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INTRODUCTION

This Feasibility Study has been prepared on d emand
by UNIDQ , Vienna .

The works were financed by UNIDO within the contract

signed bet ween UNIDO and PZO POLYTECHNA , Prague ,
Czechoslovakia

In order to prepare this study , a mission compo sed

from exper ts=consultants rendered to Madagascar in February/
March 1983 .

The mission was composed from the following members :

= Ivan T. Horvath , team leader , expert in cement
industry and indus trial economy

- Anton Mikula , technologi st / mechanical engineer

- Igor Kostelny , industrial / mechanical engineer

Durin g their stay in Madagascar the mission collected
various data and made following investi gations ¢

Present and fature 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 Amboanio ;
- Examination of rel evant studies concerning the situate=

ion in cement production , supply and demand , coal

supply and market of cement ;




o

- Available documents and data provided by Mala gasy
authoriti es concerning to project financing and

insestment policy .

In order to obtain a genuine idea on cement industry
of Madagascar , the UNIDO mi ssion paid visit to the building
site of the IBITY « ANTSIRABE cement plant and to the e Xxist =
ing cement plant in AMBOANIO « MAHAJANGA .

The members of the UNIDO mission express their thanke
fullness to the engineers and specialists of the Minis td re
d e 1" Industrie et du Commerce , Direction des Mines et d’
Energie as well as of other competent Malagasy authorities
for their intere st for the project and their ami ability and
c ooperation .
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1. EXECUTIVE SUMMARY
1.1. Project Background and History

1_ 1.1. Promoter

Tanindrazana - Tolom « Piavotana - Fahafahana
Minis tr y of Industries and Comme rce
Antananarivo

Democratic Re public of Madagascar

2. Project Orientation

Further exploitation of large deposits of good quality raw

materials suita sle for c ement production : limestone and marl.

Increase of cement production capacity to meet 1ocal
r equir ements for housing pr ogramme , social and industrial
construction programme , development of i nfrastructure .

1_. 1. 3. Market Omen tation

Production of the planned cement plant is oriented to local

market to meet local demand s . Cement exportation i s not envisag~
ed,

L.L.4. Economic and Industrial Folicies Supporting the Project

la order to accelerate industriali zation of the Mala gasy
Democtratic Republic , it is essential to establi sh an adequate
basis of construction materials , especially of cement .

Taking account of territorial distribution of cement production
capacities , the Government adopted strategy to erect three
new cement plants , The central part of the Island will by suppli =
ed with cement from the ANTSIRABE = 1BITY plant , the northern
part from the MAHAJANGA - AMB OANIO plant and the southern
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part of the I sland shzll be supplied from the envisaged
TOLT'ARY plant: .

I'mplementation. o7 the cement plant project inn AMBOANI®!
is justified by the facts given below =

- In AMBOANIQO , there are consid erable deposits: of
essential raw mz terials suitable for cement production =

- limestone and marl , both of good quality .

= The machinery and equipment o f the existing cement plant
in Amboanio is cut - of - date and show a rather ad vanced
degree of wear . There is a risk that the plant shall be

shut dovn within 2:« 3. years ..

- F or operationa® purposes of the new cement plant ,. it is
convenient to mzke use of the skill of personnel of the exiigt -

ing plant ..

= The new cement plant may use the auxilia ry equipment amd!

the infrastructure of the existing plant ..

1

L_S_ Project Backeround

The Amboanio ¢ ement plant Fas been in operation since 1934
with initial production capacity of 30 000 tons of cement per:
year-,.

The plant was rebuilt in 1956 to the production capacity:
of 70 000 tons per year ..

The machinery and equipment has b een in operation till now

and at present shows already an advanced degree of wear ..




-5-

The present production of 35 000 tons per year / 1982 /
is very low and economicall y inefficient due to obsolete

machin ery and equipment .

Malagasy Government decided to extend the production
capacity by an additional kiln installation , wet process,
to a capacity of 1250 tons perday .

The installation should have been supplied by the Yugoslav
INGRA Company .

The Yugoslav project proposed production of 500 000 tons

of cement per year , thereof 50 % for exportation ,

The Malagasy Government a bandoned the project because
of high investment and production co sts and unfa vourable

conditions for exportation in the region of the Indian Ocean.

This Study takes into cornsideration all the exis ting
conditions and proposes an optimum plant capacity and up ~ to =
- date technical and economical approach to the problem of cement

producti on in Madagascar in two alternatives ,

1.2. Market and Plant Capacity

1.2.1. Demand

Production of the planned Amboanio cement plant is expected
to enter the market in 1988 . That year , total demand for cement
in Madagascar is estimated to some 380 = 440 thousand tons .,

At that time , in Madagascar cement will be produced by ¢

- thelbity = Antsirabé cement plant 180 000 tons per year

”"

« the planned Amboanio ce:nent plant 250 00C ton s

TOTAL 430 000 tons per year
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This implie s producti on of cement will meet expected
d emand for cement .,

Exports of cement are not envisaged .

"

22..Broduction Programme
After reaching the de signed param eters the planned c ement

plant will produce 250 000 tons o f cement per year / 220 000 tons
of clinker per year /.

Cement will meet the r equirements of the F rench Standard -
= AFNOR NF = P15 =« 301 / Dec. 1981/, class 45 .

1.2.3. Plant Capacity

wSagaan Ll ARACILY

Producti on of 250 000 tons of cement per year may be provid-
ed by one of two alternatives of technical solution o f the planne
ed cement plant :

- Alternativel = rotarykiln 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 possibility to i mplement

the Alternative 2 in two stages :

= 1st stage : 2 shaft kilns 2 x 175 tons of clinker per day
= 2nd stage : further 2 shaft kilns 2 x 175 tons of clinker
per day .

Evaluation of stage i mplementati on of the project is , however ,
not taken into consideration hereinafter .
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1.3. Materials and Inputs

Costs given hereinafter are in U.S, dollars / USD /

with rate of exchange equivalent to :

1 USD = 400 MGF / Malagasy francs /

1.3. 1. Raw Materials
Item R equirement Cost
/ tons per year / / thous. U SD /
Limestone 166 640 own
Marl 203 375 own
Sand 11 109 69,43
Gypsum 10 500 614,25
Pozzolana 21 000 283,50
TOTAL COST ; 967,18

I
Limestone anggrl are available in the quarry of the existing
factory . Sand will be tr ansported from Amborovy , Pozzolana
is extracted at Antsirabé., Gypsum is imported from France ,

}"._ Q;g Auxiliar Y Materials

Alternative 1

Item Quantity Unit Cost

|/ per year / / thous,USD /
Paper bags 5 300 1 000 pes 1 033,5
Explosives 45 tons 324,0

Cap primers 6 000 pcs 3,9




Detonating fuse 10 1 000 m 4,6
Refractcry 500 tons 307,5
Lining 60 tons 18,5
Grindin g media 150 tons 150,0

TOTAL COST 1 942,0

Alternative Z

Item Quantity Unit Cost
/per year / /thous.USD/

Paper bags 5 300 1 000 pcs 1 033,5
Explosive s 45 tons 324,0
Cap primers 6 000 pcs 3,9
Detonating fuse 10 1 000 m 4,6
R efractory 400 tons 246,0
Lining 40 tons 71,1
Grindin g media 90 tons 90,0

TOTAL COST 1753,1

Auxiliary materials will be imported .

1. 3:3: Factor y Supplies

Item Quantity Unit Cost

/| per year/ /thous,USD/
Lubricants 40 tons 60,0
Spare parts 120 tons 1 200,0

Other

L L L L L L Ly 2y y L r rrrryrryrrytrrrrrrryrryrryysyryyr ] .-J----------.-

TOTAL COST 1 760,0




Lubricants and approximately one quarter of spare parts

and other materials will be purchased in local mark et,

Approximate Ly three quarters of spare parts and other

materials will be imported .

1.3.4. Utilities

Alterative 1

Item Quantity Unit Cost
| per year / / thous . USD /
Diesel oil 500 1 000 1 175,0
Coal 43 55 tons 2 472,353
Electricity 27 500 1 000 kWh 2 075,0
Water 56 000 cu.m, own
TOTAL COST 4 722,3

Alternative 2

Item Quantity Unit Cost

/ per year / /thous, USD /
Die sel oil 500 10001 175,0
Coal 33540 tons 2 247,18
Fuel oil 4 900 tons 1 470,0
Electricity 25 000 1 000 kWh 1 867,5
Water 63 000 cu,m, own

TOTAL COST 5 759,68

P
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Diesel oil will be purchased in local market from SOLIMA .
Coal for Alt. 1 will be local from Sakoa deposits. Coal for Alt.
2 will have to be imported since local coal from Sakoa deposit s
is not suitable for burning in shaft kilns due to high c ontent
ofvolatiles . Fuel oil for Alt. 2 will be provided for drying
of raw material s and will be purchased from S OLIMA .

Electricity will be supplied by two 20 kV power lines from
the public electric grid / JIRAMA /.
Water will be supplied from the existing source /AMBATOMALAMA

dam / situated 7 km from the site .

1.4, Location and S ite

The c ement plant will be constructed in the site of the exis ting
c ement plant in Amboanio where by the auxiliary and service
buildin gs and offices as well as the existing infra structure will

be preserved and further utilized.

The existing production departments will be demolis hed and
r eplaced by a new production installation .

It is proposed to restore operation of the a bandoned port
in Boanamary for the planned cement plant which will enable

access of the cargo ships ,

1.3. Project Engineering

l--tsll. Lay - Out

The Feasibility Study of the new cement plant in Amboanio
is prepared in two alternatives ,
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The alternativel features a short rotary kiln exchanger

with capacity of 700 ton of clinker per day , dry proc ess .

The alternative 2 features four shaft kilns installation
with capacity of £ x 175 tons of clinker per day , burning of

¢ linker from black raw meal / ground raw mix and coal /.

The production equipment upstr eam of the kiln installation
/ crushing plant , sto ckpiling , raw grinding plant, homo
silos / is de signed for preparation of raw meal necessary
for clinker burning .

The production equipment downstream of the kiln instalation
/ clinker and additive s storage » Coment grinding plant , cement
silos and packing plant / is designed for manufacture of the final

product = cement = and its despatching in 50 kg paper ba gs.

1.2.2. Selected Technolo gy.

Cement clinker , the essential semip roduct in cement production,
will be burned from gcound raw mix in the kiln .

Proposed composition of rawmix is , as follows :

Alt, 1 Alt, 2

= limestone 45 % = limestone 41,3 %

- marl 52 % - marl 47,8 %

- sand % - sand 2,8%
- coal 8,1%

In Alt, 1 , clinker is burned in a rotary kiln . Local black
coal from Sakoa will be used as fuel , Imported coal is also
utilizable ,
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In Alt, 2, clinker is burned from black raw me al in shaft
kilns . Only imported black coal with content of volatiles

less than

‘>may be used as fuel ,

Clinker will be ground with 5 % addition of gypsum and

15 % addition of po zzolana ,

Both production technologies are widely used in the world
and have proved their better e conomy in consumption of fuel

over the wet process .,

No costs are required for acquisition of technology.

1.5. 3. Selected Equi pment

1.5.3.1. Production equipment

Item

Cost in thous., USD

Alternative 1

Alternative 2

Limestone and marl quarry 643,6 643,6
Crushing plant and conveying 965, 2 965,2
Stockpiling of raw material s 514,3 514, 3
Raw grinding plant 2 921 ,2 3 400,8
Homogenization silos 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 grinding plant 1 650,8 3 154,0
Cement silos 600,7 650, 0
Packing and loading plant 600,4 615, 9
Electrical equipment 960, 0 1 060,0
Instrumentation and control 596,0 550, 0
TOTAL COSTS 15 224,0 16 736, 0




1.5.3.2. Auxiliary e quipment

Item Cost in thous, USD
Substation and power supply 1150,0
Compressor unit 190,0
Water s upply system 35,0
Lighting and communi cations 15,0
Port in Boanamary ' 632,0
Laboratory / extension / 25,0
Shops and warchouse /extension/ 80,0

TOTAL COSTS 2127,0

1.5.3.3. Service equipment

Item Cost in thous, USD

Offices [extension / 15,0

Health centre 25,0
TOTAL COSTS 40,0

Cost of the complete machinery and e quipment including spare

parts , engineering , transportto the site , custom fees,
and erections H

- Alternative 1 32 631,0 thousand USD
- Alternative 2 34 143,0 thousand U SD
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1.5.4. Civil Engineering Works

Total areca of the site is 42000 sq.m.

Built =up areais 16450 sq.m,

- Total investment costs

in civil engineering works 17 560 000 USD
th ereof
. in local currency 11 140 000 USD
. in foreign currency 6 420 000 USD
- Costs in land and site preparation 1 800 000 USD
- Costs in buildings 11 400 000 USD
- Costs in outdoor works 1100 000 USD
- Additional costs / engineering ,
transport , custom / 3 260 000 USD

1.6. Plant Or ganization and Overhead Costs

;} 1.6.1. Cementis produced in three individual groups
| of production d epzrtments

- Raw material s preparation : includes extraction ,
crushing , stockpiling , grinding and drying and
homo genization ,

= Clinker burning : includ es ra w meal c onveying ,
clinker burning , clinker and additives s tor age ,
coal storage and preparation .,

- Cement preoduction : includes grinding of clinker
with additives , cement storage , packing and
loading of cement .,
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1.6.2. Auxiliary and Service Departments

These d epartments are responsible for maint enance and

trouble = free run of the machinery and equi pment .

These are :

- shops and warehouse
- utilities

- laboratory

- offices , canteen , health centre , etc .

1_.6.3 . Overhead Costs

Cost thous., USD

Item Alt., 1 Alt, 2
Factory overhead 2637,3 2 498,9
Adminis trative overhead 433,9 433,9
Deprecia ti on 4 326,0 4 477,0

TOTAL COSTS 7 397,2 7 409,8

1.7. Manpower

}_:_'_/.l. Labour

Supervisors 20
skilled workers 116
s emiskilled
workers 14
uns killed
workers 27
Total labour 177




Total wa ges

therecf : - direct wages 191 818
- factory overhead 246 230
- adminis tr ati ve
ov erhead 20 218
L.7.2. Staff
General manager 1
p roducti on manager 1
s ale s manager 1
secretary 1
technologist 4
a ccountant 2
purc haser 1
clerk 4
d esigner 2
typist 3
telephone operator 1
Total staff 21

Total salaries 113 724 USD per year

1.8. Implementation Scheduling

1.8.1 1. Duration of Plant Erection and Constructi on

J 1.8.1.1, Preparation period

- Precontractual and contractual negotiations :

= Contract enforcement :

TOTAL

458 266 USD per year

5 months
2 months

7 month s
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1.8.1. 2. Construction period

-~ project planning 12 month s
- gross civil engineering works 9 months
- delivery of i mported construction materials

and supporti ng structures 6 months
= d elivery of machinery and e quipment 9 months
- eor cction of m achinery and e quipment 18 months
- final civil engineerin g works 18 months
- tests and trial run 3 months

Construction and erection of the cement plant
will take 30 months .

l_._§;2. Duration of Production Start = up

Start - up period will take two years until planned
producti on capacity has been reached .

It is assumed that the plant will produce :

Average annual production rate during the first year
of start - up will be 70 % .

A verage annual production rate during the second year
of start « up will be 90 % .,

1.9. Financial and Lconomic E valuation

l_._Q;I. Total Investment Co sts

in thous, USD

Item Alt. 1 Alt, 2
Land - -

Site preparation 1 800 1 800
Civil engineering wo rks 15 760 15 760

Machinery and equipment 32631 34143
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Implementation incl. geolo gical

survey and interests during

c onstruc ti on 10 872 11 187
Working capi tal 3 675 3995
TOTAL 64 738 06 8§85

L.__;Z. P'roject Fi nancing

It is envisaged that the project will be financed ’

as follows :

~ Local equity capital amounting to one third of
the total investment c osts .

- Long = term contractor’s credit on a part of CIF
Mahajanga d eliverics on 8 years , repayment in
annual instalments , interest rate 9,5 % p.a.

- Remainin g i nvestment costs will be financed by
a local bank credit on J years , repayment in
annual instalments , interest rate 10,5 % , 2 years

grace period .

The proposed financing and the 2-year start - up
period do not provide an active cash balance hence in the first

year of implementation a government contribution a mount -

ingto 3 million USD is envisaged .

1_:_2434 Producti on Costs

in thous, U SD

Item Alt, 1 Alt, 2
Dire ct materials 4 982 € 226
Dir ect manpo wer 192 192

F actory ove rheads 4712 4 366




ther~of = material 3 811 3 442
- wages 246 . 246
« other 655 678
Administrativ > over heads 434 434
thereof =~ salaries and wages 134 134
- materials 100 100
= other 200 200
Operatin g co sts 10 320 1 218
Financial costs/int er ests/ 1 594 1 643
Depreciation 4 326 4 477
Production costs 16 240 17 338
Sale s revenue 21 250 21 250

The data as stated above provid e projection for 100 %

capacity , minus depreciation of costs during construction ,
plus variable interests on long = term loans .,

l-l

;é;_Economi: Evaluation

a = Commercia! profitability analysis

Alt.l

- simple rate of return

net present value at 9% in USD
pay = back period in years
internal rate of return

liquidity analysis

/cumula ti ve net ca sh balance
in USD /

- capital structur e analysis
/debt equity ratio /

10,08 %
2 818 000

9,3
9,86 %

46 861 000

2,0

Alt, 2
8,23 %
- 3 665 000

10,0
7,92 %

25294 000

2,0




b - Nati onal profitability analysis

- net value added in USD 60 518 000 50 021 000
= net national value added in USD 52 239 000 41 309 000
- absolute efficiency test 3,428 1 1,338 1

- relative efficiency test 0,21 0,08

¢ = Uncertaint y analysis

- break-even point

/in per cent of capacity utilization/ 68,8% 73,6 %
- sensitive analysis /in terms of IRR/

l =« 5%decrease of unit price 8,22 % 6,28 %

2« 5% increase of cash expenses 9,05 % 7,05 %

3= 5% decrease of investment cost 12,98 % 10,91 %

L=a+hb 7,40 % 5,37 %

Sea+b+c 10,34 % 8,11 %

1.10. Conclusions

1.10.1. Construction of the new cement plant in Amboanio ,
Madagascar is both ne cessary and profitable project

for development of the nati onal economy .

1.10.2. The Feasibility Study has been prepared in two
alternatives

= Alternative 1 - cement plant with a rotary kiln ,
700 tons of clinker per day ,
dry process

- Alternative 2 = cement plant with shaft kilns y
4 x 175 tons of clinker per d ay




1__. . Main Advantages of Pr oEosed P roject Alt ernativés
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1.10.3.1. Alternativel

Possibility of utilization of local coal from

Sakoa d eposit

- Higher quality of burned clinker

= Lower investment costs

= Lower production costs

- Lower requirement of for eign currency

- Possibility of increase in clinker production
by ap prox. 30 % by addition of a calcining
exchanger to the rotary kiln

- Better results in terms of project economi cs ,

1,10.3.2. Alternative 2

« Possibility of construction in stages
/two and two kilns - model of the IBITY «
- ANTSIRABE plant /

- Similar spare parts with the IBITY =
- ANTSIRABE cement plant

- Lower specific consumption of electricity

é. Main Dis advanta ges of Pro Qosed Pr_'gj_e ct Alternative

1,10.4.1, Alternativel

= construction in one stage
- higher specific consumption of electricity




1.10.4.2. Alternative 2

= necessity of utili zation of imported coal

- necessity of utili zati on of fuel oil for drying
of raw materials in the grinding plant

- lower quality of burned clinker

- higher investment costs

- higher production costs

= higher foreign currency re quir ement

- less favourable results of economic evaluation

LJQ.2. Fossibility of Extension of the Planned Cement Plant
Extension is possible northward / area between the belt
conveyor irom the quarry and the plant itself / . Extension

will require , however , increased costs in land preparation .

6. Recommendations

It is recommended to implement the Alternative One
which has several essential advantages mostly of economic al
character .

Demand for cement in Madagascar as well as continuous
increcase of prices in the world market , requires i mmediate
decision on construction of a new cement plant in Amboanio .

After the decision has been made , to set up an imple menta=
tion team . To ask UNIDO for technical assistance for tender=~
ingand selection of a contractor as well as other consulting
services ,




~
-.2\\'~

2. PROJ ECT BACKGROUND AND HI STORY

2.1. Project Back ground

Cement dem and of the Malagasy national economy is currente-

ly covered as follows :

- a cement plant in operation in AMBOANIO - MAHAJANG A
with annual nominal capacity of 70 000 ton and with continuous

decline in annual prod ucti on due to outdated process equipment

= cement i mports from Mo zambique

At present the CIMENTERIE D’ ANTSIRABE y S.A., finances
in IBITY - ANTSIRABE a construction of a cement plant with annual
production capacity of 125 000 tons of cement . Shaft kilns will
be provided for burning of clinker . The process e quip ment
has been 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 consid eration .

The reasons for i mple mentation of such a project are ,

as follows :

- in con sequence of the age and condition of the production
ma chinery of the existing c ement plant in AMBOANIO there
is risk of total operation stoppage within 2 or 3 years which

will result in repla cement of the production by i mports 3

- in thevicinity of AMBOANIOQ there are raw material reserves
availabl e meeting cement production standards from both the quality

and quantity points of view ;

- the cement plant employs a permanent personnel generally very
well trained for cement production and adequate main tenance

- existence of necessary infrastructure .
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2.2. Project Promoter [ Initiator

Tanindrazana = Tolom = Piavotana - Fahafahana
Ministry of Industries and Commerce
Antananarivo

Malagasy Democratic Republic

2.3. Project History

The AMBOANIO Cement Plant was erected in 1934 .
Its initial nominal production capacity was 30 000 - tons of cement

per year .

Ever since the start = up till the end of the World War Two
the cement plant production rate did not exceed , nevertheless ,
30 % of its nominal capacity / E.g. the production during the period
of the World 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 essential inputs such as coal , fuel , grinding media , refractor=
ies , spare parts , etc .,

A new period of existence of the AMBOANIO Cement Plant
has begun in 1956 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 governement participation ,

The plant was rebuilt to obtain a nominal production capacity
of 70 000 tons of c ement per year , In the following years the plant
produced 60«70 thousand tons of a good quality Portland c ement .
However , in spite of the increased capacity , the AMBOANIO
Cement Plant has not been able to meet more than 30 % of total
d emand ,

This fact initiated the id ea of extension of the existing plant,
In order to adopt a decision on extension of the cement plant ,it was
essential to analyse the present condition of the AMBOANIO Cement




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

= SIP undertook a study containing a detailed des cription

of the exis ting equipment , its degree of wear y manpower

and production efficiency . On the basis of conclusions o f

the study the Malagasy government made an a greement in 1980
with the Yugoslav firm INGRA for a supply of equipment

for extension of the AMBOANIO C ement Plant up to annual
capacity of 500 000 tons of cement wet process . The Yugoslav
agre ement considered exports of 50 % future production .

With the capital costs of approx. 135 million dollars the Mala -
gasy government found this project rather ex pensive and demand=-
ing in power requirements. Therefore the gove rnment a sked
UNIDO in Vienna for experts to study the proposed contract .

In the meantime INGRA modified the agreementto 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 pointed

out advantages of small capacity c ement plants, with vertical
shaft kilns , such as that which is being erected in IBITY =

- ANTSIRABE . At the time when UNIDO experts arrived at Mada~-
gascar in F ebruary ’83 , the Malagasy government had alr eady
abandoned the Yugoslav contract proposal bec ause of the r eason;
described above , The UNIDO experts aimed th eir field work

at the objectives outlined in the Terms of Re ference 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 d ocuments available at the Ministry of Industries and
Commerce in Antananarivo ,

.




2.4. Feasibility Study

FEASIBILITY STUDY ON CEMENT PLANT IN A MBOANIO ,
MADAGASCAR

was prepared by

PZO POLYT ECHNA PRAGUE - PIO KERAMOPR O] EKT TRENCIN
CZECHOSLOVAKIA

The Feasibility Study was financed by the UNIDO Vienna ,

th erefore its cost is not included in the Investment Costs.

2.5. Cost of Preparatory Studies

The existing cement plant in AMBOANIO works with raw
materials chemical properties of which have been verified

by long term exploitation in cement production .

This study is based on data on raw materials provided
by the AMBOANIO Cement Plant and those specified in the
Study prepared by the West = German Consortium WPW = PEG -
- SIP ,

Izstimation of reserves of the es sential raw materials
/ limestone and marl / is based on a preliminary geological
survey , therefore its results should not be taken for granted
in imple mentati on of the project in question . Therefore a more
detail ed geological survey of the r aw material deposits is
r ecommended for the purpose , as follows :

- verification of exploitable reserves of limestone and marl

for at least 30 years of operation of the plant ,




- tests of samples and of suitability of raw materials
for dry - proces s cement plant .

- tests of crushability , grindability and burnability

of the e ssential raw materials .

- determination of quality of clinker and of its grind -

ability ,

Conclusions of this geologic al survey shall be used ,

in their entirety, as basic data for all stages of project

planning .

Cost estimate : 150000 ,- USD




3. MARKET AND PLANT CAPACITY

3 .l1. Demand and Market Study

Cement consumption in Madagascar 1958 = 1980

Ycar Cement consumption Import Local

/ tons / production
1958 88 ooo 3/
1959 102 000
1960 100 000
1961 101 000
196 2 119 000
1963 126 000
1964 112 000
1965 119 000 79620 39 za1 2/
1966 116 000 65 970 50 332
1967 111 000 so2s '/ 60845
1968 128 000 60 678 67 743
1969 141000 53 545 75 445
1970 148 000 72 680 75 216
1971 170 000 93 206 76 930
1972 126 000 61 632 64 177
1973 113 000 43 496 69 863
1974 88 000 26 891 61 447
1975 109 000 50 985 58 021
1976 92 000 23892 1/ 69904
1977 95 000 38 473 52 229
1978 144 000 3/ 48 706 66 000
1979 108 000 46 565 61 535
1980 126 560 66 548 60 o1z 2/
1981 36 357

1982 3co60 2/




Sources : 1/ Etude de Marché , Consortium
WPW e« PEG - SIP
2/ Amboanio Cement Plant
3/ Compagnie d es Ciments Mala gasy
INSRE in 1/

Between 1958 = 1971 the de velopment in cement consump tion
was more or less regular and r equir ements in cement wer e met
both by local production in the Amboanio Cement Plant and
by imports . Maximum consumption of 170 thousand tons was
reached in 1971 when the Anboanio Cement Plant achieved its
top production of 77 thousand tons and imports of cement achiev =
ed its peak value of 93 thousand tons as well,

Political development in Madagascar in seventies had ,
nevertheless , impact on the implementation of new industrial
projects and consequently affected the consumption of cement .
In the period 1972 = 1980 th e Amboanio C ement Plant worked
within 75 « 90 & of its nominal capacity due to problems in
maintaining the equipment in operation and irregularity in
supplies of inputs . In the years 1981 and 198 2 the se problems
caused a decrease in production of the Amboanio Cement P lant

below 50 % of its nominal capacity .

In 1979 a construction of a new cement plant was initiated
in IBITY situated approximately 190 km south of Antananarivo ,
The plant consists of 2 shaft kilns working with the " black = meal "
technology , with capacity of 120 thousand tons per year .
Start = up i s expected in the middle of 1984 , An extension by
the third kiln is envisaged hence the final capacity of the plant
will be 180 thousand tons per year .

In August 1978 the Bureau de Dévélopp ment et de Promotion
Industriels « BDPI = prepared a study called " Cement Market

in Madagascar " wherein two hypotheses were adopted jone of




them based on cement cons umption in the period 1959 - 1978 ,

the other one based on c ement consumption in the period

1959 = 1971 .

The first t hypothesis which may be considered as the minimum

one , results in the equation :

Y = 11718 + 1324 .t

whereof ¢ ement c onsumption in 1983 will be

Y25 =117 118 +1324 x 25 = 150 218 tons

The s econd hypothesis , based on 13-year = period when the

d evelo pment of the national economy had it s normal pace and
whic h may be consid ered as the max imum one , results in the
e quati on :

Y = 121 462 + £ 158 .t

whereof cement consumption in 1983 will be

Y = 121462 + £158x 25 = 225 412 tons

In April 1979 the Consortium WPW « PEG - SIP ,
S aarbrillcken , Federal Republic of Germany , prepared the Etude

de Factibilité d‘ une Cimenterie Dans la Province de Toliarae
= Etude de Marché .,

This Study in a most expert way analysed cement demand
in Madagascar by means of various techniques as well as possibility ,
of export of cement , and clinker , if any . 7

The techniques and relating results were , as follows :

- Calculation of trend , following the total consumption
of past years .
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Consumption in 1983 : minimum 150 000 tons
maxim um 225 000 tons
Consumption in 1990 : minimum 160 0CO tons
maxim um 225 000 tons

- Development folto wing the evolution in population
and gross national product / GNP / . The result
of this technique is , as follows : " A realistic
forec ast of cement consumption till 1990 should
include :

- first , to assume that the actual consump ti on
per capita = 14 kg in 1978 = will resume its
former value of 25 kg/year by 1980 , i.c.,
the total consumption in 1980 shall be 25k g x
8,8 million inhabitants = 220 000 tons per year.

- then , to accept increase proportional to that
of GNP according to intentions of the Plan ,i. €.,
5% rate per year which will amount to 376 000
tons in 1990 ", 1/

International comparisons

The result of this technique is that the total cement
d emand in 1990 will amount to 339 000 tons in a :es simistic
evaluation or to 498 000 tons in a very optimistic e stimat -

ion ,

The Study proposes e ventually following projection in cement
demand , called a realistic evaluation :

1/ Consortium WPW = PEG - SIP , Etude de Ma rché , Avril 1979
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! 1 | 1
IMillions ; Potential demand IEffective c onsumpt.
| A
I of 'kg per  Ttons per |kg per " tons
‘J inhabitants { inhab. ' r |inhab, I or vear
l I per year I yea | per year L per ye
| —. 4. . _4,| ——— i :
1978 ' 8. 30 252000 | u /117 000
] % ;
1980 |, 8,8 30 | 264 000 | 18 | 160 000
| ' ’ !
1983 |, 9,5 : 32 1304000 | 23 | 218 000
1985 | 10,0 | 33, 3%000 | 25 28000
i T T ] J'
1990 |, 1,3 137 | 418000 I 28 |31£000
) l

The forecasts were based on following a ssumptions :

- growth of real gross internal product per capita would be

in averagel,5 % per year ;

- the State would accomplish the new housing programme
/ 28 000 flats per year till 1982/ ;

- relation between effective consumption and potential demand
representing r>duction in supply passes progressively
fromapprox ., 40 % in 1976 to 75 % in 1983 . This should have
be en en sured by local production of cement rating 60 to 70
thousand tons per year in the Amboanio cement plant and

115 000 tons per year in the Ibity = Antsirabé c ement plant
since 1982 ,

The Study came also to conclusion that with actual world
prices of cement and sufficient amounts offered by the exist=-
ing cement exporters it is out of question for Madagascar

to export economically its surplus cement , if any .
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After the Study by the Consortium WPW=-P EG-SIP had
b een c ompleted , no remarkable change in cement consumption
occurred , neither was noticed any resumption of normal pace
o f national cconomy . Thus , no modification of the results

of the Study was needed .

\
On agreement with the Ministére de | Industrie et du
Comme rce we acc ept fully the results of the Study and in
order to decide on the capacity of the new plant ,further

facts and considerations were taken into account :

= Th e Amboanio Cement Plant is in a very bad condition
due to wear hence it produced in 1981 and 1982 as little

as 36 thousand tons of cement per year .

It may be expected that existing equipment enable s
operation for 2 or 3 years more and eventually its unfavour=
able economical results entail its shutdown . This fact even
more emphasiz es the necessity of establi shment of a new plant

instead of the old one .

- In 1984 the new Ibity Cement Plant will be commi ssion ed
withinitial annual capacity 120 thousand tons and final
capacity 180 thousand tons per year is envisaged . The plant
is equipped with sha ft kilns designed for the " black =
- mneal " technology , where only black coal with maximum
content of volatiles up to 20 % may be used .

= Problems in transport and distribution of cement being
es sential for de velopment 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 thousand tons of cement
per year , installed all over the I1sland .
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This policy of decentralization should be paid closer
attention toin view of the fact that the problems with transport

and distribution of cement are becoming more and more acute

The plants are to be built in the following order :

Ibity = Amboanio = Toliary = district of Antsiranana .

- Madagascar is rich in black coaldeposits in the vicin ity
of Sakoa . Start = 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 industry .

= Tre new cement plant in Amboanio may be put into operation '

as late as in 1988 or 1989 provid ed that decision on the
castructicn i s made in 1984 .

Then , expected d emand and pr oducti on of cement will be
as follows :

Year Population Consumption Demand Production Note

[thous ./ inkgper /thous. / thous,
capita per tons / tons /
year [
1988 10 820 39 380~440 430 Ibity ,
Amboanio
1990 11 420 45 510 430 Ibity,Amboanio
importation
1995 13000 50 650 680 1 bity, Amb oanio

Toliara
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3.2. Sales Forecast and Marketing of Products

The existing " Code de s Investissements " differs
from those in other developing countries and provides
| mini mum exoneration of taxes , customs and fees for construct=-
ionof cement plant, This , together with further impacts by
current conditions of international and national conjuncture
and overall situation in cement market do not create favour =

able conditions for c ement e xports from Madagascar .

T aking into consideration this situation the Minis try
i of Industries and Commerce passed by the end of 1982 a long -
| - term str ate gy of cement production d evelopment based on
construction of system of decentrali zed small capacity ¢ ement

plants sprecad all over the territory and cons tructed in conforme

ity with demand . Such cement plants are to be establisned
in vicinity of local deposits of raw materials in following

locations

Boanamary « Amboanio , Toliary , Antsiranana . This strategy
enable s gradual investment within the programme of c ement

industry .

3.3. Sales and Distribution Costs

In an effort to enable a balanced 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 = MEC / 3=0-2 from 10,02, 1979 , price of cement

was fixed as follows ¢

Pric e ex works 13 180 MGF per ton
Wholesale price 21 200 MGF per ton
Retail price 24 000 MGF per ton
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By Decree No. 2687/82 - MIC from June , 8 th , 1982

price of cement was modified as follows :

Price ex works 39 230 MG F per ton
Consumption tax 500 MGF per ton
Wholesale price 53 913 MGF per ton

Retail price 64 000 MG F per ton

It is to point out thet prices of June 1982 are based
on unfavourable production conditions in the Amboanio
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 purchase=

ing in black market in spite of considerably high prices .,

3.4. Plant Capacity

Fluctuating c ement market and problems in stabilizaiion
of national economy make impossible to seiect any of usual methods
of projection of c ement demand and the plant capacity in Amboanio
could be based on following considerations :

- Current consumption of cement equals to approx, 120 th ousand
tons , i.e., 13-14 kg per capita per year ;

- Construction activity is very low and implementation o f projects
like Yousing Programme , Art Public Works P rogramme and
Industrial Constructions Programme must be postponed due to
necessary imports of cement , these being subject to limitations

= Current high price of cement = 3 200 MGF per 50kgbag /162 USD
per ton / applies prohibitive policy to utilization of cement
and fixing of adequate price of cement after start = up of new
cement plants will revive c ement market ;




- Sufficient local production o f cement will back up

comm encement of postponed construction programmes ’
will meet potential demand , thus eli minating black
market 3

Start-up of the new cement plant will take 5 to 6 years
sinc e preparation of the Feasibility Study , so that
contribution of the new unit in Amboanio could be visible

as late asin 1988 . That year population in Madagascar
will reach 10,7 toll million of inhabitants .

Saturation of local demand of cement and necessity of faster
construction may r esult in specific consumption of 35 to

40 kg per capita per year or 380 to 440 thovsand tons per
year provided the price is ad equately modified .

Resulting from considerations explained above it is

recommended to envisage in locality of Amboanio = Boanamary
one of these two alternatives :

Alternative 1 = Cement plant with one rotary kiln , dry

process , capacity 700 tons of clinker per
day or 230 000 tons of cement per year ,

Alternative 2 = Cement plant with four vertical shaft

kilns , £ x 175 tons of clinker per day or
250 000 tons o f cement per year .

It is also recommended to prepare a separate study on
possibility of bulk c ement s upply for great construction
sites or concrete plants .

Possible supply centres , transport in special trucks , cement

storage and other issues including adequate economical
evaluation should be studied

Main object of preparation of such a study is to d ecrease

losses of bagged cement during transport and handling due to
torn bags,




Schezduls 3=1

LSTIMATE OF SALES REVENUES

Pisce 3=1 ESTIMATION DU PRODUIT DEVEHTES
PRODUCTS YEAR 1 . YEAR 2 YEAR 3=10C
PRODUITS 1-RE ANNEE ANNéE 2 ANNEE 310
Unit Quantities Sales revenues | Quantities Salss revenues |[Quentities Salss ruovenuaeg
srics to bc sold Produit tc be so0ld Produit to be sold Proluit
Prix Jguantitﬁs des ventes Quantiteas des vantes guantitds den renteoa
hniteaire vendre a vendrs a vendre
: \
lexpe loc.exp.f loc. €XDe loc. Pxps!  loce eXpo leoe, eXPpo loc. ¥pe loce
! } |
i \ i
: |
%
- -~ YN :
Portlan: c:ment - | 8] - '175.000 | - 14,675.000 | - |225.000 | - [9,125.000] - {250.000 | - |21,250.000
Ciment Portland |
- ; I
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Unit _ loc. = .
unité 1 ton marche local
price _ .. . “xport
prix USD FxPe 2xportation
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Scheduls: 3=3

Pirce

P4ODUCTION PRCGRAMME
¢IKCGIAMME DE PRODUCTION

PRODUCTS, BY-PRODUCTS, WASTES | UNITC YEAR 1 {EAL {EAK 3=10
PRODUITS, SOUS-PRODULTS, oy l-re annde Annd. Annés 3-10
DECHETS L
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PLEINE CAPACITY | UNITS CACACITV | UNITS CAFACITY [ UNITS
CAPACITE o ' N ‘ e '
/100 / CAPACITE | UNITES capactté | unimdé  fcaracité | uwiTd
Portland cement . . ;e ‘
cortlang Coment 2504000 t 7¢ 175.00C 20 1,125 100 25G .00
\ <

& -
<
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L. MATLERIALS AND INPUTS

4.1. Characteristics of Material s and Inputs

Clinker for cement production will be burned from a raw
mix consisting of tyv-o essential components : limestone and marl.
Silica modul e increase in the raw mix i s feasibl e by addition
of a small quantity of silica sand .

Gypsum and pozzolana will serve as additives .

4.1.1. Raw Material s and Composition

Deposits of the essential raw materials , i.e. limestone and
marl , are locat ed between the Morohogo and Beri votra rivers
in an area of approx. 300 sq.km. Reserves of limestone and marl

are sufficient and of good quality .

Quarry is located in a distance of approx.500 m from the exist=
ing cement factory . Limestone deposit is upper layer above marl
formati on with thickness from 14 to 18 m.

EExploitable strata of marl limestone amounts to approx. 1l m

in thickness .

In order to verify the physico=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 years o f operation of a proposed cement plant .

In Annex Nol is described the deposit area , in the map Annex No 2
are indicat ed borcholes No. 1=7 and in Annex No 3,4 are indicat ed
borehol e logs No. 4 and 5 with indication of de posit characteristics.
It is to note that the yicld rate of the cores is very low , and

the boreholes do not show exactly the composition of the deposit .
lixhausti ve information on the deposit in all aspects can be provided
by an addi tional detail ed exploration .
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Some data on physico-chemical properties of raw m ateria ls ’
additives and coal indic ated hereinafter , were provided
by the Minist@re de 'Industrie et du Co mmerce y Cimenterie
d’ Amboanio and other s were taken from the studies prepared
by the Consortium WPW -PEG-SIP .

Z.1.1.1. Limestone

Moisture natural limestone is less than 5 % .

Average of chemical composition of 5 analyses is as follows:

L.0O.T. ..... 42,64 % 'Fe_?O3 ..... 0,47 %

5i0, cee. 1,91% MgO  ..... 0,30 %

ALD, ... 0,69 % CaO 53,29 %

SO3 ..... 0,02 % Ti02 0,01%

KO ... 0,14 % Cl 0,001 %
Mn,0  ..... 0,02 % Na,0 0,07 %

P265 ..... 0,05 % )

Z.1.1.2 Marl

Moisture natural marl is less than 10 <% .

Average chemical composition of 8 analyses is as follows :

L.O.1. ..... 33,87 % K20 ....... 1,50 %
SiO2 ..... 14,6 % MnZO ....... 0,28 %
A1203 ..... 4,31 % P20S ....... 0,03 %
F e203 ..... 2,25 % Ti O2 ........ 0,03 %
Mgd  ..... 1,00 % Cl ........ 0,002 %
Ca0  ..... 40,44 % Na20 ....... 0,06 %
803 ..... 0,03 %

Analyses proved a very good quality of marl limestone
/ 70 % CaCO3 /.

4.1.1.3. Sand

Silica sand will be used for increasing th - silica module .
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A verage chemical composition of 8 analyses is as follows :

510.) ...... 87 ,L 2
R203 ...... VA
Residue ..... 8,2 %

£.1.1.£. Raw - Mix Composition

Average raw mix compo sition as a function of sand content :

L imestone VAS L1 % £8,3 %
Marl 52 % 57 ¢ 47,5 %
Sand 3% 2% YA

A raw - mix with 3% content of sand has been selected for
the project . Such composition is best suitable in considerati on
of the extraction conditi ons in the quarry and enables ef ficient

grinding .

Chemical composition of raw mix wi.h 3 < sand content :

L.O.I. ...... 36,42 % Titration ....... 77,4
Si02 ...... 12’9 % MS ...... 2,37
R203 ...... 5,45 ¢%
Ca0  ...... 43,41 %%

Lime conteat in raw mix is slightly increased in consequence

of lowlime content in coal ash in clinker .

Production of 1ton of clinker requires approx , 1,6 ton of raw meal .
Influence of coal ash on che mical composition of clinker :

raw meal clinker
/ no ash / / ash included /
L.0.1. 37,53 % 36,95 %
Si()2 18,93 % 20,18 %




¢
R203 7,91 % 9,37 %
Ca0 70,35 % 67,63 %
Titration 78,90 % 76,20 9%
Ms 2,39 % 2,15¢%

Mineralogi cal composition of clinker

C3S ........ . 59,8 % C3A ....... 11,4
C25 ......... 13,9 % C4AF ....... 10,5 %
4.1.2. Inputs

4.1.2.1. Gypsum

Gypsum will be imported crushed from France .
SO3 - content is within range from 40,7 to 42,5 ¢ which means that
Cas0, . 2H,0 content is min. 87 % .

2
Gypsum/clinker ratio in ce ment shall be 5/95 .

4.1.2.2. Pozzolana

Pozzolana will be transported crushed from the Betafo deposit
near Antsirabé .
Pozzolana shall be added to cement in an amount of 10 % .

Average chemical composition of 7 analyses is as follows ¢

L.O.Tl. ..., 10,50 % Mg0 ............ 1,19 %
HO0 el 0,80 % F 9203 ........... 11,58 %
SO3 ........ 0,24 % A1203 ........... 13,60 %
CHOREE 58,90%  N.D. ........... 1,50 %
Ca0  ........ 2,50 %

Z.,1.3. Coal

As fuel for clinker burning , black coal will be used .
Black coal of following origin has been taken into account :

- Sakoa , Madagascar / after exploitation start = up /
- Mozambique , Afri e
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4.1.3.1. Analysi s of Sakoa Coal

Hydroscopic water . ........... 2,86 %
volatiles ... .. 29,84 %
ash 28,07 %
flammabl e substance ~  ............ 69,07 %
sulphur 0,94 %
hi gh calorific value @ ............ 5 296 kcal / kg
low calorific value  ............ 5 079 %xcal / kg

Analysis of ash made from 3 samples / values in %

Sample 1 2 3
L.0.1. 1,06 - -
Si0,, 52,47 53,03 44 440
A1203 25,02 25,29 15,10
Fe,0, 5,87 5,93 5,10
MnO 0,12 0,12 0,19
’I‘iO2 2,34 2,37 1,60
Ca0 7,29 7,37 28,0
MgO 0,10 0,10 0, 30
S0, 3,96 4,00 4,40
C1 0,01 0,01 -
Na,0 0,11 0,11 0,06
KZO 1,26 1,27 0,31
P,0- 0,46 0,46 0-0,8

4.1.3.2, Analysis of Black Coal from Mozambique

Moisture  ,.,....... . 8~-10%
Ash ..., 17 = 20 %
volatiles  ,,,.. 15 %
sulphur . ..... 1,)~1,8%

calori fic value ........ 000 keal / kg




Analysis of ash :

Si0,  ........ 42,2 % Ca0 ....... 1,3

A1203 ........ 24,6 % MgO ...... 2,2%
Fe203 ....... 11,7 % KZO ....... 1,4 %
P._O5 ...... . 1,1 % NaZO ....... 0,5 7%
TiO2 ....... 1,2°% 503 ....... 3,8%

Burning of clinker in a rotary kiln is possible with both
coals . This alternative takes into account the Sakoa black

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 M ozambique .

4:1.4. Unit Costs

Jnit costs of raw materials , auxiliary materials and
utilities are to be understood "delivery Amboanio " and were
obtained from operating logs of the exi s:ing cement factory
from 1982 .
Unit costs given below were calculated in conformity with
th e exchange rate stated by Bankin ’ ny Indostria , as follows :

1 USD / U.S. dollar / = 400 F MG

Raw material s and additives

li mestone , marl own source

sand 6,25 USD / ton
gypsum 58,50 USD/ ton
pozzolana 13,50 USD / ton
paper bags / S5«fold / 195 USD / 1 000 pes
lubricants 1 500 USD / ton

ex plosives 200 USP / ton

~1




cap primers

de tonating fuse
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650 USD / 1000 pcs
460 USD /1000 m

di e sel oil 350 USD /10001

coal /[local/=-estimation 56,77 USD / ton

coal / imported / 67 USD / ton

li ght fuel oil 300 USD / ton
electricity 83 USD /1 000 kWh
refractories 615 USD / ton
lining 1975 USD / ton
grindin g media 1000 USD / ton

Spare parts 1 200 000 USD / year
Others 500 000 USD / year

4 .2. Supply Programme

4 ,2.1, Production Programme

This Fea sibility Study takes under study two cement p lant
alternatives :
= Alternative 1, = Rotary kiln = dry process of clinker burning
with capacity of 700 tons per day
= Alterantive 2. = Shaft kilns /4/ = for clinker burning with capacity
of 4 x 175 tons per day / 700 tons per day /

Time utili za ti on factor : 315 days
C link er output per year : 220 000 tons
Cement ou tput per year ¢ 250 000 tons

4Z,2.1,1, Raw Material s

Consumption of raw materials in natural condition per year :

166 640 tons

= limestone

-~ marl 203 375 tons
~ sand 11 109 tons
- gypsuri 10 500 tons
= pozzolana 21 000 ton
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£.2.1.2 . Auxiliary Materials

- Paper bags 5 300 000 b ags per year
- refractory 500 tons "
- lubricants 40 tons "
- explosives 6 000 pcs "
- detonati ng fuses 10 000 m "
- lining Alt. 1 60 tons "
Alt. 2 0 tons "
~ grindin g media Alt. 1 150 tons "
Alt. 2 90 tons "

4.2.1.3. Factory Supplies

- Spare parts 120 tons per year

- other 50 tons per year

4 .2.1.4. Utilities

Alt . 1 = electric power 27 500 thous .kWh per year
- water 56 000 cu.m. "
- coal / local / 43 550 tons "
- diesel cil 500 000 litres "
Alt .2 =« electric power 25000 thous.kWh "
- water 63 000 cu .m. "
= coal / imported / 33 540 tons "
- fuel oil 4 900 tons "
- diesel oil 500 000 litres "

.2.2. Availability li es

4.2.2.1, Raw Materials

L imestone and marl are available in the existing quarry

located approx., 500 m from the cement plant ., Limestone forms
the upper layer with thickness 14«18 m ;




-48-

Marl layer forms the 1ower layer bellow the limestone with extract-
able thickness of approx .1l m .
Limestone and marl de posits practically cannot be depleted and

spread in 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.

Gypsum will be imported from France by sea transport .

Gypsum which is availabl e in nearer deposits is not suitable for cement
manufa cture .

Pozzolana is availabl e near Antsirabé in Beta fo area and will

be transported to the factory by truck over a distance of 730 km .
4.2.2.2. Awxiliary Materials

Paper bags , refractories , explosives , lining and grinding
media will be imported .

Necessary oils and greases are available in Madagascar /SOLIMA /.

4.2.2.3. Factory Supplies

Spare parts and other materials will be mostly imported .

C ertain amounts are avail abl e 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 e conomical both from the inves+*=
ment and from 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 plant .
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Connection of the cement plant to the JIRAMA network by two

20 kV overhead lines 20 = 25 km long i s presumed .

S ervice 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 two se parate branches for service and potable

w ater re spectively.

Reconstruction of the existing water supply sy stem is a part

of the project .

In Madaga scar there is a deposi’ of black coal of good quality

in Sakoa near Toliary which,! ‘ver , by virtue of high content
of volatiles / 30 % / may be ap; le in the Alternativel =

= Rotary Kiln only . The Altern ¢ 2 = Shaft Kilns may work

with coal imported fro m Mozambiue only / max. content of volatiles
upto20%/.

In order to dry raw material s in the raw grinding plant in Altern.2 =
- Shaft Kilns , fuel oil will have to be used to gether with coal.
This fuel oil is available in Madagascar / SOLIMA /. Transport
to the factory is possible either by cabotage or by road .

Similarly , diesel oil is available in the local market .

£.2.3. Delivery Programme

T aking into consideration the availability of raw materials
and inputs and location of the factory from the transport point
of view , the following delivery programme is proposed :

~ Limestone and marl will be regularly transported to the factory
by means of a system of belt conveyors . Proposed s torage capacity
is d esigned for 2 x 5 days .

e l4=days storage capacity of sand will be supplemented by regular
supp lies by truck c ompanies ,

= Gypsum stock is int ended for 6=month operation / necessity to import
it from France /.

= Stock of pozzolana for plant operation will make for the 30=day
period .
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= Stock of imported or local coal is to provide for min .35 days

of operation .

Increase in propssed stock of coal may be provided for by open -

= air storage .

Fuel oil for Alter. 2 = Shaft Kilns = is proposed to be stored
in two 150 cu.m. tanks . This stock is sufficient for 18 days.

Stock of 1500 000 paper bags is to meet the demand of 3-month

2T oducti on because of their importation .

Spare parts , lining , grinding media , refractories will
be imported , therefore one year res erves are nece ssary .
- Other imported materials = 3-month stock ,

local materials = l=month stock .

é 22:4. Cost Es timate

Costs are calculated from the unit costs and their breakedown

presented in Schedule 4=1 .

Raw material s and additive s

limestone , marl own sources

sand 69 431 USD per year

gy psuin 614 250 UsSD "

pozzol ana 283500 UsD "
Total 967 181 USD per vear

A uxiliary materials

paper bags 1033 500 USD per year
oils and greases 60000 USD "

ex plosives 324000 USD "

cap primers and

de tonating fuse 8500 UsSD "

Total 1426 00C USD per vear




r
Power and fuel = Alt. 1
1 die sel oil 175 000 USD per year
coal 2 472 300 USD "
electricity 2 075000 Usp "
’ water own source
To tal 4 722 300 USD per year
Power and fuel = Alt. 2
diesel oil 175 000 USD per year
coal 2247180USD "
light fuel oil 1470 000 USD "
electricity 1 867 500USD "
water own source
Total 5759 680 USD per year

Factory supplies = Alt. 1

refractories , insulations 307 500 USD per year

lining 118 500 Usp "
grinding media 150 000 USD "
spare parts 1 200000 USD "
other materials 500000 USD "
Total 2 276 000 USD per year

Factory supplies « Alt, 2

refractories , insulations 246 000 USD per year
lining 71100 USD "
grinding media 90 000 USD "




spare parts 1 200 000 US D per year

other material s 500 000 USD "

Total 2 107 100 USD per year

TOTAL MATERIAL COSTS -ALT .1

9391481 USD per year
TOTAL MATERIAL COSTS = ALT. 2 10259 961 USD per year
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STIMATE  F PRCLUSTIUN (2T

]
=23 -

T VATURIALY ANL INIUTS

UsSD
“i-ze 4=1 SITINATICN SES COUIs Lo PICDUCTICN: M;.‘I';":RIAUX IT FACTEUES DI IXGIUSTICN
EITIMATI {F PRCOUSTION CC3 267 TICL 23 2CUT3 2 FAROOUCTICH
VATERIALS AND INPUTS = ALT. 1 MATZRLAUX =T FACTSVRS DE PRODUCTION =- ALT. 1
Y‘:: Cost  Cout
vo. | quantiey Unit Item d:scrijption ot .
T P Quentite Unite Cesignaticn e Fereing Local Total
pnitaire étrangere ~ocel Total
1 11.1¢9 ton Sand Zable 6,25 - 654430 69.430
2 13.5¢¢ ton Gy:rsua Gycse 86,50 614.25C - 614.250
3 2l.c0C ton Zuzzolen: ‘ecuzzolene 13,5¢ - 2634500 2834500
[ 5.3CC 1CCC gc3 | Paper bags Cacs 1¢6,- §1,035.5CC - 1,033.500
5 35 ton Zxplosives Zxplesifs Te200,~ 324,.,CCC - 324.0CC
6 6 1CC zes| Cap prizers AGCICS $5C, - 2.500,« - 3.96C,~
. - Detonesing fuss - ee o -
7 1c It = Cordeau deétcnnent 8¢, 8eoalt, 4.600
B 5CC 16CC 1 Diesel oil laphte 35C,~ - 175.000 175.000
¢ 434550 ton Ceal Cherten 56,0 - 2,473.64C 2,473.640
Direct matepiels and linputs ~ eop
Matirisux ep facteurd de produotion iirscts 1,560.25C : 3,6€1.570 4,961.820
10 254060 GCC ksh ) Electricity Zlectricits E3,~ - 2,075.0C0 2,075,000
11 4c tcn Lubricants lubrifiants 14500, - - 60,000 6C .000
12 5GC ton Tefractory zéfractaire 815,- 3C7.50C - 307.500
13 60 ton Armouring zlindage 1575,= 116.5CC,~ - 118.500
14 150 ton Nilling bodies 1l.0CC,~ 150.,0CC - 150,000
15 Spare parts 60C.CCC | 2004000 800,000
Piece de rechange ;
x/ Supplies and utilities l o €0.0G0
16 Fourrnitures et services ,utlics] - ﬁ 360.00 0.
Pactory overhead matqrials ani utilities 000
Frais géperpux dss xjtériaux i etelier 1,176.000 29635.000 .81
17 Supplies and utilities 16C 000
Pournitures et services sutlics] 160.000 *
Administrative overh¢ed paterizls - 100,000
Frais zénerpux Jes térieux d administration 160,000 *
1
o 3,156,256 15,736.570 | 6,652.920
i
J
x/ Nete :

Itsm 16 includes electricity -~ 2,500,00C kik, l.e0, 2C7.500,~ USD
“oudbrijue 16 comprend 1 électricité - 2,50C40CC kih, Ce-ae=d., 207.5CC,= U3D




Scnejule 4=l Z3TIMATE CF PRICUITION CUUT: RATIRIALS AND INFUTS
Tieces <l  ESTIRATICH D&3 (UTS DE PRUDUCTICH: XATERLAUK EI FACTEUR: DE PRCDUCTION usp
”~
SSTIMATS CF SRCOUSTICY o027 SSTIMATICH D25 COUTS DE PRCDUCTION
HMATERIALS AND INPUTS - ALTs 2 UATERIAUX T FACTEURS DE PRODUCTICN = ALT. 2
| t
No. fRuantity | Unit Iter descripiion ost Cost - -ut
Quantite Uniteé Designation Cout Foreign Locas Total
itaire étruggorc Local Total
1 11 1C¢ ten Sand 3able 5,25 - 69.430 694430
2 1C 5CC tun Sy ;3um Gypse 56,50 6144250 - 614.25C
b} 21 oC " ten 2uzzclane Pouzzclane 12,5C - 283.50C 283.500
4 5 3CC 1CCC pesd Papar bags Cacs 145,- 1,032.5C0 - 1,833.500
5 45 ten xilesives  :ixilasifs TedlCl,= 324.00C - 324.000
' 6 3 1CCC zes| Ter crimsrs Amorc:s 85, = 3e9CC - 3.900
1 1< Wl m Z2tonating fuse - -
Corisau ictonnent 460, 1 44600, 4.600
8 50C L locc 1 Di=s+1 cil liaphts 35C, 4 - 175.0C0C 175.00C
S 23 S4C i ten Ccal Charbon 5T+ 2,247186C - 2,247.180
1c 4 90C . ten Fuel cil Puel 3CL, 4 - 1,470,000 1,470.000
Dir:ect :ataiials and faruts - o
Mctérisux 2t facteursﬂ:e sroduction directs 4,227443C 1,997.530 62254360
11 22 560 . 1CCC k#h| Zlectricity Slectricité 83,4 - 11,867.50C 1,667.500
12 40 . ton Ludbricants Lubrifiant 1.5¢C,4 - I 6C.0C0 60,000
13 400 [ ton Refractorr Réfractaires 615, 4 246.0CC - 246.000
14 40 ! ton Armouring  Blindege 1.575,4 794C0C - 79.000
15 goc " ton il ing boiies loOOC,ﬁ 53 eLCC - 90,000
16 Spere parts 60C «CCC 20€.000 8004000
Pieces de rechange
Supplies and utilities - | .
17t Pournitures et servicas | 3cc.000 3004000
‘ publics |
rectory overheai uategials and utilities e iA .500 2
Frais g néraux des wafériaux ¢ stelier 1,¢15. £,427.50 3,442.500
18 | Supplies &nd utilitiss . | . 00.600
; Fournitures et swrvices 1cc.c00 1
| rublics
i
Administrative cverhedad reterisls - 100,000 100,000
Preis générjux des mafirisux 4 administretion
Total 5,2420430 | 44525.430 | 9,767.860
Totel
x/ Note:

Item 17 intludes slectricity = 2,50C.06C kWwn, i.es, 2074500, USD
aoubrigue 17 com:rend 1'électricite - 2,5CC0CC kbR, Ca=Ba=ds, 207.500,~ USD
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5. LOCATION AND SITE
5.1. Location

The new cement plant with capacity of 700 tons of clinker
per day will be located in the area of the existing c ement plant
in Amboanio thatis situated on the right bank of the Bombetoka
Bayin the vicinity of the outlet of the Betsiboka River .

The cement plant will be located south to MAHAJANGA , air
distance 15km , road distance 35 km .

The proposed site for location of the cement plant can be
characterized as an area suitable for construction of a new cement

plant withconvenient overall conditions .

Other possible localities were not taken into considerati on

since any other locality would require :

take over of additional land and consequently elevated cost
ofland and its preparation ;
- decrease of exploitable raw materials reserves due to

necessary location in the area of limestone and marl deposits ;

- construction of new auxiliary services H

construction of a new infrastructure ;

5.2, Site

The lay - out was influenced bya necessity to maintain and
continue the operation of the existing auxiliary s ervices as well

as by raw materials availability and tic ~in to existing networks,

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

In spite of the above mentioned limitations the lay - out

is in conformity with the r equir ements of the te chnologic al process
adopted .,
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Selection of the site fully respects accessibili ty of raw
materials , utilities , manpower;and capital costs .
=2 $2eographical Conditions
The site of the new cement plant is situated in the area
of the existing cement plant in Amboanio on the ri ght bank of
the Bombetoka Bay in the vicinity of the outlet of the Betsiboka

River . Road distance among the site and MAH AJANGA is 35 km.

The site surface is flat with minor vegetation y altitude 7 m.

2 ;2 . Tr‘ansPort

At present the site is accessible by two ways , as follows:

= Access from the sea - by means of cargo ships anchor -
ing5kmaway from the pier in the open sea and consequ~
ent transfer of cargo to boats twice a day in total duration
of 2 x 3 hours . At the pier the cargois transferred
from the boats onto trucks or facto ry railway cars ,

The distance between the pier and the plant proper is
about 500 m ,

- Road access =17 km long road connection to the
ANTANANARIVO - MAHAJANGA high way .
The distance between the site and the MAHAJANGA seaport
is 35km .

Implementati on and operation of the ce ment plant will depend
on conside rable volume of transport of bulk and oth er mate rial s
eithher from and to the site which will be multi plied by a factor
of 3,5 =4 over the present state . The exi sting way of sea

transport is unacceptable for this project from the technical ’

capacity and economical points of view . Road tra nsport to and
from MAHAJANGA is consid ered to be unfavourable both from
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economical and ecolo gical aspects .

It is proposed to include in the pro ject a mew transport
Ssystem = r econstruction and putting i nto operation of an a bandon=
ed port in BOANAMARY with access from the cement plant by a road
7 kmlong .

The proje ct includes costs of reconstruction and o peration
of the BOANAMARY port within the requi rements of the cement
plant only .

Access to the road n etwork remains unchanged .

5.2.3. Extracti on Conditions

Deposits of the essentizl raw materials / li mestone and
marl / are situated 500 = 1000 m west to the factory .

The existing open quarry will be ised .

5.2.Z. Cost Es ti mate

The proposed site presents no requir ements in investment

costs and production costs either .

5.3. Local Conditions

2dol. Climate

Te1perature : - average 26 °C
~ maximum 32°C
= minimum 18°C

Velocity of

wind : - average 12,4 = 16,5 km / hour
= maximum 36,5 = 57,7 km / hour

maximum wind velocity during cvclone 50 m / sec .
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Earth quake : no
Precipitations : - total 1 566 mm per year
- maximum 2 692 mm per year
- minimum 1 002 mm per year
Rain period : November 109, 2 mm  February 369,7 mm
December 202,6 mm  March 282,7 mm
January £63,3 mm
Altitude +7 m
Relati ve humidity : - max imum S TAR

« mini mum 39 <

Data on climatic conditions were provided by A.S.E.N.C.N.A.,
Servic e Meteorelogique , Centre de MAHAJANGA .

‘ Q;.Z_ Tr'ansEort Facilities

K

Access to the national road ANTANANARIVO - MAHAJANGA
i s possible by a branch road 17 km long .

Connection with the port of MAHAJANG A is po ssible by cabota ge,
Dis tance by sea between the port of MAHAJANGA and a pier of

the cement plant of Amboaniois approx.15 km .

The pier is operational only during tide twice a day in durat=-

ionof 3 hours .

This project takes into ac count the reconstruction of the abandon-

ed Boanamary port which may be accessible by ships .

Following measures are to be adopted to restore operation
of the port :

i/ To remove sediments from the sea bottom
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ii/ To install a mobile < rane nece ssary for shipping
of cement ,and unloading of gypsum , coal and

auxiliary material

iii /To construct a handling platform

iv/ To fix up a road from the port to the cement plant .
Tran sport between the port and the site will be provid-
ed by trucks .

Service and potable water will be supplied from th e exist=

ing water supply system .

The site is supplied with electricity from the diesel generat=
ing setof the existing cement plant until the overhead lines

for the project have been put into service .

2doboManpower,
Manpower for construction and operation of the new cement
plant will be provid ed by the pe rsonnel of the exis ti ng cement

plant and will be complemented by unskilled workers from Ambo anio
and Boanamary villa ges .

2-322: Kiscal and Legal Regulaticns
General and le gal regulations in the Malagasy Democratic

Republic are valid for construction and operation of the new cement
plant .

;'_5 3 6. Constructl on _ Frect1on and Mainte nance Famht_y

There are very well equipped workshops with skilled manpower ,
stores , offices , a laboratorv, and a diesel generating set in the
arez ¢t the existing cement piant ,
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These facilities will be kept in use during construction
and operation of the new plant ,

5.4. Environmental Impacts

Construction of the new cement plant will entail no negative
impacts either on environment or on housing since all activites

areto be carried out within the area of the existing factory,

Operation of the new factory will have the following environe
mental impacts :

- increased traffic in both directions
- dust and gas pollution will be within the European

standard limits and will , nevertheless , be 1o wer than

that of the existing plant ;

- considerable decrease in manpower requirement / by more
than 50 % of the existing manpower / simultaneously
with requirements on higher d egree of skill

5.5. Cost Esti mate

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 ¢ orresponding
law regulations this study does not envisage any tax and le gal
expenses , contributions to be paid to the government .

It is supposed that the abandoned BOAN AMARY port will be
provided by the State authorities to the factory free of cost,
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6. PROJ ECT ENGIN ZERING

6.1. Project Layouts

6.1..1. Production Programme

Subject of the Feasibility Study is a cement plant project

in Amboanio d esigned in two alternatives :

Alternative 1  features a short rotarykiln and an exchanger
with output of 700 tons of clink er per day by
dry process .

Alternative 2 features four shaft kilns working with " black =
- meal " technology output of 175 tons of clinker

per day each , i.e., 700 tons of clinker per day.

The cement plant will produce cement whose quality shall
meet specifications of the French Standard AFNOR NF =P 15 -
- 301 / Dec. 1981 /, class Z3.

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

Minimum guarranteed compressive strength is to be

R days min. 17,5 MPa

7
R28 days min. 35 MPa .

Soecification accept maximum admi ssible content of additives
350% , including gypsum .
Clinker will be ground together with following additives :

5 % of gyps um

10 % of pozzolana




Clinker produc tion per year : 220 000 tons

C ement production per year : 250 000 tons

The annual production of cement will be packed in 30 kg
paper bags and will be delivered in £Z0 % / 100 000 tons /
by ship and in 60 5 ; 1500 00C tons / by road transport .
The project takes also into consideration a provision for

bulk cement loading .

6.1. 2. Supply Programme

The production technology is based on es sential raw
materials = limestone and marl = whose deposits are located

in the vicinity of the cement plant

Other raw materials / gypsum , sand , pozzolana / and

coal will be purchased .
6.1.2.1. Limestone and Marl

Total annual cons umption of limestone in natural conditi on
5% H20 will be 166 640 tons .

T otal annual c onsumption of marl in natural condition /10 %
HZO / will be 203 375 tons .

Limestone and marl are extracted in quarry located 500 m
from the factory . The quarry is the c ement plants property .

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

storage area 2 x 6150 tons ,
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6.1.2.2. Sand

T otal annual consumption of sand in natural condition
/5% H,0/ will be 11 109 tons . Sand stock represents

500 tons , i.e., for 14 days of continuous operation .

6.1.2.3. CGypsum

A nnual co-sumption of gypsum in natural condition /5 %
H 0 / will be 10 500 tons . Storage of gypsum will have a
capacity of 5000 tons which represents 6=month stock .
Capacity of storage reflects the nece ssity to import gypsum

from F rance .
6.1.2.4. Pozzolana

Annual consumption of pozzolana in natural condition / 5%
H,0 / will be 21 000 tons . Storage will have a capacity fo
2 700 tons which will be 30-day stock for operation of the
cement plant ,
6.1.2.5. Fuels

Alternative 1 = Rotary Kiln

A nnual consumption of local coal from SAKOA with calorific
value of 5 079 kcal per kg or 21 265 k] per kg at 8 % H?O will

be 43 570 tons .,

A lternative 2 « Shaft Kiln

A nnual consumption of imported coal / Mozambique / with
calorific value 6 000 kcal / kg or 25120 k] / kg and 8 % of
H?O content will be 32 340 tons .,




Raw materials and coal will be dried during grinding
by burning of 1ight fuel 0il with calorific value 9 000 kcal/kg
or 37 681 kJ/kg . Annual consumption is estimated at Z 900
tons . The given quantity will meet requirements in drying
of raw materials and coal even during most severe rainy

periods .
Coal storage is 5000 tons in both alternatives yi.e.,
stock of coal for 35 days at least ; 1light fuel oil tanks will

have a capacity of 270 tons = stock for 18 days .

Coal will be stored in a sheltered stockyard . Capacity

of storage may be increased by open = air storing .

6.2. Scope of Project

6.2.1. Ce ment plant delive ry comprises :

a / Complete delivery of machinery and equipment including
erection ;

b/ Complete delivery of electrical installation , instru -
mentation and control equipment incl. erection ;

¢/ N ecessary construction materials and civil works ;

d/ Topographic survey of the site ;

The cement plant deliveri es include transport means for
transport between the site and the BOANAMARY port , Other

transport of materials will be provided by local transport
¢ ompanies .,
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6.2.2. This Study is based on data provided by Malaga sy

authorities :

a/ Long - term ex perience with raw materials and additive s

used durin g operati on of the existing plant ;

b/ Chemical analyses of fuel , service and potable water 3

c/ Climatic conditions of MAHAJANG A district .

6.2.3. Alternatives
The existing cement plant in Amboanio manufactur es clinker

by wet process .

P hysical and mineralogical properties of e ssential raw ma =
terials permit , however , to use dry process of clink er
manufacture . This is less demanding in power c onsumption and

more cffici ent

The study takes into considerati on production of ¢ ement

in two alternatives :

- Alternative 1 = rotary kiln ,capacity 700 tons of clinker
perday ;

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

6.2.4. Production , Auxili ary and_Service D epartments

01 Limestone and marl quarry
02  Crushing plant and conveying to plant

03 Raw material storage
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04 Raw grindin g plant

: 05 Homogenization silos

06 Clinker burning

07 Clinker and additives storage

08 Coal storage

09 Coal grinding plant

10 Cement grinding plant

11 Cement silos

12  Packing plan*

13 Substati on and power supply

14  Compresor unit

15  Water supply system

16 Flectrical installation

17 Instrumentation and control

18 Roads

19  Outdoor lighting and tel e communication
20  Rain drainage

21 Boanamary port

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

2Z  Store of lubric ants / existing /

25 Workshops and stores / extension /
26  Gate house [/ existing /

27  Water distribution system / existing /
28  Emergency generating set / existing /

29  Sanitary facilities / extension /
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6.3. Technology

6.3.1. Technologic data

Proposed compositi on of raw mix

li mestone 45 %
marl 52 %
sand 3%

kiln cutput : 700 tons of clinker per day

time utilization factor : 315 days per year
annual production of clinker : 220 000 tons
annual procduction of cement : 250 000 tons
consumption of raw materials

on dri basis specific consumption

*

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

1120 tons per d ay

consumption of natural raw
materials 7,6 % H,0 / : 380 864 tons/year or
1212 tons/day

consuzpticon of raw materials
/moisture 10 % H..0 / : 391 000 tons /year or

B 1244 tons [ day
consurpti oa of lim estone on dry
ba sis 2 158 400 tons /year or 504 tors/day

= in natural condition
/5% H0 / 166 640 tons/year , 530 tons/day

consumption of marl on dry
ba sis ‘ : 183 040 tons/year or 582 tons/day
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- in natural condition
/ 10 41,0 / : 203 375 tons/year or 646
tow.s/day

consumption of sand ondry
ba sis : 10 560 tons/day or 3Z tons/day
- in natural conditi on

/5% H0 / : 11 109 tons/day or 36 tons/day

c onsumption of gypsum on

dry basis : 10 000 tons / year

- in nataral conditi on
5% H,0 / : 10 500 tons / year

con sumption of pozzolana on

d ry basis : 20000 tons/year

- in na tural conditi on
/5 S5HN0 / : 21000 tons /year

Consumption of coal :

Alternative 1 = R otary Kiln ¢

L ocal coal from Sakoa low calorific value 5 079 kcal/kg

- clink er burning / specific consumption estimated
at 800 kcal / kg  of clinker / 3 350 k]/ kg of clinker /
~ 34650 tons/ year

-~ additional heat for the raw mill / raw mix moisture

10 % , moisture of dried raw mix 5%/ = 5130 tons/year
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- additi onal hcat for the coal mill / moistire

ofcoal 8%/ 720 ton s/year

Total consumption of coal .} 500 tons/year

Con sumption of coal /moi sture 8% / 23570 tons/year

Alternative 2 = Shaft Kilns

Only imperted coal / MO ZAMBIQUY/ can be used .
Local coal from Sakoa is not suitable due to high content
of volatiles .

- Estimated heat consumption : 850 kcal/kg of clinker ,
i.e., 33560Kk]/kg .

- Consumption of imported coal with low calorific value
6 000 kecal /kg of coal 31170 tons/year

consumption of coal /moisture 8 % / 33540 tons/year

- Consumption of fuel oil / for drying of raw mix and coal /
low calorific value 9C00 kcal/kg of oil 4 900 tons /year

Total consumption of fuels ¢ 33 540 tons of

coal/year
4 900 tons of

fuel vil/year

Water consumption | _______ ———— AL AL 2,
circulation cooling water 60 cu.m, /hour 30 cu.m, /hour
evaporation , losses 6 cu,m, /hour 3 cu.m, /hour

s ervice water 10 cu,m. /hour 15 cu.m./hour
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process water 76 cu.m. /hour 48 cu.m. /hour
w ater c onsumed

in process 16 cu.m. [/ hour 18 cu.m. /hour
potable water 6 cu.m./day 6 cu.m./day

E lectric pow er consumption

S pecific power consumption per one ton of cement ,
in total :

=Alt. 1 = Rotary Kiln : 110 kWh
-Alt. 2= Shaft Kiln : 100 kWh

T otal annual c onsumption of electric power will be :

"Alternative l = Rotary Kiln 27 500 MWhrs
Alternative?2 ~ Shaft Kilns 25 000 M hrs

6.3.2. Description of Technology

Individual differ ences between the proposed alternatives
are pointed out .

01 = Limestone and marl quarr

Raw materials = limestone and marl deposits = are
located in a distance of 500 m from the cement plant,
D eposits are formed by a plain terrain with surface of 300 sq.km.
between Mar ohogo and Berivotra rivers, The deposits are opened

by an open = pit quarry supplying the existing cement plant ,
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Lim estone and ma rl extraction i s estimated at 5 days
aweek by two shifts |
E ffective work = 6 hours per shift .
Both raw material s are extracted in the same quarry where
limestone formes the upper layer 14 = 18 m thick while marl
limestone form s the lower layer with exploitable thickness
of 1l m . Raw materials will be primarily separated by front=
-face blas-ing
Drilling will 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 uptol cu.m./ will be
load ed onto m edium capacity trucks / 13 tons/ by means of
h ydrauli ¢ loaders. T he trucks will haul the raw materials
to a crushing plant hopper . The crushing plant is located

in the quarry , average transport distance being 500 m .

T xtraction capacity requirements approx. 8 850 tons/week
/ provided that limestone moisture<5 % , marl = 10 % HZO

and exploitation losses = 5% .

With 5 working days per week the daily extraction output
will be 1 770 tons

With twoworking shiftsand effective time 6 hours per shift
is the extraction output per hour 148 tons

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

output of one hydraulic loader with capacity 1,25 cu.m. is
200 tons / hour .
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02 Crushing and Conveying to Plant

T he crushing plant is situated in the quarry . ! ma =
terials brought by trucks ar e discharged into a ho;, »r under
which a variable = speed apron feeder will be installed .
Raw materials are fad irnto 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 arca in the factory.

The crushing plant is rated at 200 tons per hour and is

fully equipped with complete accessories including dust collection

and a maintenance bridge crane .

Necessary quantity of raw materials

/natural condition / 8 232 tons per we ek
Daily output of the crushing plant 1 647 tons per day
R equired output with effective
“working time 2 x 6 hours 137 tons per hour
nominal output 200 tons per hour

03 Raw Material Storage

Raw material storageis designed as follows

- ‘mestone / marl miX in two pre = homo piles
= correction limestone in one pile

- silica sand in one pile

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 limestone is conveyed to the pile in a similar
way . Silica sand will be transported to the factory by
trucks and stocked directly in the open pile .

The whole storage area is situated in open space without
rmofing .

Storage capacity @
Capacity of limestone / marl , piles , with production

of 700 tons of clinker per dayis 2 x 6 150 tons | reserves
for 2 x 5days / .

Capacity of pile of correcti on limestone i s 600 tons
| reserves for 10 days / .

Capacity of pile of sand 500 tons / reserves for 14 days /.

04 Raw Grinding Plant

Alternative 1 = Rotary Kiln

The raw grinding plant is desi gned for drying and grinding
of raw mix to raw meal suitable for clinker burning in a short

rotary kiln equipped with a preheater ,

Individual components of raw mix , i.e., limestone / marl
mix , correction limestone and sand will be reclaimed from
th e stockpiles by means of a hydraulic reclaimer and fed into
steel hoppers, Each hopper is equipped with an auto matic w eigher,
Weighed components ar e then conveyed to the grinding plant ,
The grinding plant comprises a drum mill @ 3,7x9m ,
The grinding system works with mechanical circulation with air
s eparator , At the mill inlet there is installed an impact crusher with
a drying shaft , The exit gases from the rotary kiln as well as

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

ing shaft , Dried and ground raw mix i s conveyed into the air
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separator by means of a bucket elevator . Coarses are re turned
to themill .

Finished raw meal is conveyed to homogenization silos .

An electrostatic precipitator is provided for dedusti ng
of both the raw grinc ing plant and the rotary kiln .

G rinding output is 70 tons per hour with final fineness
of 12 = 15 % residue Z 900 mesh .

An automatic sampler will be installed in the raw meal
conveying system . I is designed for automatic determinati on

of raw mix chemical composition

Raw meal consurption 7 820 tons per week

G rindin g ou tput 70 tons per hour

L ffective workin g time of the plant 6 days , 20 hrs per day
Working hours vcer week 112 hours

Alternative 2 / Shaf: Kilns /

The raw grinding plant is designed to dry and grind raw mix
together with coal to black raw meal suitable for clinker burne
ingin shaft kilns ,

Individual raw r.eal components and black coal are reclaim ed
from the stockpiles by hydraulic reclaimers and fed into
steel hoppers and by belt conveyors to bins. The weighers auto =
matically control rav- materials ratio ,

Two separate grinding plants are designed for preparation

of black raw meal ., The grinding plant compri ses the vertical

LOESCHE mill , and dedusting equipment / electrostatic pre -
cipitator .,




-76 -

Raw mix will be dried in the mill by additional hot exit

gases from a fuel oil fired hot gas generator .

P repared black raw meal will be conveyed mechanically

to homogenizati on silos .

Raw meal consumption per week 7 840 ton s

Qutput 2 x 30 tons/hour
Effective working time 6 days , 22 hrs/day
‘Jorking time 131 hrs/week

In rainy season the Alternative 1 with the raw grinding plant
consisting of the drum mill and the drying - shaft crusher upstream
of the mill will be applied , to dry and grind raw mix of up to 14 %
of moi sture content with the same output . If moistureis within

limits of 1£ = 17 %5, the output shall be cut down accordingly .

The Alternative 2 with the raw grinding pla nt consisting
of the vertical mill is foreseer , todry and grind raw mix of

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

Both grinding plants are equipped with drying chambers

suitably rated sven for extra moist raw mix during rainy s eason .

In order to eliminate negative effects due to incr eased
mois ture of raw materials, the Consultants recommend to schedule

major re pairs during the rainy periods .

05 Homogenization Silos

A lternative 1

A through = flow = type homo genization system has been

selected for raw meal homcgenization . The svstemn comprises

two silos ,
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Raw meal i s conveyed to the silos by means of airlifts and

a system of airslides .

Homogenization process takes place in the lower parts of
the silos by means of fluidizing air . Air is periodically

blown inside the quadrants of the silo bottoms .

Homogenized raw meal i s discharged from both silos
s imultaneously , and i s proportion ed through an auto matic weighe=

ing device and by an airlift into a preheater of the rotary kiln .,

Capacity of silos 2x 2 800 tons
Daily demand of the kiln 1 120 tons

Stock of raw meal in the silos 5 days

F eed rate max. 90 tons / day
Discharge rate max. 55 tons / day

A lte rnati ve 2

A system of two - com partment silos has been selected for
homogenization of black raw meal . The system comprises four
silos .

Raw meal is conveyed to the silos by means of bucket el evators
and airslides . Each siloisdivided into two parts .
Raw meal is homogenized in the upper part by compressed air.

The lower part is designed for stocking .

Homogenized raw meal is discharged from the silos and
w eighed for pelletizers installed above the shaft kilns

Capacity of silos 4 x 1650 tons
Daily requirement of the kilns 1120 tons
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Stock of raw meal in the silos 5,8 days
F eed rate max. 2 x 40 tons/hr
Discharge rate max, 55 tons

06 Clinker Burning

Alternative 1 = Rotary Kiln

Clinker will be burned in a kiln system with capacity
of 700 tons per day consistiny of a suspension preheater and
a short rotary kiln with planetary coolers .
R aw meal entering the upper part of the preheater is pr eheat=

ed by hot exit gases from the rotary kiln .

P reheated and partly calcined raw meal enters the rotary
kiln where calciningand sintering processes are completed .
Clinker is cooled in planetary coolers. Gases from the rotary
kiln are dedusted by means of a conditioning and tower electric
precipitator common for both the kiln and the raw mill .

Precipitated dust is conveyed , as follows :

- with the rotary kiln and the raw grinding plant working
together , dustis conveyed with raw meal to the homo =

genization silos .

- with the rotary kiln working alone , dustis stored in
a bin from which it is added to raw meal when the raw

grinding plantisin operation .

Producti on capacity in clinker 700 tons/day

Calorific consumption 800 kcal/kg of
clinker

Rotarv kiln ¢ 3,9% 62m
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Planetary coolers 9 1,5x11m-ten pcs
Effective working time 315 days / year ;
2/ hrs [ day

Alternative 2 = Shaft Kilns

Clinker will be burned in four shaft kilns with total capacity
4 x 175 tons per day . Black raw meal is fed a pelletizer where

pellets are prepared adding water in an amount of less than
15 % .

Pellets proceed through various zones / drying , calcin-
ing, sintering and cooling / of the kilns . Clinker is ¢ ooled

by s econdary air blown into the kilns

Gases fromthe kilns pass through dust collectors ,

Precipitated dustis added to raw meal .
Production capacity in clinker 4 x 175 tons per day
Calorific consumption 830 kcal / kg clink er

Effective working time 315 days ; 24 hours [/ day

07 Clinker and Additives Storage

Cooled clinker is conveyed from the kilns by means

a chain converor and a bucket conveyor to the storage pi’

Storage area is roofed and comprises the piles of clinke v,
gypsum and pozzolana .

A grab crane / capacity 2,5 cu.m, / handles materials in
the storage . Output per hour = up to 200 tons .




\
-

G ypsum and pozzolana will be transpor ted to the storage

avea by means of trucks .

Capacitv of storage :

Clinker pile capacitv 14 000 tons

or 20 days s tock
G ypsum pile capacity 5 000 tons

or 1/2 a vear stock
Pozzolana pile capacity 2700 tons

or 30 days stock

08 Coal Storage

Coal will be delivered to the roofed storage area

by trucks .

Coal will be handled within the storage are by me ans

of a wheel loader with capacity of 150 tons per hour .

S torage capacity dppr‘ox . 5000 tons
or 35 days stocks

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

in open = air storage areas either inside the plantor onthe pier.

09 Coal Grinding Plant

Alternative 1 / Rotary Kiln /

Coal is taken from the storage by means of a wheel loader ,
d umped to a hopper and conveyed by a belt conveyor to a bin in
the coal grinding plant . Coalis fed from the bin to the tube

mill @ 2,5x 35 m by means of a rotary table feeder .
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Black coalis dried and ground in a air = circulation
grinding plant . The plant is protec ted against explosion

effects by security aluminium flaps .

Hotair from the satellite cooler and additional hot
gases from the gas generator are draughted through the mill
to an air separator and a s eparating cyclone . Separated
coarsc coal dust is fed back to the mill . Fine coal dust
from the cyclone is fed into a steel bin . The steel bin ha s
three outlets . The first one is designed for feeding and
dosing of coal dust to the hot gas generator of the coal grind=-
ing plant . The second one is d esigned for feeding o f coal
d ust to the hot gas generator in the raw grinding plant .

The third one is for feeding and dosing of coal dust to the
burner of the rotary kiln . The burner is also fed with
primary air supplied from the air circulation system of the

coal grinding plant .

Coal /SAKOA/ requirement p er year

/8 % humidity , 5 079 kecal /kg/ approx. 43 570 tons
Coal requirement per day approx. 140 tons
Coal requir ement per week a pprox. 980 tons
Dry coal requirement per week approx. 900 tons
Qutput in dry coal 7,5 tons/hour
Effective working time 6 days ;

20 hrs/day
Working time per week 120 hours

Alternative 2 / Shaft Kilns /

Installation of a coal = grinding plant is not taken into account
since coal will be ground togethe r with raw materials to black

raw meal .




10 Cement Grindin g Plant

Alternative l / Rotary Kiln /

The storage area for clinker and additives will comprise
s eparate bins for clinker , gypsum and pozzolana .

The bins are filled by means of the grab crane .

Dosing d evices are install ed under each bin . The belt
weigh feeders are designed for component proportioning .
M ec hanical circuit two = compartment tube mill @ 3,7 x 9 m

is presumed .

After grinding , materialis conveyed from thie mill to
a mechanical separator by means of a bucket elevator .
Coarses are returned to the mill feed . Finished product is
conveyed to cement silos by means of a belt conveyor , airlift

and airslides .

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

Precipitated dustis conveyed to a cement conve ying system .

Clinker production per week 4 900 tons

Cement mill output / fineness

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

C ement production per week a pprox.5 560 tons

C ement production per day 1 112 tons

E ffective working time S days ; 21 hrs/day
Working hours per week 105 hrs .,

Alternative 2 / Shaft Kilns /

Cement will be ground in two identical grinding plants
with capacity Z2x 25 tons per hour , grinding fin eness 2 800
sq.cm, / g according to Blaine .




The grinding system is similar to that of Alt. 1 except
for that instead of the mechanical separator a cyclone
separator will be provid ed . Finished product will be convey =

ed to the cement silos by means of a bucket elevator and air =

slides .
Clinker production per week Z 900 tons
C ement production per week 5 560 tons
Cement producti on per day 1 112 tons
Output 2 x 25 tons/hour
E ffective working time 5 days ; 22,5 hours/day
Working hours per week 113 hours

For the Alternative 1 / Rotary Kiln / , the optimum grind~-
ingunit has been selected . This solution is usual for production

of one cement .

For the Alternative 2 / Shaft Kilns / , the Consultants have
d esigned cem ent grinding plant according to an of fer by LOE SCHE
similar to that adopted for the ANTSIRABE = IBITY 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 airli ft
and airslided . Cement will be discharged from the silos by means
of extractors and conveyed to the packing plant by means of a screw
conveyor and a bucket elevator . Side outlets for possible cement
bulk loading are also provided ,

The silos are dedusted by means of a bag filter .
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C ement production per week
Capacityof silos

or

Alternative 2 / Shaft Kilns /

C ement production per week
Capacity of silos

or

12 Packing Plant

Alternative 1 / Rotary Kiln /

1 400 bags per hour .

is fed to the packing machine ,

5 560 tons
2x 3600t
9 - day working s tock

Cement will be stocked in four silos ., Cement will be
conveyed to the silos by means of a bucket elevator and air -
slides . Cement will be discharged by extractors and convey=-

ed to the packing plant by screw conveyors and buck =t elevators.
P gp Yy Yy

The silos are dedusted by means of a bag filter .

5 560 tons
4 x 1800 tons
@  lay stock

A rotary 8 - valve bagging machine will pack cement into

50 kg bags . Qutput of the machine will be 70 tons per hour or

C ement discharged from the silos is conveyed by means
o f a bucket elevator to a rotary screen in order to remove

impurities , Behind the screen there is a bin from which cement

Tilled bags fall automatically onto a rotary table which directs
the bags to further conveying, Spilled cement under the packing
machine is conveyed by a screw conveyor and a bucket elevator to

the bin , Bagged cement is conveyed by belt 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 made for palletizing behind
the packing machine .

The pall ets may be stored in a sheltered store and then truck-
ed to a store in th e Boanamary port . The store in the port

serves as a buffer stock .

C ement production per week 5 560 tons
or 111 200 bags
P acking machine capacity 70 tons per hour
or 1 400 bags per hour
Working hours per week 84 hours
[t ffec tive working tim e per w eek 6 days , 14 hours/day

Alternative 2 / Shaft Kilns /

Two Z=spout bag filling machines will be provided .
Outpit of the machines will be 2 x 20 tons per hour , i.e.,
2 x 400 bags per hour .

Further description of the packing plant is similar to that
of Alternative 1 , except that instead of the 8 = valve packing

machine , two 4-valve packing machines will be provided .

Cement produc ti on per week S 560 ton s
' or 111 200 bags
Output of the ma chines 2 x 20 tons /hour
or 2 x 400 bag s/hour
Working hour s per we ek 139 hours

E ffective working time 6 days , 23 hrs / day




13 Substation and Power Supply

Data :
Installed kW = process equipment 8 500 kW

- other 300 kW

TOTAL 8 800 kW
Effective kW 6 600 kW
Power consumption :
Alt. 1 110 kWh / ton of cement
or 27 500 kWh

consid ering 250 000 tons of cement p er vear

Alt, 2 100 kWh / ton of cement
or 25 000 kWh

considering 250 000 tons of cement per year .

Voltage : 3x 6000V , 50 Hz for H.V. motors
3x380/220V , 50 Hz for L .V. motors
220V , 50 Hz for lighting
1oV , D.C. for emergency li ghting

Shock protection :

= connection o0 neutral for L .V. equipment

= earthing for H .V . equipment

I lectric power supply

The cement plant will be supplied with electricity from the
public JIR AMA grid by two overhead 20 kV lines,
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Substation

The substation will be equipped with two transformers ,
20 / 6 kV , output 6 300 kV A and

20 kV inlet switchgear and 6 kV outlet switchgear .

The 6 kV switch gear will feed 3 secondary substations .

A separate transformer , 6 000 / 330 V , will feed a lighting
system and auxiliary equipment .

In case of black = out the e ssential electrical equipment will

be automatically switched over to the existing diesel generating

setin the factory .

14 Compressor Unit

T he compressor unit generates c ompressed air for fluidicat=

ion of cement in the silos and control of the plant .

F luidi zi ng air pressure 0,3 MPa

C ontrol air pr essure 0,6 MPa
Consumption of c ompressed

ai: / pressure 0,3 MPa / 1 500 cu.m,per hour
Consumption of compressed

air /pre ssure 0,6 MPa / 300 cu.m. per hour

15 Cooling Tower and “Vater Supply System

This system ensures supplies of cooling and service water
in the factory .

S ervice water will be supplied from the AMBATOM ALAMA
dam / distance 7,0 km / to an existing steel tank located 1,5 km
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away from the plaiat whereof water will be supplied by a tubing.

Service water will be necessary for :

- Process purposes / water injection into the conditioning
tower , pelletizing /
and washing of cars and general clearing .

= Certain part of service water makes up for losses in the
w ater cooling system .

= Certain part of service water is treated to potable water

/ as it is now / .

T he water cooling circulation system consists of the pump=-
ing station , the cooling tower , the water tank and the distribut=-

ion system ,

Alt.1 Ale. 2
Quantity of cooling water 60 cu.m./hour 30 cu.m./hour
C onsumption :
- evaporation + losses 6 " 3 "
- process 10 " 15 "
S ervice water TOTAL 16 cu.m, /hour 18 cu.m./hour
Potable water TOTAL 6 cu.m. /hour 6 cu.m./hour

16 Electrical Installation

S econdary substations will be equipped with 6 kV switchgear
for H.V ., motors , one 6 000 / 380 V transformer and 380 V distribut =
ion boards for feeding of L.V, installations .
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T he substations will be installed in the raw grinding
plant , the ceme jrinding plant , the quarry and the B oanamary

port .

Electric 1 ors will make part of machinery and will

be desigred for humid tropical conditions .

Cadles connecting the substations with the departments
will be laid in ducts . Inside the buildings they will be mounted

on walls or laid in floor conduits .

Lightning protection system , metallic structures and
bodie s of machiner v and equi pment will be interconnected

with the common earthing system .,

17 Instrum entati on and Control

Irstrumentati on and control equipment will be divided

into three basic conatrol centres :

- quarry , crushing plant
- nucleus of the plant , i,e., from raw material
storage upto cement conveying to silos

- packing and loading plant .

The nucleus of the plant will consist of several control

s ubcentres ,

R emot e motor control is envi saged with possible local

out = of = sequence control from the control panel ,

Measuring and control instrum entati on will enable
automatic pre ~ setting and stabilizing of essential process
pa rameters /temperatures s, pressure , flow etc, /




19 Lighting and C ommunications

Indoor and outdoor 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 centralized intercommunication system and a private telex

station .

21 Boanamary Port

The existing cement factory possesses a little port
/ pier 100 m long / which is situated aboum 750 m away from
the factory . This port is accessible from sea during tide
twice a dayin duration of 3 hours only . Access is possible
for chalands with capacity less than 90 ton only . Therefore
coal , additives , cement and auxiliary material s 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 .

A s mentioned earlier , it is proposed to renew operation
of an abandoned seaport at the village of BOANAMAR Y which

would be accessible for ships .

I ollowing mea sures must be adopted to make this port

accessible and opertional :

a/ To clean the port bottom and remove sedim ents

b/ To restore the handling platform and instatll
a mobile derrick for loading the pallets of cement
and unloading of coa! , gypsum and auxiliaries
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¢/ To construct an interstorage platform partly

- open : for unloading of coal and gypsum

- roofed : for buffer stock of palletized c ement
d/ To fix up the road from the factory to the port

for trucking .

T ransport re quirem ents :

Black coal Sakoa = Alt. 1 £3 570 tons per year
+ Black coal imported = Alt, 2 33 540 tons per year
G ypsum 10 500 tons per year

A uxiliary / refractories ,
spare parts , ... / 1 500 tons per year
B agged cement / 40 % of total

production / 100 000 tons per year
T ruck requir ements :

T ransport di stance = 7 km
T ransport output per hour per truck
/1oad capacity 15 tons , 2 cycles per hour / 30 tons

D aily transport raie from the port

to the factory 300 tons
D aily transport rate from the factory

to the port 330 tons
Daily capacity of a truck /12hrs / day / 360 tons

TOT AL requirements of trucks :
3 including 1 standby
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Cement production technology described in both

alternatives is generally used in the world therefore

its adoption i s not subject to any patents , licenses and

know = how .

6 .4, E quipment

6.4.1. Equipment = Alterna:ivel/Rotary Kiln /

Ol Limestone and marl quarry

01.01
01.02
01.03

01 .04

01.05
01.06
01.07

T otal weight :

Drilling rig
Mobile compressor unit

Air - operated ha mmer inc.
accessories

Hydraulic excavator
bucket capacity 1,25 cu.m .

Truck , capacity 150 kN / 15 tons /
Mobile diesel generating s et
Bulldozer

102160 kg

02 R aw Materials Crushing and Conveying

02 .01
02.02
02.03
02 .04

02 aOS

pmd g

Apron feeder
Feeder side guides
Hamme r crusher incl, driving unit

Hand = operated bridge ~ crane ,
lifting capacity 200 kN

Crane rails

Y

TR YTTE—




02.06 1 Bag filter

02.07 1 Radial fan

02.08 1 Belt conveyor 800 x 620 000 mm
02 .09 1 B elt conveyor 800 x 180 000 mm
02 .10 1 \onveyor belt gantry

02.1 1 Set of hoppers and chutes
02.12 L Set of structures

02.13 1 Set of dedusting pipes

TOTAL kW £35,9 kW

WEIGHT TOTAL 321 750 kg

03 Raw Material Storage

03.01 1 S tacker

03.02 2 Front loader

03.03 1 Apron feeder 800 x 6 400
03.04 1 Belt conveyor

03.05 2 Apron feeder 650 x 6 400
03.06 2 Belt conveyor 650 x 35 000
03.07 1 Belt conveyor 800 x 40 000
03.08 1 Set of hoppers and chutes
03.09 1 Set of structures

TOTA L. kW 88 kW

TOTAL WEIGHT 135 350 kg

04 Raw Grinding Plant

04.01 1 Two = way valve gate
04.0? 1 Impact crusher and drier
04.03 1 Hot gas generator

04.0.L 1 Battery of cuvciones
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i
0£.05 1 Radial fan E
04 .06 1 Dust conveying system [
04£.97 1 Drum mill ¢ 3,7 x9mincl.

grinding media

v, v-\v-vw-'

Z .08 1 Bucket elevator
0£.09 1 Air separator :
0£.10 1 Airslide ’
0z.11 1 Air separator
0L .12 1 Belt conveyor 800 x 6 000
04 .13 1 Airslide
0Z£.1 1 Airslide
0£.15 1 Steel dust bin
0£.15 1 Dust bin fluidi zing equipment
04.17 1 Turnstile discharger incl. sliding
gate
04£.18 2 Bag filter ‘
04 .19 2 Filter supporting structure
04 .20 2 Single induced ~ draft fan
04 .21 2 Screw conveyor @ 250
0L .22 1 Bucket elevator
04 .23 1 Round bag filter
04.24 1 Steel bin , 50 cu.m.
CL.25 1 G ate valve
04£.26 8 Double oscillating valve
04.27 L Hand - operated hoist
04 .28 1 Double proportioning screw conveyor
0£.29 1 Hot gas generator , 10 x 100 kecal/hr
04£.30 1 Hand - operated bridge crane 160 kN
04.31 1 Mill fan
04.32 1 Conditioning tower @ 6,5x 19,5
04£.33 1 Water injection system
04, 34 1 Electrostatic precipitator
04.35 1 Fan for the filter 04.34
04£.36 3 Single « phase silica rectifier
04,37 3 Screw conveyor
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>
04.35 1 Bucket elevator
0£.39 1 Set of piping
04 .20 1 Set of hoist rails
0L.21 1 Set of c hutes and hoppers
0L.22 1 Supporting structur es
0£.43 3 Grinding medi a container
0L.4L 1 kefractory lining and ins ulation
0L .43 1 X = ray analyser compl ete
with sampl e preparation
TOTAL kW 3 205,8 kW
TOTAL WEIGHT 1 188 024 kg
05 Homonogenization Silos
05.01 1 Airlift @ 1 200
05.02 1 Piping
05.03 1 Expansion vessel
05.0Z 2 Rotary piston blower
- 05.05 1 Set of silo airslides
05.06 1 Fluidi zinig system
05.07 1 Silo discharging set extr acti on
equi pm ent
05.08 1 Dosing device
05.09 1 Air 1lift O 1 400
05.10 2 Rotary piston blower
05.11 1 Bag filter
05.12 1 Filter supporting structure
05.13 1 Radial fan
05.14 1 Dust separation piping
05.15 1 Auxiliary structures

SN e ]
. *\




05 .16 1
05-1 ’
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TOTAL kW
TOTAL WEICHT

06 Clinker Burning

06 .01
06.02
06.03
06.0Z
06 .05
06.06
06.07
06.08
06 .09
06.10
06 .11
06.12
06.13
06.14
06.15
06.16
06.17
065.18
06.19
06.20

v pred el g el el pd g pd et el pemd e e pmd pmed peed ped e et

TOTAL kW
TOTAL WEIGHT

Air distribution piping

Set of hoppers and chutes

Kiln fan

Shaft preheater @ £,9 m
Rotary kiln @ 3,9x 62 m
Kiln driving unit

Set of satellite coolers
Radial fan

Double = to ggle jaw crusher
Bag filter

Radial fan

Chain conveyor

Bucket conveyor , 800 x 55 000
Set of chutes and hoppers
Set of structures

Water di stribution piping
Air distri bution piping

Exit gas piping

Radial fan

Set of rotary kiln jacks
Refractory lining

Heat insula tion

899 kW
2 275000 kg

b, 1
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07 Clinker and Addit

ives Storage

07 .01 1

TOTAL kW
TOTAL WEIGHT

08 Coal Storage

08.01 1
08.02 1
08.03 1
08.0Z 1
08.05 1
08 .06 1

TOTAL kW
TOT AL WEIGHT

09 Coal Grinding Pl

Bridge grab crane , loading
capacity 30 kN , grab volume

capacity 2,5 cu.m.

55 kW
25 200 kg

Tront loader

Belt conveyor 630 x 60 000
Conveyor bridge

Belt conveyor

Set of hoppers and chutes

Set of struc tur es

1Z kW
58 900 kg

ant

09.01
09.02
09 .03
09 .0Z
09 .05
09 .06
09.07
09.08

Steel bin 50 cu.m.

Gate valve

Rotary table feeder , ® 800
Tube mill , » 2,5x3,5m
Blade air separator
Separating cyclone , ® 2 000
Double valve 1ock

Steel bin
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1

09 .09
09 .10

09.11
09 .12
09 .13
09 .1£
09.15
09.16
09 .17

TOTA L kW
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1 Gate

2 Double proportioning screw
conveyor
Radial fan

Hot gas generator , 3 x 10° keal ! hr
Set of s te el chutes

Metallic structures

Air distribution piping

Hand = opera ted hoist

Set of control valves

£26,5 kW

TOTAL WEIGHT 110 525 kg

10 Cement Grinding Plant

10.01
10.02
10.03
10.04

10.05
10.06
10 .07
10.08
10.09
10.10
10.11
10.12
10 .13
10.14
10.15
(0.16

B elt feeder
Belt feeder
Belt conveyor 630 x 7 000
Drum mill , @ 3,7 x9 m incl.
grinding corps

_— ey =

Bucket elevator

Air = operated conveying scuttle
Air separator

Belt conveyor , 800 x 8 000
Belt conveyor , 800 x 8 000
Blade air separator

Bag filter

Double1.D. fan

Bag filter

Radial fan

Screw conveyor ¢ 25C

L I N T R I L ]

Scres conveyor O 250




10
10

10.
10.:
10.
10.
10.
10.
10.
10.

TOTAL kKW

17
.18
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TOTAL WEIGHT

11 Cement Silos

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

.01

.02
.03
.0Z
.05
.06
.07
.08
.09
.10
A1

12
13
14

15

poed it

RN =N NN TR

Oscillating valves

Hand - operated double =

- beam crane 160 kN

Hand = operated pull eywork 50 kN
Hand = operated pulleywork 32 kN
Set of rails

Cooling wa ter unit

Set of hoppers and chutes

S et of supporting structures

Dust separation ducts

Grinding media container

2 239 kW
589 364 kg

Airlift

Ducts

T.xpansion vessel
Rotary piston blower
Airslide

F luidi zing air system
Bott om di scharger

Sid e discharger

Dis charge control uait
Screw conveyor , @ 630 x 25 000
Upper silo inlet

Side silo inlet

Bag filter

Bag filter

Radial fan




100 =

1
11.16 1 Suction piping
o 11.17 1 Auxiliary material
11.18 1 Air ducts
11.19 1 S et of chutes
11.20 1 Supporting struc tures
TOTAL kW 162,53
TOTAL WEIGHT 60 750 kg
12 Packing and Loading P lant
2 .01 1 Bucket elevator
12.02 1 Security screen
2.03 1 Cement storage bin
12.04 1 Airslide
12.05 1 Control valve
12.06 1 Rotary 8 =valve bag=filling machine
12.07 1 Stor age bin under the machine
— 12.08 1 Screw conveyor
12.09 1 Belt conveyor 650 x 30 000
12.10 2 Air = operated bag diverter
12.11 2 Tele scopic bag loading conveyor
12.12 1 Bag filter
12.13 1 Radial fan
12.14 1 Suction ducts
12.15 2 Cable winding reel
12.16 2 Conveyor track
12.17 1 Set of c hutes and hoppers
12.18 1 Set of supporting structur es
- 12.19 1 S et of air ducts
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2.20 2 Hand = operated hoi st
12,21 2 Dies el oil = operated fork - lift
TOTAL kW 136,75 kW

TOTAL WEIGHT 100 064 kg

1Z Compressor Unit

14£.01 2 Screw compressor , 1 500 cu.m,
per hour , air pressure 0,3 MPa

1£.02 2 Piston compressor , 350 cu.m. per
hour , air pressure 0,7 MPa

14,03 2 Air cooler

1£.0£ L Air tank ‘

1£.05 2 Automatic air drier

14£.06 1 Air filter

14.07 1 Set of ducts

14 .08 1 Set of fittings

TOTAL kW 417 kW

TOTAL WEIGHT 31 661 kg

21 BOANAMARY Port

21.01 1 Grab crane , grab volume 2,5 cu.m,

21.02 3 Truck , loading capacity 150 kN

21.03 2 Diesel oil = operated fork = lift
truck , 2 500 kg

TOTAL kW 55 kW

TOTAL WEIGHT 105 400 kg




6.4£.2. Equipment = Alternative 2 = Shaft Kilns

0l Limestone and Marl Quarry

0l
01
01
01
01
01
0l

TOTAL WEICHT

o O

o O
s NN I

o)
>

i~

02.
02.
02.

TOTAL kW
TOTAL W EIGHT

.01
.02
.03
0L
.05
.06
.07

.0L
.05
.06
.07

Q
o

09
10
11

—_ =W N

— -

Drillingrig

Mobile compressor unit

Air = operated compressor unit
Hydraulic loader , bucket 1,25 cu.m.
T ruck , capacity 150 kN

Dies el generating set

Bulldozer

102 160 kg

2 Raw Material Crushing P lant and Conveying

Apron feeder
Hamme r crusher
Hand = operated bridge crane , 1oad,
capacity 200 kN

Crane rails

Bag filter

[.D.radial fan

Belt conveyor 800 x 800 000
Conveyor bridge

Chute s and hoppers
Supporting structur es

Dust separation ducts

£35,9 kW
321 750 kg
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03 Raw Materials Storage

03.01 1 Stacker

03.02 2 Reclaimer

03.03 1 Apron feeder

03.0Z 1 Belt coaveyor 800 x 40 000

03.05 1 Belt conveyor 300 x 12 000

03.06 2 Reversible belt conveyor 800 x 7 000
03.07 1 Sand reclaimer

03.08 1 Belt conveyor 650 x 35 00C

03.09 1 Belt conveyor 650 x 30 000

03.10 2 Reversible belt conveyor 650 x 7 000
03.11 2 Raw material storage bin

03.12 2 Correction limestone storage bin
03.13 2 Sand storage bin

03.1£ 2 Coal storage bin

03.15 1 Set of c hutes and hoppers

03.16 1 Set of supporting structures

TOTA L kW 88 kW

TOTAL WEICHT 135 330 kg

0Z Raw Grind ing Plant

4 04.01 2 Raw materials dosing device
04.02 2 Correction lim estone dosing d evice
0£.03 2 Sand d osing device
0.0 2 Coal dosing d evice
04.05 2 Belt conveyor 650 x 17 200
04.06 2 Belt conveyor
0£.07 2 Vertical mill
04.08 2 Separator
4 .00 2 Cvelone separator
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04.17
0z .18
04.19
04£.20

—_— e = =Y

TOTAL KW
TOTAL WEIGHT

Dust collec ting unit
Mill fan

D ust conveying

Bucket elevator

Set of airslides

Hot gas generator 5 X 106 kcal
per hour

Bridge crane 200 kN

S et of chutes and hoppers
Set of supporting structures
Set of air ducts

Refractory lining and insulation

3 003,8 kW
650 000 kg

05 Homogenization Silos
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TOTAL kW
TOTAL WEIGHT

Upper part fluidification system
Upper part discharging system
Lower part fluid ification s ystem
Lower part discharging s ystem
Set of sc rew conveyors

Dust collection system

Set of dust ducts

Set of supporting structures

Set of chutes

363,1 kW
90 000 kg
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06 Clinker Burning

1
2
2
2
L
L
L
A
1
1
1
1
4
L
1
1
1
1

06.02
06.03
06.06
06.07
06.08
06.09
06.10
06.11
06.12
06.13
06. 14
06.15
06 .16
06.17
06.18

TOTAL kW
TOTAL WEIGHT

Set of screw conveyors
Dosing storage bin
Bucket elevator

Chain conveyor

Raw meal weigh fe eder
Pelletizer

Vertical shaft kiln

Blow er

Clinker conveyor , 32 m
Clinker crusher

Bucket conveyor
Conveyin g bridge

Dust collecting unit

Set of d ust ducts

Set of ¢ hutes

Set of supporting structures
Lining

insulation

799 kW
1 840 000 kg

07 Clinker and Additives Storage

07.01 1

TOTAL kW
TOTAL WEIGHT

Bridge grab crane , 80 kN ,

grab volume 2,5 cu.m.

55 kW
25 200 kg
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08.01 1 Reclai mer
08.02 1 Belt convevor 650 x 98 000
08.03 1 Convevin g brid ge
08.0Z 1 Belt convevor 630 x 96 000
08 .05 1 Conveyor belt gantry
08 .06 1 Set of hoppers and chutes
08.07 1 Supporting structures
} TOTAL kW 30 kW

TOTAL WEIGHT 140 000 kg

10 Cement Plant

b —

10.01
10.02
10.03
10.04
10.05
10. 06
10.07
10.08
10.09
10.10
10.11
10.12

10.13
10.14
10.15
10. 16

RN NN R NN DD e

N NN

Bucket elevator
Belt conveyor

Reversibl e belt conveyor

Storage bins for clinker and additives

Clinker dosing device
Gypsum dosing device
Pozzolana dosing device
Cement mill

Bucket elevator
Airslide

Cyclone air separator
Airslide

| coarse material /
Airslide / cement /
Bucket elevator
Airslide

Dust collection system of mill circuit




10.17
10.18
10.19
10.20
10.21
10. 22

[}

™~ o e

TOTAL kW
TOTAL WEIGHT

11 Cement Silos

11.01
11.02
11.03
11.0Z
11.05

=N oINS

- TOTAL kW
TOTAL WEIGHT

Dust coliectioa svstem of conveying
Dust ducts

Set of chutes and ho ppers

Set of supporting structur es
Bridege crane 100 kN

Hand - operated hoi st

2539 kW
650 000 kg

Fluidification s ystem
Silo discharging s ystem
Dust collection s ystem
Set of dust ducts

Supporting structure s

262,5 kW
76 000 kg

12 Packing and Loading P lant

12,01

12.02
12.03
12.04
12.05
12.06
12.07
12.08
12.09

RN NN N DN

i

12,10

1R

Fuller pump

Screw conveyor

Bucket elevatcr
Security screen

Storage bin

Rotary dosing device
fe=val ve bagging machine
Dust collection system
Belt conveyor

Bag cleaner

7
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TOTAL kW
TOTA L WEIGHT

1Z Com pressor Unit

1£.01 2

1£.02

N

14.03
14,04
1£.05
1£.06
14.07
14.08

—_ NN

TOTAL kW
TOTAL WEIGHT

Bag diverter

Reclai ming table

Loading belt conveyor

Dust conveying sy stem

Set of d ust ducts

Set of chutes and hoppers
Supporti ng structures

Die sel oil = operated fork - lift
truck 2 500 kg

Hand - operated hoi st

186,7 kW
110 000 kg

Screw compressor , 1 500 cu.m.
per hour air pressure 0,3 MPa
Piston compressor , 350 cu.m,
per hour air pressure 0,7 MPa,
Air cooler

Air tank

Automatic air drier

Air filter

Set of ducts

Set of fittings

417 kW
31 661 kg

21 BOANAMARY Port

21.01 1

Grah crane , grab volume 2,5 cu.n.




21.02
21.03 2 Diesel « o0il operated fork - 1ift
truck 2 500 kg

w

Truck , loading capacity 150 kN

TOTAL kW 55 kW
TOTAL WEIGHT 105 £00 kg

6.4.3. Cost estimate

6.4.3.1 Producti on equipment = Alternativel 15224000 USD

- Alternative 2 16 736 000 USD

6.4.3.2 Auxiliary equipment 2127 000 USD

6.4.3.3 S ervice equi pment 40 000 USD

6.4.3.4 S pare parts , tools 1 600 000 U SD
0©.4.3.5 Engineering , ‘ransport , custom

fees , erection 13 640 000 USD

6.4.3.6. TOTAL equipment - Alternative 1 32 631 000 USD

TOTAL equipment - Alternative 2 34 143 000 USD

A detailed break =~ down of the costs indicated in Schedule 6.2.

Cost of the production equi pment in the Alternative 1 ,
is based on the average costs of similar equi pment in the
world market .

Cost of the production equipment in the Alternative 2,
is based on an indicative offer by the LOESCHE company ,
obtained by the Consultants during their stay in Madagascar .

Dif ference in co sts between the two aiternatives i s

d erived from the fact that the Alternative 1 is designed as




a sin gle line system whereas the Alternative 2 is a two = line

s ystem similar to that currently being i mplem ented in the
ANTSIRABE - IBITY project .

Different design of the grinding plants , especially the cement
grinding plant , contribute decisively to difference between

the individual costs .

6.3. Civil Engineering

Attention was paid to using of majority of building mate -
rials from local mark et such as stone , bricks , cement ,

r ein forced concrete ,etc .

T hese materials shall adequately enable appro pria te architec=
tural design of individual buildings .

6.5.1. Data

Total area of the site 45000 sq m,
A rea of networks 4 500 sq.m.
Producti on departments 11 250 sq.m.
Landscaping 4 300 sq.m,
Auxiliary departments 5200 sq.m.
R oads and c ompacted areas 8 400 sq.m,
Total built = up area 212 400 cu,m,

6.5.2. Description of Civil Engineering Works

R einforced concrete monolitic structures will be used for
constr uction of production buildings , such as :




crushing plant , raw mill , kiln , coal preparation

c ement mill , packing and loading plant etc ,

Brick structures will be used for auxiliary buildings ,

as follows :
compressor house , substation , control rooms , etc .

Combined structures comprising reinforced concrete

structur es and steel roofs will be used for hall buildings :

storage of raw ma terials , storage of clinker and

additives , storage of coal .

Special construction methods / i.g. slide shuttering /
will be used during constiructi on of hom ogenizati on and

c ement silos .

Existing buildings such as offices , laboratory , fuel
store , lubricants store , stores and workshops , loading
station , sanitary facilities will be reconstructed in an
adequate way .

In the civil works there arc included roads and concrete
platforms , rain sewerage , service and cooling water supply

system ,electric cables ducts .

Site levelling includes land preparation and diversion
of a brook .
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-3.1. Total investm ent costs in civil engineering 17 360 000 U SD

1T 1£0 000 USD
6 £20 000 U SD

= in local currancy

- in for cign currency

. Site and land preparation costs 1 800 000 U SD
. Buildings 11 Z00 000 USD
. Outdoor works 1100 000 USD

. Other costs / pro ject planning ,

transport , custom fees / 3 260 000 1J SD
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ZITINATE COF IUVESTMENT CCST: EQUIPMENT
CCUTS D INVESTISSEKENT: EQUIPMENT

riecs SSTINATICH DES
UsSD
. rd
ESTINATE CP INVE3STMZNT CCST E3TIMATICON DU CCUT D INVESTISSEMENT
BIUINERT EQUIPEXENT
‘F om ”~
| o= pescazenrcs cos? Cout
CESIGLATICH FO7ZIGN LCCAL TOTAL
ETSANGEEE LOCAL TOT
2rciuction zjuipment - Alte 1
Zxuipmznt 212 roduction - £1lte 1
- sinzstone ani marl cuarry
¢l Carrizre iu ualcair= a2t ‘e marne 6434600 643600
crushing slant znl conveying
62 consassag: -t tranzcort 9654200 654200
s rar matzriel storags
e kagasinags 22z matieres rremiires 514.300 514.300
. haw griniing plsnt
té Sroyzge 43 rmetiirss premieres 20921.200 24921200
, dcmog:znization silos z
¢5 S11s ie homoginfication 651.000 051,000
Clinker burning
cé cuisson du xlini:r 4350.400 443504400
o7 Clinker and aciitives storage
llegasinage iu xlinker 3t 3 additifp 151.200 151,200
Co2l storags
ce iegasinage du charbon 176,700 176,700
Coal griniing
G
c9 Zroyege du charbon 4424500 4424500
Cement grinding plant
10 Breyage du ciment 1,650,800 1,650,800
Cement silos
11 Silo du ciment 600,700 600,700
Packing plant
12 Zrballage 6004400 6004400
Electrical installiation
16 Installation électrique 960,000 960.000
Ingtrumentation and control
17 Instruments 3t commande 5964000 5964000
Totsl Total 15,224,000 15,224.,00G
Froiuction equipment - Alte. 2
E;uir-ment de proiucticn - Alt,2
Limsstone eni marl quarry
Ol | carriire iu calcaire st de marne 643.600 6434600
Crushing plant end conveying _
o2 Connzassage et tran-nort 965.200 9654200
o1 | 78 metewrial storege .
- abasina:e dtg patiires -romisros 5146300 514,300
ca | = "rinling | lant 3,400 .80C 34400,800
’ Irryac:
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HORY CouT
Ne ITEN LZtCRIPTION
"l DESIGNATIOR FUREIGY LUCKL TCTAT
ZTRANGERE LCCAL TCTAL ¢
- Hiomoz:nizatisn silos

3 Silos die horogenéisation 753.800 7534800

<6 Clinik:r burning k,1cC.5C0 4,100.500
cuiss.n du cling-z

oy clint-r ani agiitives storage 1514260 151.200
wzzasinas: Su slinkor ot 2 additived

. Coal storay:

¥© I agesinaze 2u charbon 176.700 176.760

h I Coment srinzing rlant 3,154,000 39154.000
Ireyese du eimsnt

a1 Comint z4ilos Jiloz du ziment 6500C0 650,000

12 |} Packing rlant Emballage 6154900 615.900

16 Zl:ctrical installation 1,060.0u0 1,060.000
Inztellzticn Jlsctrizus
In=truc-ntztion an contrel

17 instrum:nts <t commanlo 5504000 550.000
Total Totol 16,73646000 16,736.000
Auxilizry equizment
pguipz=mant zurilieirs

- Subctetion ani power su;ply

33 lzoste 3. transformation »t élsctri~ |1+150.000 1,150.000
cité

14 JCrcmpressor unit /extensior/ 190,000 190,000
Compresszur /sxtension/

15 (Water supply system 35000 35000
Aiduction <« =au
Outdcor lighting and telocomunica-

. ticn 000

~7 {Eclairage ext ricure et communica- 15.000 15.
tions

21 |Lcanamary vort Port dz Boanamary 6324000 632.000
iaboratery /sxtension/ 25,000

22 lisboratoir: /axtension/ 254000 D¢

25 |W#orkshops and stores /extension/ 80,000 80,000
Ateliers ot magasins /extension/
Total Total E,127.000 | 211274000
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ITEN DESCRIPTION

DESIGNATION FOREIGK | LOCAL TOTAL '
BTEANGER LOCAL TOTAL

Szrvrize zuirmen~

Esulism=nt i: servics

Cffizss /e=xtsnzien/ )

22 Bursau: /:xtz=nsi.n/ 15.000 15.000
Healta centre ‘

22 Servizs nzdical 254000 254000
Total Tetzl 404000 40.000
Primary stock of spar: parts,
w2ar anl t:zar .arts, tools
Stock initial d= piegss
Ze rscheng:, remplacensnt
d2s piec:s usfes, sutils
- Alt. 1 1,56C0.0C0 1,600,000
- Alto 2 1.600.000 1.6000000
Subtotal -~ Alt, 1 18,¢61,000 18,591.000
Srus-total Alt, 2 20,563 406C 20,503.000
?roje«ct plarning - .

Planifications -u projet 1,000,000 1,000,000
Sza ¢ransport ctcsts N A .
Coutz Iu trans:crt maritims 2+00040C0 3,000.000
Custom L5253 Frzi. 2+ Zouenc 7,000,000 | 7,0004000
Inleni trans:ort
Transport losal 400,000 400,000
Exrection lontaze 2,240,000 | 2,240,000
Subtotal Scugetotel 4,000,000 | 9,640,000 13,640,000
Tetal = Alt, 1 2,991,000 | 9,640,000 32,631,000
- Alt, 2 P4 95034000 | 9,640,000 B4,143.000
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§c'p.e ula '?-4 ZOTINATZ OF INVZ3THRENT LCC3T: CIVIL SNGINsERING WORKS
Tdez: o= SOTINATION U8 CCUTS D INVESTISSZMENT : TRAVAUX DI GINIS CIVIL
UsD
ESTIKATS OF INV. iTMENT CIST S3TILATION DU COUT D INVESTISSZMENT
CIVIL BNGINSERING WCHKS TRAVAUX 25 GENIE CIVIL
QUARTITY UNIT ITS¥ DESCRIPTION e ¢ cosT  cour
QUANTITZ UNITR DESIGNATICY UNITAL
: POREIGHN LOCAL TOTAL
ZTRANGEDE LCCAL TCTAL
1 Site srwparation
Fpigaration ie 1 emplaccaent
Jemolition Lemoliticn £00.COC £G0.800
Jite rr:paration
Pricaration de 1 srpiacement 500.06¢ 500.0c0
Biznamary rort
Jort de bean 5CC.0C0 500,000
Tctal Tetal - 1,80G.00C 1,600.0C0
Z Zuildings Batioents
Proiuztion tuildings
140 OGO Cue.m . . ”
Batizents d= sroduction 5 4,7C0.,00C 5,800,000 10,500,000
116 | cuen Not = rroduction builiings 6 100,000 | 560,000 660,000
Batiments ze noneproduction
3 CCO [3°9% 4 Ezconctruction Récomtmtioq 80 - 240.000 240,000
Total Totel 4,80C.000 6,600,000 11,400,000
3 Cutdoor works
Aménegsments exterieurs
Networks Féseaux 660.000 660,000
Pogds Routes 440,00C 440,000
Totel Totel - 1,100,000 1,100,000
Subtotsl Sous=total 4,6800,00C 9,500,000 14,300,000
Project planning 600.000
- 0
Planification du projet 8004000 «0
Ses transport costs 20,000
Cout du transport maritime 7204000 - 720+
Custom feues 000
Frais ¢ douane 1,440,000 11,4404
Inlend transport 3004000 300,000
Frais d4e transport local
Subtotel Sous=totcl 1,520,000 1,740,000 3,260,000
Total Total 6,320,000 [11,240.000 ]17,560.000




Schadul+ §=6 ESTTIATL Ot DPaCLUCTIC! COUT ¢ LGQUlluinad
Pilece 6=6 ESTINATION DE5 COUTS iis 2xOLUCTION: BQUITENENTY
S}
l ESTIMATE OF PRODRUCTION COST BOTIMATION Lt COUTS B 2 0LUCTION
l EQUIPMENT BQUIPEMENT
QUANTITIV  |UNIT ITZM DESCAIPTION biYEa L o COHT CouT
Yo I quanrrrs UNITE DESIGNATICK vz FC. 2 1GHi LOUAL TUTA
4 BT ANGZ. & 1CCAL TOTA! '
=
~]
Maintenunc: ani repair '
of works of :
Entretien ot réparation
concernant ¢
b | Production =juipment
Equipement de production
1,5 S - Alt. 1 152,240 228.400 22E.400
1,5 % - Alt, 2 167.360 251.000 251,000
Auxiliary and service equipment
2 1 4 21.670 21.700 21,700
Equipement auxiliaire et de service
Total - Alt. 1l 228,400 21,700 250.100
Total = Alt. 2 . 2514000 21.700 272700
L i | h i |
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Schrdule 6-8 BITINATE CF PRCLUCTION COZT: CIVIL ZNGINEESING WO, KS
Piece 6-8 ESTIMATION 15 COUTS DE FPRODUCTICN 3 TLAVAUX L. Goiis CIV..
oD
EZTINATE OF PUCDUCTION COST BOTIMATICHN Dis® COUT.. L puCDUCT ICH
CIVIL ENGINEsRING WORK TUHAVAUX DE GBNIE CIVI!
o | QUANTITY UNIT ITi¥ DESCLIPTION Ui‘ f; COsT OUT
Y W
QUANTITE UNITE | DECIGNATION CCUT FOrEIGT ~OCA TCTAL
UNITAT £ 2T:AlG:S LOCAL TOTAL 0
s
Maintencances and ropz=ir ?3
of works of :
Entrztinn et riparation
concernant ic
1l 8 - Site preparation & 00 - 144 0OG 144 0GO
Préparation d¢ 1 emplacement 1 e
2 2 x Buildings 0G0 - 228 000 | 228 00O
Batiments 114
3 3 s Outdoor works - 000 000
Aménagements extérieurs 11 00O 33 33
Total s
- 05 000 405 0£00
Total 405
vw v - e "




7. PLANT ORGANIZATION AND OVERHEAD COSTS

18

Organizational set = up of the new cement plant is adequate
for the selected capacity and is generally adopted in E uropean

conditions .

This set = up takes into consideration :

= producti sn capacity

- adopted technology and physico =« chemical
transformations of materials and inputs
during processing

= required 1a bour to operate the equipment .

The aim is to minimize the production costs and to obtain

a good quality of cement .

With regard to the flow = 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

= Cem ent manufacturing

7.1, Cost Centres

7 .1.1, Production D epartments

7 .1.1.1, Preparation of raw materials

T his department comprises following operations :
= Raw materials exploitation
= Raw materials crushing

= Storage and pr ehomogenizati on
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-~ Drying and grind ing

- Homogenizati on and storage of raw meal

Overhead costs include supervisor’s salary , auxiliary

materials and cost of electric lighting .
7 .1.1.2, Clinker burning

This de partm ent comprise s following operations :

- Raw meal conveying to kiln /s/
= Burning of clinker in the kiln /s/
- Conveying and storage of clinker and additi ves

- St orage and preparation of coal .

Overhead costs include supervisor?’s salary , auxiliary

materials , utilities / electric light / .
7 .1.1.3. Cement manufactur ing

This department comprises following operations

. 2

= Grinding of clinker and additives
= C ement storage in silos
-~ Packing and loading of c ement

Overhead costs include supervisor?’?s salary , auxiliary
materials , and utilit ies / electric light / .

7 .1.2. Service 2nd Auxiliary Depa rtments

7 .1.2.1. Maintenance shops and Operating Maint enance

This department i s responsible for ope rati on and maintenance

. . .
of the production equipment , Overhead costs include supervisors
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PrIvyp—

[ T

salary , spare parts consumed , auxiliary materials and

utilities .

Rt e

7.1.2.2. Utilities
This department is responsible for availability of :

- Electricity
- Wazter

- Compressed air

Dverhead costs include supervisor’s salary , auxiliary

materials and electric light.
7 .1.2.3. Other services

QOther services include storage of auxiliary and overhead
materials , sanitary facilities , canteen , health service ,

laboratory , gatemen , watchmen and laboratory .

7 .1.3 . Administration

Factory mmanagement , production management and economic

management are included in administration .

T he cost in salaries of management staff / for more details
see Chapter 8 / as well as office materials , auxiliary materials

and li ghting are regarded as administrative overheads .

7.2, Overhead Costs

7 .2.1. Factory Overheads
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- Wages of 924 non - production labour
/ refer to Schedules 8=1, 8«2/ 246 200 U SD [/ year

- Materials , products , utilities
| refer to Schedule Z=1 / ... Alt.l 3811000 USD / year
... Alt.2 3442 000 USD [/ year

- Repairs and maintenance
| refer to Schedules 6-6 , 6=8
... Alt 635100 U SD / year
... ALt 2 677 700 USD / year

- D AR S S IS S an S EP D UR o GB &P P =t GF P AD L GD 5D S5 G W S An P 4P D S8 N

Factory overheads TOTAL ... Alt.1

4712 300 USD [ year
... Alt.,2 4365900

r
| USD [/ year
7 .2.2. Administrative QOverheads
- '
= Wages of non = production labour ) !
/r efer w0 S chedules S=1 ,8=2 / 20 200 USD / year
L -~ Salaries of adiministration staff
| refe= to Schedule 8-3 , 84 / 113700 USD [/ year
)
-~ Overhead materials /refer to Schedule
41/ 100 000 USD / year
= Ixpenses in insurance , travel ,
communication 200 000 USD / year
Administra tive overheads TOT AL 433 900 USD / year
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7.2.3. Depreciation / thousand USD /

e Alt. 1 Alt. 2

a / Buildings , civil works
5 2 0f17 560 000 USD 878

b/ Machinery and e quipm ent
= equipment
10 % of 30 781 000 USD 3078
of 32 293 000 USD 3229

- - transport and mobile

equipment
20 5 0f 1 850 000 U SD 370

Depreciation total 4 326 4 477
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Schedule 7 Ov:rhega CU3TS
Piece ) FralsS GIRLLRAUL

ush

—

OVERHGSAD COSTS
PFRAIS GENERAUX

—

o tem FACTORY ADMINISTRATIVE ¢
c.zt 33RVICES ADMIKISTRATION |
l. |%aze:z an: saleri:s Anp :
lzlzlres -t trait:m:nts 246,200 1334300
2e Yaterials =2nl utilitizs
watsrizw et servizes ublics
Alte 2 3,811.0C0 100,000
1 Alte 2 304424000
3e Main® :nanes:
Entr=ti=zn
Alt. 1 6554100
Alte 2 677.700
4e Insuraan. commugication. travel 200,000 ‘
Assurauc:s, commincotions, !
royaze: ,
S5¢ |Total Alt. 1 4,7124300 433,900
Alt. 2 4,365,900
6e |D=preciations i
Azortissemsnt |
Alt. 1 443264000 -
Alte 2 4,4477.0C0 -




8. MANPOWER

[t is assumed that personnel for the new factory will
be available from the manpower of the existing factory .
Since a different technology of cement manufacture will be
ad opted , the workers of essential occupations will have to be
trained in similar plants , by the supplier of the equi pment .
In case of the Alt. 1 = Shaft Kilns it will also be possible
to train the personnel in the new IBITY « ANT SIRABE cement
plant .,

The number of staff and labour was determined by calcula=-
tions where by working hours of the equipment per year , as
well as the DECRET No. 7£ 083 from May 1 st , 1972 were

taken into consideration .

40 working hours per week and 173,33 wo rking hours per
month , i.e. 2080 w .h.per year are envisaged .
N et working hours / 240 hrs/year of holiday substracted / :
1 840 hours per person per year .

A1l jobs will be occupied by Mala gasy people . Technical
a ssistance of foreign experts during start = up i s indicated in

Chapter 9,

8.1. L abour

8.1.1. Operating Hours

D epartment hours/day  days /week days /year
Quarry and crusher 16 5 225
Raw mill 24 o 270
C linker burning 24 7 315




Coal preparation
Cement mill

P acking , loading

8.1.2. Jobs

Quarry and
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2L 6 270
2L 5 225
16 6 270

C rushing Plant qualification 1.shift 2.shift 3.shift 4.shift Total
Supervis or oP2 1 1 - - 2
Driller 0S2 2 2 - - L
Blaster 0S2 1 1 - - 2
C ompressor 0Ss2 1 1 - - 2
F ace shovel 052 2 2 - - L
Driver AL 3 3 - - 6
Crusher operator 0S3 1 1 - - 2
H opper

at tendance M2 1 1 - - 2
Stacker

operator 0S2 1 1 - - 2
Maintenance 052

TOTAL 15 13 - - 28
R aw Mill

R eclaimer

op erator 0S2 1 1 L.
Mill operator 0S3 2 2 2 1 7
TOTAL 2 3 3 2 I




nnn St o e Y

Clinker Burning
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Control attendant OP3 2 2 2 3 9
Kiln operator 0Ss3 1 1 1 1 L
C rane operator 051 1 1 1 1 L
TOTAL L L L 5 17
Coal P reparation
Coal mill operator 0S3 1 1 1 1 L
Coal handling 0S3 1 1 1 - 3
TOTAL 2 2 2 1 7
Cement P roduction
Cement mill operator

0S3 1 1 1 - 3
Packing and Loading
Packer 0S3 2 2 - 1 5
Bag handling M2 1 1 - - 2
A uxiliary M2 3 3 - 2 8
TOTAL 6 6 - 3 15
Boanamary Port
Crane op erator 0Ss2 1 1 - - 2
Driver A4 3 3 - - 6
Auxiliary M1 1 1 - - 2
TOTAL 5 5 - - 10



Laboratory

(R
w0

T echnician oP2 2 2 1 1 6
Sample pre=

parati on 0S2 1 1 1 1 L
S ampl e takin g 051 1 1 1 1 L
TOTAL 5 L 3 3 /A
Operating

Maintenance

S upervisor opP2 1 - - - 1
Fitter 0S2 2 2 2 2 8
I: lectric ian 0S2 2 2 2 2 8
TOTAL 5 A A L 17
Ma intenance Workshops

Supervisor oP2 1 - - - 1
M achine=tool s 052 6 A - - 10
Fitter 0S2 2 2 - - A
Electrician 0S2 2 2 - - 4
Car maintenance 052 2 - - - 2
TOTAL 13 8 - - 21
Utility Services

S upervisor opP2 1 - - - 1
Substation 0S2 1 1 1 1 4
Compressor and

E mer gency set 0s2 1 1 1 1 L
Water supply 0s2 1 1 i 1 L
TOTAL IA 3 3 3 13




Warehouse

C hief

s torek eeper 0Ss2 1 - - - 1
Storekee per 051 1 1 - - 2
Auxiliary M1 2 2 - - L
TOTAL L 3 - - 7 '
Others

Cardriver AL 1 - - - 1
Labourers 0S1 2 2 - - A
Janitor Ml 1 1 - - 2
Cante en M2 1 - - - 1
G uard M2 1 1 2 2 6
TOTAL 6 A 2 2 14
Labour T otal

/R ef.to Schedule 8=1/ 72 60 22 23 177
P roduction Labour 69
Non « production Labour 108
8.1.3. Cost Estimate / Refer to Schedule 8«2 /

Cost of producti on labour per year 191 818 USD

Cost of non = producti on labour per year 266 488 USD

divided into : = factory overheads 246 230 USD

= administrative overheads 20 218 USD

—reowr T
.
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8.2 . Staff / Refer to Sc hedule 8=3 /

8.2.1. Admini stration
G eneral manager
Secretarv

Typist

8 .2.2. Production Department

P roduction mana ger

P rocess engineer /mechanic
P rocess engineer /chemist
Electrical engineer

G eologis t

Designer

T ypist

HC
5B
5B
5B
5B
4B
3A

8 .2.3. Sales dept. and Bookkeeping

Sales manager
Accountant
Purchaser
Invoice clerk
C ashier

Administration
s ervice

C hief of t ran sport
T ypist
T elephone operator

Staff total

HC
5B,4B
LB
A A
LA

LA
LA
3A
2B

—_ Ny e e e e

e i S

p—) e pesd g

21



The new cement plant will employ in total 198 persons .

Envisa ged productivity rate / provided that net working
hours are 1 820 hours / man / year and 250 000 tons of

produced cement per year / :

/ 1820x198/ : 230000 = 1,45 hours / ton of cement

8.2.Z. Cost estimate / Refer to Schedule 8=4 /

Annual costs in staff salaries will amount to 113 724 USD .
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Sch=dulz E-1 MANIING TAL. = - LABCUS
e Y —s ATl A 4 W) VT e S ey e L ] L v -
Fisgs &-1 TAB.SAU D33 BIFFPE2TIIS - PEZSCizL D EXECUTION

Yage Category: .uservi:ory-A, Skilled-Z, Semiskilled-C Unskilled-D

e b = -

- )

VANSING TABi o = L ASCOUL: VArIAEIZ AND FINED

s et LT e sap ~ ey .- - - \
TABIZAV 2 ZFFZITIFC - PERSCKNZ. L1 EZXECUTICH: VARIABLE ET FIXE

T =
2 Tszartment Funsticn Shify é:%e E:t:ﬁgm I(l‘otal
Jlpnrtimens Fonetions Equipe > Total

; A} 31 ¢C D

Tan Mt orial Ju, riizor 1 1 1
Prepoorstion Juntremaitrs 2 1 1
Fr-.aration Iriil:r 1 2 2
s pati=res Coerav.ur a3 firag: 2 2 2
rrerisrss

53 7S 5 l

Scute=2u 2

compr2Isoyr opsretor
Cempresssur

n

cruther <rzrater
Cencassaur

HE H e
T

N

saw mill opsrator
station de broyege

& Fac: shovzl
=31)e chargszuse

= Criver
Cami.nz

M PLRLE BWNOH

WW HHEHAE PN
-

WW HEEVWM HoN

iieintenance
Lntreti=n

-
%]
[\M]

Total Department
Total idportemant

]
N
W
\n

[ ]

N
)
\0

Clinker Zureinz) Contr:l Zngine:r
Cuiszon iu Inginisur 1¢ commande
slink=xr

Kiln Cpsrator
Operateur iu four

E VA O ) HWo
HEEHE WO N
PR WNNNW
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Wage Category
Dapartment Puncti.n Snift |Cat.de salaires Total
Départen2nt Fonetions uipe ! Total
=P Py 13 lc | D =
. Crzn- Cuzpator 1 1 1l
arus 2 1l 1l
3 1 1
4 1 1l
~cal Mill Creprator 1 1l 1
Zroy=ur iu <narben 2 1l 1
J 1 1l
it 1l 1
<08l .caiusr 1 1l 1l
Charssur iu charbcn 2 1 1l
> 1 l
Total Cerartment .
Total d<partement v |1 M 24
Cemsnt >rozucticy Cemsnt .ill Operator 1 1 1
Producti:n Operateur du broyeur 2 1 1l \
du cinent 2 1 1
Packer 1 2 2
Zwbellsur P 2 2
3 1 1l
Eag haniling l 4 4
Manut=ntion des =acs 2 4 4
3 2 2
/
T.t3l Lspartmsnt - -! 8| = 110} 18
Tot2l I2partanent
Awiiliary an: mzintenanc? Supervisor 1 2 2
Szrviczse contre=mzitre I entreticn
ﬂ?xfiiiifz Op=ration ieintenancs 1 4 4
T b Entrztizn marche 2 4 4
3 4 4
4 4 4
Viorrzaho. 1l 12 12
At:1i:p 2 8 8
.uborutery b 2|11 (1 - 4
Taboratoire 2 211 (1 - 4
3 1111]1 - 3
4 11111 - 3
20, :r Lnsinzer
Inzenisur puissance 1 1 1
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Shift Wage Category

D:raptment Tunction Total
. Cat [}
L<partemsnt Ponctions E;uipe ~2*°& do selairesf potal
A B c D
Utility Cgo-rator 1 3 3
Cp:rst ur=-s:rvicas publies| 2 3 3
2 3 3
4 3 3
wer -heus - B 1l 1 ]2 4
ZEinons insg- 2 112 3
Ecanermzry “ort 1 | 4 1 5
Zort i: BRoanenary 2 4 1 5
Jeritor 1 1] 2123 5
Szrvic. sorial 2 211 3
Guar: 1 11 1
Guarii:n 2 1l 1
3 2 2
4 2 2
Total D-rartment '
Total ié:ert-ment ° 62 | 10 15* %
| |
TOTAL 20 116 |14 | 27177
iviZz3 4into:
tdwizé en ¢
= ;rciustion labour 6
mirsonnsl iz pro- I 32| 4 |4 9
duztion
= non=nroiuction labour ;
rsrsonnel autrz sue 11 [ 64| 10| 23] 108 ;
32 production
/factory ovarhead-
frais ginéraux 1|6 6
4 atelier/
/administrative over- -1 1 4
hzad- frais générsux
4 adminictration/
|

i
N
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SETANTE OF PROLUSTION LO3TE 1 waall

IITIMNTICY DEX CCUTS DE :RCIUCTICH @ SAIALNES

: SUPBRVISCE: =i, SKILLED=B, L3KISKILLED=C, UNIKIT 1ED-0
S SALAIRZ: TIZF-A. 3PECIALISE-B, GELINAIRE-C. UBUTAYT-D

VARIABLI CCSTS FIXED CCST3

Nz e FhAI5 VARIABLS FRAIS FIXES

~t_anT.~NT TOTAL TOTAL

ATEMENT

DEPARTEMED WAGE CATECTRY WAGE CATEGCRY
CATEGORIES 5i LALAIRES CATEGCRIES DE SAJAIRES
A B c T A B o D

daw material rnruvaraticn . - 13 - 2 45 2 2 - - 4

Priperation des matierss zromivres

Clinxer burning . 11

E H - 24 - - - - -
Culsson du klinkey
Cement preducticn
Producticn du ciment - 8 - 2 10 - = = 8 8
Auxiliary and servics
Auxiliaire :t service - - - = - 2 62 16 15 96
4
) Tetedl wvorksar:
'4 Nocbr: totzl 4 ouvriers g 52 4 4 69 u 64 10 23 108
; #orkinz hours/day
' Hsures 42 ¢ravail rar jour s 6 8 8 - 8 i & & -
’
‘- ¥orking zeys/week
2 Jours ie travail 3 5 5 5 - 5 5 5 5 -
| Workins hours/y-ar i
i 2C80 2080 | 2080 2060 - 2080 2080 | 2080 2080 -
A

Hsures per an

wagz3 per hour

Salaire horaire 2,25| 1,00, G,85| 0,50 - 2,25 | 1,00 0,65 0,504 -

Surcherges /sccial/ ‘ ) ] . !
Chargs » 20 | 20, ae | 20 - 20% | 20% | 20% | 20% -

Wages per year 1

Salaires par an 50544 129792| 645C | 4992 [191618 r617‘76 159744 | 16224 |28704 | 266448

Divided into :
Divisés en :

=~ direct manpcwer costs |
frais directs du jpcrasonnel | 191818

= factory overh:ad coats
. . 246 230
frais générauws d: 1 usine

~ administretive cvsrhead costs 20 2
frais généraw. eiministratifs

Note: /

Weges are in USD -
Traitements sont en USD
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TAFP
L

FS - PERSONBEL D EHCADREMCNE

MAKNING TABLE = STAFP

TABLEAU D EFPECTIPS - PEESONKEL D ENCADREMENT

DEPARTKENT FUNCTICN ZATEGORIE DE TRAITEMENT
: SALARY CATZGORY oAl
DEPARTEMEN? POKCTIONS - T0TAL
1l T 2 3 4
Menegement lanager Directeur 1 b}
Direction Secretary Secretaire 1 1
Typist Dactylo 1
Production Production Manager y 1
froduction Directeur d» rroiuction
Technologist Téchnologue 2 2
Zlectrical enginser 1 1
Ingénizur clectrique
Geologist Giologue b § 1
Designer Degsinataur 2 2
Typist Dactylo 1
Econony Zconomicel manager 1 1
Economis Directeur i <¢conomie
Accountant Comptable 1 2
Purchaser Acheteur 1 1
Clerk Officier 1 3 4
Typist Dactylo i 1
Phone operater 1
Centrale télephonique
Total
Total 3 > 6 3 2

4
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Schziuls E=4 ZSTIMATE GF ZLCUUCTICN CCSTS = SALASIES

Piecs S-4  EITIMATION ZES COUTZ LE DICCLUCTION: TRAITEVENTS

ESTLATE OF SRCDUCTICH JCSTS = SALARIES
ESTINATION DL CCUT3 DE DZCDUCTION - TEAITENENTS
SALART CATIGORY
DEPARTI=NT CATZGGEIL DI TUAITEMENT
DEPAZTAIENT TOTAL

1 2 2 4 5 6

ana<szm=nt
Dirastion

roueticn

Prc.ucti-on

T oy owne '
Jotag v3 ¢ Yoo} v
- 1 1 i 3 1 1 ic y
LSCNCIY ¥

¢
Totel Totl 3 5 6 3 3 1 21 '

38 6C 72 | 36 36 |12 252 .

Salary/mentia

2C 57 56 -
o Treit-montz ar mois TEC 5C | 205 200 150 | 125 -

Surchars. in %
Cnarg: /%/

Salarizs/y-ar
7:0S | 260(L | 22dve 664C| 548C | 180C 112724




9. IMPLEMENTATION SCHEDUL ING

Project implementation period is estimated at 36 months

since decision until comm ercial start .

I:ssenti al stages of implementati on compri se foll o wing

activities 3

= Project team recruit ment
- Preparation of tender documents , evalua tion of
bids and selection of contractor

- Contracting

D etail ed engineering / site survey , planning
of technology , machinery and equi pment , civil

en gineering /

Civil engineering works

Erection of metallic structures , machinery and
eqiipment , final civil engineering works , tests ,

trial run

Start -« up and commissi oning

Project implementati on schedule is indicated in S chedule 9.1,

Note : A detail ed survey of raw mat erials must be made

before the contract has come into force .

9.1. Data and Activities

. T enderin

L.l Tendering

A fter the decision on implementati on of the new Amboanio

cement plant project has been made , the project implementati on
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team will be set up to prepare tender documents on delivery

of the c ement plant on " turn = key " basis .

The team will evaluate submitted bids and will make

a d ecision on contractor selection .

9.1.2. Contracting

The contract will be awarded to succes sful bidder .

9.1.3. Site Preparation

These are activities related to site preparation includ -

ing necessary pull = down of the exi sting production buildings.

9.1.4. Site Survey

In order to determine most suitable way of foundation
of industrial buildings and to check the level of und er ground
water , soil survey should be carried out within the scope specifi=

ed in the contract .

9.1.5. Planning of Basic Civil Engineering W orks

Plans of foundations of the buildings , roads and networks

ba sed on the results of the site survey will be prepared .

9.1.6. Planning of Machinery , Equipment and Civil
Engineering Works

P roject implementati on include s al so detail ed planning

of machinery and equipment irsrespect to civil engineering .
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Plans of el ectrical installations , instrumentati on
and control equipment will be initiated while machinery

planning is in progress .

9.1.7. Basic Civil Engineering Works

C onstructi on of the new cement factory will Se carried
out on three sites :
= Amboanio ceme nt plant
- quarry and crushing plant

- Boanam ary port

Civil engineering works comprise activities enabling
to begin with erection of metallic structures and machinery

and equipment .

9.1.8. Erection of Metallic Structures and Machinery

and E quipment

Ereciion works will advance , as follows :
In the first place supporting metaliic structures will
be erected .
Next , erection of machinery and equipment si multaneously

with erection  of electrical equipment will be carried out .

E lectric al cabling and erection of instrumentation and
control apparatuses can be accomplished after erection of

m achinery has fini shed .

Erection works will be carried out by the trained staff

from the existing factor y under contractor ’s supervision .,

Erection works include also individual tests of the machines,
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9.1.9. Final Civil Engineering Works

These works will be carried out in order to ensure

continuous progress of erection .

9.1.10. Trial Run

Machinery and e quipment will be put into service step
by step with material , in separate groups .

9.1.11. Start = p

A fter trial runs have successfull y been accomplis hed ,
the plant will be started - up which m eans beginning of
production . Achievement of full production capacity is expected
at the end of start = up period , i.e., after 24 months .

During start = up period the guarantee tests will be perform -
ed .

9.1.12. Training

A part of operating staff will be trained to handle similar
machin ery on contractor s expenses . Other operating staff will
be trained either in Antsirabé or in Amboanio during erection

and start = up .

9.2, Selection of Project Implementati on Programme and
Time Schedule

I mplementati on time schedule is indicated on the Table 9.1.
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9.2.1. Decisive activities

- Set = up of implementation team and selection of
cont ractor : 5> months

- Beginning of project implementation : within 7 months
after decision on implementation

- Gross engineering works must be finished within
15 months since be ginni ng of project implementation

- Erection of machinery and equi pm ent must be complet=
ed within 33 months since beginning of project
i mple mentati on

- Start = up within 36 months since beginning of pro ject

i mplementation .

9.2.2. Other Activities

Activities infl uencing implementation schedule are ,
as follows :

- Delivery of metallic structures shall be accomplis hed
betw een 12«th and 15=th month since beginning of project
implementati on

« Deliveries of machinery and equipment shall be
accompli s hed betw een 12=th and 18=th month

« Deliveries of electrical installations , instrumentation
and control apparatuses shall be accomplished between
15«th and 18=th month

- Staff training / abroad or in Antsirabé / shall be
accompli shed w ithin 25 months

- Managerial staff recruitment shall be accomplished
wi thin 15 months

« Recruitm ent of other manpower -hall be accomplis hed
st ep by step till the end of er ection




- Raw m aterials stocks , fuel , utilities and other

mat erial necessary for production shall be available

at the site one month before the end of erection .

ST

9.2.3. Implementati on Manpower and Qualification

9.2.3.1. Civil engineering works

Civil engineering works will be carried out by local
contractors under supervision of the Contractor . Supervis =
ing staff will consist of a chief and 5 specialists .

Total foreign siaff : 5

Approximately 275 persons of local contiractors will take

part in civil engineering works .
Total civil engineering manpower requir ement 281
9.2.3.2. Erection

E rection will be supervised by following experts provid=

ed by the contractor ¢

Chie f mec hanical engineer 1
Chief electrical engineer 1
Mechanical supervisors L

2

E lectri cal supervisors

Total foreign staff 8

I rection wo rks will be carried out by approx. 130 skill ed

workers from the existing cement factory .
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9.2.3.3. Trial run , start = up

The cement plant will be put into operation under

s upervision of following contractor’s staff :

C hief engineer 1
E ngineers 2
Chemists 2
K iln operators 4
Mill operators 3
Total foreign staff 12 |

Complete manpower of the new cement plant will also
take part in putting into operation , i.e., 198 persons plus

18 auxiliary labour .
9.2.,3.4. Training of 1ocal manpower

Following staff of the new cement plant will take part

in training in contractor’s plants :

Producti on manager
Technologi st
Mechanical engineer
E lectrical engineer
Kiln operator

N[\)-—lr—'v—'b—'

Mill operator

Total staff 8
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9.2.4. Arrangement for Supplies

SEas > i
. L.

Within the framework of civil engineering works it will
be necessary to make accessible the Boanamary port to s ea
ships in order to provide for efficient unloading and tr ansport

o f machinery and equipment .

The construction contractor will ensure necessary storage
ar ea for deliveri es at the site . Existing auxiliary and service
buildings / workshops , warehouse , diesel generating set , etc./
will be used during construction as con“emporary con struc ti onal

plant .

All equipment and auxili ary materials for construction will

be delivered by contractors .

9. 3. Cost [Estimate of P roject Implementati on

e 9.3.1. Project Implementation T eam

Salaries : 500 USD per man per month
2/40 man month s 120 000 USD
Travel and other expenses 40 000 USD

9.3.2. Detailed Engineering and Tendering

Expenses in engineering services during
preparation of tender documents and evaluation
of bids , salaries and travel 50 000 USD
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9.3.3. Super vision and Coordination

S upervision of erection and construc tion

200 man months 800 000 USD
allowance 300 000 USD
travel 40 000 USD

Total 1 140 000 USD

9.3.4. Testing , Trial runs , Start = up
and Commi ssioning

Participation of foreign experts

= 36 man months 144 000 USD

allowance 55000 U SD i

travel 16 000 USD |
- ;

Total 215 000 USD ;

9.3.5. Materials , Supplies , Utilities
during Start = up

- & . -~ - D aY ED 60 = AP EF Y AR uP 4 6P 6F P &P 4D a5 Y SN 4D ) 40 g 45 G 4D 6) &) AP Sy S &y &% a8 f

Costs during start = up 600 000 USD

9.3.6. Salaries and Wages of Site Staff

Costs during start « up 155 000 USD
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9.3.7. Training of Staff and Labour *\

- DD AR S0 SR SY S b S A5 Eb GRG0 G) S5 P ED 45 G G PSP TP TS S5 G 6D an 40 an

Salari es and wages during training in i
Madagascar 30 000 USD

I —

9.3 .8. Interests on Loans during Con struction ¢

Alternative 1 8 372000 U SD
A lternative 2 8 687 000 U SD

T otal cost in implementati on

Alternative 1 10 872 000 USD
Alternative 2 11187 000 US D

Indicated cost in implementati on together with co st
in geological survey /Chapter 2 = 150 000 USD / will be
- d epreciated during the first 4 years of operation .
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Schslul: ¢ S3TIEATE OF INVZSTUENT <05T: PROJECT IMPLLLENTATION
& Fiacs ¢ SCTIZATION U OCUTS T ILVEGTISSEMENT: MISE EN OEUVEE
* DU 2ROJET
MY A . haSa ) Anday - ~ '] v v - -
SSTIITE CF IHVESTMENT CCST ESTINATION DU COUT © INVESTISSEKENT

H Tr:doct davl-cinteticn iiise 2n ca2uvre du prcjet
c Item ssorioticon I Cest Cout
Zezlznation Feredign | iocel Total

trangere| Ilocal Total

0 o~ 3 T .pr: EX e 2 B

1 ?gua.,? xm;‘ﬂm.nt7t1~n manag.m.gt . - 120 120
Lir-ztin i le mis oon cruvre 4u projst
Tr=v.) anl othr» tenias 20 20
o~ " - : -~
frontoort L wutr-l i, nees

< Txtudl 0 oacdincoring, t-nisring, fvaluatioL
¢ bi -, :ontra:t 50 - 50
Urazerisztion t-chnizu:z i7taild:, aprel
Lelirs: cazmene Ioeifiris, zontrat

2 Supzrvizien Ln” cerriinction 840 oG 1.140
Survs4illenz: -1 cooriinstion 4 3 *
T2:tin., trizl run:, :tarteup anl
somrissioning 160 55 215
:z58iz, 3ir: :n reouts, reception

el Mat-risu:, fcurnituris :t scrvices publiecs

falari-s an. vag:s of sit: steff - 1
Treitcm-nts =t saleir<s du perscnmel 155 5

4 Ire ning of zteff and labour - 30 30
Formation iu pirsomn:l

Subt.otel 10260 1,090 20350

5 I Inter:st during construction

Intéret pendant la construction
alt=rnetiv: 1 44567 34805 84372
alternativs 2 4,867 34820 8,687

Total - alt. 1 5.827 40895 10,722
alte 2 6.127 40910 |11.037

Hote :

Costs ars in thousands USD
Ccutz sont =°r milliers USL
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Tendering and evaluatio :f bids T ———
Appells 4 offzaa et examon des J—
soumiasions
~ ntre tt -
‘wtractation o

Site prepearation
Préparation de ) empla. 'nt

Land survey
Prospection du terrain

Flanning of gross oivil engimeering works
Planificaticn .lss gros travaux de génie civil

Planning of eju’pment and olvil engineering
Planification de 1 équipement et de génie civil

Gross civil enginesring works
Réalismation des gros travaux de génie civil

Commissioning I prepared structures
Acceptations des structures préparées

Forsign civil engineering supplies
Fournitures ds rénie civil étrangeres

Delivery of machinery and equipment
Fournitures des machines et équipment

Erection of stesl structures and machinery
¥ontage d@a structures metalliquis et des machines

Finishing :ivil :ngineering works
Trevaux 48 génie civil de finissage

Tenting, trial runs
Vérifications, essais de production

Stert-up end acarmigsioning
¥ise on routs et 1 entrdée en sexrvice

Training of staff and lahour abroad .
Iog-l:"igior_xdc_li\i parsonnel G encadrement et 4 execution
a 1 éirenger

Training of ats?2 and labour in Madsgescay
Formation du pers-onnel d encadrement et d exeoution
& Madazanesr

IMPLEMERTATION SCHEDULE
CALENDRIER DE MISE EN OEUVRE

\
|
i

h'ﬁﬂ

e : - grm e

1=y

|
{
|

H

= o71 -




130 -

10. FINANCIAL AND ECONOMIC EVA LUATION
10.1. Total Investment Cost

e

The structures of total investment costs i s indic ated

in the Table 1 « Investment .

Break = down of these costs is as follows ¢

Thousand USD

Ttem F oreign Local Total
currency currency

Land - - -

Civil engincering works 6 £20 11 140 17 560

M ac hinery and e quipment 22991 9 640 32631

Implementation , including

interests during construction 5 877 4 995 10 872

Working capital - 3 675 3675
TOTAL 35 288 29 450 64 738
5 in per cent 5,5 45,5 100

Alte rnative 2

L and - - -
Civil engineering wor ks 6 420 11 140 17 560
Machinery and equipment 24 503 9 640 34 143




Implementation , including

interests during

construction 6 177 5 010 11 187
Working capital - 3995 3995
TOTAL 37 100 29 785 66 885

i in per cent 55,5 L4, 5 100

Individ ual item s share in the total investm ent cos t

as follows

Total investmont costs 100 % 100 %
consisting of ¢

- civil engineering works 21,14 26,3%
- machin ery and equipment 50,4 % 51,0 %
- imple mentation 16,8 % 16,7 %
- working capital 5,7 % 6,0 %

101, 1, Werking Capital
Caleulation of working capital relies on optimization
of stocks with regard to the requirements of operation of the

plant and availability of necessary inputs and supplies .

Calculation is made in accordance with the t ec hnique

indicated in the " Manual for Fvaluation of Industrial Pr ojects ",

paragraph 4.2,1, = Working Capital Requi rements ,and the followe
ing data have been used




~ operating cash expenses in the Table 5 ., Annual Operating
Costs , item 4 , 100 p er cent production

- storage time weichted of raw materials litive s and
supplie s i s estimated at 80 days

- period since t he ra w materials have beerr :racted until
production and loadin g of cement taking account of storage
capacity , is estimated at 30 days in average

- period covering storage of cement until its loading is
included in the previous item

- payment allowance between purchase and sales is estimated
at 20 daxs in average . This is the period since acc eptance
of supplies and payment of ac counts pavable until shipment

of cement and receiving of accounts receivable .

Calculation of working capital gives the following results
provided that the above = mew.cioned data and the given technique

have been adooted ¢

Altcrnative 1

/ 10 320 : 365/ x / 80 + 30 + 20 / = 3 G75_thousand U SD

Alternative 2

J11 218 : 365/ x /80 + 30 +20/ = 39935 thousand U SD

10,2, Project Financing

Sources of financing are indicated in the T a! - Capital

Structure and in the Table 7 = [Financial Obligatiuans .

The selected way of financing takes into account obtained

information on financing of similar projects in Madagascar ,




10.2.1. Equity

One third of the total capital investm ent will be covered
by equitv with min , 31 per cent participation of the G overnme nt.
2 quitv i s intended to cover costs both in foreign and in local

currencies

Z per centdividend on 2 quity capital is envisaged .

10.2:2. Long - torm - Loans
In addition to the cquity capital the project will be also
financed by long = term loans from the Contractor and a local

bank under current conditions of the capital market.
Following loans are being under consideration ¢

- Contractor s loan in foreign currency for purchasing
of machinery , equipment and construction materials
amounting to 85 per cent of the CIF deliveries , payable
in 8 years , repayment in annual instalments , interest

rate 9,5 % p.a.,

- Loan from a local bank to cover the rest of the investment
capital in local currency , payable in 5 years by annual
installments , interest rate 10,5 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 flow balance ,

as it is shown in the Table 9 = Liquidity Analysis .

In order to obtain a positive cumulative net cash balance,
a Government s contr ibution amounting to 3 million USD

is envisaged ir cashin flows in the Z«th year of the project,




=13 =

i.e.in the year of start - up. For comparison the amount

of contribution is the same for both Alternatives .

It is obvious this fact has influenced the evaluation
results , on the other hand it may be expected that the
G overn mont’s contri bution m ay not be necessary / especially
in Alt. 1 / if more convenient price and loan conditions

over those envisaged herein , are obtained .

10.3. Production Cost

Calculation of total production costs i s based on the data
indicated in the Table 5 = Annual! Operating Costs and in the
Table 7 = Financial Obligations and those indicated in the

C hapter £ .

1_ 1. Production costs per ton of cement in U SD

/ 100 per cent production , minus de preciation of the pre=

-producti on capital costs , plus average interests on loans /

Alt,l Alt,2

= Direct materials and inputs 19,93 24,90
- Dir cct manpower 0,77 0,77
- Factory overheads 18,84 17,46
- Adminis trative overheads 1,74 1,74
Operating costs 41,28 44,87

- Financial costs 6,38 6,57
= Depreciation 17,30 17,91
Production costs 64 ,96 69, 35

i

R —
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- down of costs / % from production ¢ osts /

Alt.l Alt. 2
- Raw materials and additives 5,96 5,58
= Fuel 16,30 22,45
- Other direct materials 8,42 7,87
-~ Direct wages 1,19 1,11
- Factory overheads 29,00 25,18
including : electric power 14,05 11,97
= Administrative overhcads 2,68 2,51
- Depreciation , inter ests 36,45 35, 30
TOTAL 100 ,00 100, 00
10.Z . Financial Evaluation
1Q:4.1. Commercial Profitability Analysis
10.4 .1.1. Simple rate of return
F
R._-f..fi 100 or Re =
I Q
where ¢
R = simple rate of return on total investment
Re = simple rate of return on equity capital
F = average annual net profit
Y = ave rage annual interest charges on loans
1 = total investment
Q = equi ty capital invested .
then
A lternative 1
/49 315 +15939 / : 10
.100 = 10,08 %

67738




- 156 - '

£9 315 : 10
Re= . 100 = 22,83 %
21 600

A lternative 2

/38646 + 162327 210

R = . 100 = 8,
66 885

38 646 :10
Re=

100 = 17,33%
22 300

The data are taken from the Table = Integrated F inancial
Analysis
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10.4.1. 2. Pay - back period

Alternative 1

Alternative 2

Nominal Capital| Nominal Capital
I TEM amoun t at the am ount at the
‘ end of end of
a year a year
. Total investment 64 738 66 885
Year 1 12 389 12 610
2 | 36798 39 026
3 L 11 876 11 254
A 2 835 3 095
> 643 680
6 195 220
. Annual net cash
earnings
Year 1 - 12 389 - 12610
2 - £9187 - 51 636
3 - 61063 - 62 890
L 9 886 54 012 9 218 56 767
5 9 605 45 052 8 787 48 660
6 10 930 34 317 10 032 38 848
7 10 930 23 387 10 032 28 816
8 10 930 12 457 10 032 18 784
9 9 080 3 377 8182 10 602
10 10930 + 7553 10032 570
11 10 032 + 9 462
Pa y=back period 9,3 years 10 years
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10.£.1.3 . Net present value

n
NPV -2 /Cl - CO /.a
t t
t=1
wh ere
n
‘f/- = a sun total for the whole lifetime of the project

from year 1 to yvear 13

Clc = cash inflow in the yeart
COt = cash outflow in the year t
a, = discount factor in the year t corresponding to .
the selected rate of di scount .
NPV at9 % discount rate / see the Table / : ,
t
A lte rnative 1 + 2818000 11SD
A lte rnative 2 - 3665000 USD

NET PRESENT VALUE RATIO / at 9 %discount rate /

NPV
NPVR zee—
P/L/
w here
N PC = net present value of a project _
P /1/ = present value of total investm ent :
2 818 ;
N PVR 3 e— 0,05 %
-3 665 6
NPVR = = =«0,06%
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O U VU T STy SFL DS U U 1t y 1 Thousand U
A ernuilve : : )
TALCUL D& LA VALEUR ACTUELLE NETTE Milliers des L.
{tem Year Année . Potal
3~ Total
ubrique 1 2 3 4 5 6 7 8 9 10 1 12 13
~ H T, Vo ~
co el INFLCRS /CLY 17875 | 19125 | 2125C | 2105C | 21250 | 21256 | 21050 | 21250 | 21250 | s3vce
et L TANIC T

1. ~21les revenue
seceties de ».n.os 14375 | 15125 | 210 | 2resc | 2iose | er2se | e1asc | 2105c | o2tose | 21w

< . es8i1lual value

Valeur régiduelle = - - - - - - - - leany
. i+ subsidy
. BIEENW - - - - - - - - -
subventions
N PENGEEEEN Pl e, S ]
Tl L0 LGS L A N LA TR R 1S L B Rk LR IR B O Loszo flugdy | hoest | Le326 | s —
Pl oo Caloas Ul
Yo}
4. Inveztrent '
2N TS 376 RERY O By
Investis:ement 123 s 111370 }JJ 545 125
S« 7ash expenses
Dépenses de caisse (EE] 292 sz Pleden Y0320 | 0S| 103200 | 1uden | 10320 | 1een
i,y Tuax a

Inmnets

L iie JoT 7a0E FLCWS /NCE/

FIUY .76 DL Tazodlaslu

<173% pofTa8 [-11376 751 3360 18739 G930 10930 104930 10y 30 10530 ey 30 1273385

Ve il UNT FPACTLURS AT v
SOLFFLICILAT D aCTUALISATLIUY
de 9

1 0,517 | C,342 | £,772 | ¢,708 |u,65C | ,596 |.,547 |<,502 | 0,460 [C,42: |o,388 |, 96

o

Lo

oo
(8

Ve FHESEAT Vallks AT 9 2 -12335 |-33744 | -10000] 5443 | 6344 |6978 | 6514 | 5579 | 5487 | 5028 | 4612 | 4241 | s3:
V.ozute ACTULLLE au 9 %




CALCULATICN (F NoT FPHISENT VALU.L
CALCUL b LA VALZUR ACTURLLE NETTL

Alternative 2

Thousand UsD
Milliers des ULD

tem Year Année Total
brun Totnl
aubruque 1 2 3 4 5 6 7 8 9 10 11 12 13
1, Taoi INFICWs /CL1/ g o) . 50 | 21750 y 3 s 21250 3 2
. S5 CALisE 17375 1912% 21250 2125C | 21250 21250 2125¢ 21257 125 34025
it o Ladoaol
1. Lales revenue
tecetles de ventes 14375 15129 21250 2129C j212%¢C 2125G 21250 S125C AT 250 <l
e #esidusal value
Valear risiduelle - - - - - - - - - 12775
3. wubsidy o
Subventions ety - - - - - - - - -
T
Sie Shol GUTELC.LS TTT 1261¢ | 0 16 11:54 J1179¢ 1113 11423 11218 (11213 112138 11213 J11°18 11218 11218 t
ANTLag DL CAlusE =
)
4. inveatment Pon foaoas Traess | osisy 630 RE ;
investisscement
Y. Zash exuenses
Dépenses de caisze RIS 1o 33 1121z 11213 11213 | 11213 11218 Jii2ls 11218 11214
f.. Taxes
impots - - - - - - - - - -
Tii. LT TA3H Fious SNCES 1oF1: v o6 | =11254 | 610 . o s . s i . . .
FLUX NeTo Ui TRESwdsr L F1UEY [=0ui 28 [ -1105 123 37 9312 [ 132 | lee3e fiee3z |13z | louze f1uo32 fezaCT
~SUA NP L Jdbovitialn
V. SLLTUUNT FACTARS AT & . o ) . o
TUSFFISIENT D ACTUALLS.TLICN 1 <aElT (0,842 0,772 [ G708 | 0,65C 0,596 | 0,347 | ©,502 [v,460 | o420 | 5,588 | 0,506
de » .
1 CHLLLNT VAWLES AT 5 - 3565
Vo ML LNT VALGES WT 5 o -1261 [-35787 | -$476 | 4727 | 574C | 6373 7| 5279 [9438 | Sux6 | 4615 | 4234 | 3892 | 811y F3665
Vareht ACTUELLE au 9 a

W e N o g

L ———
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10.£.1.4£ . Internal rate of return

_ PV /i, - i / -
1 r = ll-f—
PV + NV
wh ere
i = internal rate of return of a project
PV = positive value of NPV at the lower di scount rate
NP = negative value of NPV at the higher dicount rate
il = lower discount rate at which NPV is still

positive but close to zero
= higher discount rate at which NPV is already

negative but close to zero .

Alternative 1

2818/10 -9/

i = 9 + = 9,86 %
2 818 + 477 —
—
A lternati ve 2
3468 /8 -7/
i =7 + = 7’92 %

3468 + 283 e
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1od4.1.5 LIULDITY ANALYSIS CF THE FROJECT Alternative 1 Thousand LLD
aNALTSE DRES LILUIDITES DU PROJET Milliers des L.l
R
Year Année
ltem
fubrique 1 2 3 4 5 6 7 8 9 10 11 e 1.
/L NIRRT Y /T Y
Lo Zoion WHFLOWS L 12346 36798 11876 |1771C 13770 21445 2125C | 21250 21250 21250 | ..1250 21250 EEY )
weNT ‘L. LL CAISGSE
l. +2ies revenue
lacettes des ventes 14875 19125 2125¢C 21250 | 21250 21250 2125C 21250 | 2150 21050
2. Fegiiual value e
Vuieur régiduelle bedz
Je Firancing of investment _ . ) )
- Financement de 1 investissemert Lot 46793 11376 2835 645 155
31 knuity o7 | 7365 | 3738 | 2835 545 175
Capitel-actions
.¢ woons F117 | 28933 3Besy |
irets Zh
Y- Sl CUTFIa gs 200/ ) i ) , 7 ¢
R 1003y | 36748 11376 13752 17323 21154 20277 (19547 JUTe8 118238 (14296 11134 1114
T 5L Db CAloss
1. livesiment incl. replazencnt .
: : pin 12339 {36798 | 11376 | -al 645 1.5 1350
Investissement r.c. remplacement
‘s Cash expenses excl. interest
2 3 u STy N . PRI X SR 1 N
Décaissements, interets non ecomrris 7539 9920 1320 [ 10320 [ 1320 [1osz 10320 ] 18320 |10 s, !
3. Tawex
impots - - - - - - - - - -
4, Finuncial oblipgations
unsagements financiers 7928 7658 10635 gus7 | 9277 8548 7513 3976 354 g
4.1 depaymert instalment P R . .
amboursements échelonnés 3113 3113 6761 6761 | L76C 676C 5153 A2 B -
4.2 Interest charges 3985 | 3689 | zuae | 2332|165 474 296 - - -
Jersements 4 intérets
4. pividends Dividendes 33C 856 864 364 364 864 364 864 obd st4
1iI. NET Cosl! BALANCE /NCB/ - - - . . , . " e
ENTAISCE NETTE /NCB/ -1C42 1947 295 973 1653 432 4014 £954 10066 25501
V. CUMULATIVE NeT Casil i*Al.aNCE o N d A -,
ENTALsSs CUMULATIVE SiTTi - - - -1042 9GS5 12C0 2173 3826 43C8 7320 14274 243401 4656

g e e
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10.4.1.5 LIQUIDITY ANALYSIS UF THe §iCJuCT Alternative 2 Thoussnd LD
aNaL'tob Dod LIWUIDITeS DU PROJET #dilliers dJes ULD
Year Année
Item |
2ubrique 1 2 3 4 5 6 1 8 9 10 11 12 13
'
te DT LWL /el 15610 139026 11254 {17970 |19805 | 21470 [21250 '2125¢ | 2125¢ | 21290 | 21250 | 21250 | scn
vanaTaes Db CALSUE
I+ ~ales reveaue 14875 119125 | 2105C [e1e50  [2125G | 21050 | c1250 | 21250 | 21250 | 21.%0
wecettes des ventes
‘e tiesidual value
Valeur réaiduelle [ S
’« Financing of investmant
Financement de } investissemant el 133026 111254 | 3095 630 20
_el Lguity Capitnl-acticns 334 o477 275 065 SA0 220
:.2 lLcans irets 17 RT7H TG0y
(]
Dle ToiH UTFIC.o 0o, A c.;
e Tiko Do 2l Prll doie .60 111058 1 @97 | o b oaades | ooorer [ ewgae 1927 (15385 honye |ren | 7
e Investment incl. renluwrneuent !
lnvestissement y.c. remplrcencnt Lol 15u026 (11254 ol £ 3 - 1750
.« cash exrcnses excl. interest
idcaigsements, intdrets non enmpris 3657 |23 11418 [ 11018 | 11.18 | 11213 |11213 | 11218 {11218 (1171
2+ Taxes Impots - - - - - - - - - -
4, Financial obligations
snsazements financiers 3259 755 1o.44 1247 9545 589 2 3155 4107 892 Rt
4.1 tepayment instnl:uent
Zemboursements échelonnds 275 75 697« PRI WA 63952 63ba 3275 - -
4.: Interest charges
Versements 1 intérets 4103 3797 ER R0 403 1705 e 511 - - - ,
e Dividends  Lividendes 356 333 8492 392 8y 2 ayn 82 6y2 302 SV
2o NoT Ti0H BALANCE /NCB/ '
w320 luon NWTTL /NCB/ = - - =-2021 832 =412 | =215 483 -670 1877 5809 9145 |21215
Ve MWL TIVE NeT CASH BALANCEH - = fecver | tisy | cenn | ciste [crsss [ cesos | coee | 5239 | 1as7e [3620e
LNCH 5.8 TUMULATIVE NTTE




10.4.1.6. Capital structure analysis

L %
Rd e = ’.

Q

w here

Rde = debt equity ratio
L = long ~ term loans
Q = e quity capital

Alternative 1

43 138
RdC = = 6697 / 33’3
21 600
A lternative 2
2L 585
R = = 66,7 / 33,3
de 55300 7

2. National Profitabili_t_xAnal 5i S

5238 1l S rolirtabl Aty Andalysts

10.4.2.1, Value added

13
%NVA - S0, - 2 ML/,

wh ere

13
i NVA = net value add ed gene rated by the project
t=1 thro ughout its economic lif e from year 1

to year 13 / plant equipment economic life

is 10 years /




13
7. O, = experted value of cutput throughout
t=l ) the projects life incl. residual value
13
Z/MI +1/= expected currentmaterial inputs MI
t=1 ' and inve stment [ throughout the projects
life

A lte rnative 1

NVA = 219455 = /92349 + 66 588 /
GO 518 000 USD

1]

A lte rmative 2

NVA

1]

219775 -/ 101 019 + 68 735 /
50 021 000 USD

I

NET NATIONAL VALULE ADDED

13 13
13 s
Z NNV A = ZO - 4 / Ml +1+RP/
t t
t=1 t=1 t=1
w here
RP = repatriated payments

A lte rnative 1

NNVA = 219455 = /92 349 + 66 588 + 8 279 /

52 239 CO0O USD

i

Alternative 2

NNVA

219 775 - /101 019 + 68 735 + 8 712 /
41 309 000 U SD

i

P
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Note @ In calculation the data from the Table =
Integrated Value Added Analysis , have

been used .

10.£.2.2. A bsolute effi ciency test
n n

/7
E = é,zlv/\t ca = Z’:l W, .a,

w here

E = absolute effici ency test of a project on the basis

of the di scounted values of value added and of wages
n

1l

2 1VA LN present val ue of the expected value added
B for the whole lifetime of a project / plant
equi pment / from year 1 to year n

Wtat present value of the expected wages for

TN
— =

the whole lifetime of a project from

yearl to year n excluding expatriated wages
a = discounting factor in year t

Alternative 1

e 69 12 838 000 USD > 3 745 000 U SD

A lternative 2

Eorge = 5012000 USD > 3745000 USD

Source of calculation = table " Absolute Efficiency Test

L

at Market Prices '
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asouilTe RFFICIENCY TEST AT JARKET PRICLS

. Thougs U
Alternative 1 houasnd U

Teol D EFFICACITE ABSGLUE AUX PRIX DU MAXCHE dilliers des il
Lvem Year Année Totsl
.« ¥ Lt
1. Velue ot output - - - 17875 119125 | 21250 | 21250 |21250 | 21eve | 21250 | 21eve | 2250 | 33705

Valeur de la production

2« Value cf material inputs
Valeur des intrants matériels

12,39 | 50728 11876 lulhe v3v3 9743 4548 w548 11398 v5H4u PPLEE ~548 4540

{ubrigue 1 2 3 P 5 6 7 9 9 10 1n f 12 1y Total
T
|
|
l
|
« Net domestic value added
Valeur ajoutée nette sur le plan
intérieur

sY2 2y seTe3] 211870 Tasel 92734 11507 117¢2 {11702 9352 11702 1170 : 11702 | &41L7

4. xepatri ;
Wepatr?ated payments 2L7C 1774 1478 1183 LRy Y91 296 - - - ,
«epatriements de fonds :

3 : 3 : .
»+ wet national value added Cderos | w8 1076/ | 5753 | 7993 | 1euy | 1vly | 1u81S | w261 | 11806 | 117e 11702 | 24197 ’
Valeur ajoutde sur le plan ?

national

2.1 .ages
N PY S JTé yile 572 e

\_..
)
0

. T2 572 bie D2
oalalres
2.cea0cial surplus

. . 5131 7386 4457 v947 10043 | 868Y lissd 111130 11130 (22589
zxcédent social

ve Discount factors at 6i discount
rate 1 “,943) ¢,890 | 0,84C |0,792 ] 0,747 | U, 705 | U,665 | C,627 | ,592 | v,558 | u,52T | C,497
Coefficients d actualisation
au taux 1 actualisation de 0.

7. Discounted values of NNVA
uquivalent actuel de la valeur
ajoutée

=133 r547C1 =10570 | 4833 6303 7432 7416 Tlv2 5807 6752 (N1 6167 12005 12484

7.1 Liscounted velues of wages

i 43C 453 427 403 180 359 334 31y ol 284 749
vaieur actuelle de salaires

7.2 Discounted values of social . .
surplus -123dy | =34701]1=1C570 | 4353 | 5850 7C65 7013 6812 | 5443 6413 6211 | 5866 | 11722 § 5043

Valeur actuelle de 1 excé-
deni social
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ABSOLUTE BFFICIBLNCY TEST AT dhc:zT PRICES Thousand USD

e . R Tv T s Alternative 2
TisT D EFFICACITE ABSOLUE AUX PRIX DU MARCHE Williers des UsD

Ly Year Année dotnl
Jtem Totnl
aubrigue 1 2 3 4 5 6 7 8 Y 10 11 12 L3
Wr vy e N
1. Vnlue of output - - - 17375 [ 19125 | 21250 | 21s5C | 21250 2125C | 2125C {2120 | 21250 | 4025
Valeur de la production
<+ Value of material inputs ) )
Valeur des intrants matsriels 1:on)e | 39026 11254 109380 {1C246 10666 1v446 10446 | 12296 10446 | lea46 10446 10446
;o wet domestic value added
S 1 R TSN 194 p LAY ' j 5 . T [
Valeur ajoutée nette sur D TN 7% N R PIVEL TN VA B Y- 6395 8379 10544 134 10804 | 8954 103C4 | 1ud04 13804 23Ty .
ie ;lan aintdrieur ,
4. sepatriated payrents . A
tenatriements de fonds <1317 1867 1556 | 1245 R hes 31 - ; - - !
: | —
o
e et natlional value added 6%
S . 54, 47 910 5 [T 347 PG A . Led: RE) RL
Valeur ajoutie 'sur 12 plon sl 1l VY 30060 1511254, 4717 701 120 Y 2871 35502 10403 lodud 110304 23579 '
naticaal
.1 Lages salaires yie 572 9i7e 57¢< bTe 512 572 Hi2 572 572
<< woecial surplus ] o i
-xcédent social 4145 644¢ 345¢ 3937 ERP) 176 | va2l 1oes2 |avesz | 2dhnd
L+ iliscount factors at €. discount
rate
. . p ‘o M L IS 3 5 R . q , - N . N . -
Coefficients 4 actualisation 1 ,243 1 0,890 | o840 [L,792 U, TaT | L0 1,665 | C,62T | L,592 | u,v98 |U,5eT | 6,497

au taux d actualisation de 6.

T. {iscounted values of NNVA
rquivslent actuel de 1la valeur
ajoutdée

-12610 pR36sl? L10016 3v62 9554 6744 6739 6564 5224 6211 6029 5694 [1713 5Cle

7.1 Discounted values of wages

Valeur actuelle de salaires 43v 453 427 403 380 359 339 319 jal 284 3745
{.¢ Liscounteéd values of soclal
surplus ] -1261u] =36302 | -10C16 | 3482 | 5101 6317 6336 | 6134 4365 | 5872 5710 5393 11425 | 1067
Valeur actuelle de 1 excéden
social
T T—————— f R
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10.4.2.3. Relative efficiency test / at capital scarcity /

P /VA/
T o
c
P /i/
where
E = relative efficiency test / at capital scarcity /

c
P/VA/= discounted value added

P/1/ = present value of total investm ent

Alternative 1
12 838
E = —— = 0,21
¢ 60 698

A lte rnative 2

5012

33!

]

[
o
Q
oo}

62 731

Sour ce of calculation = the Table " Absolute Efficiency

T est at Market Prices ".
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- 10.£.3. Uncertainty Analysis
= 10.£.3.1. Break - even analysis

L. In terms of physical units :

FC
BEP =
SP -VC

2. In terms of sales revenue :
FC
BEP - SP —4mm™Mm8m8m —
SP - VC

w here

F C = anaual total fixed costs including average interest
charges in a normal operating yvear ,

SP =selling price per unit of output ,

V C =variable costs per unit of out put estimated at

production level of 100 per cent of installed capacity .

A lternative 1
11 066 000

B EPl = = 172100 tons of cement
85 - 20,696
11 066 000
B EP, = 85 =14 627 550 USD
) 83 - 20,696

BEP = 68,8 % capacity utili zation

A 1lte rnative 2

10 920 000

BLP 1= = 184 100 tons of cem ent

85 - 25,672
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10 920 000

BEP., = 85 =15 645 020 U SD

&%)

BEP = 73,6 %:-capacity utilization

10.£.3.2. Sensitivitv analysis / in terms of IRR /

Change 1 = decrease of unit price by 5 % per ton
of cement
2 =increase of cash expenses by 5 %
3 =decrease of investmentb y 3 %
Z =change 1 + 2

5 = chanae |l +2 + 3

A lte rnative 1

733 /9-8/

[RR1=8+ = 8,22 %
733 + 2598

149 /10-9/
IRR?=9+-——————-—- = 9,03 %
' 149+ 3 037

2541 [13-12/

TRR, =12+ -12,98 <
. 2341 + 45
1390 / 8-7/
IRR, = 7 + = 7,20%
& 1290 + 2 113
]
915 / 11-10 / |
IRR- =10 + = 10,34 % p
g 915 + 1759 7

A lternative 2 '

1052 /7-6/

IRRl=6+ = 6,284

L1052 » 2702
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165 /,8'7/
IRR, =7+ = 7,0
= 165+3 377

s
o

Ul

2596 /11-10 /
IRRq:IO+ - = 10,91 %
. 2 396 + 272

10.5. Conclusions

vl

10.5.1. Investm ent C osts

T he inve stment costs are based on actual prices in the
technology market with regard necessary civil engineering

w orks for Amboanio area .

Although dry process of cement production proposed
in both alternatives is more expensive in investment costs
than wet process actually applied in the existing cement plant
in Amboanio the former one shows significant savings in

m anpower and consumption of fuel and energy .

It is to note that the investment costs are consid erably

im pacted by high custom fees applied to imported machinery ,

equipment and materials .
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19 .5.2. Production Costs

-3

Tndividual item s of production costs either are esti mated
according to the d ata obtained in Amboanio or arec based on

actual prices in local market .

T he reserves how to cut down production costs may be found
within the scope of depreciation and financial costs , i.e. in
cutting down of investment costs and in limitation of loan

financing or in providing of better loan repayment conditions .

10.5.3. Financial Sources

Debt / equity ratio 66,7/33,3 i s not very favourable
sinc ethe additional financial supports or contribution are
necessary in order to obtain a positive cash flow balance .
Therefore it is recommended to review project financing
from the point of view both of economical demand and of

effectiveness for development of the national economy .

2 4. Lsonemic Griteria

Taking into account the demanding investm ent and
operation conditions of the new cement plant 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 in other developing countries .
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10.6. TABLES

Bas ic information on project evaluation
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TABLE 1 IMVLSTAENT ~ Alternative 1 /Thouasaa U3D/
T ABLALAU 1 INVESTISGEARNT Milliers les U=y
r_n Construction year Operation year
ivem année de construction 4nnée 3 exploitation Total
e Total
doubrique
1 2 3 4 5 ¢
— —
FC ¥y Tt FC we Tt FC I Tt FC e Tt FC 1 Tt FC LC Tt FC Lc it
1. FINLU AooBTS o 1
FAVOLs FIXbS 4628|6370 | 121493 22931 54915 3284811850 | 3995|5845 - - - - - - - - - 2941420730 1511
1.1 wquipment \ i ] 5 N T ;
cquipement Ja48[110C | 45580 17691 5695|23388{1850 | 595 (2445 | - - - -] - - - b fe2ggnl vauo n s
1.2 Insialiation cosy i
Cout 4 installa- - - - - 70 9co - 134C 11340 - - - - - - - - - - 13'40 ¢ Wl
ticn E i
H ‘ ]
N ¢ . )
t+3 tand gevelopmeny . i596, |egac |524c | 3320| 9v6c| - | 2060 lveo | - - | - - - - - - - ezl nnadiroa
Aguiaition et miH ;
se &n valeur ; =
des terrains :
|
2o rowl LAINARY EXFRENSoo 10| 180 250 240 | 260 500 470 | 780 1750 - - - - - - - - 131001156 | 2ot
DoraNonS PROGLICINALE |
|
Je SCARING CAFITAL - - - - I - N - le835 |2835 | - 645 645| - | 195 15| o« 13675 | s67s
CarlTAL O SXFLCITATL L
4, INITIAL INVEST.ENT 4728 | 7020|11748 (23207300175 {33348 {2820 [4775 | 7595 - 2835 {283% - 645 645 - 195 5 PO'{ZI 25645| 96 166
LaVLoT Lud e NT INIT IAK ! ;
S L8T_kisT DURING CON-
STAUCTICN 11 | 630] 641 (2190 | 1260 | 3450 [2366 {1915 4281 - - - -0 - - - - - PAESTy usCH 4372
NTanlTs PRENDANT :
SUNSTuUCT ION | ‘
|
f. TUTAL INVEST.LENT R ] ! . - - i _
INVESTISSEMENT TOTAL 4739 7650]12389]25363 1143336798 | 5186|6630 {11376 <3835 | 2835 645 | 645 14
NuTp: pc = Toreign currency Lc =|loca} currgncy Ty § tot
devises étrangérds monn%ie logale tot ; i




Taulk 1 INVESTMLNT - Alternative 2 /Thougand USD/
Tadlanl INVLSTISSEMENT Millieras des USD
Construction year Operation year
item Année de construction d ‘exploitation Total
noubrinuve 2 3 5 Total
FC Tt FC e Tt FC w Tt FC 1c FC FC e Tt

1. Fiked acolTS N
AVUIRG FIYES 485Q 11718124779 1012134900 | 1294 (3791 | 5C85 - - - 0923:2C78061703
1.1 kguipment

Zquirs.ent 3670 4778 19539] 5901 25440 | 1294 391 | 1685 - - - F4507] 74001 31903
1.2 Instzllstion cost o ; o
Zout 2 installe= - = - 04 900 - 13401134C ) - - - - 2240 2240
T1i0n
1.3 Lana development N I . N _ 7
iquisition et mi- 11a6¢ 6940 | 5240|3320 | 3560 | - eecizueo | - - - 6420 (11140| 17960
se en valeur
des terrains

G PRELLINARY RXPENSES| o4 250 | 240 | 260 | 50¢ | 970 | 730 |1750 | - - - 1310 | 119¢| 250U
DErBENSES FRELIMINAIRES

3. WOKKING CAPITAL - - _ - -l . - e _

CAFITAL D EXPLOITATI§N 680 - - 13995 3995
i

o INLIIAL INVESTIENT | ,qe, 11968 [25019 |16381 35400 2264 4571 (6835 | - 680 - 32233 2596958148
INVeSTISSEMENT INITIQL

5. INTREREST DURING
CONSTRUCTICN ‘ .
INTERETS FENDANT 12 642§ 23661260 | 3626 | 2489 | 1930 4419] - - - 48€7. 3820 | #0n
CONSTRUCTION }

6. TCTAL INVESTMENT ) !
INVEST ISSEMENT TOTAL 4362 L2610 [27385 [11641) 39026 4753 6501 {11254 - 680 - 37100 29785166885
NGTE: FC = foreign cyrrenc] w0 loca} currency by = YOtal LA

davis.:: i atal
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TABLE DEPRECIATICN, REPLACEMENT AND RESIDUAL VALUES ) /Thousand USD
TABLEAU AMORT ISSEMENT, REMPLACEMENTS ET VALEURS RESIDUELLES Alternative 1 Milliers des USD,
Invest-| Expec- R Residua
ment ted 1li - eplacements - Remplacements
iten Inves- |fetime kiation P velues
subrique tisse- |Durée ortisk Valg;rs
ment  |de 1 2 | 3 4 5 7 8 9 {10 [ 11 ] 12 |13 [Eg3icu-
1. FIXeD ASSETS
AVULts FIXES 30191 - | 4326 - - | - - - - - | 8so| - - -1 - | 720
1.1 Jdachinery and equipment
Biens de production 30781 1C 3078 - - - - - - - - - - - - -
1.2 Trucks and querry eqguipment
Camions et équipement de carrie- 1350 > 310 - - = = = = = 1850| - = = = -
re
1.3 Lanad - - - _ _ - - _ _ _ _ _ _ - -
Terrains
1.4 Civil enginneering works
car e
Batiments 17560 20 878 - - - - - - - - - - - - 8780
2e FPROLIMINARY EXFENSES 10872 4 2718 - . - - - - - - - _ - - -
Ot oNobk3 FRELIALHAIRLS
3. WORKING CAPITAL ) .
CAPITAL D EZXPLOITATICN 3675 - - - - |- - - - | - - - - - | - | 3675
4. TUTAL
TOTAL 64738 [ - 7044 | - - - | - - - - | 1850] - - - | - 12455
e T8




TABL: 2 DEFRECIATION, RePLACE.ENT AND RESIDUAL VALUES Alternative 2 /Thousand UsD
TAbLuAU AMORT ISSEMENT , REMPLACEMENTS ET VALEURS RESIDUELLES Milliers des UsD/
Residu
item Replacements - Remplacements values
dubrique z::g:$<
sement 2 3 4 5 6 7 8 9 10 1 12 13 leiles
1. B1Xel AsoeTS _
AVLIdS FIXKES = - - - - - - 1850 - - - - 8780
1.1 Machinery and equipment
R oI % y - - - - - - - - - - - - - -
Biens de production Jeey3 1 3229
1.2 Trucks and quarry eguipment o ]
Camions et équipement de carried 135¢ > 370 - - - - - - = - | 1850 = - - = -
re
1.3 Land
Terrains - - - - - - - - |- - - - - - - - - -
1.4 Civil enginneering works ’ , '
Batiments 175600 S 373 - - - - - - - - - - - - - 8780 |
~
n
2. tULLIJINARY EXPENSLS 11147 4 2713 - - - - - - - - - - - - - - '
UeteNois PRalIlINAlRRS
3o wuRKING CArITAL
» - - - - - - - - - - - - - . - L'
JAFITAL D EXPLCITATION 3395 3995
4. ToTal 66335 | - 7274 | - - -] - - - |- - | 1850] - - - - | 2778
TITalL
T'———.»,x " " S o — PR 2
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:.DLAL‘: . .\;\IN.;J', . : ‘[ sl INau., \j l.'L.';. .‘I..'JQ‘”I’
Taty pal o Doocdodn Ul s D JAIN=D CaUV.e |
JobD
Jumber o7 perczonnel arer:nge annual wages
sffectif du personnel snlaires annuels moyens
aki}lgd Unskillel Total | skilled|Unskillefl Total
Lualifié lilon qua-f  Total puslifié|ilon Gua- Total
1ifié lifie
1. .lanufacturing personnel y . . . s . : .
rersonnel affecté a la production 14 1c 19 29 303 2 464 | 376 272
1.1 Direct operating personnel - , . ) . e
DirectemSnt 5P 0% 4 oL 106 seb] 4 2 |11 818
1.2 Indirect operating personnel ‘ ) - . . .
Indirectement ' 6y 14 35 f16s us2| 17 472 {124 454
2. sdarketing personnel - _ _
Fersonnel de commercialisation - = -
o 3. Supervisory personnel - .
rersonnel de maitrise 1 1 61 776 = 61 776
4. Administrative personael . . 5 ey Ly o .
Personnel administratif 26 9 32 122 7T1le| 11 232 | 133 w42
5. Grand total ; G , . -
Total général 171 27 158 538 294 33 696 (571 390
5.1 National personnel
Personnel du pays - - - - - -
5.2 Foreign personnel
Personnel étiranger

- 6Ll -
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quantity in tons

L.

Val-e in thousand U=™

Luantité en tonneaux
Valeur en milliers des U3D

o —
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TABLE 4 ANNUAL INCCME Thousand USD
TABLEAU ReVENU ANNUEL Milliers des USD
Year Year Year rrYear
Item 4 5 6-12 13
. Rubrique Année Année Année Année
Q A Q \' Q v Q V')
« ANNUAL SALES ; . . . , S
1 ¢ ) 175000 114375 22500C | 19125 ] 250C00 | 21250 §25C000 21250
VENTES ANNULLLES
tortland cement 175000 | 14875 [2250C0 (19125 [|25C0CC (21250 250000 | 21250
Ciment Fortland 175CCC | 14875 1225000 (14125 250000 12125C 2500C0 | 21250
Local - Marché local 175CC0 | 14875 [22500C (19125 [R500CC [21250 25C0C0 | 21250
Lxport- Exportation - - - - - - - -
2. SUBSIDY 306G - - -
SUBVENTICNS 3Ce0 - -
3. HESIDUAL VALUL - - - 12455
VALBUR Rao IDUBLLE - - - 12775
4, TuTAL INCCn - 17875 - - 21250 - 337C5
REVENU TOTAL - 17875 - - 21250 - 34025



Table ANNUAL CPERATING CU3TS Alternative 1 /Thousands U3D
TABLEAU FRAIS ANNULLS D EXFLOITATION Milliers des UsD/
Year 4 Year o Year  ,
Item Année Année Année
qubrizue Rx:riab e Fixed| Total Wariablq Fixed |Total ariablgq Fixed |Total Total
i - iablds Fixes; Total Nariablqs Fixes|Total Jlarisblds Fixes Totgl ¥ Q191
1. WANUFACTURING CASH LXTENSES
DelAlSonENT AU T1TRE LT LA FAMRICATICN 3853 3702 7585 4721 4365 9C86 5174 4712 9486 5174 4712 4336
1.1 idaterial - Fournitures matérielles 3661 2801 6462 1 4529 3464 | 7993 4982 3811 | 8793 4982 3811 | 8733
1.1.1 lmported - lmportécs 1455 364 231y 1300 1C69 2869 1980 1176 3156 1980 1176 3156
l.1.2 Locsal - Locales 2206 1837 4143 2729 2395 5124 joce 26135 56317 3002 2635 5637
1.2 sages - Salaires
1.2.1 Foreign - lersonnel étrancer - - - - - - - - - - - -
1.2.2 Loe: - Personnel local 192 246 4 38 1v2 246 433 1y 246 418 192 246 438
1.3 uther experses - Autres dépenses - 655 655 - 655 659 - HhH5 65y - HYy 659
2 JAH£oTING CASH :XUINSES - - - _ - - _ _ - - - -
DECALSLLMENT AU TITAk Db CuddauZialloaTIoN
3o Al NISTPATIVE CAGH LXFENSLS
DeCalock BNT AU TITAE Db L ALJINISTRATL N - 434 | 43 - 434 | 434 - 434 434 - 434 1 434
3.1 .ateriel - Fournitures matérielles - 1L 10 - e 10 - 10C 104 - LU 100
3«2 wages - salaires
J«2.1 Foreign - Personnel étranger - - - - - - - - - - - -
Jece2 local - rersonnel local - 134 134 - 134 134 - 124 134 - 124 134
3«3 vther expenses -~ Autr~s dépenses - 2C¢ 20C - 20C 200 - 200 200 - 200 20w
- ViBGTING CASH SRIRNSES 3853 | 4136 | 7989 | 4721 | 4799 | 520 | 5174 | 5146 | 10320 | 5174 | 5146 |1C32
DalAlsorNeNT
2s Sn:RaCIATION - 7044 | 7044 - 7044 | T044 - 7044 | 7044 { - 4326 | 4326
AJURT 1550 ENT
b ToTac TLUTS 3853 |1118C [ 15033 | 4721 111343 | 16564 | 5174 |12190 | 17364 | 5174 | 9472 | 14646
TLTAL D13 COUTS
N
N
\\ - e ——————
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TaBLE ANNUAL CEERATING CU3T3 . /Thousanda USD
i oAt > . Ly fowny Alternative 2 . .
TaBLoAU FRAIS ANNUZIS D EXFLCITATION Milliers des UsD/
Year Yeour Year Year
ITuM année 4 Année ° Annde 67 année 2713
2Ub L UE Variablp Fixed|Iotal Yonjabl.|Fi iabl}Fi jab].Fj Total
Jer L UE Yariabie glxes %ot.a ?EHH. gged Tota} X:i:ig% f‘:{xed Total Var::hL I‘iigg mg¥31
1. GANUFACTURING CASH BXPLNSLS ) ) ] ] -
UeCAlsoudENT AU TITRE DE LA FABRICATICN 4769 3454 3223 5351 4055 939C4 5413 4366 10784 6418 4366 {107¢c4
1.1 idaterial - Fournitures matdrielles 4577 2530 7107 5659 3129 3738 6226 344z Y668 6226 4442 96EB
1l.1.1 Imported - Importées 3108 746 3854 3843 923 476¢€ 4223 1015 %243 4228 1015 5241
l1.1.2 Lozal - Locales 1469 1784 3253 1318 2206 4022 1998 2427 4425 1998 2427 4425 |
1.2 sages ~ salaires
1.2.1 Foreign - l'ersonnel &tranger
1.2.2 Local - Fersonnel local 1y2 246 438 142 246 438 1y2 246 418 192 246 458
l.) Cther expenses - Autres dépenses - 678 678 - 678 578 - S 570 - 678 6738
1
2. SAUGLTING Cish BEPRNSES - _ R _ R . } - . . . . 7.
VaCALLLELNZNT AU TIT e Lk 200MEACIALILATION Lo
'
3o AbsNLSTRATIVL CASH 2RFEN.23 _ 454 44 _ 414 434 - 434 434 _ 434 434
DelalosedndT AU TITRE Do L WDMINICTANTIUN
3.1 daterial - Fournitures matérielles - 100 1.0 - 1ev 100 - 16y 100 - 1C0C 1¢0
3+2 wages - 3alaires i
3«241 Foreign - Fersonnel éiranger - - - - - - - - - - - - '
3e24.2 Local -rersonnel local - 134 134 - 134 134 - 134 134 - 134 14
Je3 Uther expenses = Autres ddépenaes - 200 2C¢ - 2C0 200 - 200 200 - 200 200
4o redaTING CosH 7o lRS 4769 | 3338 | 3657 5351 | 4487 [10338 | 6418 | 48C0 | 11218 | 5418 | 48CC | 11218
DLCALSSEMENT
Se DLrdcCIATTCN - ANCHTISUoiENT - 7274 7274 - 7274 7274 - 7274 7274 - 4477 4577
6s TOVTAL CO5TS 6 2 695
; .
TUTAL Dui CCLTS 4769 |11162 15931 £851 11761 17612 | 6413 12074 18442 418 19277 13,655
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TABLE 6 CAFITAL STRUCTURE ‘ Alternative 1 Thousand UsD
TABLEAU STRUCTURE DES DEPENSES EN CAPITAL Milliers des USD

Total
Itea jear 1 2 3 4 5 6 Total
tubrique
e | iclte [rc Tic Jre [re |1 [Tt J e [c | o JPe | e |7t [P | e | ot |FC I |1
D LT D |L T D L T D |L T D L T D L T |Ibp L T
1o INV2.T.0adT 4739 [165¢ |12383] 2536301435 |36798 |5186 |6650 J1876 | - | 2335|2835 | - |45 | 645 | - 195 | 195 35288 {29450 (647 38]
INVLT 1530 daNT
1.1 lni%ial invest-
men
Investissement 4728 {7CG2C |11748] 231730175 {3334812820 4775 {7995 - 283512835 - 645 | 645 - 1455 155 [50721 125645 |56 366
Initial
1.2 Interest during
construction 11 | 630 | 681 | 2190 | 1260 | 3450) 2366|1515 {4281 - - - - -1 - - - kser | 3805 8372
Intérets pendany
la période de
construction
2. FINANCING
FINANCEQENT 4739 765C] 123555363 1435 367985186 | 6690 | 11874 - 2835 [2335 | - | 645) €45 | - | 195 | 195 |35288 |29450 |64733
2.1 bquity a622 | 165C| 6272f 2430 {9455 | 7865)3336 | 452 | 3788 - [2s35 |eass | - | 645|645 | - | 195 | 195 [10288|11212(216CC
rartisipations
2+2 Loons 117 cccu| e117) e2v33 suue {28933]1850 | 6238 | scss 24900182384 3138
irets
2.2.1 Domestic " . R . ) »al
Intérieurs| ~ 6CCL 60LQ - €COC | €C00) = €238 | 6238 - - - - - - - - - - 1323818238
2.2¢.2 Foreign 117 - 117 p2933 - 22533] 1850 - 1350 - - - - - - - - - 24900 - 249008
btrangers
30 4b Na NG
3¢ GPPRRICNAL FINaNCING _ _ R ol R - - . . - I _ _ _ _
FINANCEIENT SUFPLE
AENTAIRE NaCES3AIR
I _ . g g

—
(sl



TABLE

CAPITAL STRUCTURE

Thoussnd U5D

6 Alternative 2
TABLEAU STRUCTURE DES DEPENSES EN CAPITAL Milliera des USD
Total
Iten fear 1 2 3 4 5 6 Total
Rubrigue e
FC w | 1 | FC we | 1e | Fe w [t |FC e |1t | Fc w |1 §re ic |t | Fe e | Tt
D L T " L |7 D L |7 D L T D L |7 D LT D L T
1o INVeoT.LdT 4562 | 7643)2610 p7385 p1541|39026[4753 |65¢1 l12s4| - [3095 3095 ] - | 680 | 680 | - 220 | 220 |37100|29785{ 66834
INVEST LS SELENT
1.1 initial invest- )
ment 495G | 7018} 11969 25014103813354C0) 2264 | 4571 [6835 - ]3095 [3095 (] - 680 | 68C | - 220 | 220 }32233125365| 53198
Investissement
lnitial
1.2 Interest during
construction N v V6O TS _ - - - - - - _ - 26 367
Intérets pendant| 12 | 63C | 6427 .50 112603626 £24389 | 1530 \dly | 4867 | 3820 | 8637
la période
de construction .
&
2. FINANCING _ _ IS
FINANGE BT 4962 |7643 ho61c 7335 [11641]139026)4753 | 6501 11254) - | 3095 {3095 | - 680 | 680 - | 1951195 |3710C] 29785| 66385 |
241 kguity } ' ) . R - i B ’ . ol
rarticipations [1835 |1643 6483 § o606 bbod1 13247 [3459 | 116 3575 | - sug5 |3u9s| - | 68C | 630 | - | 22u| 220 10900 11400| 22200
2.2 Loans 127 |6cce 6127 4779 lecou | 3c779] 1294 | 6385 1679 26200]18385) 44585
irets
2.2.1 Domestic ) . A;
Nt . '(\l - SN - - - - - - - - - - - ¥ s
Intérieurs - 6euL | 6CUC 60C0 16000 6385 |€1385 18385] 183%
2.2.2 Foreign <300 620
p - p 3 - p - - - - - - - - - - - - /b +
Etreangers | 127 127 pa179 24779} 1294 1294 262 P
3+ gipiTzenal FINavcinG| ) ) } ) ) ) ) i ) N i i ) i ) i ) )
F1NANCEALNT SUFrLE=
ENTAIR: NeChsSAIRE
W’ e v'r r——— '._” .




Tapli 7 FINANCIAL OEBLIGATILNS ) Thousand U:D
TABLE AU ENGAGEMENTS FINANC [213 Altefnetive 1 Millieva des USD
) Year Année Total
[tem Total
subriga *
nhrique 1 2 3 4 5 6 7 8 9 10 11 12 13
La Lo -0 FIREN T 541 345¢ 4281 7¢88 63C2 Y771 J93 8413 7754 754 3112 - - LT84 3
repayment instalments,’
. remboursements 4chelonrées, - - - 3113 3113 8761 5761 K760 5768 6758 3112 - - 43138
‘interesats, , intérets. €41 4% 4281 385 3639 Ll 2342 1653 Y74 296 - - 24 311
1.1 Zomestic loans
rrets intdrieurs
l.1.1 depayment instalment
demboursements - - - - - 3043 $043 3648 3643 364¢€ - - - 13238
échelonnés
l.1.2 Interest
© Ly 1o 1415 1915 | 191% 1532 | 1149 ' 766 383 - - - - 11465
Intérets
S
1.2 Foreign loans
.rets étrangers
l.2.1 Hepayzment instal-
ments - - - 3113 | 3113 | 31a3 foan3 | o3z | oaae |31z | sl - - 490U
Remboursements
échelonnés
1.2.2 Interests ]
Intérets 11 21ue 2366 2070 | 1774 1478 | 1183 347 591 796 - - - 12846
24 ULIVILENDS DIVIZLRNDES - - - 830 856 864 864 864 864 864 364 864 864 85483
3o UTHEAS - _ _ _ _
AUTabs ENGAGEUoNTS
4. TQTAL \ .
LT AL 641 345C 4281 7928 7658 10635 9957 9277 8598 7918 3976 364 354 76047
iAl
. .




TabLe FINANCIAL vl IGATIUNG Thousard UsD
TABLEZU 7 ENGASSL=NTo FINANCILRS Alternative 2 Milliers des U3D
Iten Year Année Total
) . Total
{ubrigue 1 2 3 4 5 6 7 8 3 10 1 12 | 13
1. LA YReTs 642 3626 4419 7383 7072 16052 G355 8657 7960 7263 3275 - - 4704
‘ronayment instalments/
- - - 576 r AQn - - - & - - s
/renbeoursesents dchelonndes, 1275 3215 6952 | 6952 6952 | 6952 €952 3275 4585
Sinterestas’
‘intérets/ [ 36 4410 41.3 3797 $1en 24C3 17¢9 1.3 311 - - - 25119
l.1 Lomestic loans
:rets intérieurs
l.1.1 Repayment instnlmen?s
Hemboursements - - - - - 3677 | 3677 3677 3677 3677 - - - 18385 |
échelonnés EB
t.1.2 lntereats o
t.l.2 Intereats 6 1 6 1y 3¢ 15 3¢ 1330 1544 1153 772 386 - - - - 11440 1
Intérets
1.2 Fcreign loans
!rets étrangers
1.2.1 Repayment instal-
ments - - - 3279 | 3275 3275 | 3275 327 3275 3273 | 3275 26x¢C
Hemboursements
échelonnés
1.%+2 Interests 12 | 2566 | 2489 | 2178 | 1867 | 1556 | 1245 33 622 m - - s REEE
Iintérets
2e DIVIDZRDS DIVIDLNDES - - - 856 g3 892 8392 392 B8y2 39 892 292 8Gg2 3T
3o LUTHERS
AUTRES ENGAGRJENTS = - - - - - - - = - - - = -
4, TOTAL . . .
TOTAL 642 | 3626 | 4419 | 8239 | 7955 | 1C944 | 10247 | 9549 | 8852 | 8155 |4167 gv2 | se2 |78579
o ——— - - T
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TABLE 8 INTEGRAT=D FINANCLAL ANALYSIS Alternative 1 Thousand UsD
TAELzAU ANALYSE FINANCIBRE INTLGRLSE Milliers des USD
Item Year Année
siubrique
1 1 2 3 4 5 6 7 8 9 10 11 o ! 13
1. INVESTUERNT INVEST IoSEMENT 121389 36798 {11376 2835 645 195
Initial investment ]
Inves*iseement initial 11748 33343 7595 2835 645 195
da ViolaTING CUST SCUT 5 BXbLCeITATIVN 15018 20293 2374 196%6 16299 [15620 14942 14646 | 14646 (14046
Zel Cuzh expenses Décaissement - - - 7949 $52C |1L32¢ 16320 1G32C 12320 [1e3zd 10320 | 1632 16332C
2.2 Depreciations Amortigssement - - - 7C44 TU44 Te44 7044 4326 4326 4326 4326 4326 4326
2a3 intereat Intérets - - - 3939 1635 3C10 2332 1653 974 236 - - -
Je INCO.d s VeNU 17875 191.:% S1U5¢ (21250 21250 21450 21250 21250 | 21350 33705
se«1 sales revenue B ]
Geceties des ventes - - - 1437% 15129 21260 | 2185¢ 21250 2150 21250 21256 | 212h0 |21ehC —
1e2 Lubaidies subventions - - - 3Lk - - - - - - - - - E?
3«2 Hegidual value Valeur réaiduelle - - - - - - - - - - - - {1.459 f
4. RoT C00H oARUIINGS
duleTTeo HLTT2s DL Zalo.w
4.1 Taxadble profit hénsfizc impoaaltle - - - =114 -1123 576 1554 4551 56 3L HWg G604 60U4 15uhY
minus taxes moins impotls - - - - - - - - - - - - -
4.2 Net profit Bénéfice nette - - - -1143 -1123 376 1594 4351 5630 G363 6604 6604 1905y
plus interest plus int'rets - - - 398¢ 3689 | 3010 2332 1653 474 296 - - -
4.1 ldet profit before interest after
taxes
- - - - 3 " - el e oy
Dénéfice net avant intérets apres 2842 2561 3886 3886 6EC4 6604 6604 5604 664 10Uy
imposition
plus depreciation-plus amortissement - - - 7044 7044 7044 7C44 4326 4326 | 4326 4326 | 4326 4326
minus replacement-moins remplacement - - - - - - - - 18%0 - - - -
Total Total - - - 9886 96C5 (1L930C £93C 10930 9080 [10930 10630 10930 |:z338%
Fe NeT Casil ¥ILES - - - | esy | osgeo | ae7ss |acsse (10930 | oeweo |10930 10930 | 10930 21285
MOUVIANTS NETS Db TrooCidcls
. T = - o e ¥é



T.ble INTEGRATED FINANCISL ANALISIS . Thousand Uil
(o)
L AbLis ANALYSE FINANCIbHE I1NTEGREE Alternative 1 Milliers des UsDh
[tem Year innée
subrique 1 2 3 4 5 6 T 8 9 Y0 11 12 13
5 INANCIAL SCUNTLS . . -
e FINANCIAL lUMZe3 1258y | 16798 |11876 | 2835 645 | 195
W UATEL D FLNANCLMANT
6.1 Lauity varticipations 6272 | 7865 3788 | 2835 845 135
€42 Loang irets 5117 128y13 Seag
el ~thers ivers - - - - - -
To FINGNZIAL CHLIGATIVNS 5 i5. TEE . ar . . ok
- - - 7928 7554 16235 vH57 PraN 393 7918 3976 564 864
GG e NTL FINGNT Lo s
7.1 depayment instalmernis
- - - ) R e - - — ” _ -
Zemboursements échelonnés Sl 4112 hTe1 | 6761 6760 676¢ | 6758 112
7es Interest charses intdroaes - - - 33589 263y 301 232 1653 474 96 - - -
Tes Dividends bividenles - - - 33t ok A4 if:4 364 364 364 =064 30,4 364
De weT T Lnt TR RN OT S SO S AN 1uuE 1.47 ) 973 YGUR 457 K10 B4 6954  11LLLGE 22531
ce CUMLOUTIVE NZT TALH i - . o . ‘- . i
1.3 2909 PN H173 [Sle e &) o 1. e \ 1774 T4 45+4C1
SNTallLe JULKLTIVE SLiTe '
|
i

- 881 -
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. . R wiiligutiingteiniu.
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TSNS T R NS S L% e .
T.bBLs a INTEGRATSD FINANCIAL ANALYSIS Thousand ULD
Tabliad ANALYSE FINANCIERZ INTLGRER Alternative 2 Milliers des ULL
iten Year Année
aubrinue 1 2 3 4 5 6 7 8 il 1C 11 12 1s
le iuW¥VaoT.obh INVESTISSEMENT 1610 39026 11254 3659 H30 22¢C
Initisl investaent
11563 | 35400 £835 395 630 220

investiss:zant initial

e vieed TING ZOOT 2ULT R LOITAT IO JeG 3y 21419 1542 {20895 1740 LO7w) 16CL6 (196935 15699 15€995
Zel Cusn expenses lDécuissement aus7 10333 11218 11218 11214 11214 11213 (11218 11418 1lels
.2 Levreciations Jnortisseuent 1274 1274 7274 | 7274 4377 RN 4477 | <477 4477 447
-+3 lnterest Intérets 41C3 3797 3100 24C3 17C5 1{8 311 - - -
e LN RLVENU 17375 19125 21250 21450 121250 2125C 21-%¢ [F1290 212%C l4u08
3«1l sAies rcvenue Y
secetias des ventes 1437% 1416 21050 21450 1212%¢ 21250 2150 11250 1212%0 21:2%0 &g
Jei Subsidies Subventions e - - - - - - ) - - )
3o desidunl value Valeur résiduelle - - - - - - - - - 12779
4o NS TaoH watiINGS
WaluTTes MeTThs OL Taloowe
4.1 Taxable profit bénéfice imposable 0164 - g - 154 5250 4547 Y 5555 555 13330
minus taxes moins impots - - - - - - - - - -
4.2 Nev profit bénéfice nette 2164 -2234 ~-34cz 359 3850 4547 2244 15559 555% Jlass0
plus interest plus interets 4108 3797 J1ee 2403 17.5 JARIOR) n1 - - -
443 Net profit before interest after
tuxes
Bénéfice net avant intérets spres 1944 1513 2758 2758 5555 5559 5555 5995 2055 1503
imposition
plus depreciation-plus amortissement 1274 7274 [7274 7274 4471 4477 14417 44717 4477 | 44717
minus replacement-moins remplacemant - - - - - 13%0 -- - - -
Total Total $218 8737 100 32 10032 10032 | 8182 10032 |1iuui2 10032 227
9e NLT T-GH FIOUWS

AUVELLNLS NETS DE TaboCRRRIG

6123 8107 3812 16032 1C032 3132 10032 10032 1WCo3e {-2u?




TaBle INTBEGRATED FINANCIAL ANALYSIS Thousand USD
TABLEAU ANALY3E FINANCILERE INTEGREE Alternative 2 Milliers des U5D
Item Year Année
subrigue 1 2 3 4 5 6 7 8 9 10 1 12 13
6. FINANCIAL SOURCES o , , v
3uULClsS DE FINANCEMENT 1261¢ 139027 111254 | 3095 680 220
6.1 Equity rarticipations 6483 8247 3575 | 3095 680 220
6.2 Loans Freta 6127 | 3C779 7679 - ;
6.3 Others Divers - - - !
! .
7+ FINANCIAL COLIGATIUNS 7 |
ENGAGE.ETTs FINANClonS - - - 82139 7955 10944 N0247 9549 B852 8155 | 43RT 892 892
i
7.1 repayment instalments 3275 327% 6992 6952 6952 G952 6952 i 3275 - -
temboursements échelonnés '
T«2 Interest charges lntérets 41C8 3797 3100 2403 1705 1uu8 311 - - - '
7«3 Dividends Dividendes 8%6 883 392 89¢ 892 392 892 892 892 8u2 (é
04 NuT ChauH BALANCE  ENCAT Lo NETTe - - - 979 83¢ =912 -21% 483 =670 WwTT 5365 9140 {21915 !
2 CUMULATIV: T CauH BAL:NCE
G I g ' G 4
ENCalosi CUNULATIVE NeTTh 979 1811 599 684 1167 497 | 2374 8239 117379 39444
t
1
|
i
T ——————



TaBLE o INTEGRATED VALUE ADDED ANALYSIS

4.4 Cthers Divers

TABLENT ARALYSE INTRGAEE DE LA VALRUR AJOUTER
Iten
Rubrique
1l 2 J 4
1. VAIUE CF QUTRUT
VALEUR Di LA PRUDUCTION - - - |17873
1.1 Exports Exportations - - - -
1.2 Domestically marketed
Pour le marché local - - - 14879
1.3 Residual value Valeur rdsiduelle - - - -
1.4 Others Divers - - - 3000
VaLLUR DES 1INTG NTS MATERILIS
2.1 Inveatmeni. ii.l. replacement
Investissen =ts 12389 [ 36798 | 11876 | 283%
2.1.1 Imporied Capitsux importés 4739 | 25363 5186 -
2.1.2 Domestically procured
Capitsux locaux T6%0 {11435 6690 | 2835
2.2 Current material ianputs
Intrants astdriels courante a7
2+2.1 Imporied Importds 2119
2.2.2 Domestically procured
D’origine locale 424)
2.2.3 Iafrastructural services
Services 4 infrastructure 653
3o XET DOMBSTIC VALUB ADDED .
VALEUR AJCUTEE NETTE SUR LE PLAN Imsaxxnf““’ /367984 /118761 7823
4. REPATRIATED PAYMKNTS 2070
REFATRIEMENTS DE FONDS
4.1 Yages Salaires -
4.2 Profits Béndfices - - - | - - - - - - -
4.3 Interest Intérets . 2070 1774 1478 1183 887 %91 296 -




rep . SRR R ‘“‘!}:
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TiBLE INTEGRATED VAIUE ADDED ANALYSIS Thoussnd USD
9 " R . Alternative 1
TabLEAU ANALYSE INTLGREE DE LA VALEUR AJOUTEE Milliers des USD
Item Year Annde
dubrique
_ 1 2 k] ! 5 6 i 8 3 10 1 1 12 i
5« NuT NATIONAL VALUE ADDED ; i R
VALEUR AJCUTEE NETTE sUK LE FLAN /1238947367987 | /11876/] 5753 7958 10029 10519 10815 9261 11406 11702 11702 |z4157
NATICNAL
5.1 Jages salaires 57,2 572 572 572 572 572 572 572 572 572
3e¢ 30cial surplus
Zxcédent social 9131 | 7386 9457 9947 | 10243 | 86389 |1ludi4 11130 | 11150 23585

il

- 261~

R e e TR

o7 2
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TabLa INTLGHATED VALUE ADDED ANALYS1S R
: k¢ ALYSE i ‘ . — Alternative 2 Thousand USD
Torluhl ANALYSE INTeGREE DE LA VALEUR AJCUTEE Milliers des U.';
Year Année
tvem
Aubrigue 1 2 3 4 5 6 7 8 9 11 12 13
I, Yol oF UTIUT
Viiwiat Do LA cadTBSTILH 17879 19125 21250 | 21450 | 2125C | 2125. 21250 | 21250 3402
..l Lxports . ¢ utions - - - - - - - -
1.0 Lomeatically rerkeled
. se le marcre loeal 14875 | 19135 | 1150 1S | 2iese | ool 2125C¢ | 1250 | 21250
l.3 fesidual value Valeur riz duelle - - - - - - - 12775
1.4 . thers “ivers Jodu - - - - - - -
Ve Maeean JF L Tenlar 1d:LLL )
Vi Ul L, DMTenit, 0 Toel Prel. faut 26 1194 | s W6 (100G reeads [raaan | 1006 10446 | 15446 [1.246
<+1 investments incl, replacement '
lnvestissements 1.0l 35046 {1154 LY ek - - 1454 - - - =
~elel lamported Capitaux imiortds 2,02 2738% 4153 - - - - 140 - - - w
. el.d Domestically puovured TLdS 11641 551 [T viod - - AL, - - - '
Capitaux locasux
‘o< Turrent materisl inputs , - . ) . e
R (ERE 2500 1 1. 4406 1440 1440 10446 V440 Lodad
watrants matdériels ccurants
2eée) Imported lmportis 1354 470 Y L2413 V243 24 5243 %245 543
feded Domestically procured
7 arigine locnle 3353 4122 4% 44500 e av 25 1525 4525 525
Ze- e infragtructural services
services d infrastructure 679 678 678 073 G 678 678 87
Je SET e wladTLD Vadlis ALLLED
Toiiva adulUTeb NeTTe Sbb i 1.0 1610/ ‘(jVL::s/ 11254/ 6d9§ 3379 10534 1.38u4 10804 8954 104304 1304 .3577
ERTea foid

3

e T 4 i
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TaBLE 9 INTEGRATE.) VALUE ADDED ANALYSIS Alternstive 2 Thousand U3D
TapliAU ANALYSE INTLGRLE DE LA VALEUR AJOUTEE Milliers des USD
Item Year
Ri i
ubrigue 1 4 5 7 8 10 11 12 13
4, uzi ATRIATED FAYMENTS
HLPATALESLNTS Do FUNDS 2178 1867 1245 933 im - - -
4.1 Lages salaires - - - - - - - -
2,2 irofita Bénéfices - - - - - - - -
4.3 Intereat Intérets 2173 1367 1245 i3 311 - - -
4.4 Uthers Divers - - - - - - - -
9. YT NOTIONAL VALUL ADDED
Valel AJCUTEE NETTE SUn e 1261/ 4717 7012 ¥559 9871 10493 [ 1u8cd [10804  |23579
dqatludat
5.1 ages 38alaires 572 572 $72 v72 Lle 572 972 572
5.2 wocial surplus
Excédent social 4145 $44C 3487 Y299 U2l | 1232 {10232 2307

1 .
S

£

R e
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ANNEX N° 3
SONDAGE S4
e, N - 9,
R —
‘ LOCALISAT:ON
X :1140,320 .
2 Date dexew?:
“~’th~ile de Profondeur -1/100 Y 388100
© ~ofordeur fotale  28,00m ' z
= RVE A o ! r__ PPV (38
Catess S SIS |5 | Fowarions TRaversees _TAUY Ze RECUPERATION lo”%f’f‘ des  VeCAL
51 83.3'¢ i GRAPRICJES  |cHIFFRESPASSESIC AROT
C L0 20 40 60 80 100
’ | l | 2 1 i § S ) !
12-60 — coom L3184 ‘ L 00m —
| ! : ;
| L Cateaire i i !
f , marneux o
P ‘ ’ S
v i ;
a & ‘ S
i ; ! . _ {380 _____|
4] so0 ! | |
o | | ©50% 186m | &
fe : ! i o
; 3 ) . 6.85 !_____* )
T ] .ss | | | e
A ' I Rt | : &
- 1ige i | o | -, S
- '3 »: Calcaire fissuré | 22% 7im | <
L. : 1000 Calcuire d'sltér- L[ L 1029 -
: » nance ) 1 | 1 -
' . | ;
f i f : °° :

— ! - J : 30% L 0%2m) o
3. i i 7 b] 1 :’
% s b i e B

* ; | | -
| _15.00 | . . 38% " 116m
o - | b 16,22 ____
5 Mirnc avec 4 as-: ' :
sage décimetrique; | |
de caicaire. 78% | 2,40m

S : :
i | } L___ e 19,05 — e e o od .__.
| o &
’ 'z 85% | 2.62m| 2z
=~ I €
< j : ' Mu":.
| 2 | L a0 ____ | 8%
. i i o i ! ' i L %
2 % | L 206m| ¢
o '
o o 2275 | §
. ‘ “ ~
L] : m
S . z €
1 ! : j Marre calcaire ‘ o 2
T B t compacta 89% . P 290m ) v
! = : } — N
_ 4’ K 2800 hE
[ 2 _ A ! -

CHENT




A R RN o PSRN T AR T T TR TR I e et S Y AT
- e =¥ SRR (A3 I I R P i

ANNEX N° 4
'SONDAGE S5
LOCAL SATION .
Tt o Commer.é e
Y 1139 85¢C Date Cexecut:on
Termre &
e de profondeur 1/100. v jee Tor
“desr totale 250 Z = 2200 mw
) t ) T . . T
5| 8 § 3 S ' FORMAT/ONS TRAVERSZE TAJw de RECUFE -«AT,_’«_A LOvauE ‘?L’M[f ‘?‘V;I&’ﬁggd
4a 1218 Lo GRAZ + LU [aiiael ctorsian T BLALTH
| 0 20 a0 s0 &0 T0C
|
0 ] 0,0C,n! Terre viegemmle i
! ‘ c3m
| 2
(&4 < | iy 2
Q S § 1 -~ =
E f;i >
L ~_+3 ar Ll 386

i
'

< N 2 2%, (68m
- ~errancecccgire
! P e* mcrre rcunctre :
Vol - ¢ 8¢ ——v

e d ’
37 trem

Perte ‘cifcie circula- l - »
) rion @575 m 985 ,
: 265 6.88m| ¢
= 29 125¢
o 10, .35m o
B marne jaund:re

IJQ
N W
H 3

%

sarhires

Caisse NCIce CLC a 22.00m

25°¢ 087m

Aol

19.00m 5 0¢ i

g Perle torcle de

circulgtiong 20 m 33% 1,60m

2200

Ca o hres A

2
£

calcoire T maraeva |
{
y

225m
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14
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Aspect ~uantitztif et qualitatif du gisement calcareo = marneux
du secteur 4 “.mboinio., pzr J.R. Ratsimbazafy Ingénieur -
éologue,

( Rinport techaigque wrilininaire = Mars 1981 ).

Les formations c:lcuréo - marneuses ( Maestrichtion - Danien )
constituent les »nluteaux bordant la berge droite de 1a baie

~ ~
Bombatokz, 11llunt de 1: rmointe de Bouznamary jusqu'a la riviere

Vavaranoniberivotra,

- . , . ’ ,ro. s
Du point de vue pétrogriphicue, c est une série superposee de
s s . . A p
"marneet de"Guiicaire”dont les détails nourraient etre observes au
. - N . . ’ . .
siven de 11 carriere ctuelle nour cimenterie d smboanio.

A ce niveau, on pout -ipercevoir, de bzas en haut:

- un ensemble dit marneux, muis analytiquement de nature marno-

cileire { avee 41 ¢ de Ca0) et dont la partie affleurante ( vi-
- I3 ’ v

sible au - dessus du niveau de 1a mer ) mesure 7 m & épaisseur,

' 3 ’ I--'
- un ensemble ‘calcaire?constitué en rénlité de 3 sous = ensembles
superposés de couches cilciires - marneuses totalisent une épai-
’ ..
. seur moyenne i vue sur carriere ) de 18 m,

fn fait, raboté par 1 érosion, le plateau calczire sommital pré-
sente une mornholozie inclinée du cté de 1a carridre ( cbté Est).
»insi, plus 3 1‘Ouest, o 200 metres du front de taille actuel, cet
ensemble caleaire aurait - il une épaisseur de 24 m a lui seul




g

B LT e et et Tl T LR
R ER RT

o

-

i

RN T R

s,

( @ anrés notre curte zélogicue a: 1 / 2000 ).

3 - ”» r'd - I -
Tes easembles cile .réo = m.raeuses wracites ccnstituent les

. N N
m-tieres “remieres

\

de cette bordure du kascin de iluhajmngn | I
sur une dande de 2 00C m de lirge.

aspect nuiatittif

Bn considérint 3

. R . . 4 . L4
neur cimenterie exxrloitees rair [ usine d
.mtoznio. Ils sont reconnus meu dolomitiocues { 2 ¢ ) 1le

long

I, Besairie), =u moins

LS
zones exnloit:bles a proximite de la cimen-

serie :ctuelle, en veut chiffrer les réserves gélogiques en

m.térianx de cilciires et de mirnes comme suit

Zone 1 ¢ {(

. 4 . . : .
mis d exvloitation de 12 cimenterie =ctuelle

une suvnerficie de 1 ‘ordre de 200 000 m2 Calcaire :

10 7 11 millions de tonnes, Harne
1,5 a 2 millions de tonnes , totzl
11,5 ~ 13 milions de toanes,

Zone 2 ¢

200 000 m2
~
Caleiiire 9 2 10 millions de tonnes
MH:rne 2,5 3 3 -l
Total 11,5 a4 13  ="-

Zone 3 ( .ecteur au lord = Est de 1a zone 2) pour une
ficie de 1 ordre de 800 000 m2 :

entre le village de Boanamary et la limite du per-

) pour

. ’ . :
( 1~ zone couverte p:r le permis d exploitation de
.. ’
la cimenterie <actuelle ) pour une superficie de 1 ordre de

super=-
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Calcaire 30 millions de tonnes
Zarne 15 -
Tot1l 43 -

Ces estim:tions concernent les toanes exnloit:bles situées a
1/7st de la routs desservint de village Boanamary et délimitées
sur le schém: joint. Ce aui nous fournissent pour les alenteurs
immédi~t de 1 usine z2ctuelle, un total de 69 millions de tonnes
ie réserve sélogique en mutériaux c:lcaréomarneux réparti an

18 millions de tonnes de mirnes et 51 millions de tonnes de cil-
ciires nour une superficie de 1 200 0CC m2,

Ces estim:tions tiennent comute des détails euivants :
. ’, - ~ ’ .
- les formations c:lcaréa - mirneuses, mis a part des détzils
. g . . ’ ’
tectoniques 2 rejets mineurs, vorésentent un léger pendage

géolosique vers 1, Ouest ce qui entrafne les conséquences
suiviintes

. dans 12 zone 1, 12 purtie =ffleurante des murnes B~ -
servées que sur 2 1 5 m seulement. Les calcaires } -1ent
atteindre 2u contraire une épiisseur 1llint jusqu'uu maxi-—
mum de 26 m

. dans 1a zone 2, 1 ‘épaisseur des marnes accessibles en surfa-

ce virie de 5 m £ 10 m et celle du calcaire peut aller jus=—
qu’a 28 m aussi

. dans 12 zone 3, 1 épaisseur des mzrnes irait jusqu'au de~
13 de 10 :lors que celle des cileaires atteindrait 20 m en
moyenne.
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aspect qualitutif,

’ . . L4 ’ L4 .
Les études ninutieuses 2 ont nu &tre mendes au ir niveau de
1: curriére ouver e seulement.

Les m:tilres premifres vrecitées ont été regonnues avptes

a fiirs du ciment Portlund devuis lougt mvs déja, isussi les
contrales chimiques effectuls vir le l:boratoire de chimie de
1a Timenterie —ctuelle prennent - ils une apparence rautiniére,
ious vons remirgué que 1';butt1ge se fzit par bloes que les
nrélevenents nour anilyse scnt ffectué: sur une partie quel-
conque des blocs, sinsS tenir comote des différentes n-itures
lithologiques que nous avons définies aupiravant, Par con-

tre un contrdle plus serré se passe #au niveau de la p?ts en
vue de 1la rectifiec:tion du mél-:nge,

’ [ 4 . .
Les résultats d ~nalyse iu niveuu des vueB nous pariissent
dons peu représentatifs, surtout nour les culeaires,

En 1979 - 1930, des équines de 1z Division Géologie cont été

», ” ’ - ’
envoyees pour des levers tonogranhiques et gélogiques de 1 ensem=—
ble du secteur, Des études analytiques du front ouvert autuallement

sy » ’ ’ r__ . ’, .
ont eté minées en vus d :cquérir des dounées sur 1l:a composition

réelle dee formatiens en nrésence et leure variations éventuelles,

70U les resultate qu euivent

a) Comnosition lithologieue

-~ La form:tion de base dite marneuse est econstitude en
faite de 2 sérias m:rn@ - cnlcaires superpascés., La par-
tie basale ( affleurunt cur 5 m d'épuisseur) est de nature

| SR s
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rlus lumineuse, vlus ciirbonztée mais moins siliceuse que la
. - L4 - ' I d 3
virtie surérieure ( 4 m d épzuisseur ;

’, ®

~ La -artie dite cilciire est constituée de 3 séries cnl-

c:réc - mirneues aue nous :nelerons successivement :

czlezire inférieur ( celui en contuct avec les marnes )

c:itlcaire moyen et citlczire sunérieur

. . ,__ . . [ 4
- Le caleciire inférieur est relativemint compict d aspect
- . I'd
crumele:zux wec 53 % de Ca0, On peut 1 observer sur 4 m
[ 4 ” 3 -
d ép:isseur environ.

3 ” ' I d » I3
- Le calenire moyen est formé d une série alternative de bancs
décimétriques de calerire - marneux et de marne - czlcaire. On
[ ’, .
peut 1 observer sur 10 m d épaisseur au total.

” . 3 » ~
- Le calezire supérieur est une formation de calcaire marneux a
tendance erayeuse en surface( en moyenne 51 % de Ca0). On peut
’ i . LS .
1 ‘ob~erver sur 4 m environ au niveau de la carriere, 5i le front
s “étend vers 1'Ouest, c’est cette formation qui augmenterait
, - ’ . :
d'epalsseur comnte tenu de 1 aspect morphologique du plateau,

b) Composition chimique.

Les tubleaux ci = dessous donnent la moyenne des résultats
d‘analyses effectudes sur des prélévements a maille réguliere
au niveau de lz carriere. Les échantillons ont été analysés
aussit%t au laboratoire de 1a cimenterie d Amboanio.

i R T 5

| N . Yod, ~F A o " .
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Tableaua 1 ¢

P .. g o’ . "
caractéristicues chimiques de 1 ensemble Calcaire

9
(@]

5102 R,0

205 MgO  Titre

<
i
]

7l ettire sunérieur

3,51 2,54 50,82 C,54 95,95

Cxilenrire
moyen 8,93 5,04 45,35 0,34 86

Sile:ire .
inférieur 1,77 1,44 “2,8% 0,42 96,39 ;

Moyenne cilcu= Z
1's 4,73 5,01 49,66 0,45 92,08

L] .»»Wi})hf:m%iﬂ*‘

Tableuzu 2 : vaciition de composition des calcaires dans le
sens latér:l ( les chiffres vrésentant 1z moyenne les résultath

’ . » .
: d ‘nnalyse de rainurige effectué tous les 40 m au niveau des
% caleaires).

$UD HORD Moyenng
: Maille M1 M2 M3 M4 M5 M6 caleulee

510, 4,74 1,86 6,70 3,67 1,11 5,08 3,86 '§
R,0, 3,08 1,29 4,15 3,44 1,92 2,41 2,71 3
Ca0 50,48 52,49 48,36 46,92 53,17 49,57 50,16
; g0 0,66 0,44 0,32 0,68 0,43 0,25 0,46
. titre 89,60 97,70 90,53 93,03 97,50 90,38 93,12

| IP—E L A
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Tubleau 3 : Caructeristiques chimiques de 1 ensemble marneux.

510, 1,0, Ca0 10 titre
llive:u suné-—
rieur 22,17 11,47 35,66 0,77 58,43
lloyenne c:l=-
culée 17,93 G,40 58,65 0,83 64 ,98
Tiveuu infé-
rieur 13,77 7,34 41,55 0,89 71,53

Table:u : MNoyenne de composition chimique des 2 niveaw mar-
neux tous les 40 m l:téralement :

sUD 1ORD Moyenne
calculés
laille M1 2 3 M4 s 16
Si02 17,59 23,31 17,62 15,20 16,54 17,69 17,97
R203 ¢,80 11,19 10,02 7,84 8,45 9,17 9,41
Cal 39,47 36,92 37,63 40,06 40,62 37,28 38,66
1150 1 0,72 c,87 0,65 0,72 1,07 0,83

titre 67,60 57,70 66,95 63,10 69,69 64,60 64,94

5
Tableu 5 : mesure d humidité effectuée sur des prélevemnts 4
m=ille de 20 m le long du front ouvert et tous les
3 m verticalement,
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( Les voints laissés en blwne sur le tableau 8 avirent diffi-
. A ’ h ” A ’ 3
cilement —ceensikles 491 orélevemnts abiundonnési. La période
Stait 1o 16 u 1oschut 1679,

oo
‘i: A:
T
X
3

K Oun RN ST (S, 1o e

SRR

T
o)

w

(]
J
bl

(%9}

[
=
ey

¥ L Moyenne

[ )
NPT DRt

1,09 1,36 = - = - - =0,54 - 1,28
1,47 - - - - - - - 2,27 1,69 1,91
1,53 1,50 = 1,16 0,65 = - - = 0,23 1,18
¢,71 6,05 1,57 ¢,95

.

(g%

{
~
e
L0

- -
[A\C AN &4
N -9

DO ) !
[ ]
' .
[AV]
-
o
o

2o
¥
L ]

L ST RS

*

1,320124 0,14 3,254 520 3'0 30 1,90 1,46

5e 2922 0,59 0,90 n4C ll 2,34 1, 98 | 990 440 804 96 31,24 2,02

¢ IToyenne

> calcii-

£ re

5 1,81 2,34 1,.1 1,64 0,76 0,92 0,58 2,01

ﬁ 1,24 3,63 0,68 1,76

% . = 5,55 7,96 7,44 4,61 2,48 1,92 2,70 4,18 f
: 2,95 ' 3,90 0,63 2,83 5
g 7. - 2,80 4’96 3,45 - 3,34 3,603’88 5’113,88 2,703’57 3,65 "

[fovenne
marne

3
-8
g
%
%*;
-7

: 4479 * 9995 72 4 02 3,12, ,56 3 893 51 3 1255 s 70 3,29

s

, . . ’
Sables : les szbles utilisé s nctuellement par la cimenterie d
i LYW ’ nd .

smbosnio sont pris du cote d Amborovy ( a une trantaine

g i m't:‘:«.u*g:‘.:"‘- o
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de kilomstres d2 1 ‘usine( sur les Tormations dites sables
routes. les de rnigres -nalyses { 198C ) sur ces s:bles don-
nent
i0. Fe,C- :140- 70 s R
10, o€ 1,0, :0 D
v Gy TS 2,09 5,01 1,04 0,96 3415

nes sibles rétablissent bien le ddéficit en silice du mélange,

Zonclusion ¢

nes résultats offrent des vues detaillées sur les congti-

twints litholozigues observés u niveuu de la carriere ouverte
nectuellement. I1s nermotuent de fnire des r.,prochements et com—

niraison avec les resultats d unalyse faites jusqu ‘alors par la

cimenterie d imbounio cui, rvpelons - le, ne considere pas les

seus - ensembles de couches sdparément tel qui aous 1’avons faits,

otons oue chique sous = ensemble est succeptible de varier en
énaisseur ( forme 1ég8rement) lunticulaire) et en composition
chinique, ce aui entrajnerait des variations no%ables au niveau
comnosition du mél:unge cru ( ces v.rlqtlonv ont été vérifiées
~uprés des responv .rles de 1 usine qui & di recourir 3 des recti=
ficitions d mel: nge par ajustement).

Toutefois le rwttr¢naye deo dearts semble rentrer jusqu icidans
1a fourchette du no,slble ( ce qul cerictérise les matériaux pour
cimenterie de cette rézion) d ou 1a production incessante de ci=-
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ment juagu a ce jour.

4 , .
Le meltnge des crus vour ‘itteindre la norme recuise en modu-
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