ceprcity) end Es 0,8=0,9 (with cecign renacity).

Instellation of flui.isec bed coolers (stage II) is also e
profiteble project, Comtined wiith improvement in hyirate heat
treatment this stege will ensure as a whole IRR by 12% higher

. then stege III.

In the event of instailation of a fluilised bed cooler for
one kiln only (for uetails on this variant uncer stare II refer
to Section 9) sevings .nder stere II will be increased to 37%
es compared with stege III,
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Cost categery

1., Total cesh inflow for
capecity:

- exigting

- design
2. Cash outflow
2.1. Capitael investment
2.2, Operating cosis
2.3. Interest

2.4. Debt repeyment

TOTAL of 2

3, Net cash for existing
cepacity:

- current
- cumulative

4, Net cash for design
cezpacity:

-~ current

- cumulative

2903
2903

2903

SECTION 1

i

3023
7113

23
193

154

370

2653
2653

6743
6743

L

3023
7113

23
173

154

350

2673
5326 -

6763
13506
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Cash flow table
Stage 1

23
154
154

331

2692
8018

6782

1135

154

312

2711

1072y

6801

3623 3023 3023
7113 7113 7113

23 23 23
116 96 77

154 154 154

293 2713 254

2730 2750 2769
13459 1(209 18978

6820 (840 685y

20288 27089 339C9 40749 47608




3c23
7113

23
116

154

293

2730
13459

6820

- 33909

3023 3023 3023 323
7113 7113 7113 7113

23 23 23 23
96 77 58 39

154 154 154 154

- - C e m—

273 254 235 216

2750 2769 2788 2807
1€209 18978 21766 24573

€840 685y 6878 6897
40749 47608 5448€ 61383

3C23
7113

23
19
154

196

3523
7113

23

B

23

Schedule 10-9

13 f 14 15

b el o o a—

3023 3023 3C23
7113 7113 7113

2827 3000 3000 3000 3000
27400 30400 334CQ 36400 39400 -

6917 7090 7090 709G 7G90
€8300 75390 £2480 £9570 96660 -

-257

257

S E c T| 0 hI 2LWWM

Tocal

45225
102485

5569

39657
19657

96917
35917




Cash-flow table

Stage II
"7 Cost category ) L o iears
v o2 | 314 s 6 l 7 | 8 9
——— e + + N - o] .
1. 7otsl ceash inflow for i ' %
capacity: , ; : |
- eyisting 2903 15910 6710 6710 ! 6710 6710 6710 6710 | 671
- cesign 2903 15910 15789 15789 | 15789 15789 15789 15789 157¢
2. Cash outflow ' f ! é
. ‘ | i
2.1, Capital investment 2903 15910 = - |- - - - -
2.2, Operating costs c 0 232 232 232 232 232 232 232
4 ‘ i ! -
2.3, Interest 0 0 . 1273 1145 : 1018 (891 764 636 5C9
: | ; i 4
2.4. Debt repayment 0 0 | 1018 1018 1018 1018 1018 1018 - 101
. ' s —
| ’ ! .
Totel of 2 2903 15910 2523  23y5 | 2268 2141 2014 1886 | 175
3, Net cash for existing ' ; ' i
capacity: :
: : ' | : ; ,
- current 0 0 4187 4315 4442 4569 4696 4824 45
- cumulative 0 0 4187 8502 [ 12944 17513 22209 27033 319
4. Net cash for cesign ? i !
capacity: § ]
-‘ ; !
- current 0 0 ! 13266 | 13394 13521 13648 13775 13903 14C
- cumulative o 0 13266 | 26660 40181 53829  €7604 81507 95°

! I
1
i } '

SECTION 1




Schedule 10-10
Cagsh=flow table

Stage II
Yea:_r‘s | T T o | ) Salva P
X } lge va- I Totel
6 l 7 | 8 9 10 11 12 13 | 1 5 Tue
: S R T SR ' - e | .
! %
! i ; ? | | ; -
€710 6710 ; 6710 | 6710 6710 6710 6710 6710 6710 6710 ° - 106043
¢ ! :
: 15789 15789 15789» 15789 | 15789 15789 15789 : 15789 15789 15789 - 224070
| | | | |
- - - ; - - - - L - - - -2914 15899
232 232 232 232 232 23 232 g 232 232 232 - 3016
H - ; . . . -
891 764 636 ‘ 509 382 | 255 127 - - - . 7000
: . |
1018 1018 1078 11018 ,1018 11018 1018 | - - - - 10180
2141 2014 1886 ; 1759 1632 |15¢5 1377 | 232 232 232 -2914 36055
; |

4569 4696 4824 "4y51 5078 (5205 5333 | 6478 6478 6178 2914 69%:8
17513 22209 27033 31984 37062 l4..’42267 - 47600 i54078 - 60556 67034 - €5948

1
r ; ' :
% % 1 |
1 H 1]

| ' |

13648 13775 13903 14030 14157 14284 14412 | 15557 . 15557 13557 2914 187975

53829 67604 81507 95537 109694 123978 13830 | 15394 . 169504 185061 = 187975
; ! !

i

[P -

SECTION 2




!
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Casi-flow teble

Stage III
" Cost category R T Yeers o
E R R A T S
—~1. égfél cash inflow ! :
for capecity: z »
- existing 15935 9314 - 10177 10177 ~ 10177 10177 10177 10177
- desige 15935 9314 23946 23946 23946 23946 23946 23946
2. Cash outflow
2.1. Cepital invesiment 15935 9314 - - - - - -
2.2+ Operating costs 0 (0] 233 303 303 3G3 3C3 3C3
2.3. Interest 0 0 1730 1557 1384 1211 1038 865
2.4. Debt repeyment 0 o) . 1384 1384 1384 1384 1384 1384
| T04L of 2 T 45935 9314 | 317 3244 3071 2898 2725 2552
3. Net cash for existing |
cayacity:s
- cu:rent 0 0 6760 6933 7106 7279 7452 7625
- cumulative 4] 0 €760 13693 20799 28078 35530 43155
4, Net cesh for design
capacity _
- current v C 20529 20702 20875 21048 21221 21334
- cumulative 0 0 20529 41231 62106 83154 104375 125769
. SECTION 1 -
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Schedule 10-11

Cas:-flow teble

tege IIX
e e et N
< Yeers ~__ Sel= - Totel
o ; S B ! ; j ; ~ vege
: 7 . 8 9 10 1" 12 13 14 15 value
- [ , e *_.. L e e . 3 N R R o R -

"C177 10177 10177 1C17T 16177 1C17T 10177 10177 10177 10177 - 15755C
3946 23946 23946 23946 23946 23946 : 23946 23946 23946 23946 - 336547

i - - - - - - - - 3916 21333
¢ 23 363 363 363 303 303 3C3 303 303 303 - 3939
11 1038 865 692 519 346 173 - - - - 9515

384 1384 1384 1384 %1384 1384 1384 - - - - 13840

Py ——

898 2725 2552 2379 .2206 2033 1860 303 303 333 -3916 48627

c 279 7452 7625 7798 7971 8144 8317 9874 9874 9874 3916 108923
3078 35530 43155 50953 58924 67068 75385 85259 95133 10577 = 108923

1048 21221 21394 21567 21740 21913 22086 23643 23643 23643 3916 287920
3154 104375 125769 147336 169076 120981 213075 236718 260361 2:4C04 - 287920

i
P Y

% U,
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INTERNAL RATE OF RETURN CALCULAYION
=SS SSETIESSSSESSRISSTS2TISsSEIISSSs
STAGE 1
s=Is2TS
' PERIOD ! RECONSTRUCTION CPEQATION
!-------—--------—--o--—------o-—---—------o-------—--------—o---------_---. ..... - e -
1 YEARS ' 1 ¥ 2 ' 3 ' 4 ' s
: ' k4 ' ' - ' i}
1 1.ADDITIONAL RETURN: ! ; t ' '
' i 1 ! !
! 4.1.EXISTING CAPACITY ; . - ‘ 3023 ¢ 3p23 ¢ In2s ! 30
! ' ! ! . !
! 4.7.PROPOSEN CAPACTITY ! - : 7112 ! 7112 ! 7912 71
' ! ! ' ' !
1 2.0uUTFLOW 1 i ' ' '
! - ! ' 1 ' '
I 2.9.INVESTMEAT COSTS ; -2903 ! - | - -
' ! ' ' '
' = INCLUDING EQUITY Y -1452 ! -1 -t -
i ! ! ! ! '
4 2.2.ADpITIONAL DPERATILG COSTS ' - -23 1 -23 ! «23 ¢ -
! ! ' - ! . '
! 2. 3. INTERESTS ! - 1 =193 173 ¢ -156 ! -4
[ ! o : H '
' 2.4.REPAYMENTS ! - ! -1%6 ! -156 1 ~-154 ¢ -1
! ! y ] ' )
1 3.NFT RETURN ON INVFSTMENT: ? s ' ' '
' ' 1 ! ' '
! 3.1 EXISTING CaPaCHTY | =2993 1 3c00 ! 3goc ! 3000 3n
' 1 ' ' ' '
i 3.7.PRCOPOSED CAPACITY 1 =29p% 7089 ! 7089 ! 7n89 7
' ! ' ' ' '
! L.NEY RETURN ON FOUITY: ; ' : : '
' : '
! &.1.FXISTING CAPACITY ! =965 2653 2673 ! 2692 1 27
' ' ’ ' ' . s
! 4.7.PRCPNSED CAPACTT ! -1652 ! 67642 ) 6762 ! 6781 i X!
e cm e r roen e ecaw = - - e -m-- B R L L L T P A e R e
;--’ ----- TTTTETTTT ;EPXOD N Tt ;-- o CPFRATION
T T R e P Y L L L E A Rl AL it el e e E b R R e s
' YEARS ! 9 ' 10 | 11 ' 12 J 13
yTTTTTTT T T T T TV I ! !
! 1,.A9nIT1IONAL PETURN: ' ' ' ' )
! i ! ! ! '
I 9.1.FXISTING CAPACITY ' 302% 3023 | 823 ! 3023 3r
' ' ' ' ' '
! 1.2.PRCSOSEN CAPACITY ' 7112 ! 7112 ) 7112 7112 0 7
! ! ! | ' !
1 2.00TFLOW ? ' ' ’ '
! ! | ! ! '
2.9, INVESTVFrT (NSTS ' - 1 -1 - -
' ' [} ' ! '
' - INCIUDING EQUITY ! - ! - ! - : - :
! 1 ! ]
{  2.5.A0p1TIONAL NPERATIRG COSTS ' .23 ! -23 | -23 ! -2 ! -
! ' ' ' ' '
I 2.3, INTFRESTS 1 -58 -39 | -19 ! -
! ! ' ! !
' 2.4 .REPAYMENTS ' -156 ! “1564 ! =156 ! - !
! ¢ ' ' ' '
t 3. 0NFT RETURN ON INVESTMENT: ' ' 1 ; !
[} ’ f 1 [ ! '
' 3.1, FNISTING CapPacCttyY ' 3000 ! 3050 ! In0e ! 3aAs 0 ¥
! | ! ' ! '
t  3.2.PROPOSEN C(ADACITY ' 20%9 ! 7089 ¢ 2,89 ¢ 7n089 7
! 1 ’ } [ '
! 4.NEY RETURY N EOUTTYS ! ' ' ' '
' ' ' ' ' '
1 4.1, EXJSTIAG CAPACITY ' 27R8 ! 2807 2R27? : a0 3
' 1 ' ' '
' 4.2.PR0P0SEN CAPACTITY ' 6877 ! 6896 ! 6918 ! 7r89 ¢+ .7
.---.-.--------—--.----'---- --------- E A N I I IR I N I I I A I - - - .- .. me - .---
IATERAAL RATF 0% RFTUaN Nn INVESTMENT:
me cXIATING CAPACITY 103.3 p.C.
SECT'ON ] g- FRCDOOSFN CAPACTITY 20L.2 P.C,
4.TEINAL PATF Ng AFT oy ON FQUTITY:
« EXISTIrG CaPACTITY . T
- PRODISEN FAPSCITY “bL.,6 F.°
Ruthua=cyFr D710 g.r THo Y
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INTERNAL RATE OF QETURN CALCULATION
==:==::tt:2:t=882===:==83:::===3=:=
STAGE 11
2==gETE=N
R LERIOD ! RECONSTRUCTION ¢ OPERATION
lecrwee=- ---------o----------------------------------------------------- ----- oS —-e---
1 YEARS ' 1 ' 2 ' 3 ! ) '
!--—O---- ------- L gl it .----------—----C-O---‘------------._---------------.------
| 1 4 ! 4 !
{ 1.ADNITIONAL RETUAQN: ' ' ' ' '
! 1 . H ! ' U
! 5.1, EXISTING CAPACITY ) -1 -1 6710 ° 67218 ‘
~ ; ' 1 ! ' : !
! y.3.PROPOSED CACACITY i - -1 15788 1 15788 1 %
H ' ' ! ! !
1 2.0uTFLOW 1 ! ! ' '
i 1 ! ! ¢ '
1 7.1.INVESTMENT COSTS 1 -2903 ! ~15910 | - ! -
t t ¢ ! ' '
i - INCLUDING FQUITY ! =1452 ) =79§8S ! - -
! 2.2.R0DITICNAL OPERATING CNSTS ' . E -1 -232 ! =232 !
] 1 ' t ' 4
4 2.%. INTERESTS H - ! - ! -1273 ! -1148 ! -
H ! ! ! ! )
' 2.64.REPAYMENTS ! - ) -t =3018 ¢ 1018 V-
! ' ' ! ' '
1 3T.NET RETURN ON INVESTMENT: ' ' ' ' )
! ! ! ] ' '
' 3.q.FXISTING CAPRCYTY t 2983 ' -15910 ! 6678 ! 6,78 !
! ' ] ) ' [}
! 3.2.0RCPNSED CAPACITY I 2993 ' ~-159130 ! 15556 ! 15656 A
N ' | ' ' ' '
' ! 4.NET RFTURN ON FOUTTY: ] ' ' ' ,
! | ' ! ' '
! 6.1.EXISTING CaACACITY I =-9452 ' =79S5 ! LYR? 63°5 !
. ! ] ' { ! !
' 4.>.DROPOSEN CAaPaCITY ! -1452 ! -7955 | 13265 ! 133193 1 !
‘ foaro e rrrrmrcram-® - P . R S R .- -- - ---- -——— - - W P I A
' PERICD ' NPERATID
!------—- ......... O e i P Ty P R N i PR R g G W - S B EE -, -~ --™
. [} YFARS ! 9 ! 10 | 11 ' 12 t
! -------- - " - - - - --- - .- - - - e - - - - L IR e ettt Ll ol LR N e --——_—-e wmm TaEG®e e e n -
! ' ' 1 ' ]
1 1. ADDITIONAL RETURN: ' ' ) ' '
! ' ' ' ' '
! 9.1, FXISTInG CaPACTITY ' a?710 ! 6710 1 6719 ! 6715 1t
! ! ' ' ' '
' 1.7.P2NPOSEN CAPACTITY ' 16788 15788 15738 ! 15788 1
- ! ' ’ ) ' '
§ 2.0UTFLCW ' ' ' ' '
i ! ' ! ' '
' 2.1, INVESTMERT CNSTS 1 - ! - - ! - 0
- ! ' ' ' ' '
: - X~CLU’)!NG CQ;_,,]’V ! - ! - [) - [} - '
t . ' ' ' '
! 2.5, ADRITINNAL OPERATINA COSTS ] 232 ! -232 ! -232 ! -2%2 ¢
S ' ' | ' '
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40.5. Sensitivity analysis

The sensitivity analysis of the project studies the effect
of the fuel oil price changes on the internal rate of return,
break-even level and pay-back period by reconstruction stages
and in function of the production level.

The fuel oil price varies within +20% of the basic price
(Rs. 2,870 per 1 tonne) with the interval of 5%.

The calculation results are given in Scuedules 10-15, 1C-1o,
10-17 ana 10-13 and are demonstrated zlso on diagrams 1 to 4.

The variation of the fuel oil price within the range above
determines the proportional  influence of the internzl rate
of return deviation by stages in average witnin the range oi
+27% from the level determined for the basic fuel oil price with
significant changes of the absolute values.

For the stage I the IRR on investment varies in function of
capacity utilization from 84% (for existing production level and
rinimum fuel oil price) to 224% (respectively with the design
capacity and maximum fuel oil price).

For stages II and III this parameter varies within the rance
of 25-26%.

In calculations of the IRR on equities its values for all
stases increase 4.¥ to 1.9 times.

The variation of the break-even point, deterrined by the
variation of the fuel oil price, makes #15% for all stages with
its minimum value of 6,800 tonmes (for maximum fuel oil price
of Stage I) and maximum value of 25,500 ¢ (for minimpum fuel oil
price of Stage II).

The pay-back period doesn't exceed 3,5 years (with the exis

ting capacity of Stage 1I)., In calculation for the design capaci-




-Ql

ty for Stage I resardless tne variation of the fuel oil price
tie costs are to be repatd in less taan 0.5 year.
Thus the financial and economic evaluation has shown the
izh profitability of the 3tage I of reconstruction which is
conserving on the rather high level with the variations ol the
fuel oil price, as it was shown be the sensitivity analysis.
The paramevers of the efficiency of Stages II and 1II are
inferior to the parameterz of the Stage I and they are about at

the same level.
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N Schedule 10-13

Sensitivity anzlysis
Effect of fuel oil price on nay-back pericd

Basic price: Rs. 2,570 per 1 tonne

Jeviation Pay-back pericd, ;2ars
of fuel — .
'0il price Stage 1 ! Staze 11

from vasic ——-- - - i o
price, o existing design existing design

. —- . N .

-20 1.2 0.5 3.5 1.5
-10 1.0 0.5 3.1 1.3
0 1.0 C.t T 2.8 1ec
+1C 0.9 0.4 2.6 1.1
» 420 0.8 0.3 } 2.4 1.0

+

Staze III

t existing  design
capacity capacity capacity capacity capacity cazacity

o

3.1
.7
ceD
2e3
2.1

1e3
162
Te1
1.0
C.9
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Cost category b o
1 ' 2
1. Total cash inflow 2303 2 8661
2. C=gh outflow ‘
2.1.Capital invest- i
ment - 2903 ; 8661
2.2, Operating costsl 0 0
2.3, Interest 0 0
2.4, Debt repayment 0 0
Total of 2 ; 2903 8661
3, Net cash: |
~ curren’ cash flow | 0 0
-~ gunilative cas 0 0

CSECTION 1

Cash-flow table

3 g

13620 13620

i 227 227

7N 712
633 633
1651 1572

11969 12043

11969 24017

. 13620

. 227

633
| 1493

>
. -,.T

|
|

| 633

12127 |

56144§

i

6
i
13620

i

i
1
i
)

12206

43350

Variant of installation of cooler for one kila

years
7 8 9

13620 15620 1

!
(o}
|39
(@]

12285 12364 124435
60635 72999 85442

% 227 227 227
475 396 317 L
633 633 533 ¢
1535 i 1256 177 i'

W



c2r fcr one kilo

years

7 8

13620 15620

229 227
475 39
533 % 633
1335 | 1256

12285 12364

50635 72999

15620 . 13520 ;

. 939

12

132020 13020

227

79

633

12443; 12523 | 12602:12681
85442 . 96965 110567 123248

!

!

g
b

15 14

13020 13020

- 227 229

. 227 1227

)

13593 15393

|

Annexure 14

Rs.GCC

Sal-
vage
15 value
1%620 -
- -1788
227 -
227 -1788

12593 1783

|
136641 150034 163427 ~




INTEXMAL RATE OFf RETUAN CALCULATION
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D - R P VR R TS WM W G mm AR AR ISP SR sel D 4D CED Sam AN SR DL N L s oo

1.ANNDITIONAL RETURN:

1.1.EXISTING CAPACITY
1.2.PROPIASED CAaPACITY

2.0uTF’' QW

2.1.INVESTMEANT COSTS
- INCLUDING FOUITY

2.2.ADDITIONAL OPFRATING COSTS

.3.INTERESTS
2.4.REDAYMENTS

= NET RETURIN ON INVESTMENT:
3.1.FXISTIANG CAPACTITY

3. 72.PRO0PNSED CAPAC]TY

4.NET RETURN ON FQUITY:
6.1.5X18TInG CAPACYTY

4.2.PROPOSEN CAPACITY

PRl L W R e Rl

1.A0NTITIONAL RETURIN:

1.1.EXISTING CAPACTITY

1.2.PRCPNSEN CaPACTITY

2.0UTFLOCW

2.1. INVESTMEAT COSTS
- INCLUDING FRUTTY

2.5.ADDTITIONAL IPERATING

2.3.INTERESTS
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INTRODUCTION {

, A Feasibility Repnrt for modification of the calcination kilns for saving power (fuel) at
{
Korta alumina plant in India was prepared on the basis of the contract No.82/61 between the UNIDO |

- and V/0 "Tsvetmetpromexport".

According to the Protocol dated February 4, 1983 (New Delhl) between the Indian Customer and

the Supplier and ir accordance with the UNIDO's protocol dated April 2¢, 1983 dealing with conside-
ration of the initial data for preparation of the present Report, the modification of the calcinati
kilns will be carried out in three stages as follows:
stage I - modification of an aluminium hydroxide drying zone, passing the dust from the electrostat
precivitators into a klln's cooling zone and improvement of a fuel oil buining process;
stage I1I- installation of the fluid bed coolers instead of the existing planetary coolers; |
stage I1I- replacement of the existing rotary kilns by one fluid bed kiln,
It must be noted that the I and II stages involve modification of the existing calcination kil. .
and the I1I stage involves construction of a new fluid bed installation,

- - Lists of equipment and materials are compiled separately for each stage., The Feasibility Repor
was prepared with the maximum use of the Indian equipment and materials in mind, For the third stag
cquipment can be sunplied from the third countries.

A summary of the equipment and materials required for all the stages of the calcination shop

modification and sources of their supply are given in the following table.




Supply of equipment and materials

- . . PR fa e

v - -

- a—

S/N ,’ Description
! for gt';aégé IIX for I and II stages for III stege
; weight,t ] % weight, t % fweight, t %
1 + Equipment - ‘
| - from the USSR 5,69 1,18 2,87 | 1,4 2,82 1,02
__ . _ 1 = from Indie 497,19 08,82 202,49 98,6 274,7 98,98
; Sub-total, eauipment 482,88 100 205,36 100 277,52 100
' 2 Materials |
; i - fron the USSR 0,73 0,04 0,45 0,06 | 0,28 c,03
5 § - from India 1884,57 | 99,96 1068 ,66 99,96 815,91 99,97
! Sub-total, materials 1885,3 | 100 1069, 11 100 816,19 | 100
3 ‘ Total equipment and materials 23%68,18 1274 ,47 109%,71
, { including
i | - from the USSR 6,42 0,27 3,32 0,26 3,8 0,28
) - from India 2%61,76 | 99,75 | 1271,1%5 | 99,74 | 109,61 | 99,72




| -

The following shouwld be noted to facllitate use of the data presented: ,
- the equipment and materials to be supplied from India will be specified,
- the equipment and materials shown in the liste where no supplier is given - to be supplied

from the USSR,




I. LISTS OF EQUIPMENT AND MATERIALS FOR THE FIRST
STAGE OF NODIFICATION OF THE CALCINATION KILNS




tIOS

!

!

Net welght, kg

1
! Type, Uit | |
. » ‘ ; an- | hom 1
No according ! Name and technical characteristics | blrm]“'il’ " ?,"u. (‘)Ud'” ! I | Whom to
to t;'chn‘oluglcul f & I\l‘l‘[))tthr' re;”‘:m tty Ogleoc”ec total be supplted I
lowsheet ; ! |
|17, PROCESS DESICN |
- | Section 1.1.1. Equipment |
]’ Yandling equipment !
\ ' |
1  Pneumatic transporting apparatus | VAMI |
****** } drg. pce | 2 250 500 India
2 . Cyclone discharger, dia.600 nm |
pwith a fluid ved s\.a.l " ! " 2 500 1000 -
! - . e . S—— it - v - - ........,-.......i,.....,-.._-.. s+ et o — —
o ' Total | 1500
****** | | Valves and fittings | |
-3 l |b*‘eel valves and fittings | ‘ | - 1200 iIndia
‘ [ | 1 1
: ' ction 4.1.2. laterials ! | g l
: 1 | ; 1
B ! %b*ructural steel i | ' 24100 . India
| : [ ;
; !Steel pipes ! | | 11000 | ="-
| |
| ELJ_nlng materials | | ' ! ' 160000 | ="=
| ,'! 2. Instrumentation and Automatlolm , 1 '
' ; Section 1.(—.1. .JOlllpment i ‘ ‘
. Instrumentation and Automation | ? |
o ' Loulpment’s ; ’ | {
1 E teasuring transducer-flowmeter JHOP-I1 . pce ' 4 10,5 42,0
)

Tuu. BAMH, 3ak. 564—5000. 16-1X-75 r




6
NOS ! | Type, C Un 1 Net welgit, kg |
No according Teans. | Nume and tecanica! characterist!cs XE’);"('!‘SI' mc(z)lfsu- Quan- { one Whm? o
tlon Mo | et | oo | W] oheme || be seied by
2 _ | Single-channel secondary indica- (A-502 |
| Ting device pce 4 8,5 54,0
Chamber diaphramg IX " 4 10,0 40,0
B ! | Indicating menometer MTI L .6 1,5 9,0
. Total - < - 125
P ' Iectrical Equipment | , |
5 | | Circuit breaker A-63! pce ' 10 1,0 | 10,0
6 , i Transformer 220/%6 V | OCLI pce 1] 8,5 8,5
? | . Cabinet-type panel 2200xe00xC00um =37, pce 2 L10%0 0 @n8,2
o | Totul | : | - 237,0
' ? Valves and Fittings i i | }
8 5 t Cost-iron valves and fittings 1: | | 11,2 ] India
' Section 1,2,2. katerials | K f ;
9 Structural steel E ' | ' } 100,0.: Indie
10 { teel pipes dia, 15-50 ! nm 300 ‘ 200,0|| India
11 : Cables i | ko | 0,6 . 80,0
12 f Electrical installation materials; : : | ; 80,0
] L |
BAMM, 3ak. 564—8000. 16-1X-75 r




LISTS OF EQUIPMENT AND MATERIALS FOR THE SECOND
S$T:53E OF MODIFICATION OF THE CALCINATION KILNS
(INSTALLATION OF THE FLUID BED COOLER)

L d




Tu

PSR e~

 BAMIY, sax S64—8000 16-1X-75 ¢

. } !
NOS | I Type Unit | Net welght, kg .
| Trans. . _ brand i Quan- Whom to
No according ! Name and technical characieristics rand, 0 ‘
Jo technologicall  Noo | model, | measu- |y of one | be supplied by
flowsheet I cipiter rement plece !
. 2e1.. PROCESS DESIGN
o Section 2.1.1. Fquipment |
}
Main Process Equipment i
1 | Fluid bed cooler with fireday se-| VAMI |
parator and cyclones drg. pce E 2 92300 135000 India
including: 1
| a) steel "CI3" - 75000 450000
| b) steel 2x18H10% 13560 27000
% ¢) heat-resistant cast iron ‘ 4000 | 8000
' Fans, blast blowers | |
, ! |
2 | Fan with 72 kW electric motor PBIH-I2,5 2 | 2500 i 5000 India
3 L5last blower with 30 kW electric | TDP-65- ] E
motor -I,06 " b2 1270 | 2540 -t
Sanitary Equipment ! !
4 Roll-type filter {éﬂpyua pce i 2 428 ' 856 India
| Valves and Fittings J | | |
i % | | i
5 Steel valves and fittings | | | g 4800 India
z : o |
- i ‘ | ‘




n. BAMH, sax. 564—8000. 16-1X-75 r.

9
NOS ! Type Unit Net welg!., kg
< H -

No according Trans. | Name and technical characteristics bmlllﬁll' of Quan Whom to
technological No | mouet, nfubu. tity of one total be supplied by
flowsheut ; cipher rement plece

; section 2.1.2. Materials
6 | Structural steel | 40000 | India
- - | Stecl pipes | 62000 | India
|
| Lining materiald | 770000 | India
| 2.2. SLECTRICAL DESIGN
Section 2.2.1.Electrical Equipmentg i
- -1 Control board, large block, open st.pan. & 300 1200 India
design f
t
2 Local control cubicle st.pang 4 80 320 -'"-
Total 1520
Section 2.2.2. Materials
|
3 Cables ‘ 1436 India
2.5.ISTRULENTATION AND AUTOMATION
Section 2.%.1. Equipment
Ingtrumentation and Automation
kEquipment
1 Resistance thermal converter, '
, couner i TCM pce 2 0,8 1,6
| |



Tun. BAMH, saxk. 564—8000. 16-1X-75 r.

NOS . . Net welght, kg
1 ~ cal chi teristics ll:ryd;l)l“(j, U(;lin Quan' Whom to
toNt(Lcl:ILﬁglrglv,l‘gl Name and technical characteristics model, measu- ity of one otal be supplied by
L wlca cipher | rement lece
Tlowsheet P
e Thermal electric transducer,
chromel—-alumel TXA pce 12 | 1,2 144
o Industrial theruwometer [I-4 " 4 0,9 3,5
Measuring transducer pressure BB
Jifferential meter i " 16 10,5 168,0
5 Veasuring trensducer manometer WT0-1G] i " 6 4,0 24,0
Leusuring transducer flowmeter M) : " 20 10,5 210,0
| J
teasuring transducer of low- | {
o level sipnals 7 " 1“4 15,0 . 70,0
{
8 Single-channel secondary recor- A-542 ?
Jding device o 18 | 9,5 171,0
9 Double~channel secondary recording A=542
device " 6 10,0 0,0
10 blngle-channe¢ secondary 1ndicatix}o |
ueV" ce ‘ L"502 " i 26 8 '5 221 ,O
' |
11 klectric actuating mechanism | M3 " ' 14 | 30,0 420,0
1 Contactless starter ! j " 14 . 7,0 98,0
| ; i
13 Position indicator | mnoo 14 1 0,7 9,8
14 Munual control unit | LPY " 14 | 1,2 16,8
|
|



-~

he
e | | . ,

‘ NOS : Trass. ;,V,p,td' U(r)l!_’.t Quan- ! Net we'ign‘., ka N
No accerding | v Name and technica! characteristics I e | - o
o technoicgleall  Noo moues, 1omeasus gty of one to'al he gunnted T

flowsheet ! cipher rement | ; alece
15 é Reculating device % P14 nece 5 2 ; 0,2 1%,C
16 i Sisnal conversion unit ; JoiopN " 2 é 6,0 | 42,0
17 | “Tndicators' unit B - 2 0,35 | 0,7
18 | Setting unit | P3r v 2 0,2 Ot .
19 ) . Concuctive separaticn uni® i B " 2 é 5,0 % 12,0
20 | ' Chamber diaphragm TR 20 | 20,0 | 400,0
21 . Cold water metery vane-type | o " 2 f 14,C | 23,0
; | To oL - I T T o5y
| E Tectrical Equipment % E
22 ! ; Il ectromagnetic relay ; P pce 20 7,0 20.C
25 i | Illuminated indicator board 7CH " 10 ' Q0,3 %,0
| \ |
24 g | Control pushbutton R " & 0,2 1,2
5 | | Circuit breaker 43 7c 4,0 72,0
26 | | mranstormer 220/36 v ci M 28,5 aT,0
27 | % Incandescent lamp Pl " | 52 . 0.C3 | “,5
28 : 2Ly socket NS " 4 0,17 O, 4

i
.

1

Tun, BAMY, sax. 554—8000. 16-'X-75 r.




i

. BAMIL aux. 564—-0000. 16-!X-75 r.

1 > :v ' : i v [} 1
NOS | oo Type, ! Unit ; Net welght, kg W
. ] ¢ and. | of ; Quan- W hom

No according ' ' Name and technica! characterlstics brand, T Q ! '

b rechnologtcall  No model, T omeasu- oy 1 of one L he supp'led by
fowsheer cipher + rement ; nlece LK : .
o ! : : - ‘ : .

29 i t Cabinet-type panel 2200xc00x6CC =3 rce b 102,11 L3644
: motal T " T ; r 550
} . ; | ! !
| | s ‘. : ! L
1 Valves and Fittings ; |
i |
- 30 . ! Cas% iron valves, fittings | | | 65,8 Tndia
| . . . | ! } \
3 ' Sectlon 2.3.2. Materials f :
. . | ! . ,
51 l . Structural steel i | 50C,° nciz
i 1
- . L3 | ond l -—
32 | | Steel »nipes dia. 15-25 m 450! i 120,0 Trndia
33 Cubles kn 1,7 20,0
| ! ' t
34 ; . Mlectirlcal ‘nstallation materiales ! : zC,C
{
} \ ' '
- 1 i ‘
| | ! :
; ' 1



3, LISTS OF EQUIPMENT AND LVATERIALS FOR THE TITIRD STAGD

OF THE CALCINATION SHOP RECONSTRUCTICXN (I¥eTATLATION
OF THE FLUID BIZD CALCINATION UNIT)

-




NOS ‘

Nt ’ th b s
Neb welaht, e

’

[

. BAMH, 3ax. 564—8000. 16-'X-

Sr.

T
. Type, | Unit .
, Trans. : g | . Quar- Whom o
No according Name ard technical characterlistics branc, | °f  Quar- W
P tecinologicall - Nooo mouer, |omeasits- oy of ene tonal o be sunnled by
flowsheet | : cipher borement n'ece - ‘ ) ’
! i : : . i
' B i
1 ' . | !
’, Ze7. PROCIESS DESIGN ; ; ‘, 5
i | , ]
-~ - - - ]- - - - ;Section 3.1.1. Equipment ‘ j ; ’
| Maln Process Equipment ! 5 | L
\ i ‘ ! |
1 . Fluid bed wnit VAT 0 pce 1 | 22350C : India
- : . drg. ! 1 .
| ; ! |
| !
i including: ‘ | ' i ’
' \ ' }
. - Ui elial 411 i ! i - |
‘ 5 a) steel "CT3 : ; ~53500
; I ‘
: 4 WA " '
: i b) steel "1Cx70 | ~ 72CCC |
) ' . f :
2 ! Four-cyclone battery, dia.’1370 mm. " " 1 7C00
i
m ) i 2O= )
[ i Handling Zguipment ?
! , j .“
3 , | Screw feeder, dia.500 mm with Vo f |
| . 22 k¥ electric motor drg " 1 | - 200C Indis
) ! ! ‘
4 : . Belt coveyor, 500 mn wicde " 2 = 300C 50CC rila
) . o v e Oy
| . motal - Tooco N
i Yons, Blowers, Pumps, I.D. Fans ; i
5 K Fon with 72 XV electric notor B=I2,5 pce 1 25C0 Indla



NUS

No according |
techinologlicall
flowsheet

Name and technica! characterlstics

total

6

10

11
12

"

o

P Blower with 125 k¥ electric motor |

| Pneumatic chamber pump,dia,1800mn |

I T.D. fan with 172 xW electric

uotor

| 8400

Total

- Sanltary Equipment

' Roll=type filter

Valves and Fittings

- Steel valves and fittings

Section 3.1.2. lMaterials
Structural steel

Steel pipes

Lining materials

5.2, ZLECTRICAL DLSIGN

- Cecvlion 3.2.1. Electrical Zquipnent

i Con%rol boaréd, large-block, open
: C:.CS.’.G

g BAMH, aax. 564—8000. 15-°X-75 r.

™
t
36 ]
W]
H

" 2010C

123

' 73000
21500

- 72C0C0

. 200



TA
o ' k . :
ASOM ; Tran Type, , Upre . : Net weleht, wo y 5
! S. | I ! 3 uon- - ocm e
No according Name and technlca! characteristics e e ‘ o
technologieal;  Noo Pompoen, o dmeasts oty of one toun! . he supnlied Ly
flowsheet cipher | orement plece
i : L i !
. | : . . e s
2 { . Local control cuhicle ‘ cst.pan 3 0 8C | 240 - Indis
| i Total : | | As0
} { b
‘ . . . 1 ! |
» Secilon 3.,2.2. liaterials < . : !
+ ‘1 ; '
3 i Cables ! j 1147 | Inéla
- | ‘ ‘
i 5ede INSTRUNENTATION AND AUTOLAYICN |
; { ' 1
' Section 3.3.1. Equipment | j :
: ‘ : i ‘ :
! | Instrumantation and Automation : . !
o | ' squipment , ‘ '
1 . Resistance thermal converter, ; ‘ !
' copner ''2CM 1 »nee 1 10,8 0,3 |
| | | i !
2 ; Thermal electric transducer ; : : {
| | chromel-alunel oY Lo 2 - 12,0 ‘
' N ! B .
) ! !
3 ! ) Thermal electric transducer pla- ! | ,
; o Sinuwe-rodium - platinunm Tl ooon 2 1,2 L 2,4
oot [ : i 4
4 | . Tndustrial thermometer T4 o 2 10,9 T ‘
| % | |
5 i ' Measuring tranducer-menoumeter NI 14,0 4,0
6 : Neasuring transducer pressure . %
| differential meter PERRCERRPY! " Z 1.5 71,5

'
i

%uLlh\h\lL aak. 5364—8000. 15-1X-75 r.

R ——————




A
NL D

E o

Howshieet

Yo uccording
technological

t Trans.

No

Name and technical characteristics

Type,

brand,
mode!,
cliphor

Un't
of
meast-

remoent

Net

I3

of one

plece

0 to

be suonl' -t Dy

7
38

Neasuring transducer flowmeter

Measuring transducer of low-=leveal

sipgnals
leasuring transducer-headmeter
Ilectrical pneumatic transducer

Single-channel secondgry recor-
ding device h

Doudble-channel secondary recor-
cinz device

Single-channel secondary indica-

tins Jdevice
Recvlating device
Remulating device

etting uwnit

v

Cornduc%ive geparation wit

Slgnal conversion unit

. BAMN, sax. 564—8000. 16-1X-75 r.
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NOs

Net welght, kg

t
i
I

BAMH, 3ax. 564—8000. 16-1X-75 r.

\ Trans | T)fpc, l{ Lait 0 e | Whem ‘o
according | 'i Name and technlcal choracteristics | brand, - of Quan ‘ ! o
feinalogtealr Nooo ! : ":‘()dCl,' , measus oty . of one Lotal . be suppited Ly
owsheet I E | ciphe rement ) : pece | |
29 { % Z2eciric actuating mechanisn E §.3C E pce ' 7 ; 30,0 i 21C,0 |
22 | ' Contactless starser | 5P E " 7 7,0 } 49,0 E
23 ' Pogitlon indicator T 4 ; " 7 ; C,7 | 4,9 |
!
24 g Lanual control unit ?BPY ; " 2 | N2 ; 0,8 ;
25 ; Automatic gas analyser {(oxygen) ‘ WazS i set 1 77,0 : 77,40 l
: . \ . , | i
26 | Autoratic gas enalyser (CO,) TT o set | 1 43,0 | 43,0 |
27 | f Fucl oil neter ? cr | oses 1 E 56,0 ' 56,0 ;
28 | Coia wuter flowmeter, vane-type B pce 1 | 14,0 14,0
<9 ; | Chamer CZaphragm },IZ{ . Dpce 11 20,0 : 220,0
, \ | ! :
30 g Pneunatic actuating mechanism | 70y . Dpce 1 % 13,5 | 13,5 |
} i , i i
1 R ectrical Equipment | i | ? ;
31 i | Thyristor electric drive oA . set ; 1 E °70 |
32 f ilectromagnetic drive Py nce | 15 1,0 25,0 ;
33 é T1luminated indicator board TCE . mee 70 0,5 3,0
54 ? Control pushbutton 28 . pce 2 0,2 Q.4



LD

FAMH, aax. 564—8000. 16-'X-75 r.

! ! N E——
Trans. | ’ g,yﬁ,‘d f Ugy“ ; Quen- E — WC’-Q- L Cor Whem o
[:,CES"SSE” No : Nuame and techrlical character!istics ’, m'odel'. l‘ measue. tity | of one , toal . be supplted hy
wshedt ; . cipher | rement | plece |
35| Circuit breaker ; A-63 | pce j 45 ! 1,0 é 45,0 |
36 | mransformer ! OCM E pce 2 i 8,5 ' 17,0 ’
37 Incandescent larm ! bt | pce 40 { 0,05 : 2. :
38 . Plug socket P pee |2 ! 0,11 i 0,22
59 ) i Cabinet-type panel 2200x600x600 i;‘.;'LLI—B,H : nce 3 : 109,1 ' 22743 t.
§ Total | | BEPE
| ' Valves and Fitting f | | |
40 i Cas“-iron valves and fittings | ? 20,8 ! Indie
; : Section 3.3,2. Mgterials : ' |
41 | Structural steel | | 200,0 I:"J.dia
52 Steel pipes dia. 15-25 oz 200 160,0 | Incis
85 | Cables . kn 1,5 . 19%,0
§ ! : .
44 ; Elec%trical installation materialsé : ' 20,0



4o SUNNARY TARLD OF MAIN E”UID\VNT AND

L-A- m.IA—-JU

L USnes
oy e s - T E—
. S/N ; Description I 1 stage ‘§2 stage f ;~é€;39+§ > 8%age
{_ e _.,-..f g £+2 cTege ,
é g Equipment- ; ; | }
51 E Main process equipment ; - f 185,0 ﬁ “85,C - 230,5
2 | Hlectrical equipment 0,2k 2,07 2,3 | 2,52
Handling equipment : 1,5 ‘- 1,5 7,0
g Fans, blowers, pumps i - é 7,54 L7,54 20,1
§ Instrurentation and automation ecuipment } 0,13 E 1,95 2,08 IR A28
; Sanitary ecuinnent é - ; 0,8% 0,86 f 0,42
| Valves and tittings . 1,2 | 4,87 5,07 . 5,57
1 e e n . }
| Sub-tobal: 3,07 202,29 205,36  277.37
; Materials i j ; f
| Structural siheel f 24,1 g 40,0 L Oy : 72,0
teel pires 1,0 lezn2 L 32 2n,7
Cables | 0,08 g 1,65 1 1,73 3
Flectrical installation meterials | c,08 | 0,08 . 047 ;0,09
Lining materials o _f_ 160,0 ; 770,0 _ $30,0 | 720,0
Sub-total: [ 1/9,209 873,85 | <0569, 74 ! 876,72
L memane ‘”'"'"98-45'1”07’5771“75*55_’{ 1095
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