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I• EXECUTIVE SUMMARY 

1.1. General Initial Data and Conditions (Section 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 India undertaking Bharat 

Aluminium Compa~ Ltd. (BALCO) witL place of business in New 

Delhi (India, Jew Delhi, 110019) answerable to the Department 

ot Steel and Kines. 

BALCO is an operator of the aluminium integrated plant in 

Madhya Pradesh consisting of: 

- bauxite mine; 

- 200,000 tpy alumina plent; 

- 100,000 tpy aluminium smelter. 

The project is aimed at reduction in fuel oil consumption 

of the calcination kilns of the alumina plant through a more 

comprehensive utilisation of heat of calcined alumina end off-

gas. 

Reconstruction or the calcination ple.nt at Korba alumina 

plant will ensure: 

- reduction in consumption of fuel oil down to a,ooo tpy; 
- lower fuel oil imports for production of alumina. 

India has a limited tuel resources and is forced to import 

the bulk of its needs from other countries. 

Production capacity of the operating alumina ple.nts in India 

• in 1982 amounted to 6401000 t1>7. 

All these plants operate rotary kilns at the calcination 

sections. Reconstruction ot the calcination kilns with the view 
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to utilise heat of calcined alumina end flue gas will result in 

reduction of fuel oil consumption down to 25.000 tpy. 

Under the contract between UNIDO r.nd V/O Tsvetmetpromexport 

(No 82/61) the Feasibility Report for reconstruction study of 

the calcination section at the Korba alumina plant is prepared 

by VA.KI Insti~ute of the Ministry for Non-ferrous Metals of the 

USSR. 

1.2. Capacity of Korba Alumina Plent (Section 3) 

The design capacity of the Korba alumina pler-t is 200,coctpy. 

However, because of shortage of electric power and low market 

deme.nd for alumina the plant hes not yet attained the raten ca­

pacity • 

These reasons attributed to the present capacity of the 

plant of a5,ooo tpy of alumina. 

1.3. Materials and other Production Factors (Section 4) 

Alumina is obtained at the calcine.tion section out of alumi-

nium hydroxide, as a me.in raw material. 

Auxiliary means include electric power, fuel oil, compressed 

air, water. 

Implementation of the concepts included in the Feasibility 

Report will ensure the following er.pected reduction is specific 

consumpt±on rates of fuel oil and other major utilities. 

1 

1 

2 

Capacity of rotary 
kiln or fluidised 
bed ce.lciner 

Unit Cho.nge in parameters --- ·--·-· .. -

before recons- recons- reconst-
recons- tracti- trecti- red:ion 
truction on,I on, II III sta-

staee stage ge 
J 4 5 6 7 

t/hour 12 .a 14 28 

I 
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1 2 3 4 5 6 

2 Fuel consumption kg/t 124 112 I ·9a 
J Compres'.O:ed e.ir rate DIDJ/t 96 142 142 

4 .Electric power demand kWh/t JJ JO 20 

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

Note: Major process parameters of modified rotary kilns 

of the plant under stage II include concepts under 

stage I 

1.4. Location and Plant Site (Section 5) 

7 

85 

96.4 

16 

The alumina plant is situated in vicinity of the town of 

Korba, Belaspur region, Madhya Pradesh. At present the town of 

Korba is one of the industrial centres of Madhya Pradesh, the 

region includes a number of thermal power plants totaling 540 MW 

and fired with local coal, end also the BALCO aluminium integra­

ted plant comprising an alumina plant, aluminium smelter, and 

casting and rolling mills. 

Korba is lin~ed with the national railway Bombey-Celcutta 

through a rail track and with major regional centres of Madhya 

Pradesh via mo~or roads. 

Power and heat supply of the region is from the eYisting 

thermal power plants, and water supply - from the river of 

He.sdeo. 

The alumina plant site is located 12 1an North-East of Korba, 

t with area being abt 26 ha, the aluminium smelter, and casting 

and rolling mills are situated East of the alumina plant. 

j 

I 
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1.5. Engineering Design (Section 6) 

This Feasibilit7 Report provides tor reconstruction Of the . 
calcination plant at the existing alumina plant aimed at reduc­

tion in specific consumption of tuel. 

This reconstruction is proposed f Jr implementation in three 

stages: 

Stage I - modernisation of the hydrate drying zone in the 

rotary kilns with recycle of dust from the electrostatic preci­

pitators to the cooling zone and improvement in fuel oil burn­

ing process (dwg.1354690-Dl, sheet 1); 

Stage II - installation of fluidi•ed bed coolers to rep­

lace the existing planetary coolers of the rotary kilns 

(dwg.1354691, sheet 1); 

Stage III - repl~cement of the eYisting rotary kilns by one 

new stationery fluidised bed celciner at the same site 

(dwg.1354697, sheet 1). 

The last stage should be viewed as a pott:11tial solution to 

be materialised after implementation of stages I & II end con­

sideration of production of special aluminas at the plant. 

The Feasibility Report is mainly based on the_use of indige­

nous equipment and inputs totaling abt 99.7%. Supplies of the 

equipment and materials from the USSR (instrumentation and cont­

rol systems) assumed in thi& Feasibilit7 Eeport for the sake 

of cost estimation is less than 1%, and can be reviewe~if 

agreed upon with the Indian Part7 • 

1.6. Production Procedure and Additional Expenses (Chapter 7) 

The planned stages of reconstruction of the ca~~ination 

I 
l 



J 

- 5 -

department do not require additional direct spending of the 

material, power and labour resources. 

The additional production costs ~nclude tho~ covering t_he 

current repair and maintenance of the newly built facilities, 

their depreciation and an interest paid for the borrowed :f'unds. 

These costs are included in the calculations into the fi7ed 

(constant) production costs. 

1.7. Personnel {Chapter 8) 

A reconstruction of the calcination department does not 

involve any change in the composition and ~uantity of the 

workers, engineers end technicians, clerical staff. Repair 

and maintenance of the newly installed e~uipment to be carried 

• out by the existing repair facilities of the plant. 

1.s. Project Illlplementation 

As it has been agreed upon with the Indian side for reducing 

the required capital investments it is planned to carr.1 out the 

reconstruction project in three stages. 

The first stage including an installation for a hydrate ther­

mal treatment and an introcuction of the dust into a firing end 

of the kiln requires small capital envestments (Rs.2.9 mln) and 

can be effected during 6 months. 

The second stage involves dismantling the e~isting plenetary 

coolers of the calcination kilns and an installation instead of 

them of the fluid bed coolers. Along with an improvement of a 

hJdrate supplJ system to be carried out at the first stage, 

these two successive reconstruction stages are assumed in the 

calculations to be e~ual to 1 year. 
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The third stage is assessed separately. It can be carried 

out without taking int~ account the activities planned during 
• 

the first and second stages, or at the following stages aimed 

at improving the calcination process and atJ a higher utiliza­

tion of the design capacity. This stage will re~uire the most 

money for its implementation (Rs.25.2 mln) and involves a com­

plete replacement of the calcination kilns by a fluid bed ins­

tallation for production of the cell-grade alumina. In the cal­

culation a duration of this stage is assumed to be 1-1.5 years. 

The periods specified above include only a duration of 7he 

construction activities and erection of the e~uipment and do 

not include a preparatory period (investigations, engineering 

• etc.). 

• 

For determining an optimum reconstruction volume of the cal­

cination department reconstruction as applied to the second 

stage the Feasibility Report considers an alternative of instal­

ling a fluid bed cooler for one calcination kiln only. In this 

case an amount of tbe additional capital investments as compared 

with a modification of the two kilns is reduced by 45.5%. An 

economic efficiency of the alternative being considered results 

from an increase (up to 150.000 t/year) of a calcine.tion kiln's 

capacity when operating with a fluid bed cooler. 

The resulting parameters or the variants being considered 

calculated from a design capacity of the calcination department 

are given below • 

I 
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---- -----·-------·---
Description 

1. Design cape.city, alumina 

2. Reduction of annual fuel 

Unit Of 
measure 

·---- - - - -- ~--

thous.t 

----- ---- ·----- ---·--
Reconstruction voluae 

---·----- .... 
basic va- reconat­
rianf (re- ruction of 
constructi• one kiln 
OD at two 
kilns) 
stage II 
-- ----- - ---·-··----- --

200 200 

~i oil consumption i 5200 4500 

• 

3. Capital investm~nts, total 

including 

3.1. Hydrate thermal treetment 

3.2. Additional costs corL~ect­
ed with installation at a 
fluid bed cooler 

4. IRRI 

5. Break-even point 

6. Payback period 

Rs.mln 

-"-

-"-
% 

thous.t 

year 

18.8 11.6 

15.9 

74.1 

21.0 

1.2 o.s 

---· - -···-- ....... -··-----·---------- -

.ls one can see from the above tigures an implementation of' 

the second stage ot the calcination reconstruction involving 

one kiln is more preferrable than a complete replacement of the 

existing coolers (planetai'Y) b7 the fluid bed coolers at the two 

kilns. An efficiency of the variant being considered as compared 

with the basic one is higher b7 approximately 26~ (when calcula­

ting for the design capacity). 

• 1.9. Financial and Economic Evaluation (Chapter 10) 

A financial and economic evaluation of the calcination de­

partment reconstruction is made on the basis of a cash flow 
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analysis for the three reconstruction stages aDd taki.Jlg into 

aceount a production level. The second stage is eTaluated as 

a successive one taking into account the costs involved and 

savings effected at the first stage. 

An evaluation is based on a price level for the beginning 

ot 1983 and does not take into account a price escalation. 

As a profit parftllleter 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 

a result of implementation of the planned measures and an in­

crease of the process e~uiJ1Dent efficiency. 

A total amount of an additional annual profit for the 

reconstruction stages is as follows 

Stages 

Ra.thous 

- - -·-- ----- ... -·-----,. ------- .. ----·---·---·· 
t Current capacity (85 thous. 

t/year 
I Planne~ 

t"' 
total 
annual 
profit 

including that --·tota 
due to fuel oil 
savings 

e.nnua ... 
profit 

'\City (200 
year) 

... nc 1 uding that 
due to fuel 
oil savings 

..... ---· .__. 

• 

I 

II 

III 

3.023 

6.710 

10.177 

2.927 

6.342 

9.514 

7 .113. 

15.7s9 

2).946 

6.888 

14.924 

22.)86 

r 
t 
I 

i: 

I 
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Total capital investment costs b~ stages of reco11Struc~ion 

and major coat items are as tollon: 

Rs.000 

r S.Bo Cost item Stages 
r-· --- - ·- -- ·-- .. --- -·· --- . 

I II 1 III 
---- -·-- -- -- ---- -------- -----·--·---------·----------- ----- --- .... --- -

I 

1 Fixed capital investment, 
total, including 2~0 15403 21442 

1.1 Civil engineeri?Jg works 986 6655 10C118 

1.2 Equipnent (incl.erection) 701 7-:137 10112 

1.3 Know-how (incl.tax) 373 811 1252 

2 Preproduction costs 84) 3410 38C17 

T~tal cost 2903~ 1881) 25249 

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

In accordance with the initial data it is considered in the 

Feasibilit7 Report estimates that the capital investment re~ui~ed 

b7 stages of reconstruction would be covered b7 Govermnent fundb 

in form of equities and long-term bank loans in ratio 50:50. 

The production costs determined as the annual sum of additio­

nal production ezpenditures include scheduled repair and main­

tenance of unit• to be constructed, depreciation of capital in­

vestment and 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 b7 stages of reconstruction: 

. I 

s.mo; 
! 

Cost item 

1 Scheduled repeir and main• 
'tenance 

Rs.COO/year 

Stages 
-,------: ·-~ff- ··--~-· .. III . 

23 2.32 30) 

I 
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r 
i Cost it- Stages 

--·--- - ----·· -- ---· ,--- -· --- -· -------

2 

3 

I II· 1 III 
-- ... -.------------ - -- -- -------------

Depreciation 189 1223 1641 

Interest (average for 
period of operation . 
calculated per one year) 76 538 732 . ... . - ··- ---

Total 288 19':1) 2676 

Basing on the calculation of cash-flow the parameters of 

the internal rate of return, the break-even point and the pay­

back period characterising the efficiency of the calciner re­

construction Stages were determined. 

The financial analysis is based on the fuel oil price or 
Rs.2 9740 per 1 liter (or Rs.2 9870 per tonne). 

The efficiency of rec~nstruction stages is summarized as 

follows: 

Parameters Unit ___ s:.~~es_ 
I II 

Internal rate of return on 
investment for capacity: 
- existing (85,00C tpy) ~ 10).J 31.9 

- oesigned <200,coo tpy) % 244.2 74.1 

Internal rate of return on 
equities for capacity: 
- e:z:isf ing (85 ,ooo tP1') ~ 18).4 44.1 

III 

J1.6 

66.0 

40.1 
- designed (200,000 tpy) ~ 464.6 119.9 87.5 
Break-even point 

i 

1 
OOOtp7 s.o 21.c 20.7 

Pa7-back period for cap~city: 
- existing (85,000 tpy) year 1.0 2.8 2.5 

:designed 
I 

(200,000 tp7) -"- 0.4 1.2 1.1 
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As it can be seen from the data above the moat efficient 

is the Stage I. The parameters unc.er stages II and III are ap-
• proximetely ~ the same level. 

In addition to this the parameters of the annual savings 

calculated per Rs.1 9000 of capital investment, also characte­

rizing the high profitability of the reconstruction are suppli­

mented below: 

Stages 

I 

II 

III 

1.10. Conclusion 

Rs.000 

- - -- ----- -- -- . -- - - ~ - ---~-- ---------- --

Capacity level 
existing 

1.0 

0.3 

0.4 

o.s 
0.9 

The estimates justifying the technical concepts of recon­

struction on stages of calcination allow to conclude the fol-

lowing: 

1. The high efficiency of meesures for the calcine.tion re­

constriction proved by the experience of the US~l allow to imp-

lcment wittin tight schedule (within limits Of one year) with 

the capital investment relatively low to compare ~ith the profit 

' ob·~c.ined. 

2. The reconstruction of calcination at Korba Alumina Plant 

in function of its reconstruction stages ensures the saving of 
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the annual tuel oil consumption in amount ot 2,400 to 7 1800 t 

(calculated for the designed cape.city~ 

On the national scale based on total availabilit7 of instal­

led cape.cities for alumina production (640,ooo-660,000 tpy) the 

reconstruction of operating calciners of' this type ensures the 

reduction in fuel oil imports tor these purposes by more than 

20,000 t1>7 and thus improves the foreign exchange bale.nceof the 

country. 

3. Based on the level of tlE cepacity utilization at Korba 

Alumina Plent at present (42.5~ of design cape.city and because 

BAI.CO 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 hydrate 

beat treatment and the dust recycle to the process, at the least 

capital intensive stage and the construction of the f'luitized 

bed cooler only for one calciner which can be considered as the 

experimental demonstration unit provided for the mestering of 

the new process, personnel training and gaining the eyperience 

of O?eration to be used at other Plf.llts of the country. 

2. GEWERAL INITIAL DATA AND CONDITIONS 

2.1. Project background 

2.1.1. Aim and scope of project 

The ainJ of the Rroject 

The Project is aimed to reduce the fuel oil consumption at 

calcination depa:·tment of the alumina plant at Korba (the state 

ot Madh7a Pradesh) due to more complete utilisation of calcined 

l 
t 
~ 
I 

I 
• 
[. 
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alumir?S heat and of flue-gases and to optimization of' f'uel com­

busion condition. 

The r~construction of the calcination plant at Korba enables 

to reduce the fuel oil consumption for this unit at the designed 

capecity of the plant b7 2,400-7,800 tonne per year (depending 

on stages of reconstruction). 

Scope of Project 

To reduce the fuel consumption at calcination pla.nt the 

Feasibility Study conside::"s the problems related to "'..he recon­

struc~ion of eYisting calcination kilns end elso replacem€nt of 

rotar;y kilns b7 a fluid bed calciner. 

To speed up implementation of the fuel saving programme and 

• to reduce the initial capital cost the Feasibility Study consi­

ders three stages of the calcination plant reconstruction: 

' 

I stage - Reconstruction of alumina hy~rate drying zone, re­

cycle of dust from E.s.P. to the coling zone of the kiln end the 

improvement of the fuel oil firing process. The above measures 

will result in reduction of oil rate per tonne of alumina by 
/ 

9.6~ and increase in throughput of the kiln to 14 tonnes per 

hour of alumina. 

II stage - Installation of fluid bed coolers to replace the 

existing planetarJ 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 rotary kilns by a 

fluiu be~ calciner. In this case re~uction in oil consumption 

•· 
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(regardless of the measU:res under I and II stages) will amount 

to J1~ and throughput of the kiln will increase to 28 t/hour. 

2.1.2. Product range and capacity 

The proposed reconstruction of the calcination kilns will 

not affect tr.e t:i·pe and .• uality of the pro·::.uct - alumina. It 

will not af'fect the designed capacity of the Alumina Plant 

(200,oco tpy}·either. 

2.1.3. Project implementation schedule 

Based of experience of reconstruction of the calcination 

plants at the USSR alumina refineries we would recom.~end the 

following schedule for the reconstruction of Korba Alumina 

refinery calcination plant: 

I stage - 6 months; 

II stage -12 monthf; 

III stage -12 months. 

Construction will be implemented 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 rather limited in fuel resources end 

is forced to import the bulk of fuel requirem~nts from other 

countries. 

The proauction capacities of the Indian alumina plents in 1981-

1982 was 640 9 000 tpy of alumina, while all the plants use rotary 

kilns for calcination of rotary kilns. Reconstruction of the 

existing calcination kilns at the alumill& plants in Inaia will 

allow reduction in oil consumption nown to 25,000 tpy, depending 

on recuperation of flue gases and calcined alumina heat. 
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2.2. Initiator of the project and designer of the 
Feasibility Report 

2.2.1. Initiator of the Project 

The initiator of the Project for the study of calcination 

plant reconstruction at its Alumina plant at Korba, is Bharat 

Aluminium Cc·mpany Ltd. (EALCO), established in the year 1965, 

New Delhi 110019, Nehru Place, 18. 

BALCO's Aluminium Complex in Korba, Madhya Pra~esh State 

comprises: 

- bauxite mine 

- alumina plant 

- aluminium smelter 

- fabrication c 'JID.plex 

2.2.2. The role played by BALCO in ~.he Pro~ect Implemen•at~.on 

BALCO is participating directly to carry out the Fea.sir)j li ty 

Study on the reconstruction of Al1.unina calciners for energy 

conservation at its KoYba Alumina Plant on behalf of the govern­

ment of India. 

BALCO has taken an active part an~ rende~ea assistance to the 

group of Soviet experts of VAMI Institite who had been to India 

in January 1983 for implementation of the Contract between V/O 

TsvetmetprOJpexport and UNIDO to collect the Initial Data re~ui­

red for techno-econ~nic study on the !ensibility of reconstruc­

tion of the calcinetion plant. 

~ 2.2.3. Designer of the Feasibility Report 

In S'..COrdance with the contract betwe&n UNIDO (United Ua tions 

Industrial Development Organization) an~ V/O Tsvetmetpronevport 
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• the reconstruction studies (reconstruction) of ~alcination de-

• 

partment of the Alumina Plant in Korba has to be cer~ied out by 

the All-Union research and design institute of aluminium, mag­

nesium and electrode industry (VAiil) of the Ministry for Non-

Fer::-ous Metallurgy of the USSR, Lening:-·ad, V .o., Sred.niy pro­

spect, BS. 

2.3. General characteristic of the Alumine plant 
location region 

The alumina Pllnt is locE.. ted in the vicinity of Korba town, 

Bilaspur district in the State of Madhya Pradesh, India. 

At present Korba is one of the In1ustrial cent,rs of ~edhya 

Pradesh and th ':'ollowing industrial enterprises ere located in 

the region: 

- Western Coalfields Limited's Colliery complex; 

- The The~al power plants of 540 MW based on local coal owned 

by Madhya Pradesh :nectrici ty Board; 

- EALCO Aluminit.Un Complex comprising of: 

- Alumine. plant of 2cc, ooc tpy ce.peci ty; 
- Aluminium smelter of 10C,OOO tpy capacity, 

- Fabrication complex of 50,00G tpy cape.city. 

Besides, two super Thermal Power Plants one belon6ing to 

Madhya Pradesh Electricity Board and another to NTPC e.re un~:er 

construction. 

For t:ranspo::rte. t ion pu;-poses Ko:rbe. is connected by b .. oad 

gE:..uge railway line of 37 km lone with thE :i.·sil~"ay station 

• Champa on Bombay- Calcutta National main line. Korbr. is also 

connected with Bile.spur, Raipur and othar importent centres of 

~tate of Madhya Pradesh by all-weather motor roa~s. 
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The major source of water supply of the region is the Hasdeo 

ri~er. The electric power for the region and its industrial 

units in general -is supplied from MPEB Thermal Power Plant. 

J. CAPACITY OF THE ALUMINA PLANT IN KORBA 

The designed capacity of the plant is 200,00G tonnes of elu-

mina per annt:.m. Because of shorteee of power available and :he 

insufficient demand for alumina, the plant has nev€r been run 

to the designed capacity. Since start-up of the plant (April, 

1973), until now a total ~uantity of about one million tonnes 

of alumina has been produced by the plant. 

At present the productivity rate of the plant is to the order 

of 85,000 tonnes of alumina p~r year. 

The prouuction programme of the Calcine.:ion plent is con-

sidered in two varie.nts in the Feasibility Report: 

- basing on the designed capacity of the plant of 2oc,ooo 
tonnes of elumina per year; 

- basing on the existing capacity of the plant at p:"esent 

(in amount of 85,000 tonne of e.lumine per year). 

4. MAT::RIALS A?ID OTHER PRODUCTION FACTORS 

4.1. ~e~uirements for raw materials and inputs. 

Initial pro~uct for alumina pro~uction is the alumine byJraie • 

The main factor for the above conversion in calcine.tion kilns 

is the constant minimum moisture content, since ee.ch additional 
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moisture percent increases the specific fuel consumption by 1%. 

1he optimum permissible moisture co~tent which could be r . 
allowed at hydrate filtration section is 7-8% against the moi-

sture content of 10-12% in works hydrate of Korba plant. 

Furnece oil is used as the kiln fuel. At Korba Alumina Plant 

the sulphur content of fuel oil used reaches 4-5%. 

In ce.lcination kilns it is reasonable to use fuel oil with 

low sulphur content so as to reC.uce the ~ empera• :J.:·e of outlet 

ce.ses from , :~€ kiln and tc decree.se 7he ft<eJ consump"::ion, howe-

ver the availability of fuel oil of lower sulphur is not within 

the control of BALCO. 

With the sulphur content in fuel up to 1% the flue-geses 

temperature can be reduced down to 140-160oC. The calorific 

value of li~uid fuel usea is about 9,400-9,600 kcal/kg. 

4.2. Selection and characteristic of raw matErials 
and fuel 

The following is assumed for the calcule.tions of the Fea.si-

bility Report: 

- Alumina hydrate 

; r . 
s.Nc I Chemical composition and Unit Mee.n value 

other specifications 

1 2 J 4 
, 

Na2°total % 0.41 

2 K2°to+al % 0.012 

3 J102 % c.021 

4 Fe2o3 
% c.c5a 
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L.O.I. 

Specific density 

Bulk weight 

.b.ngle of repose 

Water content 

2 

- Fuel oil lowest calorific value is 94GO kcal/kg. 

sulphur content, % - maY.iinum - 4.5 
- m:in1.'11um - 2. 5 

4.2.1. Specific consumption of raw materials, utilities 
and inputs for alumina proluction (for Calcina­

tion Plant) 

Description Unit Quantity 
--- - ·--~·~·----------·---~--#~--. -- . ... -- . - •r•--··- ....,. . .,r•,•••• 

Alumina hydrate t 1.72 

Fuel oil, calorific 
value 94GO kcal/kg kg 124 

Compressed air nm3 96.0 

Power kWh 33.0 

We. ter m3 1.0 

I-.efractories t O.OOJ84 

i 4.3. Cost Estimate 

1 
I • 

. J The proposed reconstruction of the calcine.t.ion plant re<"iuires l 
no additional production expenses for materials and utilities. 
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Additional expenses related to a higher flowrate of compres­

sed air for the stage I of reconstruction project will be offset 

by total savinrs in operating costs as shown in the estimates of 

additional revenue for this stage. 

5. LOCATION AND SITE 

5.1. Plant location 

Korba Alumina plant site is loceted et roo~t 12 k!ns North­

East from Korba town at an approxima'e latitude of22°2J'N end 

longitude of 82°44'E. 

The Alumina plent area is a rec:snguler pbt JCC m wiie e.n~ 

660 m long with total area of 26 hectares und longitudinel side 

oriented in North-South direction. The site finished level is 

fixed at 288.75 to 291.75 m above the Mean See 1€vel. 

The western boundary of the si:e is facing the 4AO MW Power 

Station and is located about JCC m from •his Power Station • 

The Aluminium Smelter is located in the eastern sice of Alumina. 

Plant Site. 

The flood basin of Dheneur Ne.lls st!"eem is located et the 

southern boundry of the plant site. In this region the ash dic­

posal pond of MPEB is located.. From the nor-:-hern si::..e of the 

site a similar flood basin of Belgary-N~lls stream is loceted, 

where the Red Mud pond of the Al'W!lina Plant is situated. 

In monsoon period the water level of these streams reaches 

280-286 m above .he sea level. These streams are flowing into 

the major river of +he region i.e. Hasueo, running from north 
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to south about 2.5 kms west from the Alumina Plant. 

The plant site is connected with motor roads and the rail~ay 

siding with Korba P..ailway Station. 

5.2. Location of Calcination Plant 

The eYisting calcination plant consisti~ of two rota!"Y 

kilns and two multi-storey stru~tures by the ends of these kilns 

is sited on the eastern boundary of the alumina plant site ,.,i th 

area of 50x200 m., stretched in north-southern cirection. 

The feec.i enci. of the kiln with the multi-storey st:r.·uc tu~-e is 

in the southern part of tne plant site, and the ~ischarge end -

in northern part. 

This site also contains two fuel oil tanks on the northern 

boundary and three tanks for soda ash near the southern boundary. 

~he site is levelled, provided with engineering communica­

tions and motor roads along its perimeter. 

The alumina storage is located 30 m east of the celcinetion 

plant, with a rail track passing betwe~n these two units. 

5.3. Cost Estimate 

Since reconstruction of the calcination plant will be effect­

ed on the existing alumina plant, no eYpenses for purches~ing 

the lend site a~e re~uired. 

5.4. Local Conditions 

5.4.1. Climate 

The region climate is tropical, the ret;ion is noted for low 

seismici-iy, maximum temperature of the hottest months (May-June) 

is +47oC, that of the coldest month (January) is +8°C. Average 
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monthly rainfall is about 1000 mm. RH renges :from 11 to 10~. 

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 capacity of 1.25 kg/cm2 to 1.5 kg/cm2 at a dep~h 

of 2.0 m and 2.0-2.5 kg/"nt.2 at a cepth of 2.0 m an~ 2.0-2.5 kg/cm2 

at a depth of 4-5 m. Bei rock lies at a depth of 15-20 m from 

the surface. 

Depth of ground water table is 2.0-3.0 m. 

5.5. Environmental Impact 

One of the major sources of pollution of air et the alumina 

refinery is calcinetion kilns, with the follo~~ng emmissions of 

contaminents as of 1983: 

- ·- -- - - . -
S/N Description Unit One kiln Two kilns 

1 Dust ksL!! 5-6 10-12 
t/y 44-45 ~'8-90 

-"- 10 20 

78-80 160 

The propose~ reconstruction of the calcination plant ensures 

reduction in fuel oil consumption and in rate of eY.it ge.ses. 

Amount of dust and so2 per tonne of finished product emitted 

into air will drop as compared with the actual lPvel of emiesi-

ons. 

' 
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6. ENGINEERING DESIGN 

6.1. Design break-down 

6.1.1. Initial data 

The following is assumed for as the Initial data for €la­

boration of process calculations end erection drawings of re­

const~u~tion of 'he Calcination plent: 

- the capacity of the existing Alumina plant (desi~ned cepa­

city) - 200,000 tonnes of alumina per annum; 

- the continuous operation of process sections; 

- the Initial data for elaboration of the Feasibility Report 

of calcina.tion kilns reconstruction at Korba Alumina Plant 

(New-Delhi, February 1983)i 

- the local studies of the calcination Plant carried out 

I
, during collection of the Initial data. 

6.1.2. Brief Cha~acteristic of the Calcination Plant 

The essence ofcalcina.tion technology in Korba Plant is simi­

lc.r to the technology used in the USSR and othEr countries and 

consists of the following: 

The hydrate of alumina AL(OH)). with bound moisture of 

12% is fed to the rotary calcine.tion kilns. Hydrate af~e: passing 

through the c.:rying, dehydrating end calcination zones, leaves 

the kilns in tJ,e output form of t.J.uminium o:;·i<~ e (Al
2
o
3

). The 

cooling of this fine powder mat6rials from calcina.tion tempera-

• ture of 1150-12ocoe down to 100°C is carried out successively in 

the end zone of rotary kiln, in recuperative cooler encl in hy' ro­

air cooler. The seperation of refre.cto.:·y lining impurEics from 
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elumir..a is car:ied out in the vibrating screen installeu between 

the recuperator and hy~ro-air coolers. The cooled product . 
through pneumatic system is con¥eyed to the silos. 

The flue-gases from the kilns are cleaned out of dust in 

cyclones and electrostatic precipite.tor o.nd then through c~im­

ney stack and discharged to air. The dust ceptu~e~ in electro­

static precipitetors e.nd cyclones is recycled to the kiln. 

The list of existi~ ec;uipment in Calcination 
Plant 

S.NO Name of ec;uipment Specification details N° ins­
talJ.ed --1, 

1 

2 

3 

4 

5 

6 

7 

8 • 
9 

2 

Hy<irate long belt con-
veyor 

Apron feed.er 

Belt conveyor 

Screw conveyor 

3 4 

500 mm wide, 60 t/hr 
Cape.city. speed:1 mt/sec 2 

2.0 m dia, speed 4-10rpm, 
N = 11 kW 2 

650 mm wide, speed 1m/sec 
N = 3.75 kW 2 

450 mm, dia, 6.5 m long. 
Capacity 30 t hydrate/hr, 
N = 15 kW 2 

Electro-static precipi- LURGI type, 550 mA, 
tator 440 V 

SSP smell screw conve­
yor 

ESP long screw ccnveyor 

DC ::::iust collector 
(croup c;,·clones, I stage) 

No~ic Dust collector 
(group cyclones, 
II stage) 

500 mm die, 7 m long, 
N = 5 kW 

500 mm dia, 12.5 m long, 
N = 11 kW 

4 cyclones of 1.370 m dia 

90 number CI cyclones, 
225 mm dia 

2 

2 

2 
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10 Kiln with main drive 

11 Vibrating screen 

i2 H~1:.ro-air cool~r 

13 Pneumatic chamber 
(Fluxo vessels) 

pumps 

14 Primary air fans 

-15 Oil supply system 

16 Oil tanks 

17 Bag filter above the 
kiln 

18 SF (I) Bag filter 

1~ I.D. Fan 

20 Air blower 

• 

- ----- ·------ -~ - - --- ··-

3 

3•6/3.3 m die, 80 m long, 
slope 1°45' 42 sec/rev. In 
kiln I - eltern.current 
drive, N = 95 kW; 
In kiln II - direct current 
drive, H = 95 kW 

1.22 m wide, 2.74 m long, 
14 mesh screen 

Aree25 .2 m2 , cooling su~·face 
76 m , uia of coil tubes 
50 mm 

4 

2 

2 

2 

Capacity 5.8 m3 4 

6650 m3 /hr e.t 255 mm ·1•:g, 
N = 11 kw 2 

Two pumps, 25-30 atm.pres­
sure, N = 7.5 kW, oil flow 
3000 l/hr 40 mJ/caP3-city, 
9.6 m3/met~e tank ~eight 2 

Two compartments with 
exhaust fan of 170 m3 cepa-
ci ty at 200 mm Wg 1 

144 bags, exhaust fan 
566 m3/min 1 

10JOGO m3/hr capacity at 
220 mm Wg and 260°C, 
N = 150 kW . 

Capacity 1450 m3/hr, pres­
sure 3500 nun Wg, N = 3. 75kW 

2 

2 

I 
! 
t 
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Description of the existing instrumentation 
end eutome.tion systems 

The instrumentation scheme includes th€ following measure-

ments: 

- Temperature of flue-gases and alumina at outlet of recupe­

ratl ve coolers, of alumina after fluid bed cooler; 

- Fuel oil input including return oil ana primary air consump-

tions; 

~raught in Kiln and before gas suction; 

Content of OY.ygen and carbon dio7ide (C02 ) in flue gases; 

-Hydrate consumption. 

~he process automation is not available. The following con-

trol systems are available: the remote control of gate valve 

installed at gas suction for oyygen content in flue gases, :he 

remote measurement of hydrate consumption and ~he autome:ic 

r.ie.i:i: enc.nee of fuel oil pressure in the return line. 

6.1.2. Brief desc~iption of gas-cleaning plant. 
Deta on emissions 

In celcin~~:ion Plant the following system of gas-cle;E.ning is 

e.·io:Y~eci.: ces from the kiln ~ a.ust coll.ectors (tht steges I & II) 

-~ electrostatic precipitator - I .D .Fan _,, chim.."ley stack. 

The specification of gas coming for gas-cl~aning (from one 

kiln) is sho.-1n in '.:1able below: ... _ .. 

Gas parameters 

Volume - mn3/hr 

From the 
kiln 

48.000 

--- ·---··-- -· ---- .. --- ~- .,.-- ··- . ····-·---- -·---- - - -
After cyclones . Ji'rom electro­

stn tic preci:11-
te.tor 

53.coc 56.000 
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From the 
kiln 

After cyclones From electrostatic 
. p:-:'ecipi tat or i 

t . ---· - -- _._ ..... -- -- -

Temperature, 0 c · 
Dust3content, 
g/nm 

so2 - g/.cun3 

260-280 

250-260 

0.2 

240-250 230 

30 0.1 

c. 18 

The major sources of detrj.mental emissions at this plant are 

the calcina~ion kilns. 

~he ~ecifice.tion of kiln emissions is a.s follows: 

Emission Unit Rrom one kiln Rrom two kilns 
type 

Dust kg/hr 2-6 10-12 

t/year 44-45 88-90 

so2 ke:J!l! 10 20 -
t/year 78-80 160 

6.1.J. Scope of design docu~entation 

Besides the p~esent general Explanatory No~e of reconst~uction 

of the Calcina.tion plant, the equipment en~ process flowshe£ts, 

erection and construction drawings, power supply and automation 

diaere.ms are worked out for each stage in the Feasibility Report. 

The above documentation is in Volume II. 

The list of e~uipment and me.ttrie.ls is F;iven in Volume III. 

':1he Soviet e~uipment, the InC.ian eeauipmt-nt and ~he e<luipment 

I 
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from third countries is used in the present Feasibility 2eport. 

6.2. Framework of Project 

The design lists and break-~own dete·mine the f~P.me~ork 

of the Project F.nd serve as ~he basis of estimetio~ of invest­

ment an~ pro~uction costs. 

In this case the framework of the Pro.~ect is limite,~ only 

by this section basing on t~e concepts of reconstrurticn of 

calcination kilns approvet by EALCO. 

The eT.isting service lines ere cc:lcerne:.:.. v-i th insibllificent 

modifications. 

The proposed concepts are to te implemented in three fol­

lowing stages: 

- the reconstruction of existing rota~y ce.lcinction l~ilns 

is to be implemented on sta~es I e.nd II. 

- Stage III provides for replecerr.ent of the existing >Otary 

kilns by one new stetionary calciner at ths se.mP si:e. 

In this connection the rc.const~uction un:er ste.ces I e.nd II 

involves the process, electrical an<.i const:·ueion ,~esic;nes, U1e 

instrumentation and automation of e· istil'1£'. rotery l:ilns in limi -t;s 

of the Calcine.tion Plant. 

The followin~ major wo=ks shoula be inclu~e~ in ~he 3cope of 

works under stage III besi<!.es the const:ruc ti on of thi;. flui,:ised 

bed furnace from the side of the rotar:r kiln N ° 2: 

- the reconstruction of the al~~jnium hy~rB:e feed line; 

- the construction of the pnewnatic conveyor reek for :he 

calcined e,lumina tre.naporte.tion to the ste:rc.r-;e;; 
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- the moving of small part of water supply and sewerage 

system and reconstruction of f'uel supply. 

6.J. Technology 

6.3. 1. Types of technology of alumina calcination 

In world practice the alumina calcination is carried out 

in rotary kilns in moving leyer or in stationary fluidized bed 

furnaces. 

The alumina calcined in rotary kilns is cooled in drum or 

cyclonE coolers, in fluid bed coolers or in coolers combining 

different principles of material movecent. 

The alumina calcined in fluid bed furnaces is cooleu in 

~ cyclone coolers or fluid bed coolers. 

The elevated fuel consumption is the disadvant.age of the 

alumina calcination in rotary kilns which is connected with 

the low efficiency of heat exchange between ~-he mate·· ia.l and 

the furne.ce gases inside the kiln, the high heat losses to the 

environment related to the difficulty of heat ins~lation of ro­

tary kiln casings and to cooled water and the high tempereture 

of flue-gases. 

While calcining the alumina in fluidized bed furnaces, the 

fuel consumption can be reduced due to the intensification of 

drying and dehydration process, to the reduction of unit sizes 

and of heat losses to the environment related to the reliable 

heat insulation of stationary furnace casings. The calcinr.tion 

in fluid bed ce.lciners enables the complete eutomation of the 

process and the reduction of the opera'ing perso?lllel. Besi~es 
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the efficient control of the finished product sue.lity (the 

elpha-alumina content) is ensured. 

6 .3 .2. Selection of celcination p!.·ocess 

The calcination process in rotary kilns at r:orbe. Ple.nt is 

characterised by the elevated fuel consumptior. emounting to 

124 kg/t because of high heat losses of flue-ge.ses (Pp to 23~), 

of calcined alumina and to the environ.":lent (el-out 2s;;). !'he 

heat losses of casing of the recuperative coole~ instrl1eJ on 

the rotary kiln a!."e rather import~mt. 

The mnjor we.y3 to increase the inten3ity of ro~er~,: lciln o::-e­

r&tion for fael saving are as follows: 

- the recupere. t ion of flue-gases hee. t c.ue to •_ :-.e cl~·inc; of 

alu.11inium hy,:::_ro:·iG.e in flui:.:.ize~ bei insi::e t}1E. f; n&ce; 

- the recuperation of the calcinec e.lumine hcct to he&t the 

air supplied for fuel burning and the calcine.tion of -;;Ert of 

the recycle dust. 

The improvement of the process of alumina coo line in or.· er 

to use more complP.~ely "he calrinec elu.~ir.e teet cen be i~ple~en­

te~ in the cyclone-type cool~rs or in fl~i~ize~ te~ coolLrs. The 

fluid bed cooler is assumed fo:- the conditions of t:rie Korta :rilfnt. 

This is related. to the fact that the utilisat:ion of ·_11e c~·clo".1e 

hect e-xchangers for cooling of £.lumina. calcine(. in ~l:e J.ote.ry 

kiln re~uires the instellation of en a~ditio~~l surce tnnk to 

receive the excess material because of the non-ur.ifonn ~incherge 

of ~he kiln. But this concept makes the e~uipmEnt arren~e~Ent of 

the process rather difficult and is not con~iLlered. 

In the tre.di tionel method of calcine.ti on in :ro LP..r~ ::iln 

I 
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the dust captured in the gas-cleaning plant is recycled to the 

feed end of the kiln resulting in ad:iitional fuel consumption 

for the temperature of flue-gases. 

To reduce the fuel consumption and the ~uantity of recycle 

dust between the kiln and tr.e gas e;leaning system, it is reaso­

nable to supply the part of the recycle dust directly to the 

hi~temperature zone of the kiln. As per the results of the 

analysis car~iea out the cristalline water content of the ~e­

cycled dust is 1.5 to 2.0fo. The ;uantity of the recycled dust 

fed to the high temperature zone is dete~mined by the temperature 

conditions of the process. 

The possibility to use the fluid bed calciner with utiliza­

tion of part of the existing e~uipment is also considered in 

the Feasibility Report. ~he fluidised bed unit can be installed 

at the si~e adjacen~ to the existing rote.ry kiln U0 2 using the 

system of the alwnina. hydrate supply and the gee-cleaning plant 

of the kiln. 

This method of calcination process in the fluiQisea bed 

unit is practically the alterllE:tive to the celcination process 

in rotary kilns ana it can be implemented as the _third star,e 

of reconstruction of the Calcinetion plant or separately without 

the implementation of stages I and II of the reconstruction. 

6.4. Equipment 

6.4.1. Design De.ta end Selec7-ion of EquipmE:nt 

The e~uipment is designed basing on the following: 

- capacity or the alumina plent (200000 tpy) 

- continuous operation of all process sec~ions (365 C.ays/yeer) 
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To select engineering solutions and e~uipment for reconstruc­

tion of the calcine.tion department the following.considerat~ons 

were also taken into account: 

- minimum additional equipment; 

- maximum possible saving of fuel oil for alumina calcina-

tion after reconstruction; 

- minimum time fo1· rH~onstruction F"l.d installation of eesuip­

mt:nt by stages; 

- experience gained in the U~SR in reconstruction of the 

existing calcine.tion plants at alumine. refineries. 

6.4.2. Priority of Calcination Plant Reconstruction 

As a relatively large scope of work is re~uired to achieve 

a considerable reduction in fuel consumption at the calcir..ation 

ple.nt, as v:ell e.s a high capital investment, the Feasibility study 

provices for reconstruction of the calcination kilns at the Korba 

alumina plant by stages: 

- Stage I - reconstruction of the calcination kilns in ouch 

scope as to attain the re~uired reduction in fuel consumption by 

Jecreasing temperature of kiln eYit gases, to improve heat exchan­

ge inside the kiln and to recycle pert of dust to the hot end of 

the kiln; 

- Staee II - reconstruction of the kilns to ensure re~uction 

in fuel conRump7.ion by decreasing heat loss to air by replac­

ing the existing heet !:ecovery coolers by fluL ... isec.;. bed coolers; 

- Stage III - further reduction in fuel consumption (es com­

pared r:i th stages I end II by replacing the rote ·y kilns by a 

flui~ised bed calc~ner. 
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.Analysis of the above s"tg,;,:_·E:~ of :- 1.:;c ')n:J r·1 :·_:.en of the ce.1-

cine.tion l:ilns sugsests that the stage II1 should be consice~·e\3.. 

only as a potential variant. 

Decision on implementation of stage III of ".,he celcina'ion 

de?ertmcnt reconstruction should be taken only after at~aining 

the design ca~city of the plant (20000C tpy) and es~ablishr!snt of 

special elurnina pro'luc ti on at ... he I:orbe al~ina plar: t. 

6.4.3. Selection of Equipment 

~o improve calcin&tion process at "he f:orta &lu."l:~:-ie plan~ 

the fe&Dibility study considers the follo~ine ~roposels: 

- dryillG hy,.:.rs.:e in suspenC.eC:. state; 

- ~ecycle of iust to the ho~ ~one; 

cooling ,.. lunina in a fluidisea. bed. 

E.4.3.1. =:ryint; .Ahuninitun H:r':2.rate in Suspen·:led Stete 

~a~lirr ~wo al~e-n~tives of e~uipn~nt flowsheEts for t~ rs-e 

1.1.rying were ccnsi .,ered; 

- feeding hydrate to the exit gas duct; 

- reconstruction of the kiln drying zor:e. 

J..IlE-.l:rsi~ showed thet feedint: hyc.rate to the c&s c".u~t ; '-21.i;_-

res a c om.~id.erable recon~trl<c ti on of the fee-~ line ""i th s >.i +iv-

nal in3talle. ti on of e~uipment (belt and sc?""ew conveyo:-s, -:, le...-{~ -

tor) or reconstruction of the t;o.s line (C-she~ed ens ,:l..ict 1·;j th 

installation of a feeder). 

The Feasibility study :lE:Commends the alte:·native with reccn-

• strc.lt.::ion of he <.11:,·ing ~~one of ~Le kiln, whic:: will als(' ensure 

no chc.nct in :.he ldln fee:linG e~ui;irnent. The kiln '.~el-.yc:r· •ion 
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6.4. J.2. Recycle of Dust to Hot zone 

~ecycle of dust to the hot zone of the kiln ~ill be ensured 

by provision of a jet unit operated by compresseu air an~ a 

cyclone to separate dust from carrier air. 

6.4.3.3. 8ooling al.lillina in FluiCised Eed 

To cool alumina in a fluidised bed provision vdll be mace 

for a fluidised bed cooler in the form of a horizontal unit 

with a directional flow of ~eterial, including e ser~es-connected 

che.mber for separation of refracto::--y chops (trash) from alumine, 

air a.nl air-we ter hee t reco\•ery che.m'Jc-rs and seperc te c:;c lones 

to cleEn hot air. 

The world practice of t:b-e calciru:.tion incluies the use of 

principle of aluminium hydroxide heat treet~ent in a suspended 

state and fluidised bed: calciners with circulating beC:.., Lu-:,gi 

( T.1;') G) 
.l' "' , flash calciners Mark III, Alcoa (USA), celciners of sus-

penced alumina, Pechiney (France). 

Drawbecks of the above calciner designs lie in compleY.ity, 

seperation of stases of treatment (in various units), re;uire-

ments for significant diversity in types of refrecto y bricks, 

r€letively ·,1igh energy :Jemend. 

·:rhe Feesibili ty study proposes a VJJ,n-::..eoicned flucised ted 

calcine:r which includes cyclone exche.nt;;ers for drying hydrete, a 

c'haft heat exchan,:;er for dehydration in e suspen~ed bed, e. chsm-

bE;r for calcination in a fluidised bed am.4 e. three-stage cyclone 

1 • cooler vdth air-water fluidised bed cooler for cooling calcined 

elumina. 

~he calcinr:- is lined v:J.'h sLnn.:e,...c b;icl:s enc:. fee.~· .:'8S a 
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low hyC:.raulic resistance. The unit is fitted with blowers to 

sup~ly air, fuel burners, hydra~e feeaers an~ pn~um~tic pumps 

or air lifts for discharge of alumina. 

6 .5. Erief rescription of Ste.ges of Recons: :·:;.c ti on 
of Calci:ne.tion Pl~nt 

6.5.1. Stage I of Reconstruction of Existing Celcination 
Kilns (dwg 1354690, sheet 1-2) 

:2his stage of reconstruction of the CE.lcination l:ilns p~·ovi-

des for drying E luminium hyd.ra.te in a suspended. ted with '·ec::cle 

of dust to :.he ciischarge end of the kiln. 

6. 5. 1. 1. Hydra. t e .: rying In Suspendeci Bed 

Original wet hydrate is fed by the eY.istir..g acrew feeder to 

the mod.ified drying zone of the kiln fit~ed with ~runsfer var.es 

and a seperetins diaphTagm of speciel design. 

Loaded material is dYied when moving eh(e.d by hec.t of ga~es 

from he ci.ehydn tion zone, becomes suspend.ec.. in c;ss€s e.n..; is 

car·ied out from "':he kiln to the cyclones (ste..{;e I e.."P'ld. II) of 

the gas clee.ning ~ystem. 

Dried product tre.p;ed in the cyclonPs is t~ensfer~c~ nlong 

the inlinE d f eedir..g tube cehind the :.iiaphrc Q!l di rec', l~! in -he 

l:iln r.lchy'rA.tion zone. Since the d:ryinr- zone beGO!:lcs :::hortFr· '.he 

non-lint~ sec ti on of t:1E: kiln ic linr~ a ·, i th :·cf ~·ac •. ory brick. 

Intensification of hydrc.te dryiil[' process ensures ttat :,:!::e 

proces8 is completed OVlr the short ~ection of the kiln end 

exit gas tem:1err. "tu!·e is lov;ereC: f .rom 250-'"'75 °c to 180-:· 2occ, er.C. 

hence reduces fuel consumption. 

6.5,1.2. Recycle of Du~t to Disclmrge ~nd of Kiln 

To lowisr fuel consur:iption e.ft t::r re cons t.,·,..;.c ~ion of the d:ying 
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zone of the kiln it would be necessary to re'.l"..lce air re.te thro-

ugh the heat recovery cooler. ~his results in higher temperature 

of alumiDE.. at exit from the cooler. To lo\";er temperatu::?.·e of 

coole~ e.lurnine and to mo~e efficiently use heat of calcined 

alumine provision is ~ade for yecycle of dust from the LSP to 

the discharge section of the kiln. 

·.-:i -:;h this purpose in mind. moC.ificf:tio:r .. s ·;rill be introC:.t:c-

ed in the dust collection s:;stem, v.-Lich ir:volv£ ?'emove.l of one 

of the screw conveyors e~~ e dust elevr:or. 

feu by the jet conveyor by mea~s of compressed air to "he area 

of te burner platform to the dischar[;e cyclone fi t<:ed v·i -':h a 

f_luiuised bed lock, then t;revi ty feec t 0 :he d.ischa~·ge €TI-. Of 

the kiln. Dust is ce.lcined ant: pa.sees e..long with alumina for 

cooling. 

6.5.1.3. Process Par~~eters of Sta~e I 

Cape.city, t/h 

Fuel consumption, kg/t 

Te~pereture of exit cas, oC 

Compressed air re~e, Nm3/t 

Power C:.e~nd, k',','h/t 

Jet convP.yor, c~~ecity t t/h, 

14 

1i2 

180-22 0 

142 

30 

Dizcharee cyclone, " EOO mm, fluiS.ised becl lock. 

E.5.2. Stage II of Reconst~·-»c.;.ion of :::r.is~ inf Cele inf..'. ion 

Kilns (dwc. 1354r91, 1354f93) 

.... tc._:e II involves inst~ll&tion of &.n elUDina co0l~r. This 

stet:;e will be implcmu1 teu a.ft e.!' in tr11l!l.4c t ion of the mccs~~res 

un."er ste.r;e I. 
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6.5.2.1. Reconstruction Concepts of Rotary Kilns 

Stage II involves removal of the existing heat recovery . 
co~ler, vibrating screen, fluidised bed cooler, pneumatic cham­

ber pump~ end beg filters. 

The dischG.rge enj of the kiln is shortened by ebt 32 m and 

fitted. v;ith a new ourner end. 

Ce.lcinec: alumina via the modified disc!'lerge end is fed to 

the :::'.:esh separato.r, where in a fluidised be~ refractory spal-

lin::s end lumps are sepe.rateJ from alu.111ine flow, then alumina 

comes to the heat reccvery ch£.mbers, is cooled C.ov.n in a flui-

ci.ised. bed and. discharged into the pneumatic r· harnber pu."!1-::is. Hot 

air is cles.ne:J. from f.ust in separe.t e cyclonics E::nd. is feel to ·he 

kiln f 0Jr corabust ion of fuel, and t ··epped .~ust is recycle\l to 

the fluidised bej cooler. 

The fluidised bed cooler is located downst~•~ of the rot~ry 

kiln. 

6.5.2.2. Dust Recycle 

Trappeu ~ust from the ESP fed un~er stage I to the discharge 

end for calcination and cooling alumina et ~.h€ exit from the 

heat recovery cooler, is fed via the discharge cyclone to the 

trash separa• or under stage II for calcinetion end cooling £:long 

\·•i th the cc.lcined alu.11in~ due to :~econst:: uction of the discharge 

E:n(;. of ·he kiln. 

Peple.ccmtnt of e. rote.ry heat recovery cooler by a stationar~ 

fl~i~ised ted cooler with insile lining to en£ure lower tempera­

ture outside the body will rec.. uce heet losses to the sur~·oun~ing 

air. ~he cooler ~ill allow pasEtge of SULh ~ete of air es re~uired 
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for combustion of fuel, which improves rate of heat supplied 

to the kiln along with hot air end recuction in fuel consi.lDl.p- i 

tion of calcination process. 

Improve:nent in the rotary kilns by ma::>irnum use of heat of 

off-gas an~ calcined alumina er.sures ·eiuction in fuel consump-

tion by 20-21%. 

6.5.~.3. Process Perr.mctc·s of s~r.re II 

Ca_t.JL..c;~~y, ._./h 

Fuel consu~ption, kg/t 

.t..ir rate in cooler, Nm3 /h 

Temperat~re of exit gas, °C 

Hot eir te~perat~re, 0 c 
Hy~raulic resist~nce of cooler, Pa: 

air heat recovEry chember 

air-water heat ~ecove!"y chr.mLer 

Power demancl, k~'.'b./t 

Compresse:i eir ra:e, Nm3/t 

r 5 ... 4 'I ...., . + - rq II c- • • c: • • ~ ew .,(iUl.p::rH.n ... 1.<n_er u• age 

21 

98 

2c--211:1 o3 

180-220 

5CC-550 

4500-SOCO 

9C:J-1CC,CO 

22 

142 

FluiJisei bed cooler ~itt 2 a tr~sh serarator, &rea of S5 m , 

Sepnrete cyclones, 4 pcs, ¢ 1100 mm, 

Yan, (.: = 25000 m3 /h , H = 7GC:C Pa 

lir blower, ~ = 4CCC m3/h, H = 11C~C Pe.. 

f .5.3. Stf~r-e III of :.econE:truction of Cel,..inr ·ion ?lr.n: 

et I~orbe LluminE Plent C.~V..£ 1354692) 

6.5.3.1. Ba~ic Me~sures 

St~~e III of recons1.~ction of ihe celcine~ion plent p ovi1es 

for ce1cine.tion of hy~ra: e not in ~.:-ie tw:o eYi::t2-n,'.'.: _··o':t~·y l;ilns 

' 
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but in e. new statione._y f'luid.iseC. bed cs.lciner inste.llec ne·t 

to ·he kiln No 2. 

Intensification Of calcin£tion process in a fluidised bed 

considerably reduces size of f-he unit, allows inste.lletion of 

the lining to ensure a low temper~tu~e of tte celciner sh€11 

and ensures reduction in hee.t loss to air 3-5 times e.s compared 

with a rotary kiln end reduction in fuel conzureption by 12-14% 

as compe.reci with an improved. rcta:!:'y kiln. 

In this case hydrete will Le fed. to the: F';eS r~uct Of the 

c~.~clone heat exch.&nger of :r..e fluj ·Hsiced bed calciner ~ o le ·.i: ic · 

Ct..hyi1·e'Ed, ::.:r:lcir~ed ?.~i '.;coled, the fir.:.el pro-...:uct ·will be fed 

by pneu.~atic chamber pumps to the e:ist~~g s~lo. Exit cas 

after ~-he cyclone hec.. t eYchent;e::s of i.!:E calcine.r v;ill ce f e..i 

to the ges cleaning system of the e;:ist i!lg ·-o ... e.ry l:iln ?:o 2 ~~th 

~he first stage of the cyclone clea_.er (:C ust collec~cr), con­

sistinc; of four cyclones 137C mm dje.meter tc be €Ypr:.nde·..:. ~.nd 

the secon::. s:age of ~:-rclones 225 mm r~ie (ro ic :1~::t collrc 4 or) 

to be re~ovc~, ~he ~3P ~o te r~~sinP~ F~~ 4 ~e fu=€ fen (I.D.fnn) 

to Le :i.~eplece-:.. 

~o feed hydrate to the fluidised bed calciner t~e relt c~n­

veyor su!)plying o:-ic:ine 1 !-iyclrn t e will b c eY 1 
e::l,: ec_, E-n-~ E rr c ei­

ving hoppe.:- with e screw conveyor will ·ce ir.s:clle..:. 

riring of the l:iln v:i. th oil is from the e;,-istin::z: f:~€1 surply 

line by eloncetion of the eY.isting fuel oil line. 

Trr ns~ort of alumina from the fllli'~ ized 1: e..i ce.lciner -: c the 

existinr: e.lumine. S°t'.Jrs.1e silo wil ~ re-i1.i.ire constrt.:.ction of a new 

pneumatic c0nveyor :·~ck tctwc en :h~ ce.lcine•· £nd t ':e stc·er:e 
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)0-32 m long fitted with pneumatic pumps. 

6.5.3.2. Process Pare.meters of Stage III 

Capacity, t/h 

Fuel consumption, kg/t 

Hydraulic resistance, Pa 

Power consumption, kWh/t 

Compressed air rate, Nm3/t 

28 

85 

12000 

16 

96.4 

Temperature of exit gas, 0 c 18C-220 
6.5.).3. New Equipment under Stage III 

Fluidised bed calciner with cyclone hear e;:che.nge:;s, 

Calciner proper anc cyclone cooler 28 t/h capacity, 

ScrE'w conveyor - 50G mn?, 

Fan, ~ = 440GC m)/h, H = 24CO Pa, 

• Air blower, Q = 15cco mJ/h, H = 15coc Pa. 

• 

Pneumatic pumps, ~ 1800 mm. 

6.6. 3urnmary Table of Major Process Pa~e..meters 
of Calcination plant 

S/N Description Unit Parameters under Plant para-
meters be- stage I and.II of 

' 
--·--·---- -- --- -- ···-- . t 

1 Capacity of I 

ene kiln 

2 Fuel rate 

3 J.ir rate 

4 Power demand: 
I 

t/h 

kg/t 

NmJ/t 

kWh/t 

fore recon- -~e?onstruction 
st ruction I ! II 

12.a 

124 

96 

33 

14 

112 

142 

JO 

21 

98 

142 

22 

Parame­
ters un­
der sta­
ge III­
new cal­
c iner 

28 

85 

96.4 

16 
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Notes: Paro.meters un~er stage II of reconstruction include 
measures under stage I. 

Parameters in column 4 {before rtconstruction) are based 
in reported plent data and study conducted January 17-19, 
1983 

6.7. Concepts of Electrical and Automation Designs 

As the Feasibility study provides for reconstr~ction of the 

calcination plant in three stages the electrical end automation 

concepts will be considered by st~ees. 

6.7.1. Power Supply 

Reconstruction of the process equipment of the calcination 

plsnt retiuire• no che.nge in the existing power supply system • 

Change in power dem~nd by reconstruction stages is given in 

Table below. 

S/N 

1 

2 

' Description : Unit Change in power rlemand 
I I stage II l stage f stage 

I & II 
stage IIl 

. - - - ---
11ev; e1.suipmt;nt' kW 

Cancelled 
equipment kW 

Total 

o.oo 

o.oo 

o.oo 

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

+204 .o +203.0 

-110.0 -i10.o -670.0 

+94.0 +94.0 -467 .o 

There are no changes in power demand at stage I. 

4- Total power demon~ at stage II will be somewhat higherclue to 

provision of electrical eesuipment for the fluidised bed cooler 

{fans and air blowers). 
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This involves removal of electric users of the cancelled 

process e~uipment with total power rating of abt. 110 kW, inclu­

ding: 

- two vibrating screens, total power demand 10 kW; 

- two primary air fana, total power demand 22 kW; 

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

- one blower, power demand JO kW. 

Under stage III two existing rotary calcination kilns willbe 

replaced by a stationary fluidise,~ bed calcine:r, which involves 

addition of the following electric users: 

- sc1t:;w fee~e::, power ueme.nc. 22 kW; 

- fan, power aemana 56 kR; 

- air blower, power demand 125 kW • 

This involves removal of the rotary kilns with the electri-

cal e~uipment totaling 670 kW. 

Power supply of the new electric motors will be from ~he 

standby circuit breakers of the LV panel of the t~ansfo!1Yler 

substation TS-5 (se~ dwg.1247412). 

The supply and distribution lines will be laid in cables 

with aluminium cores and PVC insulation~ and tropicalised sheath. 

Control and signalling lines will be laid in cables v:ith cooper 

cores. 

6.7.2. Automation 

Stage I, in addition to the existing automation system of 

the calcination kilns, provides for compresse~ air flow re~e and 

pressure eauges of the jet pumps. 

:J ~at;e II involves an automation syst~m of ~he fluiciised bed 
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cooler. The major parameters to be monitore2 ere inlet and 

outlet temperatures of the dust, air, gas flows e.nd alumina; 

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

lines; air rates at the trash collector section and coolf r. 

The control system provides for maintenence of ratio of 

fuel rate fed to the kiln end air ra:e fe~ to the coolLr, as 

well as distribution of air by the cooler chambers. 

To prevent breakdown of the vibrating feeder it is inter­

locked wit1 a gauge of material temperature at the exit from 

rhe trash separator. 

Gauges and devices under stages I and II will be mounted 

on the panels provi,~ed in the e.Yisting operr.tor room in free 

space. 

Stage III provides for automation of the fluidised bed cal­

ciner which replaces two rotary kilns. 

To ensure the preset operating con_itions of the celciner 

the following peremete~s ~~11 be monitored: 

- clumin&. 'cem.1.~eratu1·e in 1.he shaft hest t: ch£:nger ana. upstream 

of the cyclone cool~r stages, before and after the final cooler, 

fuel ~nd exit ~as temperatures; 

- air pressure after the fans, et the fluidised bed che.mber 

section and the final cooler, e.t the cyclone cooler stage, fuel 

pressure at the burner and. exit ~as pressure; 

- air r~te after the fans, at the fluidised bed chamber sec-

4t tion and the final cooler, the cyclone cooler stage, fuel rate 

fed to the fluidised bed chambe!·, water rate fed to the final 

cooler; 

r 

' 
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- analysis of exit ~as for content of oxygen and carbon 

cioxide after the shaft heat exchanger. 

The system for automatic control of the calciner proviles the 

following: 

- maintenance of ratio of fuel end air rates fed to the 

flui~iseu bed chamber; 

- distribution of air rates by sections of ~he flui~ised 

bed chamber and fin~l cooler; 

- feed rate of ~he calciner acco:cding to ... emperature of 

exit gas. 

Stage III involves provision of the operator station of 

the flui~iseu beu calciner • 

6.8. Civil Enfineering concepts and Units 

6.8.1. Existing vertical elevation and civil engineering 
concepts of calcination plAnt 

6.8.1.1. Vertical Elevation Concepts 

The calcination plant with two rotary kilns J.6/J.3 m aia 

by 80.0 m long consists of three parts: 

feed end (cold end of the kiln) 

kilnrart 

discharge part (hot end of the kiln). 

Centre distance between the kilns is about 12.5 m. 

The feed part of the calcination plant is an open three-bay, 

fivestorey structure J0.60 m high with platforms at el.9.100 m, 

1).800 m, 18.00C m, 22.0CC m end J0.600 m. 

Plan cimension Of the structure is 19.70 by 27.50 m, with 
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larger dimension along the kiln. Two outer bays of the struc­

ture 7.20 m each are designed to accommodate the process e~uip­

ment anC. ESP's. The centre bay (5.30 m in size) houses two hyd­

rate receiving hoppers at el.18.000 m and a stack 2.75 m cia, 

45.0 m high installed on a separate foundr-ti~~ et el.0.00 m. 

The kiln part 7C.J m long is open. Th€ major structures of 

the kiln part are four supports for each kiln, ~~th top at el. 

6.9 to 8.0 m. 

Each kiln is provid.ed with catwalks e.long its sfre from the 

cold to hot end for maintenence purposes mounted on separe.7e 

steel supports. 

The discharge part (hot of the kiln) is else a three-bay 

~ open structure 21.0 m high end plan dimensions 22.5 by 25.0 m. 

~his structure is provicled with two platfo1·ms at el.6.65 m for 

instrumentation and fuel supply equipment, and at el.12.000 m 

for location of bag filters. 

• 

A shed with bay of 22.5 m is proviieu above the ~nds of the 

both kilns. 

Pnewnatic transport of alumina from the calcination plent 

to the alwnina storar:e is by !t'luxo ves~els moµnted in e pit et 

the hot end of ihe kiln measuring 5.0 by 2c.c ~ in plan en 

floor elevetion of -5.50. Length of the elumine pneuma'ic con­

veying lint: le.iu on steel suppo::cts from 1.te Flu.xo vessels to 

the alumina silo is 5C m. 

The cable trench et el.+C.00 m r-e.sses elong the whole eel--
cine.tion plant, with coverings of precast R.c.c. slabs. 
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6.a.1.2. Existing Design Concepts 

Both structures of the cold and hot ends of the kiln are 

three-bay multi-storey steel frameworks supporting cast-in­

place a.c.c. floors on secon~ary steel beams. All vertical 

supports of the frames are two-branch steel lattice columns. 

The colwnn foundations are cast-in-place R.C.C. raft foun­

dations on R.c.c. piles 550 mm dia, 15-20 m long with tea~ir.g 

~c.!'a.ci .L.::· of 100 t each. ·rhe chimney stack foundation in the 

feed structure is also a cast-inplace R. c.c. raft foundation 

suppo~ted by 10 R.c.c. piles 550 mm Qia each. Floors at el. 

o.oo mm are of concrete. H•ppers, chutes, guards en~ stairs 

are in steel. 

The shed above the hot end of the kiln is of cor~ugated es­

bestoscement sheete laid on steel purlins car:,ied by two t!'iane;le 

steel gi~cers with span of 22.50 m. 

·1ialls of ·1.he inst rumen 1..E.i t.ion and subs ta ti on rooms in the 

structures are of brick, roofs of cast-in-place R.c.c. slabs. 

Supports of the kilns are of cast-in-place R.c.c. on cast­

in-place R.c.c. piles 550 mm dia, 15-18 m long. 

Guard structures of the pit for the Fluxo vessels in the 

~ischarge structure (bottom, walls, slab floor) are of cast-in­

place concrete. 

Characteristics of Main Structural Elements Materials 

All basic load-bearing steel structural ele~ents are ma~e 

of steel grade 440 to IS-226 with design load of 1550-1650 kg/cm2, 

secondary steel members of steel grade 440 to IS-226 with design 

load of 1550-1650 kg/cm2 • For kiln supports use was me-e of con-
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crete grade M-200 to IS-456, for piles - concrete grade M-200, 

cover slabs - concrete grade K-250, foundations and mat founda-

tion - concrete grade K-20C, floor - concrete grade 11-150. 

Reinforcement of the R.c.c. structures is re-bar with design 

tensile strength of 2100 kg/am.2• 

6.8.2. Proposeu Major Civil-engineering Concepts 

According to the proposal for reconstruction of the calci­

nation plant by stages the civil concepts will be considered 

sep~rately for each stage. 

6.a.2.1. Stage I 

Stage I of reconstraetion 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

ci ty of 1.8 m3 each on the platform at el. 9.100 min the exis­

ting structure o:f the cold end of the kiln and dismantling a 

few sections of R.c.c. floor slabs; 

- instalaation of special supports for two cyclone dischar­

gers 600 DDD diameter each on the platform at el.120 min the 

existing structure of the hot end of the kiln; 

- installation of two pipe lines 100 DDD diameter each for 

recycling dust from the cold end of the kiln 'lo the hot end, the 

above lines will 'Je fixed to the eY.istinr; structu1·al members of 

the cold and hot end structures of the kilns and the catwalks 

running along the kilns. 

6.a.2.2. Staae II 
(dwg.1332928-AC, sheet 1-2) 

Stage II of reconstruction of the two existing rotary kilns 
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provides for replacement of the recuperative coolers Of the 

kilns by two stationary fluidised bed coolers. The fluidised bed 
• 

coolers will be mounted at el. :o.ooo ill 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 b& moved 5.0 m 

north. 

Scope of civil works for construction of two fluidised bed 

coolers includes the following works: 

- construction of two cast-in-place R.c.c. pits under the 

ends of the kiln for a tra.'ih separator measuring 6.0 by 6.5 m and 

~ .2 m deep; 

- construction of cast-in-place R.c.c. foundations for each 

cooler; 

- construction of a common (for two coolers) cast-in8place 

R.c.c. pit 5.4 m vride, 22.5 m long !"nd 5.60 m C.eep for Cera pumps, 

provision is made for sheet piling of 30.0 m long and 6.0 m high 

from el. -2.5 mi 

- construction of a shed on steel supports with corrugeted 

asbestos-cement roofing above the new pit; 

- installation of steel supports for new cyclones on the 

platform at el.12.0 min the existing structure of the hot and 

of the kilns wit~ dismantling small sections of R.C.c. cover 

slabs at el.6.650 and 12.000 m; 

- moving two fuel tanks end their fencing; 

- reinforcement of the e:r.isting pit near the hot end of the 

lc1.lns to enable it to carry loads from the fluidised bed cooler 

anu. closi.JJg separate openings on the pit coverings witn steel 
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pJa.tcs. 

6.8.2.3. Stage III 

{dwg.1332929-AC, sheet 1-2) 

Stri ge III involvE:s construe t ion of thf~ f] ui(lised bed calcine1· 

nc;1~t to the rotary kiln No 2 from the side of .the cold end struc-

ture and installation of the alumina pneumatic conveyor rack 

32 m long. 

According to the process concepts the fluidised bed calciner 

will be mojnted on a separate open multi-storey structure v;ith 

platforms at el.6.0, 12.0 and 18 m, with platforms at el.6.0 

and 18.0 m coinciding with ~he platforms of the existing struc­

ture at the cold end of the rotary kilns, which is attributed. to 

technological links. 

The new structure's vlidtr between centres of columns is 9.4 :rr. 

end length 60.0 m, while all process e~uipment is located. on the 

first (lower) platform. 

To align the foundations for the columns of the new si.ruc­

ture of cold end the centre distance betwee~ the ou-+er columns 

is assu.~ed e~ual to 3.0 m. 

The fre.;nework of the proposed structure will be of s !;eel 

with caat-in-pl&ce n.c.c. on steel purlins. 

Foundations for colwnns of the structure are as follows: 

- sup~orts bearing direct load of the calciner are in form 

of cast-i:q-place mat foundations on piles (bo::·e an<i driven 

piles) 550 mm dia, 18 m long; 

- other supports in form of cast-in~place R. c.c. foundation 

on natural bed; 

- foundations for equipment located at groun~ level ape of 



• 

• 

l 

- 50 -

cast-in-place R.c.c. and c.c. type. 

As fencing sti·uctures (walls end ro~) of the extended hyd-

rate conveyor the use is made of asbestos-cement sheets on 

steel structures, and bricks for walls of a built-in instrumen-

tation room. 

The alumina pneumatic conveyor rack from the calciner to the 

storage is of open type, on steel supports 5.0 m high a.nu pitch 

measuring 6.0 m; the upper part of the rack is also in steel. 

Foundations for supports of the rack are on natural bed, 

made of cast-in-place R.c.c. 

6.9. Estimate cost 

Estimate cost of the reconstruction of calcination kilns is 

detennined on the basis of the financial estimation car~-ied out 

in accordance with the Initial data for elaboration of the Pea-

sibility Report, which has been collected by the group of exrerts 

of VAMI Institute of Ministry for Non-fer;ouA metals of the USSR 

in collaboration v•ith BALCO who renders assistance under this 

project. 

6.9.1. Technology cost 

The cost of know-how was determined by the Soviet side simil~r 

to world practice in calculation of analog costs taking into 

consideration the tax on know-how in amount of 2S,O.'% of its 

·i total cost. The Total sum of capital costs for technology ac~uis-

• ition makes: 

I stage - Rs. 339,600 

II stage - Rs. 398,200 

III stage - Rs. 1,13s,200 

I 
t 
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(re~.to Shedule 6-1) 

6.9.2. Equipment cost .. 
Capital costs for acquisition and erection of e~uipment 

include the following cost items: e~uipment end materials, 

erection works, primary stock of spare parts, port charges, 

bank chargas, cost of transportation from port to construction 

site and insurance charges for imported e~uipment. 

The production e~uipment includes the major process e~uip­

ment, handling eC"Suipment, elec"';rical equipment, instrwnentation 

and automation e~uipment for main process operations. 

For calculations of capital costs the costs of e~uipment, 

materials and erection are adopteo as follows: 

- for equipment and materials supplied from the USSR (inst­

ruments and automation e~uipment, cables) - in accordance ~ith 

V/O Tsvetmetpromexport data based on 198) price level; 

- for e~uipment and mate~ials supplied by Incian side, as 

well as .for ihe cost of initial stock of spare parts (5%of equip­

ment cost), bank charges (5%) - in accordance with BALCO data 

given in the Initial data for the preparation of the Feasibility 

Report of reconstruction study of Alumina Calciner for energy 

conservation at Korba Alumina Plant in India end also with the 

initial data for the preparation of the Feasibility Report of 

the setting-up of Gallium production at the same plant. 

The investment costs were calculated for 1Y8J price level witho· 

ut taking into account the escalation • 

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

equipment and materials makes: 
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I stage - Rs. 637,100 

II stage Rs. 6,578 7600 

III stage - Rs. 9,1~2,aoo 

{Ref .to Sche~ules 6-2, 6-J). 

6.9.J. Cost o:f buildings, structures and o::her 

civil works 

The estim~ted cost of buildings and structures inclu:~s 

the consT.ru~tion works for reconst~uction of the Celcir.a~ion 

PlE'nt - .is1"".le.ntling of FCC an5 steel struc.tu::·es, const:::·uction 

of r.ew faun.:..~, ior..s for e'i.uip:n~nt, pi ts, st eel frame\"work st rue-

tures, racks, platforms, lining and heat insulation. 

The estimated cost of construe ti on works is C.ete::-mine _: '.:a:::ing 

on the overall 'iuantities of civil works End on unit !·etcs in 

a.ccorU.e..nc.e v.itl'" EA.LCO uata given in Annexu..es to the Initial 

C.ata. 

The price level is adopted for the beginn::rg ;L' 13'"'3 ··:ithout 

~aking into account the escalation. 

'i'he estimateci. cost of const!'uction works by stages of recon-

struction makes: 

I stage - its. 896 ,400 

II st ace - its. 5' 153,600 

III sta.:;e - r:.~. 9' 1fi21200 

(Ref. to Sche:lules 6-4, f-5). 
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Estimate of technology costs: 

Lump-sum payments. 
Schedule 6-1 

LS-Nol_ Cost item 
--- - -- - -- -- - - - T -- - -- ----t Fo:eign tL~c~ ; _ ~~:~ 

I 
1 I 

l 

1 

2 

1 

2 

1 

2 

I 
I 
1 

2 
-- ---- -t-----------t----------- -----

Stage I 

Cost of technology know-how 

Tax on know-how 

Total of Stage I 

Stage II 

Cost of technology know-how 

Tax on know-how 

Total of Stage II 

Stage III 

Cost of technology know-how 

Te.x on know-how 

Total of Stage III 

1 
! 

211.7 271.7 

------------
211.7 

318.6 

79.6 

)18.6 79.6 

910.6 

227.6 

910.6 227.6 

339.6 

)18.6 

79.6 

J~.2 

910.6 

227.6 

113a.2 

- -- - ... --· --· ~.~. ~ ··~ - ·-· - -- ·--- -·~ ---- -- .--- - - -
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• Estimate of Investment cost 

Schedules 6-2, 6-3 
• 

Estimate of investment cost 

Equipment 

Project component - Calcination plant 

- - - ·~ -- -----~--

. s. Quan-:Unit I Item description 
No tity j 

---- +· ---+---- ... ------. -----
i Lo- ~ Fore- ·1 Unit -+--~~_st~ Rs. 000 
! cal · ign ! price,! fo- 11~:· -· ~ot~l 
1 

; Rs.000 ge~·cal ; 
. ~ . -- - ·-- ----t--- I • --- -------- --

1 . I I 

j __ 5 ---~. ---~---1--1~~ -~ ~--- . - . _ 1 ~ 1 2 J I 4 
! 

------ -+·- ~ - - - --

37 .a: t 

2 0.52 t 

0.31 ' 

Stage I 

Production equip­
ment 

Process equipment 

Spare parts 

Erection 
---- - .. --- - --

Total 

Instrumentation 
and controls 

Spare parts 

Erection 

I + 

+ 

12.42 - 469.5 469.5 

0.5 0.5 

38.0 38.0 
. ----···- ---- ---- t· . 

500.0 508.0 

+ 162.) 84.4 15.6 100.0 
50.3 

+ '4.0 4.0 

:- 1a.5 18.5 
. ---· -----·-----------------~------- -----·. - -- .. 

, Total sa.4 34.1 122.5 

TOTAL of 1 ss.4 542.1 630.5 

J 1.5 % Port charges and 
levies + 88.4 1.3 1.3 

4 1 % Bank charges + - 88.4 0.9 0.9 

~ 5 % Transportation 
from port of deli-
very to construe .. 
tion site including 
loading-unload in& 



- 55 -

• 
I 1 ·~ 3 4 5 1 6 

- -- - - - . -- . ..,- -----
1 ' 
: 9 10 7 8 

--- . _...._ - ---·--·- --- -·. -· ----------- --------
operations end insu-
rance + 

~OrAL of Stage I 

Stage II 

Production equipment 

1 322.2 t Process equipment 

Spare parts 

Erection 

Total 

2 2.96 t Electrical equipment 

• Spare parts 

Erection 

Total 

3 2.79 t Instrumentation and 
controls 

4 1.5 % 

5 1 % 

6 5 % 

• 

Spa.re parts 

Erection 

Total 

:rO:iAL of 1 

Port charges 

Bank charges 

Transportation from 
port of delive1y to 
construction site in-
eluding loading-unlo-
ading operations and 
insurance 

TOTAL of Stage II 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ -
+ 

-

88.4 -

13.98 - 4506.4 4506 .• 4 

33.6 33.6 

504.2 504.2 

5044.2 5044.2 

47.7 - 141.2 141.2 

1.8 1.8 

28.2 28.2 
-·- -- -- ---- -------

171.2 171.2 

344.59 961.4 77.7 1039.1 
185.0 

47.7 - 47.7 

200.a 200.e 
·-- .•. ,...,. "' . - - - - ·-~ ·-----

1009.1 278.5 1287.6 

1009.15493.9 6503.0 

15.1 15.1 

10.1 10.1 

50.4 50.4 

1009.1 5569.5 6578,6 

I 

r 
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• 
1 2 . _? __ 1-----~t;;.~ I~I. . .. _ , . 5~~+-1-· 6__.., _7_....__~--+-1-9 ___ 1!~-

, Production equipment I : t l 
1 261.1 t Process equipment 

Spare parts 

+ 

+ 

- . 20.1 
' 

7256.7 7256.7 

15.0 15.0 

Erection ' + - ' 682.4 682.4 
- --- ----- .J _______ ------- --~ ---- --- -- ----------- --------- -

' . 
! 

Total 

2 2.13 t Electrical e~uipment 

Spare parts 

Erection 

+ 

+ 

! + 

44.1) -

7954.1 7954.1 

94.C 94 .O 

13.2 13.2 

21.2 21.2 

Total 

3 3.1 t Instrumentation and • -
• c.36 t controls + 

12s.4 1"8.4 

+ 259.42 8C4.2 38.0 842.2 
105.55. 

4 1.5 

5 1 

6 5 

• 

Spare parts + 39.a - 39.0 

Erection + 165.0 165.0 
----- --------- -·------~- ____ ..._.. __ ·--------·-----·· --· ----

Total 844.0 2CJ.O 1047.0 

TOTAL of 1 

% Port charges + 

% Bank charges + 

~ . Transportation from 
i port of delivery to 

construction site in­
cluding loading- un­
loading operations 
and insurance + --· -- ·-· -- -·-------·-----. --- ---
TOTAL of Stage III 

844.0 8285.5 9129.5 

12.7 12.7 

42.2 42.2 

a44.o s34a.e 9192.e 



l 

- 57 -

• Estimate Of' investment cost 

Estimate of investment cost 

Civil engineering works 

Project component - Calcination Ple.nt 

Schedules 6-4 
6-5 

i~ Quan-Unit 
tit7 

Item de~-c~f~-~~~~- -· Lo~:;~reJ~n~;~_C_os~,-,P~;~coo 
cal ! ign . cost, for- local total 

. 1 2 

• 
2 80 m3 

1 

2 450 m3 

~ -
2 375 m2 

! · 2s.COC eign 
4-. ·5· - 6 7 8 9 1 0 

Stage I 

Buildings and speci-
al engineering v.orks 

Generel and special 
engineering works 

Lining works 

T01AL of Stage I 

Stage II 

Buildings and speci­
al engineering works 

General and special 
engineering works 

Lining e.n(: hee.t insule.-
tion ?iOrks 

+ 

+ 

+ 

+ 

+ 
-- ----- ---- ------ -- - . - ·-· - -- -- - --- -- -- .... ·- --

TO·~AL of 3tage II 

Stage III 

Buildings and speci-
al engineering works 
General and special 
civil engineering works + 
Lining wo:-ks + 

·£OTAL of Stage III + 

72.7 72.7 

10.3 - s23.7 823.7 

396.4 896.4 

1181.6 1181.6 

8.8 3972.0 3972.0 
-------------·---------. ----- -------· -

5153.6 5153.6 

5448.1 5448.1 
9.9 3714.1 3714.1 

9162.2 9162.2 
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7. PRODUCT!Oll PROCEDURE AND ADDITIONAL COSTS 

As it has been noted above, the calcination department is 

one of the main units of the alumina produc~ion. A modification 

project at Korba alumina plant does not envisage any change in 

the production scheme established at the plant. 

The modification is aimed at improving and modernizing the 

calcination process to increase an efficiency of the fuel use 

and to reduce its specific consumption. 

As it has been noted (section 4.4) the modification will 

not re~uire additional direct costs connected with services or 

labour for this department. 

The additional expenditures provided for in the Feesibility 

Report include the routine repair and maintenance of the facili­

~ies to be established, their dlpriciation und financial charges. 

These expenses fonn the overheads and are included into the 

fixed production costs. 

According to the basic data for prepe.ra'ion of the Feasibi­

lity Report the current repair and maintenance costs to be at 

0.5% of the buildings and structures costs anu 2.5% of the e~uip­

ment costs, and depreciation - at 6.5% of the total investments 

(without an interest paid during the reconstruction period), as 

is a current practice of the plent activity. 

An interest is calculated from the conditions of the loan 

for reconstruction activities, their repayment and en annual 

amount to be paid, according to the initial data. 

An Income tax and dividents to the sbareholr-,ers were not in­

cluded into the calculations because at the present time the 

plant as a whole is not ~uite profitable. 
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8. PERSONlffiL 

A reconstruct.ion of the calcination department will not 

involve any che.nc;e in the structure and ~uantity of the main 

production staff of the department. Repair e.ndIIBintenence of 

the newly installed eG,uipment to be ce.r~iei out by the eYisting 

facilities of the plent. 

9. PROJ~8T IlJPLSM:NTATION 

9.1. ProgreJIUne end time table of the project 

According to the request of the Indian site for reducing 

the required capital investmats it is ple.nneci to car:::y out the 

reconstruction project in three stages. 

The first stage co-vering a hydrate thermal treatment end 

re .. uiring small capital investments (Rs. 2.9 mln) can be ce.r::ied. 

out QUring 6 months without time re~uired for the engineering 

work. To simplify the calcule.tions the reconst:-uction costs wilJ 

be incluued into the finished product costs starting from the 

next year after commencement of the reconstruction taking into 

account a design capacity of the calcination department. 

The second staee involves e.n installation .;;'f' the fluid bed 

coolers. The carrying out of this stage cioes not e:rclur:.e the 

costs involved in the hydrate thermal treatment of :he first 

stage, they can be effecteu simultaneouDly. 

Taking into account that the project will be implemented in 

stages, a timetable for carrying ont these two ster:es was taken 

as a basis when ce.lc·..;.lating the perfO::'lTlance figures for tht: 

I • 
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second stage. First the thennal hydrate treatment is carried out 

(stage I) ann then an installation of the fluid bed coolers for .. 
the both calcination kilns. For these two stages it is planned 

to carry out construction work and installation of the e~uipment 

during one year without taking into account the time re~uired 

for engineering work. 

A design capacity of the rebuilt facilities will be reached 

sta~ting from the year f ollowi~g a conpletion of the reconstruq­

tion project (in calculations the third year after a commence­

ment of the reconstruction is taken as a reference). Starting 

from this year the costs incurred will be written off and a to:al 

effect of reduction of the fuel consumption will be taken into 

• account. 

The third stage is considered separately from the first two 

stages, because it involves a complete replacement of the eel -

cination kilns (complete with coolers, fuel supply ~Jstems and 

hy\irate chareing facilit:·es) by a fluic bee calcine.tion unit. 

So, a total amount of savings for this stage from reauction in 

a fuel and pc~er consumption does not result from the previous 

measures aimed at their reducing. 

On the basis of an utilize.tion factor for the plant's e(suip­

ment (an utilization factor for the main process e~uipment is 

below 37%), this stage is considered as a promising alternative. 

Its realization is expedient for a higher production leveJ becau­

se an operation of this unit requires stable process conditions 

for a specific utilization level of the production capacity. 

Besides, this stage during a replacement of the equipment will 

bring some losse• due to a reduction of the production output. 

I 
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The J-d stage is the most capital intensive one (Rs.25.2mln). 

A design capacity for this stage is assumed e~ual to that for 

the 1-st and 2-nd stages. It is planne~ to reach this cape.city 

in a 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 sta~e is concerned, an 

additional alternative is considered of installing a fluid bed· 

cooler for one calcination kiln only keeping in min(~ that an 

installation of the fluid bed cooler ensures a considerable (by 

64% as compared with the resign figuje) inc: ease of a calcination 

kiln capacity. This alternative, as compareu with an irr~~:\lle.tion 

• of the coolers for the both kilns, will require less capital in­

vestments - by Rs. 7.2 mln of 45.5%. Taking into account th~t 

the measures are fully introduced for a hydrate thennal treatment 

(stage I), a total amount of the capital costs for this alterna­

tive is Rs.11.56 mln againDt Rs.18.81 mln of the basic variant 

(stage II). 

On the basis of a design capacity of the kiln under ~odifica­

tion (150 thos.t/yea~) its normal reachable capacity is assumed in 

the calculations e~ual to 1:0 thous.t/year) its normal reachable 

capacity is assumed in the calculations e~ual to 150 thous.t/year. 

The remaining 50 thous.t/year re~uired for reaching a design ca­

pacity of the calcination department will be produced by the ope­

rating kiln where the first stag•.1 works only were carried out. 

In the calculations for an existing procuction level the 

fuel savings are taken into account which are ensurec, as· a whole, 
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through an operation of the kiln with a fluid bed cooler. 

For calculation of the cash flows, IRRI and a break-even 
• 

point of the variants under consideration see AppBDdix 

Below, in the Schedule 9-1 summary of the techno-economic 

parameters is given of the variant considered in canparison 

wit!: the basic stage No 2 

Schedule 9-1 

Comparison of Parameters of the 
Reconstruction Variants 

----- ----- ----- -....,..----·----·----------- -->~ --- ----·-----~-- --

Description Unit ' Curre~!__:apa~i ~ __ __ _ Design 
of me- : variants 
asure baSic-:;e-.::-i=econat:.:-besic.-re·: recoiits­

construc- 1:;-uction construe- ruction 
tion of .of one tion of of one 

1. Annual output thous.t 

2. Reduc -~ion in annu­
al consumption of 
fuel oil 

J. Capital investments, 
total Rs .mln 

including 

J.1. Hyurate thermal 
treatment -"-

J.2. Installation of 
fluid bed cooler -"-

4• IP.RI % 
5. Break-even point thous.t 

6. Payhack period year 

two kilns .kiln two kilns kiln 
(stageII) : (sta.gelI) 

_ __....___ .... - - -------- -··- ---- -- -----· 

85 85 200 200 

18.S 11.6 18.8 11.6 

2.9 2.9 2.9 2.9 

15.9 s.7 15.9 8.7 

11.9 49.5 74.1 9J.7 

21.0 17.9 21 .o 17.9 

2.8 1.5 1.2 o.s 
---· ··-·~~-- - . ··- ....... _____ -- ... ----. 
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As one can see from the data above, the most preferrable 

variant in a level of costs and their efficienc~ is a reconst­

ruction of the calcination department inT.olving an installation 

of the fluid bed cooler for one kiln only. Besi~es, in this case 

in the long run there is a possibility without reducing a total 

output of the departffient, through some extra capacity available, 

of using an existing calcination kiln for production, for example, 

of special grade aluminas • 
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• 
Estimate of investment cost 

Schedule 9-2 . 
Estimate of investment cost 

Project implementation 

Pro,ect component - Calcination Plant 

- ·--· -- - - - . --·- r·- - --- - --- --- -----· -

S. ~uan- Unit! 
No tity · '. 

Item description · Lo- ! Fore-1 Unit : Cost, Es.000 
; cal ing ·cost,~-------·-,··-:;·-~-
I R 000 ~or- local uOual 
I S. eign . 

1 

1 

• ;2 

'3 

4 

5 

6 

7 

1 • 
2 

2 3 
·-- ---·-- -·-·--------~--- .. ---- ---·· ----~-·--~ - - ... --

4 5 6 1 8 9 10 -- --- - - ----- --- ---------- - - --- ·- - - -

Stage I 

Control, co-ordinatio~ 
s"!:a:,t-up end. cc.nmissic-
ning + 

Units insurance + 

Accomodation of Sovi-' 
et experts deputied 
to India for ~endering 
technical assistance + 

Income taxes for ser­
vices of Soviet ex-
perts + 

+ 

Design works + 

Administration char-
ges + 

Contingencies 

TOTAL Of Stage I 

Stage II 

Control, co-ordinati­
on, start-up end com-

+ 

missioning + 

Uni ts insure.nee + 

+ 

297.5 69.0 366.5 

198.J 198.J 

187.0 - 187.0 

1.0 1.0 

84.4 179.4 26).8 

568.9 461,0 1029.9 

57.7 57.7 

5s.3 5s.3 
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I 
r -; . - - -----_--4----·-:-;--l-- ~--r!. 7 __ + _a __ 9_ ---- ~10 ___ t 

I ; • Accomodation of Soviet : · 
eY.perts deputied to 
India for rendering 
technical assistance 

Income taxes for ser­
vices of Soviet ex-

+ 

perts + 

+ 

Desig:i works + 

Administration charges + 

Contingencies 

TOTAL of stage II 

Stage III 

Control, co-ordine.ti­
on, start-up end com-

+ 

missioning + 

Units insurance + 

AccomodE:.tion of Soviet 
experts ueputied to 
India for rendering 
technical assistance + 

Income taxes for ser­
vices of Soviet ex­
perts 

Design works 

Contineencies 

TOTAL of Stage III 

+ 

+ 

+ 

+ 

+ 

+ 

40C.O 117.0 517 .o 

266.7 266.7 

1427.6 1427.6 

6.0 6.0. 

315.7 1130.6 1446.J 

2143.3 1636,3 3779.6 

82.6 82.6 

91.5 91.5 

517.5 174.0 691.5 

345 .o 345 .o 
io.o 10.0 

451.2 2546.9 5755.a 

3208.9 254~.9 5755.8 
, - - ~ --- . - - ·- . --
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10. FINANCIAL AND ECONCllIC EVALUATION 

.. 
The financial end economic evaluation of the calcination 

plant reconstruction study we.s p:::epared by stages in order to 

show their effectiveness with respect to two levels of capacity 

of the plant: existing {85.ooc tpy) and design (2co.coo tpy). 

Installation of the hydrate drier (stage I) and the fluidi­

sed bed cooler (stege II) is considerei as successive stages of 

reconstruction. Replacement of the rotary kilns by the fluiGieed 

bed calciner (stage III) is assessei separa+ely from stage 

I & II, since, this stage is a compleY of separate enginEering 

concepts ~~chnologically not relateu to two first stages and can 

be implemented without a preliminary modernisation of the equip­

ment, or at later stages of reconstruction. 

Production expenses for the calcina.tion plent at Korbaalu­

mina plant include a mf{Pr cost item - fuel (75-78%), which is 

oil. Reconstruction of the calcination plcnt with the view to 

conserve oil (at high prevailing price of Hs 2870/t of oil) 

ensures a significant economic saving. 

This saving is shown in calculations as anaiditional revenue 

of the calcination department accrued from lower fuel costs and 

other utilities costs (electric power, compres~ed air, indust­

rial water). 

Table 10-0 below shows calculations of the additional revenue 

by the reconstruction stages end capacity levels of the celcina­

tion department. 

Assessment of costs is na~e hasing on the actual price level 

as of ~ 1 eginnine: of 198.J excluG.ing price escc..la ti on in accor<ie.nce 
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with the Initial data and capital investment costs. 

To estimate fore~gn exchange component it was assurnec thet 

Rs 10 is equivalent to R 1 in conformity with the iT£tergov€~nmen­

tal agreement fo- const:::·uction of in~ustrial plent in In..:.ie.. 

The financial analysis inclu~es: 

- estimate of cash flow from the beginning of reconstruction 

over the whole operating life (15 years); 

- estimate and determination of IR.i-: on total capital invest­

ment, including IRR on e~uity, payback period &nd breekeven point 

of the reconstruction project; 

sensitivity enalysis showing effect of fuel oil price on 

IR.q, payback period and breakeven point items. 

Economic evaluation involves deter:nination in esti~atei form 

of recsuirements for ad.ditiona.1 capital invest:ment for implemen­

tation of the measures by ste~es of reconstruction, acL:.itional 

production costs related to sched.uled :·epair and rna.intene.nte of 

the fixed assets, anc. finances. Zvaluation is based on estima­

tes of capital investment by cost items (general civil wo~ks, 

equipment, know-how, pre~aratory costs), the Initial date on 

magnitude of operating cost,, depreciation, financings ou1·ces, 

enc ~mount enc terms • 

t 
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Schedule 10-0 

Estimate of additional revenue from 

fuel e.nd utilities saving 

Ste.!:es enc cost 
ce.tego.:·ies 

Stage I 

1. Fuel oil 

2. Power 

'· ::ompressed air 

·::otel Of I 

Sa..-ne, per 1 tOn.."le 
or s..l ur.iins. t P..s 

Stec,;e II 

1. Fuel oil 

2. Power 

TO'.:'AL Of II 

'G .~L of at.J.t:(.~ 
l + II 

~ame, per 1 tonne 
of alu."?lina, Es 

;:Jter;e III 

i · Consump~ion Capacity 
,Unit ; Unit PEr 1 tonne - -
; of me ~cost, of e.lur:iina e:, i s:ing, : designed, 
asure, Rs ·-- __ _ 85,COO tpy 2C0 1 000 tpy 
x/000; before after --- · 

kg 

k'~'<b 

rnn3 

kg 

k'..h 

recon- recon-r~duc- annu- r~~uc- annu­
struc- struc-! 10n(-~ ~~ pro-~ion a~ ~ 
tion tion incree- ~it, (-), fit, 

se (+) Rs.OCOincre- Rs.COO 
of annu- ese (+) 
al con- of ann~-
sumption el con-

. --- - --~~E_i ~!!_ -- - --- -

2870 0.124 0,112 -1020 2927 -2400 6888 

400 c.033 c.03 -255 102 -600 240 

1.6 C.096 c. i42 +3910 -6 +9200 -15 
.. ---· -- . - ·-- -·- ·-- -- -- _____ ,,,_._ 

,~3 7113 

35.6 35.6 

2870 c.112 C.0)8 -1190 3415 -280 8CJ6 

4CO c.03 O.C'22 -68C 27'2 -1f.OO f.40 
- -- -- --- ··-·-- ··-··-

3687 8676 

78.9 78.9 

1. Fuel oil kg • 2E70 0.124 C.085 -3315 9514 -7800 2~386 

2. Power k1.h 

3. In~ L<::::t:·ie.1 water m3 

·:' G'.2 ii.L of III 

8ame1per 1 ton­
ne elum ne, i·:s 

4CO 

250 

c.033 0.016 -1445 
o.cc1 0.003 -340 

r;7a -3400 1360 

25 -800 '.'00 

10177 23946 

119. 7 1'19.7 
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10.1. Total !~vestment Costs 

Tota' investment cost by reconstrurtion stages is dete::nnined 

as sum of basic (civil works, ectuipment, incl. inste.llation end 

know-how costs) and preliminary (to be used at ~he preparatory 

stage) capital costs B.!::10 mting to (Rs thousand): 

S t a g e s 

I II I & II III 

1. FiYed inyestment 
cost, 
total 2060 133343 15403 21442 

1 • 1. Civil works 986 5669 6655 10078.5 

1.2. Ectuipment 700.5 7236 7936.5 10111.5 

1.J. Y~ow-how 373.5 438 811.5 1252 

2. Preliminary 
expenses 843 2567 3410 3807 

. -~---- --------·----~--· 

TO'.:'AL 2903 15910 18813 25249 

Amount of fixed assets (Rs 2060, 13343 and 21442 thousand, 

by stages respectively) is es7imated on the be.sis of estime.tes 

(Section 6, Schedules 6-1, 6-2, 6-J). 

Scheduel 10-1 shows breakdown of the fixed capital costs by 

cost items. 

Por the purpose of calculations the Feasibility report 

assumes that pert of the equipment (instrumente.lion e.nd au~ome.­

tion) v;ill te importeC.: and so the e:.,uipmr:nt cost includes bank 

and inst~llation costs. 



I 

• 
- 70 -

The cost of process know-how includes a know-how tax. 

Fixed assets include also a contingency of 10% of total 
• 

cost. 

Breakdown of preparatory costs estima~ed by reconstruction 

s:ages as Rs 843, 2567 end 38C17 thousand, respectively (inclu­

ding a contingency) is shown in Schedule 1C-2. 

Summary of capital requirements is shown in 8chedule 10-3. 

Breakclown of totEi.l investment costs by yea.rs of reconstruc­

'. iOn un~er stage I & II is shown in ScheGule 10-4, ani untier 

stage III - in Schedule 10-5. 

Estimates of total capital re~uirements <lo ~ot include the 

working capital, as it is expected that i~plementetion of the 

ti reconstruction project will re~uire no additional expenses for 

the working capital for the calcinetion section. 
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Stages 

costs 
investment 
catet;ory 

1 
1. Buildini;s and 

structures 

1. 1. General c onst :ruc­
tion works 

1.2. Linin~ and heat 
insulation works 

1.J. Contingencies 

Total of I 

2. Technology 

2.1. Know-how 

2.2. Tax on know-how 

2.J. r,ontin~en~ies 

Total of 2 

1-

• • Schedule 10-1 

Fixed investment cost 
Es.000 

I II 
' I +II 

1 III I i ! I 
l 

fore- local ; totaljfore~ local to te.1, fore-1 local1 total fore~ local total 
· I i l ~ ; ign I ign ign , . gn , 

l : ! I 

I 
2 3 4 5 6 7 8 9 . 10 11 12 13 . 

' 

72.7 I 72.7 - i 1181.6 1181.6 - .1254.3 1254.) - 5448.1 5448.1 

....;i .... 
823.7 823. 7 . - 3972.0 3972.0 - 4795.7 4795.7 - 37 14 • 1 37 14 • 1 1 

89.6 89.6 ; 515.4 ! 515.4 - '605.0 605.0 - 916 • .3 916 • .3 
. . . . _ ..... -·-·-

' 
986.0 986.o - , 566~.0 5669.C -

I 
6(155.0 6655.a - 10078.5 10078.5 

271.7.- : 271 • 7 ? 18. 6 - 318.6 5'::JO. ~~ - 590. 3 . 910.6 - 910.6 

h7 .9 r,7.9 - 79.6 79.6 - 147.5 147.- - ~27.6 227.6 

?7.2 6.7 13.9 11.9 '7.9 19.8 59.1 14.6 73.7 91.0 22.a 113.a 
- - ···-

289.9 74.6 373.5 35().5 87.5 43a.o 649.4 1()2.1 011.5 1001.6 250-1. 1252.0 



~-~ 

• .. • 
1 2 3 4 5 6 7 8 9 10 1 ~ 12 13 

). E<tuipment 

3.1. Process - 470.0 470.0 - 4540.0 4540.0 - 5010.0 5Ci0.0 - 7271.7 7271.7 
).2. Electrical - - - - 143.0 143.0 - 143.0 143.0 - 107 .2 107 .2 
3.J. Instrumentation 

& automation E0.4 15.6 104.0 1009.1 77.7 1086.8 1097.5 93.3 1190.a 844 .o J8.0 882.0 

J.4. Port charges & 
levies - 1.3 1.3 - 15.1 15.1 - 16.4 16.4 - 12.7 12.7 

3.5. Bank chnrges - 0.9 0.9 - 10. 1 10.1 - 11.0 11. 0 - s.4 8.4 
).6. Transportation 

from port to -.J 
I\) site - 4.4 4.4 - 50.4 50.4 - 54.8 54.8 - 42,2 42.2 

"'3.l. E1:suipment erec-
ti on - 56.5 56.5 - 733.2 733.2 - 789.7 789.7 - 868.6 868.6 

~.s. Contingencies 8.8 54.6 63.4 100.9 556.5 657.4 109.7 ~11.1 720.8 84.4 834.J 918.7 

TOTAL of J 97 .2 60J.J 1co.5 1110.0 6126.0 1236.0 1207.26729.3 7936.5 92a.4 91s3.1 10111.5 

'::'07AL fixed. in-
vestment costs 396.1 166J.9 2060.01460.5 11aa2.513343.01856.61354G.415403.01930.019512.021442.o 
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Preproduction capital expenditures 

Rs.000 

~.No ::'.;te.ges ' ' I ! II I + II III 

costs fore-local total I fore- loce.l total fo'.l'.'e- :local i ota.l ir ore- 'local !total 

cost ea- ign ! ign ~gn ;1gn 

tegory 

1 Control, co-ordina-
tion, start-up and 63.4 63.4 82.6 8?.6 
conunissioning - 5.7 5.7 - 57.7 57.7 - -

2 Unit insurance - 7.6 7.6 - 5a.3 5s.3 - 65.9 65.9 - 91.5 91.5 
-::i 
'-" 

3 Accomoda.~ions of 
Sovi~t experts ~is-
patcheu to Inuia for 
renuering technical 697 .5 186.0 174.0 692.5 
assistance 297 .5 69.0 )66.5 400.0 117. 0517 .o a13.5 517.5 

4 Tax on services of 
Soviet experts - 198.J 1~8.J - 266.7 26().7 - 465.0 465.0 - 345 .o 145 .o 

5 Design W'Jrks 187 .o - 187 .o 1427 .6 - 1427.61614.6 - 1614.6 2240.2 - ~240.2 

6 Administration char-
ges - 1.0 1.0 - 6.0 6.o - 7.c 7.0 - 10.0 ' 10.0 

i 
• ' ' 

7 Contingencies 48.4 2s.5 76.9 182.9 50.s 211.7 231.3 79.3 310.f> 215 .a · 7c.4 346.2 

TO~AL preproduction 1532.9 310., 843. t>G10.5 556.5 2567.0 254J.4P.66.6 1410.0 3033.~ 773.5 3807.8 

;,...-• 
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Schedule 10-3 

Summary Table of capital costs 

Stages I II I + II 

cost fore- local total fore- local itotal\fore- local 
ign ign iign 

I 
I 

cost category 

III .. 
total fore- iocal total 

ign ' 

1. Fixed investment 
costs 396.1 166J.9 2060. 1460.5 11882,5 1856.6 15403 1930 

13343.0 13546.4 
19512 ?1442 

I 
1 2. Preproduction capi-

tal costs 532.9 310.1 843 2010.5 556.5 2567 2543.4 8GG.6 1410 3033.5 773.5\3807 

~ 
·.:.'01'AL cost 929 1974 2903 3471 i2439 15910 4400 14413 18813 4Y6J.5 20285~52524~ 

l 

-.:i 
~ 

I 
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Break-•'own of' total capital investment by years 

Stages I and II 
Ra.coo 

:::~:d :_ . ~econatructioi II '. Total 

costs · 'fore- ' local : toie.l I fore- J local I total ; fo1_.e- local total 
cost catecory · ign ign · ign 

--f 

I stag~ 
' 

1. Fixed capital investment ; 3Y6. 1 1663. 9 2060 - - - 3Y6 .1 ' 16f; 3. 9 2060 

2. Preproduction capital 
costs 532.9 )10.1 843 - - - 532.9 '310.1 843 ~ 

---t--· - ----- ... ------- - . - -··-·- .. - ---····--- ....... 
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 124)9 15910 

TOTAL of stages I +II 929 1974 2903 3471 12439 15910 4400 14413 1881) 

·' 
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Period 

years 

costs 

I 
l 
! 

Break-down of total capital investment Ly years 
Stage III 

Reconstruction 

I I II 
I 

: fore- l local total I I local total fore-
; ign i ign I cost category 

~ 2 . J 
. 

1 4 5 6 7 
I 

+- l . . - - . - . . -- . 
1. Fixed capital investment 

1.1. Buildings end struc- ! 
;_ tu.i:·es 6720.0 6720.0 - 3358.5 3358.5 

1.2. Technology 1001.6 250.4 1252.0 - - -
1.3. Equipment - 4578.9 4578.5 928 .4 I 1604 .6 5533 . . 

Total Of I 1001.6 11548.9 12550.5 928.4 796).1 8891.5 

2. Preproduction capital 
costs 

2.1. Insurance of units, 
design works 2240.2 91.5 2331.7 - - -

~----· 

Hs.000 

Total 

. 
f total local fore-

ign I 

I 
8 9 10 . . ., 

- i 
10078.5 10078.5: 

1001.6 250.4 1?.52.0 \ 

928.4 918)., 10112.5 
• 

1y30.o i951 21442 

2240.2 91.5 2331.7 

•' 

-.J 

"" 
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10.2. Project Fin&I!cing 

According to the initial data the estimates assume shares 

(50%) and long-term bank loans (50%) as the main sources of 

financing for reconstruction stages of the calcina~ion plant. 

Based on the ebove ratio amounts of money by fine.ncing 

sourcEs and reconstruction stages are estima.tei as follows 

(RS thousand): 

S t a g e s 

I II I & II III 

1 • Govt;rn.'!lents. · f:hares 1452 7955 9407 12625 

2. Long-term loans 
(12.5% interest) 1452 7955 9406 12624 

- -- . --- --- -------- ----- --- - -- - -- ---- -~- --- ~ --- -

Total 2903 15910 18813 25249 

0cheiules 10-6, 10-7 show breakdown of finencing sources by 

years of reconstruction. 

The estimates assume the following conditions for granting 

long-term loans: 

-interest rate - 12.5~; 

- debt pe.yment is by equal inste.llments for 10 ::es.rs starting 

with commissioning the reconstructed units; 

- loan interest accumulated on semi-annual basis during re-

• construction period will be paid along with the original a.mounts 

under the same conditions; 

- debt payments are effected at i he end of each year. 
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Schedule 10-6 

Break-down of financing sources by years 

Ste.ges I and II 

--------·--···-- .. -- -- --- -

Period 
---- ·--- - . - --- ---- ---- -- - -- ---

years 

costs 
cost category 

I Stage 

1. Government e~uities 

2. Long-term loan 

Total of Stage I 

II Stage 

1. Government equities 

2. Long-term loan 

Total of Stage II 

:o~AL of Staees I + II 

~s.000 

---------r--- ~~const::-uction 
! 1 2 
I 

. - ... 

':'otal 

I 

I local 

-- - --- --- . - ---,---- - ------ -- -- -

1452 1452 

1451 1451 
_____ ,..._ __ ,--·-·- ·----.-------- -· ·---·, --- ·-- ··-. 

2Y03 

7955 

7955 

2903 

7955 

7955 

15910 
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Scheuule 10-7 

. Break-down of financing sources by years 

Stage III 

Period 

years 

costs 
cost ce.tegory 

1. Government e~uities 

2. Loll£-term loan 

:'OTAL 

Rs.000 

Reconstruction ~otal 

1 2 
local 

12625 

3311 

15936 

911.3 

9313 

12625 

12624 
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10.3. Production Costa 

Production costs resulting from reconstruction of the colci­

netion p1£nt i~clude sdditione.l oper~ting costs by reconst~ucti­

on stages related to routine repairs, maintenance of ~ewly instal· 

led e~uipment, ~epreciation of capitel investment and loen inte-

rest. 

~he estimate of additional opere'ing costs is based on capi-

~al investment by cost items anu fincncing sources by ~econstruc­

tion 3tages, rn·i elso :he initial data used for ce.l~ule.tionsof 

repair £.nd maintenance costs of builCings, structures er:.: e._uip-

ment, deprecietion as sho\'VIl in Section 7. Loan inte~est in cal-

culated over ~.he loan payment time on ":he basis of anr.uel inte­

rest rate (12.5$;). 

Schedule 1C-8 shows estimate of annual procuction costs. 

Production cos~ s under ste.p-e II v:ere es": ime. t ed including 

audi~ioual expenses of stage I of reconstruction. 

ScheC:ule 1 C-8 

Estimate of additional production costs 

Stages en~ cost categories 

1 

::ltage I 

1. ScheGuled repair an~ maintenance 

1.1. Buildings and structures 

' Capital 
invest­
ment, 
Rs.COO 

2 

986 

nate, 
% 

3 

0.5 

1-nnual 
costs, 
Es.coo 

4 

5 
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1 

1.2. Ectuiprnent 

Total of 1 

2. Depreciation 

J. Interest (average of estimated 
operEtion period) 

Total of Stage I 

s~me calculated per 1 tor.ne of alu­
mi:1a, Rs 

- for existing capacity 

- for ~esign ce~ecity 

Star;e II 

1. Scheduled repair & maintenance 

1.1. Buildings and structures 

1.2. E~uip:::ient 

Total of 1 

2. D(.preciation 

3. Interest (ave~age of estimated 
o~eration period) 

~OTAL of Stage II 

- 8e.me, calculated per 1 tonne 

- for existine capacity 

- for aenign capacity 

Stage III 

1. ScheQuled repair & maintenance 

1. 1. Buildini:;s an(; st rue :ures 

r 2 J 4 
-t-- - - . - --- --- .... 

100.5 2.5 18 
- ----~-------------------· 

1686.5 

2903 

6655 

7936.5 

14591.5 

18813 

10C78.5 

1.4 

6.5 

0.5 

2.5 

1.6 

6.5 

0.5 

76 

288 

33 

, 99 

232 

1223 

538 

1993 

10.0 

50 
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1 
-------------

1.2. Ectuipment 

Total of 1 

2. repreciation 

3. Interest (average of estimated 
operation period) 

----- ---

70~AL of Stage III 

Same, calculated per 1 tonne of 
alumina, Rs 

- for existing capacity 

- for design capacity 

I 2 
L 
I 

10111.5 

20190 

?5249 

2.5 

6.5 

--

l 
I 

4 

253 

303 

1641 

732 

2676 

31.5 

13.4 

-- -· -- - --· - --- --·- -----·---- ----------- ·- - -
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10.4. Financial Analysis 

~ 

Estimate of cash flow and calculation of the para.meters is 

based on a design operating period of 15 years including a re­

construction period (1 year for stage I, 2 years for stage II 

including measures for hydrate heat treatment under sta9e I, and 

2 years for staGe III) 

At the end of tr.is 11eriod estima:.e will be r!lE<J.e of •he selvage 

value ( :mdeterred value of tot e.l invest"'lent cost). 

Financial analysis is baseu on the price level as of begin­

ning of 1983 excluding subse~uent price escalation. 

Analysis he.s been prepa:?:·ed for two levels of ce.pecity of :he 

calcination plant be.sed on :he following conditions: 

- estimated net revenue (additional revenue les~ a~ditional 

production costs) is taken as a net estimate~ profit; 

- normal cape.city of the calcination section attained after 

reconstruction is 2co.ooc tpy of alumina; 

- base price of fuel oil e~ucls its actual p~ice as of begin-

ning of 1983 of Rs 2740/1000 1 (or Rs 2870/t); 

- de~ign capacity is assumed to be attainEd thE ne:'t year 

after completion of reconst!·uction (on 2nd year unc.er sta_:e I, 

on 3d y~ar under staee II anu III from 1h~ beginning of recon-

st rue ti on); 

- sensitivity ane.lysis investigates effect of veri~tion in 

fuel oil price within :!;20% of the bese price, e.ccorcine to UNir·O 

rccommt.n-.:e:.ions, on IRR, b:-ee.kcvcn poin~~ f:.n: peybe.ck pe.·iod.. 

Calc~lations of nm and sensi ti vi ty analysis have been ce.1"" ied 

out by the computer using a set of computer proerammes ~eveloped 
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in VAMI. 

The estimates are based on pa:!"ameters of ~he cur~ent values 

shown in ScheCulee 10-9, 10-10, 10-11 of cash flow by reconst­

ruction stages. Estimated cash inflow includes money received 

for capital construction from goverment funds and bank loans, 

e.nd also money resulting from additional revenue es sevings of 

fuel and utilities by stages of reconst:-:.lction. 

The IRR is liet e::."'!Tlined by discounting i.A.ifferent time net 

values to current value with the use of c~scounting factors. 

Breakeven point is calculated es deriveC. physicel 11uanti ties 

and sets a minirnu.~ level of capacity at which edci:iunal ~·evenue 

from reciuction in consumption of fuel oil and utilities e'-'uals 

reconstruction e7penses. Constant production costs for estima+e 

of the breakeven point include costs related to maintenence of 

fixed assets, interest and depreciation per average year for the 

design operating period. 

The results of computer calculations of IRE and breakeven 

poin: are shown in Sche~ules 10-12, 10-13, 10-14. 

Payback pe:riod is calculated f:rom ~ te s"ve ·t of operat ~on 

after completion of r~construction anu sets the time for which 

total investment costs (fixed and preliminary) are :::epaid by 

net additional revenue. The estimate of total inves-tmen: capitel 

inclu..;.es net profit with interest e.nd deprecietion. 

Table below shows sLunrna.ry of scvings resulting from reconst­

ruc:ion staces as estimated on the base price of fuel cil: 
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• ~ - -- - -- - - --- -· ------

~ 

S.N. Parameters Unit I Stages 
~----- .... - -

, . 

2. 

J. 

I II III 
- -. 

Internal rate Of return 

, . , . on investment 

- existing cavacity % 103.3 31.9 44.2 

- design capacity % 244.2 74.1 117.7 

1.2. on equities 

- existing capacity % 18).4 44 .1 65.4 

- design ce.,ccity % 464.6 119.9 180.2 

Break-even point ccot 8.0 21.c 20.7 

Pay-be.ck period 

- existing capacity year 1.0 2.8 ?.5 

- c.lesign cape.city -"- 0.4 1.2 1 • 1 

:.s seen frvPl results 'he most savings come from stage I of 

reconst:::uction of the celcinc.tion plc.nt as the most ce.piLal-in-

tensive vcrit:nt ensuring the tiee;est ennU£.l sc.vincs fro::i lo·;.er 

costs of fuel per Rs of cepite.1 inves:mcnt (1 e.nd 2.4, re:::pec-

tively with th~ eY.ist ing and .-iE;sign capacity levE::ls). T1-ie c orre?,-

po=-iling in .. e.x for ste~;e II E:Ild III is Rs C.3-0.4 (v.1.th e:r.i3-'-ing 

cepPrity) en~ Rs o.a-0.9 (with te~icn ·e~acity). 

Install~tion of flui_ise~ bed coolers (staee II) is also a 

profitable project. Comlined with improvement in hy::rate heat 

tree. t!:'lent this ste.ge will ensure as a whole IRR by 12% hir:her 

than ste.ge III. 
In the event of ins tu l la tion of a fluiC.i.sed bee. cooler for 

one kiln only (for L.etails on this variant uncer ots.ce II ref er 

to Section 9) savings ,.:.nder stac-e II will be increaf:ed to 37'{., 
as compared with staee III. 
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Cash flow table 
• Stage I 

-·- -- __ . __ .. ____________________________________ ------- -- - ---- -~-. 
_______ ... -..---~ ----

Years 
• 

Cost categcry --, . • 
' 2 3 4 5 6 7 8 

1. Total cash inflow for 
capacity: 

- existing 2903 3023 3023 3023 3023. 3C23 3023 3G23 -: 
~ 

- design 2903 7113 7113 7113 7113 7113 7113 7113 ~ 

i 

2. Cash outflow 

2.1. Capital investment 2903 

2.2. Operating costs 23 23 23 ; 23 23 23 23 
' 

2.3. Interest 1~3 173 154 : 135 116 96 77 

2.4. Debt repayment 154 154 154 154 154 154 154 

-------· -~-

TOTAL of 2 2903 370 350 331 312 293 273 254 

3. Net cash for existing 
cepacity~ 

- current 0 2653 2673 2692 2711 2730 2750 2769 

- cumulative 0 2653 5326. 8018 1U72~ 1 3459 1(209 18978 

4. net cash for design 
ce pacity: 

- current 0 6743 6763 6782 6801 6820 C:840 685::1 

- cumulative 0 6743 13506 2C288 27CS9 3J9C9 40749 47608 

SECTION 1 
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Schedule 10-9 

ble 

Rs.oro 

[al vege ! Years vslue · ~o~al 

6 7 8 9 10 11 ' 
12 13 : 14 15 

l 
f • 

i 
j 

3c23 3023 3023 3c23 3c23 3c23 3~23 3c23 3c23 3c23 

7113 7113 7113 7113 7113 711.) 7113 7113 711) 711) 

23 23 2.3 2.3 23 23 23 23 23 2.3 

116 96 77 58 39 19 

154 154 154 154 154 154 -
"~ - - + 

.. 
·-·-----·-· ... ·I" 

.,._ ... p ---·- ~-- -· --~· --.. - ...... ,..._. 

293 273 254 235 216 196 2.3 23 23 23 

2730 2750 2769 2788 2807 2827 3000 JOOO · 3000 3000 

13459 1(.209 18978 21766 2457.3 27-400 3040Q 33400 36400 39400 

; 

6820 ~840 685:1 6878 6897 6917 7090 7090 7090 7090 

33909 407 49 4 7608 5448€ 61.38.3 ES JOO 75390 8248q 89J7 0 96660 

-257 

-?57 

257 

257 

SECTION 2 

45225 

i C2485 

2646 

322 

ioro 
15c,Q 

51:::,,. 8 .,,·\._l• 

39657 

19657 

96917 

0 ~9'"7 _,r:. I 
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Cash-f'low table 

Stage II 

- --- -- -- -~- -
--·--· - - Years 

Cost category - - - - - - ·- ---·- - - - -- - ~ -

I 1 ! 2 3 4 5 6 I 7 8 9 
-+ ·+ .. .. - + 

l ' 1. ~otal cash inflow for ~ ! 

capacity: 
I } 
I I 

! 6710 

I 

I ! 
- e:risting 2903 15910 6710 6710 :6710 6710 6710 ' 671C 

I 
- Cesign 2903 15910 15789 - 15789 ! 15109 : 15789 15789 15789 I 157E 

2. Cash outflow 
i 

2 .. 1. Capital investment 2903 15910 . - ! ;-: -I I 

I ) 

2.2. Operatinb costs 0 0 2)2 ' 2.32 . 2)2 2.32 232 232 232 
' ! I l 

2.3. Interest 0 0 127J I 1145 : 1018 '.891 764 636 509 
I 

2.4. Debt repayment 0 0 1018 ; 1018 1018 '1018 1018 1018 10H 
I I I --- ------

i 
Total of 2 2903 15910 2523 23~5 i 2268 '.2141 2014 1A86 : 175~ 

I 

J. !~et cash for existing 
capacity: 

I 
- cur1·ent 0 0 4187 4315 4442 ;4569 4696 4824 4~5· 

! ' I 

- cumulative 0 0 4187 . 8502 ! 12944 !17513 22209 27033 3191 
' 

4. net cash for design i 
i 

ca.pa.city: ' 

i 13521 
I 

- current 0 0 13266 i 13394 l 1.3648 13775 13903 14C 
I 

I 

1326-6 ! 26660 
f 

- cumulative 0 0 40181 ;53829 67604 61507 955 
I ' 
I ' 
! - --·-·--· ___ ,.... _,._ -. -· -·- --- ·-·- - . 

SECTION 1 
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Cash-flow table 

Stage II 

- - -
Years 

1 6 

' t I 7 

I 

8 9 

Schedule 10-10 

1) 

' 
14 I i5 

- 1 
11 I 10 12 

E110 6110 . 6110 I 6110 1 6110 i 6110 6110 i 6110 · 6110 6110 
: : i i . 

. 15789 15789 . 15789 t 15789 i 15789 15789 ' 15789 : 15789 15789 15789 

I 
!- . - ,- . -
I I ' 

~ 232 
I 

~ 232 232 2)2 ; 232 ; 2)2 : 232 232 232 232 
l 

1255 
I 

891 764 : 636 I 509 382 127 I I 
1018 1018 : 1018 1018 1-I 

I salva-r 
~ ge va-: 
; lue 

• I 

-2914 

; 10~1018 i 1018 
·--~---

I I 

2141 2014 1886 11759 ' 16)2 ! 232 -2914 15C5 1377 232 2_32 
I 

I 
I ' I I ' 

4569 4696 4824 4~51 5078 ; 5205 i 5333 I 6478 
I 

6478 6478 2914 

17513 22209 27033 : 31984 37062 I 42261 :47600 ; 54073 60556 67034 
I I I 

I 
I I 

13648 13775 13903 . 14030 14157 ' 14284 i 14412 ; 15557 15557 13557 2914 
! ; I . I : 

53829 67604 81507 . 95537 1096941123978 • 1383~0 ; 153947 i 169504 185061: -• 

· I - i f ... ·- - - _ ...... ·- ~--, . --~" •· 1 . 

SECTION 2 

i'o:el 

106043 

224070 

15899 

)016 

7000 

10180 

36095 

6~9(8 

f ::1948 

187975 

187975 

l 
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Cas::i-flow table 
Stage III 

• 

-- -- -- ---- - -~--- - --·---------- -- -- -- --- - --
Cost category Jee.rs 

- - ... --- - -- - .. - -·---
1 2 3 4 !5 !6 ·7 ·a 

; .. • 

1. Total cash inflow 
for cape.city: 

- existing 15935 9314 10177 10177 - 10177 10177 10177 1C177 

- design 15935 9314 23946 23946 23~46 23~46 23~46 23946 

2. Cash outflow 

2.1. Capital inves:ment 15935 9314 

2.2. Operating costs 0 0 ~JJ 303 303 303 303 JC) 

2.3. Interest 0 0 1730 1557 1384 1211 1038 865 

2.4. Debt repayment 0 0 1384 1384 1384 1384 1)84 1)84 
- - ·-- ---- - . - -- --- ... - - . - ~------- -· 

TOTAL of 2 15935 9314 )417 3244 3071 2898 2725 2552 

3. Net cash for existing 
ca:;aci ty: 

- cu: :-ent 0 0 6760 6933 7106 7279 7452 7f 25 

- cumulative 0 0 6760 13693 20799 28078 35530 43155 

4. Net cash for design 
capacity 

- cur:!:"ent u 0 2C529 20702 20875 21048 21221 21394 

- cumulative 0 0 20529 41231 62106 8)154 104375 125769 

·--------------
SECTION 1 



- 89 -

Cas~-flow table 

Stage II! 

Schedule 10-11 

- ---------- ---·--··-----···- --. - -·------·--- - ·-·--· .. - . -- ·r --- --- t··-----
se.1- Total Jee.rs 

•· .J 

~ 

:7 
t 

9 i 10 
I 

~ ----··- +-
,, 12 1J 14 15 

-0177 10177 10177 10177 10177 1C177 10177 1C177 10177 1C177 

3~46 23~46 23946 23946 23946 23946 23946 23946 23946 23946 

'JJ 3C3 303 '3GJ 303 303 
-

. -:-11 10J8 865 692 519 346 

·384 1384 . 1)84 1J84 1384 1384 
- - .. - . -.... - - ........ ·-·· -- - _,,.._... .. -----:. _.. ~ ..... 

·399 ?725 2552 2379 : 2206 2033 

~79 7452 7625 7798 7971 8144 

3078 35530 43155 50953 58924 67068 

. . 

3C3 

173 

1384 
. ..... 

1860 

8317 

75385 

-
303 3C3 303 

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

.303 

9874 

85259 

303 3 )J 

9874 9874 

95133 1c~577 

ve.ge 
value 

-3916 

-3916 

157)5C 

336547 

21333 

1939 

9515 

1)840 

48627 

3916 108923 

108923 

1048 21221 21394 21567 21740 21913 22086 23643 23643 23643 3916 287920 

J154 104375 125769 1473.36 169076 190981 213075 236718 260)61 2t4C04 - 287920 

i 
·- . --- + 

l 
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:a:::a:::s::a::::::s::::::::::::=== 
STAGE I 
::::::: 

-----------------------------------------------------------------------------------------· PERIOD t lltECONS l lltUC TIO~ 

!----------------------------------------------------------------------------------------· I YEUS I 1 t l I l ! 4 ! ~ 

·----------------------------------------------------------------------------------------· 
I ' ! I 
I 1.AOl'>ITJOIUL IHTURlll: I I 
I I I 
! 1.1.E•tSTING CAPACITY I 1023 I 
! I 
I 1.1.PqoPOSEn C•P•CJTY I -

I 
I 

! 

' I 

2.ouT~LOW 

'l· ?.lDoITif\l\IAL 'lPERlTJ'.G cos re; 
>- J. ll\ITFR~STS 

?. 1o. •HPAYllllf\TS 

1. 1\1 FT Q[TUQ'O () ~ llllVFST,..E'llT: 

3.1.El'Jc;TH.G CAi>ACJT'f 

].').PqCDOHO CA?lCrTY 

4. lllET RETURll. (\ l\j Ft;iUtTY: 

4.1.F1qc;Tt\G CAPHITY 

I 
t 
I 
! -Z90:J 

~ -14'52 

-
! -I 
I 

-291)3 

-2901 

-14 i; l 

! 
! 
! 

7111 

I 
• I 

I 

- i 
-23 

-193 

-H4 

JCOO 

7089 ' 

26'53 

7112 

-21 

•17] 

- • 5 .. 

300~ 

?O !! 9 

2~71 ! 
I 
! 4.').PQQPnSEO ClPACtTY •11t52 6742 61bZ 

30 

7112 

- 23 

-154 - 1 

- , 5'" -, 
:H1t' J' 

?'1S9 7r 

?6'12 27 

6 78, b~ 

·------------------------------------------------------------------------- --------------

,------------------~E;i;n·---------------------,-------------------------------cPrR;Ti;~-

1----------------------------------------------------------------------------------------I VEARS ! q ! 10 ! ,, I 1? ' 13 

!----------------------------------------------------------------------------------------' I I I r 

1.1.FX1c;T1~r, (A?ACJTY 

,.;.>.PQ('~OSEi (A::>ArfTY 

Z.0:1TFU'1J 

?.1.t,.vEST"F~T C'1STS 

- l"CIUOJ._C.: EQUITY 

? . ' • l 0 O IT I (l 'J • L I) P E IU T P. G C (I S T S 

z,,.J'llTFRBTS 

z. 4.QEPAY"f'..;Tc; 

1-\~T QETUQ .. Clll I~VfSTM~~T: 

J.i.FlltC:.ft'1(: CAPACJTY 

l. ,,PQOPOSF~ CAOHJTY 

4 ... E T Q E T ll Q • I' 1\1 ~ I) U T T Y : 

4. 1.EllJC:.Tf'G (APACtTY 

4. ~,PO('Pl\c;fn (Ai>ACtf' 

·----------------------------------------------

SECTION 1 

. . i i 

I 

- ! 
I 

.. I 

l ~ Z3. 

7112 

-n 
-19 

l~OC ' 
7 ., 'q 

l~H I 

oQ 16 ' 

3C23 I 

? , , z 

- • 

- I 

-z~ 

- ' 
' - ' 

'_.., '.i ~ ' 
71'.89 

H'.'t 

? rl\fl ' 

3, 

7. 

". 
7' 

~· 

? 

----------------------· 
101.3 P.('. 
'/i..4.l P.(, 

.. r '5. ~ ~ ,. 
i.tit..6 r.r. 

F • r r;; r ' 
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f o~ ~ETUR~ CALCvt•~IO~ 
::::::::a:::s::~::a::::: 

STAGE I 
ltS TMOU ::::::: 

-------------------------------------------------------------------()T1tucr1n~ cPE RAT 1oa. 

------------ -------------------------- --------------------------! l 1 4 ~ 6 7 I ·----------- -------- ----------------- ----------------- -------·! 5 ! I • 
• ! 
l I 

3023 :Hin 3t1Z3 !. 30l3 10l3 3021 3021 l 
I I 

7112 7112 7112 7112 711l 7112 1,, l l 

! - I 

I 
• I 

! 
-23 ·21 - 21 -23 -21 -ll -23 

.,93 -173 - , 5 c. -135 I - , 16 -06 -77 
I 

-154 -Hto - , 51e - , 'i 4 ! -154 -H4 -154 

. ! 
HOO )0(1~ ~I'~ (_I 30(10 3noo 1000 JOl'HI 

: ' .l 7080 70l!Q 7(1S9 7089 7(180 70"9 701110 

·~ 

'? 26Sl 2671 16'11 z1,, 2730 .?"'S 0 2769 

•7 
61toZ 61tiZ ·' 6781 &!)oO 6~19 1)830 61'5~ ? 

I~ . -------------------·--------- -----·-- ----------------- --------· 
"s THOU 

-------------------------------------------------------------------1 TOTAL 
-------------------------------------------·· . . 

1 0 11 I 1? 1] 1ft 15 

-----------------------------------------------------· ! ! I I 
I I 

~ ! JOZl HlJ 30Z3 3r; z 3 ~023 ., 0 z J 4 ?H7 

? 7,, z 1,' z 711 z ?•1? 711Z 7112 OOSll 1 

I 

- ! - ! -zoo, 
I 

- I - ! - ! -11oc;z 

! ! ' l -zJ I -z:J -z~ ·?J - z 3 -n -HZ 

II ! -n _,,, 
' -1060 

' i. -1S1t •1S4 
_,~,.,, 

. " JO:> (I HO!: I 3 ,., ::ic 10.., 0 JOO(I 31)00 H1"'Z 

'r 70,9 70~9 1r.8fl I 1 o•o 70~0 71)~0 06,'i6 

~ 8 281) 1 z~n I H'.H· 301' 0 H·~O -,,,no 110~, 

~ r 
6A~6 6q16 I 7r80 ' . 71)9'0 7c~q 11)"0 Q~ ?,.,7 

------------ ----------------------------------- -----------------
, F II. T : 

, 0 J. 3 P. r • 
?«.,.. l P. r. 
'. e L" ~. r • SECT I 0 N 2 (, b,.. 6 ~ . r . 

F • r; 'T M r I ~ T 
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t~TEA~Al A'TE OJ AETUA~ CILCUllTIO-
:z::::sas:::s::s:::::::a:::::::s::: 

STAGE ti 
·==···=· --------------------------------------------------------------------------- -------------! AECO~STRUCTIO~ QPFAlltOa. 

J l ---------------------------------------------------------------------------------------, 
YUAS ---------------------------------------------------------------------------------------

' 1.AO~IT1n~•L AfTuq~: 

L 1.EXJC:Tl~G CAPACITY 

'· i.PllOPO'ifrJ CAC•CITY 

2 • 0 l: T F L Cl w 

(. 1. l11&1Jf~i~t:,T COHS 

- l~CLUDI~G FQ~ITY 

?.2.•DDtTt0~•L OPE?ATI~G cnSTS 

'1· '\. PoiHABTS 

?.4. AfPAY114C'l!TC: 

,.~ET RfTU~~ n~ I~VEST~F~T: 

J.,.Fxrc:rt ... G C•PACJTY 

J. ;>.PQ0P05EO CAP.HI TY 

4.~FT RFTUA~ n~ FOUJTY: 

4.1.n1sTJ1>,jG CACHJTY 

I 
! 
I 
! 
! 

-290] 

-1452 

- , 4'5 2 

•14'52 

' ! 
! 

! 

-1591() 

-7955 

6710 

1578& 

-
-

-nz 
• 1 Z?J 

-1018 

6478 

1555tl 

4," 7 

1JZl>5 

67',, t 

15?88 , ~ 
I 

! 
! - I 

! ! 
I - ' 

-?H 
.I 

- 11 4S I 

-1('1~ 

61.?8 I 

I ,S'55t I 

~,~, 

I , nq3 I 
4.,.PQ,')P05f'.\ CAPt,CJTV 

---------------------------------------------- ---------------------------------------
----------------------------------------·-··--------------------------------------------
! PERICO , _____________________________________________ _ 

I YF~Q~ 

!----------------------------------------------
' ' 1.•nn1T1o~•l QETUQ~: 
! 
! 1. 1.F~I~TJ,r, CAPACJTV 
I 
! 1.j).PQ('IPl)';En C~PHJTY 
! 
I 2.0uHLrl" 
l 
! 1.LJ .. \/F5T"'F•T COl)TS 
I 
I • t~CLU~I~G ~QuJTV 

' I 1. ~. AO~tTI0\H O:>ERAltill'i (()c;T~ 

?. ,, IJtTFllEST~ 

?· i.. REP•Y"4[t,;TS 

~.\FT QETWQ\ O~ l\~F~T~F .. ~: 

' 1.fWI~TJ~r, CAPACITY 

' ~.PQ~P!"<;F ') CAPQ(JTY 

4 • ""F T RE TU R •1 (' ~ E tj \, tT Y : 

4.1.EJCISTY.,-'.; CAPHtH 

---------------------------------------
10 , , 1 z 

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

I 

- ! 
! 

.. ! 

6710 

15'7'8 I 

! 
I 
I 

• I 

• I 
I 

-nz ' 
I 

•H2 I 
I 

6478 

15556 

-ZJZ 

-ZS5 

-1,,H 

6478 I 

15!'56 ' 

671~ I 

, s? 811 

- 1 ?.? 

4,,,Pq("P~~f.!) CAPHJTY 14029 14156 14Z113 14411 

·------------------------------------------------------- -----------------------------· 
pT[R,4l 1'.'Hf ()f PfTUP~ 

• fXJl)Tl'G C-~~CtTY 
• PQ":>O~F~ (4PICtTY 

t• 1 tQ\AL o•rF OF arTuo~ 
- fl(t<;T?,r; 1~;1rCJ'!'Y 
• ~ Pc :.i c s ~ r· c o. •· a c r r v 

31.9 D.C, 
74.1 P.C. 

~~f f.(-~·JF'.. :'l"'p.T SECTION 1 
'• i. • 1 t> . r • 

11Q.Q P.C. 
21.'· TH"U T 
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SCMECllE 10-13 
·~'•L R•TE OJ ~ETUq~ CALCUlATIO~ 
~==:•:===·=··~======•=•========= 

STAGE II 
•==···=· RS THOU 

---------------------------------------------------------------------------! AECO~STRUCTJO~ ! OPFUTJOlll I 

--------------------------------------------------------------------------· I 1 ! z I JI 4 ! 5 ! 6 ! 1 g i 
--------------------~-----------------------------------------------------· I 

! 

- , i.c; 2 

- , 4S z 

I 
! 
! 

I 
! 

! 
6710 

! 
! 

- I 15786 
I 
I 
I 

-15q10 ' 

' -7955 ! 

-7<155 

-HS5 

-1 zn 

6478 

1 5556 

41117 

13 z,, 5 ' 

6710 6710 

15718 1~7'8 

- I 
! 

- I 

-1H -2·H .. 
-114S I •1018-

-H18 I -11)18 

i 215 2 0 

! 
! 
I 

6710 ! 

, Has 

-?H 

-ll91 

-~OP\ 

45b9 

1] t-4 7 I 

6710 

, 5788 

b47S 

, c; 556 

- ! 
I 

- ! 
I 

·2H i 
I 

-6H ! 

-------------------------------------------------------------- --------! 
PS T"'OU 

-----·-------------------------------------------------~--------------------
I Tl)TAl 

------------------------------------------------------------------· q 10 1 , 

------------ --------------·-----------------------------------------------' 

~710 6?10 6 7, •.) 6 711'1 " ,•, 0 I 6710 ,, 7 1 0 11?2,Q 

, ., 7 "" 15?!H\ 157311 1 1PSll 157'1\ 15?A~ 1 s '~a Z"'i Z'ib 
! 
I 
I I - I - I - I - I -18111~ 

I I - I - ! - I - I -Qloll? 
I I I 

-zn - 7. 3Z ! -Bz - ?ll -z'Z -<J z -zH I -'0, 6 
I ! 

- 5,, 9 -3~2 I - 25 s -127 - I - I -?OllO 
I 

- 10H -1011\ ! - 1,,, ~ I -11"1~ - i -101111'1 

64?1\ 64 7S I 6i. 7 a 6 4 7" flt.?~ 647~ 6/o ?8 ,, 5 lo 1 t'I 

1 ., s c; 6 15SS6 15!"\6 1 5S5"1 1SSSI'- HS 56 155H HJ4'? 

1oQ'i1 s,1s 5 2C' 5 5'33 64?11 6i.711 I 1)471\ r; 7"1' 6 
I 

1 "ozq 1t.156 14ZA1 1'"i.1 1 i • 1S5c;6 1sc;c;~ I 1 '> c; H1 175~'i~ 

--------------------- -------- ----------------- ----------------- --------
J .. l\vF'.C:T"F .. T: 

] , • 9 I>. c. 
7 4. , p. c • 

"'' ~ lj" t Ty : 

SE 4 ~. 1 '" r • CT I ON 2 i IQ• Q p. c . 
2 1 . f"1 TH 1'1 lt T 

1 

• 
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=====================::::::::::;=~= 
STAGE Ill 
=======•:a --------•-------------------------------------------------------------·a----------------------PEil I OD 

1----------------------------------------------YEAQS 

·-·--------------------------------------------
1.AnnlTIO~AL PETuqN: 

1.1.fl(1sr1~r; CAPlCtTY 

1.}.PqOPOSE~ CAPACITY 

?.OuT,LO"' 

z. 1. lllfVEHl>lf!\,T crisTs 

- l~ClUDJlll~ EOUITY 

2. ,>.lOOtTIOOL OPE~ATl'llG COSTS 

?. '· PHEQESTS 

?, 4.IHPAVMflllTS 

;.~FT qffUR~ 0 .. I~VFST~E~T: 

J.1.ElCISTHG CAPACJT\' 

J. ?.PqOPOSE~ CAPACITY 

L.~~' qFruq' n~ E?utTY: 

4. 1.IEl(JSTU,,G CAP.CITY 

le. ;>.PlfQPOSE!> CAPACITY 

1 

-159"'5 

•12625 

-
-

• 159]5 

·1S9J5 

-~Z62S 

•12625 

2 J 

101 77 

ZH45 

-9314 

! - I 
I ! 
I - ' -J03 
I 
! - , 730 

- , 184 

•9314 91\74 

•9114 2H42 

6761) 

lO'i28 

4 5 

10177 , 011. I 

ZH45 2H45 

- - I 

I - ! - I 

I ·H'! •] 'j] I 

•15S1 -13~ 4 I 

- 1 lSt. _,,~,. 

' 9~ 7 4 I 9,, 14 ' 

llb4Z 2H'-2 I 

I 693] 1100 I 

-
I 20101 z-:1,14 I 

i--- ·-----------------------------------------------------------------·--------------------

. - -----·--------------------------------------
I PE~IUD 
I .. - - - - - .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - .. - .. - - - -
I YEAQS 
!- ------------------------------------------·-! 
I 
I 
l 

1.~nryfTIO~AL ~ET~qN; 

1. bE•rsTI~C. CAPACtH 

2.(\,jfHOW 

l. 1. l'O~F«;T"'E\"'.' CC~TS 

- J~CLUOY~~ EOutTY 

~-?.•DDITtO~AL ~Pf~ATI~G cnsrc; 

'l· 1. l~fs:qESTS 

i>. 4, IHPAV'4E ~TS 

1.~er -ETU~~ ~~ t~VF«;T~e~r: 

1('t?7 

2JQ45 

10 , 1 

1~177 ' 

- .. 

,,,.F:CJ!;TUG CA?HtTY 91!?t, 

!·~----·-----------------------------------------------~--------------·--- ------------------
] 1. 6 p. c. 
66.0 p. c. 
4,,. , p. c. 
g 7. s p. c. 
zc.1 TH(' II T 
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: ~ r~~,A~ ~•rE o~ ~ETUR\ CALC~LATtO~ 

STAGE IrJ 
z::::s:::a 

O~ THOU ------------------------------··-------------------------------------------------! OfCO\SUUCTJO"t OPE'RHJO'li 
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10.5. 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. 

'I'he fuel oil price varies within +20% of the basic price 

(Rs. 2,a70 per 1 to::::m.e) with the inte~val of 5%. 

The calculation results are given in Scuedules 10-15, 1C-1o, 

10-17 ana. 10-13 and are demonstrated else on cli8.6rarns 1 to 4. 

The variation of the fuel oil price within the ranee above 

determines the proportio~al influence of the internal rate 

of return deviation by stages in aver a.Ge wi tnin the ran.be of 

,:t27% 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 

minimum 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 !'an:::;e 

of 25-21>%. 
In calculations of the IRR on equities its values for all 

staces increase !.t to 1.9 times. 

The variation of the break-even point, jeterr:.ine:i by t!-:e 

variation of the fuel oil price, makes ,:t15/~ for all stases vd th 

its miD.iJ:J.um value of 6,800 tonnes (for mc.:.ximWii. fuel oil price 

of 3tage I) and maximum value of 2),500 t (for minimum fuel oil 

price of Stage II). 

The pay-back period doerui't exceed 3.5 years (with the ex:Ls 

ting capacity of StaGe II). Iu calculation for the desicn ca1Jaci-
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ty for Stage I res~rdless tne variation of the fu~l oil price 

tlie costs are to be repaid in less t'lan 0 .5 year. 

Thus the financial and ~conomic evaluation has shown th~ 

hi.;h profitability of the .3tage I of reconstruction which is 

conserving on the rather high level with the variations of the 

fuel oil price, as it ·Nas shown be the sensitivity analysis. 

The pn.rame\;ers of the efficiency of Stages II and III are 

inferior to the pa.:rarJ.eter2 of the Sta.Ge I and they are about at 

the same level. 
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Scb.edule ·10-13 

Sensitivity analysi~ 

Effect of fuel oil price on ,3,J"-back pericd 

Basic price: Rs. 2,570 per 1 tonne 

.Jeviation Pay-bac~ period, ;;.:ars 
of fuel 
oil price Sta.t:;e I Sta.Ge II Stace III 
from basic 

; 
------ - -. i 

price, ~o existing design ! existin.; desiG-n e:dsting desisn 
~apacity capacity capacity capacity. capacity ca~acity 

-----

-20 1.2 0.5 3.5 1.5 3.1 1.3 

-10 1.0 0.5 3.1 1.3 2.7 1.2 

0 1.0 0.4 2.8 1. C: 2.5 1.1 

+10 0.9 0.4 2.6 1.1 2.3 1.0 

~ +20 0.8 0.3 2.4 1.0 2.1 0.9 

I 

• • 
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Cash-flow table 

Va=iant of installation of cooler for one kiln 

y e a r s 

Cost category 
.._____ 

1 2 3 4 5 6 7 8 9 
--r 

1. ~o~al cash inflow 2903 I 8661 1.3620 13620 13620 : 13620 13620 13620 13G20 'i 

2. C?.s:-i outflow 

2.1.capital invest-
m.;;nt 2903 8661 i -

2.2. Operating costs 0 0 2C..7 227 227 227 227 227 227 

2.3. LJ.terest 0 0 791 712 633 : 554 475 396 317 

2. ti. Debt repay:n.ent 0 0 633 633 633 '633 633 633 s33 ... ... 

' ! i ' 
Total of 2 2903 8661 1651 15·72 1493 '1414 1335 l 1256 1177 

3. :~et cash: 

- current cash flow 0 0 11969 12048 12127 12206 12285 12364 12L~;) 

' 

-- c1~ilati ve cash 0 0 11969 24017 36144 : 48350 60635 72999 85442 
I 

- -___ ..__ 

SECTION 1 



l 
Annexure 1 

for one kiln Rs.000 

y e a r s Sal-
vo.ge Total 

7 8 9 10 11 12 13 14 15 value 

13620 13620 13620. 13620 13620 13620 13620 13020 13620 183624 

! - -1788 9776 

227 227 227 227 ' 227 227 227 227 227 2951 

:+75 396 317 237 158 79 4352 

033 633 633 633 633 633 6330 

I 

1335 1256 117'1 11097 1018 939 227 '227 227 -1786 -""'? ....... c 
I &:.) ..:,.v ,/ 
I 

I I 
I 
I 
I 
I 

12285 12364 12443 • 12.523 12602 12631 I 13393 . 13393 13393 1788 105215 I 

I I I ' 
i I 

I 
j136641 

I 

60635 72999 85442 . 96965 '.110567 123248 150034 163427 165215 
I ! 
i I _ l I I I 

' 1. ' I I .. - - --- ·--· . -- . -· -- - -- ~~·-·- -- _j -- - -· -· . ..- -

SECTION 2 

• 
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8 CA'"AM rorOBOH 
flP0,4:1/\U/1Jf · 

TO FINISNEJ) P~ODl/Cr 
STOit.AGE 

0 

_ __...,._\C.YIJ( EC TB:Yl()~A, TPACCA 

EXISTING PIPELINE 

JH4 
!TE. 

ft 
YCAOBHb/E 050JH/ll/EHJ1fl 

LEGEND f 

-x-
-o-

0 
---

MATEPHAA 
AfATERIA/.J 

Or.xtJARUl,HE rACJht 
OFF GASES 

C)f(ATb/ff 80J,4YX 
COMP~cSSEJ) A I~ 

8EHTHl1b 
VALVE 

~OAOOT,4EAHTcA/J 
WATE~ SEPARATO!l 

KAAllAH PEA.YJt~HOHHhlH 
,P~ESSUR£ RE~UCING YAL VE 

MAHOMETP 
PHESSllRE GAUGE 

~OaAYX 
Al~ 
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Nno- HAHMEHOIJAHHE. TEXHH'IECJ{A}I KOAlf flPHME-
JHIJ/f. XAPAKTEl'JfC THl(A VEC'fl, 'IAHHE 
!TE/ff. J)ESCRIPTION 

SPECIFICATIONS QTY 'EMA/l~ 

f 2 
rpoxor 1,22x 2,74 M 2. SCREEN 

B0,40-80J,4.YIJJl/bll1,4,00XAAAH TEA6 f ,fl!l!APATA = S 2~2 
2 13 HYbRO- AIR COOLE"' 

I/NIT ' m~ · --tt-F T~RA(JOGMEllHHJr06 - 76 MZ 
HEAT~~ClfANGE~S- t 

14-
0HE8MOMMEPH61H HACOC 

V=~B,tfl. 4 PNEUMATIC CHAMBER PU/IP -.-
f/JHlfhTP P~~A8HhlH 1t1.1/'1 

2 f5 BAG FILTE~ V= 20000 1113 ; 11 
-II 

80JOYXOO YDl\CI Q=f450m3/H 2 16 AIR BLOWER H=e8000 no.. 
-11-

8EHTHARTOP Q=20POO ';/,,1; 
2 

_,,__ 
f 7 FAN H=2SOOl14 ~ 

.= 9. !Cr 

18 
8EHTl1A~TOP Q=&65o~J% 

2 FAN H- 2550 na PA. 
--r1-

BHOBI> ~CTAHA/JAHBAEMOE OtiOP:tAfJBAll#E HA CXEME 

:JATYIUEBAHO. 

EQUIPMENT TO 8£ lN8 TALLElJ IS 1JAR/\£N£]) ON .PIAG/?AM. 
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HAHMEHOBAHHE TEXHH'IEC!f A 51 
XAPAX TEPHCTH J\A 

.:DESCRIPTION 
SPECIF/CATIONC$ 

n11rATEAh TAPEAb'IATbiH tp 21/1-
~EC/PROCATING PLATE FEEDE8 

l\OHBEHEP AEHTO'!Hb!H 
8=500 BELT CONVEYOR 

fitfTATEAb UIH£!(0861U ' </>450· /.,=65 I I 

SCREW CONVEYOR Q= "fQ r/y 
l.i -t ,, 

flE'lh 8PA/./(41-()~AJ1Cfl (/J 3, 6 /<IJ3, 3ffl 
ROTARY /\ILN ~=BOM 
5ATAPEll !f/IKAOHOG.rCl!lYOEl/6. 
CYCLONE BANI\. STAGE I 

q 11,Hl\llOHA t/Jf3 MN/ 
CYCLONES 70 mm 

5ATAPEJ/ JtHMOHOB.lrcrrnEld> 
CYCLONE BAN~ , STAGE Jl 

90 li.HK/IOH08 ~225 MM c re t.ON ES · mm. 

8AEXTPO<!JHAbTP M~ F=305-z ELECTROSTATIC PRECIPITATOJ? I II/ 

AhtMOCOC Q=IOJOOO $31ft 
I.]). ~AN H=l'Boona 
UIHE~ r/> 500 
SCREW L.,=-7~ 
CTPYHHblH HACOC Q::. 7 1/'I 
ilET !'UMP t/IJ 

4HKAtJN PA,JTPYJHTEAI> t/' 600 
lJISCHARGING CYCLONE 

SECTION 6 

8AMJ1 AeHuHr,IXlo 
VAMI LEN!NG~A:b 

QAH QplflYJE-

'IEC11i 'IAHHE 

QTY RElY/A 

2. 

2 -11-

2 -11-

2 -1-

2 -11-

2 -1/-

2 -v--

z --It--

2 

2 

2 

<.'t'C/iA'CW.LE AAA JIHAJf/fCKO;jrbHPh!b/ 5XAPAT Alfl()lt1HHH~M 
vC , ,'Ohf17ANH. 

AHllblH 'fE/>TEX RBl1RETC11 FOR BHAHAT AtUM/NlfJM COMPANY;lT]). IN})IA 
5~TJJEll/fOCT61() JfHCTJfTYTA 8Alr111 If HE MPMET 6b/T~ rt1HHOJEMHbli JA8 8 ~OP6e. 'ElfOHCTP:Y~U,lf.N U,EXA 

CKOflJIP08AH J( J(Cn4A6Jb441/ KAA/>11,HJIA UJIH. ~rAn. CXEMA Ann APA T.YPHO -
z:-11:-, '/UE.u - TEXf(OAOrH'fECKAJI. "'.-v Ero PAiJl'E. ,/JfR K01l8A Al.I/MIN.A Pi.AN'f/?ECONSTPYCTION QI' Cl/LC/NATION, 
Tll!S~RAWINGIS THEP~OPEP-I STAGE. PROCESS 41 EQtJ/PMENr Ft.OW$H£Er 
TYOP YAM! AIY]J HtJT T" BE 
COPIE:»O~ LJSE.J)W/THOUT 1-z.5 4 6 90 TM /flfCT I ;/JICTQl3 
OUR PERMISSION. J - Sh'l"ET SHEEftS 
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·11 
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15 

omBotJ ootJb1 
WATER OUTLET 

noiJGotJ ootlol 
WATER INLET . 

I 

. 8 CKt100 I 

~
romoGou 

_... npoiJYXU,Hll 

TO FIJ./ISllE~ 
PRO'bUCr 
STORAGE 
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0 

l 
0 

l 
0 

0 

YCAOBHb/E 0503HAl/EHJ 

--:x-

-o-

LEGEND 

Mamepua11 
MAT£ NIA I.. 

Omxoil:1UJ, ue rA.Jbl 
OFF-GASES 

c~amb!U SoatlYX 
COMPRESSE1J AIR 

BEHl!lU/16 
'VALVE 

/3oooomaeA u /!le 11b 
WAT£~ SePAKATOI{. 
I 

K11anctH pefJ.:tKLJ,UOI 
PRESSURE R.EPUC/NG v, 

MaHOMemp· 0 -- - P~£SSURE GAUGE 
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oacca 

lb/E 050tJHAl/£Hl1JI 

.EGEND 

tamepuctA 
1AT£1UAL 

1f!!X00:111l,Ue rA.3/JI 
'FF-GASE.S . 

. / 

Mamb1u CoaiJYlf. 
OMPRESSE1J AIR 

'EHl!lUAb 
ALVE 

1otJoomiJeiu/!le11b 
•

1AT£!: SEPAKATOI{. 

t10nO'H petJ.Y/\U,tJOHHblU 
,\ESSU!?E REDUCING VALYE 

,faHOMem1' 
~?ES~URE: GAUGE 

OJfJYX 
, I I?. 

HAt1MeHooaHue 
JJESCl?/PTION 

fe lUAOAHA6HHJ{ 1\1117.Y 14Ero C40S 
FLUl.DBE]) COOl E~ 

· 4~ fictlT/ClpeJI Lf,H~AOH08 
l.J CYCLONE BANK 

'/. 17HeflMOl\GMepH6P HGCOC 
,., PNEUMATIC CHAMBER PUMP 

/5 13eHmUA.Rmop 
FAN 

16 /3oaiJyxooyo1(a 
Al~ BLOWER 

17 130.JOYXOOYoKG 
All?f3LOWE 

TeXHU</eCJ(O 2 
xapaKmepl/or,u1w7 ~ 
SPECIF/CATION 

F fHYTg'__jflfJI, - 7.r:; M z 
INTEICNAl - v f11 z 

/, #,lllf/10HA .1' If 00 
~CYCLONE T . 

V= 5.8 MJ 
I mJ 

. =25000~J~ H=lOOO fla, 
IQ pa_, 

Q= ftooo .tt3/" f!=l!fXJO 
mfh p, 

/3H0!6 ~CmC1fKJDAUoOelrfoe OOOpYtJooa11ue 110 CXBVc" dC:7!Y!L 

EQUIPMENT TOBE INSTALL£]) IS l>ARl\ENE./J ON :PIAG-RAM 
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8H08b 
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bE 
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2 INSTAf., 
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C1J4EC~f 

4 /01/{HH 

f)ISTING 

8HOl6 
Xm4JM 
AH8A-
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TOBE 
/NST~l-
LE.]) 

C~~ECl6f-
IOi A)I 
EX!STIM 

I) 
(_ 

/Ymeoa110 . , 

HauMe11080Hug TexHu'!ec~aJI Mll flpurrte 
xapa/r\mepucmuxa 'leCT!il 'la1-1ue 

~ESCR/PTION SPEC:F!CA TION Q-TY RE.tfARf.. 

puma meAb mapeAf) l/Om61u <PE$, 
L~'AEqjt 

I 2 
I() UH. 

~ilSTING-REC'P. 'ATmG PLATE FEE~ER 

KoHGeuep AeHmO'IHb1u B==500 2. 2 -11-· 

BELT CO/'/ VEYOR 

flHmameA6 WHel(OOb/O ¢!fso,- l=05 ~ 
J Q=JO T/'/ m 2 ~-SCR.£ CONVEYOR 

Pe'l6 Gpalfl,C1KlUJ,ctgc}, rp3,6 / </13,3 m 
4 2. _,,__ 

!?OTAR Y KILN l=80 

5amape JI u,uMoHo8. I CQl.Y/Jef/6 4 !!,_fd~A_OHO <fJ /370 '::! 5 z -I[--

CYCLONE BANI\ STAGE I CYCLONES 

6 Eamapefl O,WIVfOHOD JlcmYneH6 
CYCLONE BANK STAG£}[_ 

90 J.5llKAOH08 r,tJ225 lr!.+1 
CYCLONES mm 2 -II-

7 
3,-te~mpor/JuAbmp 

F=30,5 ;i_ 2 --//--
ELECTIWSTATIC Pl?ECIPITATvR 

8 AhlMOCOC Q.:: 103000 ~3/~ 2 --If--
L.JJ. FAN. H::: 2800 fla, 

9 
Uf He~ </> 500 z. SCREW b== JM 

I ' Q-l r/v C"'[;YUHblU Hacoc z ID J T PUMP - r/11 
lf, UX/10H- fXlc3/pYcJUflle46 /NSTAL-

II </> 600 2. LE.J) AT 
:bJSCHARGING- CYCLONE STAGfl 
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C!CAUlf!!Oi - .4 Afl JfHAJf/tCKOit ~HP/1161 DX4PAT AlflOMlfHH.YM 
C LE /(OMflAHH 
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8 CYU/eCm~Y/OU/UU 
311eKmpocpu1tbmp 

To EXISTING ELECTROSTA­

TIC PRECIPITATOR 
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Yc11.o~Hb1e oooJHa'leHuR 
LEGEND 

MomepuoA 
MATER/A~ 

Om1toiJRU(ue 2a.3b1 

(:LUE GASES 

!JoJaYx 
AIR 

8odo 
WATER 

C>1<omb1u IJ03tJyx 
COMPRESSED AIR 

Ha2pemb1u !Jo.Jo.Yx 
HEATED AIR 

~aa eomo~ou npoiJYKlfl./U 
•ISl-IED PRODUCT STORAGE 
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HauMeHofluHu e 
lJESCRJPT/ON 

9 
,IJ,oox11a8umeAb, ,.KC" 
FLUID BED COOLER 

U, lJK/'IDI./ 
f0 CYCLONE 

11 

13 

eHmUAHmop 
FAN 

Hacoc 1<aMep>1b1tl 
CHAMBER PUMP 

] cmyneHb lfUK110110~ 

f '-/ .LSTAGE O!= CYCLONES 

CX.f-iU'feCKa R KOAU 
xapaKmepucmuxa Yec1B 
SPEC/!=ICAT/DN QTY 

¢!}00MH f 
mm 

: L/l/000N ~If m~/H 
JI::. 21/0/tfH eoa. er. f 

mm WATER GAUG& 

Q:: 15000 H.1/y m 3/11 
H:.fSOO HM Boa. er. f 

mm WATER GAUG~ 

<J>f800 NM C 
mm 

L/qtJK/IOHCl q,/370MH C 
'/CYCLONS mm 

fJH06b YcmaHG~/ll/tJaeMOe OOOpYOO~OHlle 

Ha cxeMe JomYwet3aHo. 

THE EQUIPMENT TO fJE /NSTAllED IS DARKENEl 

ON THE DIAGRAM . 
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!<.OlcU flpuHeva llD3U HouMeHo~aHue eXHU'leCKOR l Yec18 11ue L(UU 
1JESCR/PTI ON 

x.apoKmepucmuKa 
QTY REMARK SN SPECl~ICA T ION 

f 1 
KoH6euep 1JeHtno1HbltJ IJ:6SOHM. 
8El1T CONVEYOR mm 

f 2 
fiumame1tb wHexo!Jb1tl </>500HN 
SCREW FEElJER I mm 

f 3 
TenAOOOMeHHUK WQXmHblU 

SHAFT TYPE EXCHANGER </>51/00 I 

f 4 
KaNepa mnRUJeco c110R 

S=20M 2 
~L.U/D BED CHAMBER f m2 

2 5 
Ten11ao0MeHHUK l/UKll0/-1/.lb!U 4 l/UKA0/.10 c/J fl/00 HH 
CYClONE HEAT EXCHAN- f 
GER CYCLONES mm 

CYU/e· I cm:tne1-1b xo1JofJu11b1-1uKa 1..1,UK/iOH0-<1> , H 
cr1Jy1a114. 

6 qUK/IOHH020 </>KO/JOHKU - f, l./H 
fEXIS- I STAGE o~ CYCLONE /!CYCLONES DI A - 2,01/m 1 
rt NG 

I 

COOLER COLUMN, JJIA - f, ltm 

il cmyneHb .XO/IODU//bHU/(Q ... lJL/l</JDHO - </J f, BM 

7 4UK/IOHH020 <:J> KO/IOHKU - (2H 
f /jsrAGE OF CYCLONE 

2CYClONE.DtA- l,8111 
COO~ER COLUMN DIA - f,2 m 

!!l cmyneHb AO/JOOl/Abl-IU~ 2·· l{UK/IOH(]- </>(5cM 

8 l.lllKllOHHOeO </J1<0t10HKL/ - f H 
f .!ff STACE OF CYCLONE 2CYCLONE" 1JIA-:::/,52m 

coo~ER COLUMN DIA - f m 

(' SECTION 7 
'<ENED 

8AMU /IEJIUHrPA.4 
VAM I LENINGRAD • 

~ScoAc~Emo - AAR UH,4/.IHC~OU QJUPMbl 6XAPAT AlflOMtll./JIYM 
~ KOMnAffU. 

Clf/HbJU 'ftpmel{ 1i '.~tmcsi FOR !JHAP.AT AlUM!NIUN COMPANY LTD INDIA 
cpbcmaeHNocmbm UllCIT'LJT7'1< ' 
BANH t.1He /tfOlf(em°Obm?b f/ltll/OJEMHbll/ JABOA 8 KOP6c. PEKOHCTPY~/..ltl1' LJEXA 
1t.onup0Ba1111 ucnOllbJ0&;,1-1 Mllbt/W#AU,UU. ~. 3TAn. CXEMA AnnAPAT:Y/'}IO· 

~J teo /JOJpewe1-1u~ KO!lBA ALufttJ%°/i~';/1r.'tt~~~frR.ucr10N o~ tALCtNATIDN. ! 

T111s ~RAW/NC IS TllE PIWfa. STAGE m. EQUIPMENT ANJJ PP.OCESS. --- .. : 
T'¥ bf VAMI AND NQT 10 ~£ ,:'LOWSNE£T. --- . 
C'OP!El> OR. USED w1r11.:;r.;r i rz. 5 / 1 6 9 7 _ T M ucm I 11rmo i 
OUR PERMISSION .J I SllEET SHEET'S (} 
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flputfop dAR U3MepeHUR meMneppm~pbl 
no1rtM1J6oJOll/UO, ~cmaHo6AeHHblu no MecmY 

lOCALL~ MOUNTEIJ INDICATING INSTRUMENT 
FO/t MEASUR/N(}. TEMPERATURE 

nputfop ilAR uaMefJeHlJR meMnepam;tp6t no~aa6t8o10f1/1JO 
~CITKJH08AeHHhl0 HO Uf Ume 

80ARJJ MOUNTED INDICATING INSTRUMENT 
FOR MEASURING TEMPERATU~E 

flPHSOP UAQ IJJMepeHlJR meMnepamr/pb1 
no~0361B<11oll(t10 u peeucmpUP,YIOlL{uu, 
~cmo110811eH11b1u HO Ufume 
BOARD- MOUNTc.D INDICATING AND ReCORDING 
I NSTRf.IMENT FOR MEASf.IRINIT TEMPERATURE 

fiputfop t/11R USMepeHUR meMneP,Qm<lpbt 
nOK03bl 8GIOfL/U4 pecucmpUP.:llOli/UU l/ CUeHO/fl/8(./­
~IOl//UU, ~CmOH0'5AeHHb/U HO lL{ume 

80ARD-MOUNTE1J INDICATING, RECORDING- AN.D 
ALARMING- IN871?f.IMENT FOi? MEASURl/'/G­
TEMPERATURE 

Annapam(>'pa ti11R lJ.SMepeHuR meMnepqm.;ypb1 
peeJ/llJPJ'JOllfOR u peeucmpup:YeMa.R, 
~CIT1C1H00AeHHOR }ICI tl.{Ume. 

80ARJJ-MOlJNTED TEMPERATURE MEASU~IN~ CONT~OLL/NG 
AND RECOR])/NG INSTRUMENTS 

. nput!Op OAfl lJJMepeHtJR tJaBAeHUR. (p_a~peJl(eHUR) 
no~a3618010!J{uU, ~cmo110811e11HblO no Mecm:t 

locALL~ MOtJNT£D INDiCA71NG IN8TRUAfENT FOR 
MEASURING P~ESSV~E (RAREFACTION) 

flputfop 011>1 U3MepeHllfl aa&f eHl/R ( ft7.5f'e~eHL.I}?), 
nOKC1J61/JolOll{ll0, ~cmoH0~!1eHHb/O HO /.L{Um6' 

80A~1J- MOVNTE.D /NJJICAT/Nt; /NS7~UMFN7 FO~ 
MEASll~/Nt; PRESSURE (RAREFACTION} 
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flputfbp OAR U3Mef:eHUR tJa&eHUR (Ra.JpeJtreHun) 
noroJbi8aJOUfua, peeucmpup10w,uil 
:1cmaHo~eHHb1ll 110 IJ./Ume 

BOARD-MOUNTED INDICATING- AND RECOR'JJIN& 
INSTRUMENT FOR MEASURING PRE5S_URE (RAREFACTION) 

flputf op OAfl USMepeHUR nepenoaa da0AeHUFI, 
ROJ:03blfiOIOIL/U0, COMOflUW:t!J.(UO, 
:1cmoHo!JAeHHh1tJ HO lL{ume 

8oAR1>-MOUNTED INDICATING, RECO~!Nr; AND 
SIGNALLING INSTRUMENT FOR MEASURJNG­
Pfi!eSSURE DR.OP 

flputfap UAfl tJBMepeHufl pacxooa, 
noK03b18l1IOll/UU, ~C/TlOHO~/leHJ.lblU no Mecm:J 

LOCALLi:/ MOlJNTE1J INDICATING INSTRUMENT 

FOR FLOW-RATE MEASURIN(;. 

npucfop 811>1 U8MepeHUfl pctCXOOC! 

noRJ.Jbl80KJLL{UO, ~C/TlOHo811eHHb!U HO fL/Ume 

80A!:.D- MOUNTED INDICAT/Nt;. INSTRUMENT 

FOi!. FLOW-RATE MEASURING 

finnapam:1pct a11R ll8MepeHUR peicxoaa 
flOKOi:lbl8CJIOfL/C1R u pee.i:h1UP:lf0Ll.{OR 1 
:1cmaH0811eHJ.10f' Ha ti.fume 

8oARD-MOUNTE]) INDICATING- AND CONTROLLING 
INSTRUMENT~ FOR FLOW-RATe MEASURING 
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Annopamc:1pa a11n uaMepel-IUR coomHOWeHlJR 
pacxoooB, peeucmpup.y10lL{Of1 u pewAup~IOlJ./CfR, 
:1cmoHoB11eHHOR 1-10 t/./Ume 
BOARD- MOUNTED RECORDING A ND CONTROl..LING­
INSTRUMENTS FOR FLOW-RATE RATIO MEASURING-

flputfap &fl ua1r1epeHuR cotlep>KoNLJR ~uc11opoa~ 
:tcmOHOfiAeHHblU HO fJ./t/me 

80A~D-MOl.INTE.D INSTIUJMENT FOR MEASUR/Nfi. 
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flputfap OAR USMepeHuR eot1epMOHUR tJ8Yo1WCU 

tfiihCOz _':t_e11_epa_~_'a._,_:1cm __ a_~_'O_BA_e_w._"Hi_'b'4_u_11i_u_14_1.1i_m_e _____ _ 

Q BOARD-MOUNTED INST~UMENT FOR MEASU~ING­
CAR80N DIOXIDE CONTENT 

11cnoAHUmeAhH61V Mt£&XOHU3M 

0 
ACTUATOR 

-l><l- Pee e1 A up:YIOllf uJ opaaH 

~ 

' FLUID CONTROL ELEMENT 

flpuoop c cueHaAbHblM ~cmpoocm~oM. 
5:JK8b! •H"u "L" 08HOllalOm Cl.JeHaAW{]Lf.U!O ~epxHecO d u HU)'l(Heeo .5HOl/eHUf/ ll3MepneMoa '8eAUl/UHbl 

al INSTRUMENT WITH WARNING IJEVICE. LETTERS 
"H" AN]) ''l': STAN:JJ FOR HIGH AN.D LOW VALUES 
OF Q,UANTIT~ BEING- MEASU~£.IJ 
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:fCll08HblE 0503HA4EHJ1R 
LEGEND 

MomepuoA 
MATERIAL 

-x- Omxo3>1ll.lue etl3b1 
FLUE GASES 

_
0

_ Cxramb1J 8oaiJ.:1x 
COMPRE~SE]) AIR 
BoaocYx - - - --"'T"~~----A IR 

\ \ 

/(oHmYpbl KOHmpoAH 

MONITORING- CIRCUITS 

KaHmYpbt pee¥;tUpa!JaHUR 
CONTROL CIRCUITS 

4 

1..CxeMCJ 8b1no11HeNa HCI acHo{Ja11uu llepmeJtra 1354590-TM.cx 
2. Ko11ullecm80 mallex K0Hmpo11;, u peeYAupo8aHUP 

60HO 17a oaH~ (!Cfl70H08~.Y. 
3. ::lc1108Hb1e ocfasHal../eHuR npuoopo8 u cpecJcm8 

a8moMdmUJGU,U!J tiCJHbt Ha llepme);fe 1355573-KA 
1. THE FLOWS!-IEET IS 8ASEJJ ON J)WG 135//.690-TM. ex 
2. THE NUMBER OF MONITOR.ING- ANZ> CONTROL POINTS 

IS GIVEN PER ONE UNIT. 

6. THE S(IMBOLS OF /NSTR.UMENTS AND AUTOMATION 

DEVICES ARE GIVEN ON ])WG. 13555 73 - KA . 

\ SEC1\0N ~ 

BAMl1 AeHuHepaa 
VAMI LENIN@RA1J 

Mist&IJ/mad - 1/ti'111HAl1HCXOJ1 ¢11PMbl 6XAPAT AAIOMJ1/..111.YM 
CALE KoMnAHH 

l/,,'i/ft'//'"e/Jmf!Jfr fl6ARemCR Fo~ BllARAT ALUMINIUM COMPAN~ LTJJ !ND/A 
'§A/Ji/~1/f'/,'!/tn,cmgf/ff,"f TAlfll;fJEf'tbl~ .q'1~ 8 A0P£E. PEKOHC7PYi%t#EXA .OU.sqt 
C/:l]nllpOlklff {/ ucnoA~3o8aN HA.fo6 ff. 3TA • MA Af!f!APAT1PHO· TEXHi '110 'IEC.t:.A.fl 
tJe3 eeo poJpe1t1eHUR ~te~1~1!JMrff1Pfi1~N7-.kf(tt:tt!r1o1'Hfi C4LCINATION. 
THl$1JRAW!NG 1~· THE PROPEm I 6TA~E. EQVIPM!Ni AN.If PROCESS FLOWSHEET 
OF VAMI AN~ NOT TO 8E WITH /yf(}Ntro~!NG ANJJ CONil!.OL PO!Nrs 

CCP1a c1t..1.1sro WITHOUT 1~5 5 5-'4- KA Aucn: Jfucmo!i 
OUR. PERMISSION U ~ / SllEET I.SHEETS 
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MamepuaA 
MATE/UAL 

Omxothuu,ue rAJcl 
OFF-GASES 

/ 

CMambtU ooaiJY;t. 
COMPRESSED AIR 

BEHQllJA6 
1
YALVE 

8oooomill!ll u ne lfb 
WAT£~ SePAHATO!f. 
i 
K11anCJH petJ.Yxu,uoHHb1/I 
fRESSURE RcDUC/NG YALYE 
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PKESSU~E GAUGE 
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050aHA l/EHHR 

ND 

UOA 

'10>1111, ue rA.:J/Jt 
-GASES . 

. / 

,71b1u D'oat/:t;t. 
RESSED AIR 

·:omoeAU!lleAb 
:~ S£PAKATO!l. 

7CIH petl.Y~ll,l/OHHb1/t 
~UR£ REDUCING YALYE 

·oMemp· 
~URE G-AUGE 

OYX 

• 

. . 
>J HAtJMeHooaHue rexHU'feCl(o >I V'\Cmt flf'Jt1i 

lfg.w41 xapaKmepucJ7UAG veer ti 'IAll. 

ITEM ]JESCR/PTION SPECIF/CAT/ON Q-r1 RE.t/ 

1e ]Qt10/,HA6HH~ l\H/7.:lt'.;£/'O CAO.fl F l!!.!!ft'!!ll JI, - I~ !r1 z. 8HO 

FLlllbBEb COOl E~ 2 
1cn 

INTtltNAl - •·J (// Z AH/J 

!5alllo'peJ1 4Hl\AOH08 
i11'J. 

1:5 " l,lllfl)OHA r/ I I 00 
TO, 

CYCLONE BANK 2 INS 
CYCLONE . LE 

1~ 
fJHeGMOXc7M~H6P HOCOC V- 8 M

3 {]~j 

PNEUMATIC CH. MSER PUMP -5, mJ 4 IOIU., 
£)IS 

/5 BeHmUAJlmop ~:25000::% H=WO jf':_ 
BH1 

2 YCJ! 

FAN 1fH(, 
£/, 

16 /3oaiJyxoayoKo Q= '1oook13/q ff==lf()J()/la. TO 

All( BLOWER Dl'/h Pa.. 2 IN. 
LE. 

8oaiJyxoflyoKa Q= 1450 MJ/y H=JO{)(;()na.. CY~ 
17 2 

IO I' 

AIRBlOWE~ ll'/11 At 
E;t., 

18 f:~01!100m&_eAUl!ll?A6 C F Glf'lmflWJM .· J-. Mz 
81fi 

U 'POJl\OAO OM. 2 :ten. 

':f~tf~Y S~PAllllTOR W!Th. V!MATING INTEl<NAL . · ··fl! l. lr1u.5. 
~Ai 

/3H0!6 :;cmctfKJDAUoOeJrtoe OOOfJYOooa11ue /-10 C%C'J!B JOl!lYtf.Jt?DOHC 

EQUIPMENT TO/Jc 1NSTALLEZJ 1s IJAR/\ENE.P ON ])!AG-RAM. 
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rexHu<1eG1.o 9 'QlfH flf'JtME-:Hue xapaKmepucrnu1ro 'leer& 'IAllJIE 

SPECIFICATION Q-11 REhlA~ 

F !!i!.!ft?!fH }1 l = 75 Ill z 8H081> 

2 
YCTANA 

INTERNAL fl/ Z ifH8AE-
bE 

.10H08 ~ l,UfflJOHA ef 1100 
T06E 

2 INSTAL 
CYCLONE LED 

, 
- 8 MJ 

C111J.rc~1 J6J!J HGCOC V-5, mJ 4 IOllJ,HH 
·:-ER PUMP E~tSTING 

• 
=2soooM3h H=lJ()O na. 

811016 
XHlll!il 
AH8A-mJ pa., € 

Q = 4000 .tr/C/ 11=1/fXJO TOBE 
/NSTtfl-

DIJ/h P. LE~ 

fl.::. f 4 50 MJ/y H=J{){)()()I!. 
11'/IJ . 

'fU/!JG'A6 C G111mpeH11J1;1 .. 3~- Mz 2 1. 
TOR WITH Vf6/UT/. INTEl?NAL . · "rp2. 

eMae ooopYOOOGf!Ue 110 C l'l!MB dO/fl:YLLJBOOHO,. 

TALLEI> IS lJARl\ENE~ ON ])!AG-RAM. 

\ 

11• 
HouMeHolJoHuB TexH 

nQJJC. xapa1-
1r£w. JJESC/UPTION SPEC 

I RumameAb mapeA6'10m61u 
REC 'P. 0 ATING PLATE FEElJER 

¢P ,_ J 

2 
KoHoeuep AeHmO'IHb1u 
BELT CON VEY OR 

B=Si 

fi;1mameA6 lllHeXOob/0 ¢!/50, 
J Q.=-JO SCR.£ CONVEYOR 

fle'l6 C p am,ctKJll./ a JI cJ, tpJ,6/~ 
4 ROTARY KILN l=8C 

5amapeJ1 u,u!VfoHo8. Ic11R1nell6 4 !!,_U/\At 5 CYCLONE BANI\ STAGEI CYCLO 

5amapeR o,u1V10Hot J[cmYne/16 J5ll!:. 
6 90 CYCL CYCLONE BANI\ STAGEJl. 

7 
3Ae~mpo¢uA6mp F=JO 

ELECTROSTATIC Pl?ECIPITATOR 

8 ,.4hlMOCOC Q=/OJt. 
L.JJ. FAN. H=28t., 

9 
UIHel\ r/> 500 
SCREW i.J== 7) 

ID 
Cfff;YUHb!U HGCOC 
.:! T PUMP Q=71 

I 

II 
1J,UK/10H- pcli3/pY'3Un7e16 

f/> 6C ]}/SCHAP.GING- CYCLONE 

SECl\ON 6 

BAMY! lfEHHHrA 
VAMI LEN!NGRA 

acwma ,4 All II HA ff ltc~oft r!JNP1J 
CALE. - l\OM!h 

. A,llHlib!H 'tt.-pmex fM/lfTETCJI FOR 81/ARAT ALUM/Nit/Ir: 
C05CT8£HHOCl!l!JIO JIHCTil'T .YT A I -

BAMJ1JI11£ MOJJrET Sb/Tb r41P/CJ.JEMllblJ1 .JA804_ BI 
ClrCJflff POMH ff lfC!laAl>JCJBA 1Mhfi,JfHAU,JfJ(. ll am n 
oe3 YO PllJPEiiJEHHll /fOPBA ,4 t/..lJlr!INA PLANi 
Tl/ISbMW!NG/Snl£ PROl'Ell- ff.Sr, G p OCESS E, 
TY CF VAMI AN}) NOT T() BE ..-.~·-~·~L..;;...;;.;;;..;;;..;;....;;;.. 
(,'()J-•/ifD OR fJ« .. ;f:.J> WJTllOUT 1 """"5 /, 6 9 ' 
Ol/R PE~M/S'Sl(7N J ~· 



011>1 fl/lJfME-
'leer& 'IAHHE 

Q-r1 REh!A~ 

8H08b 

2 
1CTANA 
-IHIJAE-

bE 

rg6E 

2 INSTAI,, 
LED 

C114tc~1 

4 IOll{HH 

£)!STING 

811016 

2 
xm11H1 
AH8A -

E 
TOBE 

2 /NST~L-
LE]) 

2 

2 

,.;YtLJeoaHo,. 

I \ 

"'. HauMeHofJaHuB TexHu'lecmJI MIJ flputtte 
flQJll:. xapCJKmepucmuxa 'ieCT{t; 'IOHUe 
ITEM. :PESC/UPTION SPECIF/CA rlON Q-TY RE.'tfAR 

/!umameAb mapeA6'1am61u epE$ 
LTfAtqJy 

I 2 
>() llH. 

REC 'P. 0 ATll'/G PLATE FEE])ER t:t!STING-

KoHoeuep AeHmovHb1u B=SOO 2 2 -11~ 

BELT CON VEY OR 

fl II ma rneA6 lLIHeXOOb/0 ¢450; l=05M 
3 Q=JO Tic/ m 2. ~-SCRE CONVEYOR 

n eC/6 0 p aUJ,CIHJ/f/ C1 JI CB tp3,6/rp3,3 ff{ 
4 2. _,,__ 

ROTARY KILN l=80 

5amapeJI u,utrAor108. I c111.:1nell6 4 tJ,UXAOllO t/J /370 M/,f 5 z _,,_ 
CYCLONE 8ANX STABEL CYCLONES mm 

6 5amapeH u,uNtor1ot J[cmYne/16 
CYCLONE BANK STAGEJl. 

90 Jilll\AOHfJ8f/22S MA1 
CYCLONES mm 2 -II-

7 
3Ae~mpOc/JUA6mp 

F=30,5 :: 2. ELECTROSTATIC Pl?ECIPITATOR 
--ff-

8 Al>IMOCOC 
L.JJ. FAN. 

Q.:: 103000 ~3/: 
H::2800 fla, 

g --If-

9 
UIHel\ r/> 5()0 z. Y:;f,eCIJJY 

SCREW b== 7 
111,Hff 

XI STING 

ID 
cmgYuHb1u Hacoc 

.:J T PUMP 
Q-7 r/y - r/11 z 

JI, UAl10H- p:::l.:i/pYt3Uflle16 fl 600 
!NSTAL-

II 2. LE.,PAr 
:bJSCHARGING- CYCLONE STAGfl 

"' ... 
-

'I.. 

~· SECTION 7 .. , 
' 

BAM/1 lfEHHHrPAA. 
VAMI LENINGRAJJ 

Sg~"f.'fai - ,4AJI11HAJfitCKOft r/JHP"1hl BY.APAT AAIO/rflfflH.Y/rf 
~--..;;;..,-------~,----- KOMflAHH 
.J,11HHb!H 'tr'pmex fl!iJ1f1ETCfl FOR 8HA~AT ALllMINlt/M COMPANY L T'JJ .l"l>f.A 
C05CT/JEHHOCl!lbl0 lfHCTH'T .YTA • I IY' ;'f 

BAMJ1 JI !IE MO~ET lib/Tb r4ffl/O.JEMllblH 3A804_ 8 /(OP5E. P£/\OllCTPY~l1.HJI ~EXA 
cxon11Po!W-IH 11c11a-16JoM Allhll,HHAU,JfH. J[ar11n. CxtMA AllllAPAT~PHO - " 
15e3 YO IW.JPEiiJEHHll .,EXHOt10rll'lcC/i'A,, 

/fOP8A .4 Lt.l/lr/INA Pt.ANT.~cCOllSTRVCT!ON.tJF CAt.CJNATION. 
Tl/IS!J'f1j¥1NG/Sn1£ P~OPE!l- J[sr, G /'. OCESS E (///'/l/rNT FLOWSJlcET . 
TY~ v;,/rf/ AN]) NOT TO BE ' . --·~;........:_.:;.;;.;..;..;..--..-i--...1 

(,'()J.•Jt=D OR (J,<.;EJ> WITHOUT 1~5 4 6 9 ' - -r 1'.A 1/HCl!l I h1c1013 3 
Ol/R PEJ:.M!SSION J lY I SllEET Sllf.'ETS 
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(:200 

-
8AMJ111eHLllie pat3 

RAD VAMI LENING 
l/11R /1HrJJ1ftCKOfi </>J f PMfi/ [5),/JPAT A,1. 

n./i!lf1 KOM 
zJm1111;;p l.fczzrnulK f!J11>i,~'rr:c-:;, FoR ~HAr:A r AL_uMlN 
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I N T R 0 D U C T I 0 N 

A F~asibility Hepnrt for modification of the calcination kilns for saving power (fuel) at 

Korl~a alumina plru.1.t in India was prepared on the basis of the contract No.82/61 between the UNIOO 

and V/O "Tsvetm.:d;promexport" • . 
According to the Protocol dated February 4, 1983 (New Delhi) between the Indian Customer and 

the Supplier and in accordance \Vi th the UNIDO' s protocol dated April 22, 1983 dealing with conai'ie-· 

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 or an alwni.D.ium hydroxide drying zone, passing the dust from the electrostat 

precipitators into a kiln's cooling zone and improvement of a fuel oil burning process; 

stage II- installation of the fluid bed coolers instead of the existing planetary coolers; 

stage III- replacement of the eixisting 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 III 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 I.ndian equipment and materials in mind, For the third stag 

~quipment can be supplied from the third countries. 

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

modification a.nu sources of their supply are Given in the following table. 

I 

J 
I 
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l S/N 1 -- _ .. ___ -----

! 
Description . 

I 

1 1 Equipment 

- from the lJSSR 

i - from India 

Sub-total.• equipment 

2 : ~terials 

- frolll the USSR 

- from Indiu 

Sub-total, materials 

3 1 :rotal equipment an.cl materials 
including 

from the "JSSR 

from Inc.i.a 

Supply of eq~pment and materiaJ.s ----------
for I, II 

stage 
, III for I ~d ·rI s;ages 1 for III stage 

---
1 weight, t 

·1 ·-

I 5,69 

l 477,19 

! 482,88 

I 
0,73 

1884,57 

1885,3 

2368,18 

6,42 

2361,76 

' I 

I % weight, t 1 ~~ iweight, t % 
I 

I I 
: 

I 

i 

' 1,18 2,87 1,4 2,82 1,02 

I 9a,s2 
f 

202,49 98,6 I 274,7 98,98 
' I 100 I 205,36 100 i 

27'? ,.52 100 
I I 

I I 
! 

0 ,OL~ 0,45 0 ,ON· I 0,28 0,03 I 
I 

99,96 1068,66 99,96 815' 91 99,97 

100 1069,11 I 100 816,19 100 

1274,47 I 1093' 71 

0,27 3,32 0,26 :; ,.f. 0,28 

99,73 1271t15 99,74 1090,61 99,72 
··- - - .. >· .. ·-· ···-·-··- ..... _ .. ..__.. ----... _ _._...._.... -

2 

J ,,,,. 

I 

I 
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The following should be noted to facilitate use of the data presen~ed: 

- the equipment and materials to be supplied from India will be specified, 

- t~e equipment and materials shown in the lists where no supplier is given - to be supplied 

from the USSR. 
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I. LISTS OF EQUIPMmT AND MATERIALS FOR THE FIRST 

STAGE OF MODIFIC."i.TION OF THE CALCINATION KILNS 

4 



. :l i~ 

~u m:corl!tng 
1 

10 h•cl1nologh.:al 
flowsheet ! 

1 

2 

-3 

4 

5 

6 

1 

Trans. 

~l) 

5 

I I 
Net wcli,:lit, kl-! 

I • 
Whom to 

Numc und kl'lllllcul eharaclcrlsth:s 

Type, 
hrund, 
11111del, 
l'I pller 

'J111t 
ui 

lll~'ilSU• 

fl'llll'lll 

vuall· : I I 

lily i of one I totul 'I be supplied 11 

piece , 

I 

: 1.1. PROCESS DESIGN 
I 
I 
I Section 1.1.1. Equipment 

:randling equipment 

! .Pnewnatic transporting apparatus 
I 

VANJ. 
g. pee 2 250 500 

I 
I 
I 
I 
I 

I 
I India 

; Cyclone dischargei•, dia.600 ':.l".l I 1 

; ·.·:~_".:;h u fluid bell s0aJ. " ! " 2 500 1000 
I I 

-"-
' ----- - ----- ··--··----··------· 1-··· ·····- ,----·-·- ---~··-··· ·--··-·--- ----·--1------
: •rotal I 1500 
. I I I Valves and fi ttLYJ.gs . 1 

I 
st~el valves and fittings 

i 
! Section 1. 1 .2. Iflateriala l s;;ructural steel 

l st~el pipes 

iLinine materials 
I I 

11.2. Inst=wnentation and Automatioh 
' Section 1.2.1. Equipment 

ln!:itrwuentation and Automation 
:~c;, i..:.ip!!l.er'.. ~ 
:.'.eusuri.ng transducor-f) ow meter JJI8P-=ti pee 4 10,5 

1200 ; India 
I 
I 
I 

I 
24100 : India 

11000 \ -"-

160000 I -"-

42,0 

11111 ll:\~\lt. laK. 5G4-oUU0. lti·l:\·75 r. 



~OS l 
'\u <1ccort11ng I 

!L'ch 11ulu" kal 
-flows!1L· .... ~ I 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 

Trnns. 

No 

• 

!'Jume and tccirnlca! characterlst!cs 

Type, 
bran ti, 
mud el, 
cipher 

Unit 
of 

rm·asu· 
fl'ntl'llt 

' Net wc1~:1t, kg 1

1

' · 

IQ -uun- I 
1 

ttty of one \ to~:il I 
piece 

6 

Whom to 

be supplied by 

Single-channel secondary indica- IA-502 
11ir1b device pee 4 I 8,5 34,0 

Chamber dia:phr8.IIJ6 

Indicating manometer 

Total 

Electrical Equipment 

Ci!:cui t breaker 

Trunnformer 220/36 V 

JU\ " 4 10,0 40,0 
I 
I " 6 1 5 9 0 

I 
I t t 

, - ~ - I - 125 

I I I 
! I I I 

A-631 pee' 10 I 1,0 ! 10,0 I 
OC!,,I pc e 1 i 8 , 5 8 , 5 I 

MTII 

Cabinet-type panel 2200x600xG00lIWlltW-3.U , pee 
I 

2 
I 

109,'1 
I 

218,21 

TotuJ_ 

Vu~.ves CLil.d Fittings 

Cost-iron valves and fittings 

St:!l.!+.;ion 1.2.2. t:aterials 

Struc turul steel 

Steel pipes dia. 15-50 

Cables 

Electrical installation materials 

. · 1 -·- .. ···-· ·--· ·- ! ··--· 

I 
I 

m 

km 

. ! 

300 I 

0,6 

- __ , --------·· 1---------
237 ,oi 

! 
11 ,2 ! 

I 

India 

100,0! India 
I 

200,0\ India 

80,0 

80,0 

I 

B..\MH. lait. 564-8000. 16-IX-75 r 

•' 



• 

!! • LIS'l'S OF E'<lUIPf~T AND MATERIALS FOR THE SECOND 

S1~~·.'3E OF r.iODIFICATION OF THE C.ALCJNATION KILNS 

(INSTALLATION OF THE FLUID B~ COOLER) 

? 

j 
,,,. 



8 

NOS I I I -, 
I 

I 
Type, Unit I Net weight, kg .. 

I Trans. Quan- I Whom tu I bra ml, of ! '.\Ju according I I Name and technical chanicierlstlcs 
t• tL•chuolo~tcal No I 

I 
model, measu- tlty of one I tolul I be suppltd by I 

I cl pilcr rcmc11t piece tlowshect I 
I 

!2.1 •• PROCESS DESIGN 
I 

I I • I ! 
Section 2.1.1. Equipment I ! 

~.~ain Process Equi:pment 

1 I I Fluid ·bed cooler with fireday se-1 V.AlAI 
pui·ato.r and cyclones drg. I pee ! 2 I 92300 I 135000 i India 

I ! 

including: 
a) steel "CT3" I 75000 I 150000 

b) stee1·12x1BH10~ 
I 

I 1 :?5Ci0 27000 

c) heat-resistant cast iron ! 4000 8000 
I 

Fun~, blast blowers I 
I 

' 
I 

2 I I Fan with 7~ kW electric motor ~JJl1-I2,$ " 2 I 2500 i 5000 I India 

3 r \ ~last blower with 30 kW electric I 
• I TI'-65-1 

l!l.Otor 1-r ,06 I " I 2 I 1270 i 2540 i -"-

Sanitary Equipment 
4 I I Roll-type filter lt)Jt.py4a I pee ! 2 I 428 I 856 I India 

Valves anu Fittings , I 
I 

I I.ndia .... I Steel valves and fittings ! ! 4800 ;) 

I I i I 

i I I 

I I I i I l 
I 

Tur: Ji.\MU. :taK St:i-1-8000 lti-!X-75 r 



NOS f 

' 
tecl111olui:l\.:all 
f!owshcd 

6 

- - 7 

8 

- - 1 

2 

3 

1 

I 
I Trans. I 

Name and technical characteristics 

I Type, 
\ bru11t1, 
1 rnudd, 
! cl plier 

No I 

I 
t 
I 

i ~~ction 2.1.2. Materials 
I 

' 
i Structural steel 
I 
j Ste~l pipes 

I Lining materiald 
I 
I 2.2. ELECTRIC.AL DESIGN 

I 

I 
I Section 2.2.1.Electrical Equipmen~ 

Con·trol board, large bloclt, open 
de::;jign 

Local control cubicle 

j Total 
I 

Section 2.2.2. Materials 

Cables 

2 .3. r:;sTHU!~lliNTATION AND AUTOMATIO~ 
Section 2.3.1. ~quipment 

!rtetrumentation and Automation 
Equipment 

Resistance thermal converter, 
cog~rnr 

I 
I 
, TCM 
I 
I 
I 

n. BAi\ut, 3aii:. 564-8000. 16·1X·75 r. 

Unit 
of 

meusu­
rL'me 11 t 

st.pan.I 

I 
I 

st.pan , 

pee 

9 

Net weigh, kg 

Quan-1 I 
ttty of one total 

piece · 

Whom to 

be suppllcd by 

4 300 

l~ 80 

2 o,a 

40000 India 

62000 India 

?70000 India 

: 1200 I India 
t 

I 
I 320 1 -"-
' ' I , 

j 1.520 
I 

1436 j India 

1,6 

,.--



NOS f 
I 

No according j 
to technologlcal 
~ ~lowsheet I 

2 

3 

4 

5 

6 

? 

a I 
9 

10 

11 

12 

13 

14 

I 

i 

Trans. 

No 
Nume and technical characteristics 

I r_!:11erma1 electric transducer, 
I c!U'omel-al W!J.el 
I 
I 
I 

Industrial therwometer 

Measuring transduce1• pressure 
\~i:!."1\:ren tial meter 

: ~.~easuring trun.sducer mao.ometdr 

I ~cusuring transducer flowmeter 

! !.leasuring transducer of low-
1 lev~l 3iGnuls 
I 
I Single-channel secondary recor­

d.in;.~ device 

Type, 
brntH.I, 
muJcl, 
cl plier I 

I 

TXA 

II-4 

T~. •r '111 ,..-t1l.;..-;;.,, 

1rr3 ? (Tlf : 

~· ... --~·•U I 

lmrr:in ·~ : r\ v. - .. , i 
, I 

0-?I 

A-542 
I I 

Double-channel secondary 
device 

record.in$ A-5421 

indicat~ I 

. 
Sincle-channei secondary 
<.levice 

I lilectric actuating mechan~sm 
I 

Contactless starter 

Position indicator 

Mu.nual control unit 

: A-502 
I 

I :~130 
I ITBP 

.I1YII 

EPY 

Tam. BAMH. HK. 564~. lti-IX-75 r. 

Unit 
oi 

measu· 
Tl'tllellt 

pee 

" 

" 
" 
" 

" 

It 

It 

" 
II 

" 
" 
It 

l Net weight, kg • I 
Quan- I I 

tlty of one I total I 
piece i 

I 
I 12 i . 

4 

16 

6 

20 

1l~ 

18 

6 

26 

14 

14 

14 

14 

1,2 

0,9 

10,5 

4,0 

10 '.s 

5,0 

9,5 

10,0 

8,5 

30,0 

i 7,0 , 

0,7 

1,2 

1l~, 4 

3,s 

I 16s,o 

24,0 

I 210,0 
I 
l 
I 70,0 
I 
I 

I 
I 

171,0 

60,0 

221,0 

l~20 ,o 
98,0 

9,8 

16,8 

IO 

Whom to 

be supplied by 



:'\OS I 
I ;ype, 
I Truns. 

~o u1.:ccru!ng i 
I 

~ume anti tec!rnlccl churucterlst!cs b~~l ~ld. 

tn ~ecllnoic;;kal! No model, 
' Cl p:1('f !!owsheet I I 

15 l ' ~egulut:..ns device : "P'14 • .l.. 
I 
' 

16 I Sicnal conversion unit -r.r -· 
I I .D.J~ 

I 
I 

17 I i ·:-r~dicators' unit I 

3:2 I 

18 I I Se"'.;ting unit ! "P3 "'T ...... 
19 Concuctive separaticn ~it I Ei\P ! 

20 c;w.~ber diaphragm ::f. I 
I 

21 I Co:..d. water meter:,'l va..YJ.e-"ty"pe "T....,..,., 

~-
... .---- --1 ~10 tal 

i 
~~~ctrical Equipment 

22 I ' :::.::lectromagnetic re~ay P:Y I 

23 I l Illuminated in~icator board ':'C5 
i I 24 i Control pushbutton I<'3 ' ! 

25 i I Ci.re ui t brea.~er .. 1"'3 
I .t-l,,-0 

26 

' 
r:'..'re...YlDformer 220/36 V oc:.: 

27 i :ncun.~escent !amp p·-· 
I .i. ............... 

28 :?: D.;_; socket "':.) 
........ 

TU!:. lir\MU, JaK. 55~-80:JO. IG-'X-75 r. 

L~n!t 

; o! 
1 I!:l'<!SU· 

re::i~e!1~ i 

' I ?Ce 

" 
: " i 

u 

" 
Tl 

" 

pee 

II 

I' 

" 
" 
II 

ll 

I :\ct we'.~ 1 1', kg-! 

Quun- : ! 

t!ty I of onQ to'. a! 
:_:-!ece 

"' ' 6,5 '13,C c. I 

2 I 6,0 I "':2,0 

2 0,35 0,7 

2 I 0,2 0 l;. ' . 

2 i 6,0 '12,0 I 

: 
' ' 

20 I 20,0 I 400,0 ' i 
! 

2 
i 

"1L:.,C 28,C ! 
i-------~--·-

· "'05L' ' I ,,., r 

20 "': ,0 20.c 

'10 
: C,) :;; n 

..... '"' 
6 0,2 'i '2 

' : 
7C ~,c ?S,C 

? e,5 ,,. r-: ('\ 
: { ' """ 

38 0.05 ~,5 

L;. C,'1": 0. '+'+ 

....... 

..i..-

\\r ', r;~!1 :1~· 

~C! S'Jr\;''!r~'~ '" 



'.\iOS 

Trans. 
~o al..'cord!ng 1 ~t:c:1110'.ogh:al1 No 

flows'1L·c~ j 

29 

~ome and techn!ca! c:rnracterlst!cs 

Ca~inet-type panel 2200x600x6CO 

Type, 
brnnd, 
moue!, 
ctp!Jer 

"i"" ':J •• 
: ~.!-\,,)' ...... 

Un!t 
o: 

!f.L':!SU• 

"l·~r~ e ~ 1 
•. 

pee 

:\et we!ght, kg ! _ _:_ _ _, ___ _ 
o~rnn- ! 

tlty 

'+ 

of o~~ 
"'~e~e 

109, 1 

~~tc ~ 

L+36' ·+ 
1:

1
otal ____________ -·------- --· · -·-·--·--1·-----· -·-:-------··----·-----

. ' 550 

30 

3 

31 

32 

33 

34 

Valves and Fi ttL""lgs 

Cas~ iron valve~fittings 

S t . 2 -,:. 2 ,. +- • , ec ion •./• ..... a..,eria .... s 

Struc·~ural steel 

Steel p~pes dia. 15-25 

Ga'::>lez 

72ectrical ~.nstallation ~.ate~~als 

:!. IJ.-\.\tll, JJK. 51.i-l-oJOO. lG-!X-75 r. 

65,8 

300 ''.:; 

m '15C 120,0 

kn ,, '7 . 2-;o,o 

·30,C 

-""' ... (, 

\\tho~ ~') 

1Je supp' !~c' ~y 

"T" • i ..... ".lW.a 

~.,.., ,~ i ~ 
-·-w•••'-

:::nc.:.a 



3. LISTS OF EQ.1,,;'lP~T A-~J :.:A~ERIALS FOR T:-IB TI-:L.P.D S':AG:S 

OF THE CALC1!~ATION SHOP RECOSSTRUCTIO~ (IXSTA-r,;.A~IO]' 

OF THE FL:."!:!) BED CALC:C;ATION 'UNIT) 



:'\us 
Trans. 

'.'\o ui.:cord!ng 
17..:!1r1~!ui,:ll.:a! No 
ftOWS!ICCt 

I 
I 
I 

-1- -
f 

1 I 

I 

2 

3 

4 

- 5 -

".\!ume and tcc:rn1cnl r!iarncterlstrcs 

; .• ..., • PROCESS DESIGN 

C' .1-· '>' ..., ..., ";i' • t i >Jee i..ion :;; •.• , • .-..CJ. uipmen 
. 
i !.':u::..."'l. !'recess Equipment 

F::. uid bed. unit 

i..-ricl ud.ing: 

u) steel "Cr::13" 

~) steel "1~X:;i70" 

Four-cyclone battery, dia.~370 

~Ota!. 

~'.cJ .... "'ldl; ng :'.".!":q_ uipmen t 

Screw ±'eeuer, dia. 500 mm with 
22 kW electric ootor 

Eel~ coveyor, 500 mn wlde 

I 
~' 

Type, 
branc, 
llllld c:. 
Cl P~1e!' 

V~tl 
dxg. 

" 

v &..12. 
d.:g 

L·n~t 

of 
!Tll'i!Stl• 
re~~!n::~ 

?Ce 

" 

II 

" 

Qu:i"­

t!'.y 

1 

1 

1 

2 

l 

! 

.\:et v,·c~!~:'.·::, '.:rr 

of Or!'.! 
p'.ecc to:a: 

223500 

"'.53500 

?JOCC 

7CC>J 

2,;·0.50C 

"'.OOC 

3000 60(;0 

..,. I. . .... . 

\V'.H.':'.1 !c 

Jc su:)~r'!eC !Jy 

I:::.~a 

-"-

I..."'!c'!.i s. 

-.,.,.,/'".'.!,.. 
...... - ..... __ c.:;,. 

-----------------------·----- -------·---·---- .. ______ . --·------ i-----------1-----····-
~otal 7000 

l•'un.s, .Glowers, Pumps, I.D. Fans 

::'o...~ with 72 ~r..'.'l electric n.otor B ,.,.,_~ .,.r-. ~ 'DCA 
,_,.:_-_,c '•-1 ... - '1 25CO L-;.C.ia 

!!:. BA:\U!. lax. 564-8000. 16-~X-75 r. 



:5 

:'\US I ' I ~et we! g~~t. kg-Type, I L'!;!t . I I 

Trans. I t-rnnd, I of j Q:wn- j \Vl-'C!"'l ~o 
'o according i ~ame and technical character~s:tcs I 
kc~111olo~lca!' No mode:, I meusu- · tlty · o! one ~otal I J e S '.;I~~'.~ c ~ \) y 
f!owslted I clp!1cr I rcment I piece I 

6 I :'.Jl.ower with 125 k'N electric motor i B-'15/ pee I ! 1 ' 3200 ! :r..cu ! 
15C'J 

7 i ! Pneumatic chamber pUlllp, dia.1800!IlI!l TA-29 pee 2 i 8000 ":6000 ~iii a 

8 I ' I.!:>. :fan with 172 kW electric . 
l!l.O tor I ::F-2') pee "' i 8L:.CJ ,, 

j ' . - -: ~ ... >JN 

~otal I I 3010c 
I 

Sa..'1.itary E~uipment 
I 

9 I Rol::.-type filter . tJ4"!)yL~A :pee 1 i L:..28 I :;:nd_j_c., 

Valves and Fittings 
I 

I 

i Steel valves and fittings 10 I 

' 

I 
I 55CO :=.di a 
i 

.Sect:!. on 3. "1. 2. !.Io.teria:s 

11 I ! Structural steel ; 
7::'.·000 ~C.ic3. 

i I I 
12 I : Steel nines '2"1SCO I-''-I . - -

I . 
"13 I i !.i:'._11::_.'1.g :ma:t;erial s 72COCO -"-

' 3.2. SLSCTHICAL D~SIG~ 

.Section 3.2.1. Electrical ~qu.i.pne~t 

1 i Con~rol board, large-block, open 
C::.es:!..gn r-t. P® 3 30C : 300 

~ , . 
'""""(' ., ,., -•--(,,... 

I 

11~. !3 . .\.\\!f, laK. 554-8000. IG-'X-75 r. 



:\JS 
Trans. 

'o accord!ng 
tec!rnolo\..:!c..:ali No 
f!owshect j 

2 

Nume und h!C~1nlcal cliarncterlst!cs 

Local control cu~icle 

Type, 
br~t;1C, 

!11UdL'!, 

1.::p:1c~ 

L·n~~ 
c: 

!1!e~~s·J· 

r1:Cl' .. '!1t 

Qt:~::-

t!ty 

~~ "1"'1<:1"' 3 ...... ~·J.:"~-

:\et weg~:!, ~~-~ 

'J! O'!C 

p!ece 

80 

tc·.:~: 

2L~0 

... ,. '., 

\'/~·':;·~ ~C· 

~)~ St!p~'.:1~( ':.,1y 

L'1.C.::.a 

::::otal ----! --- i------·-1•--------· ·-------- -----
c· '-' 3 2 2 r• .+- • .., .... ec· ... ion • • • •1.a ,,,.erJ.aJ.. s 

3 Cu~les 

3.3. I.NSJRtTh:ID1TATION" .A!m Al~~:A~:QN 

1 

2 

3 

4 

5 

6 

Sec t::.on 3. 3 .1. Equipment 

Instruma.~tation and Automation 
~qui.pm.en t 

Hcsistance thermal converter, 
copper 

'.:.'21e.!.'mal electric transducer 
c:l.I.'ome:!.-ul ureel 

111.hermal electric transducer pla­
~il1um-rodi. um - platinu.=i 

!ndustrial thermometer 

~:easuring tranducer-me.."l.O!:l.eter 

!.:easur:..ng transducer :pressure 
~~fferen~ial meter 

111~ UAMlf. 3aK. 56t-8000. lt>·!X-75 r. 

IT1f"'I~· 
.L V-•~ 

rr:~:A 

m,-.., .... 
..:..~.:..:.1 

.,.,. 
~ .. -':: 

:.:rn 1 

,.:.,:3-~,·~,1 

!)Ce ,, 0,8 

" ":0 I '1'2 
I 

I 
" 2 

I 

"1,2 

" 2 0,9 

" 1 4,.., 
'"" 

" ;; 10.5 

.,,. ,. L!.1J 
. I 

"1'147 

0.3 

"12,0 

2,4 

·:, 3 

4 r. ' .., 

7.'1,Cj . . "' 

=:ic..i.~ 



~" ', ' '_) 

I 

o c.ccordlng I 
!\.'l:hnologh.:al 
!!ows'll'd ' 

-7 

8 

9 

"10 

~'1 

12 

13 

14 

15 
4r .o 

17 
-"'18 

'l 9 

2C 

Tra!1s. 

No 
'.\lame und tcchn!cal character!st!cs 

!:.easur:!..ng tra!l.sducer flowmeter 

Measuring transducer o:f low-le .. :el 
sl.t;~a2.s 

r·.!easuring ·t;ransducer-head.Ineter 

E2.ectrical pneumatic transducer 

Sin~le-channel aecondq.ry recor-
~ dJ.nG c!.evice ·· 

:'.)ou';J:!.e-cha."1..."'l.el secondary .recor­
('.J.nc; C:.ev::..ce 

Single-c~a.nnel secondary indica­
-tin.;.;:: (levice 

!fo:-t'.2.<:~ting device 

~e,·_-:U:~::;ing device 

, 3et·t;ing unit 

Cond~ctive separation ~it 

S:'...t:.!2.:tl conve::sion unit 

2:nC.icb.tors' uni"'-' 

Sett:L'lg U.Yli t 

t. BAMll. 3aK. 564-8000. IG-!X-75 r. 

:\cL we~~~ 1 ~, kg TypL', i Un't 1 

brand, ' of Quar:- 1------.,.------

mol' e:, i mt.·usu· t!ty 
c!~)~L'r 

1 

rer~1~·~: 

'....,. ·'".:\'D • " 
I'-,.~"'"""--~·· 

~7I 

~'".:\"'I •,<!fl' 
~"·"" .J -.~.J ... 

3~ 

A-542 I 

A-5L~2 

A-502 ' 

:?17 

I PIT~' I ... • J: 

I 

'o::iy ...... 

...... yrn 
I l.Jl~ 

"r),l"1 T? 

-v.U. 

:s--:2 m 

")r:'.,,. 
-U,1-, 

pee 

" 
" 
uce 

" 

" 

" 
" 
" 
,, 

" 
" 
II 

" 

"j-: 

13 

-;3 

'1 

17 

5 

'12 

2 

.., 
I 

3 
,, ,,,, 

3 

3 

3 

of or:~ 
!)'.CCC 

.... "' 5 ... ' 

5,0 

~o 5 
' ' ' 

5,2 

9,5 

10,0 

,3 '5 

6,5 

6,5 

0,2 

i 6,0 

6,0 

0,35 

0,2 

to:n: 

.... ..,~ c 
' ':J • ,/ 

65~0 

"136,5 
:; ,... 
,,,, ' c:. 

461.5 

50,0 

.... '"'~ ("\ 
'\.I<::. ' "' 

13,c 

6,5 

O,G 

-:s,c 

~8,C 

1,05 

0,6 

T­
.. I 

\\" ', O!:! ~O 

be st:'J'.''.' · 1 JY 



:s 

' 
1 

•' :'\ (l~ 
I Type, t::;!t ' I :\et weight, k~ 

Trans. I of i Qua!!· j 
I • 

W'.10~ 'u 
<!CCO~Ulng I i !\! ame and techn lea 1 charncterlstlcs brand, 

\ 
I 

n!ud L'I, 
I 

'.h::: uu!ogl~J I: No I meusu- 1 tltv of one ·.eta: bfl s~pp'.!(!(! ,..i:,' 
I Cl pile: I rer.lL'!lt 

1 

• 1 r!cce ow sheet 

' ~,,., 

r :S.":.eetric actuating mechaniso I '""O ! pee 7 30,0 I 2'10,0 ~1 

I !"i.v 

22 I i Co~tactless starter i GP " 7 7,0 49,0 I 
I t 

23 I Po si ·t;ior. indi ca. tor ; xr. II 7 0,7 4,9 I 

I I .I.• 
' 

I I I I 
I 

2'~ 
I r.:a!l.uul control unit ; .,....PY " 9 

i 
., '2 ~0,8 I ' .D .... l l 

I I I 

25 
' 

. : Automatic gas analyser (oxy5en) ! •irµ I set ,., 
I 77,0 77,0 .~-.. I i 

i i 
26 I 

I 
Auto~tic gas analyser (C02 ) ! m~ set 1 43,0 I 43,0 l -·· 

27 I I Fuel oil r.leter I er:. se~ ., 56,,0 56,0 I ' 
I I i 
; I 

I 28 I I Cold. water flowmeter, vane-type ! BT pee 1 11.;.,c ':4,0 
I 
I 

29 I 
C".1~n1ber C.iaphragm I J:\ ' -; 1 ' 20,0 220,0 I I pee 

I I 

30 i Pnour:1atic actuating ~echanism I rrny I 

13,5 --i3,5 pee 1 I 
I ._.u 
I -------·-.. --·~··-·· ----1--

'l'otal 
I 

-; L:.1..!,.J.;. 
i I 

I i 

E2..ectrical Equipme=..t 
I 
I 

31 i j Tr.yristor electric drive r: .. /''T' set 1 i I 970 I ""'" ..... I 
I 

32 I I R!.octrocagnetic d.!'ive ?.....,V 
}.)Ce 15 1 ,o ~3,0 .... J.., ' ! 

33 l :llU!!linateQ indicator board r:ici:::: ... ~ pee ~o 0,3 3,0 
I 
I 

34 I Cor..tro:!. pushbutton 'l"r'ri 

.!~~ pee 2 0,2 0,4 

e,\.\\11, 3aK. 56-1-8000. 16·!X·75 r. 



... a 

.< . :) l ' I Net we'g'.1t, 1«; i Type, i Unit i -; Trans. , of Qu!!n- , ~ Wr'.c~ ~o 
ccorulng ! ' brnnd, I I Nume and techr.!cal characteristics 

\ measu- t!!y I 
~r~motoi.:t\.'.al' No I 

model, of one to'.al be !;Up~'.!ec'. 1JY 

ws~1el'l I ' 
c!p!1er 

1 rement i \ p!ece 
' 

I I I I 

45 I - 3-5- ! Circuit breaker I A-63 I pee 1,0 I 45,0 I 

/I I ! j 

36 I I T!'ansformer I OCM i pee 2 I 8,5 i "17 ,O I i I I I "='T.r.I 
I 

37 I ~ 
!Iica.Y'ldescent la?:Ip ...... i pee 40 I 0,05 2.0 I 

I 

I 38 I Plue socket iiP I 
2 0,11 0,22 ! pee I I ' I 

39 I ! Cabinet-type panel 2200x600x600 I ~-3.1l I nee 3 i 109 91 I 327,3 : - I 
! I 

~otul 
! ' "1320 

' I 
I I I 

Valves and Fitting 
I 
I 

! 40 I Cas~-iron valves and fittings ' 30,8 I Ind.is. ! I 
- - - - ~ 

Sec~:!.on 3.3.2. Materials 

41 i Struc·tura.l steel 200,0 I:ld..ia 
I 

42 I Ste~l pipes d.ia. 15-25 tl 200: "160,0 I!lc.ia 

1,51 45 I I Ca"bles krn. '193 '0 ! 

_ 4_4 I I EJ.ec~rical installation materials 90,0 

.\!\m. JUK. 564-8000. 16-!X-75 r. 
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~-" 

:-,-----,-. 
l '::0 ·: {._'_.. i S/N I 1 stage Description 

""' c -'- c; .. ~ "• ! I ...., .. ~-:... ~ ' I 
l : . +.-. ......... ,..,o·e ' ! I c.. - ~ ,.;:,:_, I 

2 stage 3 s";ase 

----... -·-- ... -· . _ .... -.-..--.. -..... -~~ _ .. ------·-·· --·------·--- r-------
Eq uipmen t· l i l 

1 I ?.!ain pl'OCeSS equipment l - ; 185,0 '"85,C 230,5 

2 

3 

4 

-5 

6 

·7 

I 1 

2 

3 

4 

t5 
I 
I 

Electrica~ et1ui1)I~~cnt 

Handling equipment 

Fans, blowers, pumps 

Instrumantution a.~d automation equip~ent 

Sani ta:ry ec:!U:._pment; 

VaJ.ves and fittings 
-- -·-· .. 

Sub-to 1.;ul: 

~ateria.2.s 

Structural s·~.;}el 

Steel pir-es 

Cables 

Electrical in.sta:lation. me.tcr:!.uls 

L~ning materials 
- -Sub-tot al : - --- · - - - - -- -

0 ,2L~ 2.,07 

'1, 5 

7,54 

0 ,"13 '1 '95 

0,86 

1,2 4,87 

r ~ r.7 20? ,.,a-l 7,...., : ~,~ .... 
I I 

24,-1 

"".1,0 

0,08 

40,0 

62,12 

' 1 '65 
I 

".:' ;i; ... '-,,.,, ' 

'1 '5 
7 ,54 

2,08 

0,86 

6,07 

205 ,36 

64-, "1 

73 ,~2 

'1 '73 

I 2,52 
I 

i 

7,0 

30' "1 

"'. , L!-i'.j. 

0,43 

5 ~~ ,;'/ 

277.;.~ 

7~ f"I 

..... '"" 
2..., '76 

1,34 

o,os I o,os o,--:6 ; 0,09 
I i . 
I "160,0 : 770,0 930,0 ; 720,0 ·- ---··- -- -· -·· ·-- -- --- ---- - -i--- -- 195, 20-/- sz?-, s5~--~c69,-; 1 --t - 8--~:3. ---------- - . -.. ·-- -· -- . ------1- --·-- --- . ---,_ -- . _______ ,. ___ - . I 

198,33j "1076,...,4) 127L!.~· 1 7 1093.~-;_, I I -··· --· ----------·-- ----· 
TOTAL: 

"----·--··-- - ·--... -· .... ·-·-··--· ·--·-···· --- .. _ ... ___ ------·-------·------- ----------· 
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