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INTRODUCTION 

This Feasibility Study has been prepared on demand 

by l!NIDO , Vienna . 

The works were financed by VNIDO within the contra ct 

signed bet ween UNI DO and P ZO POL YTECHN A , Prague , 

Czechoslovakia . 

In order to prepare this study , a mission composed 

from experts-consultants rendered to Madagascar in February/ 

March 1983 . 

Them ission was composed from the following members : 

- Ivan T. Eorvath , team leader , expert in cement 

industry and ind us trial economy 

- Ant on Mikula , technologist / mechanical engineer 

- Igor Ko ste lny , industrial / mechanic al engineer 

During their stay in Madagascar the mission collected 

various data and made following i r1 vesti gat ions . . 
- Pres ,_.nt and f ·.1ture cem ent supply and demand 

in Madagascar ; 

- Existing geological and other data on raw materials 

and coal ; 

- Yugoslav proposal on extension of the cement plant 

in Am boanio ; 

- Examination of relevant studies concerning the sit uat -

ton in cement production , supply and demand , co al 

supply and market of cement ; 



- Available documents and data pro-:rided by Malagasy 

authorities concerning to project financing and 

in .restment policy . 

In order to obtain a genuine idea on cement industry 

of Madagascar , the UNlDO mission paid visit to the bui Id ing 

site oft he IBITY - ANT SIR :\BE cement plant and to the exist­

i ng cement plant in AMBOANIO - MAHA JANG A • 

Them embers of the UNI DO miss ion express their thank­

fu ll ne ss to the engineers and specialists of the Ministere 

de l' Industr ie et du Commerce , Direction des Mines et d' 

Energie as well as of other competent Malagasy aut ho rit i es 

for their interest for the project and their amiability and 

c ooperati on • 
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1. EXECUTIVE SUMMARY 

l .1 • P roject Background and H istor y 

l • 1. 1. Promoter ------------.. --
Tanin d ra zana - To lorn - Pi av ota na - Fa hafahana 

Min is try of Indus tr ie s and Commerce 

Antananarivo 

Democratic Republic of Madagascar 

Furth er exploit a ti on of large deposits of good quality raw 

materials suita Jle for cement production : limestone and marl. 

Increase of cement production capacity to meet local 

requirements for housing programme , social and industrial 

construction programme , development of infrastructure • 

l • 1. 3. Market Ori en ta ti on 
-------------------------

Production of the pl an ned cement plant is o rien te d to local 

market to meet local demands • Cement exportation is not envisag­

ed. 

I 11 order to accelerate in dustr ia li z ati on oft he Malagasy 

Democtrati c Republic , it is essentia 1 to establish an adequate 

basis of construction materials , especial I y of cement • 

Taking account of territorial distribution of cement production 

capacities , the Government adopted st rat eg y to erect three 

new cement p Ian ts • The central part of the Is land wi 11 by suppli • 

ed with cement from the ANTSIRABE - I BITY plant , the northern 

part from the MAHAJANGA • AM'dOANIO plant and the southern 
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part of the Is land' shall be supplfed fr om the· envi"saged: 

TOLlARY plant • 

1-mplementati on. of the cement plant project in· AMB0ANI.@·· 

is· justified by the facts given· be-low·:: 

-- In AMBOANI'O , th ere a re considerable de posit 5' o:tr 

essential raw m.r. te rials suitable for cement production· -

- limestone and :narl , both of good quality • 

- The machinery a.:id equipment of the existing C'2ment plant 

in Amboanio is -2Ut - of - date and show a rather advanced 

degree of wear • There is a risk that the plant shallili«' 

s hut down wi t hi :i 2: ~ 3 · yeans: •. 

- F or opera ti ona. ~ purposes of the new cement plant ,. it is; 

convenient to m:L~e use of the skill of po;;!rs onnel of the· exi:st­

i ng plant •• 

-· The new cement ?la nt may use the au.'{ill a ry equ i'pmentr and! 

the· infrastruc-:u.re of the existing pfanti •. 

1.1. 5. Pr oiec t 13ac k~:-aund -________ ... ______ ........ -,. ...... , 

The Amboanio c er.:'2nt plant ras hccn in operation since 1934 
with initial producti.:m capacity of 30 000 tons of cement per· 

year· •. 

The plant was rebuilt in 1956 to the pr eduction" capacity· 

of 70 000 tons per year •. 

The machin cry and equipment has b ecn in operation til 1 now 

and at present shows al ready an ad vanccd de grec of wca r.· •. 
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The present production of 35 000 tons per year I 1982 / 

i s very low and economically inefficient due to ob so let e 

machinery and equipment • 

Malagasy Government decided to extend the production 

capacity by an additio·1al kiln installation , wet process, 

to a capacity of 1250 tons per day. 

The in sta 11 a ti on should have been supplied by the Yugoslav 

INGRA Company • 

The Yugoslav project proposed production of 500 000 tons 

of cemc> nt per year , thereof 50 ~~ for exportation • 

The Malagasy Government abandoned the project because 

of high in vestment and production costs and unfavourable 

conditions for exportation in the region of the Indian Ocean. 

This Study takes into col".siderati on all the e xis ting 

conditions and proposes an op ti mum plant capacity and up - to -

- date t ec hnic al and economical approach to the problem of cement 

production in Madagascar in two alternatives • 

1 • 2. M ar ket and Plant Ca pa city 

l .2. I. Demand --------------
Production of the planned Am boanio cement pl ant is expected 

to enter the market in 198 8 • That year , total demand for cement 

in Madagascar is estimated to so me 380 ~ 440 thousand tons • 

At that time , in Madagascar cement wi.11 be produced by : 

- thelbity-Antsirabe cement plant 

- the planned .Amboanio ce :i1ent plant 

TOTAL 

180 000 tons per year 

250 000 ton s " 

430 000 tons per year 
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This implies production of cement will meet expected 
d emdnd for c ement • 

Exports of cement are not envisaged • 

Aft er reaching the de signed parameters the pl an ned cement 

plant wi 11 produce 250 000 tons of cement per year / 220 000 tons 
o f clinker pe r yea r / • 

Cement will meet the r equirem en ts of the French Standard -

- A FNOR NF - P 15 - 301 / Dec. 19 81 / , c las s 4 5 • 

Production of 250 0 00 tons of cement per year maybe pr ovid­

e d by one of two alternatives of technical solution of the p la nn­
ed cement plant : 

- A ltern a ti v e l - rotary kiln with exchanger , 700 tons 

of clink er per day 

- Alternative 2 - shaft kilns , 4 x 175 tons of clinker per day 

Note : 

There is also a poss ibi 1 i ty to implement 

the Alternative 2 in two stages : 

- 1 st stage : 2 shaft kilns 2 x 175 tons of clinker per day 

- 2nd stage: further 2 shaft kilns 2x 175 tons of clinker 

per day • 

Evaluation of stage imp le mentati on oft he project is , however , 

not taken in to consideration herein aft er • 
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1. 3. Materials and lnp uts 

Costs given hereinafter are in U.S. dollars/ U SD/ 

with rate of exchange equivalent to : 

1USD=400 MGF /Malagasy francs/ 

1.3.1. Raw Materials 
---------------------
I tern R equirement Cost 

/ tons per year / / thous • U SD / 

-----------------------------------------------------------
Li:neston e 166 640 own 

Marl 203 375 own 

Sand 11 109 69,43 
Gypsum 10 500 614,25 
Pozzolana 21 000 283,50 

------------------------------------------------------------
TOTAL COST n 967'18 

Limes tone an qr! are avail ab le in the quarry of the e xis ting 

fact or y • Sand w ilf be transported f rem Amborovy • Pozzola na 

is extracted at Ant si ra be. Gypsum is imported fr om France • 

Alt e rnati ve l 

I tern Quantity 
I per year I 

Unit Cost 
I thous • US D I 

-------------------------------------------------------------
Paper bags 

Explosives 

Capp rimers 

5 300 

45 
6 000 

1 000 pcs 

tons 

pcs 

I 033,5 
324,0 

3,9 
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Detonating fuse 10 l 000 m 4.6 
Refractcr y 500 tons 307,5 
Lining 60 tons ll8,5 
Grinding media 150 tons 150,0 

---------------------------------------·----~---------

TOTAL COST 

Alternative :;:; 

Item Quantity 
/per year/ 

Unit 

l 942,0 

Cost 
Ith ous • us DI 

------------------------------------------------------------
Paper bags 5 300 l 000 pcs l 033,5 

Explosives 45 tons 324,0 

Cap primers 6 000 pcs 3,9 

Detonating fuse 10 l 000 m 4,6 
Refractory 400 tons 246,0 

Lining 40 tons 71,l 
Grinding media 90 tons 90,0 

-----------------------------------------------------------
TOTAL COST l 753,l 

A uxili ary ma ter ia ls will be i m ported • 

Quantity 
/ per year/ 

Unit Cost 
/thous. USD/ 

Item 

-------------------------------------------------------------
Lubricants 

Spare parts 

40 

120 

tons 

tons 

60,0 

l 200, 0 

Qtb.t;.i: ________________ ~-----------l2.1!.~------!i!'QJiJ __________ _ 
TOTAL COST l 760 ,o 
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Lubricants and approximately one quarter of spare parts 

and other ma tc rials will be purchased in local mark et. 

Approximate ·1y three qua rte rs of spare parts and other 

materials wi 11 be imported • 

l. ~.4. Utilities 
--~-------------
Alt e rnati ve l 

Item Quantity 
/ per year / 

Unit Cost 
/ thous • US D / 

--------------------------------------------------------------
Diesel oil 500 l 000 1 17 5,0 
Coal 43 sso tons 2 4 72,3 
Elec tri c it y 27 500 l 000 kWh 2 075,0 
Water 56 000 cu.m. own 

---------------------------------------------------------------
TOTAL COST 4 722,3 

Alternative 2 

Item Quantity 
/ per year / 

Unit Cost 
/thous. USD / 

---------------------------------------------------------------
Diesel oil 500 1 000 l 175,0 
Coal 33540 tons 2 247,18 
Fuel oil 4 900 tons l 470,0 
Ele ctr ici t y 25 000 l 000 kWh 1 867,5 
Water 63 000 cu. m. own 

---------------------------------------------------------------
TOTAL COST 5 759,68 
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Diesel oil wi 11 be purchased in 1 o cal market from SOLIMA • 

Coal for Alt • l wil 1 be loca 1 from Sakoa deposits. Coal for Alt • 

2 wi 11 have to be imported s in ce local coal from Sakoa deposits 

is not suitable for burning in shaft kilns due to high content 

of volatiles • Fuel oil for Alt • 2 will be provided for drying 

of raw materials and will be purchased from SOLIMA • 

Electricity will be supplied by two 20 kV power lines from 

the public electric grid /JI RAMA /. 

Water will be suppli e d fr om the existing source /AM BA TO MALAMA 

dam / s it uat ed 7 km fr om the site • 

l.4. Location and Site 

The cement pl a. nt wi 11 be constructed in the site of the existing 

cement plant in Amboanio where by the auxiliary and service 

build in gs and offices as well as the existing infrastructure will 

be preserved and further utilized. 

The existing production departments wi 11 be demolished and 

r eplaccd by a new production installation • 

It is proposed to restore operation of the abandoned po rt 

in Boanamary for the planned cement plant whi ch will enable 

access of the cargo ships • 

l • 3. Project Engineering 

The Feasibility Study of the new cement pl ant in Amboanio 

is prepared in two alt ern ati ves • 
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The alternative l features a s "!tort rotary kiln exchanger 

with capacity of 700 ton of clinker per day , dry process • 

The alternative 2 features four shaft kilns ins ta 11 a ti on 

with capacity of l x 175 tons of clinker per day , burning of 

clinker from black raw meal/ ground raw mix and coal/. 

The production equipment upst r earn of the kiln installation 

/crushing plant, stockpiling, raw grinding plant, homo 

s il o s I is designed for preparation of raw me al necessary 

for clinker burning • 

The production equipment downstream of the kiln insta lat ion 

/ clinker and additive s s to rage , cement grinding plant , cement 

s il os and packing p la nt / is designed for manufacture of the final 

product • cement • and its despatching in 50 kg paper bags. 

Cement clinker, the essential semi product in cement production, 

will be burned from g .. ~ound raw mix in the kiln • 

Proposed composition of raw mix is , as follows 

Alt. 1 Alt. 2 
- limestone 45 % - limestone 41,3 % 
- marl 52 % - marl 47,8 % 
- sand 3% - sand 2 ,8 % 

- coal 8 ,1 % 

In Alt. 1 , clinker is burned in a rotary kiln • Local black 

co al from Sakoa will be used as fuel • Imported coal is also 

u ti 1 i za b le • 



-12 -

In Alt. 2 , clink er is burned from black raw me al in sh aft 

kilns • Only imported black coal with content of v ola ti 1 e s 

less than 20 ~;may be used as fuel • 

Clinker wi 11 be ground with 5 % addition of gypsum and 

15 % addition of po zzolana • 

Both prod•.1ction t eclmo logi es are widely used in the world 

and have proved their better economy in consumption of fuel 

over the wet process • 

No costs are required for acqu is it ion of t e clmolog y. 

1 .5 .3. l. Production equipment 

Cost in thous. U SD 

Item Alt er native 2 

---------------------------------------------------------------
Limestone and marl quarry 643,6 643,6 

Crushing pl ant and conv~ying 965,2 965,2 

Stockpiling of raw materials 514,3 514, 3 
Raw grinding pl ant 2 9~l,2 3 400 ,8 
Homogenization si 1 o s 651,0 753, 8 
Clinker burning 4 350,4 4 100, 5 
Clinker and additives storage 151 ,2 151, 2 

Ccal storage 176,7 176,7 
Coal grinding plant 442,5 -
Cement gr in ding pl ant 1 650, 8 3 154,0 
Cement si 1 o s 600 ,7 650, 0 
Packing and loading plant 600,4 615, 9 
Electric al equipment 9c;o, 0 1 060,0 

Instrumentation and control 596,0 550, 0 

TOTAL COSTS IS 224,0 16 736, 0 



-13 -

1.5 .3. 2. Au.~il i a ry equipment 

Item Cost in thous. USD 

----------------------------------------------------------
Substation and power supply 

Compressor unit 

Wate1· supply system 

Lighting and c.Jmmunications 

Port in B oanama ry 

Laboratory I extension I 
Shops and warehouse /extension/ 

l 150,0 
190,0 
35,0 
15,0 

632,0 
25,0 
80,0 

----------------------------------------------------------
TOTAL COSTS 2127 ,o 

l .5 .3.3. Service equipment 

Item Cost in thous. USD 

----------------------------------------------------------
Offices /extension / 

Health centre 

15,0 
25,0 

----------------------------------------------------------
TOTAL COSTS 40,0 

Cost of the c o:nplete machinery and e qui pm ent including spare 

parts , engineering , tr ans port to the site , custom f e es 1 

and erections • . 
• Alternative 1 

- Alternative 2 

32 631 ,O thousand U SD 

34 143,0 thousand U SD 
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l.S .4.. Civil Engineering Works 

-----------------------------

Total area of the sit c is 42 000 sq.m. 

Built - up area is 16 450 sq .m. 

- Total invcst.nent costs 

in ci vi 1 engineering works 

thereof 

• in 1 o cal currency 

• in foreign currency 

- Cos ts in land and site p rcparati on 

- Costs in buildings 

- Costs in outdoor works 

- Additional costs / engineering , 

transport , custom / 

1 • 6. Plant Organization and Overhead Costs 

17 560 000 USD 

11 MO 000 USD 

6 420 000 USD 

1 800 000 USD 

11 400 000 USD 

1100 000 USD 

3 260 000 USD 

l • 6 .1. Cement is produced in three individual groups 

of production d ep::.r-tments : 

--------------------------------------------------
- Raw materials preparation : includes extraction , 

crushing , stockpiling , grinding and drying and 

homo geniz ati on • 

- Clinker burning : includes raw meal conveying , 

clinker burning, clinker and additives storage, 

co al storage and preparation • 

- Cement production : includes grinding of clink er 

with additives , cement storage , packing and 

loading of cement • 
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1.6.2. Auxiliary and Service Departments 

----------------------------------------
These departments are responsible for maint ena nee and 

trouble - free run of the machinery and equipment • 

These a re : 

- shops and warehouse 

- utilities 

- laboratory 

- offices , canteen , health centre , etc • 

1 • 6. 3 . Overhead Costs 
---------------------

Cost thous. USD 

It em Alt. l Alt. 2 

-----------------------------------------------------------
Facto ry overhead 

Ad minis tra ti ve overhead 

Deprecia ti on 

2 637 ,3 

433,9 
4 326,0 

2 498,9 
433,9 

4 477' 0 -______________________________________________ .... __________ _ 

TOTAL COSTS 7 397,2 7 409,8 

1.7. Manpower 

l. 7 .I. Labour -------------
Supervisors 20 

s kil 1 e d workers 116 

s em is kil l ed 
workers 14 

unskilled 
workers 27 

Total labour 177 
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Total w.i ges 

th erecf : - direct wages 

- factory overhead 

- a dminis tr ati ve 

overhead 

l • 7. 2. Staff -_____ ,. ____ _ 

General manager 

p roducti on manager 

s ale s manager 

secretary 

t e c':nolo gist 

accountant 

pure has er 

clerk 

designer 

typist 

t e le phocie op era tor 

Tota 1 staff 

Tota 1 salaries 113 

1.8. Implementation Scheduling 

458 266 USD per year 

191 818 

246 230 

20 218 

1 
1 . 
l 

1 

l 

2 

l 

4 
2 

3 
1 

21 

724 USD per year 

l • 8 .1. Duration of Plant Erection and Construction 
------------------------------------------------
1 • 8 .1. 1. Preparation period 

- Precontractua l and contractual negotiations : 5 months 

- Contra ct enforcement : 2 months 

TOTAL 7 months 
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1.8.1. 2. Construction period 

- proj ect planning 12 months 

- gross civil engineering works 9 months 

- d e livery of i mported construe ti on mat eri a ls 
and supporting sL"'Uctures 

- d di v~ry of machinery and equipment 

- er cc ti on of machinery and equipment 

- final civil engineering works 

- t est :; and tr ial run 

6 months 

9 month~ 
18 months 

18 months 

3 months 

Construction and erection of the cement plant 

wtl 1 take 36 months • 

St.::.rt - up period wil 1 take two years until planned 

production capacity has been reached • 

It is assumed that the plant wi 11 produce : 

Average annual produ.:tion rate during the first year 

of start - up wil 1 be 70 % • 

Average annual production rate during the second year 

o f start • up wil 1 be 90 % • 

1 .9. Financial and Economic Evaluation 

in thous. USD 
I tern Alt. 1 Alt. 2 

-----------------------------------------------------------
Land 

Site preparation 

Ci vi 1 engineering works 

Machinery and equipment 

-
1 800 

15 7flJ 
32 631 

1800 

15 7flJ 
34 143 
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Implementation inc 1. geological 

survey and interests d•1ring 

c onstruc ti on 

Workin~ capi t al 

10 872 

3 675 

I l 187 

3 995 

---------------------------------------------------------
TOTAL 64 733 Go s~s 

I • 9. 2. P roiect Fina ncin" 
----------~-----------~ 

It is envisaged th at the project wi 11 be fi na need , 

as follows: 

- Local equity ca pit al amounting to one third of 

the total investment costs 

- Long - term contractor's credit on a pa rt of CIF 

Mahajanga deli veri cs on 8 yea rs , repayment in 

annual instalments , interest rate 9 ,5 % p.a. 

• Remaining in vestment costs will be fi na need by 

a local bank credit on j yea.rs , repayment in 

annual instalments , int ere st rate 10, 5 % , 2 years 

grace period • 

The propos ed financing and th e 2 -year st art - up 

period do not provide an active cash balance hence in the first 

year of implementation a government contribution a mount -

in g to 3 mil Ii on US D is envisaged • 

I • 9 .3. Production Costs 

----------------------- in thous. U SD 
Item Alt. 1 Alt. 2 

----------------------------------------------------------
Dire ct materials 

Dir ect manpower 

F actory overheads 

4 982 
192 

4712 

€ 226 

192 

4 366 
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therr:!of - material 3 811 3 442 
- wages 246 246 
- other 655 678 

Administ ra ti v ~ over heads 434 434 
thereof - sala rie s and wages 134 134 

- materials 100 100 
- other 200 200 

0 peratin g co sts 10 320 11 218 
Financial costs/ int er es ts/ l 594 l 643 
Depreciation 4 326 4477 
Production costs 16 uo 17 338 

Sales re venue 21250 21250 

The data as stated above provide projection for 100 % 
capacity , min us depreciation of costs during construction , 

plus variable int er ests on long - term 1 oans • 

1. 9.4. Economic Evaluation 
--------------------------
a - Commercial profitability analysis 

- simple rate of return 

- net present value at 9 % i.n USD 

- pay • back period in years 

- in tern al rate of return 

- l i qui di t y analysis 

/cumulative net ca sh balance 
in USD / 

- capita I structure analysis 

/debt equity ratio / 

A It.I Alt. 2 

., 0 '"'8 ~I 1 ,v /0 8,23 % 
2 818 000 - 3 665 000 

9,3 10,0 
9,86 % 7,92 % 

46 861000 2s 294 ooo 

2,0 2,0 
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b - National profitability analysis 

- net value added in USD 60 518 000 

- net nation al value added in US D 52 239 000 
- absolute efficiency test 3 ,428 1 
- relative efficiencytest 0,21 

c - Uncertainty analysis 

- break-even point 

/in per cent of capacity utilization/ 68,8 % 

- sensitive analysis /in terms of IRR/ 

1 - 5 % decrease of unit price 13, 22 % 

2- 5 % increase of ca&h expenses 9,05 % 

3 - 5 % decrease of investment cost 12, 98 % 

4- a+ b 7 ,40 % 

5-a+b+c 10,34% 

1. 10. Conclusions 

so 021 000 

41309000 

1,338 l 
o,os 

73 ,6 % 

6,28 % 

7,05 % 

10,91 % 

5,37 % 
8,11 % 

l • 10 .1. Construction of the new cement plant in Amboanio , 

Madagascar is both necessary and profitable project 

for development of the national economy • _________ _.. _______________________________________________ _ 

1. 10 .2. The Feasibility Study has been prepared in two 

alternatives : 

---------------------~--~-------------------------------
- A lterna ti ve 1 - cement pl ant w-i th a rotary ki 1 n , 

700 tons of clinker per day , 

dry process 

- Alt erna ti ve 2 - cement pl ant with shaft kilns , 

4 x 175 tons of clinker per day 

-1 
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1.10 .3.1. Alternative l 

- Possibility of utilization of local coal from 

Sakoa d eposit 

- Higher quality of bur ncd clink er 

- Lower investment cos ts 

- Lower production costs 

- Lower requirement of f Ot' eign currency 

- Possibility of increase in clinker production 

by approx. 3 0 % by addition of a cakin ing 

exchanger to the rotary kiln 

- Better results in terms of project economics • 

l • 10 • 3. 2. A lternat i ve 2 

- Possibility of construction in stages 

/two and two kilns - model of the IBITY -

- ANTSIRABE plant / 

- Similar spare parts with the IBITY • 

- ANT SIRABE cement plant 

- Lower specific consumption of electricity 

l • 10 .4. I. Alternative l 

- construction in one stage 

- higher specific consumption of electricity 
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l .1 0 • 4 . 2 • Alt e ma ti ve 2 

- necessity of utilization of imported coal 

- necessity of utilization of fuel oil for drying 

o f raw mate rials in the grinding plant 

- low er quality of burned ch nke r 

- higher in vestment costs 

- higher production costs 

- higher foreign currency requirement 

- I ess favourable results of economic evaluation 

Extension is possible northward / area be tween the belt 

conveyor from the quarry and the plant itself / • Extension 

will require , however , increased costs inland p reparati 0n • 

l. 10 .6. Recommendations 
---------~-------------~-

It is re commended to implement the Alternative One 

which has several essential advantages mostly of economic al 

character • 

Demand for cement in Madagascar as well as continuous 

increase of prices in the world market , requires immediate 

decision on construction of a new cement plant in Amboanio. 

Aft er the dee is ion has been made , to set up an imp le menta­

t ion team • To ask UNI DO for t e chnit.:al assista nee for tender­

i n g and s election of a con tr actor as well as other consulting 

services • 



2. PROJ ECT BACKGROUND AND HISTORY 

2. l • Project Back ground 

Cement demand of the Malagasy national economy is c urreut-

1 y c.overed as f o 11 o ws : 

- a cement pl ant in operation in AMBOANIO - MAHAJANG A 

with annual nominal capacity of 70 000 ton and with continuous 

decline in annual production due to outdated process equipment 

- cement imports from Mozambique 

At present the CIMENTERIE D' ANTSIRABE , S .A., finances 
, 

in I BITY - ANT SIR ABE a construction of a cement plant with annual 

production capacity of 1 '25 000 tons of cement • Shaft kilns wil 1 

b c provided for burning of clinker • The process equipment 

has bcc11 supplied by the LOESCHE Company, FRG. 

Facing the ever - increasing cement needs for development 

of the country a new cement plant in AMBOANIO - MAHAJANGA 

is under con sid erati on • 

The re a sons for imp le men ta ti on of such a project are , 

as follows: 

- in consequence of the age and condition of the production 

machinery of the existing cement plant in AMBOANIO there 

is risk of tota 1 operation st op page within 2 or 3 years which 

will result in replacement of the production by imports • , 
- in the vi ci nit y of AM BOA NI 0 there are raw materia 1 reserves 

available meeting cement production standards from both the quality 

and quantity points of view ; 

- the cement plant employs a permanent personnel gen er ally very 

we 11 trained for ce:nent production and adequate maintenance • , 
- existence of necessary inf r astruct ur e • 
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2 .2. Project Promoter/ Initiator 

Tanindrazana - To lorn - Piavotana - Fahafahana 

Ministry ~f Industri e s and Commerce 

Antananarivo 

.Malagasy Democratic Republic 

2 .3. Project Hi story 

The A:\iBOANIO Cement Plant was erected in 1934. 

Its initial nominal production capacity was 30 000 · tons of cement 

per year • 

Ever since the start - up ti 11 the end of the World War Two 

the cement plant production rate did not exceed , nevertheless , 

30 % of its nomi na 1 capacity / E.g. the production during the period 

of the Wor Id War Two amounted to some 6 to 7 thousand tons per year/ 

This was due to the poor condition of the power plant , shortage 

of ess entia 1 inputs such as co al , fuel , grind ing media , ref rac tor­

i e s , spare parts , etc • 

Anew period of existence of the AMBOANIO Cement Plant 

has begun in 195 6 when this was bought by the Belgian Cement 

Company and consequently the Malagasy Cement Company /C .C .M ./ 

was founded on June 3, 1956 with governernent participation. 

The plant was rebuilt to obtain a nominal production capacity 

of70000 tons of cement per year. In the following years the plant 

produced flJ-70 thousand tons of a good quality Portland cement. 

HoweYer , in spite of the in creased capacity , the AMBOANIO 

Cement Plant has not been able to meet mo re than 50 % of total 

demand • 

This fa ct init i a tcd the id ea of extension of the ex is ting plant. 

In order to adopt a decision on extension oft he cement plant , it was 

e ssenti a 1 to analyse the present condition of the AMBOANIO Cement 

- - - - -~--- - ------------"--------~-~~--~----------
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Plant. In 1979, the West - German Consortium WPW - PEG -

- SIP undertook a study cont ai ni ng a detailed description 

of the ex is ting equipment , its degree of wear , manpower 

and production efficiency • On the basis of conclusions of 

th e study the Malagasy government made an agreement in 1980 

with the Yugoslav firm INGRA for a supply of equipment 

for extension of the AM BOANIO Cement Pl ant up to annual 

capacity of 500 000 tons of cement wet process • The Yugoslav 

agreement considered exports of 50 7; future production • 

With the capital costs of approx. 135 million dollars the J\.1ala -

gasy government found this project rather expensive and demand­

ing in power requirements. Therefore the government asked 

UNIDO in Vienna for experts to study the proposed contract. 

In the meantime INGRA modified the agreement to a " turnkey" 

proposal . 

The Government realized that the presumed capacity of 500 000 

tons per year was rather over estimated and the unfavourable 

situation in cement exports in the Indian Ocean area p oin te d 

out advantages of sma 11 capacity cement pl ants , with vertical 

shaft kilns , such as th at which is being erected in IBITY -

- ANTSIRABE. At the time when UNIDO experts arrived at Mada­

gascar in February '83 , the Malagasy government had already 

abandoned the Yugoslav con tr act proposal bee ause of the reason; 

described a hove • The UNIDO experts aimed their field work 

at the o bje cti v es outlined in the Terms of Re fer ence in order 

to make the most adequate selection of a new cement plant in AMB OANIO 

taking into account the actual conditions of Malagasy economy • 

Most of the conclusions are based on data collected from 

various documents a van ab le at the Ministry of Industries and 

Commerce in Ant a~CJ.n arivo • 
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2.4. Feasibility Study 

FEASIBILITY STUDY ON CEMENT PLANT IN A MBOANIO 

MADAGASCAR 

was p repare<l by 

PZO POL YT ECHNA PRAGUE - PIO KERAMOPR OJ EKT TRENCiN 

CZECHOSLOVAKIA 

The Feasibi 1 it y Study was financed by the UN 100 Vienna , 

therefore its cost is not included in the In vestment Cos ts. 

2 .5. Cost of Preparatory Studies 

The existing cement plant in AMBOANIO works with raw 

materials chemi ca 1 properties of which have been verHi e d 

by 1 on g term exploit a ti on in cement production • 

This study is based on data on raw materials provided 

by the AM BOANI 0 Cement Plant and those specified in the 

Study prepared by the West - German Consorti um WPW - PEG -

- SIP • 

l::sti ma ti on of reserves of the essential raw materials 

/ Ii mes tone and marl / i s based on a preliminary geological 

survey , therefore its results should not be ta ken for granted 

in i mple mentati on of the project in question • Therefore a more 

detailed geological survey of the raw material deposits is 

recommended for the purpose , as follows : 

- verification of exploitable reserves of limestone and marl 

for at least 30 years of operation of the plant • 
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- tests o f samples and of suitability of raw materials 

for dry - process cement plant • 

- tests ofcrushability, grindabilityand burnability 

of the essential raw materials • 

- de termination of qu ali t y of clink er and of its grind -

ability. 

Conclusions of this gl.'ologic al survey shall be used , 

in their entirety , as ba sic data for a 11 stages of project 

planning • 

Cost estimate 150 000 ,- USO 
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3. MARKET AND PLANT CAPACITY 

3 • l. Demand and Market Study 

Cement ccn;umption in Madagascar 195 S - 1980 . . 
,, Cement consumption lmport Local 1 ... --ar 

! tons ! production 

--------------------------------------------------------------
1958 88 000 3/ 

1959 10 2 000 

1960 100 000 

1961 10 l 000 

1962 119 000 

1963 126 000 

1964 112 000 

1965 119 000 79 620 39 491 2/ 

1966 116 000 65 970 50 332 
1967 111 000 50 245 l/ 60 845 

1968 128 000 60 678 67 743 

1969 141000 r-3 r-4r: :J :J J 75 445 
1970 148 000 72 680 75 216 

l 9 71 170 000 93 206 76 930 
1972 126 000 61 632 64 177 

1973 113 000 43 496 69 863 

197 4 88 000 26 891 61 447 

1975 109 000 50 985 58 021 

1976 92 000 23 892 1/ 69 904 
1977 95 000 38 473 52 229 

1978 144 000 3/ 48 706 66 000 

1979 108 000 46 565 61 535 
1980 12 6 560 66 548 60 014 2/ 

1981 36 357 
l982 Jt; 060 2/ 
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l / Et ude de March~ , Consortium 

WPW - PEG - SIP 
2 / Amboanio Cement Plant 

3 / Compagnie des Ciments Malagasy 

INSRE in l/ 

Between 19 58 -=- 1971 the development in cement consumption 

was more or less regular and requirements in cement were met 

both by local production in the A mboa nio Cement Plant and 

by imports • l\'1 ax imum consumption of 170 thousand tons was 

reached in 1971 wh en the A'.11.boanio Cement Plant achieved its 

top production of 77 thousand tons and imports of cement achiev -

e d its peak value of 93 thous and tons as wel 1 • 

Politi cal d eve lop ment in Madagascar in s eventi es had , 

nevertheless , impact on the implementation of new industrial 

projects and consequently affected the consumption of cement • 

In the period 197 2 .;. 1980 the A:"'1boanio Cement Plant worked 

within 75 ~ 90 :; of its nominal capacity due to problems in 

maintaining the equipment in operation and irregularity in 

s uppli e s of inputs • In the years 1981 and 198 2 these problems 

ca used a decrease in production of the Amboanio Cement P Iant 

below 50 ~; of its nomi na I capacity • 

In 1979 a construction of a new cement plant was initiated 

in I BITY situated approximately 190 km south of Antananarivo • 

The plant consists of 2 shaft kilns working with the " black - me al " 

technology , with capacity of 120 thou sand tons per year • 

Start - up is expected in the middle of 1984 • An extension by 

the third kiln is envisaged h cnce the final capacity oft h cpl ant 

wil I be 180 thousand tons per year • 

In August 1978 the Bureau de Developpment et de Promotion 

Industriels - BDPI - prepared a study called" Cement Market 

in Madagascar " wherein two hypotheses were adopted ; one of 



- 30 -

them based once ment cons wnption in the period 1959 .:- 1978 , 

the other one based on cement consumption in the period 

1959 ~ 1971 • 

Tl1~_f_i_r:_~!.!1JP2!h~~~~ which may be considered as the minimum 

one , results in the equation 

y = 11 7 118 + l 3 24 • t 

whereof cement consumption in 1983 wi 11 be 

!h~-~~S2~2-1lv.E2!.J!.~~L~ , based on 13-year - period when the 

d evelo pment of the na ti ona 1 economy had its normal pace and 

whir h may be con sid ered as the max imum one , results in the 

equation 

y = l 21 4 6 2 + 4. l 58 • t 

whereof cement consumption in 19 83 will be 

Y = 121462 + 4. 158 x 25 = 225 412 tons 

------------
In April 1979 the Consortium WPW - PEG - SIP , 

S aarbrUck en , Federal Re pub li c of Germany , prepared the Etu de 

de F acti b il it c d' une Cimenteri e Dans la Province de To li a ra­

- Etude de Marche • 

This Study in a most expert way analysed cement demand 

in Madagascar by means of various techniques as well as possibi 1 it y 

of e·.ieport o f cement , and clink er , if any • 

The techniques and relating results were, as follows : 

- Cal c ula ti on of trend , following the total consumption 

of past years . 

/ 
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Consumption in 1983 : min irn um 

maxirnum 

l~ 000 tons 

2 25 000 tons 

Consumption in 1990 minim urn l 60 OCiO to ns 

225 000 tons ·naxirn urn 

- Development folt 0 \\'ing the evolution in population 

and gross national pr0duct / GNP / • TI1e res ult 

of this technique i s , as follows : " A realistic 

forecast of cement cons ump ti on ti 11 1990 should 

include: 

- fir st , to assume that the actual consumption 

per capita - 14 kg in 1978 - will resume its 

former value of 25 kg/ year by 1980 , i • c • , 

the total consurnption in 1980 shall be 25 kg x 

8, 8 million inhabitants = 220 000 tons per year. 

- then , to accept increase proportion al to that 

of GNP according to intentions of the Plan , i.e., 

5 % rate per year which will amount to 376 000 
t ons i n l 9 90 " • 1 / 

In te rnati on al comparisons 

The result oft his technique is that the total cement 

demand in 1990 will amount to 339 000 tons in a ·;es simis tic 

e valuation or to 498 000 tons in a very optimistic e sti mat -

ion • 

The Study proposes e v.?ntu ally following projection in cement 

demand, called a realistic evaluation: 

I/ Consortium WPW - PEG - SIP , Etude de Ma rche , Avril 1979 
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I 1 I 
!Millions !Potential demand IEffectiveconsumpt. 

I of 1~'~~~~--~------•1-------------------t I kg per ! tons per I kg per 1 tons 

l inha~itants finhab. f 1inhab. 1 

r year r per year per year 1 per year 
-- L ______ +- ... ___ J ____________ _.i ____ __;l:.-____ ---11 

1978 ! 8,L I 30 I 252 000 I U. 
1

1117 000 
r I ,_ ___ _,!,__ ______ -·· .. --T-~------=-,-----+-, -----,-------c 

1 980 f 8' 8 I 30 I 264 000 I 18 I l 60 000 

I ' I I I 
1983 I 9' 5 3 2 I 3 04 0 00 : 23 I 218 000 

I -·· ·---·-.-1-----L------='"-----t 
1985 : 10,0 I 33 I 330 000 l 25 ~ 248 000 

-----,-----~,-------+------1 

1990 
I 
I . 11, 3 

l 

I 
I 

37 I 418 000 I 28 ,1 31LOOO 
I I 

The forecasts were based on following assumptions: 

- growth of real gross internal product per capita would be 

in average l , 5 % per year ; 

- the State would accomplish the new housing programme 

/ 28 000 flats per year till 1982 / ; 

- r elation between effective consumption and potential demand 

representing r ~ du::ti on in supply passes progressively 

from approx • ..+O % in 1976 to 75 % in 1983 • This should have 

be en en sured by lo cal production of cement rating 60 to 70 

thousand tons per year in the Amboanio cement plant and 

115 000 tons per year in the I bit y - Antsir abe cement plant 

since 198 2 • 

The Study came also to concl us ion that with actual world 

pr ic es of cement and sufficient amounts offered by the exist­

ing cement exporters it is out of qu es ti on for Madagascar 

to export economi ca 11 y its surplus cement , if any • 
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After the Study by the Consortium WPW-P EG-SIP had 

been c ompleted , no remarkable change in cement consumption 

occurred , neither was n oti cc d any resumption of norma 1 pace 

of national economy • Thus , no m odifi c ati on of the results 

of the Study was needed • 

\ 
On agreement with the Minis t~re de 1 Industri e et du 

Corn me rce we ace cpt fully the results of the Study and in 

order to decide on the capacity of the new plant ,further 

facts and consi de rations were taken into account : 

- The Amboanio Cement Plant is in a very bad condition 

d u.e to wear hence it produced in 19 81 and 1982 as little 

as 36 thou sand tons of cemc nt per year • 

It maybe expected th at existing equipment e na'.>le s 

operation for 2 or 3 years more and eventually its unfa vour­

a ble economical results entail its shutdown • This fact even 

more emphasizes the nee es sit y of establishment of a new plant 

instead o f the old one • 

- In 198 4 the new lb it y Cement Plant wi 11 be commi ss ion ed 

within it i al annual ca pa city 120 thousand tons and final 

capacityl80 thousand tons per year is envisaged. The plant 

is equipped with shaft kilns designed for the " black -

- meal " technology , where only black coal wit Ji maximum 

content of vo la tiles up to 20 % may be used • 

• Problems in tr ans port and ,~is tri b uti on of c ement being 

essential for development of cement production in Mada -

ga scar , the Ministry of Industry and Commerce adopted 

a long - term strategy of a step - by- step construction 

of cement plants rated up to 250 thous and tons of cement 

per year , ins ta 11 ed a 11 over the Isl and • 
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This policy of decentrali z ati on should be paid closer 

attention to in view of the fact that the prob le ms with transport 

and dis tr ibu ti on of cement a re becoming more and more a cute • 

The plants are to be built in the following order 

l bit y - A mbo anio - Tol i ary - district of Antsi ra nana • 

- Madagascar is rich in bl a ck coal deposits in the vicinity 

of Sa koa • St a rt - up of exploitation and preparation of coal 

is expected • Sorted - out coal by preparation with le sser 

quality will be used for firing in the cement ind us try • 

- Ti•. e new cement plant in Amboanio may be put into operation 

as 1?.t e as in 1988 or 19 89 provided that decision on the 

Ccrlstr ucti c· n is made in 1984 • 

Then, expected demand and production of cement will be 

as fol lows 

------------------------------------------------------------------
Year Population 

/thous ./ 
Consumption 
ink g per 
capita per 
year/ 

Demand 
ft ho us. 
tons I 

Production 
I thous. 

tons/ 

Note 

------------------------------------------------------------------
1988 10 8 20 39 380-440 430 lbi ty ' 

Amboanio 

1990 11 420 45 510 430 lbity ,Amboanio 
importation 

1995 13 000 50 650 680 I bit y, Amb oanio 
Toliara 

------------------------------------------------------------------
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3.2. Sales Forecast and Marketing of Products 

The existing " Code des Invest i ss ements " differs 

from those in other developing countries and provides 

mini mum exoneration of taxes , customs and fees for construct­

ion of cement plant. This , tog ether with further impacts by 

current conditions of international and national c onju nctur e 

and overall situation in cement market do not create favour -

able conditions for cement exports from Madagascar • 

Taking into consideration t hi s situation the Minis try 

of lndustri es and Commerce passed by the end of 1982 a long -

- term strategy of cement production development based on 

construction of system of decentrali zed small capacity cement 

p Ian ts spread all over the t e rrit or ya nd constructed in conform­

i t y with demand • Su ch cement plants a re to be est a bli s ·ned 

in v ic ini t y of lo cal deposits of raw materials in following 

1 o ca ti on s : 

Boan amary - Amboanio , Tol i a ry , An tsi ranana • This s tr ateg y 

enable s gradual investment within the programme of c ement 

industry. 

3.3. Sales and Distribution Costs 

In an effort to enable a bal a need development of the 

entire territory, the Malagasy government adopted a principle 

of standard selling price of cement all over the territory 

of Madagascar • 

By Decree No. 7 • M EC / 3-0-2 from 10 .02. 1979 , price of cement 

was fixed as follows: 

Pric e ex works 

Wholesale price 

Retail price 

13 180 MGF per ton 

21200 MGF per ton 

24 000 MGF pert on 
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By Decree No. 2687/82 - MIC from June , 8 th, 1982 
price of cement was modified as fo 11 o ws : 

Price ex works 

Consumption tax 

Wholesale price 

Retail price 

39 230 MG F per ton 

500 MGF per ton 

53 913 MGF per ton 

64 000 MG F per ton 

It is to point out t \c:. t prices of June 1982 are based 

on unfavourable production conditions in the A mbo anio 

Cement Plant and are to be revised after putting into operat­

ion of new cement plants • 

Lack of cement in Madagascar gives rise to its purchas­

ing in black market in spit c of considerably high pr ices • 

3 .l. Plant Capacity 

Fluet uat in g cement market and problems in stabil i z ai:i on 

of national economy make impossible to se1ect any of usual methods 

of projection of cement demand and the plant capacity in Amboa·:l.io 

could be based on following considerations : 

- Current consumption of cement equals to approx. 120 thousand 

tons , i.e. , 13-14 kg per ca pit a per year ; 

- Construe ti on activity is very 1 ow and implementation of projects 

like !-!ousing Programme, Art Public Works Programme and 

I ndust r ia 1 Con struc ti on s Programme must be postponed due to 

necessary imports of cement , these being subject to limitations J 

- Current high price of cement - 3 200 MGF per 5 0 kg bag / 162 US D 

per ton/ applies prohibitive policy to utilization of cement 

and fixing of adequate price of cement after start - up of new 

c ement plants wil 1 revive cement market ; 
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• Sufficient local production of cement wi 11 back up 

comm enc emen t of postponed c onstr uc ti on p rogramme s , 

wil 1 meet potenti a 1 demand , thus eliminating black 

market ; 

- Sta rt- up of the new cement plant wi 11 take 5 to 6 years 

since preparation of the F easibi 1 it y Study , so that 

c ontri but ion of the n e'.\' unit in Amboanio could be vis ib le 

as 1 ate as in 1988 • Th at year population in Madagascar 

wil 1 reach 10 , 7 to 11 mi 11 ion of inhabitants • 

Saturation of local demand of cement and necessity of faster 

construction may result in specific consumption of 3 5 to 

40 kg per capita per year or 380 to 440 thousand tons per 

year provided the price is ad equate ly modified • 

Resulting fr om considerations explained above it is 

recommended to en visage in locality of Amboanio - Boanama ry 

one of these two alternatives : 

Alternative l - Cement pl ant with one rotary kiln , dry 

process , capacity 700 tons of clinker per 

day or 2 30 000 tons of cement per year • 

Alternative 2 - Cement plant with four vertical shaft 

ki 1 n s , L x 175 tons of clinker per day or 

2 50 000 tons of cement per year • 

It is also recom:nended to prepare a separate study on 

possibility of bulk cements upply for great construction 

sites or concrete plants • 

Possible supply centres , transport in special trucks , cement 

storage and other issues in.:luding adequate economical 

evaluation should be studied • 

Main object of preparation of such a study i ~ to decrease 

losses of bagged cement during tran~port and handling due to 

torn bags. 
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PRODUITS 
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Portla.n::! e ~m~nt 
C1mi:nt Portland 

-- - - - ---- -

Unit 
unite 

price 
pr ix 

"" l ton 

• USD 

Schedul~ J-1 

Pi;ce J-1 

.C:STIMATE OP SALES HEVENUES 

ESTIMATION DU PRODUlT DEVEi·!TE::.i 

YEAR 1 .. 
l-RE ANNEE 

Unit Quantities !sales revenu~s 
prica to be. sold I'roduit 
Prix 9uant:\.t•-'s des ventcs 
wrltaire la vend.rt-

exp. 

-

I 

loc. ~xn. I loo. 
• I 

exp.I lac. 
I 
! I 
I ; 

I 
85 - '175.000 - ~4,875.000 

I I 

loc. • 

'o'Xp. = 

local 
marche local 

~xport 

-:.JXportation 

YEAR 2 
ANNEE 2 

Quantities 
to be sol·i 
9uantit.:s 
a vondre 

1 
~:':'P•! loc. 

I 
I 

- 225.oco 

Sales revenues 
Prod.uit 
des v,;-nt~a 

exp. loc. 

- 119,125.000 

YEAR 3-lO 
ANHEE J-10 

Quantities Sal":s r:~•tcnuf'.'s 
to be sold. Pro·luit 
Quantitis di:~) •.ri:nt-:·n . 
a vendre 

exp. loc. le:r.:p. 11':'.·Ce 

---

- 250.000 - 121,250.000 

w 
r:.r:, 
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Pi~c~ J-J 

P~ODUCTS, BY-PRODUCTS, WASTES 

PijODUITS, sou~-PRODUIT~, 
DECHI:."l'S 

Portland cemen't 
Ciment Portland 

PhODUCTION PRcor~r.urJ:: 

d•OGf:.AMME DE PRODUCTION 

UN!'l'C !'BAh l 
AT 100 ;. 

1-r~ annt;e 
CAPACITY 

UNITi;;s A 
PLEINE CAPACITY. UNITS • CAPACH'E . 
/100:. I CAPACITE 

. 
u;aTEs 

250.000 t 7C 175.00G 

icA:; ;.: 

J\nnt' ·; ::: 

CA!A(;I'.J."i UliIT::.l . 
\· 

CkPACI'I'r; ll!;JTE 

)(I l ', .L·~ 

-\ 

"fli:Att J•lO 

Anne<) J-10 

CAl'ACIT'i UNIT:J 
( . 
f 

CA PAC.LT~ 
. 

UNITE 

100 ?.5C.OOO (;., 
.!) 
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l. 1ViATEldALS AND IN PUTS 

4.. 1. Charact eri st i cs of Materials and Inputs 

Clinker for cement production wi 11 be burned from a raw 

mix consisting of t \·o L's sent i al components : limestone and marl. 

Silica modul c increase in the raw mix is feasible by addition 

of a small quantity of si 1 i ca sand . 

Gypsum and pozz...."11 ana wi 11 serve as addi ti vcs . 

Deposits of the essential raw materials, i.e. limestone and 

marl , are located between the Morohogo and Beri vot ra rivers 

in an area of approx. 300 sq .km. Reserves of limestone and marl 

a re su ff i ci ent and of good quality . 

Quarry is located in a distance of approx. 500 m from the exist• 

i ng cement factory . Limestone deposit is upper layer above marl 

formation with thickness from 14to18 m. 

Explo itablc st rat a of marl limestone amounts to approx. 11 m 

in thickness . 

In order to verify the physi co-chemical composition of the raw 

mate rials it is recommended to carry out a thorough geological survey 

of raw material deposits within a scope of the reserves necessary 

for 30 yea re; of operation of a proposed cement pl ant • 

In Annex No l is described the deposit area , in the map Annex No 2 

are indicated boreholes No. 1-7 and in Annex No 3,4 are indicated 

borehole logs No. 4 and 5 with inclicat ion of de posit characteristics. 

It is to note th at the yi cld rate of the cores is very low , and 

the boreholes do not show exactly the composition oft he deposit • 

Exhaustive information on the deposit in all aspects can be provided 

by an additional detailed exploration • 



- 41 -

Some data on physico-chemical properties of raw materials , 

additives and coal indicated hereinafter, were provided 

by the Minist ~re de 1
9
lndustri e et du Commerce , Cimenterie 

d' Amboanio and others were taken from the studies prepared 

by the Consorti um \VPW -PEG-SIP . 

4.1 .1. l. Limestone 

Moisture natural limestone is l css than 5 ~~ . 
Average of chemical composition of 5 analyses is as fo 11 ows: 

L .0. I. 

Si02 
Al2o3 
503 
K20 

Mn2o 

P205 

L.l.1.2 Marl 

..... 42 ,64 ;; 

1, 91 ;~ 

0,69 ~~ 

0 ,02 "; 

o, 14 ;; 

..... 0,02 ;~ 

..... 0,05;; 

F e 2o3 
MgO 

Cao 

Ti0
2 

Cl 

Na
2
o 

..... 0,47 ;~ 

..... 0 ,30 % 

.... 53 '29 ~~ 

0,01 % 

0,001 ;; 

0,07 % 

Moisture natural marl is 1 es s than 10 % • 

Average chemical composition of 8 analyses is as follows : 

L .0. I. 33, 87 ~~ K20 1,50 % 
Si02 . . . . . 14,6 % Mn20 0,28 % 
Al2o3 4,31 % P205 0,03 % 
F e 2o3 2,25 % Ti o2 ••...•.. 0,03 % 
MgO 1,00 % Cl ........ 0,002 % 
Cao 40,44 % Na2o ....... 0,06 % 
503 0,03 % 

Analyses provc>d a very good qua Ii ty of marl limestone 

/ 70 % Caco3 I. 

4.1 .1 .3. Sand 

Silica sand wil 1 be used for increasing th · si 1 i ca rnodul e , 

---- ~ ~-----------.__ _____________ _ 
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A vera.~e chemical composi ti on of 8 analyses is as follows 

Si02 • • • • • • 87 ,L ~~ 

R 2o 3 . . . . . . 4, 4 ~~ 

R "d 8 ? ::J' es1 ue . . . . . ,_ ,::J 

L. l • l .L.. Raw - Mix Composition 

Average raw mix composition as a function of sand content 

Limestone LS"; 41 C! Lg,3 7; .::J 

Marl 52 --; 57 C' 47,5 Cf ,:: I .. 

Sand 3 C' i::J 
? Cl - ,:;, 

l ~, 
-~ 

A raw - mix with 3"; content of sand has been selected for 

the project . Such composition is best suitable in consideration 

of the extraction conditions in the quarry and enables efficient 
grinding . 

Chemical composition of raw mix wi L h 3 7; sand content : 

L .0 .I. . . .... 36,42 ~; Titration ...•... 77 ,4 
Si02 ...... 12,94 ~~ Ms . ..... 2,37 

R203 ...... 5,4 5 7~ 
Cao 43,41 C/ ...... ,:;, 

Lime con te·_11 in raw mix is slightly increased in consequence 

of Io-~rl i me content in coal ash in clinker • 

Production of l ton of clin;~er requires approx • l, 6 ton of raw meal • 

Influence of co al ash on chemical composition of clink er : 

raw meal 

/no ash / 

clinker 

/ash included/ 

------------------------------------------------------------L .0 .1. 

Si02 

37 ,53 % 

18,93% 
36,95 % 
20 ,18 % 



( 
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R203 7 ,91 ".'~ 9,37 % 
Cao 70,35 ~~ 67 ,63 % 
Titration 78,90 7~ 76,20 % 
Ms 2 ,39 7; 2,15 % 

Mineralogical composition of clinker 

4.1. 2.1. Gypsum 

59,8 % 

13,9 ~~ 

CA 3 
C AF 4 

11 ,LS 

10,5 i;; 

Gypsum will be imported crushed from France . 

so
3 

- content is within range from 40,7 to 42,5 ~;which means that 

Ca SO 4 . 2H20 content is min. 87 ~; . 
Gypsum/clinker ratio in cement shal 1 be 5/95 . 

4 .1 .2. 2. Pozzolana 

Pozzolana wi 11 be tr an sported crushed from the Bet af o deposit 

near A ntsira be . 

Pozzolana sha 11 be added to cement in an amount of 10 % • 
Average chemical composition of 7 analyses is as follows 

L.O.l. 
H 20 

..... 10,50 % 

. . . . . 0, 80 ~~ 

. . . . . 0' 24 % 

M gO .••••••••••• l , 19 % 

F e 2o 3 ........... 11, 58 % 

503 

Si02 
Cao 

r=s 90 o! •••••••• J , io 

2,50 % 

A 1
2
0 

3 
• . . . . • . . . . . 13 , 60 % 

N .D •....•••••.• l,:i() % 

4 .1 .3. Co al 
------------

As fuel for clinker burning , black coal wi 11 be used . 

Black coal of following origin has been taken into account : 

- Sakoa , Madagascar / after exploit at ion start - up / 

- MozambiqUl' , Af rj .:u 
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4. l.3 .1. Analysis of Sakoa Coal 

Hydroscopic water . . . . . . . . . . . . 2,86 % 
vol a ti 1 es ..... . ...... 29,84 % 
ash ..... . ...... 28,07 % 
flammable substance . . . . . . . . . ... 69,07 % 
sulphur . . . . . . . ..... 0,94 % 
high calorific value ..... . ...... 5 296 kcal I kg 
low calorific value . . . . . . . ..... 5 079 \:cal I kg 

Analysis of ash made from 3 samples / values in % / 

Sample l 2 3 

L .0. I. 1, 06 

Si02 52,47 53,03 44 ,40 
Al2o3 25,02 25,29 15,10 
Fe2o3 5,87 5,93 5,10 
MnO o, 12 0,12 0,19 
Ti02 2,34 2,37 l ,60 
Cao 7 ,29 7 ,37 28,0 
MgO 0,10 0,10 o, 30 
503 3,96 4,00 4,40 
Cl 0,01 0,01 -
Na2o 0,11 0,11 0,06 
K20 1'26 l ,27 0,31 
P205 0,46 0,46 0 - 0,8 

4 .1 . 3. 2. Analysis of Bl a ck Coal from Mozambique 

Moisture 

Ash 

volatiles 

sulphur 

.......... 

.......... 

.......... 

.......... 
cal ori fie value ....... . 

8 -10 % 

17 - 20 % 
15 % 

() 000 kca l / kg 
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Analysis of ash . . 
Si02 ........ 42,2 7~ Cao . ...... ll ,3 
Al

2
0 3 ........ 24,6 :; MgO . ..... 2,2 % 

Fe
2

o
3 

....... ll t 7 % K20 1,4 C! . ...... '" 
P?O .... l 'l 

~/ Na
2
0 0,5 ~~ ...... . ,CJ . ...... 

- J 
Ti0

2 ..... . . l '2 :; ~03 . ...... 3,8 % 

Burning of clinker in a rotary kiln is possible with both 

coals . This alternative takes into account the Sako a bl a ck 
coal . 

For clinker burning in vertical shaft kilns a coal with 

content of volatiles less than 20 % is fit for use only , that 

is to say, that imported from Mozambique . 

4.1.4. Unit Costs 
-----------------

Unit costs of raw materials , auxiliary materials and 

utilities are to be understood "deli very Amboanio " and were 

obtained from operating logs of the exi sting cement factory 

from 1982 • 

Unit costs given below were calculated in conformity with 

th e exchange ra te st at ed by Bankin ' ny Indost r ia , as foll ow s 

l US D / U.S. dollar / = 400 F MG 

Raw materials and additives 

1 i mes tone , marl 

sand 

gypsum 

pozzolana 

paper bags / 5-fold / 

1 ubricant s 

explosive': 

own source 

6,25 USD /ton 

58 , 50 US D / t on 

13,50 USD / ton 

195 USD / 1 000 pcs 

1 500 US D I ton 

7 200 USI' I ton 



cap primers 

de to nati ng fuse 

diesel oil 

coal /1 oc al/-est i ma ti on 

coal / imported / 

light fuel oil 

elect ri city 

refractories 

lining 

gri n din g media 

650 US D / l 000 pcs 

46 0 U SD / l 000 m 

350 us D I l 000 l 

56, 77 US D / t on 

67 USD / ton 

300 USD /ton 

83 USD I l 000 kWh 

615 USD /ton 

1975 USD /ton 

l 000 USD /ton 

Spare parts 

Others 

l 200 000 USD /year 

500 000 USD /year 

4 . 2. Supply Programme 

This F ea sibi l i ty Study takes under study two cement plant 

alternatives : 

- Alternative 1. - Rotary kiln - dry process of clinker burning 

with capacity of 700 tons per day 

- Al terantive 2. - Shaft kilns /4/ - for clinker burning with capacity 

of 4 x 175 tons per day / 700 tons per day / 

Time u ti 1 i za ti on factor 

C link er out put per year 

Cement output per year 

4. 2.1.1. Raw Materials 

315 days 

: 220 000 tons 

: 250 000 tons 

Consumption of raw materials in natural condition per year 

- limestone 166 640 tons 

- marl 

- sand 

- gypsum 

- pozzolanu. 

203 375 tons 

11 109 tons 

10 SOO tons 

21 000 ton 
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L.2.1.2. Auxiliary Materials 

- Paper bags 

- refractory 

- 1 ubricants 

- explosives 

- detonating fuses 

- lining Alt. 1 

Alt. 2 

- grinding media Alt . l 

Alt. 2 

4 .2 .1 .3. Fae tory Supplies 

- Spa re part s 

- other 

4 .2.1.4. Utilities 

Alt . 1 - electric power 

- water 

- coal I local I 
- diesel cil 

Alt .2 - electric power 

- water 

- coal / imported / 

- fuel oil 

- diesel oil 

I .2 .2. Availabi 1 it v of Sunnli es 
~-----------------------------
4. 2.2.l. Raw Materials 

5 300 000 bags µer year 

500 tons " 
40 tons " 

6 000 pcs " 
10 OOOm " 

60 tons " 
40 tons " 

150 tons " 
90 tons " 

120 tons per year 

50 1:ons per year 

27 500 thous .kWh per year 

56 000 cu . m • " 

43 550 tons 

500 000 lit res 
" 
" 

25 000 thous .kWh " 

63 000 cu . m • " 

33 540 tons 

4 900 tons 

500 000 lit res 

" 
" 
" 

Limestone and marl are available in the existing quarry 

------------------located apvrox. 500 m from the cement pl ant . Limestone forms 

the uppe:"' layer \\tith thickne.sb 14-13 m ; 
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Marl layer forms the lower layer bellow the limestone with extract­

able t hi cknes s of approx • 11 m • 

Limestone and marl de posits practically cannot be depleted and 

s pread i n an area of approx • 300 sq. km • 

Sand is available in Amborovy 45 km from the cement factory • -----
Sand will be transported to the factory by trucks. 

C;j.JJ>~2!!l wi 11 be imported from France by sea transport . 

Gypsum which is available in nearer deposits is not suitable for cement 

manufa cture • 

Pozzolana is available near Antsir abe in Bet a fo area and will ..., ____ _ 
be transported to the factory by truck over a distance of 73 0 km • 

4.2. 2.2. Auxiliary Materials 

Paper bags, refractories , explosives , lining and grinding 

media will be imported • 

Necessary oi 1 s and greases a re avai 1 able in Madagascar /SOL IM A /. 

4. 2.2.3. Factory Supplies 

Spare parts and other materials wi 11 be mostly imported • 

C ertain amounts are available in Madagascar • 

4.2. 2.4. Utilities 

The cement plant may be supplied with electricity alternatively 

either from a public network or from a diesel generating plant 

of its own • This study takes into consideration power supply from 

a public network since this is more economical both from the i nves ~­

ment and fr om the operation points of view • One kW - hour from 

a public network is estimated to cost 0,083 USD over 0,12-0,14 USD 

from the diesel generating plt•.nt • 
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Connection of the c ement pl ant to the J I RAMA network by two 

2 0 KV overhead lines 20 - 25 km long is presumed • 

Service and potable water will be delivered from a dam situated 

7 km from the cement factory • 

Water will be pumped into the existing tank whereof factory 

will be supplied by t°'J;o separate branches for service and potable 

water respectively. 

Reconstruction of the existing water supply system is a part 

of the project • 

In Madaga sc.:ir there i s a deposi · Jf black coal of good quality 

in Sak oa near Toliary which11 

of volatiles / 30 % / rr.ay be ap1 

- Rotary Kiln only • T1.e Alt ern 

· ver , by virtue of high content 

Jl e in the Alternative 1 -

c 2 - Shaft Ki Ins may work 

with coal imported f rem Mozambh1. J.e only / max. content of vol ati I es 

upto20%/. 

In order to dry raw materials in the raw grinding plant in Altern.2-

- Shaft Kilns , fuel -:iil wi 11 have to be used together with coal. 

This fuel oil is available in Madagascar / SOL IMA /. Transport 

to the factory is pos.sible either by cabotage or by road • 

Similarly , diesel oil is available in the local market • 

Taki:lg into consideration the availability of raw materials 

and inputs and locati.,:1n of the factory from the transport point 

of view , the foll owing delivery programme is proposed : 

- Limestone and marl wi 11 be regularly transported to the factory 

by means of a systen of belt conveyors • Proposed storage capacity 

is d esigned for 2 x 3 days • 

- 14-days storage ca.pa city of sand wi 11 be supplemented by regular 

supp lies by true k companies • 

- Gypsum stock is int ended for 6-m onth operation / necessity to import 

it from France /. 

- Stock of pozzolana for plant operation wi 11 make for the 30-day 

period • 
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- Stock of imported or local coal i s to provide for min . 35 days 

of ope ration . 

Increase in prop.)sed stock of coal may be provided for by open -

- air storage . 

- Fuel oil for Alt er. 2 - Shaft Kilns - is proposed to be stored 

in two 150 cu.m. tanks . This stock is sufficient for 18 days. 

- Stock of 1 500 000 paper bags is to meet the demand of 3-mont h 

L~r oducti on because of their importation . 

- Spare parts , lining , grinding media , refractories wi 11 

be imported , therefore one year reserves a re necessary . 

- Other imported ma teri al s - 3-m onth stock , 

local materials - I-month stock • 

4 .2.4. Cost Estimate 
--------------------

Costs are calculated from the unit costs and their break-down 

presented in Schedule 4-1 . 

Raw materials and additive s 

limestone , marl 

sand 

gypsum 

pozzolana 

Tot a 1 

Auxiliary materials 

paper bags 

oils and greases 

explosives 

cap primers a:1.d 
detonating fuse 

Tota~ 

own sources 

69 431 USD per year 

6"14 250 USD " 
283 500 USD " 

967 181 USD per year 

1 033 500 USD per year 

60 000 USD " 

324000 USD " 

8500 USD " 

l 426 000 l! SD per year 



Power and fuel - Alt. l 

diesel oil 

coal 

electricity 

water 

To ta l 

Power and fuel - Alt. 2 

diesel oil 

coal 

light fuel oil 

el e ctri city 

water 

Total 

Factory supplies • Alt. l 
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175 000 USD per year 

2 472 300 USD " 

2 075 000 USD " 
own source 

4 722 300 USD per year 

175 000 U SD per year 

2 24 7 180 US D " 

1470 000 USD 

l 867 500 USD 

own source 

" 
" 

5 759 680 U SD per year 

refractories , insulations 

lining 
307 500 US D per year 

118 500 USD " 
grinding media 

spare parts 

other ma teri al s 

150 000 USD 

1 200 000 USD 

500 000 USD 

" 
" 
" 

Total 2 276 000 USD per year 

Factory supplies - Alt. 2 

refractories , insulations 

lining 

grinding media 

246 000 US D per year 

71 100 USD " 

90 000 us D II 



spare parts 

oth~r materials 

Total 
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l 200 000 US D per year 

500 000 u SD II 

2 107 100 USD per year 

TOTAL MATERIAL COSTS - A LT . l 9 391481 USD per year 

TOTAL MATERIAL COSTS -ALT. 2 10 259 961 USD per year 



USD 

E.3TI:!AT:;: . - ?LC:: 1!CEC~ •.:C3T :::s::KAi:Ic:. ~=~ ,..\,,lr,.•.J a.-.:. F:iC:JUCTICN 
--

1:A TERI Al..S A ND L'i.PUTS - .U.T. l l'llA T iiu" Ir.A <;T Fl..CTSll?..S ~E PRODUCTIO?; - J..l.T. l 

I 
Vru.t 

Cost .:out J Quantity Unit rt.-m J·:scri;:-ti·~n cc st 
~ic. 

[,;Ud.!1 tit~ lir.ih· Lesi8llllticn Cout 
Fcre~ :.ocal I Total lmit!lire 
~trangere :.ocel Total 

l 11.1c9 ton Sand .::sbb G.25 - 69.430 69.4)0 
2 lC.5CC ton G:nsu::i Gy;s<- 56. SC 614.<:5C - 614.250 
.3 a.coc ton ?uzzole.n"' ?c~zzolL::.l• u.sc - I 263.5GO 203.500 
4 5.JCC lCCC ;:c3 Paper bnp :.:acs l<-r:; - l.CJ.).5CC - l.CJ3.500 ... 
5 45 ton ::.Xplosive3 :::X;:losifs -;.2c.o.- ;:?(.CCC I - 324.occ 
6 6 !CCC ;cs Cap ;:rl=ers .J:;;crc~·:o o5C.- ;.~GO,- - J.90c.-
7 10 lCCC Ill 

Detone.-:ing !:is~ 
.;Ge.- 4.ovC .- I - I 

4.600 ~oreea~ d~tcnne.nt 
s ~cc l0CC l r,1esel oil ::ap1te .)50.- - i 175.000 175.000 
~ 43.550 ton Ccal :r.a:t:c.n 56.ec. - I 2,47).640 2,473.640 

Direct ~.ate~i&ls and inputs 
l,S60.25C I 

3.cc1.510 4,981.820 Mat~riaux e facteur de procluotion iirect:! I 
I 
' 10 25.c0c I 1ccc k'.llt Electricity Zlectrici t·: cJ.- - ' 2,c75.oco 2,015.000 

11 4C I ten Lubricants :ubri!ia!1ts i.sco,- - i 60.000 60.ooo 
12 5CC I ton :'.e!ractory -"tifractaire 615.- JC7.50C - J07.500 
1) 60 1 ton Armouring '=lineage l.'175,- ll&.5oc.- - 116.500 
14 150 I ton IJilling bodies l.C.CC ,- 150.0CO - 150.000 
15 I Sp~ parts Gcc.ccc 200.000 aoo.ooo Piece de re::tsnge ! 

I 
l6X1 I Supplies and util.i. ties I JC0.000 300.000 Fourr.J. tures et servic .. s ,:ui:lic3 - I 

Factory ove rhead cat !rials end utilities I 
Frais g.iner aux des ~i t~riaux d

0

etelier l,176.ooc 12,635.000 J.811.000 

I I 
17 Su;:pliea and utilities I - 100.000 lCC.000 I Pournitures et s.:rvice3 ;;ut.li::s 

I 
Administra~ve overb1 ad caterie.ls - l00.000 l00.000 Frais ~~ne we des 111 tiri&ux d·aimini~traticn 

I Total 
J,156.250 15,7)6.01< 

6,6!12.920 I Total 
I 
' 
I 
I 
i 
I 

x/ Note 

It~m 16 includes electricity - 2,500.occ kilh, 1.e., 201.500,- UsD 

'."oubri-:;ue 16 comprend l 'electricit' - 2, SCiC.OCC lhfh, c.-a.-d., 207 .SCv,• USD 
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i::.l'.rlUTE CF ?i'~:-;.:.;rrc?; (;(.''I: r.:i.r:;Rl>.LS J..:liJ lN!'UT:J 

ESTUIATlc::i ~;,;3 .:Ct;"I3 ;Ji:. ?F.C.DUCTIC:l: :.:J.Ti.'Ui.liX :::: ?ACTEU?.;o DS ?F.CDtiCT:vN USD 

::~TZ!'..ATS C !" ::5.CJU~fI':~J c:::;T ::::TI!lu..TICli ::::::; COUTS DE PRC2UCTIOI 

llATi:JtrALS t.:,;:i I~i?UTS - ALT. 2 IUTiAIAUX i:."T FACT?.1/BS Dg PRODUCTICN - ALT. 2 

~uantity 
: lln1t Cost - .\At 

!lo• I.I nit It•E d•scription ost 
Quant it~ Unite: D.aignat1on 'out Pordgn Local Total 

l.lnitaira etranaere 1ocal Total 

1 11 lC~ ten .3a.;.;i :>able 6.25 - 69.4)0 69.430 
2 lC 5CC ton Q7 _; 3Ull Gyps!? 56.50 614.250 I - 614.250 
) 21 occ ten ?uzzc:!.:i.ne ?ouzzclane 1~ 1 5C - 28).50(, 28).500 
4 5 JC.C i~~- ;c: !'a;:.o.r bags :acs l'.:-5.- l,CJ).5Cu I - l 0 C))e500 v\A 

5 45 ten .:::.C;.lcsiv~s ;:.Jc;.l·~i>ifs 1.2cc.- )24.CC.C - )24.000 
6 6 lCCC ~~s 1:'a;: ;:ri:::rs Amore~,;; .;5c,- :;.900 I - ).900 
1 lC hlC m :-:tonatin.g !U31!' 

4&c,· - 4.600 Corioau !cto~nt 4.occ.-
1 

8 soc lCLC l :::>i:s;·l cil :<a;fr.t~ J5C •• - I 175.000 175.0UC 
s ,, 

540 ton Coal C!larbc-r. ;1. 2.£47.180 I - 2,247.180 J) I 
lC 4 90C ton i\lel cil ?uel JC<., - [ 1.470.000 1,470.000 

Dir,ct :;ata~ia.13 ar..:! llFUt!3 ! 
lk.terie.ux ~ti !act~urs d.'P! ~roduction Jirect: 4.227.4JC I l,997.9)0 6,225.)60 

11 22 5CO lCCC k1.'h :ilec:tric:ity .::lectricite SJ, I 1,867.500 - : l,c67.5CC 
12 40 ton Lu'brieanu Lubrifia:1t l.5CC • - I 6C.oco 60.ooo 
l) 400 ; ton "e!rac:tor: R~!ractaires 615.· 246.GCC - 246.000 
14 40 ton Armouring Blini~ge l.S-75, 1~.ccc - 79.000 
15 90 ton U'.il.:. in.-; 'bo11 .. s l.OGC, 9Ci.GCC - 90.000 

16 Spp-e parts 6c:c.occ 20c.oco eoo.coo Pieces de recnange 

lr Supplies and utiliths - )CC.COO J00.000 Pourni tures et services 
publics 

Pactol'7 ove:thea:l t1ate ials ani uti!itie~ i,c.15.ccc 2,427.500 ),442.500 irais g~ntraux d~s 1tA eriaux a·~telier 

18 I 3upplies ~ni utilitids - lOC.000 100.COO 
i 1i ourni ture s et s~~ic~s 
I ;:ublics 
I 

l..imini:>trat~ve overhe d caterials - lC0.000 100.000 
?re.is gtnfr ux des !:!& eriaux d'administration 

Total 5,242.4)0 4,525.430 9,767.860 
Tot~l 

x/ Note: 
Ite~ 17 in;ludes electricity - 2,5cc.cco kW"n, 1.e., 207.5"0,- USD 

;.oubri~ue 17 co::i~r'?nd i 'erectricitt - 2,5cc.ccc k'A'h, c.-a.-d., 201.500,- USD 
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The new ce:nent plant with capacity of 700 tons of clinker 

per day will be lo cat~d in the are a of th0 existing cement p Ian t 

in Amboanio that is situated on the right bank of the Bombetoka 

Bay in thevicinityofthe outlet of the Betsiboka River. 

The cement plant wi 11 be located south to MAHAJ ANGA air 

dis ta nee 15 km , road distance 35 km • 

The p reposed site for lo ca ti on of the cement plant can be 

characterized as an area suitable for construction of a new cement 

plant with convenient overall conditions • 

Other possible localities were not taken in to consideration 

since any other locality would require : 

- takeover of additional land and consequently elevated cost 

of land and its preparation . , 
- decrease of exploitable raw mat er ial s reserves due to 

necessary l oca ti on int he area of limestone and marl deposits ; 

- construction of new auxiliary services ; 

- construction of a new infrastructure ; 

5 . 2. Site 

The lay - out was in flue need by a necessity to ma in tai n and 

continue the O?eration of the existing auxiliary services as well 

as by raw materials availability and tic - in to e xis ting networks. 

The site is in an altitude of + 7 m above sea level • 

In spite of the above mentioned Ii mit at ions the lay - out 

is in conformity with the requirements uf the t e chnolog ic al process 
adopted • 



Selection l.., f the site fully re spec ts accessibility of raw 

mate rials , ut i 1 it i es , manpower, and capital costs • 

5.2.1. Geoi.7ranhical Conditions 
----------~-------------------

The site of the new cement plant is situated in the area 

of the e xis ting cement plant in Arnboanio on the right bank of 

the Bombetoka Bay in the vi c ini t y of the outlet of the Betsi b oka 

River. Road distance among the site and MAHAJ ANGA is 35 km. 

The site surface is flat with minor ve_getation, altitude 7 m. 

At present the site is accessible by two ways , as f o 11 ows: 

- Access fr om the sea - by means of cargo ships anchor -

ing S km away from the pier in the open sea and consequ­

ent transfer of cargo to boats twice a day in tota 1 duration 

of 2 x 3 hours • At the pier the cargo is tr ans fer red 

from the boats onto trucks or factory railway ca rs. 

The distance be tween the pier and the pl ant proper is 

about 500 m . 

- Road access - 17 km long road connection to the 

ANT r\NANARI VO - MAHAJ ANGA high way • 

The distance be tween the site and the MAHAJANGA seaport 

is 3 5 km • 

Implementation and operation of the cement plant wi 11 depend 

on considerable volume of transport of bulk and other mate rials 

either from and to the site which wi 11 be multiplied by a factor 

of 3,5 -4 over the present state • The existing way of sea 

transport is unacceptable for this project from the technical , 

capacity and economical points of view • Road transport to and 

from MAHAJANGA is considered to be unfavourable both from 
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economi ca 1 and ccolo gical aspects • 

It is proposed to include in the project a new transport 

system - r econstr ucti on and putting into operation of an abandon­

e d port in BOANAMARY with access from the cement plant by a road 

7 km Ion g • 

The project he lu des e osts of re construe ti on and opera ti on 

of the BOA NAMAR Y port within the requirements of the cement 

plant only • 

Access to the road network remains unchanged • 

5.2.3. Extraction Conditions 
---------------------------

Deposits of the essential raw materials / Ii me stone and 

marl i are situated 500 -1000 m west to the factory. 

The existing open quarry wil 1 bE ;.sed • 

5 .2 .L. Cost Es ti mate 
--------------------

The proposed site presents no requirements in in vestment 

e osts and production costs e it her • 

S .3. Local Con di ti ons 

5.3.1. Climate 
---------------
Te ·1pcrature 

Velocity of 
wind 

- average 

- maximum 

- minimum 

- average 

- maximum 

26 °c 
32°C 

18°c 

1 2, 4 - 16, 5 km / hour 

36, 5 - 57, 7 km / hour 

maximum wind ve lo city d urin ~cyclone 50 m / sec • 

I 



Earth quak(' : no 

Precipitations : 

Rain p eriod 

- ss -

- tot al 

- maximum 

- minimum 

Nov1..'rnbcr 109, 2 mm 

Dcct."rnber 202,6 mm 

January L65,3 mm 

l 566 mm per year 

2 692 mm per year 

1 002 mm per year 

February 369, 7 mm 

March 282, 7 mm 

Altitude + 7 m 

Relative humidity : - maximum 

- minimum 

84 ~; 

39 ~; 

Data on climatic conditions were provided by A.S.E.N.C.N.A., 

Service Meteorolo giq ue , Centre de MAHAJANGA • 

Access to the national road ANTANANARIVO - MAHAJANGA 

is possible by a branch road 17 km 1 ong • 

Connection with the port of MAHAJANGA is possible bycabotage. 

Distance by sea between the port of MAHAJ ANGA and a pier of 

the cement plant of Amboanio is approx. 15 km • 

The pier is ope rati onc.l only during tide twice a day in du rat­

ion of 3 hours • 

This project takes into account the r econstr ucti on of the abandon­

ed Boanamary port which maybe accessible by ships • 

Following measures are to be adopted to rest ore operation 

of the port : 

i /To remov0 c: edimen.ts from th€' sea hottom 
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iii To insta 11 a mobile crane necessary for shipping 

of cement , and unloading of gypsum , coal and 

a uxil i ar y material 

iii/To construct a handling platform 

iv/ To fix up a r 0ad from the port to the cement plant • 

Tran sport between th c port and the site wi 11 be p rovid­

e d by trucks • 

5 .3.3. Utilities ----------------
Service and potable water will be supplied from the exist -

in g water supply system • 

The s it e is supplied with e le ctr ic it y from the diesel genera t­

in g s ct of the ex is ting cc ment plant until the overhead 1 in es 

for the project have been put into service • 

5.3.4. Mannower ----------------
Manpower for construction and operation of the new cement 

pl ant wi 11 be provided by the personnel oft he ex is ting cement 

pl ant and will be complemented by u nskil 1 ed workers fr om Ambo anio 

and Boanamary vil 1 ages • 

General and le gal re gula ti on s in the Malagasy Democratic 

Republic are valid for construction and operation of the new cement 
pl ant • 

There are very well equipped workshops with sk il 1 e d manpower , 

stores , offices , a la boratorv, and a diesel generating set in th'-' 

area cf th..: e xis ting cement piant • 
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These facilities will be kept in used uring construction 

and operation of the new plant • 

5. 4. E nvironmcntal Impacts 

Cons tr ucti on of the new cement plant wi 11 entail no negative 

impacts either on ~nvironment or on housing since all activi tes 

a re to be carried out within the area of the existing factory. 

Opera ti on of the new factory wil 1 have the foll owing environ• 

menta 1 impacts : 

- in creased traffic in both directions 

- <lust and gasp oll ut ion wi 11 be within the European 

standard limits and will , nevertheless, be lower than 

that of the existing plant ; 

- considerable decrease in manpower requirement /by more 

than SO~; of the existing manpower/ simultaneously 

with rel'.;_uirements on higher d egree of skill • 

5. 5. Cost Estimate 

The new plant will be situated in the area of the existing 

factory therefore there are no additional requirements on land. 

In reference to the existing social system and corresponding 

law r cgula ti on s this study does not envisage any tax and le gal 

ex pens es , c ontri bu ti on s to be paid to the government • 

It is supposed th at the abandoned BOAN AMA RY port wi 11 be 

provided by the State aut hori ti cs to the f ac tory free of cost. 



l 
<( 

~ 

g 0 
~ 

E ~ 
GI I 

~ t- .x :J ,z; In a UJ '8' ...J - 8 UJ 0 cl 
0 

. ., 0 

"' x m 0 
0 " cl 
r- - _. 
.. .,, 5 cl 

~ 
.-N m 

~ "' GI B <! <l. 
-j 

LJ..l 0 ·!' 
.. <1' <J: ;. 'O ;.::, :r: u - z m MJ ·a ::> c:{ 

<l: ... ...., - <! ~ )( 

~ CJ UJ 
CD 



- 62 -

6. PROJ E CT ENGll\': ::E Rl NG 

6. 1. P roject Layouts 

6 .1 .1 . P r1..~uction Pro1.1r amme 
____________________ ..._ ______ _ 

Subject oft he Feasibility Study is a cement pl ant project 

in Amboanio designed in two alternatives : 

A lte rnati ve 1 

A lte rnati ve ? 

features a short rot a ry kiln and an exchanger 

with output of 700 tons of clink er per day by 

dry process . 

features four sh aft kilns working with " black -

- meal " technology output of l 7'3 tons of clinker 

per day each , 1. e., 700 tons of clink er per day. 

The cement plant wi 11 produce cement whose quality sha 11 

meet specifications of the French Standard A FN OR NF - P 15 -

-301/Dec.1981/,class L3. 

Fineness of grinding sha 11 be 2 800 sq. cm/ g by Blaine . 

Minim um guarranteed compressive strength is to be 

R
7 

days min. 17,3 MPa 

R 28 days min • 35 M Pa . 

Snecif i ca ti on accept maxim um admi ssi bl e content of additives 

3 5 0 % , including gypsum • 

Clinker will be ground together with foll owing additives 

5 % of gyps um 

10 % of p ozzolana 



Clinker prodm. ti on per year 

C ernent production per year 

220 000 tons 

250 000 tons 

The annual production of ce rnent will be packed in SO kg 

paper bags and wi 11 be deli vcrcd in LO ~; / 100 000 tons / 

by ship and in 60 ~; ,· lSOO 000 tons / byroad transport . 

The project takes also in to cons id era ti on a provision for 

bulk cement loading . 

6 . ~. 2. Supply Programme 

-----------------------
The production t c chnology is based on essential raw 

materials - limestone and marl - whose deposits are located 

in the vicinity of the cement pl ant 

Other raw mate rials / gypsum , sand , pozzolana / and 

coal wi 11 be purchased 

6. l . 2 .1. Lim es tone and Marl 

Total annual consumption of limestone in natural condition 

3 % H20 will be 166 640 tons . 

Total annual consumption of rn arl in natural condition /10 % 
H 2o / will be 203 375 tons . 

Limestone and marl are extracted in quarry located 500 m 

from the fact or y • The quarry is the cement pl an ts property • 

They will be transported to the plane by belt conveyors to a 

st or age area 2 x 6 150 tons . 
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6.1 .2.2. Sand 

Total m•nual consumption of sand in natural condition 

/5~~H 20/will bell 109tons. Sandstockrepresents 

SOOtons, i.e., forlldaysofcontinuousoperation. 

6.1.2.3. Gypsum 

Annual co ·:.sumption of gypsum in natural condition /5 % 

H 2o / will be 10 500 tons . Storage of gyps•J.m wi 11 have a 

capacity of 5 000 tons which represents 6-month stock . 

Capacity of st or age reflects the necessity to import gypsum 

fr om F ranee • 

6.1. 2.L. Pozzolana 

Annual consumption of p ozzolana in natural condition / 5 % 
H 20/will be21000tons. Storage will haveacapacityfo 

2 700 tons which will be 30-day stock for operation oft he 

cement p Ian t • 

6 .l. 2.3. Fuels 

Alt erna ti v e l - Rotary Kiln 

Annual consurnption of local coal from SAKOA with calorific 

value of 5 079 kcal per kg or 21 2 65 kJ per kg at 8 % H 0 will 
2 

b e 4 3 570 tons . 

Alternative 2 - Shaft Kiln 

Annual consumption of imported coal / Mozambique / with 

c alo rif i c value 6 000 kcal I kg or 25 120 kJ /kg and 8 % of 

H 20conterit will b~~33S40 tons. 
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Raw mate rials and co al wi 11 be dried during grinding 

by burning of light fuel oil with calorific value 9 000 kcal/kg 

or 3 7 681 kJ /kg . Annual consumption is estimated at 4 900 

tons . The given quantity wi 11 meet requirements in drying 

of raw mat c rials and coal even during most severe rainy 

periods . 

Coal storage is 5 000 tons in both alternatives , i. e., 

stock of coal for 35 days at least ; light fuel oil tanks will 

have a capacity of 270 tons - stock for 18 days • 

Coal wi 11 be stored in a sheltered stockyard . Capacity 

of storage may be in creased by open - air storing • 

6. 2. Scope of Proj e ct 

a I Complete deli very of machinery and equipment including 

erection ; 

b / Complete deli very of electrical installation , instru -

mentati on and control equipment incl • erection ; 

c / Necessary construction materials and civil works ; 

d/ Topographic survey of the site ; 

The cement pl ant deliveries include transport means for 

transport between the site and the B OANAMAR Y port • Other 

transport of materials will be provided by local transport 

companies . 

-·---· 
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6.2.2. This Study is based on data provided by Malagasy 

a utho ri t i e s : 

-------------------------------------------------------
a/ L1."'ng - term ex perie nee with raw materials and additives 

used during operation oft he existing plant ; 

b/ Chemical analyses of fuel , service and potable water ; 

c / Clim a tic conditions of MAHA JANG A district . 

6 . 2 • 3 . A lterna t i ve s 

-------------------
The existing cement plant in Amboanio manufactures clinker 

by wet process . 

Physical and mineralogi ca 1 properties of essential raw ma -

t eri al s permit , however , to use dry process of clink er 

manufacture . This is 1 ess de mantling in power consumption and 

more efficient . 

The study takes in to cons id era ti on production of cement 

in two alternatives 

- Alternative 1 - rotary kiln , capacity 700 tons of clinker 

per day; 

- Alt erna ti ve 2 - shaft kilns , capacity 4. x 175 tons of 

clinker per day. 

01 Vrn estone and marl quarry 

02 Crushing plant and conveying to plant 

03 Raw mat er ial storage 



- 67 -

04 Raw grinding pl ant 

05 Homogenization silos 

06 Clinker burning 

07 Clinker and additives st or age 

08 Coal stora_ge 

09 c~..,al grinding plant 

10 Cement grinding plant 

11 Cement s il os 

12 Packing plan': 

13 Substation and power supply 

14 Compresor unit 

15 Water supply system 

16 Electric al insta 11 a ti on 

1 7 l n stru mentati on and control 

18 Roads 

19 Outdoor 1 i g hti ng and tel e communication 

20 Rain drainage 

21 Boanarr.a ry po rt 

22 Offices and laboratory f extension f 
23 Store of fuel f existing / 

24 Store of lubricants f existing I 
25 Workshops and st or es f extension f 
26 Gate house / existing f 
27 Water dis tri but ion system f existing I 
28 Emergency genera-::i ng set I existing I 
29 Sanitary facilities I extension I 
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6 .3. Technology 

6.3. l. Tec~nolvgic data 

-----------------------
Proposed composition of raw mix : 

l i rnest..Jne 45 % 
marl 52 % 
sand 3 % 

ki 1 n c utpu t : 700 tons of clinker per day 

ti m e '.lti 1 i zat ion fact or : 315 days per year 

annual procuctio n of clinker : 220 000 tons 

annual procuction of cement : 250 000 tons 

c onsu::lptio::l cf raw materials 

on dry b:i~i s specific consumption 

1, 6 tons per 1 ton of clinker: 352 000 tons per year 

or : 1 l 20 tons per day 

co nsu."::ptio n of natural raw 

materials .!7 ,6 % H
2
0 / 

c onsu.-:iptio::l of raw materials 

: 380 864 tons /year or 

1 212 tons/day 

/moisture 10%1-I:.° / : 391000 tons /year or 

l 244 tons / day 
consur..pti O::l of limestone on dry 

basis : 158 400 tons/year or 504 tons/day 

- in r.a tural condition 

I 5 :; H20 / i.66 640 tons/ year , 530 tons/ day 

c onsu~ptio::l of marl on dry 

basis : 183 040 tons/ year or 582 tons/ day 
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- in natural condition 

consumption of sand on dry 

basis 

- in natural condition 

consumption of gypsum on 

dry basis 

- in na t.1 ral condition 

I 5 ~~ H20 I 

consumption of pozzol a na on 

dry basis 

- in natural condition 

I 5 ~~ 11 20 I 

Consumption of coal 

Alternative 1 - Rotary Kiln : 

203 375 tons/year or 6L6 

to -;--_s I day 

10 560 tons/day or 3L tons/day 

11 109 tons/day or 36 tons/day 

10 000 tons / year 

10 500 tons / yea r 

20 000 tons/year 

21000 tons /year 

Local co al from Sakoa low calorific value 5 079 kcal/kg 

- clink er burning / specific consumption estimated 

at 800 kcal / kg of clinker / 3 350 kJ / kg of clinker / 

34 650 tons/ year 

- additional he at for the raw mill / raw mix moisture 

10 ';, rno1stur<' of dried raw mix 3 % / ') 130 tons/yeai· 
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- additi on3.l heat for the coal mi 11 / moisti1r-e 

of coal S % / 720 tons/year 

Total consumption of coal 

Con S'lffiption of coal /moisture 8% / 

Alternative 2 - Shaft Kilns 

. 1 500 tons/year 

_·_3 570 tons/year 

Only i m p0rted coal / MOZAMBIQUE/ can be used • 

Local coal fro:n Sakoa is not suitable due to high content 

o f volati 1 es • 

- Estimated heat consumption : 8 50 kc al/kg of clinker , 

i . e • , 3 360 k J I kg • 

- Consumption of imported coal with low calorific value 

6 000 kcal /kg of coal 31 170 tons/year 

consumption of coal /moisture 8 % / 33 540 tons/ year 

- Consumption of fuel oil / for drying of raw mix and coal / 

low calorific value 9COO kcal/kg of oil 4 900 tons/year 

Tot al conswnpt ion of fuels : 33 S40 ton s o f 

coal/year 

4 900 tons of 

f ue 1 oil/year 

Water co nsUJl1ntion Alt • 1. Alt. 2. 
----·-------------------------~-~-----------------------·----
c ire ula ti on cooling water 

evaporation , losses 

service water 

60 cu. m • /hour 

6 cu • m. / hour 

10 c u.m. /hour 

30 cu.m./hour 

3 cu.m./hour 

15 cu. m. /h our 



process water 

water c onswned 

in process 

potable wa te r 
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76 cu .m. /hour 

16 cu.m. /hour 

6 cu.m. /day 

Electric pow er consumption 

48 cu.m. /hour 

18 cu.m./hour 

6 cu.m./day 

Specific power consumption per one ton of cement , 

in total : 

-Alt. l - Rotary Kiln 

-Alt. 2- Shaft Kiln 

110 kWh 

100 k\Vh 

Total annual c onsumptio n of electric power wi 11 be : 

· A lte rnati ve l - Rotary K iln 

Alternative 2 - Shaft Kilns 

6 .3.2. Description of Technology 

---------------------------------

27 500 MWhrs 

25 000 M'!Thrs 

Individual di ff er enc es between the proposed alternatives 

a re pointed out • 

Raw mate rials - Ii mesto ne and marl deposits - are 

1 o cate d in a dis ta nee of 500 m from the ce rnc·nt plant. 

Deposits are formed by a plain terrain with surface of 300 sq.km. 

between ?\1 ar ohogo and Bcrivo tr a rivers. The de?osi ts are o;icned 

by an open - pit quarry supplying the existing cement plant. 
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Lim es tone and ma rl extraction is estimated at 5 days 

a week by two shift .s • 

E ff e cti v e work - 6 hours per shift . 

Both raw materials ar1..' extracted in the same quarry where 

limestone focme s the upper layer l L - 18 m thick while marl 

limestone f onn s the lower layer with exploitable thickness 

of 11 m . Raw materials wi 11 be primarily separated by front­

- fac e b la s :i ng . 

Drilling wi 11 be carried o tt by means of light weight drilling 

rigs and air - operated hammers . Secondary separation by 

minute blasting . 

Blocks of raw materials /size up to l cu.m./ will be 

loaded onto medium capacity trucks / 13 tons/ by means of 

hydraulic loaders. The trucks will haul the raw materials 

to a crushing pl ant hopper . The crushing pl ant is located 

in the quarry , average transport dis ta nee being 500 m . 

Extraction capacity requirements approx. 8 8SO tons/week 

/ provided that limestone moist ure-5 ~~ , marl - 10 ~; H20 

and exploitation losses - 5 % • 

With 5 working days per week the daily extraction output 

wil l be l 770 tons 

\Vi th two working shifts and effective time 6 hours per shift 

is the extraction output per hour 148 tons 

output of one truck with capacity of 15 tons is ..... 50 tons/hour 

output of one hydraulic loader with capacity 1,25 cu.m. is 

200 tens / hour . 
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02 Crushing and Conveying to Plant 

---------------------------------
The crushing plant is situated in the quarry .1 ma -

t e ria 13 brought by trucks are discharged into a hoi. ~r under 

which a variable - speed a pron feeder wil 1 be installed • 

Raw materials are fod irttO a hammer crusher specially designed 

for sticky materials with grain size of 0 - 50 mm . Crushed 

raw materials are conveyed by a belt conveyer 800 m long to 

the open raw materials storage area in the factory. 

The crushing pl ant is rated at 200 tons per hour and is 

fu Uy equipped with c0mpl et e accessories including dust collection 

and a maintenance bridge c rane • 

Necessary quantity of raw materials 

/natural condition / 

Daily output of the crushing pl ant 

R equired out put with effective 

working time 2 x 6 hours 

nominal output 

0 3 Raw Material St 0 rage 

-------------------------
Raw mat er ia l storage is designed as foll ow s 

: m estone / marl mix in t vr o pre - horn o piles 

- correction limestone in one pile 

- silica sand in one pile 

8 232 tons per week 

1 6L7 tons pc r day 

13 7 tons per hour 

200 tons per hour 

Limestone / marl mix is conveyed to the stockpile by 

a loom stacker piling the mix in layers and simultaneously pre -

homogenizing • 
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Correction Ii me stone i s conveyed to the pile in a similar 

way • Silica sand wi 11 be transported to the fact or y by 

trucks and stock ed directly in the open pile • 

The whole storage are a is situ ate d in open space without 

roofing • 

Storage capacity : 

Capacity of limestone / marl , piles , with production 

of 700 tons of clinker per day is 2x 6150 tons/ reserves 

f o r 2 x 5 days / • 

Capacity of pile of correction limestone is 600 tons 

/ re serves for 10 days / 

Capacity of pile of sand 500 1: ons / reserves for 14 days /. 

OL Raw Grinding Plant 

----------------------
A lte rnati ve 1 - Rotary Kiln 

The raw grinding plant is designed for drying and grinding 

of raw mix to raw meal suitable for clinker burning in a short 

rotary kiln equipped with a preheate r • 

Individual component s of raw mix , i.e. , limcsto ne / marl 

mix , correction limestone and sand will be reclaimed fr om 

th e s to ckpil es by means of a hydraulic reel aimer and fed into 

steel hoppers. Each hopper is equipped with an automatic weigher. 

W cighed components are then conveyed to the grinding plant • 

The grinding plant comprises a drum mill (/J 3,7 x 9 m • 

The grinding system works with mechanical circulation with air 

separator . At the mill inlet there is 1 nstall cd an impact crusher with 

a drying shaft • The exit gases fr om the rotary kiln as well as 

those from an addition al hot gas generator, stream into the dry -

in g shaft • Dried and ground raw mix is conveyed into the air 



- 75 -

separator by means of a bucket elevator • Coarses are re turned 

to the mill . 

Finished raw meal is conveyed to homogenization silos • 

An elect r.:> static precipit a tor is provided for de dusting 

of both the raw grinc ing plant and the rotary kiln • 

Grinding output :.s 70 tons per hour with final fineness 

of 12 - 15 ~; residue !... 900 mesh • 

An automatic sar_? ler wi 11 be inst al 1 ed in the raw me al 

conveying sys'.em . It is de signed for automatic determination 

of raw mix chemic al .::omposi ti on . 

Raw meal consur::pt ion 7 8LO tons per week 

G rinding output 70 tons per hour 

E ffe cti ve wor ki:-_ g t iT"le oft he plant 6 days , 20 hrs per day 

\V orki ng hours ?er week 112 hours 

A lte rnati v e 2 / Shaf: Ki 1 ns / 

The raw grinding plant is designed to dry and grind raw mix 

together with coal t .:- bl a ck raw meal suitable for clinker bum­

i n g in shaft kilns • 

Individual raw r:-.eal components and black coal are reclaimed 

from the stockp:les by hydraulic rcclaim<~rs and fed into 

s tee 1 hoppers and by belt conveyors to bins. The weighers auto -

m atical 1 y control ra,:.- materials ratio • 

Two separate grinding plants are designed for preparation 

of black raw meal • 7he grinding plant comprises the vert i ca 1 

LOESCHE mill , and dedus ting equipment / electros ta tic pre • 
c ipi tat or • 
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Raw mix will be dried in the mill byndditional hot exit 

gases from a fuel oil fired hot gas generator . 

Prepared black raw meal will be conveyed mechanically 

to ho mogenizati 011 silos . 

Raw meal co nsmnptio n per week 

Output 

Effective working time 

).forking ti me 

7 8LO tons 

2 x 30 tons/hour 

6 day3 , 22 hrs/day 

131 hrs/week 

In rainy season the Alt erna ti v c 1 with the raw grinding plant 

consisting oft he drum mi 11 and the drying - shaft crusher upstream 

of the mill will be appli eel , to dry and grind raw mix of up to U. ~~ 

of moisture content with the same output . If moisture is within 

limits of ll -17 "6, the output shall be cut down accordingly. 

The Alternative 2 with the raw grinding pl a nt c onsis ting 

of the vertical mi 11 is foreseer , to dry and grind raw mix of 

up to 18 % of moisture content , with the same output . 

Both gr indi n.is plants a re equipped with drying chambers 

suitably rated <ven for extra moist raw mix during rainy season 

In order to eliminate negative effects due to increased 

moisture of raw materials, the Consultants recommend to schedule 

major re pairs during the rainy periods • 

0 5 Homogenization Silos -- ----------------------
Alternative 1 

A 'through - flow - type homogenization system has been 

s elc cte d for raw me i:\l horn(. geni za ti on . The svstern comprises 

t w Cl :;i! 0" • 
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Raw meal is conveyed to the si 1 o s by means of airlifts and 

a system of airslide s . 

Homogenization process takes place in the low er parts of 

the silos by means of flu id iz ing air . Air is periodically 

b low·11 inside the quadrants of the silo bottoms . 

H0mogenized raw meal is discharged from both silos 

s imult a neous ly , and is proportioned through an auto ma tic weigh­

i n g device and by an airlift into a prehea ter of the rot a ry kiln . 

Capacity of silos 2 x 2 800 tons 

Daily demand of the kiln 1 120 tons 

Stock of raw meal in the silos 3days 

Feed rate max. 90 tons / day 

Discharge rate max. SS tons / day 

A lte rnati ve 2 

A system of two - compartment silos has been s elected for 

homogenization of black raw meal • The system comprises four 

silos. 

Raw me al is conveyed to the silos by means of bucket elevators 

and air slides. Each silo is divided into two parts. 

Raw mea 1 is homogenized in the upper part by compressed air. 

The low er part is designed for st oc king . 

Homogenized raw meal is discharged from the si 1 o s and 

weighed for pell etize rs installed above the shaft kilns . 

Capacity of silos 

Daily requirement of the kilns 
4 x l 650 tons 

l 120 tons 
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Stock of raw mea 1 in the silos 

Feed "'ate 

Discharge rate 

06 C link er Burning 

------------------
Alternative 1 - Rotary Kiln 

5,8 days 

max. 2 x 40 tons/hr 

max. 53 tons 

Clinker wil 1 be burned in a ki 1 n system with capacity 

of 700 tons per day consist in:~ of a suspension pre heater and 

a short rotary kiln with planetary coolers . 

Raw meal entering the upper part of the preheater is preheat­

ed by hot exit gases fr om the rotary kiln . 

Preheated and part 1 y calcined raw meal enters the rotary 

kiln where cal ci ni n g and sinter ing processes are completed . 

Clinker is cooled in planetary coolers. Gases from the rotary 

kiln a re dedusted by means of a conditioning and tower electric 

precipitator common for both the kiln and the raw mill . 

Precipitated du st is c onvcyed , as foll ow s : 

- with the rotary kiln and the raw grinding pl ant working 

to .~ether , dust is conveyed with raw me al to the homo -

genization silos. 

- with the rotary kiln working al one , dust is stored in 

a bin from which it is added to raw meal when the raw 

grinding plant is in operation • 

Production capacity in clinker 

Ca lori f i c consumption 

Rotarvkiln 

700 tons/day 

800 kcal/kg of 
clinker 

¢ 3,9x 62m 



I 

~ 
- 79 -

Planetary coolers 

Effective working time 

Alt e rnati ,. e 2 - Shaft_ Kilns 

rjJ 1, 5 x 11 m - ten pcs 

315 days/ year ; 

24 hrs /day 

Clinker will be burned in four shaft kilns with total capacity 

4 x 175 tons per day • Black raw meal is fed a pellet i z er where 

pellets are prepared adding water in an amount of less than 

15 % • 

Pell et s pr0 ceed r hr ough various zones / drying ca lei n­

i n g , s int e rir.g and cooling / of the kilns • Clink er is cooled 

by s econdary at r blo\1.11 in to the kilns • 

Gases fro'.":1 the kilns pass th rough dust collectors • 

Precipitated d-u st is added to raw meal . 

Productio~ capacity in clinker 4 x 175 tons per day 

Calorific c.onsu:npt ion 830 kcal / kg clink er 

Eff ec ti v e working ti me 315 days ; 24 hours / day 

07 Clink ec· and ~\ddi ti v es Storage 

----------------------------------
Cooled c1 inker is conveyed from the ki 1 ns by means 

a chain convey0r and a bucket conveyor to the storage pt 

Storage are a is roofed and comprises the p i1 es of clinker·, 

gypsum and -pozzola na • 

A grab er ane / capacity 2, 5 cu. m. / handles materials in 

the storage . Output per hour - up to 200 tons • 
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Gypsum and pozzolan a will be transported to the st or age 

ar ca h v m 0an:.; of trucks 

Capacity of storag~ 

Cli n kcr pi 1 c capacity 

Gypsum pile capacity 

P ozzolana pi l c capacity 

08 Coa 1 Storage 
--------------

or 

or 

or 

lL 000 tons 

20 days stock 

S 000 tons 

l/2 a year stock 

2 700 tons 

30 days stock 

Coal will be delivered to the roofed storage area 

by trucks . 

Coal wil 1 be handled within the storage a re by me ans 

o f a wheel loader with capacity of l 50 tons per hour . 

Storage capacity approx. 5 000 tons 

or 35 days stocks 

Increase in stock of coal , if necessary , may be obtained 

in open - air st0ra,ge areas either inside the pl ant or on the pier. 

09 Co al Grinding Pl ant 

----------------------
Alternative 1 / Rotary Kiln / 

Coal is ta ken fr om the storage by me ans of a wheel loader , 

dumped to a hopper and conveyed by a belt conveyor to a bin in 

the coal grinding plant . Coal is fed from the bin to the tu be 

mill ¢ 2, 5 x 33 m by means of a rotary table feeder • 
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Blaci< coal is dried and ground in a air - circulation 

grinding plant . The plant is protected against explosion 

effects by security aluminium flaps. 

Hot air from the satellite cooler and additional hot 

gases from the gas generator are draughted through the mill 

to an air separator and a separating cyclone . Separated 

coarse coal dust is fed back to the mill . Fine coal dust 

fr om the cyclone is fed into a steel bin . The steel bin has 

three outlets . The first one is designed for feeding and 

dosing of coal dust to the hot gas generator oft he coal grind­

ing plant . The second one is designed for feeding of coal 

dust to the hot gas .'Sen era tor in the raw grinding plant . 

The third one is for feeding and dosing of coal dust to the 

burn er of the rotary k il n . The burner i s also fed with 

primary air supplied from the air circulation sys tern of the 

coal grinding plant . 

Coal / SAKOA/ re quire ment per year 

/8 "~ humidity , 5 079 kcal /kg/ 

Coal requirement p~r day 

Coal requirement per week 

Dry coal requirement per week 

0 utput in dry coal 

Effective working ti me 

Working time per week 

Alternative 2 / Shaft Kilns / 

approx. 43 570 tons 

approx. 140 tons 

approx. 980 tons 

approx. qoo tc1 ns 

7, S tons /hour 

6 days ; 
20 hrs/day 

120 hours 

Inst a 11 a ti on of a coal - grinding plant is not taken in to account 

since coal wi 11 be ground together with raw rnateria ls to black 

raw meal • 
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10 Cement Grinding Plant 

-------------------------
Alternative l / Rotary Kiln / 

The st ~"'I rage area for clinker and additives will comprise 

separate bins for clinker , gypsum and pozzola na . 

The bins are fil 1 e d by means of the grab era ne . 

Dosing devices a re ins ta 11 e d under each bin . The belt 

weigh feeders are designed for component pr oporti oni ng . 

Mechanical circuit two - com pa rtm ent tube mi 11 C/J 3, 7 x 9 m 

i s presum ed . 

After grinding, material is conveyed from t~·,e mill to 

a mechanical separator by me ans .:>f a bucket elevator . 

C oarses are returned to the mill feed . Fini shed product is 

conveyed to cement silos by means of a belt conveyor , airlift 

and airs 1 i de s . 

Air is draughted from the mill through a cyclone and a bag 

filter . 

P recipit at ed du st is conveyed to a cement conveying system • 

Clinker production per week 4 900 tons 

Cement mi 11 output / fineness 

2 800 sq.cm./g according to Blaine/ 55 tons 

Cement production per week approx .5 560 tons 

Cement production per day 

E ffe cti ve working ti me 

Working hours per week 

Alt ern ati ve 2 / Shaft Kilns I 

1 112 tons 

5 days ; 21 hrs/day 

105 hrs • 

Cement wi 11 be ground in two identical grinding pl an ts 

with capacity 2x 25tons per hour, grinding fineness 2800 

sq.cm./ g according to Blaine. 
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The grinding system is similar to that of Alt. 1 except 

for that instead of the mechanical separator a cyclone 

se para tor will be provided . Fini shed product will be convey -

ed to the cement si 1 os by means of a bucket elevator and air -

slid es . 

Clinker production per week 

Cement production per week 

Cement production per day 

Output 

Effective working time 

\V orking hours per week 

l 900 tons 

5 560 tons 

1 112 tons 

2 x 25 tons/hour 

5 days ; 22,5 hours/day 

113 hours 

For the Alt erna ti ve 1 / Rotary Ki 1 n ( , the optimum grind-

ing unit has been selected . This solution is usual for production 

o f one cement . 

For the Alternative 2 /Shaft Kilns/, the Consultants have 

designed cement grinding plant according to an offer by LOESCHE 

similar to that adopted for the ANTS lRAB E - lB lTY cement plant • 

11 Cement Silos -- -------------
Alternative 1 /Rotary Kiln / 

Cement will be stored in two silos • 

Cement will be conveyed to the silos by means of an airlift 

and airsli ded . Cement wil 1 be dis charged from the silos by means 

of extractors and conveyed to the packing p Ian t by means of a screw 

conveyor and a bucket elevator . Side outlets for possible cement 

bulk loading are also provided • 

The silos are deduste d by means of a bag f i 1 t er • 
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Cement production per week 

Capacity of silos 

or 

Alternative 2 / Shaft Kilns / 

5 560 tons 

2 x 3 600 t 

9 - day working stock 

Cement will be stocked in four silos • Cement wi 11 be 

conveyed to the silos by means of a bucket elevator and air -

slid es . Cement wi 11 be dis charged by extractors and convey­

e d to the pack.'i. ng plant by screw conveyors and buck -?t elevators. 

The silos are dedusted by means of a bag filter. 

Cement p!·oduction per week 

Capacity 0f silos 

or 

12 Packing Plant ---- -------------
A lterna ti v e l / Rotary K iln / 

5 560 tons 

4 x l 800 tons 

o laystock 

A rotary S - valve bagging machine will pack cement in to 

5 0 kg bags . Output of the machine will be 70 tons per hour or 

l 400 bags per hour • 

Cement discharged from the silos is conveyed by means 

of a bucket elevator to a rotary screen in order to remove 

impurities • Behind the screen there is a bin from which cement 

is fed to the packing machine. 

Filled ba,gs fall automatically on to a rotary to.Me which directs 

the bags to further conveying. Spilled cement under the packing 

machine is con~reyed by a screw conveyor and a bucket e leva tort o 

the bin • Bag~ed cement is conveyed by be It conveyors to a load -
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ing station. 

There the bags are loaded into trucks by means of two mobile 

belt conveyors . A provision is ma de for pall et i zing behind 

the pa eking machine . 

The pallets may be stored in a sheltered store and then truck­

ed to a store in the Boanamary port . Tte store in the port 

serves as a buffer stock . 

Cement production per week 

or 

Packing machine capacity 

or 

Working hours per week 

E ffec ti ve working time per week 

A lte rnati ve 2 / Shaft Kilns / 

5 560 tons 

111 200 bags 

70 tons pe r h our 

l 400 bags per hour 

84 hours 

6days, 14hours/day 

Two 4-spou t bag filling machines will be provided • 

0 utp·1t of the ma chines wi 11 be 2 x 20 tons per hour , i.e. , 

2 x 400 bags per hour • 

Further de3cr ipti on oft he packing pl ant is similar to that 

of Alt e rna ti ve l , except that instead of the 8 - valve packing 

machine , two 4-valve packing machines wil 1 be provided • 

Cement production per week 

0 utput of the ma chin es 

Working hours per we ek 

E ff ect iv e working ti me 

or 

or 

5 560 tons 

111 200 bags 

2 x 20 tons/hour 

2 x 400 bag s /hour 

139 hours 

6 days , 23 hrs /day 
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13 Substation and Power Supply 

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

Data ----
Installed k\V - proc~~ss equipment 

- other 

Effective kW 

P owe r c onsumptio n 

A It. l 

TOTAL 

or 

8 500 kW 

300 kW 

8 800 kW 

6 600 kW 

llOkWh/ ton of cement 

27 500 kWh 

considering 2SO 000 tons of cement per year 

Alt. 2 

or 

100 kWh / ton of cement 

25 000 kWh 

considering 250 000 tons of cement per year . 

Voltage : 3 x 6 000 V , 50 Hz for H.V. motors 

3 x 380 / 2 20 V , 50 Hz for L • V . mo tors 

220 V , 30 Hz for 1 i ght in g 

llO V , D. C . for emergency lighting 

Shock protection : 

- connection <:o neutral for L • V. equipment 

- earthing for H . V. equipment 

E lectri c powe r sup ply 

The cement plant will be supplied with el ec tri city fr om the 

public JIR AMA grid by two overhead 20 kV lines. 
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Substation 

The substation wi 11 be equipped with two transformers 

20 I 6 kV , output 6 300 kV A and 

2 0 kV inlet switchgear and 6 kV outlet switchgear . 

The 6 kV switch gear will feed 3 secondary substations • 

A separate transform er , 6 000 / 380 V , will feed a l i gh ting 

system and auxiliary equipment . 

In case of black - out the essential electrical equipment will 

be automatically switched over to the existing diesel generating 

s et in the factory . 

l L Compressor Unit 

-------------------
The compressor unit generates compressed air for flu idi cat­

i on of cement in the silos and control oft he plant . 

F luidi zing air pressure 

Control air pressure 

Consumption of compressed 

a~ ;' / pressure 0, 3 MP a / 

Consumption of compressed 

air /pressure 0,6 MPa / 

0,3 MPa 

O, 6 MPa 

l 500 cu.m.per hour 

300 cu.m. per hour 

15 Cooling Tow er and ~7Tat er Supply System 

------------------------------------------
This system ensures supplies of cooling and service water 

i n t h e f ac tory . 

Service water wil 1 be supplied from the AM BA TOM ALAMA 

dam/ distance 7,0 km/ to an existing steel tank located 1,5 km 
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away fr om the pla·:lt whereof water will be supplied by a tu bing. 

Service water will be necessary for : 

- Process purposes/ water injection into the conditioning 

t.:>wer , pell et i zing / 

and washing of cars and .~ener al clearing . 

- Certain part of service water makes up for losses in the 

water cooling system . 

- Certain part of service water is treated to potable water 

/ as it is now / . 

The water cooling circulation system consists oft he pump­

ing st at ion , the coolin.i;; to wcr , the water tank and the di st r ibu t­

i on system • 

Alt. l Alt. 2 

--------------------------------------------------------------
Quantity of cooling water 

C onsumpt i on : 

- evaporation + losses 

- process 

Service water TOTAL 

Potable water TOT AL 

60 cu.m./hour 

6 
10 

" 

" 

l 6 cu • m . /hour 

6 cu. m. /hour 

30 cu.m./hour 

3 II 

15 II 

18 cu. m. /hou r 

6 cu.m./hour 

--------------------------------------------------------------

16 Electrical Install a ti on 

--------------------------
Secondary subs ta ti o ns will be equipped with 6 kV switchgear 

for H. V . motors , one 6 000 / 380 V tr ansfo rrner and 380 V distri but -

ion boards for feedin.'Z of L. V . ins call at ions • 
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The substations wi 11 be ins ta 11 ed in the raw grinding 

plant , C:e cem c --;rinding plant , th e quarry and the B oanamary 

port • 

Electric i: ;, rs wil 1 make part of machinery and wi 11 

be des igr_ed for hum id t rop ica l conditions • 

C a)les connecting the substations with the departments 

will be le. id in ducts • In side the buildings they will be mounted 

on walls .:ir laid in floor conduits • 

L:ghtning pr~tecti on system , metal 1 i c structures and 

bodies of machinery a ~d equipment will be int erco nnecte d 

with the common earthing system • 

17 In.strum entati on and Control 

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

Ir.st r umentati on and control equipment will be di vi de d 

in to three basic co:i.trol centres : 

- quarry, crushing plant 

- :i.ucleus of the plant , i.e., from raw material 

st<..-irage upt .:> cement conveying to silos 

- ?acking and loading plant . 

T '.le nucleus of the plant wi 11 consist of several control 

s ubcentre s • 

Remote motor control is envisaged with possible local 

out - of - sequence control from the control panel • 

Measuring and control i.nstrum en ta ti on will enable 

auto ma tic pre - setting and st ubi l i zing of cssentia 1 process 

parameters / temperatures , pressure , flow etc. /. 
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19 Lighting and C ommunica ti ons 

--------------------------------
Indoor and o 1tdoor lighting will be installed in 

accordance with recommmendations of the IEC . 

The cement factory will be equipped with a private 

branch exchange for 30 extensions , a public address system , 

a central i zed int erco mmuni cation system and a private telex 

s ta ti on • 

21 Boanamary Port 

------------------
The existing cement factory possesses a little po rt 

/pier 100 m long/ which is situated abom 7'50 m away from 

the factory . This port is accessible from sea duri. n g ti d~ 

twice a day in duratio!l. of 3 hours only. Access is possible 

for chal ands with capacity less than 90 ton only . Therefore 

co al , additives , cement and auxiliary materials must be 

transferred from ships to boats and vice versa in high sea. 

F urthermore , in the port there are continuing problems 

with lateritic sediments from the river. 

As mentioned earlier , it is proposed to renew operation 

of an abandoned seaport at the village of BOANAMAR Y which 

would be accessible for ships • 

Following measures must be adopted to make this port 

accessible and operti onal : 

a/ To clean the port bottom and remove sediments 

b/ To restore the handling platform and ins ta 11 

a mobile derrick for loading the pa 11 et s of cement 

and uni oad ing o.f coa 1 , gypsum and au xil i arie~ 
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cl To construct an int erst ora ge pl at form partly 

- open : for unloading of coal and gypsum 

- roofed : for buff er stock of palletized cement 

d/ To fix up the road from the factory to the port 

for trucking . 

Transport re qui rem en ts 

Black coal Sakoa - Alt • l 

Black coal imported - Alt • 2 

Gypsum 

A uxili ary / refract ori e s , 

spare parts , ... / 

L3 570 tons per year 

33 SLO tons per year 

l 0 500 tons per year 

l 500 tons per year 

B agged cement / 40 % of total 

production / 100 000 tons per year 

Truck requirements : 

T rans port di stance - 7 km 

Transport output per hour per truck 

/1 o ad capacity 15 tons , 2 cycles per hour / 

Daily transport ra;_e from the port 

to the factory 

Daily transport rate from the factory 

to the port 

Daily capacity of a truck / 12hrs / day / 

'fOT AL require men ts of trucks : 

3 including l standby . 

30 tons 

300 tons 

330 tons 

360 tons 
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6.3.3. Cost Estimate 

--------------------
Cement production technology described in both 

alternatives is generally used in the world therefore 

its acloptio n i s not subj ect to any patents , licenses and 

know - how . 

6 .L. Equipment 

6. L .1. Equi pm ent - Alt erna : i ve l /Rotary K iln I 

----------------------------------------------
01 Li mes tone and marl quarry 

----------------------------
01 .01 1 Drilling rig 

01 .02 l Mobile compressor unit 

01 .03 2 Air - operated hammer inc. 
accessories 

01 .04 2 Hydraulic excavator 
bucket capacity 1,25 cu.m. 

01 .05 3 Truck , capacity 150 kN / 15 tons 

01 .06 l Mobile diesel generating set 

01 .07 l Bulldozer 

Total weight . 102 160 kg . 

02 Raw Mate rials Crushing and Conveying 

----------------------------------------
02 .01 l Apron feeder 

02.02 l Feeder side guides 

I 

02.03 l Hammer crusher incl. driving unit 

02 .04 l Hand - operat ed bridge - crane , 
Ii ft i ng capacity 200 kN 

02.05 1 Crane rai 1 s 

f 
I 

f 
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02.06 l 

02.07 l 

02.os l 

02.09 l 

02 .10 l 

02 .11 l 

02.12 

02 .13 l 

TOTAL kW 

WEIGHT TOTAL 

Bag filter 

Radial fan 

Belt conveyor SOO x 620 000 mm 

Belt conveyor 800 x 180 000 mm 

,-.:onveyor belt gantry 

Set of hoppers and chutes 

Set of structures 

Set of dedusti ng pipes 

435,9 kW 

321 750 kg 

03 Raw Material Storage 

-----------------------
03.0l l Stacker 

03.02 2 Front load('r 

03.03 Apron feeder 800 x 6 400 

03.0l l Belt conveyor 

03.05 2 Apron feeder 650 x 6 400 

03.06 2 Belt conveyor 650 x 35 000 

03.07 l Belt conveyor 800 x 40 000 

03.08 l Set of ho ppe·cs and chutes 

03.09 l Set of structures 

TOTAL k\V 88 kW 

TOTAL WEIGHT 135 350 kg 

Ol Raw ~rinding Plant 

----------------------
Ol. 01 l Two •way valve gate 

Ol.O? l Im pact crusher and drier 

Ol.03 l Hot gas generator 

Ol.(L l Battery of c:~1clo·•.":; 



---

Ol.05 

OL.06 
OL.07 

OL.08 
Ol.09 

Ol.IO 

OL.11 

Ol .12 

Ol .13 

OL.Il 
OL. IS 

OL.IS 

Ol.I 7 

OL.18 

Ol .19 

Ol .20 

04 . 21 

Ol .22 

Ol.23 

04.24 

Ol.25 
04.26 

04.27 

04 .28 

OL.29 

04.30 

OL .31 

04.32 

04.33 

04. 3l 
04.35 

04.36 

04.37 

l 

1 

1 

l 

l 

1 

1 

I 

I 

l 

I 

1 

1 

2 

2 

2 

2 

l 

1 

1 

I 

8 
l 

1 

1 

l 

I 

I 

1 

l 

I 

3 
3 
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Radial fan 

Dust conveying system 

Drum mi 11 0 3, 7 x 9 m i ncl . 
grinding media 

Bucket elevator 

Air separator 

Airsl i de 

Air separator 

Belt conveyor 800 x 6 000 

Airslide 

Air slide 

Steel dust bin 

Dust bin fl ui di zing equipment 

Turnstile discharger i r. cl. sliding 
gate 

Bag filter 

Fil t "!'.' supporting structure 

Single induced - draft fan 

Screw conveyor C/J 250 
Bucket elevator 

Round bag filter 

Ste el bin , SO cu.m. 

Gate va Ive 

Double oscillating valve 

Hand - operated hoist 

Double proportioning screw conveyor 

Hot gas generator , .10 x 106 kcal/hr 

Hand - operated bridge era ne 160 kN 

Mill fan 

Condit i o ning tower 0 6, 5 x 19, 5 
Water i nj ecti on system 

Ele ctros tat i c precipit a tor 

F an for the fi l t er 04. 34 

Single - phase silica rectifier 

Screw conveyor 

' I 
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OL.3S l 

OL.39 l 

Ol .LO l 

Ol.LI 1 

OL.l2 l 

OL.L3 3 
OL.!..l l 
01 1-:-:.. - __ ....,,, l 

TOT AL kW 

TOT AL WEIGHT 

Bucket elevator 

Set of piping 

Set of hoist rails 

Set ~"'f chutes and hoppers 

Supporting structures 

Grinding media container 

Refract 0 ry lining and insulation 

X - ray analyser compl e te 

with sampl e preparation 

3 205,8 k\V 
1 188 02L kg 

OS Homonogenizat ion Silos 

-------------------------
OS.Ol l Airlift C/J l LOO 
OS.02 1 Pi pi n.g 

OS.03 1 Expansion vessel 

OS.OL 2 Rotary piston blower 

05.05 1 Set of silo airsli des 

05.06 1 Flui di zi ni g system 

OS.07 1 Silo discharging set extraction 
equi pm e'!lt 

05.08 1 Dosing device 

03.09 l Air lift </) l 400 

05.10 2 Rotary piston blower 

05.11 l Bag f1 l t er 

05.12 1 Filter supporting structure 

03.13 1 Radial fan 

05.14 l Dust separation piping 

05.15 l Auxiliary st ruct ur es 
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05 .16 l 

05. l 7 l 

TOTAL kW 

TOTAL WEIGHT 

06 Clinker Burning 

------------------
06 .01 

06.02 

06.03 

06.0L 
06.05 

06.06 
OG.07 
06.08 
06.09 

06.10 

06 .11 

06 .12 

06 .13 

06.14 

06.15 

06.16 

06.17 
06.18 

06 .19 

06.20 

i 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

1 

l 

l 

l 

TOT AL kW 

TOTAL WEIGHT 

Air di st ri hut ion piping 

Set of hoppers and chutes 

263, l k\V 

72 330 kg 

Kiln fan 

Shaft preheater <:J L,9 m 

Rotarv kiln <:J 3, 9 x 62 m 

Kiln driving unit 

Set of sate 11 it e coolers 

Radial fan 

Double - toggle jaw crusher 

Bag filter 

Radial fan 

Chain conveyor 

Bucket conveyor , 800 x 55 000 

Set of chutes and hoppers 

Set of structures 

Water di st ri but ion piping 

Air distribution piping 

Exit gas piping 

Radial fan 

Set of rotary kiln jacks 

Refractory lining 

Heat insulation 

899k\V 

2 275 000 kg 

"<;:' 

I . 
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07 Clinker and Additives Storage 

--------------------------------
07 .01 1 

TOT AL kW 

TOT AL WElGHT 

OS Co al Storage 

----------------
08.01 1 

08.02 1 

08.03 1 

08.0L 1 

08.03 1 

08 .06 l 

TOTAL kW 

TOT AL WE lGHT 

Bridge grab crane , loading 

ca pa city 80 kN , grab volume 

capacity 2,:5 cu.m. 

JJ k\\' 

23 200 kg 

Front loader 

Belt conveyor 630 x 60 000 

Conveyor bridge 

Belt conveyor 

Set of hoppers and chutes 

Set of st rue tur es 

IL kW 

38 900 kg 

09 Coal Grinding Plant 

------------------------
09.01 1 Steel bin 50 cu.m. 

09.02 l Gate valve 

09.03 l Rotary table feeder ' r/) 800 
09 .OL l Tube mill ' r/) 2,5x3,5m 

09 .05 l Blade air separator 

09.06 1 Separating cyclone ' r/) 2000 

09.07 l Double valve lock 

09.08 l Steel bin 



09 .09 

09 .10 

09.11 

09 .12 

09 .13 
09 .1L 

09.13 

09.16 

09 .17 

TOTAL kW 

l 

? 

l 

l 

l 

l 

l 

2 

l 

TOT AL WE IGlIT 
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Gate 

Double proportioning screw 

conveyor 

Radial fan 

Hot gas generator , 3 x 106 kcal .' hr 

Set of steel chutes 

Metallic structures 

Air distribution piping 

Hand - operated hoist 

Set of control valves 

L26,3 k\V 

110 323 kg 

l 0 Cement Grinding Pl ant 

------------------------
10 .Ol 

10.02 

10.03 

10.0L 

IO.OS 
10.06 

10 .07 

10.08 

10.09 

10 .10 

10 .11 

10 .12 

10 .13 

10. l l 

l 0 .15 

l 0 .16 

l 

2 

l 

1 

l 

l 

l 

1 

1 

1 

2 

1 

l 

l 

l 
, .. 

Belt feeder 

Belt feeder 

Belt conveyor 650 x 7 000 

Drum mill , (/J 3, 7 x 9 m incl. 

gri. nd i ng corps 

Bucket elevator 

Air - operated conveying scuttle 

Air separator 

Belt conveyor , 800 x 8 000 

B e lt conveyor , 800 x 8 0 00 

Blade air separator 

Bag filter 

Double I . D. fan 

Bag fi 1 t er 

Ra.dial fan 

Screw conveyor <b 25C 

Ser~ r conveyo!" </) 2SO 
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:t 

,4,,, .... 

10 .l 7 6 
10. 18 l 

lO .19 ? 

10 .20 l 

10. 21 l 

10.22 l 

10.23 l 

10 .2L l 

10 .25 l 

10 .26 3 

TOTAL kW 

TOT AL \VE IGHT 

11 Ce rnent Silos -.. ------~------
l l .01 l -- 11 .02 l 

11 .03 l 

11 .OL 2 

11 .05 l 

11 .06 2 

11 . 07 2 

11 .08 2 

11 .09 l 

11 .10 l 

11 .11 2 

11 .12 2 

11 .13 1 

11 .14 l 

11 .1 s ') 
.:... 

Oscillating valves 

Hand - operated double -

- beam crane l f() kN 

Hand - operated pu 11 eywork 50 kN 

Hand - operated pulleywork 32 kN 

Set of rails 

Cooling water unit 

Set of hoppers and chutes 

Set of supporting structures 

Dust separation ducts 

Grinding media contain er 

2 239 kW 

389 S6L kg 

Airlift 

Ducts 

Expansion vessel 

Rotary piston blower 

Airsl i de 

F luidi zing air system 

Bott om discharger 

S:d e dis charger 

Dis charge control U'.1it 

Screw conveyor , (/J 630 x 25 000 

Upper silo inlet 

Side silo inlet 

Bag fi 1 t er 

Bag fi 1 t er 

Radial fan 



.. r 

j 

l 1 .16 

11 .17 

11 .18 

11 .19 

11 .20 

l 

l 

l 

l 

l 

TOT AL k\V 

TOT AL WEIGHT 
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Suction piping 

Auxiliary material 

Air ducts 

Set of chutes 

Supporting st rue tur es 

162,3 

60 750 kg 

12 Pa eking and Loading Plant 

---------------------------
12 .01 1 Bucket elevator 

12 .02 1 Security screen 

12 .03 l Cement storage bin 

12 .OL l Airsli de 

12 .03 1 Control valve 

12 .06 l Rotary 8 -valve bag-filling machine 

12 .07 l Storage bin under the machine 

12 .08 l Screw conveyor 

12 .09 1 Belt conveyor 650 x 30 000 

12 .10 2 Air - operated bag dive rte r 

12 .11 2 Te le scopic bag lo ading conveyor 

12 .12 l Bag filter 

12 .13 1 Radia 1 fan 

12. IL 1 Suction duct~ 

12 .15 ~~ Cable win ding re el 

12 .16 2 Conveyor track 

l 2 .17 1 Set of chutes and hoppers 

12 .18 1 Set of supporting structures 

12 .19 1 Set of air ducts 



( 

r 
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12 .20 

12. 21 

2 

2 

TOTAL kW 

TOTAL WEIGHT 

1 l Compressor Unit 
--- ---------------
ll.01 

lL.02 

14.03 
Il.Ol 
IL.OS 
IL.06 

14..07 

14.08 

2 

2 

l 

? 

1 

1 

1 

TOT AL kW 

TOTAL WElG HT 

21 BOANAMAK. Y Port 

Hand - operated hoist 

Dies el oil - operated fork - lift 

136,75 kW 

100 06L kg 

Screw compressor , 1 500 cu.m. 

per hour , air pr es sure 0, 3 MPa 

Piston compressor, 350 cu.m. per 

hour , air pressure 0, 7 MPa 

Air cooler 

Air tank 

Auto ma tic air drier 

Air filter 

Set of ducts 

Set of fittings 

4.17 kW 

31 661 kg 

--------------------
21 .01 

21 .02 

21 .03 

TOTAL kW 

1 

3 
2 

TOT AL WE lGHT 

Grab crane , grab volurn e 2, 5 cu. m. 

Truck , loading capacity 150 k N 

Diese 1 oil - operated fork - lift 

t ru ck , 2 500 kg 

55 kW 

105 40.1 k,r;; 

I 
I 
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6 .L. 2. Equipment - Alternative 2 - Shaft Kilns 

--------------------------------------------
CJl Limestone and Marl Quarry 

----------------------------
01 .01 l Drilling rig 

01 .02 l Mobile compressor unit 

01 .03 

01 .Ol 

01 .05 

2 

2 

3 

Air - operated compressor unit 

Hydraulic loader , bucket l , 25 cu. m. 

Truck , capacity 150 kN 

01 .06 l Dies cl generating set 

01 .07 l Bulldozer 

TOTAL \VElCHT l 02 160 k,g 

02 Raw Mate rial Crushing Plant and Conveying 

--------------------------------------------
02 .01 2 Apron feeder 

02.02 l Hammer er usher 

02.03 l Hand - operated b rdge crane , 1 oa d. 

capacity 200 kN 

02.0L l Crane rails 

02 .o:s l Bag filter 

02.06 l I.D.radial fan 

02.07 l Belt conveyor 800 x 800 000 

0 2.08 l Conveyor bridge 

02.09 l Chutes and hoppers 

02.10 l Supporting structures 

02.11 l Dust separation ducts 

TOT AL kW 435,9 kW 

TOT AL \VE ICHT 321 750 k~ 

' 
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03 Raw Materials Storage 

-------------------------
03.01 

03.02 

03.03 

03.0L 

03.03 

0 3.06 

03.07 

03.08 

03.09 

03. 10 

03. l l 

03. l 2 

03.13 

03 .lL 

03 .1 ::> 

03. 16 

l 

l 

l 

2 

1 

l 

l 
') 

2 

2 

l 

1 

TOTAL k\V 

TOTAL WEICHT 

Stacker 

Reclaim er 

Apron feeder 

Belt co; .. veyor 800 x LO 000 

Belt conveyor 800 x 12 000 

Reversible belt conveyor 800 x 7 000 

Sand reclaim er 

Belt conveyor 650 x 35 000 

Belt conveyor 650 x 30 000 

Reversible belt conveyor 650 x 7 000 

Raw material storage bin 

Correction limestone storage bin 

Sand s tora ge bi n 

Coal storage bin 

Set of c hc.tes and hoppers 

Set of supporting structures 

88 kW 

13') 330 kg 

OL Raw Grinding Pl ant 

----------------------
Ol.Ol 2 Raw materials dosing device 

04.02 2 Correction limestone dosing device 

Ol.03 2 Sand dosing device 

Ol.Ol 2 Coal dosing device 

04.05 2 Belt conveyor 650 x 17 200 

Ol.06 2 Belt conveyor 

OL.07 2 V erti ca l mi 11 

04.08 2 Separator 

04.nq rl Cvdone separator " 



04.10 2 

Ol.11 2 

Ol.12 2 

Ol .13 ') 

OL. ll 2 

OL.13 ') -

04.16 2 

04.17 l 

OL. lS l 

04.19 l 

OL.2J l 

TOTAL KW 

TOTAL WEIGHT 

- lOL -

Dust collecting unit 

Mill fan 

Dust co nvcying 

Bucket elevator 

Set of air slides 

H0t gas generato1· 3 x l 06 kcal 

per hour 

Bridge crane 2 00 kN 

S et of chutes and hoppers 

Set of supporting structures 

Set of air ducts 

Refractory lining and ins ula ti on 

3 OOS,8 k\V 

6SO 000 kg 

03 Homogenization Silos 

-----------------------
05.0l l 

05.02 l 

05.03 l 

05.04 l 

05.05 2 

03.06 2 

05.07 2 

05.08 l 

05.09 l 

TOTAL kW 

TOTAL WEIGHT 

Upper part fluid if i ca ti on system 

Upper pa rt discharging system 

Lower part flm d Lf i cation system 

Lower part dis-:harging system 

Set of screw conveyors 

Dust collection system 

Set of dust ducts 

Set of supporting st rue tures 

Set of chutes 

363, l kW 

90 000 kg 

f 

l 

"'" 
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06 Clinker Burning 

06.01 
OG.02 

06.03 
06.0L 

06.05 
06.06 
06.07 
06.08 
06.09 
OG.lO 

06.ll 

06. 12 
06.13 

06. lL 

06 .15 

06 .16 
06. 17 
06.18 

TOTAL kW 

l 

2 
') 

') 

L 

L 

l 

L 

l 

1 

1 

l 

L 

!.. 

l 

l 

l 

l 

TOT AL WEIGHT 

Set of screw conveyors 

Dosin,q storage bin 

Bucket elevator 

Chain conveyor 

Raw meal weigh feeder 

Pell et i z; er 

Vertical shaft kiln 

Blow er 

Clinker conveyor , 32 m 

Clinker crusher 

Bucket conveyor 

Conveying bridge 

Dust collecting unit 

Set of dust ducts 

Set of chutes 

Set of supporting structures 

Lining 

I nsu lat ion 

799 kW 
l 84.0 000 kg 

07 Clinker and Additives Storage 

--------------------------------
07.01 l 

TOTAL kW 

TOTAL WEIGHT 

Bridge grab crane , 80 kN , 

grab volume 2,5 cu.m. 

55 kW 
25 200 kg 



-- ! 

1 
~j 

•t 
' 

OG Coctl Storage 
-- -------------
08.01 1 

08.02 l 

08.03 1 

08.0L 1 

08 .O:J 1 

08 .06 1 

08.07 1 

TOTAL kW 

TOTAL WEIG HT 

10 C emc nt Plant -- ---------------
10. 01 2 

10.02 2 

10.03 2 

10.0L 6 
10.05 2 

10. 06 2 

10.07 2 

10.08 2 

10.09 2 

10 .10 2 

10 .11 2 

10 .12 2 

10 .13 2 

10. ll 2 

10 .15 2 

10. 16 2 

- lOG -

Reclaimer 

Belt conveyor 630 x 98 000 

C:mveyin g hri d ge 

Belt c ... ..,nvey ... ..,r 630 x 96 000 

Conveyor be 1 t gantry 

Set of hoppers and chutes 

Supporting st ruct ur es 

30 kW 

lLO 000 kg 

Bucket elevator 

Belt conveyor 

Reversible belt conveyor 

Sto ra~e bins for clinker and additives 

Clinker dosing device 

Gypsum dosing device 

Pozzola na dosing device 

Cement mill 

Bucket elevator 

Airsli de 

Cyclone air separator 

Airs li de 

/ coarse material I 
Airs Ii de / cern ent / 

Bucket elevator 

Airsl i de 

Dust collection system of mi 11 circuit 



10. 17 

l 0 .1 s 
l 0 .19 

10 .20 

10 .21 

10.22 

TOTAL kW 

') 

l 

2 

l 

TOT AL WE lGHT 

11 Cement Silos 

11 . 01 L 

11 .02 L 

11 .03 2 

l l .OL 2 

11 .OS l 

TOT AL kW 

TOT AL WEIGHT 

- 10'7" -

Dust .::0llect i -::.n system of conveying 

Dust ducts 

Set of chutes and hoppers 

Set of supporting structures 

Bridge era ne 100 kN 

I land - operated hoist 

2 559 kw 

650 000 kg 

Flui di f i cation system 

Silo discharging system 

Dust collection system 

Set of dust ducts 

Supporting structure s 

262,SkW 

76 000 kg 

12 Pa eking and Loading Plant 

-----------------------------
12 .01 

12 .02 

12.03 

12 .04 

12.05 

12.06 

12 .07 

12.08 

1 2 .09 

l~.l(l 

2 

2 

2 

2 

2 

2 

2 

2 

') 

Full er pump 

Screw conveyor 

Bucket el e vatcr 

Security screen 

Storage bin 

Rotary dosing device 

4-val ve bagging machine 

Dust collection system 

Belt conveyor 

Bag cleaner 

r 
I 
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1:2.ll ') 

12 .12 2 

12. l J ') 

1 2. l L 2 

12 .1 3 ') 

12 .16 ') 

l 2. l 7 l 

12. 18 2 

12 .19 2 

TOTAL k\V 

TOT AL WEIGHT 

IL Compressor Unit 

------------------
lL.01 2 

Il.02 2 

14.03 2 

lL.OL 4 

ll.05 2 

lL.06 l 

14.07 l 

IL.08 1 

TOTAL kW 

TOTAL WEIGHT 

Bag dive rter 

Reclaiming table 

Loading belt conveyor 

Dust conveying system 

Set of dust ducts 

Set of chutes and hoppers 

Supporting structures 

Diesel oil - operated fork - lift 

truck 2 500 kg 

Hand - operated hoist 

186, 7 k\V 

110 000 kg 

Screw compressor , 1 500 cu. m. 

per hour air pressure 0,3 MPa 

Piston compressor , 350 cu. m. 

per hour air pres sure O, 7 MPa. 

Air cooler 

Air tank 

Automatic air drier 

Air fi 1 t er 

Set of ducts 

Set of fit fr·tgs 

417 kW 

31 661 kg 

21 BOANAMARY Port 

----------------------
2L .01 l Grab crane, ~rab volume 2,S cu.ni. 
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21 .02 

21 .03 

3 
2 

Truck , loading capacity 150 k N 

Diesel - oi 1 operated fork - lift 

truck 2 300 kg 

TOTAL k\V 

TOTAL WEIGHT 

55 kW 

105 LOO kg 

6 .4.3. Cost estimate 

---------------------
6.L.3.l. 

6.L. 3.2. 

6 .4.3.3. 
6 .4.3.4. 

6.L. 3.5. 

Production equipment - Alternative l 

- Alt erna ti v e 2 

Auxiliary equipment 

S ervice equipment 

Spare parts , tools 

Engineering , transport , custom 

fee s , erection 

6 .4.3.6. TOT AL equipment - Alternative l 
T 0TAL equipment - Alternative 2 

15 224 000 U SD 

16 7 36 000 US D 

2 127 000 USD 

40000USD 

l 600 000 U SD 

13 640 000 USD 

32 631 000 USD 

34 143 000 USD 

A detai 1 e d break - down of the costs indicated in Schedule 6. 2. 

Cost of the production equipment in the Alternative 1 , 

i s based on the average costs of similar equipment in the 

world market . 

Cost oft he production equipment in the Alt erna ti ve 2, 

is based on an i ndi cat i ve off er by the LOESCHE company , 

obtained by the Consultants during their stay in Madagascar • 

l)if f i:>renct:> in costs between the two al.t er m:.ti. ''<:! s i '-; 

d er1vc d from the fact that the A lterna ti ve 1 is de si."111ed as 
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a single line system whereas the A lte rnati ve 2 is a two - line 

system similar to that currently being implemented in the 

A NTSIRAB E - IB ITY project . 

D iff ere r..t design of the grinding plants , especially the cement 

grinding plant , contribute decisively to di ff ere nee between 

the i ndi vi dual costs . 

6.3. Civil Engineering 

Attention was paid to using of majority of building mate -

rials from lo cal mark et such as stone , bricks , cement , 

rein forced concrete , etc . 

These materials shall adequately enable appropriate architec­

tural design of individual buildings . 

6 .5 .1. Data -_______ ., __ 

Total area of the site 

Area of networks 

Production departments 

Landscaping 

Auxiliary departments 

Roads and compacted are as 

Tota 1 built - up area 

45 000 sq m. 

4 500 sq.m. 

11 250 sq.m. 

4 300 sq.m. 

5 200 sq .m. 

8 400 sq.m. 

21 2 400 cu • 11 • 

6. 5.2. Description of Civil Engineering Works 

-------------~------------------------------
Reinforced concrete m onolit i c structures wi 11 be used for 

c onstr ucti on of production buildings , such as : 



I 
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crushing plant , raw mill , kiln , coal preparation 

cement mill , packing and loading plant etc • 
' 

Brick s tr..ict ures will be used for auxiliary buildings , 

as follows : 

compress.:-r house , substation , control rooms , etc • 

Combined structures comprising reinforced concrete 

structures a:-.d steel roofs will be used for hall buildings : 

s to ra.~e of raw materials , storage of clinker and 

additives , st.:>rage of coal • 

Special c..Jnstruction methods/ i .g. slide shuttering/ 

will be used during c0nst1·uction of homogenization and 

cements ilos . 

Existing buildings such as offices , laboratory, fuel 

store , lubricants store , st or es and workshops , loading 

station , sanitary facilities wi 11 be reconstructed in an 

adequate way . 

In the ci ·ril works there arc inc ludcd roads and c oncrPte 

platforms , rain sewerage , service and cooling wa tc r supply 

system ,electric cables ducts • 

Site levelling includes land preparation and diversion 

of a brook . 
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6. S .J. Cost estimation 

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

6.3.3.l. Total investment costs in civil engineering l7360000USD 

- in local curr~ncy l l UO 000 USD 

- in for cign currency 6 l20 000 U SD 

6 .5.3.2. Site and land preparation costs l 800(X)()USD 

6 . 5 . 3 . 3 . Build i ngs 11 400 000 U SD 

6 .S.3.L. Outdoor works 1100 (X)() USD 

6 .3.3.5. Other costs/ project planning , 

transport , custom fees / 3 260 000 lJ SD 

--
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1 

'9113 ... 

:::ch-aJ.uL 6-2 
?i;c" 6-2 

~;::i:·u:ATE OF :r:r/ES'.niEh"T ;;csT: EQUIPMENT 
JSTI!i'.f..TIQ!; DE3 CCUT~ D ·1~IVB3TISSBl(EN'l: BQUI?JlENT 

USD 

ESTI~~TE CF I1PlE.3T!.:E:iT CCST 33Tlt~TION DU COU'r D
1

INVESTISSt.:JIElft 

C·l 

02 

05 

06 

07 

oe 

09 

10 

11 

12 

16 

17 

01 

02 

0) 

r, 
-~ 

EQUIP&~NT 

COST 

?rc.lu.:tion .:;ui~:n-?nt - Alt. l 
Z ~uit:m~nt ::.~ ;roiuction - J..lt. l 
~i~~stone ~n! ~srl =uarr-1 
Carri~rt> ~u calcair; ~t -:e marne 
Cru.iihinc; :.:la:-. t z:.n..: ~cnv~ying 
Ccneassag" =t trar~port 
r-.a 1.- ir.a t =: rie.l ,;; to rag~ 
Z.:&gasina6~ =~~ matieres premi..fres 
;;a-.: griniing clant 
3royag~ 1~ =ati;r~s ~recieres 
Huoog;nization silos 
Sil•:. ie 'ho:nog~n~i:ation 
Clinker burning 
.:uisson au ~liru::·r 

i'O?.i::IGN 
ET?-ANG~EE 

64).600 

c;i65.200 

514.)00 

2.921.200 

651.000 

4.)50.400 

Cl.inker and aciitives 
Llegasir.ag~ ~u klinker 
Coel storac;a 
~l.t.gasinage :i.u cbarbon 

storage 
~t i. additU ~ 151.200 

Coal griniine; 
~royego du ~harbon 
Cement grin-iing plant 
Broyage du .::iment 
c~ment silos 
Silo du cim~nt 
Packing plant 
3mballage 
Electrical installation 
Installation electrique 
Instrumentation ~nd control 
Instruments ~t command• 

Tots.l Total 

?:-::-::.'.lction '!quipcent - Alt. 2 
E:;,~i; -.,rn.,nt d.e pro1.uct1cn - Alt.2 

Lim.e:-:;tone .-:n.i marl i.iU&n'Y 
~ 

Carri:?re iu ca.lea ire et J.e marne 
Crushing ;t>lar.t anl conveying 
Conn~assage et tran~nort 
;;.av: lil8.t.:::r1al stcra.g~ . 
rt.~gs.sina~a d.~ s r.l.ati:: res ~,:1 "'i::i>: r s 
•. -rir.·: in$ .· l"'nt : ... 1, 

'Srr1a;;,~ 

176.700 

1.650.aoo 

600.700 

600.400 

960.000 

596.000 

15,224.000 

643.600 

965.200 

514.300 
J,400.800 

' I 

COU'.r 

1CCAL 
LOCAL 

TOTAL 
TOTAT 

64).600 

965.200 

514.300 

2.921.200 

651.000 

4.350.400 

151.200 

176.700 

442.500 

1.650.aoo 

I 

600.100 

600.400 

960.000 

596.000 

15,224.00( 

64).600 

965.200 

514.300 
3,400.eoo 
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USD 
COST COUT 

~~( .. ITE!~ J2::: CRI:?T ION 
DBSIGl'.•A'.r-ION ~' .):* .. : •.:.~~ 

' 
LlJt;A.L ·.i: 'l'Al. 

' 
. 

ZTRANGER£ I LC CAL TOTAl. t 

C:5 
!iomog·:nizaticn silos 
~ilos ie honog':" n.:i;; &. ti on 75J.800 753.eoo 

06 Glink: r burni~: ~.1cc.500 4,100.500 
Cuiss·.n du clilll{ ·''.t' 

:..,7 ·::lin~:-r an~. a'l.::iiti·t~S ~tor~e 151.200 151.200 
:.~a :3&-" ina:: .c -;\A ~lin:.;Jr '..:t :! ad.iitiv;;s 

06 
Coal .,,:tora~~ 

176.700 176.700 ~'.age.sinag>? ~'.l charb·:.n 

lC C·:;m~·nt grin~ing ~lant J,154.000 3,154.000 
:.; r "ye. t; •: .;u Cit;":nt 

1 ~ --·- ....... - ~, ..iilo.:; du ::i!:lcnt 650.0CO 650.000 -· ~ - ·- -··"" _ .... _.;,. 

.i2 ?ac~ting r.lant EmbaL..ag.;: 615.900 615.900 

16 ::::1 -c:ri:s.l installation l,060.0vO 1,060.000 
In::t ~11:.ticn /ldctri~u~ 

17 
In.:otrw::ntation an.: contrcl 

550.000 550.000 Instrun·::nts ·: t c oc:nan.:." 

Total Tct;:s_l 16,7)6.000 16,736.000 

Au:~il1arJ e~Ui!tient 
Equiv.::mr:nt ~u::iliair-= 

--- lJ 
Sub::-tntion a.ni power su:~;ily 

l,15C.OOO 1,150.000 Fostt: -.,.i.:,,: trans.formation •:t e:!.eotri-
=itf: I 

' 14 C~·mpreasor unit /~xt~nsio:c/ 190.000 190.000 
Compre!lo;,ur /~:;<t~ruiein/ 

15 Wat~r sui; pl;r system .35.000 35.000 
1~:.:a.uction •.:. -;au 

Outdvor lighting and telt!ccmwiica-
.. ,.., tivn 

15.000 15.000 .... .., Eclairage ext:ri-:;ure et oommunica-
ticM 

21 toanamary port Port d-? Boanamary 6J2.ooo 632.000 

22 
i.aboratory /~xtension/ 

25.000 25.000. ;....e.boratoire- /AJ:itiension/ 

25 Workshojjs and stores /extension/ eo.ooo eo.ooo 
Ateliers et magasins /extension/ 

Total Total 
I 

I 2,127.000 ~,127.ooc I 

I I 
I I I 
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ITEM DESCRIPTION . 
DESIGNATION 

S::rri:·? ~ ~ui;:m-~n~ 

E ~ui; :::: "nt i? ser-11::~ 

Offi;::;;; /=-·-te.ru:irn/ -~ ... ~. ~~ -
Bur~a~·: h:<t~nsi:,n/ 
Ht-alt.:1 ';cntr~ 
Si:"r'I!;::-- tteJ.i.:al 

Tota: Tct:.l 

Primary stc..cl-: o! =par-:- ;Jarts, 
-,.,..,ar an:! t ':ar :-arts. tool3 
Sto~l-: initial d.c ,ji•rn•::i 
·lf' r.:jchc.113•;, remr.lac~D1-:nt 

:i.~s piec·:;s usies: i:rutils 

- Alt. l 
- Alt. 2 

Subtotal - Alt. 1 
S~us-total Alt. 2 

?roj~ct plar.ning 
?lanification;:; ,u proj~t 

Saa trans~ort :cste 
Cout:: ::.u tran.a;0rt ~itic~ 

Inlani tran.s; ort 
Traruiport lo~al 

Er~;::tion 

Subtotal 

'I'oto..:. - Alt• 1 
• Alt. 2 

Sous-tots.1 

CCST COUT 

~'Ur'-L.l.l.:rf1 J..U\,;A.L TOTAL 
BTPA~;GE:IB LOCAI. TOTAL 

15.000 15.000 

25.oco 25.000 

40.000 40.000 

l,600.oco 1,600.000 
l,6oc.ooo 1,600.000 

18,991.000 18,S<;l.OOO 
20, 50J.OOC 20,503.000 

i,coo.ooc 1,000 .. 000 

;,ooo.oco J,000.000 

1,000.000 1,000.000 

400.000 400.000 

2,240.000 2,240.000 

4,000.000 9,640.000 ll.3,640.000 

~2,991.000 9,640.000 ~2,631.000 
~4,503.000 9,640.000 ~4,14).000 
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i::.5TliAA::.:: Cr 111~1.::sTKEll'l' cc::: CIV~ E~•GIX::;E..'U!IG 'iiCN\3 
;:;.;u~.TlCN J:;s C\..'U'l'.; J ·wv::orrss.::r!E!IT: TRA1Av'X J'.;; G::;:u:;; CIVIL 

i::STil'UT::; OF mv: ;T~N'r CCST :::STU.:ATIO!l :JU COUT D .INVE3TISSt:l.!WT 

CIVIL srr~rN..:;~1:H; WCRK3 TRA'IAUX JE GENIE CIV.t:. 

QUANTITY ' UNIT IT::I'. DEZCRI?'IIO!I itJNI" cc~ ~ 
i COUT COST COU'? QU.AtlTITZ UN!TF; DESIGNATIC11 

i UUTAI.-
FORl::IGN LOCAL 
ETRArlGt;;'.E LCCAl 

.5!.~~ ,:r·";':i.r:ition . 

.?r·:;:aration ie 1 t:omplac~:n~nt 

Jemoliti·~n :emoliticn eoo.coc 

2it!! ;r" ;>ar!l~ ion 

i'r~9aration de 1 
. 
~cp:acec-!nt 500.occ 

B;anaciary i:ort 
i'ort d~ !> o annmary 5cc.ooo 

'.let al Tc.tal - l,aco.coc 

:=uildin.;z Bat il:l~nts 

140 coo cu.111 Produ~tion buildillbS 

Batioents ct,; ;reduction 
• 5 4.7co.ooc 5,aoo.000 

11 CCC Not - rroduct1on buildings 
60 100.0CO 560.000 cu.111 

Bati::l>Jnt:; ~e non-production 

J CCC cu.c !'.ecoru:truc tion Recolllltructio 80 - 240.000 

Total Total 4,800.000 6,600.000 

Outdoor 'llori(s 

Amell6.6eri;~nts exteri!!urs 

Network~ F.eseaux 660.000 
?.oads Routes 440.ooc. 

Total Total - l,100.000 

Subtotal Sous-total 4,aoo.ooc 9,500.000 

Project planniJ18 
?lar.ification du pro jet soo.ooo -
Sea transport costs 

Cout du iranaport mariti.J:le 120.000 -
Custoa fees 

Frais ci.;, douane l,440.000 

Inland transport: 
)00.000 

Frsis d1: transport local 

Subtotal Sous-totc.l 1,520.000 1,740.000 

Total Total 6,)20.000 t11,240.ooo 

USD 

TOTAI. 
TCTAL 

eco.aoo 

500.oco 

500.coo 

1,800.0CO 

lo,500.000 

660.000 

240.000 

11,400.000 

660.000 

440.000 

l,100.000 
.~-

14,300.000 

soo.ooo 

120.000 

l,440.000 

300.000 

),260.000 

17,560.000 
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Piece 6-6 BSTir.iA~UO;J i:JJ:;;.l COU'.1.'[; DJ .r'i~OL'UCT!OU ~ EQt;.L··Er.lEiiT~ 
u:::::r 

ESTIMATE 01'' Pf\ODUCTION CO:JT .c;~;T IMA'l'Io:• l 1i:;~: GOUT~: : E ~< '{)[!UCT ro: ! 
1------- -I 

No 

l 

I 

2 I 

EQUI?J.IBNT 

QUANTITIJ 

QUANT IT I~ 

1,5 
1,5 

l 

UlHT 

UNITE 

% 
.:· ,._. 

% 

!:.:QUIPEMl::H'I 

IT 31.! D~SC7\ I i>T IO?I 

DE:JIGUATION 

Mainte11W1c"' and r..:r;ll.ir 
of works of : 

EntrP.tien ~t reraration 
conco:: rnant : 

Production ~~uipment 
Equipement de production 

- Alt. l 

- Alt. 2 

Auxiliary and service equipment 

Equipoment auxiliaire et de service 

c..:~UT ol1ITA LL 

U:HT 
CQ~'.T 

152.240 

167.J60 

21.670 

FC. 2:.IGli 
l~T:~J~NG:::. . . j 

22a.400 

251.000 

L0:}'l1 COUT 

;,o._;1~L 
l.Ot!A: 

21.100 

'i'uTA:. 
TOTAi 

22e.400 

251.000 

21.100 

I I I I I I I I ·--

~~······ 
.I 

Total - Alt. 1 

Total - Alt. 2 
22a.400 

251.000 

21.100 

21.100 

.. ., 

250.100 

212.100 

....... ....... 
-...J 

..... 
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J.::STir.'lATE CF Pi·ODUCTIOiJ co::.:T: crv1 .... .:;;rmINEE;:r~m ~~·o. K:~ 

ESTIUJ.TIQrl Vi:S COUT:.: DE F:lC.ilUCTION : TLJ~VAUX t•i. Gi.~~~.;:; i.;IV .:~ 

E2Tli\u"l'J.'E Of· P.JODUC~'IOi~ co:::T E!3TII.1A'.l.'ION ;jE?. COU'L 111~ p;,C{;UCT ro:. 

' >: ''''·';fo\ ''"'"'~"~~'" .... 'I'~~ ' . .\';I., ...... :.-~"' ,. .•. " 

U'.'..:r: 

CIVI.L ENGINE.c.HING wo;:;K· THAVAUX .llE GB:U~ LIVI! 

I No.~ QUANTITY I I i ··-:T----:-:::~-------_J 
UNIT 

UNITE 

U?il'I ITJ!J¥. DESCI.l?TION 
(:(,~_·.1 

co:>'.l' 1;ouT 

QUANTITE 

l 8 

2 2 

3 J 

~~ 
.. ,l 

~-

~~ 

Dc~_'IGNATimi 

Maint"rw.nc., and r;·p:::ir 
of works of : 

Entr-eti~n et r.-;paration 
conoernant .:h: : 

Site preparation 
Preparation de i'~mplac~ment 

Bull.dings 
Batiments 

outdoor works 
Amenagements exterieurs 

Total 
Total 

~C·U':· I l''U: J;4U1. 
u:~.i:'.lA i' r; ~Ti.A!iGiL~ 

le 000 

114 oco 

11 000 

iOCAi 
r.uCAL 

144 CJOO 

226 000 

33 000 

405 000 

(.~ 

TC'.1.'A!, 
TOT Al 

144 000 

228 000 

3.3 000 

405 coo 

....... ....... 
'J') 
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7. PLANT ORGANIZATION AND OVERHEAD CO ST S 

Organizational set - up of the new cement plant is adequate 

for the selected capacity and is generally adopted in European 

c ond it i on s . 

This set - up takes into consideration 

- p roducti 0n capacity 

- adopted technology and physico - chemical 

transformations of mate rials and inputs 

during processing 

- required la hour to operate the equipment • 

The aim is to minimize the production costs and to obtain 

a good quality of cement • 

With regard to the fl ow - sheet , thE' production can be 

divided from the poin: of view of physical and chemical trans -

formations of materials into three separate departments : 

•Preparation of raw materials 

- Clinker burning 

- Cement manufacturing 

7 .1. Cost Centres 

7 . l. 1 • Production D epartments 

------------------------------
7 . l. l .1 . Preparation of raw materials 

This department comp rises f o 11 owing operations 

- Raw materials exploitation 

- Raw materia is cru'lhi ng 

- Storage and pr ehomogenizati on 

' 
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- Drying and grind ing 

- Homogenization and storage of raw meal 

Overhead costs include supervisor's salary , auxiliary 

materials and cost 0f cl ect ri c lighting . 

7 .1.1 . 2. Clinker burning 

This department comprises fol 1 owing operations : 

- Raw meal conveying to kiln /sf 
- Burning of clinker in the kiln Is/ 
- Conveying and storage of clinker and additives 

- Storage and preparation of co al • 

Overhead costs include supervisor's salary , auxiliary 

materials , uti 1 it i e s / electric light / • 

7 .1. 1. 3. Cement manufacturing 

This dcpa. rtm ent com prises following operations : 

- Grinding of clinker and additives 

- Cement storage in silos 

- Packing and loading of cement 

Overhead costs include supervisor's salary , auxiliary 

materials , and ut i lit 1es / electric light / • 

7 .1. 2. S ervice .".'! nd Auxiliary Departments 

-----------------------------------------
7 .1. 2 .1 . Maintenance shops and Operating Maintenance 

This department is responsible for operation and maintenance 

of the p reduction equipment • Overhead costs include supervisor's 
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salary , spare parts consumed , auxiliary materials and 

u ti 1 it i es . 

7 . l . 2 . 2 . U ti 1 i t i es 

This department is responsible for avai 1abi1 it y of : 

- El ect ri city 

- \Va -::er 

- Com pressed air 

')verhead costs include supervisor's salary , auxiliary 

materials and electric I ight. 

7 . I. 2. 3. Other ser'\<i.ces 

0 ther services include st or age of auxiliary and over head 

materials , sanitary facilities , canteen , health service , 

1 a borato ry , gatemen , watchmen and l abo rator y • 

7 .1.3 . Administration 

----------------------
F ac-::ory management , production management and economic 

management are included in admi ni s tra ti on • 

The cost in salaries of management staff / for more detai 1 s 

see Chapter 8 / as well as office materials , auxiliary materials 

and 1 i g hti ng are regarded as adm inist rat i ve overheads . 

7. 2. 0 verhead Costs 

7 .2.1. Factory Overheads 

-------------------------

i 

;-
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- Wages of 94 non - production labour 

/ refer to Schedules 8-1 , 8-2 / 

- Material s , products , uti lit i es 

/ refer to Schedule L-1 / ••. Alt. l 

••. Alt.2 

- Repairs and maintenance 

/ refer t 0 Schedules 6-6 , 6-8 
... Alt . l 

•.. Alt .2 

246 200 lT SD / year 

3 811000 US D /year 

3 442 000 USD I year 

655 100 U SD /year 

677 700 U SD / year 

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

Factory0verhcads TOTAL •.. Alt.l 

... Alt . 2 

7 . 2. 2. Acl;ninist ru. ti ve Overheads 

------~---------M--~--~--------

- Wages 0f non - production labour 

/refer -~o S chcdulcs S-1 ,8-2 / 

- Salaries of adrni n is tra ti on staff 

/ rck .. to Sch :-dule S-3 , 8-4 / 

- Ov crhead materials /re fer to S chcdule 

4 -1 I 

- Expenses in inc;urance , travel , 

co mmuni cation 

4 712 3JO U SD / year 

4 365 900 U SD / year 

20 200 U SD / year 

113 700 USD /year 

100 000 USD /year 

200 000 USD /year 

-------------------·-----------
Ad mini strati ve overheads TOT AL 433 900 U SD /year 

J 
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7 .2.3. Depreciation/ thousand USD / 

------------------

a/ Buildings , civi 1 works 

3 7; of 1 7 560 000 U SD 

b I Machinery and e qui pm ent 

- equipment 

10 ~;of 30 781 000 USD 

of 3 2 293 000 USD 

- transport and mobile 

equipment 

20 ~~ of 1 8:)0 0 00 U SD 

Depreciation tot al 

Alt. 1 A It. 2 

-----------------------

878 

3 078 

3 229 

370 

-- ----------------------
4 326 4 477 
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Piec~ 7 

Gvcrhee.d COSTS 

:r·:-AIS GE:;~u,.:;:: 

.H:i :t ·:n: 
C.:t 

, 
Wa.;e::: an.! sale.ri'.:"3 .... 
.:.;.l::.!.r:·s __ ;t trait·~m·~nts 

2. ~:at f: ria l5 ~n.: utilit!~;; 

:.:a t ~ i· !. :. '!l: ~": s~~-"i!!-~ J :~u~li::!: 

A I·~ ~ -.. -
li.l t. 2 

3. Ma.in~ : n.o.ne : 
~ntr-7ti::n 

.:..lt. 1 
Alt. 2 

4. In.;uranc::, commun!.cation, tra•1el 
As5urau;..::s, oor::u::incotions, 
.,,Jya~e~ 

5. Total :..it. l 
Alt. 2 

6. D~p~ciations 

A:::orti3semsni 
Alt. l 
Alt. 2 

USD 

OVER.JU;AD CQSTS I 
• I • PRAI:'3 GENERAUX 
• 

FACTO?.Y AD?tlL'aSfRATIVE 
' 33RVICES ADMINISDA!rIOB 

246.200 lJJ.900 

.:;,a11.oco 100.000 

.3.442.000 

655.100 
677.700 f 

200.000 
' ' 

4,712.JOO 433.900 
4,365.900 

i 

l 
4,326.000 -
4,477.oco -

: 
' 
' 
' ' 
r 
I 
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8. MANPOWER 

It is assumed that personnel for the new factory will 

be avail a blc f rorn the manpower of the exi sting factory • 

Since a different technology of cement manufacture will be 

ad opted , the workers of essential occupations wi 11 have to be 

trained in similar pl ants , by the supplier of the equipment . 

In case of the Alt. l - Shaft Kilns it wi 11 also be possible 

to train the personnel in the new IBITY - ANT SIRABE cement 

pl ant . 

The number of staff and labour was determined by ca lcu la­

t ions where by working hours oft he equipment per year , as 

well as the DEC RET No. 7L 083 from May l st , 197L were 

taken into consideration. 

40 working h0urs per week and 173,33 working hours per 

month , i.e. 2 080 w . h. per year a re envisaged • 

Net working hours / 240 hrs/year of holiday substracted / : 

l 840 hours per pers on per year • 

A 11 jobs will be occupied by Mal a gasy people . Technical 

assistance off o reign experts during start - up is indicated in 

Chapter 9. 

8 .1 • L abou-.. ~ 

8 .1.1 • Operating Hours 

-----------------------
Department hours/day days /week days /year 

Quarry and crusher 16 5 225 
Raw mi l1 ') ( 

"'-- 1.~ 270 
C linke r burning 24 7 315 
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Coal preparation 

Cement mi 11 

Packing , loading 

8 . l. 2. Jobs 

------------
Quarry and 

Crushing Plant 

Supervisor 

Drill er 

Blast er 

Compressor 

Face shovel 

Driver 

Crusher operator 

Hopper 
attendance 

Stacker 
operator 

Maintenance 

TOTAL 

Raw Mill 

Reclaim er 
operator 

Mi 11 operator 

TOTAL 
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2L 6 270 

'2L 5 225 
..: . .:.:'"' 

16 6 270 

qualification l .shift 2.shift 3.shift 4.shift Total 

OP2 l l 2 

052 2 2 4 

052 l l - 2 

052 l l 2 

OS 2 2 2 - 4 

Al 3 3 - 6 

053 l l - 2 

M2 l l - 2 

052 l l - 2 

OS 2 

15 13 - 28 

052 l I l l t. 
053 2 2 2 l 7 

..., ,, 
3 2 11 ,_, ,) 



,. 

Clinker Burning 

Control attendant OP3 

K i ln operator 

C rane operat0r 

053 

051 
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? 

l 

l 

? 

l 

l 

? 

l 

l 

3 
l 

l 

9 
L 

L 
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Laboratory 

Technician OP2 ') ') l l 6 
Sample pre- ; 
parati on 052 l l 1 l L : 

S ampl e takin g OSI l l l 1 L 

TOTAL ..... L 3 3 1L :) 

Operating 
Maintenance 

Supervisor OP2 l l 

Fitter OS2 2 2 2 2 8 

f 
Electric ian 052 2 2 2 2 8 

I 

TOTAL 5 4 L L 17 

Maintenance Workshops 

Supervisor OP2 l l ·-- Ma chine-tools 052 6 4 10 -
Fitter OS2 2 2 - 4 
E lectri ci an 0S2 2 2 - 4 
Car maintenanc e OS2 2 - 2 

TOTAL 13 8 21 

Utility Services 

S upervis.Jr OP2 l - - - l 

Substation 052 l 1 l l 4 
C omp res sor and 
Emergency set 052 l l 1 l 4 

\Vat~ r s uppl~r 052 1 1 " 1 L ' .!. '· .. 
I 

j TOTAL l 3 3 3 13 
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Warehouse 

Chief 
s torek eeper 052 l 

Storekeeper 051 l l 

Auxiliary Ml 2 2 

TOTAL L 3 

Others 

Car drivf r AL l 

Labourers 051 2 2 -
Janitor Ml 1 l 

Cante en M2 l 

Guard M2 l l 2 

TOTAL 6 L 2 

Labour Total 

/R ef. to Schedule 8-1/ 72 60 22 

Production Labour 

Non • production Labour 

8 .1.3 . Cost Estimate / Refer to 5che dule 8-2 / 

--------------------------------------------
Cost of production labour per year 

Cost of non - production labour per year 

d ivi <led into : - factory overheads 

- administ ra ti ve overheads 

191 818 USD 

266 488 USD 

246 230 USD 

20 218 US D 

- l 

2 

L 

~ 

- 7 

l 

f 
L 

2 

l 

2 6 

2 14 

23 177 

69 

108 
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8.2. Staff I Refer tc Schedule 8-3 / 

8 .2. l. Ad ministration 

----------------------
General manager 

Secretary 

Typist 

8 . 2. 2. Production Department 

----------------------------
P reduction manager 

Process engineer /mechanic 

Process engineer /chemist 

Ele ctri cal engineer 

Geologist 

Designer 

Typist 

HC 

l. 13 

3A 

HC 

SB 
SB 

SB 

SB 

lB 

3A 

8 .2 .3. Sales dept. and Bookkeeping 

---------------------------------
Sales manager HC 

Accountant 5B,4B 

Purchaser 4B 

In voice clerk l+A 
Cashier 4A 

Adminis t rat i on 
service 4A 

Chief oft ran sport 4A 

Typist 3A 

T elephone operator 2B 

Staff total 

l 

l 

l 

l 

l 

l 

l 

l 

2 

l 

l 

2 

1 

1 

1 

1 

1 

1 

1 

21 
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The new cement pl ant wi 11 employ in tot al 198 persons 

Envisaged productivity rate / provided that net working 

hours are l 8LO hours / man / year and 250 000 tons of 

produced cement per year i 

I l SLO x 198 / : 230 000 =: l,LS hours / ton of cement 

8 . 2 .!.. • Cost estimate / Refer to Schedule 8-4 / 

---------------------------------------------
Annual cos ts in staff salaries will amount to 113 724. USD • 

f 
I 
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:.!A!nr::G TAD. E - l.AEOU;-. 

Fun~ticr. 

..:u r·.-:!.~~:r 

: ·;...ntr·~maitr~ 

Lr ill ~r 
c ··r~~ .ur J.~ f:rae;" 

?-1..,.··t :·r 
~cut.:-f.:;u 

~ornpr~:sor o~~rator 

C·.:.c;:.r'!::;:;·.::ur 

Cru !h•:r '·~=rater 
Ccnca~s'!ur 

. s:.•· mill or~rator 
0t~tion d~ broy~ge 

Fae•.: shcv<:l 
?~11~ charg~use 

Driver 
Cami:.?13 

!taintena.nce 
Entr~ti-:!n 

·rotal Department 
'I..:..tal .i~i;o.rtem9nt 

Contr;: Engine;r 
Ing;::n1~ur ic: commande 

Kiln Cperator 
O~erat~ur iu t~ur 

VJ.:.:.AB;,E ET FIXE 

2hift c~agte ~ategolryi ~otal 
f. a • ,.e sa a re "' 1 ~quipe1-~~~---.-~---.~~~·ota 

A 3 c D 

l l 1 
2 1 1 

1 2 2 
2 2 2 

l l l 
2 l 1 

1 1 1 
2 1 1 

l l l 
2 l l 

1 2 2 
2 2 2 

J 2 2 

4 l .1 

1 4 l 5 
2 4 l 5 
J l l 
4 l 1 

l J 3 
2 .3 3 

1 2 2 

- 2 35 - 2 39 

l 2 
., .. 

2 2 2 
J 2 2 
4 J 3 

1 l l 
2 l l 

I 
~ 1 I 1 
4 1 I l 

.1, 
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·,vag9 Category 
D~partment Fw:lctbn Shift cat.de salairea Total 
De?artex:;~nt FonctitJns ~quipe I I Total 

A B c 
! D 

Cr:.n-~· C:,:;-:rrt.:•r l l l 
Grut 2 l l 

- l l 
4 l l 

·.:ce.l ~·!ill C;.cc-ra!t'lr 1 l l 
zro:r=ur ;.u ,;;narbc·n 2 

I 

l l 
) l l 
.:. l l 

I 
. .::oal . oai• ... r l I l l 
.:nar:; ,, ur .iu charb~n 2 I l l 

;, I l l 

iotal r:e~artmP.nt 
~ 11 4 24 Tot1:1.l J..,;partement - -

Cem~nt ?ro~uctic a Cem.;nt ::.ill Operator l l l 
Pro::".ucti·:n Opl'ro.teur du broyeur 2 l l ' d.u cic~nt ' l l ... 

Pa.;:;k~r l 2 2 
Emball~ur 2 2 2 

.3 l l 

E.ag han.J.~ine l 4 4 
Manut-:::ntion d~s sacs 2 4 4 

3 2 2 

:r :..t 'll L~ ;:iartm~nt - - a - 10 18 
T?t:.l .:_., ~1art .ame nt 

Au:dliary an :.:e int -c: nc.m: ~ Su::e-rvisor 
l 2 2 . . 

s~rv'i::'! i.:cntr-:-m?.1 tro:i ' tintreti.::n 4 

A uxiliE.ir": 
o~~ration I.IG.intenan~s l 4 4 ~ 9: =-=-rvic-:: Entr•:ti,;-n ::iart:h• 2 4 4 

J 4 4 
4 4 4 

V/orr.sr..c :· l 12 12 
At"li::t• 2 8 e 
~.&.b?l"l:!. t C~J l 2 1 l - 4 
· :>.bor".'~tciire 2 2 1 l - 4 

J l .. 1 - J • 
4 l 1 l - J 

:?o·. "r .Sn.;in°')'!r 
l l 1 In.;:::ni';Ur ~uissan.:~ I 

I 
I 
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L;partem~nt 
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Ponctiona 
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Utility Cp-'ra.tor 
C~)~rf. t ~ ur-s~rvic~s r:·ublics 

·,·:IJ."::', hcu..: _ ... 

=~~::".i-:::.:: i!lS.6--

Bcn.nc::ar; ?ort 
?ort :i; Boanai:Jary 

Jt.r:i!or 

Guari 
Guar!i:~n 

Total D": :·::1.rtc--:nt 
Total .:..e: e.rt·.:m~nt 

TO TAJ, 

~i·:i-;;.e 1 into: 
: i•l'i.;;?. en : 

- rrc·:u-Jtion labour 
: .. .:r3onnel :ia pro­
du~tion 

- non-riroiuction labour 
~~rsonnel autre ~ue 
:!~ production 

/factory ovarhead-
frais g~neraux 
d'atelier/ 

/administrative over­
head- frais gener~ux 
d'a:iministration/ 

Shift Wage Categor,y Total 
IEc..uiP' Categ.de salaire1 Total 

l 
2 

2 

1 
2 

l 
2 

l 
2 
.3 
4 

A B c D 

9 

9 

11 

11 

-

J 
J 
J 

3 
3 
J 
3 

l 1 2 
1 2 

4 
J 

4 
4 

l 2 
2 

62 10 

14 

52 4 

1 
1 

2 . 
1 

l ; 

1 
2 
2 

5 
5 

5 
3 

1 
1 
2 
2 

15. 96 
I 

! 

' i 
27: 177 

4 69 

64 10 23 108 ' 

I 

63 6 14 94 j 

Iv 
1 4 9 u 

' I 
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i"1AG~ C;.:£:iCF.Y ~ 3LTi'Et~"l.3C~.~ -it• ~KI:,:,.w-I- • .1~SK~::.E:}-C. ~:i3Y.I: :,ED-J 

:A~EGC?.1 S JE :;;.:.;:;::: .:;;~F-A. 3?ECIA .. Isi-D. OnLINA~RE-C. J~UTA:~-D 

ilaw material pr;pe.raticn 

n•:;:e.ration d~s ::i.e.ti~res ;::r· ·ci ~·re.:> 

Clirjc~r burning 

Cu.l.sson .iu klinker 

Cement prcJucticn 

?roducticn du cir.:~nt 

Auxiliary and s11rvic;; 
AU:, ilia~ -ct Sl!!t'ViC': 

Tctel xork-!r~ 

Noc:br~ total d ouvriers -
~crkin~ hours/day 
?!'!fure:; ~- tr<l.·1a1l ;ar jour 

·Norkine ::~y3/w.,ek 

Jcurs ie travail 

"Norkin.; hour.o/y-ar 

H~ures par an 

Wag.es per hour 

Salairl" horaire 

Surcharges /social/ 

Charge r. 

'lagea per year 

Salaires par an 

Divided into : 
::livises en : 

- direct manpcwer costs 

!rais directs du ;;;~rsonn•;l 

- factory overhead C03tS 

!rais generau;: di 1 u:Jine 

- administrLtive c7.;rhead costs 
!re.is generaU7. a!ministratits 

Note: 

\fagea are 1n USO 

Traitementa sont en USD 

'lA~AB~.:-: CCSTJ 

WAGE CAT~r.~q·1 

CATEGORIE!:> Ji-; ... Al.AIRES 

A :a G ::; 

- ~) - 2 

ll .: -

- 8 - 2 

- - - -

: 52 I 4 4 

i 
I 

e 6 6 a 

5 5 5 5 

i 
2080 2060 i 2080 I 2060 

I 

;?,25 i,ocl C,65 C,50 
! 

20·, 20'. 2c~· 20<, 

50544 12<:79216490 4992 

I 

I 

TOTA:. 

j5 

2..t 

10 

-

69 

-
-
-
-
-

191&16 

191816 

FIXED Cv5T5 

!-'RAIS Fll"'ES 

WAGE CATEGCRY 
CATEGORIES .:>E .:al.AIR.r.""S 

A B ;: D 

2 2 - -

- - - -

- - - a 

9 62 10 15 

11 64 10 23 

8 8 s e 

5 5 5 5 

2060 2060 2080 2080 

2,25 l,OC 0,65 0,5Cl 

~ 2~ 2C)ji ~ 

61776 59744 16224 28704 

I 

TOTAL 

4 

-

a 

96 

108 

-
-
-
-

-
266448 

246 2)0 

20 21S 

/ 
/ 

/ 
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~N?:ING TABL;:; - STAPP 
TABl.£.\U iii:.:5 ;;:.rr;cu?.:. - p:;;;so;,i;;:;i. J ·r;1iCADI\U.'.EHi 

l!AliNillG TABLE - S'.i'AFF TAB:.EAU D.EFFSCTIFS - ?Ef.SOlU\lil. J • aMC.lDREllENT 

DEPAR'l'li!ENT ruNC'EICN ;;ATBaoRIE DE !RAITEllEN'f 

DEP.Al\TEME?."1 PCNCTIOHS SALARY CAT~RY -- I ' l 2 .) 4 

11:.e.ugement r.&nager Dlrecteur l 
Direction Secretar,y s~cretaire l 

fyi;ist Dactylo 

Production Production llanager I 

l I 
?reduction Directeur d~ proiuction 

Technologist 'r~chnologue 2 

:::lectrical engineer 
l I Ingeni~ur ~lectriqua 

I Geologist G•1ologue l 
I 
' I 

Designer Dessinahur 2 I 
Typist :Jactylo I 

Econo1117 ;:;conomical ::anaser I t 

l I 
Economie Directeur d·~conomie I 

Accountant Comptable l l I 
Purchaser Acheteur l 

Clerk O!fi::ier l .3 
Typist Dactylo 

Phone operater 
Centrale telephonique 

Total 
3 5 6 J I 

Total I 

TO'l'.&L 

T0'1'.lL 
5 6 

! 

l 
l 

l l 

l 

2 

l 

l 

2 

l l 

l 

2 

l 

4 ' I 

l l 

l 1 

.) 

I 
1 21 
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Piec<? 

EST Li.Ii.TE OF ~.RCDUC'i'IC: CCST3 - SA!.J2.IZS 
ESTIMATiot! r·,-.. .;uUT3 DE :'?.CDu~!Oii TF .A!T ~~E.NTS u..:,::· -

:::.1~:.·=- CA?~GO:=.! 

JE?A?.Tr:.::!:! CAT.=:GO?J:~ -~ T:·:AITEl~'qT J..·~ 

DEPA?.'r~: .. :B!;~ 'rOTAl 
l 2 ' 4 5 6 .,. 

r:iana ... :':l!l"::nt 
l l 1 .3 

'!:!ir~:ticn 

::=rc~ucticn 
1 ,, 2 - l - e 

?re .u~-:i·::r. 

E~~nc:::y 

E::cnc:::.i" 
1 l . ) 1 I l lC 

!f ~ 

,., ~ - ~ct:.: ) 5 6 3 
, l 21 ~O .. !::..i. ..J 

!thn::onth.:/y. ~r . ,.. 6C I 72 J6 .36 12 252 
!i0r=: :~coi:.·· :~r an .:o i 

I 

i 
Salary/rnont:i -- 7EC 50C 265 20C 150 125 -~rait'.r:·;ntz :·ar Ir.Oi~.< 

surchar.;·- in ~ 

Cnare;<: Jr;; :5 2~ 2,·, 
.¥ 2C 2C 2C -

Salari:=s/r·a::.-

Trait .. ::~nts f3r an 
::1,;cs ::01':.c c 2~6~6 664C 6'16C 1800 113724 

;;ot'-': ~let:: 

·:alari ·.s r_.r·: in ~·.:r.; 

';·l'ai t~;:;i,.r.t:: :;·:int ·n usr. 
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9. IMPLEMENT AT ION SCHEDULING 

Project implementation period is estimated at 36 months 

since decision until commercial start . 

Essential stages of implementation comprise following 

activities: 

- Project team recruitment 

- Preparation of tender documents , evaluation of 

bids and selection of contractor 

- Contracting 

- Detailed engineering / site survey , planning 

of technology , machinery and equipment , civil 

engineering / 

- Civil engineering works 

- Erection of metallic structures , machinery and 

eq ii pm ent , final civil engineering works , tests , 

trial run 

- Start - up and commissioning 

Project implement:ati on schedule is indicated in Schedule 9. l. 

Note : A detailed survey of raw materials mu st be made 

before the contract has come into force • 

9 .1. Data and Activities 

a .1. l. T enderin" 
.. ______________ ..._ 

After the dee isi on on implementation oft he new Amboanio 

c em.?nt pl ant project has been made , the project implementation 
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team will be set up to prepare tender docwnents on deli very 

of the cement pl ant on " turn - key " basis • 

The team will evaluate submitted bids and wi 11 make 

a decision on contract or selection . 

9. l. 2. Contracting 

------------------
The contract wi 11 be awarded to succes sful bidder • 

9 . l.3. Site Preparation 

-----------------------
These are activities related to site preparation includ -

in g necessary pull - down of the existing production buildings. 

9. l . L. Site Survey 

-------------------
In order to determine most suitable way of foundation 

of industrial buildings and to check the level of under ground 

water, soil survey should be carried out within the scope specifi• 

e d in th e contract . 

9. l . 5. Planning of Bask Civil Engineering Works 

-------------------------------------------------
Plans of foundations of the b uil din~s , roads and networks 

based on the results oft he site survey will be prepared • 

9 .1 . 6. Planning of M achi n ery , Equipment and Civil 

Engineering Works 

--------------------------------------------------
Project implementation includes al so detailed plann.in g 

of machinery and equipment i r_, respect to civu engineeriT1. g . 

! 
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Plans of electrical installations , instru men ta ti on 

and control equipment will be initiated while machinery 

p lann in g is in progress . 

9. l. 7. Basic Civil Engineering Works 

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

C 1:mstructi on of the new cement factory wi 11 ')e carried 

out on three sites : 

- Amboanio cement plant 

- quarry and crushing plant 

- Boanam ary port 

Civil engineering works comprise activities enabling 

to begin with erection of metallic structures and machinery 

and equi pment . 

9 . l. 8. Erection of Met all i c Structures and Machinery 

and Equipment 

-----------------------------------------------------
Erect~ on works will advance , as foll ow s : 

In the fir st place supporting metal I. i c structures will 

be erected • 

N ext , erection of m achi.nery and equipment simultaneously 

with erection of electrical equipment will be carried out. 

Electric al cabling and erection of instrum en ta ti on and 

control apparatuses can be accomplished after erection of 

machinery has finished . 

Erection works wil 1 be carried out by the trained staff 

fr om the existing factory under contractor's supervision • 

Erecti "n works include also individual tests of the machines. 

I 
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9.1.9. Final Civil Engineering Works 

------------------------------------
These works will be carried out in order to ensure 

c onti nuo us progress of erection . 

9. 1.10. Trial Run 

-----------------
Machinery and equipment will be put in to service step 

by step vi th ma teri a 1 , in separate groups • 

9 .1.11. Start - 1lp ------------------
After trial runs have successfu 11 y been accomplished , 

th e plant wi 11 be start ed - up which m eans beginning of 

production • Achievement of full production capacity is expected 

at the end of start - up period , i.e., aft er 24. months . 

During st art - up period the guarantee tests wi 11 be perform -

ed . 

9 .1. 12 . Trai ni ng 

-----------------
A pa rt of operating staff wi 11 be trained to handle similar 

machinery on contractor s expenses . Other operating st a ff wi 11 

be trained either in Antsi rabe or in Amboanio during erection 

and start •up . 

9. 2. Selection of Project Implementation Programme and 

Ti me Schedule 

Implementation time schedule is i ndi cat ed on the Table 9 .1. 

I 
I 

-,, 
f. 
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9. 2 .1. Decisive act i vi ti es 

-------------------------
- Set - up of implementation t earn and selection of 

contractor : 3 months 

- Beginning of project implementation : within 7 months 

after decision on implementation 

.. Gross engineering works mu st be finished within 

15 months since beginning of project implementation 

.. Erection of machinery and equipment must be complet­

ed wi thin 33 months since beginning of proj ec t 

i mple mentati on 

- St art - up within 36 months since beginning of project 

imp le men ta ti on . 

9 . 2. 2. Other Act i vi ti es 

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

Acti vi ti es influencing implementation schedule are , 

as f o 11 o ws : 

.. Deli very of metal 1 i c structures shall be accomplished 

between 12-th and 15- th month si nee beginning of project 

implementation 

• Deliveries of machinery and equipment shall be 

accomplished between 12-t h and 18-t h month 

- Deliveries of e le ctr ical installations , instrumentation 

and control apparatuses shall be accomplished between 

15-th and 18-t h month 

- Staff training I abroad or in A ntsirab e I shall be 

accomplished within 25 months 

• Managerial staff recruitment shall be accomplished 

within 15 months 

- Recruitment of other manpower -~hall be accomplished 

step by step ti 11 the end of erection 

' 
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- Raw materials stocks , ·fuel , utilities and other 

mat er ial necessary for production shall be available 

at the site one month before the end of erection . 

9 .2 .3. Implementation Manpower and Qualification 

-------------------------------------------------
9 .2.3.l. Civil engineering works 

Civil engineering works wi 11 be carried out by local 

contractors under supervision oft he Contractor . Supervis • 

in g staff wi 11 consist of a chief and 5 specialists . 

Total foreign s ~aff : :J 

Approximately 2T5 persons of local contt:·actors wi 11 take 

part in civil engineering w 0rks . 

Total civil engineering manpower requirement 281 

9 . 2 . 3 . 2 . E rec ti on 

Erection wi 11 be supervised by foll owing experts provid­

ed by the contractor : 

Chief mechanical engineer l 

Chief electrical engineer l 

Mechanical supervisors 4 

Electrical supervisors 2 

Total foreign staff 8 

E rection works will be carried out by approx. 130 skilled 

workers from the exist1 ng cement factory • 

f 
I 
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9.2.3.3. Trial run, start - up 

The cement plant wi 11 be put into operation under 

supervision of foll o'.·J'ing contract or's staff : 

Chief engineer l 

Engineers 2 

Chefllists 2 

K iln operators ~ 

Mill operators 3 

Total foreign staff 12 

Complete manpower of the new cement pl ant wi 11 also 

take part in putting into operation , i.e., 198 persons plus 

18 auxiliary labour . 

9 .2.3.l. Training of local manpower 

Foll owing staff of the new ce1uent pl ant wi 11 take part 

in training in contract or's plan ts 

Production manager 

Technologist 

Mechanical engineer 

E lee tr ical engineer 

Kiln operator 

Mill operator 

Total staff 

l 

l 

l 

l 

2 

2 

8 
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9. 2 .4. Arrangement for Supplies 

-------------------------------
Within the framework of civil engineering works it will 

be necessary to make a~cessibl e the Boanam ary port to sea 

ships in order to provide for efficient unloading and transport 

of machinery and equipment . 

The co nstruc ti on contract or wi 11 ensure necessary storage 

area for deliveries at the site . Existing auxiliary and service 

buildings / workshops , warehouse , di es el generating set , etc • / 

will be used during construction as con'~emporary con struc ti onal 

pl ant . 

All equipment and auxiliary materials for construction wi 11 

be delivered by contractors . 

9. 3. Cost Estimate of Project Implementation 

9. 3 .1. Project Implementation T earn 

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

Salaries : 500 US D per man per month 

2 40 man mcnth s 

Travel and other expenses 

9 . 3. 2. Detailed Engineering and Tendering 

-----------------------------------------
Expense<; in engineering services during 

preparat i 0:-i. oft ender documents and evaluation 

120 000 U SD 

40 000 USD 

of bids , salaries and travel 50 000 US D 
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9.3.3. Supervision and Coordination 

-----------------------------------
Supervision of c recti on and construe ti on 

200 man months 

al 1 ow a nee 

travel 

Total 

9 .3 .L. Testing , Trial runs , 5 tart - up 

and Co mmi s s ioni ng 

----------------------------------------
Parti ci pat ion of foreign experts 

- 36 man months 

allowance 

travel 

Total 

9. 3. 5. Materials , Supplies , Utilities 

during Sta rt - up 

---------------------------------------
Costs during st art - up 

9. 3 .6. Salaries and Wages of Site Staff 

---------------------------------------
Cos ts du ring s tart - up 

800 000 USD 

300 000 USD 

40 000 USD 

1 140 000 USD 

ILL 000 USD 

55 000 U SD 

16 000 USD 

215 000 USD 

600 000 USD 

155 000 USD 

, 

~ 
'-. 

\ 
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9. 3. 7. Training of Staff and Labour 

----------------------------------
Salaries and wages during t raining in 

Madagascar 30 000 USD 

9 .3 .8. Interests on Loans during Construction 

--------------------------------------------
Alternative l 

Alternative 2 

Total cost in implementation 

Alternative l 

A lternat i ve 2 

8 372 000 U SD 

8 687 000 U SD 

10 872 000 US D 

11187 000 US D 

Indicated cost in implementation together with co st 

in geo l ogi c al survey /Ch apter 2 • 150 000 US D / wi 11 be 

depreciated during the first 4. years of operation • 
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10. FINANCIAL AND ECONOMIC EVA LUATlON 

10 .1 . Total Investment C0s t 

The s tr uctu res of fl...")ta 1 investment costs is indicated 

in the Tabh ... 1 -lnv·cstmcnt. 

BrC'ak - cl own 0f these costs is as follows 

Thousand US D 

------------------------------------------------------------
1 t cm Foreign 

currency 
Local 
currency 

Total 

------------------------------------------------------------
Alternative I -------------
Land 

Civil engineering w or~<:s 

Machinery and equipment 

Implementation , including 

6 L20 

22 991 

interests during construction 5 87 7 

\V orkin.~ cap it al 

11 140 

9 6LO 

4 995 
3 675 

17 560 
32 631 

10 872 

3 675 

------------------------------------------------------------
TOTAL 35 288 29 450 64 738 

'; in per cent 54. '5 45,5 100 

A.It e rnati ve 2 
--------------
Land 

Civil engineering works 6 420 11 140 17 560 
Machinery and equipment 24 503 9 640 34 143 

l 

f 



----

Implementation , inc lu. ding 

interests during 

co nstr uc ti on 

Working ca pit al 
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6177 5 010 

3 995 

11 187 

3 995 

----------------------------------------------------------
TOTAL 37100 

:; in per cent 55,5 
29 785 

44,5 
66 885 

100 

1 nd ivi dual item~ share in the total investment cost 

as follo\i.·s: 

A It. l Alt. 2 

-----------------------------------------------------------
Total im.·estm.:-nt costs 100 % 100 % 
c 0nsis ti r.g of . . 
- civil 1..'nginco2ring w..:> rks 21, l % 26, 3 % 
- :;1achin ery and eq u:p ment 50,4 % 51, 0 % 
- i mplc mentati on 16, 8 % 16, 7 % 

-y,·orking capital 5 7 ~ G,o % ' '" 

-----------------------------------------------------------

Calculation of w.:irking capital relies on optimization 

of stocks \\'ith regard to the requirements of operation of the 

plant and availability of necessary inputs and supplies. 

Calculation is rn a<lc in accordance with the t ec hniqu c 

i ndi c atcd in the " r-.bnual for Evaluation of 1 ndust rial Projects ", 

paragraph 4..2.1. - \\".:irking Capital Rcqui rcmcnts , a.nd the follow• 

i ng data have b ccn us cd : 

l 

' I 
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- operating cash expenses in the Table 5 • Anni:al Operating 

Costs , item 4 , 100 per cent production 

- storage time weighted of raw materials 

supplies is estimated at 80 days 

- period since t he raw materials have been 

liti ve s and 

r acted u nti 1 

producti.:-n and loading of cement taking a cc .. )unt of storage 

ca pacit =·- , is estimated at 30 days in average 

- period c.:>vering storage of cement until its loading is 

incl u dcl in the previous it em 

- pay·nent allowance bety,·cen purchase and sales is estimated 

at 20 da=:s in average • This is the period since ace cptance 

of supplies and payment of accounts payable un ti 1 shipment 

of ceme:ct anJ receiving of accounts receivable • 

Calcu lat i .:-n of working ca pit al gives the foll owing results 

p rovid cd that the above - me!..: i one d data and the given t c chniqu e 

ha vc b ccn ado :Jte d : 

Alt<' rnati v e 1 ----------.. --
/ 10 3 20 : 365 / x / 80 + 30 + 20 / = 3 675 thousand U SD ------------------

A 11:0 cH1ti v e 2 -----------.. -
/ 11 218 : 365 / x / SO + 30 + 20 / = 3 90 S thousand U SD 

-------------------

Sources cf fin cmcing arc indicated in the T al - Co.pita! 

S true tur e a nC. in the Table 7 - [7 in.ancial Ob li ga ti,_, ns • 

The selected way of financing takes into account obtained 

information on financing of ~imilar projects in Madagascar. 
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0 nc third 0f the t0ta 1 capital investment will be covered 

bye quit y with min • 31 per cent participation oft he Government. 

E quit_\' i s int en <led t 0 c0ver costs both in foreign and in local 

c urr ... ~ncies . 

L per c cnt dividend on <:.>quit y capital is envisaged • 

10 .2.2. Lon>"! - term - Loans 
-----------~--------------

In addition to the equity capital the project will be also 

f i na nc ed by long - term lo ans fr om the Contractor and a lo cal 

bank under current conditions of the capital market. 

Following loans are being under consideration: 

- Co ntr actor s lo an in foreign currency for purchasing 

of machinery , equipment and construction materials 

amounting to 85 per cent of the CIF de Ii ver ie s , payable 

in 8 years , re payment in annual inst al m cnts , inter est 

rate 9, 5 ~j p.a., 

- Loan fr om a lo cal bank to cover the rest of the investment 

ca pit a 1 in 1 o cal currency , payable in 5 years by annual 

installments, interest rate 10,5 ~;p.a., 2 years grace 

period • 

The way and conditions of financing as indicated above is 

not favourable from the point of view of cash fl ow bala nee , 

as it is shown in the Table 9 - Liquidity Analysis • 

In order to ob ta in a po sit iv e cumulative net cash bala nee, 

a Government s contribution amoun tin~ to 3 million U SD 

is envis'l~ed ir cash in flow~ in the ~-th year of the p1·::>jcct, 

' I 
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i.e. in the year of st a rt - up. For comparison the amount 

of contribution is the same for both A lterna ti ves • 

It is obvious this fact has influenced the evaluation 

r csult s , on the otlll'r hand it may bt.' cxp1.' ctcd that the 

Govern ·11;'nt '~ contribution may not be necessary / especially 

in Alt • I / if more convL'n ien t price and loan conditions 

over those envisaged herci n , are obta incd • 

10.3. Production Cost 

Calculation of total production costs is based on the data 

indicated in the Table S - Annual Operating Cos ts and in the 

Table 7 - Financial Obligations and those indicated in the 

Chapter l . 

/ l 00 per cent production , minus depreciation of the pre-

-production capital costs, pl us average interests on lo::ins I 
A It.I Alt. 2 

- Direct materials and inputs 19,93 24, 90 
- T)ir ect rna npower 0,77 0,77 
- Factory overheads 18,84 17,46 
- Ad minis tr ati v e overheads 1, 74 1, 74 

Operating cos ts 41,28 44,87 

- Financial costs 6,38 6, 57 
- Dcpreciat ion 17 ,30 17' 91 

Production costs 64 ,96 69, 35 

l 
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~ 
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Alt. l Alt. 2 

- Raw materials and add it i vcs 5,96 5,58 

- Fuel 16' .50 22, 45 

- Otlu'r direct mat er ia ls 8,42 7,87 

- Dirl"'C t wa~es l '19 l '11 

- Factory overheads 29,00 25,18 
including : de ctri c power 14,05 11,97 

- Administrative overheads 2,6 s 2, 51 

- Depreciation , int er cs ts 36,45 35, 30 

TOTAL 100 ,oo 100, 00 I 
l 0 .!.,. • F inane ial Evaluation 

I 

l 0 .l . l. l . Si mp le rate of return 

F+Y 
R:: - -- • 100 

F 
o r Re 

I Q 

whC' rt:' 

R simple rate of re turn on total investment 

R e simple rate of return on equity capita 1 

F av er age annual net profit 

Y ave rage annual interest charges on loans 

I tot al investment 

Q equity capital invested 

then 

Alternative l 

I 49 315 + 15 939 I : io 
R = ------------ • 100 = 10,08 % 

6!, 738 



---- ' 

Re= 
l9 315 : 10 

21 600 

- 156 -

. 100 

A lte rnati ve 2 

/ 38 6L6 + 16 L32 I : lO 
R .: ------------·----

66 885 

38 6l6 : 10 
Re:. . 100 

22 300 

22,8~ % 

. 100 = 8, 23 °~ 

• 17 ,33 °~ 

The data are taken from the Table - Integrated Financial 

Analysis 

1 
i 

' 
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10.4.1. 2. Pay - back period 

Alternative l Alt em ati v e 2 
! Nominal Ca pit al Nominal Capital 

1 T EM 
arnoun t at the amount at the 

end of end of 

I 
a year a year 

i 
i I ' ' ! I 

I 

I 
I 

l . Total investment 6L 738 I 66 885 
I I 

12 389 
I I 12 610 Year l 
i 

2 36 798 39 026 

3 l l 876 
I 

11 254 I 

I 

L 2 833 I 3 095 
- 6L3 680 _) 

6 193 220 

2 . Annual net cash 

earnings 

Year l - 12 389 - 12 610 

2 - 49187 - 51 636 

3 - 61063 - 62 890 

l 9 886 I 54 012 9 218 56 767 
... 9 605 45 052 8 787 

I 48 660 J I 
6 10 930 34 317 10 032 38 848 

7 I 10 930 23 387 10 032 28 816 

8 I 10 930 12 457 10 03 2 18 784 

9 9 080 3 377 8182 10 602 

10 10 930 + 7 553 10 032 570 

11 I 10 032 + 9 462 

Pay-back period 9,3 years 10 years 

l 
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10 .L .1. 3 . Net present value 

where 

n 

i· 
t=l 

NPV I Cl 

a su 11 l\..)t al for the whole lifetime of the project 

from year l to year 13 
cash inflow i.n the year t 

cash outflow in the year t 

dis count factor i. n the year t corresponding to 

the selccte d rate of discount . 

NPV at 9 ~~ discount rate / see t\e Table / 

A lte rnati ve l 

A lte rnati ve 2 

+ 2 818 000 lJSD 

- 3 6 65 000 US D 

NET PRESENT VALUE RATIO /at 9 %discount rate/ 

NPV 
NPVR~--­

p I I I 

where 

N PC = net pre sent value of a project 

P /I/ pre sent value of total investment 

2 818 
N PVRalt. l = 0,05 % 

58 906 

- 3 665 
N PV Ralt •2 - 0,06 % 

60 886 

1 

.. 

J 
I 
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4. .:n v;o: t:~ent 

Inve!lt is:: ement 

:; • ':a::;h expenses 

:ierenses de caisse 
{,. T~4X- S 

.!:r:t;"rts 

i.,. ~-;;'.T ~:,\~I:~;..\..'.~-~ J:JCFI 
Fl.U'~ :LT..; :.::. T,,;_...;,::,w:·: IL. 

i'li. , ~--·~, 0 : .. 1· F.-~cT,~i<~ .,.'r ._, " 
::,-~·.Fl:: L'.;;T D ',:,CTL .. >L L-,T L ~l 
de '='·-' 

1i. rnESENr v,;Luc.;; .;T ') ;;, 

V · .. ;:;U!< .;CTUL;.W:: au 9 ii 

..,~l 
I 

l " ) 4 

17d7';; 

I I I I I4d75 

I I I I -
I I I I j1_' \.. 

11 I '.'' .·~7 _·:\ jll:J71, I 1, :1 :4 . . 

I 12 _,.' I J.7 ,c) I ll37G I :1 :j J!J 

I I I I 7 ,:;,'j 

-1;; -; ·I f'f-in -11376 7Vil 

l 0 ,:117 C,342 c, 772 

l-l2)d9 l-33744 I -100U~) I 5443 

Alternative 1 

Year Ann~e 

5 6 7 8 ':l 

l '.11 :'5 ' 2125(; .2i.:5c. I n25c ?.12 50 

. 
10 11 '2 

21:'50 21250 21250 

Thousa!l l L 
Millit1rs d•-:i l._. 

~ Tot••l 
1'ot,il 

13 

J3','C5 

' bl::? I .!L:;L I 21.-:Jc I 2i.:;u I 2125G I ..'L:?O I 21.:?C I .:?c.>5C I 21 ') 

I - I - I - I - I - I - I - I - I 1~4 1
.• ~,, 

1 1,_ 1•. :· Ii "1:, I ., l . ~\. I l ~ I l·. : .. '. I luJ21
• I i, _::.o:_. I i. 320 I h. ..::c I I~ 

\..() 

I 6.15 I b') 

I ;!';; .' - ll« j .:'- 11 .. J.:'.L: I h:J~'..: lhJ::c 11.:?0 ILL' I UJ2C I l\: --~/r, 

d960 lC 7 J') lC!l j(1 i:,'.1J0 F•'i)O lt ') 30 l09Jll 1V1 JC 2 j Jtl'> 

C,708 ... , ,6)0 I , ,596 I ... ,547 I -, 5,·2 I (, , 4 nc• I ~ .. 4 2.:: 10, 388 I c, 3)6 

I 6)44 I 6978 I 6514 I ?,19 I 54d7 I 502a I 4612 I 4241 I o3.~5 I ;:010 

'''.f 



\ ~ •, ,l"j;.t"b V'.'"''~ "r,~.·-~:_,.·:~"·· ... 

CALCC:L:,TicN \.F :·Ji:.T r;;;.;:.:.E~ V1\!.X.:... 
Alternative 2 Thousand U:.ilJ 

CALCUL 1.ll:; LA V1,~UH ,;CTUhl.LE NETTJ:; Milliers des U~D 

-==lTou.1 Item Year Annee 

.1ubru-1ue Tct:d 
l 2 3 4 5 6 7 8 9 10 11 12 13 

I ;_\_,H Ii'IF:.l : • .:.i /CI/ 
?125U 34025 

-. 17iJ75 19125 ,)1250 2125C 21250 21250 2125C 212?~ 
~IT:~i:.u JS C,\l...)3E 

1 
l •. jales revenue 

.(ecEttes c1e ventes I I I I 14:37? I bL:~· I .!L)'.iG I _:i::5c 12v5c I 2125,, I n !5l1 I · u:1<. I.~' 250 I 21. 1
'.'· 

·• ,iesidual value 
V·i1e~r r~siduelle 

I I I I J~lv I - I - I - I - I - I - I - I - I 127'7.5 
l •. ,ut.s idy 

:.;ubventions 

:: , .... '.i 1..-UTi-'l..A ..... ~ .:c:c:/ 
1126i:.. I :··· ~6 I 1L'.i4 1117':!..: lllvU 111;,;:J I u21s 111210 11121:3 1112u 11v1s I l l218 111~1£; 

.,., ~'T 1~..; :.>:. ~ .. :,1..J.::>i:: I I 1~-' 

r;-' 
0 

~. i!'1vcstinent I I i l· I . "i I 11.~'.i4 I jl 'J':J I 6 lC I •· 2l _, .. \ ....... 
~nvestis.Jement 

~_,. ·~ash ex~~ense.s 
I ,)t_,~ 7 I 1121..i 111 :1-i I i 121:i 11121:.> I 11218 I lL~l>! Jdpenses de c"is~e I I I I le.-' .i:3 I 11.::i:: I ii::: i~i 

1 
I "· 'f"sxes 
I lmpots 

! ~ ••. :.~~· ~.\.:;i! :i\ ·:.·.J /~J'.'.:'F/ 
J-1 ·n: 1-J - <!6 1-11:::.i4 I 6123 I Slt 7 I 9Jl.2 

~-UX N~TJ D~ T~~jLJ~~lL 
I lt c.:32 I h't. i2 11 .... ,32 I llvJ2 I H»:3,: 11uu32 I 2d:,:ll7 

:v. :;L·:.:.;:u :r·,cT•I<5 .-.1· ~· 

~l .:.FF1Cl£~1T ll ',\CTU ;\,,{..;,.'l' 1•, N I l I . ,·_,i1 1'-',84<! I (,I 772 I L,7CS I t..',65C I' ,596 I l: ,547 I \, ,5c:.? I· ,46u I '-" ,4 .... ~ I :, 'J88 I 0 I j') 6 

de : · ... 

11. ~ ~' ... ~_.;_::r v . .;Lta::..; .'."\T ;. .:: 1-tr!6h 1-J51:::i1 I -';476 I 4727 I 5740 I r.31a I 5'J79 I 5408 I ')G 36 I 4615 I 4234 I 3892 I e11:i I- Jl•6) 
v,, ... _..,;t1:'t •\CTUELI.r. au 9 ,.. 

f 

...... ..., ...... --~_,_.~_,,.......,..,..,. .. __ • ',.. V' ,....~ .. JI'"'' -.· . ..,..,..~. ·-.."" · wt u a Ct 4 t. W§ ii Q Ji AA\. P ZJE 
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10 .l. l .L . Internal rate of rct urn 

i 
r 

PV +NV 

where 

i int er nal rate of return of a project r 
PV positive value of NPV at the lower discount rate 

NP negative va Iue of N PV at the higher dicount rate 

i 1 I ow er discount rate at which NPV is st i I I 

positive but close to zero 

i ') higher discount rate at which NP V is a Ire ady 

n c.~;ati ve but close to zero . 

J\ lt e rnati ve l 

i r 9 + 
2 SIS I 10 - 9 I 

2 8I8 + L77 

J\ lternati ve ') 

i = 7 + r 

3 468 I 8 - 7 I 

3 468 + 283 

9,86 % 

7 ,92 % 

1 
! 

' I 



\ 
1-··4 .l.? Ll..C liJ lTi: AN;;l.Y..i IS CF THE FROJi:.CT 

,;:'1:,; 'Li:. :a:.J LL,U IDIT1S :>U PRCJET 

l ter.i 
:Jubriqua l 2 3 

l. ,, . ~ ; 
~:lF!AJ'-"S /CI/ 

36798 
·~. ~_, .. 

12}'}9 11876 
l'.:.~rr -~ l:.L CAl~..:>E 

l. ~3les revenue 
~Acettes des ventes 

2. ~ e9J.•:~al value 
v~:eur r~siduelle 

J. ~i~~ncing or inve~tment 
iinancement de l'invcstisseme~t l -~' ! ._, J67')8 11376 
J. l ~.riui ty 

(.~'7 2 7'365 3738 
·= .1pit0l-actions 

J~2 ~onns 

:·rets 
.-117 ;!8';, J3 8(d:.J 

l.:. ~ .\.,J~l ..._ l:TF ~L .:.j /~l / 
] '.:~i7 ]67,g 11376 ._., ;,r '._: . .; nr. 8AI .... -l.:.. 

l. L."Jestment incl. repla~e·n·:nt 
l c' _:·3 1) J679d ll-376 [nvcotissement ~.c. rem~l,cemcnt 

• :nsh expenses excl. intereJt 
J~caissements, interpts non co~pris 

j. 'fDX'2X 

~mpot9 

J. Finuncial oblientions 
~nrneements fin~nciers 

4.: .iepaymc?'t ins tnlrr.ent 
:tamboursements ~chelonri~s 

4,2 Interest chDrges 
Jersements a'int~rets 

4. _, Ci vidends Dividend es 

;.: I. NST C<.~ 1 B/,i.:\NCB /'.'<CB, 
i:.:~~u:.,_;.t; NJ::'l'Tt; /NCE/ - - -

~v. cu:.tuL,TIVE N.t:.T c.~il [<\U..t-lCE 
e~C,U,-;::;.;; CUWLATIVE :t;;TTC: - - -

~-~---·---

Alternative 1 

:tear 

4 5 

l 771C 19770 

14875 19125 

28)5 645 

2835 tj4 5 

l:r(';> 2 17~d 

·aJ) 645 

7939 9'J2u 

- -
7928 7658 

3113 3113 

3985 J689 

83C 856 

-1042 1947 

-1042 9C5 

An nee 

6 7 8 9 

.!1445 2125C 2125() 21?50 

21.::sc 21250 21.?50 21~50 

1Si5 

1)5 

:115:; 2l 277 l'.J?•,;7 . 1. "/1)8 

L5 ld50 

lL J.?u H J.!C L.3,;1. li.· j:2L 

- - - -
ll:Gj5 9'357 9277 85':1!.l 

6761 6761 f;76C:· 676C 

31,u .. !332 165 J ':J74 

864 864 864 864 

295 973 16~) 48~ 

l:?C.U 2173 3c326 4308 

10 

! 

Thou9and C~D 
Milliers Jes l-J 

··-·-· 

11 12 lJ 

21250 I .:i250 ~1250 j j'/l.J ") 

I 
L:l25C I 21250 2L:5U 21.::;~ 

I 
1.:4 ')~ 

i 
! 

18238 14 ..:';6 11 l:.~4 11 lr'.4 

1:, j }(; l'-'320 l(; j .JC. 1 ~ :. -'\ 

- - - -

nu J976 3S4 Jt. 

6753 I .!112 - -
I 

296 I - - -

864 864 ci64 citA 

JOl~ 6954 10C66 ,'.;.''). l 

7320 14274 ~434~ .16.)Gl 

·r 

~-· 
':_;,\ 

___. 



'\ 
.. ~·/*,~ •. 

L.4.1.5 Ll..:UIDIT1 ;,.::,\:.'l->I-> LF Tlfo i i<LJi:.CT 
Thousand l...;D 

;,C<"L1..;£ D~ Ll .. UDITC..~ DU I :<OJ;;;T Alternative 2 
~illiers jes U~D 

Item Year Annl!e 
~ 

~-

.~ubrique 1 2 I J 4 5 6 ., 8 I 9 I 10 I 11 I 12 I lJ 
I I I I 

l. ·~· ....... if I:·lFLJ . ..i:;.=; /CI/ 
1-:61,; I J9026 /n254 1'(970 l 'J305 21470 21250 2125C I 2125C I 212:»0 ?1 ?.50 I 212?0 I )40::5 :. :.:,.·-r .. c.~ Di!. Ci\l...J.~E ' 

l •.. ales revenue 

"t'cet tes ries ventea I I I 114875 I 191!5 I :.:i:'50 121.:50 121.?)Ci I 21.05~ I -~125C I 21?.50 I 2125,, I .::1.:r;1 

i1esiriual value 

VAleur rdsiduelle I I I I I I I I I I I i. Ti'.; 
J. Financine of in·1estmant 

~inancement de l'investisse~ant ~ .)t: L. J':ll 26 111254 
I 

3095 

I 
6JO 22C 

_.l L(j'.litJ ::a pi tnl-ar: tion:'l : - -~ _;, 1 ;:._:47 ;.575 :;;_'')5 ::'·:3'.; I :•2( 
; • .! ~-C.!lnS 'rel~ .·.I 1 ~·"11'J 7l; {'J 

.... LlTFl l ... ""' /C1.... 

lu·":l I un -~ I · · .Jd2 I ·1 .. 1 r,5 I I 15J85 I 1 .! J ) \, l 1-·1i.. I ~~ •.. T .-: ... !.J .• ..:.-.L ;i:, l •.L • J•. _G lL 54 I ) 'li" '"l:r'O l')J7 •••. ,, "" <. , .. 
! • lnvestrnent incl. r<!;'l''""'"""1t 

lnvestissement y.r:. rem['l.-:ct>.ncnt l ;, 1' 1.H26 I lL.54 I ;\. ·~· :· I (, 31: I .. , I I I J ·,5, 

:nsh ex~cnses excl. int~·est 

:·ec'lissements. int,"rets non C"'.Tlp~·is I I I I J657 11, ~ }·~· llVl'l I ll'21J I lLld I 112l'l I lL'l'.'. 1 l 121a 111218 111· 1d 
.• Taxes lmpots 
d. ~inAncial oblie~tion3 

:.nt~'lf.:ements financiers ·j : ~!) 17·55 IL4-1 11,~4 7 I 9549 I sa:·.~ 1 1n55 I no1 I 892 I ·,1,; 

.; .1 1(epayment inst,11 ::ent 

:~emboursemcnta cchelo~.l'lCB }.:15 . '7'.J I t~y;_~ I r);;:. ~ I 6'.)~ .. r? I 69:.;1. I G9~1?. I _,nr; 
4.e Interest chnrges 

Versements i'intercts 41Ud i79'.' JL.\.' AL 3 l 7\-5 lCl.'(} ;11 
·'.: Ji virlends :,i viden:~e3 d56 JJJ \._'l:).; J·~2 U<;;2 1«') 8)1. I 8':12 I 81-12 I 1·.·i . ..1'-

::r. :i .. -..T -:: • ...;u B.;\:.~~'lCE /UCB/ 

~:c .. L....>i. N.:.T'T'L /~CB/ - - - -2021 8);! -912 -.215 483 I -610 I rnn I 5i3G5 I 914:- 1. 01: l) 

! v. '~1; .• ru l.i.T!Vi:: :~.:.T C.;JH !JA! .. ii'lC~· 
136294 - - -.::v.:: l -11:;':1 -.<ll l -~316 -l~jj I -.;5uJ I -D...:6 I 5.239 I 14.l7':1 !:.CiC:--.i.;;,E ~U • .tl.IL.\TIV'O:: NiTT£ 
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10 .4 .1. 6. Capital structure an alysi s 

l. 

Q 

where 

Rde debt equity ratio 

L long - term loan s 

Q equity capital 

A ltern ati ve l 

l3 138 
R de 66, 7 I 3 3,3 

21 600 

A lte rnati vc 2 

LL 585 

Rde 66, 7 ! 33,3 
22 300 

l 0 • l . 2 . l. V al u e a d d ed 

13 

~NVA 
t=l 

I Ml +I I t 

net value add eel gene rated by the project 

throughout its economic life from year l 

to year 13 /plant equipment economic life 

is 10 years / 

,. 

I 

f 
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13 
(l 

t £. 
t=1 

13 

£!Ml +If·== expected currentmaterial inputs MI 

t= 1 and investment I throughout the projects 

l i f e 

A lte rnati ve l 

NVA 219 L33 - / 92 349 + 66 588 I 
GO 318 000 U SD 

A lte rnati ve 2 

NVA 219 775 - I l 01 019 + 68 7 35 I 
30 0 21 000 US D 

NET NATIONAL VALUE ADDED 

13 13 £ NNV A= 
t= l 

£ I Ml + I + R p It 
t=l 

where 

RP repatriated payments 

A lte rnati ve l 

NNV A = 219 455 - I 9 2 3L. 9 + 66 588 + 8 279 I 
52 239 COO US D 

Alternative 2 

NNV A = 219 775 - / l 01 019 + 68 735 + 8 712 I 
= 41 309 000 U SD 

• r 
1· 
I 
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In calculation the <lat a from the Table -

Int C'~r.Jt ed Value ,Added An ct1ys is , haYe 

b ~""en u sro . 

10 .L.2.2. Absolute efficiency test 
n 

E h VA 
ti" =l t 

n 
/ 

~ wt .at L1=1 

where 

E = absolute efficiency test of a project on the bas is 

of the di s counted values of value added and of wages 

A lte rnati ve 1 

present value oft hE expected value added 

for the whole lifetime of a project/ plant 

equipment / fr om year l to year n 

present value of the e xpectcd wages for 

the wholelifetimeofaproject from 

year 1 to year n excluding expat ri at ed wages 

discounting fact or in year t 

Eat 6 % = 12 838 000 USD /" 3 745 000 U SD 

Alternative 2 

Eat 6 o; 5 012 000 USD > 3 745 000 USD 

Source of calculation - table " Absolute Ef f i cie11cy Test 

at ~Aarkl'.t Prices " . 

l 

' I 



ltem 
:iubric;u1: 

1. Value c.f output 
Valeur de la production 

~. Value of material inputs 
Valeur jes intrants materiels 

J• ~et domestic value added 
Valeur ajoutee nette sur le plan 
interieur 

4. ~epatriateJ payments 
.1e;n.1triements de fonds 

5 •. <et national value added 
Valeur ajoutee sur le plan 
nationul 

:>.l .. ages 
' . .... 1:1 ... a1res 

?.~.~ocial surplus 
:.;xcedent social 

u. Jiscount factors at 6~ discount 
rate 
:oefficients a'actualisation 
au taux ·i ·actualisation de 6 .• 

7. Discounted values of ~NVA 
~quival~nt actuel de la valeur 
ajoutee 

7.l Liscounted values of wages 
~a1eur actuelle de salaire~ 

7.2 Discounted values of social 
surplus 
Val~ur actuelle de l·exc4-
dent social 

\ 
.,LJ.j1,. •·U'L: . .C.H IC IJ:.NC'i TE..;T AT .t.A'1KET P:UCE3 

Tr.'J'l' 0 'i::FFICAClTE AB.5u1Ui:; AUX l'filX DU :v!ArlCHE 

Year Ann tie 

1 2 3 4 5 6 7 

- - - 171375 19125 ~l.!50 21.250 

l.'.Jd:I Jli71i:3 lli376 11..1...?2 'j J';i J '174 J 'J546 

1 l? ~:.l"). : ,c,·1·.-3, / lld76, 7od 'J1 j.~ 115u7 117C.::> 

t!L.7C 1774 147d lldj 

. l.! ~J}/ , ~~·r1s i/lld76/ 57'.; J 7~53 h.:u0:0 h.'.;11'.:i 

?7.2 ?n :,n. '/II. 

5lc31 73d6 ':14?7 <;947 

l ",:i4J (; ,e:io G,d4(.: 0,792 0,747 u,7u5 

-i.: Jd'J ~J47Cl -10570 4833 63U3 7492 7416 

4ac 453 427 4C3 

-l2Jd':1 -)4701 -1057() 4353 5850 7065 70lJ 

Alternntive l 
r:hc;ll:-H1nd l.1 ,.1 

:~illi11ra des .~l 

'!' ot :J l .,,.-- -----
Totnl 

d '1 10 11 
.. , 

lJ ~ ... ·r· 
I 

21250 21~?0 21250 2L2?u I ;::250 3.fl~5 

i 
'J54d 11398 ':154'1 , .. ,,~ :3 : -?4o •;54u 

I 

11702 'Jd52 ll 7u2 ll7v2 : ll 7CJ2 241~ 1 

0u·1 ?'1 l .?'16 - - -
.~-· 

lvdl:; J.!61 114u6 11"/;,~ :.11u2 :!415 7 

';72 ') '/. , 7 .2 j / .' 'JU. ,, ., ;> 

li....:43 dCid':I l1..:.lj4 lllJu lllJO 2 }'./ti~ 

u,665 C,627 \,, 59.1 u,558 v,,27 ~,497 

7l:i2 5dv7 6752 G5)C fil67 12<.iU·S 121.l;d 

J8U 359 339 319 JOl 284 J74? 

6812 544d 6413 6211 5866 U'l22 ':i(;':o J 

~ • ., ,*!<+,.•~ 'W :_p:;J;; , • 

__ ___.., 



~ tem 

.1ubrique l 

l. Value of output -
V ~ l e1,;r de la pro<'luct ion 

"· \'ale.<:; ·)f inateri>Sl in;>Uts 

~aleur jes intrants mat~riels l.;~, i .. 

;. ~et Jomestic value Rdded 

VALeur ajoutee nette sur · L:i,l~/ 

le ::lar. int·~rieur 

4. :1euatri1:1ted pay:r.ents 

~e~atriaments de fonds 

'• :<et !l.ational value aduect 

~alec.r aj~ut~e ·sur le ~lon L:•L 

nflticaal 

~. l ~.llgcs .,alaires 

~.2 JOCi>il surplus 

~xc~dent social 

L •. iscc1unt .factors at G disccunt 
rate 

Coefficients a'actualisation l 
au taux d "actualisation dd 6.,. 

7. :.iscounted values of' NNV A 

cquiv&lent actuel de lR valeur -126L 

ajoutt£e 

1.1 Discc~nted values of wages 

Val~ur actuelle de salaires 

l. 2 :. i -,.;ount6d values of social 
surµlus -1.::610 
Val9ur actuelle de i"exceden1 
social 

\ 
;.foOiliTE U'FICIJ:.~C'i TJ;;::>T A'I :1:,\:•, . .:.T L'1Ci:.3 

Ti:...;T D 
1

EFFICi,CITJ:. AB.:>OWE AUX i'RIX DU i~AHCHE 

Year Annee 

2. J 4 5 6 7 

I - - 1'{'37? l'Jl25 212'.Jl) 2l~?L 
I 
j 

j';lc. <:'.6 11254 11. . .:..ao ll.:246 1U666 lv446 

I j(1\..·~t)/ /11<:541 6Cl')'j 8079 l•.;')u4 h. lL4 

' 

2ld7 ldb7 l'.J?6 1.:4'.J 

I) J~. (,/ I 11.:54' .1717 7JL J ...:o - :, _ .. 

'.,,'{{'. ';72 ";/;; ')12 

4145 644(; d4'Jb :3967 

Alternative 2 

8 'j 10 

212?0 212?0 ,:12?c 

1~44 6 12296 lu4 46 

10804 8954 
! 

lu304 

·: J.; f:..22 Jll 

Jd7l d j_.:..:2 l' ·1 ... J 

'>12 572 ?7 2 

:'21.)';J {76l, :u?.l 

, ':14 j L 1 8')0 c.· ,o4G :J .1'12 0, 747 \.; '71,;5 L,665 L ,6'-7 L ,?•:'2 

•J6:)l·,2 -10016 3':162 'J?'J4 6744 67)9 6564 5224 6211 

4a" 45) 4n 4v3 )ou 359 j)'j 

-J6Ju2 -ll1Cl6 J482 51(;1 6)17 6)J6 6lt34 4d65 5~n 

'l'houaand U::;!) 

.·.a11iers d<'s U.~;J 

'i'ot,,l 

1i0-~~ 'l'ot cil 
11 

i 
212'.JO .212?0 J4V'5 

I 
1G<l46 10446 110446 

luao4 i::;eu4 I 2357'; 

I 
I - I - -
I 
I 

hdl;4 I 1.J-:!04 2 j)7'J 
I 

')72 572 I ">12 

I 
1( •. · :,2 1'- ;~ J2 2 J•.A,7 

",:i5o '-,?27 0,497 

60~9 5694 11719 51.:.12 

I 

319 301 "84 3'74'.i 

5710 5J93 114 35 L'67 

f 

...... 
<y, 
<J, 

·' 
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10 .4. 2. 3. Relative efficiency test / at capital scarcity / 

P /\TA/ 

p /I/ 

where 

E relative efficiency test / at capital scarcity / c 
P /VA/= dis counted value added 

P /I/ present value of total investment 

Alternative l 

E c = 
12 838 

60 698 

A lte rnati ve 2 

5 012 

=-----
62 731 

o, 21 

= 0,08 

Source of calculation - the Table" Absolute EfficiencJ 

Test at Market Prices ". 

l 
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12~f~~~-~~~!!!~L~t..~L'--~~!Y-~~~ 
10. L.3.l. n reak - even a'.1a lysis 

l. In terms of physical units 

FC 
BE P 

SP -VC 

2. ln terms of sales revenue 

FC 
BEP = SP----­

SP - VC 

where 

F C = an:mal total fixed costs including average interest 

charges in a normal operating year , 

S P = s ell i ng price per unit of out put , 

V C = variable costs per unit of out put estimated at 

production level of l 00 per cent of ins ta 11 e d capacity . 

A lter native l 

11 066 000 

B EP l l 7 2 100 tons of cement 

SS - L0,696 

11 066 000 
B EP 2 == 8) -----=IL 627 550 U SD 

83 - 20 '696 

BEP = 68,8°6capacityutilization 

A lte rnati vc 2 

10 920 000 
B EP l = 184 100 tons of cement 

SS - 25,672 

l 
i 
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10 920 000 

B EP ? SS = lS 645 000 U SD 
83 - 23, 672 

BEP = 73,Gc;capacity utilizati'-"ln 

10.L.3.2. Sensitivity analysis ! in terms ofIRR ./ 

Change l - decrease of unit price by 3 c~ per ton 

of ce•nt'nt 

2 - in crease of cash expenses by S "~ 
3 -decrease of investment b y 3 c; 
L -change l + 2 

) - ch an.~"~ I + 2 + 3 

A lte rnati v c l 

733 /9-8/ 
IRR 1 = 8 + ------

733 + 2 )98 

IL9 / l0-9 / 
l RR')= 9 +-----

" ll9+ 3 0)7 

2 )L l I 13-l 2 I 
IRRJ"'l2+ 

2 SL 1 +LS 

1390 / 8-7/ 
1RR 1 = 7 +-------

'""" 1 390 + 2 113 

915 / 11-10 I 
IRR-= 10 +------

) 915 + l 739 

A ltcr native 2 

1 OS2 /7-6/ 

8 ')? ~~ , __ -

9 ,03 "~ 

= 12,98 ~; 

7 ,LO 0
; 

10 ,3 6. % 

l R l~ 1 -= 6 +--------- .: G,28 % 
1 O·):i r 2 70.:_ 

l 
! 

f 

/ 
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163 /S-7 I 
lRR 2 = 7 +-------

165+3 377 

2 596 I 11 - 10 I 
IRR 3 ~10 + ------------

2 396 + 272 

l L33 '6-) / -
) ------·· -·----

l L33 r 2 L80 

318 /9-8/ 
l RR,... = 8 ------­

.) 31 s + 2 373 

10 .3. Conclusions 

10. 3.l. Investment Costs 
-----------------------

7 ,05 :~ 

10,91 ~; 

3. 37 ~:o 

8 'll ~6 

The investment costs are based on actual prices in the 

tech no logy market with regard necessary civil engineering 

works for Amboanio area . 

Although dry process of cement production proposed 

in both alter nati v cs is mo re expensive in investment cos ts 

than wef process actua 11 y applied in the existing cement plant 

in Amboanio the form er one shows significant savings in 

man power and consumption of fuel and energy . 

It is to note that the investment costs are considerably 

i m pactcd by high cu sto rn fees applied to imported machinery , 

equip mcnt and materials . 

I 
~ 
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10.:J.2. Production Costs 
-----------------------

~ ucL v idtta 1 itC':1i.;; 0f pr.Jrluction c .... 1sts either arc esti matE'd 

a cc.:irdi ng to the data obtained in Amboanio or are based on 

actual prices in loca 1 market . 

The reserves how to cut down production costs may be found 

with in the scope of deprcciati on and financial costs , i.e. in 

cutting down of investment costs and in 1 i m it ati on of 1 oa n 

f inan ci n g or in providing of better 1 oa n repayment conditions . 

Debt / cqui ty ratio 66, 7 /33, 3 i s not very favourable 

si.ncethe additional financial supports or contribution are 

necessary in order to obtain a positive cash flow balance 

Therefore it is recommended to review pr0j ec t financing 

from the point of view hoth of economical demand and of 

effectiveness for development of the national economy. 

10.S .4. Economic Criteria 
------------------------~--

Taking into account the demanding investment and 

op era ti on conditions of the new cement pl ant in the economical 

situation of Madagascar as they are estimated or envisaged 

in this Study, the results obtained from evaluation are adeq­

uate to similar projects iri other developing countries • 

l 
i 

I 
! 
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10.6. TABLES I 
Basic information on project evaluation 
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l.,?.2 Local - rersonnel local 

l.:i Cther expenses - Autres depenses 
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4766 4228 1Ul5 
4;;22 b;,3 2427 

4 Jt3 1':12 246 

r,7s - 'j'(P, 

- - -

4 34 - 4 J4 

10(' - l<.,v 

- - -
134 - 1)4 

2CC - 2CC 

10338 6418 I 48CO 

7274 - 7274 

17612 641'3 1207 4 

Total 
"'"'t n1 

10784 

';666 

~.24 3 

4425 

4 jtl 

676 

-

ii 34 

lvC 

-
1J4 

200 

11218 

7274 i 

18492 

fr 

/Thousand~ USO 
Milliers des U~D/ 

Year 8-lJ Ann&"' -
Variab ... d 

'pt~~a Total 
un.-.;ft~ To+ ~1 

6418 4 )66 lU7tA 

6226 J442 ';1CJE8 
4228 HH5 ~) 24 J 

1998 I 2427 44425 

192 246 4 .:,a 

- lj78 678 

I - - -

- 1jj4 4A 

- 100 1('0 

- - -
- 134 1J4 

- 200 2(;0 

5418 48('(; 11nd 

- 4477 407 

·-
I 

6418 I 9277 1$695 

-_ .... -

...... 
Cf, 
('..) 

~ 



l. 

2. 

TABLE 

T:,fli.h . .:..U 
6 

Ite:n 
dubrique 

lNV::..~'!' .. l~:"r!' 

1 ~ V .J..>T I.d.34:. .. U:: :.rr 
1.1 lnitinl invest-

me:tt 
lnvestisse;nent 
Initial 

1.2 Interest during 
construction 
Interets pendan1 
la perio:ie de 
construction 

FlN.'.NC!NG 

F u;..:<c:::4E~IT 

2.1 i-.quity 
i-articip11tions 

2,2 :::..oans 
frets 

2.2.l Doriestic 
Inter.;.eur~ 

2.2.2 Foreign 
htranger.; 

3. ~!!~'BL~AL FIN~!IJCU 

F IN;,:'lC:t..a:IT 3UPPLE-
~~NT~l.rlh N~Ci3~Al.rtE 

""i • ..,......---.,..-

'lear 
Annee 1 

FC LC 
D L 

4739 765C 

4728 102C 

11 (>JC 

473'.l 765C 

4622 165C 

117 GCCG 

- 6CULl 

117 -
, 

-

'\ 
C AFIT ,\L ST~iUCTURE 

::.iTRUCTURi:: DES DEFENSES EN CAPITAL 

2 ) 

Tt FC LC Tt FC LC Tt 
T D L T D L T 

12J89 0::5J6J 11435 )6798 5186 6690 1876 

11748 23173 i·: 175 33348 2820 4775 7595 

641 2bG 1:60 J45Ll 2J66 1915 4281 

12389 ·5)6] rl4J5 J6798 5186 66% 1Hl71 

627'2 24J~. 'J4J5 7865 3336 452 )788 

6117 .;'.,;'.'j)j oC.L>C 2893) 1850 62)8 acss 

6USO - tcoc 6000 - (2)8 I 6238 

117 ~2933 - 22933 1350 - 1B50 

- - - - - - -
I 

Alternative l 

4 5 

FC LC Tt FC LC Tt 
D L T D L T 

- 2835 28)5 - 645 64'.j 

- 2835 28]5 - 645 (,45 

- - - - - -

- 2835 2835 - 645 645 

- 2::l J 5 2s_;5 - 645 64? 

- - - - - -
- - - - - -
- - - - - -

FC 
D 

-

-

-

-

-

-
-

-

6 

LC 

L 

1':15 

l'!~ 

-

195 

195 

-

-

-

Thousand U:.>D 
Millier3 des USD 

Total 
Total 

r:t FC LC 'l't 

T D L T 

195 135 286 29450 64 7 J8 

195 ]C721 25645 5fiJ66 

14567' ]80~ B372 

195 35288 29450 611'/ Jd 

195 10]88 11212 216CC 

249'Y.' ! lt)2J8 4.3138 

- - l1a238 1132 38 

- ;!49CO I - 2490( 

----
- - - -

, ·· , ... ··1r-· -.. _ ....... · , 

,_. 
Cf'• 

( _,_ 

--~ 



'\ 

6 CAPITAL STRUCTUR~ Ti,B~ 

T,\BW.AU STttUCTURE DES DEFENSES E~ CAPITAL 

'fear Itew Annee 1 2 

Rubrique 
FC LC Tt FC LC Tt 
D L T D L T 

1. INVi:..;;T .. lli:IT 4962 7648 l2610 'J7]85 11641 39026 
Irl'foci T I.; ::>f.:.:c;~rr 

l.l lnitial invest-
ment. 4950 70lt3 ll%c 25l:l';I 10]81 35400 
lnves'tissement 
1 nitial 

1.2 Interest during 
construction 12 6)C 642 _ 1 _.)Gti l..'60 3626 Interets pendant 
la periode 
de construction 

2. HNA.XCING 
FINAN-'.:E..~:!'!' 4962 7648 261..:: <>7335 11641 39026 

2.1 i:.quity 
i'a::-t.it"ipations 4835 1643 6483 ,c6;_6 '.!b4l 3247 

2.2 !..oans 127 60GC 6127 ~4779 6C0(J 3C779 
Fr:::ts 

2.2.l Domestic 
Interieurs - 6Cl:L 6uuo - 6000 6000 

2.2.2 Foreign 
Strangers 127 - 127 >4779 - 24779 

J. ~~RI~~~NAL FINANCING 
I.~~ - - - - - -
F lN,1NCi...ti:.:IT ~Uft-LE-
;.!;;;NT AB.::. Ni:.Ci:.ci.::>AIRE 

---....,..-----~--

3 

FC LC Tt 
D L T 

4753 6501 11254 

2264 4571 6835 

2489 l'J JO 44 l':J 

4753 6501 11254 

3459 116 3575 

1294 6385 767'3 

- 6385 6385 

1294 - 1294 

- - -

Altern3tive 2 

4 

FC LC Tt FC 
D L T D 

- ]095 3095 -

- 3095 3095 -

- - - -

- J095 3C95 -

- Jv95 JU95 -

- - - -
- - - -

- - - -

c~--

5 

LC Tt 
L T 

680 680 

680 680 

- -

680 680 

680 6.:30 

- -

- -

- -

6 

Thousand llSD 

Milliers des USD 

·rctal 
'!'otal 

··- - -r--·· 
FC LC Tt FC LC 
D L T 1) L 

- 220 ?.20 J71CO 29785 

- 22C1 220 32<!JJ 25%5 

I 
i 

- - l - 4867 3820 

I 
I 

195 I 195 - 3710C 129785 
i 

I 

- 22•J 1220 10900 11400 

262C•::•l 18J85 

- - - - lt3 385 

- - - 26~~00 -

·• - - - -

~ I, IW.t \ 4 .... .4 t ** !,·· µQZ ;: 0 

Tt 
T 

()6835 

53198 

06:37 

6638~ 

22 ~IA. 

4458' 

133'l' 

2G2l'( 

-

,...... 
CJ., 
p.. 

------' 



\ 
TAi:H .. i:. 7 

FINANClAl OELlG.,:·1'-:i.:; 

T .t,.tlLl' i.U 1':NGAn£:.~;:.;.rr.;; FINANC fo~1::> 

Year 
l t t~m 
u1t>ri1ue l 2 3 4 ~) 

1. :_ . . ,;J..., i:J;:.'l'..-) ,;41 A:!( 4281 7C";J8 6802 

re;-1c:i,y:nent instalments. 

' rer:iboursements echeloru:ees/ - - - JllJ Jll3 

,. interest::;, , int.~rets,. r.n >t ~;.;_ 4 281 );185 J(d9 

1.1 ~omestic loans 

I !rets intdrieurs 

1.1. l '1epayment instaLnen s 
- - - - -.iewboursements 

i'·chelonnes 

1.1.2 Interest (, l' l ll\, l':! 15 1915 1915 
I!lterets 

1.2 ?oreign loans I 
. rets etrangers 

1 • ..:.1 iiepayment instal-

I 
men ts - - - )llJ ]11) 
rtemboursements 
echelonncs 

1.2.2 Interests 

Interets 11 21';~ ;!)66 2070 1774 

2. u!Vl!Jhi'U..i n1 v c:-::rnb::> - - - 8]0 856 

3. L. Tfil.d:.:i - - - - -
/,UT".b.:i J::NGAG£:1!c.NT.:; 

4. TOTAL 641 J45C 4281 7928 7658 
T;..,T,;L 

Altei!native l 

Annee 

6 7 a 9 

9771 oH. ') 3 841) 77 34 

6761 G7ol 676(: G76C 

]lh ~ J '-I '' j I 
1653 774 

I 
jl>4d I _i,:;4 8 JG48 Jl>4d I 

1532 1149 766 383 

• 

Jll3 I ,;113 3112 21L: 

1478 118) .3d7 5'.11 

!:!64 864 864 864 

- - - -

10635 9957 9277 t3598 

10 11 

71.)54 3112 

6758 Jl12 

296 -

J64E- -

- -

3112 Jll2 

2'.16 -

864 864 

- -

79ld 3976 

Thousand U...>D 

~illie~~ ~fS USO 

-
Tot!ll 

-- Tot •1 l 
12 13 

- - G7•1b 

- - 4 JlJB 

·• - :.4 jll 

- - lJdt'l 

- - 11465 

- - ?4•J(.;v 

- - l284G 

864 ti64 85')0 

- - -

t364 864 76047 

.,......,,. 1 """:1"1 FI,* i,~,,..,·R:I·, * :;: 

() ,J 

' ~ ,, 

--·---' 



T ;..,cU. 
T d~Ll:.;,U 1 

FIN;,NCL~l I. i'UG,.'!' ILCl.3 

.c.NG,\v:.l=..:IT..;, 1'' r:l..\~C lI:.HS 

Item 
.iubri~ue l 2 

1. LL.-\ 'L.> l ':ti: . .'f.:) 642 3626 

.T::-:::.a::ment it1s talments,· 

. r0r:ibcur-sen.ents echclonnees,' - -

:'iritPrcsts/ I 
.'intt>rets/ (·~ - ::, .. G 

l. l '.;om est ic lo,:ins 
: re ts interieurs 

1.1.l Repayment instalmen1e 
~emboursements - -
echelonnes 

.:..1 • .2 Interests 
t_1 ;, l 6: 

Interets 

l.~ Fcreign loans 
! rets etrangers 

1.2.l Repayment instql-
men ts - -
rtemboursements 
echelonnes 

1. :·:. 2 Interests 12 ~- _i(,6 
Interets 

2. JIVl:.iZNU..:i DlVllJ~N~~~ - -

) • LTHC.:rt..i 

i,U'Di::.3 E:-IGAGh.&.NTS - -

4. TOTAL 
64? 3626 

T0T!\L 

if ~ 

'\ 

Year Annee 

) 4 5 6 

4419 7383 7072 lU.J52 

- 3275 )275 6952 

4 41 ~· 4Ld 3797 Jl ..... ~ 

I 
I 

I - - - )677 

1':1J1.. ) ', IL UJ- l':-44 

I - j .>.7'.; J2T; J .?.7 '; 

I 
2489 2178 1867 1556 

- 856 er j 892 

- - - -

4419 8239 7955 10944 

Altern"ltive 2 

1 8 9 

9355 8657 7960 

6952 6952 6952 

24CJ 17t>5 lL .. d 

)677 )677 )677 

115;; 77;__ 336 

J275 J27'; 3275 

I 

1245 933 622 

tl92 892 892 

- - -

10247 9549 8852 

l'' I..• 11 

726) 3275 

6952 J275 

Jll -

.1677 -
- -

3275 3275 

311 -

c3':!2 8:12 

- -

8155 4167 

Thousru~,1 U .. ;o 

~illie~J des U~D -
Total 
Tot:·11 

12 lJ 

- - E.t7U4 

I 

- - 44?85 

- - 25119 

- - 18)85 

- - 11'.:4•.) 

I 
i 

£:6.J( c 

I 

I - - l .J'i7 J 

I 
I 892 892 a;ni;. 
I 
I 

- - -
892 892 78579 

" ""'"''~T 11?" • • " 

,_.. 
C/J 
G) 

..J. 
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TABLE 

T ·\c L::.AU 
8 INTEGH.;Ti::D FINANClAL A~.U.t,j!S 

A'.'IA:YSE FINA'.'IClt:P..t I:ITLGHii.E 

Item 
,;ubrique 

1 

1. UV't3T .!ciIT 1:-IVC:.:>T I,j.:;c;:.U:.N'f 12J89 
Initial investment 
Inves~iseement initial 11748 

2 ... Li L ul\t;·~ l:lG COST :;vuT :. 'r::<:t< .. l'lT.~T L ~~ 
2.1 :~3h expenses Dccaisse:nent -
2.2 )errcciations Amorti::ise::.ent -
2.J iP.terest lnterets -

j • 1.:-l~\ .. L·. ,,i:.Vl:.NU 

j.l ~sles revenue 
Jecettes des ventes -

.~.2 ->ubsidies . .>ubventions -
J.J !<esidl!al value Valeur r~Ri~uelle -

4. £\~'I :; :.,->:--! i.JJLZlN'.J.J 

~i:--4~r..TTc...l :~l..:~T~..:.) J:_ ::·\ t_; ~r .. 
4.1 Taxable profit ben§fi=c impo39tle -

minus taxes moins i~~rot3 -
4 .2 Net profit Benefice nette -

plus interest plus in~;rets -
4. J :let profit be:fore interest ,-,rt er 

taxes 
uenefi~e net avant int~rcts apres -
imposition 
plus nepreciation-plul\ amorti1=1se:nent -
minus replacement-mains remplacement -
Tot9l Total -

5. Ni:.T c.:...;11 n.c:;s -
\!\.•UV.C.J.:.cl'l;:) cfoT3 Lll. Tn.:.....;(;1l.itI;,; 

'11111111111!1111"'------'!'""-........... --- .· 

2 

36798 

33348 

-
-
-

-
--

-
-
-
-
-
-
-
-

-

\ 

Year Ann~e 

3 4 5 6 

11a16 2835 645 195 

75':!5 2835 645 195 

I 

b-.18 :'l.:5J .~0J74 

- 7':1d9 ':l5?C ll 32C 

- 7044 7044 7l·44 

- J':!d5 J6ac; JCll 

17l:;75 1·)1.:5 21._::,( 

- 14375 19V5 2125C 

- jL(1L - -
- - - -

- -114 J -ll~d .:,7G 

- - - -
- -114 J -11~'1 i76 

- )98: 3689 JlilU 

- 284.:! 2561 3886 

- 7044 7e;44 7044 

- - - -
- 9886 %C5 ll'));; 

- 7C•51 8')60 11. 7 J5 

Alternative l 

7 8 9 10 

19696 16299 15620 14942 
10 3 2(.) 10)20 i;13:~u 10 3 2C 

7044 4 326 4 326 4 J26 

2)j2 165 3 974 2')6 

21:;5c, 21~50 21 :'50 21.l5L; 

21258 212~(.. cl. 150 .!l25u 

- - - -- - - -

1554 4 ;1'.;l ';.>6 Jt. 6 ~ce 

- - - -
1')?4 4 )51 '.i6 JiJ GJUd 

2JJ2 lG~•J ';-174 296 

3886 6f04 6604 (1604 

7044 4J26 4 ]26 4J26 

- - 185() -
1C9JC l O'::J 30 9080 10930 

lCY JU l;J9JU ~ii.18() lC9 ]l) 

.-~"'r:.~~~~l~w4::; 
... ,,.-

Thousand USD 

Milliers de3 IJSD 

--~--~ 

11 12 

' 
13 

14646 14646 l'G46 
10320 lC J20 lU]20 

4J26 .: J26 ~ J26 

- - -
21250 :~1250 J l7C..5 

:.1250 21~'.:>0 ?125C 

- - -
- - i,;455 

,(;04 6GU4 )';l\J~'.i 

- - -
6604 ~ifi04 l~·~:~·,. 

- - -
S604 66C4 l'.l.i'.u 

4J26 4326 4326 

- - -
10930 l()'J 30 ;.; !Je~ 

1C9)0 10~ 30 ~ ~ Jf35 

r'; 

....... 
en 
....:i 

I 



\ 
T ;.Ei:...C. lm'I:;GH,.Tt.D FINc>:lCEL li~~1\L'i.:ll3 

'!'bOUf,lllOri U.il'J '.) 

A:-..-\i. 1.:.>E F INA:lC H.!fr r:~Tl:.GREE Alternative l 
Milliers 1es ~~~ 

'1.:J.)L.b 

Item 'fear 1.nn~e --------
"ubrique l 2 3 4 5 6 7 8 9 ~o ll J2 lJ 

6. FI~\~Cl~L ~~uu~~s 
12 Jt:l'J J67':18 11876 2a35 645 I 195 I .... J.r;i:,--' D4:. F l~!.~~c~ .1;.~'T 

6.1 L~c.ity : articip·itions I 6.272 I 7865 
I 

3788 I 2UJ5 I 645 I 1.15 
f. .2 ~.,osns , rets 6117 28<;, J 3 S;,,.'88 

'~. J ... th~rs '.;i vers 

, • FI.'~ ... :;:_[ .~r., l·~'~l~:~T 1.1. i"L.l - - - 7928 I 765J Ill-~ j'j I ·/)57 1 ·un I :35 'J::! i 7918 I J<j'{6 I F.164 I 064 t. \Jt...J \~ ;~ .:c. 1 ~'!'. ~ !-'I~.~-~~-~ l .·~~· ~ 

7 .l :tep• .. :;a:ent instalme~1ts 

I !llJ .:erntiourse:nents echelonn1Ss - - - ..:llJ G761 6761 6761.: 6'l6l' 6758 I 3112 
i • ..: lntere3t clwr;;es int.'r·.H.s J )5~J .Ll1... > ·, I') 16? 3 -,74 C:':i6 - - - I _;(j,j·~ • _. .JI~ 

·r.:, :Jividends ~;i\•ide:-l·1e.'3 - - - I j ~' 0:1'1 ~ '~ ·1 .\(;4 d(,4 J64 dC4 I .:i64 I d·~4 dG4 I~ I 
I I I I i :•'J2: I L·47 I I I 1 ~: '.1 ~ I I I 0. :~~T r> •• Ji? =~ ···-i'... :.. ~\ ~ .. l ..... .. .. ,, 

._1,~ ':)1} I 48:' .w1:: I .,,. 1
lu•~Gf, ,?I.'; .~l 

...... 1. 

,... ................ Tl'..'~ :L:.T' ~·\ .... ~~ _, !' I I I I 1 ;'.;:3 13'1-. ') I 4 .;1_;, I;, n J I o<L'(, I , . I l~ ~:: l.:·7 341, l4F~Gl I I, .j I I J 1.:74 :... :~,_: :· i J >i:~ .;;_; .• :~ : .. T L V..: -~u i Tc I 

I 
I 

................... ~ ......... ..---~ • '""7?(. 



·' .-... 4-.....:... 

l .. E:Ll:. 

T ;,t;Ll:..;U 
8 

INTEGHt\'l'o.D FINANC lAL ,;;JAL'i3IS 

ANAL'!.ih FIN,'1NC !EiC urr;:;GHEE 

lte:n 
"ubri1ue 1 2 

L. r.;Vr~~1 .• :!·.~/T INVE3T IJSE&ENT : )61;... }9026 

Initial invest~Pnt 
investiss~~ent initial lbG:3 J54(0 

..... : ... _-. 'L ::-ti ':-.... . .;.T '::Lt.'T :; L:O:i L\ I'l-11' ll >I 
\ 

~.l :~sn expensP.s tie.:lolis;;ement 
.:: .2 i1e~-·!'er.iatio11s .'\lllortisst!~,1en t 
-•J lntereet Interets 

) . l \'~1 ..• :... tt::. VI':'r.J 

J.l Jules revenue 
"ecattes des ventes 

J • .:: :..;uusidies ,jubventions 
J. j .{es idual value Valenr r•;:;i~uel le 

,t • :;_:~ ·~: .... .Jii ~:~<::1~:G...; 

.. ~~~ .... TTC. ..... ,'!i:..TTl:..:i D~ :t,l ........ H:. 

4.1 Taxable profit b'n~fice impos&ble 
minus taxes moins impts 

4. ! :~e 1. 1··:-- o.fi t [ienefice netta 
pluc:; interest plus interets 

4.J ~~t profit before interest 3fter 
ta~.es 

~~n~~'cu net avant int~rets apres 
impr,si ti on 
pl~s depreciation-plus amortissement 
minus replocement-moins remplacemant 
Total Total 

5. ~LT : :.:..;H FLC;:S 

.1·~\JVL:;L:,-:..; NI:.T.;> 0E. T;tl:...;l~k~RIZ 

\ 

--~·-

) 4 5 

11254 JCS5 Gao 

~·6J5 Ju':IS GdC 

..?(CJ:i d4'-.9 
,)(,~ 1 llJJJ 

7.:'74 7274 
41Cd 37•,7 

17:3'/5 l':l l l5 

1467:. l '1 I :r, 
JC-~- -
- -

~.!lt-4 - '-'d•\ 
. -

.. aG4 -22J4 

41,:0 3797 

b44 1513 

'/274 n74 

- -
-,218 1.mn 

(>l?) u1.:17 

Alternative 2 

'fear Annee 

•~" ,~ t r rnd' a f I 

Thouoand USD 

MilliP.rs des u:..;r:; 

- - ----·~- -·------
6 7 8 '-j lC 11 12 lj 

22C 

~..:'L 

21?'; 2 .20895 174\.•~ liJ7L:.J l(,U..:G l?G;l5 15695 15(/1') 

112 lil 11218 112W 11.'lil ll21i3 11218 ll;.:!d 11.:18 
7 :._74 7274 44Tl •1177 4477 1:477 4477 4477 
J l~. C· .!4(.; J 17(.;5 h-(d Jll - - -

.? l ,;')\, .'l."'.iO 21250 :;1.~5() ~1-. 5~ cL'50 21250 ~4':. ~I~ 

.:l ''.i'~ .,v:;,c 212?U ! l ~~') L .:lo:''i(j d250 21250 .?1;.~':J 

- - - - -
I 

. - -
- - - - - - - l::.775 

- .i4 c~ J5~· J:J5C 4',4? 1.1..'.44 5555 55:,.5 : Jj)(; 

- - - - - - - -
-34 2 J';i5 JU5t.: 4 :.4 'l ? -'44 55'.i5 5'.;5<.· l~~-·.JC 

Jl~T 24UJ l/'--5 ll ·l:3 ;11 - - -
I 

d758 2758 '.i555 5555 555'.I 5':155 ~·~i')5 l.i ~. J\. 

7n4 7.'.74 4477 4477 44f'7 ,4477 4477 4477 
I - - - W50 -- I - - -

lUC0 J2 100 .l2 1U0)2 6182 100)2 i l\,Uj2 lu0 J2 -'2tll 7 

I 
i 

1812 l(!U )2 10032 dld2 ll:OJ2 l J;.()J2 l(l) J2 __ ::ii.:. 7 

-r:J:, 
\D 

_, 



T ,;.t;LI:. 

TABI..c;AU 
8 lNTl:.GRATl.D FINANC!AL ANALY;;;IS 

ANALY3E FINANCIER£ l~'TEGREE 

ltem 
''ubrique l 

6. FIN,\N~ L\.L SOURCES 

_;'-t;;1Cl:.S DE FlNANCE:.U::NT 1261C 

6.1 Equity hrticipations 6463 
6.2 Loans Frets 6121 
6.J Others Divers -

7. HNANC L,L vilLIG.;T IL' '.Ii;:> 

C.NGi\.G&...•:f.,'l'i';;i F IN,\NC lt.rt.:i -
1.1 ~epayment inst~lment~ 

:<emboursements echelonnts 
7.2 Interest charges lnterets 
7.) Dividends Dividend es 

0 0 :;.;r ~;,.;;H l:>,~l.A;~cE iNC,\:.r ~...;~ ~{~'I"I ~ -
'10 cu:.ruuT.:V;:. :l~T Ct>->H BAi-".:~cc; 

£NC . .;lJ.:.ii:. CL.,i.ul..:.TIVE Ni::TTi:: 

\ 

2 3 4 5 

3902r 11254 3c.;;95 680 

8247 3575 3095 66() 

JC779 7679 -
I - -
I - - 8.?J9 7955 

3275 3275 

41CB 3797 
856 083 

- - 'J7~ 8).2 

979 F11 

I 
I 

I 

Alt.ernat.he 2 

Year Ann!Se 

6 7 8 9 10 

220 

2ZO 

10944 10247 9549 8852 8155 

6952 6952 6952 ·~J:i2 6952 

3100 2403 l'/U5 lLUd 311 
d'-12 89<: d';/2 892 892 

-l:lld -215 48j -670 l!j77 

899 684 1167 497 2374 

Thousand U!'\D 

Milliers des U~D 

·-~ 
n l? 13 ·-

I 
I 
i 
I 
I 

I i 41.;7 892 892 
I i J.<75 .. -
i 
I - - -
i 8';;12 892 8~'2 

! 5d65 9140 21n5 
I 

I 

J e239 17j79 JY1. 1J4 

I 
I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
l 

?,'. 

-~ 

___ _-J 
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'IAEWUll 

llft'IQRA'J'U VAWI ADDID ANALISll 
AMI.ISi UllGRll DI LA VMIUI AICIU'fll 

l\• 
Rubi'ique 

l 2 3 

l. VAWE UF OU'l'fU'I' 
VALiU~ Doi: LA l'aODUC'l'ION - - -
l.l ll:xpor\• Expor\a\iOM - - -
1.2 Doaea\ical~ .arketed 

POUi' le llal'OW local - - -
1.l a..inal ••lue Valeur rfaiduelle - - -
1.4 O\IMIN Di"ra - - -

2. VAWli. UF . .:;t\TiRlAL lNl'UT::i 12389 )6798 11876 
VfJ.,l:;UR DES lM'f;\ .M'J'~ :-1,\Taltl>.;lS 

:?.1 lft•ea\aen\~ i.•. l. c-eplao•ent 
la•eatiHezr.,·:;~: 1Ci)89 )6798 11876 

2.1.1 lapor\11td Capitaux iapo.-\es 47)9 25J63 5186 
2.1.2 D ... a\ical~ procure1 

Capi\aux locawii: 76~0 1143, 6690 

2.2 CW"rent material input• 
lntreata aatfriela courant• 

2~2.l laported lapor\~a 

2.2.2 Do9leati~•ll3 procured 
D•Ol'iaine locale 

~.2.3 laf'r .. truetural aervicee 
Sel'•icee a·1arraa\ruo\U1"e 

3. Mi.T DO.GSTIC VAWi ADDiD 
,12389/ /J6798J /11876, TAI.BU!\ .WCU'f&i NETTf SUR U PLl\."1 IN'l'ERlil 

4 .. Ri.l'ATiUATiI> PAIJll\Rl'S 
REiATRJ.UIU'l'S H 101'1>6 
4.lWil .... s.Hire• 
4.2 Pl'otl\a BfMticea 
4.) ln\eft•' Int.fret• 
4.4 Othera Dhera 

.. ,....,,..,.. ' 
Yew MMe 

4 ' 6 7 

1787, 1912, 212'0 212'0 

- - - -
14875 1912' 21l5C 21250 - - - -

JOOO - - -
10052 9J9J 9743 9'41 

a&J5 645 195 -- - - -
28)5 645 195 -
7217 i5748 ~548 9548 

2319 2869 3156 J1'6 

424) 5224 511'1 5737 ,,, ,,, ,,, ,,, 
7823 9732 11507 11702 

2070 177, 1478 1113 

- - - -.. - - -
.2070 17~4 f .l4~1 . 1183 

- -

• 9 10 

212'0 21250 212'0 

- - -
212'50 21250 212'0 - - -

• - . 

"" . 1J,Jll 9548 

- 1850 -- 1400 • 

- 00 -
9'48 ~, ... 9549 

3156 .)156 3156 

5737 '7J7 5737 

65J ,,, ,,, 
11702 9852 11702 

887 '91 296 

- - -- - .. 
•T 591 296 

- - -

"'-•·Pt ent.ft·•·•• 

11 ,, ,, 

21250 212'0 33"°' 

- - -
21250 21250 212'0 - - 124,, 

- - -
9'48 i548 ,, ... 
- - -.. • • 

- - • 

9548 9;41 9'48 

3156 3156 )156 

5737 5737 . '131 ,,, ,,, 
'" 

11702 11702 :?415'7 

- • • 

- - -- .. -- - -.. - -

I ,... 
'S 
I 

·-~·~-""'-



\ 
:t' t" ,;} 

,,,.~, 

T ,;s.w:; 
y;:,,~Lt;AU 

9 
INTEGRATED VAUJE ADDED ANALISIS 
ANAL?~ lN'l'AGREE DE LA VALEUR AJOUTEE 

Item 
~ubrique 

1 2 

I 

5. ~wT N~TlON~L VAUJL AOD~D 
V,\U..Ua MCUT~E NiITTE .:.>Ur( u; fLAN /12J89, /)6798/ 

t'4ATICNAL 

5 .l .~aces ~alaires 

~.t ~ocial surplus 
Exc"1en\ social 

.· .... ~· 

') 

/11876/ 

h ~' l,1tf•:,.,+".')'>f'" 

Al\ernat.i,,. l 

I ear Ann•• 

4 5 6 7 8 

575.3 7'J58 ic,;.029 lU519 10~15 

572 572 :;n 57:? 572 

'.lldl 7386 9457 9947 1024 3 

' 

Q 

9261 

572 

U669 

, " 

11406 

~72 

llidJ4 

.?J,_;; :· ~."~'~!~:~y~~~~~~}~I"· 

Thou .. nd USI> 
~illier• de• USO 

-
ll I? ll 

11702 11702 :24157 

572 572 572 

lllJO lllJO ,2jlj85 

I 

I 

. 

I 

f§ 
I 

{.:/u·.fl.~~1?.l!'.:.!·:~'l!lc).w,,J,'.t,:.J,~~~::'" ,.;." f~,' l. ·· 

;i 

' ;; 

i· 
·~ 

l 
' ! 

A 

( 

' I ;~ 
~ 
•$ 



·":ii:.-,.< ·l: --~)Ji!<i~"""~~-. '" . ;,. ' ; '1 ~ ' _.. ' . 

i 'L~v...,. lNTi:.Gh,,Ti:.D v.-LU£ APJC.D ANAL!~l~ ThouHnd u;:;o 
1 "r~.4.l.U 

'j 
AN;\L't.:il:: l;ft'~(.ji{£E DJ:; LA VALEU~ AJCUTU 

Al t.ernet.i ve 2 
1'41lliers des u~·; . 

Year I 
{<,' 

Annl!e ~ 11.em I .1ubrique l I 2 I ) I 4 I 5 ' 6 I 7 I 8 I 9 I ·l~ - .. , 
ll I 12 I lJ -

I 2125l\ I 2v~o I 2125(; I 2ld5~ I 2!.::;-1 .. I t!L~50 L4c.?~ 
- :1 

1. 'J.,:..'..c. «F 1..i..Ti't:T I I I I 1·1075 119125 v.~; ... i... .. < lJ~ ~,;_ !.~ ..... ·,t~:;1· :·v~~ I ··v~o " .. ~ 
~.l -xp•,r•.a ,, :.itions 

1 •. ~ ~,r.>mesticall.Y """1.:eted 

'::1,;,· le 11\'ll'Cr.~ lOClll 14;375 1')1::5 ::1 :5\.' ::1 ::;.c ~~l/':·'.· .;l. ";l 2lc!?(.: .21?.5C Jl250 21250 

l. _; .!ci;idual value Valelir r.'«: "l~~llc - - - - - - - - - 127'15 
1.4 .... thC!'S '.:i Vt>rs ), .... .:; - - - - - - - - - I 

j 

I 

I,/ .1-•_•.:. r .:. Tc.:' 1 ~t. .t:~~ Li.~ 

\ ... : .. l<· . :. ~ l~M\· •\·~·r., • 'J' 'I 1·1:L 
~ ..... '~ ... _. 

J';', .!6 lL"A l;. .i·_y, 1' ;4 G l .. :.;:.,:; lL-! 1l(1 l--~ .: (, } .. ' .: 16 l ,\ ~6 h.•446 I l..;J46 I l·.;446 

~.l investments incl. rh~\ncnmant 

inve::it:1..;~ements I. .i' 1 j'}l . .:!6 11.·'.»4 iL•;5 ;:,-;u _, - - 1.}5;. -

I 
- -

~ 
..• l. l Lnport .. d ',;apit·n1x im;,vr•Js 1 ... l~2 ':.'l j35 4'1') 3 - - - - - l·hl. - - - - w 

.1 • .: Jo:~.esti~al l:; I·• "'"·1·c1 ·1c;1 :.i 11£41 o;, ... 1 1·._, ;'~' I:;.\:. ' . ~ - - •1 1
)• I - - I - - I 

\ 

:npitaux locaux , 

j .~ ~urr~nt ~~teriol inputs 7·•" J":JCl 1 .•. 1 q \. ·1'1b 1:.,1, do l· .140 l·A·l6 lJ446 rvW Lv~'1t ~-, 

~ntr'tnts 01111 • ..:•riels cc;,·Jr:mts 
-.~ 

.~ • .: .1 lm~orted !mpr .. rt.'s Jd?4 4 l·~( :...i.A; ',. 24 J :. 211 j ', .'4 J ')_\j 524) . ~24 J ';; !4 j ·~ 

.: • .::.<: !;omesticalJy procure•1 

~·orie;inc locnle JJ5 J 4122 4·, ·? I 4 :> ~'':: I 4 ~ ·;r. 
·''·JI I 4 'i25 I 4:,, .,., I 4525 I 4525 I ~ ~,~? 

~. c. j lnfr.'.'lstructural ::icrvicrs 

.~ervices J · .i.nfr;;i:; t.ruc tu re l ... b/ 'l•··~l ..... , 
f.78 67a (;7a C''lo G75 G'('J (:.'j j I 678 678 67.3 

I i 
J. ~\i..':. · •.• ···~-~Tr:: \J r\~.t..i:. ,,: .. :JL) )I 

6d~5 3d79 h:)J4 1'..d\!4 10804 I 8954 ll:J;,4 l\:·dC4 l~:J·,;4 :;J511 
,, 

V.,, ;.c ,, ;,J"liTi:.C. N.i:.TTc. _.iJH ii. i. :.:l I •. 
1: 

l::r, ..... t~v~' 

. 
_..._..~~.·-··1,',,,,,,,.··tk, ·<..:;;.~~l1.;~;:~-~~~t,·,;1:1:1S~' .. , ';:~· .. 

\"" '-"'-~.' 
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T ,\BL.ii. 

T,\dU:.:\U 9 

Item 
,tubric;.ue 

4. ~<;.i AT<il.\'IE.tl fAY.\ti:::--IT.J 

i•:O.i- ,.T.tH~.O:..~'T:i D.:. Fl NU;> 

4.1 .. ages .jalaires 
1 • .:? i rofit!t B4n4!t'ices 
4.J lntcrest In Ure ts 
4.4 ~thers Divers 

5. :faT ;'LT 10N.\L VALU.:. ADDi:.D 

\ 
'':~1.·:.,. 

INTBG~i\T:S.) VALUC. ADDEJ ANAL'iS13 

ANAL'iSE lNTl:.GHLi. Dl'.. l.A VALEUR AJOUTEE 

1 2 3 

v.u . .:.Ul~ .;JC:UTU. N!:.T l'i:. ..;urt ' , .• ' ~ . .;N /} c'f• l,, / / J':ill26/ 11 11254/ 

NA 11"· :·l,\l. 

5 .l ::ages .cialaires 
5 •. ~ ... ocial surplus 

i::xc~l!nt social 

I 

.. ~"·:·~~~:;;,';1 . '·/ . t 

4 

2178 

-
·-

2173 

-

4717 

572 

4145 

,,,,, ... , 

Alternative 2 

Year Ann4e 

5 6 7 8 9 

1867 1556 .1.245 933 622 

- - - - -- - - - -
l:3b7 1')~6 1245 :J jj 6~, 

-~ 

- - - - -
7(.12 'J02d ':J559 ';B71 ~!32 

572 'J12 572 ';72 572 

~;44c 81156 ·3W7 ")29.; 776<.; 

10 

311 

--
Jll 

-
h.•FJJ 

:,, '/ l. 

)')21 

' 

I 

,,,,., "~~·;,.""'"rJ""'*'""-"ilm ' ,--, :~~-.,"') ?~~:':,•~;~·~~~ 

-
ll 

-
-
--
-

l ut304 

572 

11.;2 J2 

Thousand u;;!) 

~i11iers 1es USD 

. 
11! 13 

- -
- -- -- -
- -

1Gl3U4 2 35'/9 

5n 572 

1U2J2 231..,,;7 

' ~ 
~.lj, 

·}; 

'l 
·~ 

'!f"'1.)l!,:gt;,;~.: :(.~'" •• ,J~~;'.~!}·i,~\,J'•F,'.W'J:;;tfJIWamzal'AiliAUMJtiiSM.!\iiM!f: ,., 
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[~-~~=.d Mangrove 
I 
I 

roc-oi sable argileux 
L~_Q_J 
I 

D . . . Alluvions 
arg1leu•s 

••• L l' 11. : •
1

• 1 oca ,,,.. 
I 
i L _____ .. 

\ 
. ' ' •' .. r 

DE 

:.'"t'"J'i~f~Hp;~!f!l!-~ 
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• j 

I ' ~ 
' I - '• 
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' ..... 
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% 
Cl 

Iv 

ET UDE LITHOLOGIQUE 
MARNES DE 

DES CALCAIRES 
BOANAMARV 

ET 

:-:-:r~-~ 2--2::1 

~ 
Route 

Photo - ovion Nt 392 - Minion 012 ) 
Echelle:~ 1/40000 

Forma,ion ca\ca1re 

Marne ! licmog~ne 
! 4 A 2Qm · 

-U- Carrifre 

_::;.omll'e.~ Parto1s 'ctlca1re cr.l;l'u• mas<>•I "'' m,irn1,; cair.. t cra~uwt1c\;.Zn· 1 

1111e.1_r!\~1~ir·~ ~~-' ·~ .:.lternarce d1,;:; ba·-~·. de c.alcaire mar.~eu ... itl 1e rr.arne 
r.alcaire ( 1C a ?0rn 1 

~~ \:alca1 re qrumeleux en m1ches 11ans l•lage defini \ z a 5m) 

() 
l97 Nadir de p'>oto -olv1on (17): 

.. .._.. J 

0 C1menter1e ..Y, Port 
r· RAZAFIMANA' ~50A 
L. ·-- IG?~-

i 
~ 

, __ 
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· f./'l'llrd~ Profo_ndeur · 11100 

~otondeur totale lS.OOm 

;j .. 

'-80 I 

'----

( 
. ' 

1 , 
~ ~ 

1
1 '~ 

'Qi 
L.. 

) 
I 

::i 
~ 

L.. 

C.1 ..., 

~ ;:: 

_5.00 

_'!5,00 

... 20.00 

i 
I 
I 

i.25,00; 

l 
;, 

_ 2-~ 28.'C: 

-~. 

----- ------- -------

SONDAGE.S.4: 

....._,........_......___, Calca1r~ fissure 

........ ~--1fCatc~1re d':ilfer- · 
n:.ince ) : 

I 
M'Jrne: aveqas-1 
SG!je Ceomefnque: 
de caica1re. · 

M;irne calc;iire 
! comp:icf& 

LOCALISATtON 

x 
y 

! 
I 

: 1.140,320 

: 388,100 

l 
L, 

' 

i 
; 

~ 
I 

I 

I 

~-- - .. 3,80 

I 60% I 
ri6,85 
I . 

' 

! 22% I 
~ ____ __

1

10. GU 

i 

I 
30% ' 

_ ----~ 11.oa 
l 
I 

38"/o 

~- __ --· 16,C; 
I . 

i 78% I 

L- -~ 19.os 
I 

85% 

I 

- _ _I 22.10 

77% i 
I 

____ _J 22,75 

89% 

_...___ -- 2 8. oc 

Date d'ixeruf1. 

1,86m ~ -':i 
'ts 

C,71m 

r---t 

0,92m 

1,16m 

2.1,0n. 
1 

I e: - ----1· ~-
"'~ I •• 

. l,62m~: ~-~ 
; .,,~ .,, . 
' ·-'Oi 
;---- ~: 
I ! ~ 

2,06m 

2,90m 

l 
i 
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ANNEX N° 4 

SONDAGE.SS 
LOCk ~A:.1CN 

l( 1739. 55 c 

~' 'e de orofcndeJr ~.1700 -- ·~---------
1de..;r ~cfa.'i? 15, !' ,.,.. 

! FORMAT.'ONS TRl.VERS':ES 

'(} 

, 
' ·l~ 

'-? 

Cl 

C" 

~ ~ 
I 

I 
I 

' 

H 

LJ 

-1 
O,OC,n 

I ~ 
i c:: 

,c I 

l~ ~JBO I 
I I 

! 5 cc I 
1. 
c:: 

?: 

I 
I~ 

l:: 

"' '1. 
'-

•• '-

., 

---1 
I 

,,_ 
'·· 

I 
.<: 

f) ( ! 

.. 12~.oo 
""'· 
'- I 
:::-

I 
J· 

r; 

i 
' ~ 

, I 
.! -· ~ - ; £ : 

~.'•r-rr~;.r.ce cc.~a:re 
}C:.,nCf."f: 

marne Jouna:.re 

19,00m 

••• Perte to:c:e de 
~~.-,...:ircu!at1ona 20 m 

G .~A :_. ") . G U ~.:, 

Comtr.ff.~ .e 
00'2 c e xecut:on 
--------Terrr. ·r;: .;: 

fJUEJ.Rt.. CN:-JE~·.~ 
Ct>!> :!1!5 

.. x-........ s 
~c.i.ISScs 

c:o:scA;(~TT AR~!!L 

~ c "' 
OI 
c:: 
~ .._ 

.._ 
:_, 

l_, 

,___~ 3 50 

22% C. 68m 

E 
: ,BC <.:;:, 

I <::> 
' "-i l "" I 

I 
'l'".J 

~. :'4 m <._, 
-.:_, 
\.::.: .. 

'.l,85 Cl. 
'ti I .. _ 
o. 
<: 

O,BBm Cl. ,, 
~ 
0 

? ,9C 
I..,, 

11 ~o 0.35m 

7,95 

0,87m 

'9,CC 

33% f,0 Om 

n.oo 
r,. s 
" 0 

~ 
... 
·.r 

'.) 

"' 2.es~ ~ ~ ,..! ·-'} ' ' 
v .. , 

'·I 

25 '( I _....:i_ 
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As·!1ect ~u:lnt:i t·:.!tif et qualitatif du gisement calcareo - m:irneux 
du ~ecteur d ':.mbo'.>..ni o. p:~r J .R. R::ltsimbazaf~,. Ingenieur -

·:eologue. 

Les formations c·tlc~ireo - marneuses ( Maestrichtion - Dani en ) 
constituent les pL~teaux bord~1nt la berge droite de la ba.ie 

Bomb:it okeo., J.llu.nt de 1·1 -r:ointe de Bou.nam·J.ry jusqu '; la ri vi~e 
V:..:.v:iranoniberi votra. 

:)u 11otnt de vue pctrogr·iphiqu.e, c 'est une serie superposee a·e 
"r:nrne" et de"O·-~' c•1ire"dont les det·.iils pourraient atre observes au 

:-Li ve·"!u de L1 c'lrriere 'tctuelle pour ciment erie d 'Amboani o • 

.-\ ce ni ve:-1u., on pout ·-;.percevoir, de b?-s en h~1ut: 

- un ensemble dit m~rneux, m~is analytiquement de nature marno­

c·11c·1.ire ( ·:wee 41 5: de Cao) et dont l'.1 partie affleurante ( vi­

sible :w dessus du niveu.u de la mer ) mesure 7 m d 'epaisseur. 

- un ensemb 1_e 'c:.ilc:.l.ire 1consti tue en re~11i te de 3 sous - ensembles 

superposes de couches cc.i.lcn.ires - marneuses totalisent une epai-

• seur moyenne vue sur c~rriEire ) de 18 m. 

I 

En L~it, rabote p;.1r i 'erosion, le plateau calcaire sommital pre-

sente une morpholo~ie inclinee du c~t~ de la carri~re ( c~te Est) • 

.'.im; i, plus ~ l 'Ou est, r? 200 metres du front de tail le actuel, cet ... 
e:isemble calc~ire aura.it - il une epaisseur de 24 m a lui seul 

l 
I 
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( , ' 
d :i.'l".res ~otre C'Lrte :_::elo;-;ic:iue r:i..• 1 / 2000 ) • 

I 
Ie!;; e:isemcles c·.;.-J c .reo - ~·~r:ieuses ·0r8ci tes ccnsti tuent les 

t•' ·' . t . 1 't' , . d' .T. · ieres ·-re:n1ere~1 :JCur c.:::i.e•1 erie ex:: 01 ees '.'"l.r ~ us1ne 

b T ( . ) .. m o·:.:-,io. ~l!J ;.;ont recon:ms r:eu dolomitiques " 2 ~· le long 

de cette bordure du t:J.ssin de ::ahaj:,:.n,.Sfl ~ H. Bes'lirie), :i.u moins 

sur une bande de 2 000 m de 1:1rge. ·~ 

... 
En consider·1nt 3 zones exploit·!.bles a proximite de la cimen-

·;erie ~ctuelle, en peut chiffrer les reserves eelogiques en 

m .. teriaux de c::.lc·i.ires et de ;:n.rnes comme suit : 

Zone 1 ( cntre le village de Boan~mary et la limite du per­

mis d 'exnloit'ltion de l:i cimenterie ·ictuelle ) pour , 
une sunerficie de 1 ordre de 200 000 m2 Calcaire : ... 
10 ·1 11 millions de tonnes, M3.rne 

... 
l,5 a. 2 millions de tonnes , total 

" 11,5 ·~ 13 milions de tonnes. 

Zone 2 : ( 11. zone couverte p·1.r le permis d 'exploitation de , 
la cimenterie ·ictuelle ) pour une superficie de l ordre de 

200 000 m2 

Calc:1ire 

M·.:.rne 

Total 

' 9 :1 10 millions de tonnes 
... 

2,5 ::i. 3 

5 " i-11, 3. j 

_,,_ 
-"-

Zone 3 ( ~;ecteur au Hord - Est de la zone 2) pour Wle super­

ficie de i'ordre de 800 000 m2 ~ 

,. 

l 
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C"llc-:.ire 30 millions de to.r.nes 

:.:·i.rne l~ -" -
i'ot·11 ·~3 --"-
Ces esti~ ~tions concer11.ent les to:ies ex:_1lo~ t·-:.bles si tuees a 

l 12st de la routs desserv·;.nt de village Boan'.llllary et delimi tees 

sur le schem:1 joint. Ce qui nous f ournissent pour les alenteurs 

immedi~.t de i 'usine 3.ctuelle, un total de 69 millions de tonnes 

:le reserve 0elogique en m:1teriaux C'.t.lcareom<trneux reparti an 
18 millions de to:ines de m1 .. rnes et 51 millions de tonnes de c·.il­

C l.ires nour une superficie de 1 200 000 m2. 

Ces estim·1tions tiennent cor:t"?~te des dCtails euivet.:1ts : 

les formations c·i.lcJ.rea - m'-~rneuses, mis a" pu.rt des detn.ils 

tectoniques ~ rejets mineurs, presentent un leger pendage 

geolo~ique vers 1. Ouest ce qui entrafne les consequences 

sui v·:.ntes : 
, 

• dans l:.i zone 1, 1:1 p·.i.rtie :~ffleurante des m<..Lrnes A 

servees que ~ ur 2 ·:1' 5 m seulement. Les calcaires ! ..-1ent 

atteindre 1U contr3.ire une ep:J.isseur ~.ill'.l..'lt jusqu 
1

W.i. m3Xi­

mum de 26 m 

1 -, . d bl rf • d~ns 1'1 zone 2, ep:nsseur es marnes accessi es en su a-

ce v. ;.rie de 5 m ~ 10 m et celle du cal ca.ire peut aller jus-
,, 28 . qu a m auss1 

• d~.ins l'l zone 3, 1 'epa.isueur des M8.rnes irai t jusqu, au de­

l'i de 10 ·~lors que celle des c-.ilca.ires atteindrait 20 m en 

moyenne. 

l 

--'. 

; ... 
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.:'.spec: quili t ·.ttif. 

, , ~ , , . 
Les etudes ::iinutie:.1~en :: ont DU etre me.nees f!U ·.1.u niveau de 
L~ c:1rrier e ouver e ~;eule;:ie:it. 

Les m·!.ti~res premi~res ~)reci tees ont ete reconnues aptes 

a f ·~irs du cimer..t 1'ortl::i.."ld denuis 101.1gt .m-os deja •. -"i.u:;;si ~es 
~ -

controles chimiques effectu.~s ~:~r le l ..;.boratoire de chimie de 

la ~imenterie -~,ctuelle prenner.t - ils une apparence rautiniere. 

:ious ·,:;.vans rem . ..irque que l ':.:.b:~tt·1ge se r~~it par blocs que les 

nrelevements nour :·.ln-ilyse s o:it _.ffectue-:. sur une p:.Lrtie quel­

co.nque des blocs' :.; 1!1 s t e:1ir coapte des diff erentes n·ttures 

litholor;iques que :1ous :1.Vons definies aun'..lr:i.vant. Par con-

tre 1..U1 contr~le plm~ serre se passe '.1U niveau de la p~ts en 

vue de la rectific·;.tion Ju mel·~n,c:;e. 

Les r:faul tats d '~n:.Llyse ·1u niveau des vues nous p:1r:t.issent 

dons peu representatifs, surtout nour les c~lcaires. 

En 1979 - 1980, des eq!.tipes de la DiviBion Geologie cnt ete , 
0r.voyee~3 pour des levers topographiques et gelogiques de 1 ensem-

ble du sectm1r. :Jes etudes analyt~ ques du front ouvert autuallement 

ont ete r.nnees en vus a' :.cquerir des dowiees sur l~t composition 

reelle dee formntiens en ~resence et leure v~riations eventuelles. 
, ... 

~ ou les resultate qu euivent : 

a) Com~osition lithologieue 

La f0rm :.ti on de b'.1se dite marneuse est co.nstituee en 
f Lite de 2 serian m':trn• - c~.i.lcaires superpasces. La pa.r­

tie basale ( affleUT'.i.nt G1,;,!' 5 m d, epaisseur) est de nature 

, 
I 
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plus :ilwnineuse, plus c:1rbon·•.tee m:tis moins siliceuse que la 
· · • · r 4 a'· · ' p :.ri;1e su:.eri.eure , m ep·J.1sseur 1 • 

..- La ~:irtie di te c:1.lc'1ire est consti tuee de 3 series cal­
c·:rec - m::.i..rneues que nou.s '.,:.·;pelerons s•.Iocessivement : 

c::.lc::lire inf erieur ( celui en cont:.ict <wee les marne·s ) 

c:tlcaire :r.oyen et C'tlC:.J.ire sunerieur 

Le calc~iire inferieur est relativem:J.llt compact d 'aspect , 
grumele:;.ux wee 53 5: de ~ao. On peut 1 observer sur 4 m 

d
,. . 
ep--~1sseur environ. 

Le c~lc~ire moyen est f0rme d'une serie alternative de banes 
decimetriques de calcn.ire - m·1rneux et de marne - calcaire. On 
peut !'observer sur 10 m d

1
epaisseur au total. 

' Le c:-1.lcaire superieur est une formation de calcaire marneux a 
tendance erayeuse en surface( en moyenne 51 ,~ de CaO). On peut 
1 'ob ::erver sur 4 m environ '.lU niveau de la carri~re. Si le .front 

s'etend vers 1'ouest, c'est cette .formation qui augmenterait 

d 1 epaisseur compte tenu de i'aspect morphologique du plateau. 

b) Composition chimique. 

Les tableaux ci - dessous donnent la moyenne des resultats 
, ' ' d analyses effectuees sur des prelevements a maille reguliere 

au niveau de la carrie"re.. Les cchantillons ont ete analyses 

aussit~t au laboratoire de la cimenterie d 'Amboanio. 

'. ' .. 
F 

~ 
.. 

. . 

. . 

. 
. 
,: 

l 
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?able J.U 1 , ' -caracteristiq~es chi~iques de 1 ensemble Calcaire 

.:i02 '.!203 G::i.C r.IgO Titre 

'j:.:.} c·dre ::rn nt5ri eur 

j '')l 2 c::c: 
') . 50,82 0,54 9) ,95 

c·.:.lc:lire 
moyen 8,93 5,o4 45,35 0,34 86 

r; 1.lc ~ire 
inferiev_r 1,77 1,44 -2,85 0,42 96,39 

r,:oyenne Cllcu-
1 'a 4 '73 3,01 49,66 0,45 92 ,08 

Table'.J.u 2 : V'.J.r>i ~tion de composition des ca.lea.ires dans le 
sens 1~1ter·.~1 ( les chiffres nresent:--..1.nt 1:1 moyenne les resultat~ 

, 
d :-m:ilyse de rainur;.:.ge effectue tous les 40 m au niveau des 

c~tlc:1ires). 

SUD 

Maille I.11 M2 M3 

sio2 4,74 1,86 6,70 

R203 3,oa 1,29 4,15 

cao 50,48 52,49 48,36 

T:TgO 0,66 0,44 0,32 

titre 89,60 97,70 90,53 

r.14 

3,67 

3,44 

46,92 

0,68 

93 ,o3 

NORD 
M5 M6 

1,11 5,08 

1,92 2 ,41 

53 ,17 49,57 

0,43 0,25 

97,50 90,38 

Moyenne 
calculee 

3,86 

2,71 

50,16 

0,46 

93,12 

l 
I 

t 
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"rableau 3 
I 

: c~racteristiques chimiques de i'ensemble marneux. 

CaO l.~gO titre 

I:ive ~u stlr.e-
rieur 22,17 11,47 .:,5,66 0,77 58,43 

I.Toyenne C'.ll-
culee 17,93 9,40 58,65 o,83 64,98 

r;ive·1u inf e-
rieur lj,77 7,34 -+1,65 o,89 71,53 

T-:.ble·:.u : T::oyenne de c0r!lpos i ti on chimique des 2 nive~UJC ma.r­
neux taus les 40 m i·~ter:l.le:".'lent : 

SUD J':ORD Moyenne 
calcules 

:hill• rn t.12 ·13 1 .• M4 U5 r.16 

'.-)i02 17,59 23 ,31 17,62 15,20 16,54 17,69 17,97 

R203 q 80 _,' 11,19 10~02 7,84 8,45 9,17 9,41 

Cao 39,47 .)6,92 37 ,63 40,06 40,62 37,28 38,66 

f!;;O l 0,72 c,87 0,65 0,72 1,07 0,83 

titre G7,60 57,70 66,95 63,10 69,69 64,60 64,94 

mesure a'humidite effectuee sur ' a 'lri.ble'tU fj • des prelevemnts 
• 
m~ille de 20 m le long du front ouvert et tous les 

3 m verticalement. 

l 

~~ 
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( Les point3 laisses e!l bl'!llC sur le t:.ibleau s':w . .;rent diffi-

eile!!!~nt 

J • 2 '~;1 

2. 

3. 
4. C',71 

.-J. 2,22 

I.1 oye."lne 
calc li-
re 

, ' , ' , ' '-~~e~s1 bl es d ·:}'..t nreleYemLts 3h'L!'ldonnes i. La peri ode 

Ij ,, 
J "."' I,, ,,. 

~ T J Y. L Moyenne J -· ·.r .. -

0 .:..7 ,v, 1,09 1 15 
~rJ - 0,54 1,28 

,22 1,47 2,27 1,69 1,91 

2,00 1, 53 1,50 1,16 o,65 0,23 1,18 

6,0~ 1,57 0,9? 
1,420,24 0,14 3, 2&0 57c ,.l:r 1,90 1,46 

' 0,30 
0,59 0,90 2,74C,ll2,34 1,98 3,990,440,804,96 3,24 2,02 

1,81 2,34 l,_,l 1,64 0,76 
1,24 

0,92 0,58 2,01 
o,68 1,76 3 ,63 

(, ., . 
7. 

8. 

f;! o;renne 
m·1rne 

~ 'r; 5 7,96 

2,80 4,96 

5 ,04 5,06 

7,44 4,61 
2,95 

3,45 3,34 

7,28 3,403,07 

2,48 1,92 2,10 4,18 
3,90 o,63 2,83 

3 ,603 ,88 5,113,88 2. 703 ,57 3,65 

1,61 4,24 

4,79 5,99~,72 4,02 3,122,56 3,893,51 3,252,70 3,29 

Sables 
, 

let; ~>:.!.bles utilise s '~ctuellement nar la cimenterie d 
•A I , . "' 

:~mboanio sont pris du cote d Amborovy ( a une trantaine 

l 
I 

~;~ 
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de kilometres cl.~ i 'u::;ine( sur les fcrm:1tions di tes s3.bles 
- . ' I ~ ) rm.i::e~>. Teo rierru.cres ;.n1l~rse::> , 19...:C sur ces s~:.bles don-

:-~e:1t : 

-.. j) 

c9,75 2 ,o9 1, o4 0,96 3,15 

1::es s·:bli:·s ret:1bliusent bifl!! le d6ficit en silice du mel·.inge. 

~onclusi on 

, I , 
~es resulcats offrent des vues detaillees sur les consti-

' tu i.nts li thologiques ob;,erves ·:i.u nive:.1.u de la c:.1.rriere ouverte 

• 1.ctue]J.e:r:e.'lt. Ils '!)ermettent de f~i..ire des r:::.nprochements et com-
; , , 

!l:~rai:~ on avec les resl.!l tats d analyse fai tes jusqu al ors p'lr la 

cir..e~1terie d '.\.mbo·.l.nio qui, r·:.!'pelons - le, ne considere pas les 

scus - ensembles de couches S!31Jareme!i.t tel (iU.i 11ous i'~vons faits. 

:;otons ~ue ch:1que Beus - ense~ble e:;t succeptible de varier en 

C!''J.isseur ( forme ler,~rement) i·~nticuln.ire) et en composition 

chir:lique, ce qui entralnerait des vari·1tions not:1bles au niveau 

CO:rl'!JOSition du :nel~nge Ct"U ( ces v·~ri1tions ont ete verifiees 
... d . 1 d 1 , . . d" . .... d t . "~upres es respons:tr: es e us1ne qui a u recour1r a es rec i-

f ic·ttionE ciJ mJ1·i.nge p~ir ajustP.ment). 

:' outef ois le r:lttra:page des ecarts semble rentrer jusqu ici dans 

la fourchette du1po~;sible" ( ce qui cer:..1.cterise les materiaux pour 
, ' cimenterie de cette rt:lr;ion) d ou la production incessa.nte de ci-

l 
I 
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t 
. , 

men JUqu a ce jour. 

I 
Le mel·mge des cru s l1our ·:1.tteindre la norme requise en modu-

' , ' 
les ., crie de"Duis 19')6 . l usine entre 3 5 ~~ a 45 % de calcaire 

..... - , a ·J5 ; ,Je m trne. 
f, 

26 r.rars 1981 

:;: 

., 
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