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G LOST ARY

OF THI TuCINIZAL TIEND

ADDITIVE : A material added to the slurry or raw materiale,
either during or after grinding, cuch as grinling aids or
defloccular s,

AIR CLASSTFIER : An upright apparatucs which separatec rou-hly
large and cmall materials by elowing down the flow of the
transporting air.

AUTOGENOUS MILL : Horizontaly rotating preliminary mill that
grinds the materials without employing balls.

PICIATION : Improvement of the chemical or physical
properties of a raw material or intermediate product by the
removal of undesirable components or impurities.

CALORIE : A unit of heat : (1) the amount of heat required to

raise the temperature of one gram of water 1 deg. C. in food

and fuel values (heat consumption in kiln) : (2) the amount of

heat required to raise the temperature of one kilogram of
water 1 deg. C. (called a "large" calorie, being 1000 times
the "small" calorie).

: (1) Rated=— The maximum production predicted from
the equipment dimensions. characteristics and performance.
Annual rated capacity of kilns and entire.plants usually

~ determined as total production during best three continuous

months, divided by the number of days, multiplied by 365.
(2) Actual——The annual production attainable under normal
operating conditions, usually about 90 percent of rated
capacity.

: Pused product of a kiln which is ground with
additives to make cement.

COMMINUTE : To reduce to fine powder, pulverize, triturate.

o/
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CO'CRETE : Mixture of cement with ageregates such as cand,
egravel, crached ctone and water,

COUNTER DTR¥AM CYOTHY 1+ Vertical arrangetment of succencive
cyclones which facilit.tes the heat excharn~e between the
menl and the gaces flowing in oppocite directinn,

CRUSHER ¢ Various types of apparatus to reduce the size of
materials for transport purposes or for further grinding,

CRUCHER HAMMER : Crusher in which bars or hammers crush
material by impact,

CYCLONE : Conical vessel for separation of dust from gases
by centrifugal action,

EXPANSIVE CEMENT : Special type of cement exhibiting
expanding prorerties rather then shrinking ones as

standard cements do.

FLAKING (OF CEMENT) : Flagking is the result of concentrated
adhesion between individual cement particles.

0-S0LID REACTOR : Fluidized bed burning or driping
apparatus used for the process of finely ground materials.

LY ASH : Secondary product produced in thermal power stations
composed of 8102. A1203. 1"0203. CaO,

¢t A horizontal type of clinker cooling apparatus

- made of oscillating plates transporting clinker through

which the cool air bdlows.

W t Equipment such as chains wich facilitates
the transfer of heat from the gases to the load in a kiln

or preheater.
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HOMOGENIZHR ¢ Bin or tank in which powders or raw meal are
thoroushly mixed and blended by compressed air, paddles
or rakes,

INTEGRATED PLANT : An integrated plant is a plant where the
procece machinery and equipments are grouped in cuch a way
as to form a more or less continuouc production chain, with
the intermediate material storare faucilities either kept
to an absolute minimum or eliminated altogether,

KILN : Piece of equipment in which the raw mix is dried,
calcined and burned into clinker.

MILYL : Piece of equipment in which raw materials are ground.

MILL DRIVE : Several types of apparatus to rotate the mill
either by the mill axis or by a gearing system located
around the mill.

MILL-LINERS : Heavy steel plattes mounted inside grinding
mills to protect mill shell "against abrasion from load and
charge.

OIL WELL CEMENT : Cement used under high pressure and

temperature in sealing water and gas pockets during the
drilling of oil wells.

PELLETIZATION : The operation of forming raw meal or cement
into small balls or pellets used in analysers.

PLANETARY COOLER : Cooler consisting of a number of
cylinders built around and paralled with the shell at the
discharge end of a rotary kiln,.

¢ Siliceous material which can chemically react

with calcium hydroxide to form compounde having cementations

properties.
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REFRACTORIZS ¢ Coatine made of bricks or cometimes concrete,
capuble of resisting high temperuture,to therrally insulate
various apparatus.

ROD MILI, : Cylindrical mill in which the rrinding redina
consist of steel rods extending the full lenght of the mill.

ROD PEB MI1lL : Combination of Rod and Ball Mill. Material
is usually precround in rod compartment (lst compartment)
fine grind is done in secondary ball mill compartment (2).

ROTARY PACKER : New type of cement packing apparatus enabling
the rapid filling of cement into paper bags.

SHALE : Mineral rock high in alumina, silieca and iron oxide,
used as argillaceous raw material.

SIEVE : An apparatus with meshes through which the finer
particles of a pulverized or granulated substance are passed
to separate them from the coarser particles.

SLAG : By -product from blast furnace iron and stell produc-
tion- contains Si0,, Al 03. Fe.0.,, Ca0 and can be used as
argillaceous raw mgterigl for geaent. or additive in clinker
to make blast furmace slag cement,

SLURRY : Suspension of ground raw materials in water.

SUSPENSION PREHEATER : See counter steam system.,

1 : Machine for disintegration of clay in water,
consisting of a set of harrows, suspended from a spider, and
dragging rapidly through a circular or hexagonal basin,

P AROUND MOTOR : New type of variable speed synchronous
drive motor whose rotor is mounted directly over the kiln,
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BTU

oC
CECA
CIF

cm

DM
E.E.C.
EFTA
F, CFA
F.0.B,
GNP -
H.P,
I1.E.E,.E.
Kcal

Kw
Kwh
Lbe

mn3

OBEC
OECD

torf®T
Ton

ABBREVIATTIONSGSG

British Trcermal Unit

Degrer Centigrade

Communauté “urop enne du Charbon et de 1l'Acier
Cost, Insurance, Freight

Centimeters

German Mark (Federal Republic)

European Economic Community

European Free Trade Area

Francs of the Communauté Financiére d'Afrique
Free on Board

Gross National Product

Horse Power (736 Kw)

Institute of Electrical and Electronic Engineers
Kilocalorie

Kilogram

Kilometer

Kilowatt

Kilowatt/hour

Pounds (450 gr.)

meter

cubic meter

Millimeter

Organization for European Economic Co-operation

Organization for Economic Co-operation and
Development

metric ton (1'000 kg)
1'000 kg
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| INTRODUCTION

The present report ic concerned with a study of the

cement induciry and surveys technoeecnnomic characteristics

I
: 1 of this inducstry, specifically in relation to developing
!
i countries.

i

This study is based on practical experience in
operating cement plants of various sizes, and ergineering
studies regarding the conception and installation of cement

plants both in developed and in developing countri:s,

Pertinent irformation has also been gathered from
publiéhed data and statistical reports released by organi-
*zatiofA such as the United Nations, the Organization for
Bconomic Co-operation and Development and CEMBUREAU,

The purpose of the study is two-fold :

a) To analyse the state-of-the-art in cement technnlogy to
detect the trends which have emerged during the last
decade and to determine the probable consequences,

Sb economic as vi}; as financial of the fuiure of the cement
industry for the developirg countries.

b) To produce a world wide concise picture of the present
cement industry with emphasis on the developing countries.

Part I descrides the techno-economic characteristics

of the industry in the light of recent developments and
experiences.

o/o

e —




-

P S R

g BT A

T gt s+ AR R oe b - e e R o NSRRI O 5% T T 1 TRy

Chapter 1 deals with the gencral characteristico
of the cement industiry and triefly deccrites the wet nnd
dry processer which are the gystems moctly uced throughoat
the world,

Chapter 1T deals with the determinants of ceront

| consumption. The volume and activity of the constriction
industry as well as the state nf the technology are paramount
in determinins; the cement consumption., Other factors
influencing the current consumption in the developing

countries are :

- the coet and availability of cement

= the number of building contractore and qualified workmen
= the size and movement of the populatione and last but not
least the state of the national economy.

It can be maintained that there iz a definite
relationship between the GNP of a country and its cement
congump’ ion. Some of the methods to forecast the cement
consumption are alsoc reviewed in this chapter.

Chapter III deals with the economics of the cement
industry, it presents a brief review of the required capital
investment, the inputs of ti.e cement industry, the economies
of scale and the breakeven point of cement plants under
various conditions, It demonstrates that larger plants are less
costly per ton of installed annual capacity and more efficient
to operate than smaller ones.

Chapter 1V deals vith cement plants of different
sizes for markets of various sizes.

/e
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It analyces the pnssibilities exicting for the

manufacturing of clinker and cement in particular couniries

or on a multinational basic.

Part 11 describes in some detail the different
aspects of the recent development of the cement technology.

Chapter 1 deals briefly with the types of cement }
and their chemistry, the methods of processing the raw ' w
materials and the finished products. It describes technical z
S development of precesses and handling methods. It also ‘
includes a general geological map showing the limestone

H{ ressources in the world.

.

Pinaly it describes the consequences of automation
and plant integration on the conception and operation of i
cement plants.

Chapter 11 deals with the impact of the cement
industry recent developments on developing countries, the H
difficulties faced by these countries in term of manpower,
transports and personnel training.

Chapter II] describes the problems which might arise
if the current trend in technological development im
maintained. It makes some predictions as to how the cement
plants of the future may look; its size, the type of process
likely to be chosen, and the operational problems that will
be oaused by full integration and automation.
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Part 11! descritec the cement product ion and

concurption throa,-heoat the world ard the trade amones covitries,

Chapter I contnins estimatinnc of the world
production since 1913, It point out that the ¢rowti rate of
cement production does not follow an identical pattern in
the 0ld industrialized countries, in the newly developed
countries, and in the developing countries. It gives some
detail re-arding the major cement producing countries and
describes the structure of the cement induetry in these
countries and the types of cement produced.

Chapter II concentrates on statistics concerning
the cement production of the developing countries, for
Africa, Asia, latin America and South America. A brief review
is made of the state of the cement industry in the various
countries of these areas.

Chapter 111 deals with the cement consumption on a
worldwide basis, its variation from one country to another
and the expected future consumption. The consequences of

this trend are analysed.

Chapter IV describes the trend of international

trade, the share of the developed and the developing countries

for clinker and cement. The movements of cement trade from
the exporting to the importing countries are revieved.

It contains conclusions as to the development of
the future internationsl cement trade with regard to the
predictadble trends in cement production and consumption in
the developed and in the developing countries.
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' |
GENERAT CHARACTHR.ZTICD !
|
|
|
|
i SECTION 1 - QENERAL REMARKD |
‘ |
The cement industry can be characterized as a :
heavy industry, manufacturing a bulky and low priced product
from raw materials available in most parts of the world. : :
The production process is a relatively simple but highly
* «
mechanized one and depends upon large size machinery consuming
; considerable amounts of electrical energy and fuel. P
i -
g Togeth(er with steel, aluminium, chemical products, :
plastics, paper,a'cement must be considered as one of the i
f major industrial commodities of this age. Being uriversally
used in all types of building and engineering works, cement .
plays an important role in every country's economy.
Demand for cement is constantly increasing; the ;
following table shows the development of the world cement 1
production since 1920 : !
Table 1 : World cement production
1920 32'000'000 ¢
1930 73'400'000 t
1936 86'700'000 t
1950 131'400'000 ¢
1960 315'000'000 t
' 1970 570'000'000 ¢ (estimation)
. Source : Cembureau*
* World Cement market in figures
1913‘1966. ./.
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On a "per capita" basis, the world consunption rose
from 24 kg in 1920 to approximately 153 ke irn 1970,

As 1 rule, cement ic concuumel within a relatively
small radius fromn the location where it ie produced. This
is mainly due to its relatively low market value comparcd
with the cnst of transportation; consequently the volume of

international trade is relatively small and at present

accounts for only 4% of the world production.

SECTION 2 - TECHNOLOGICAL CHARACTERISTICS OF THE CEMENT
INDUSTRY

1 - Whgt 48 Portland Cement ?

Portland Cement is a grey powder primarily made !
of calculated proportions of lime, alumina, silica and iron.
It cannot be utilized as such; in order to obtain what is
generally known as "concrete", it has to be mixed with
aggregates such as sand, gravel, crushed stone and water.
During the hardening process, the cement acts, as a binder
between the aggregates and reinforcing structures such as iron

bars, wire mesh, etc.

The most commonly manufactured type of cement is
the multiple purpose Standard Grey Portland Cement, which
represents about 90% of the world production.

81ight changes in the proportions of the composing
elements or differences in fineness result in cements with
special properties : sulfate resisting cements, low heat of
hydration cement, white cement, high early ltronqgj cements,
etc.

/.
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In order to increase production capacity without
expandin;s the kiln capacity of a plant, Furopean manufactur-
ers often grind cement clinker together with sieel furnuce
slags, cinders, fly ash or poszolanic materials. Due to
their hirh sulphate resistance, these special types of
cement are particularly suited for fourdation and seaside

works.

In order to satisfy the requirement of deep well
conditions, the o0il industry uses special, so called “oil
well cements".

An aluminious cement (40% alumina) developed by
an European manufacturer possesses some very special
properties, '

In developed as well as in a growing number of
developing countries, the chemical and physical properties
of the various types of cement are subject to official or
semi-official standarde, which are recognized both by cement

manufacturers and users.l)
2 - The process of manufacturing Portland Cement

The manufacturing of cement coneiste principally
in mixing finely ground raw materials and additives
(1imestone, marils, clay, shales, slags, iron ore, bauxite,
silica, sand) and in clinkerizing this dry or wet mixture in
rotary kilns at temperature of up to 1'450°C, After cooling,

1) Cemburesu - The Buropean Cement Association has published
in 1968 a booklet "Cement Standards of the World™ which
reviews the standards issued by 44 countries.

o/o
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the fused mnterial, called clirker, ic ground arain togFetioer
with a certain percenisage of pypsum to a finenesc of noet
to 90% pascing a sieve with 200 cpenirgs per square inch.

The resultins finiched product is cement,

Two principal procesces are presently used to
make Portland Cement. They differ mainly in the way the raw
materials are ground and mixed tefo, e being introduced into
the kiln,

In the wet process, the raw materials are ground

together with water resulting in a slurry with a moisture
content of between 30 to 40%, Easy to blend and homogenize,
this Blurry is introduced in long slightly inclined rotary
kilns. Advancing by the rotating action of the kiln, the

raw material passes into the lower and hotter zones (burning
zone) of the kiln, where it is clinkerized at temperatures
of up to 1'450°C.

Until approximately 15 years ago, the wet
process was almost universally used., Replacing the original
shaft kiln operations, its introduction made it poesible to
produce, in a more continuous way, large quantities of
cement of higher and more regular quality.

Because of the short supply of water and the high
cost ‘of* fuel irr many countries, it -became necegsary to d.vclop.,
more economical colutions.

In_the dry process, the rav materials are dried,
ground and homogenized before being fed into the rotary

kiln system, either in the fora of rav meal or as a nodulized
saterial (lepol process).

o/
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Rotary kilns cerving for try process clinkerization

are either of the long ani large diameter type as used in

which consicts of a combination of a cyclone suspension

preheater arnd a relatively eshort rotary kiln.

Not very long ago, the debate between dry process
1)While the dry

process offers lower fuel costs, the wet process has the

and wet proceess was 8still going strong.

advantage of easier handling anc blending of the ground
rav mix,

Through the availability of better dry blending

and handling techniques, the advantages attributed to the
1)

wet process have been minimized in favor of the dry system.

The main disadvantage of the dry process suspension

preheater operation is its sensitivity to raw materials with
high alkali, chloride, sulphate and carbon contents.

As indicated in the following Table 2, the dry
process is getting more and more popular, especially in
Burope.

1) P.K. Melita "Trends in Technology of Cement Hnuntactﬁrv'
Rock Products, March, 1970.

/o
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Table 2 : Types of kilns installed in the Buropean countries
members of the CECD (Organization for Econonmic
Cooperaticn and Development)

Number of new rotary kilns inctalled in

new and existing plantc
Wet procesc Dry process Total
1959 11 16 27
1960 10 17 27
1968 4 23 27
1969 1 15 16

Source : The Cement Industry in EBurope 1960
The Cement Industry 1969
(OECD = 2 rue André Pascal - Paris 1l62me)

Mainly due to some earlier negative experiences,
the lower fuel cost and the generally higher alkali
contents in the cement raw materials, in many parts of the
country, North American cement manufacturers have been
reluctant to install dry process suspension preheater kilns.
According to data from the OECD, out of 16 new kilns installed
in the U,3.A, during 1968 and 1969, eleven of them were still
of the wet process type.

3 - Qther cement makinz processes

Por the purpose of further improving product
quality and in order to reduce capital investments,
experiments with new types of clinkerization systems have
been under wvay for many years.

s s S - -
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Materials with chemical compocitions and properties
similar to those of the classcicnl cement raw materinles, are

|
available in the form of by-products from the chemical .
|

T S

industries. This has lead to the construction of combined

chemical and cement plants in the United XKingdom, in South
America and in some Eastern European countries., Despite ?
all these new developments, the basic principles of manuface

turing cement are nevertheless the same as almost fifty

years ago and no drastic changes are likely to be expected

for a number of years.
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CHAPTER II

THE DETERMINANTS OF CEMENT CONSUMPTION

Before investing in a new cement plant or
expanding an existing one, it is important to analyze the

size of the future market which it will serve.

It takes about three years between the time an
investment decision has been taken and the time a cement
plant is actually in operation. Therefore sales forecasts
are to be established well in advance of the first delivery
date pf cement from the contemplated plant.

Cement requirements vary widely from one country
to another; tatle 3 indicates the per capita consumption of
cement in a number of countries in 1969.

Past history and statistics, if and where avail-
able, should not be used as the only indicators of future
trends in the market; cement consumptions are influenced by
a number of reasons which, if known, may form the basis for
a realistic approach towards a cemqnt industry development
program,

The most significant of the determinants of
cement consumption are reviewed hereafter; indications are
also given how to arrive at more or less accurate forecasts
of cement consumption in a given market area.

)
:
N
!
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Table 3 : Cement consumption per capita in various
countries in 1969 - in kilogrammes,
Eveore FRIC MRIQA
Belgium 455 North Africa 89 U.S.A,
Dermark 4 Sudan 10 Nexico
finland 353 Ethiopla 6 Nicaragua
France 535 Malagasy Rep. 21 Jmmaica
1. Germany 583 Bozanbique n Martinique
€. Gersany 2 Rep. of Sth. Africa 259 Cubs
Greece o8] Nigeria ] Hai ti
Italy 1]} Senegal 52 Venezuela
Nervay 02 Ivory {oast 85 brazil
Pertugal 209 Togo a Argentina
Saln, 4%0 Chad 4 Chile
Seitzeriad 726 Congo (People Rep) 102 Pery
v.K, e Caneroun " Coloabla
. Yugeslavia 2% Liberta n ASIA
Wongary m Syria
Rwmonis 201 Lobanon
wa oW foner
Kuweit
Iraq
iren
India
Pakiston
Thet 1and
Loes
Jupan
Totoen
21 17}
) ° Mustralia
Source : Cosbureaw - Statistical Neview 1960/1980
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SECTION 1 - CAJUTER AFFECT 'IG CEME'MT CONI' T 1T 0N ‘

1 = The volume and ac*ivity of the conrtructior ‘rnilurtry

Cement is almost exclusively consumed by the

construction industry in the form of concrete or tor*ar,
| The activity of the industry, therefore, is very clocely

related to the volume of cement econsumption.

In its report "The Cement Industry 1969", p. 10,
the OECD presents a comparison between the increase in
investments in construction and in the consumption of cement. |
This comparison is reproduced below (in a different form,

but figures are unchanged) :

EIRNON o RN B g
e R . N - S et w1 s i 1 v . s A e i e
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Table 4 : Increase in investments in constriction and in the
estimated consumptinn of cerent,

&
b3
4

i

% charge J 967/196( 100 /1] 1960/109¢.

Germany
1, Estimntedl cost of
construction started - 10,0 + 4,0 - 10,0

i|2. Estimntel concumption
i of cement - 10,0 + 6,0 + 4,9

France

1. Index of constriction + 3,2 - 0,8 +

o
-
P

s

2. Bstimated consumption ‘ g
of cement + 5,9 + 3 + 8,6 |! f

|

Lial |
1. Estimated cost of §
construction started + 1,1 + 44,4 - 51,6

2. Batimsted consumption i
of cement + 17,% + 13,1 (+« 6,0)1!

Upited Kingdop

1. Estimated cost of
construction started + 17,9 - 5,1 + 1,1

2. Bstimated consumption
of cement + 5,4 + 2,1 - 3,6

Canada

1, Bstimated cost of
oconstruction started + 9,4 + 17,4 + 2,5

2. Bstimated consumption
cf cement - 1,7 + 1,8 - 10,7

United Siates

1. Bstimated cost of :
construction started + 6,5 + 17,1 + 8,4 i

2. Bstimated consumption :
of cement + 3,2 ¢+ 1,0 + 0,6

: dapan
‘ 1. Bstimated cost of
oonstruction started + 35,1 + 28,9 + 24,5

2. Bstimated consumption ‘
of cement + 11,9 + 12,8 (« 8,0) = #
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Keeping in mind that the period duri.sr which the

cost of censtriction is initiated dnee not exactly coincide {
with actunl consumption of cement, the abtove tet of fifures

show tha! the trend between the two ic "gpenerally similar", j ;

information regardins the censumption of cement

by the main sectors of the conctruction industry is very

scarce and hard to come by. )

-

Most of the time, cement is not directly sold to

R I o

the eventual users but to building suppliec dealers, concrete

; producte or ready mixed concrete manufacturers. (See Table %).

i Table 5 : Distribution of cement sales. ;
) 2 3
Percent of total france Seitzeriand U.S.A.
den. ) . L1%8 !

Butlding supplies
doalers () 10,6 0,4
Building contractors [} in.. 4,3
Concrote product !
sanufacturers n X 13,8 i
Noady sined concrete ‘
samfasturers ? N, ",
Wydro-eloctric wsorks . 3,7 -
Mohooy contractors - - [ X
Sovernment agencios

od slstel | aneows

i
i
|

'il.
1]
8|z

Sewrse 1 ). Clamts Lafergs - Purts - Anauel regert 1987
2. Witerbenk® - Glaris - Aanuel repert 1900
3 Dodern Concrote - Bereh 1900
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Surveys made by cpecialived firme, marufactarers!
associationsrand sovernrental arencies in Nor'h Anerica and
in Europe precent more or less accurate estimutes of the
distribution of cement concsumption by the various actitl ureres

in the developed countries,

Table 6 shows the results of some of these

surveys.,

It is interesting to note that the housing sector

is the largest customer of the cement industry.

The pattern of cement consumption prevailing in
the developing countries is very different from the one in
' North America or in Burope : the share of houcing is less
‘ significant. This share, however, is due to increase as a
A result of the development of their respective economies and

the wealth of their population.
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Table € : Cement industry erd use markets in various
countries,

, |
Percentage of total use fnnco' Sud'nz United U.S.l.‘ lndias ;
Kingdom : :
o
Housing »s 29 28 208 b I | ~
Industrial and cosmer- i
chal s 158 9 198 138 .
Agricultural . - - - 108 [ ,
Public bulldings "e - - 158 28 Y
Other butldings - 108 16 8§ - -
Pablic industrial 71 - . - -
, Public werks - - - N -
!
i Bunicipal public serks
{ and Ar spertation ' 158 - - -
; Roade, Mghoays, bridges - - 18 - -
: Fuel and onergy . . L} - ‘f
’ Concrote preducts - - 2 - -
Belntonance and repairs i | - . - -
Bullding supplies dealers - - s - -
\ Others . ' s 138 ‘s
Y LY wg 1008 100 §
! L] L]
, Sources 1 |, Claonts Lafarge - Parts - Anmusl repert 1987
1. Cloonts ot Chaux - Syndicat Natienal dos Fabricants do choux ot ciment - Parls-
i Jume 1900
*5 ). Survey of the Dritish Coment Industry by Mesre | Co., Londen, quoted by Combureau
H 16 Tous Lotter 14/1988. Réf. COU 668.94 (410)
| 4. Mock Products - Borch 1960 - Bhat T1es 1 store for the comont industry In 1900,
"% h .c h ‘o *“M
) S, Cloonts ot Choun - op. cit, Boy 19800
41 .
i
.

0/0
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2 - The technolery of the construc*icr inductry

T S N e WP, ""“‘%fﬂh N

Cement ceonsumption is largely determined by the ‘ i |
technology of the construction industry and the development
of the application of concrete and concrete products. The

state of the building technology and the local architeciural , |

traditions will greatly influence the use of certain tuilding ? 1

materials.

In the developed countries, there exists a strong
competition among the many building materials which are
offered on the market : cement and cement products, plaster,

1)

areas'and circumstances, the quantity of cement which is

i steel, wood, aluminium, glass, plastics. According to

used for the same volume of construction, may vary ccnsider-
ably.

Technological developments are responsible for
important advances in the cement consumption. They
continuously open new fields to the application of concrete :
large quantities of factory build concrete elements
| (especially in Europe and in USSR), prestressed concrete
; elements, lightweight concrete, ready mixed concrete
delivered by special trucks to the job sites, etc.

1) 8ee "Aspects of competition between steel and other
materials” United Nations - ST/BCE/STEEL 17.

o/
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As a whole, and this appliec erpecially to
developing countries, the more the construction irductry

advances *echnolrsically, the more cement will te conrsamed,

3 = The coet and availatility of cernent

The cost of cement cometimes reaches such levels
a8 to discourage the prospective users, In some land-locked
countries of Central Africa, cement is sold for as much as

60 to 80 dollars per ton., Thie cost increases considerably

the cost of construction and the use of cement is consequently

kept to a minimum; badly needed dwellings and social
structures are often not built.,

Purther more, if a country has to depend upon
imported cement, delays in transportation and difficulties
in dock side rehandling often create periodic shortages,
which may be further accentuated because of the lack of
local means of transportation,

It must clearly be recognized that cost and
availability are two major determinants for the consumption
of cement in developing countries.




Tt ol e, o e

4 - The aveilavility 8 well ecquiivped tyillive- eontpoctore
gnd of v illot wor oy

This is norrnlly not o problen in develcped
countriegs, al*hourh some of them depenl on a lrarge contincercy
of forei,n workers {Cwitzerland) in order to kecep thelir

conctruction industry going.

The proper uce of cement requirec the availability
of building contractors who are equippe” to handle the volune
of construction at hand and of workers who are sufficiently

skilled in the use and application of concrete and mortar.

The first problem may be solved in making 1t
attractive to local or foreign firms (credit facilities,
loans, reduced import duties on equipment) to engage in the
contracting business; the establishment of state-owned
building companies is another possibility which helps to
animate the building construction industry.

The second problem must be resolved with the
training of personnel. Because of the advantage it would
bring to cement manufacturers and building contractors in

developing countries, it should actually be their respomsibil-l

ity +to train the people who will use and work their product.

All the determinantes of the cement consumption
which have been examined above are more or less related to
the goneral state of the economy. It can therefore be said
that favorable or adverse conditions affecting the growth of
the Oross National Product (GNP) of a country will similarly
affect the consuaption of oement.
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SO A

Experts and ecoromists have tried *o research the
"elasticity" which exicts tetween threce two vnluesl) or
between the Ur ro Formntion of Fixed Capital and the cenent

., consumption,

e B

% The 0,K,C.D. pablirhes each year a ,ruph chowins

R Yo o

the relation which exists in the C,E.C.D. countries between
the Industrial Production Index and the Cement Vroductinn
Index,

Most of the developing countries have elaborated
social and economic development plans which fix the expected | ‘
rate of growth of the G.N.P,, the directions to be given to
the agricultural production, the degree of industrialization
to be reached, etc.

Followed, or not, these development plans are the
main determinant of the potential cement consumption in
these countries,

6 - Ihe populaiion

All other conditions being equal in two different
countries, the one with the larger population will normally
consume more cement. It seems obvious that the more populous
country needs more houses, more schools, more industrial,
social and administrative duildings and consequently more
cemeant.

1) See : OECD - The Cement Industry in Burope - 1960 - Annex @ ' !
Porecasts of cement consumption in 1965 and also "Les
investissements dans 1'industrie des chaux et ciments"
Université de Paris = 1965 - by J. Reynaud - p. 90 and
following.

o/o
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It should be addel that the nmovementc and *he age
of the popila*ti-n have a grent irnfliuence ipon *the concumption

of cement,

Thie ie particilarly felt in thece develrping
countries where *he rate of urtarizution ie progrecsir, at
a faster ani faster rate. In Touth americi, In Africa, in
Asia, millionc of people are leaving their homee each year,
to settle in cities locuted on the coact or in the capital
city of their country. These people have to be housed and

cared for.

Countries with a large number of young people
(who today are getting married much sooner than in the past)
can expect to see the demand for cement rise very fast as
these young people get married and desire to build homes of
their own.

SECTION 2 - ESTIMATING FUTVRE CEMENT CONCUMPTION

This review of the determinants of the cement
consumption gives an idea as to how the problem of cement
market forecasting may be tackled.

Many methods can be used, but each one of them
should only be considered as sn approxismate espproach to the
prodblea,

The estimations should de dased on required or
availabdle data., The results should de compared carefully:
all things being considered equally, it is suggested to
retain the tvo most likely forecasts and to consider one of
them as the "high” and the other one as the "low" estimate.
It can bde assumed that the future cement consumption will
probably be found between the two figures.

o/

o M. - 4
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The most uared forceasting methods in the cement

inductry 4re baced on @

- projections from past trends

- international comparisons

- analycis of predictable evclution of the determinants
of cement consumpticn

- analysis of the future needc of the end users.

1l - Projections from past trends

The simplest way to make an estimate of the
cement consumption is to suppose that it will follow the same
trend as in the past.

"If the past growth has been steady and if the
conditions that determine this growth may
reasonnably be expected to persist in the
future, a trend curve may be projected over
five to ten years into the future as a
preliminary forecast", 1)

These curves should be interpreted with great
prudence as they doc not take into account changes which,
especially in the developing countries, are able to result

from actions taken by these countries to get out of their
underdeveloped situation.

1) Proa "Businers and economic statistics” by William A.
Spurr, lester S. Kellog, John H. Smith - 1961 - Richard D,
Irwin, Inc., Homewood, Illinois - Chapter 18 - Secular
trend -~ Graphic and mathematical methods of fitting a
trend curve are also descrided and explained.

./.
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On the othcr hani, cement concumption in the
developing countries is usually very small and is very

1)

sensitive to local variations of great mrenitude,

2 « Internati.cnal cormparicons

International or rerional comparisons of cement
consumption in areas of similar economical and geocraphical ‘
structures many give some interestingclues as to the direction

the cement consumption will take in a given country.

This may take the form of a comparison of the

cement consumption and of the GNP per inhabitant, as shown
below for some African countries :

P S

1) Por instance, the building of a bridge or of a dam may
represent half the normal cement consumption of a country
during several years. hen the job is completed, cement
consusption will drop considerably.

0/0
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Table 7 : Comparicon of cerert consumption and 4Nt in African
countries - per capita - in 1936%,

Cement concumption THP per capita
in kgs per capi‘a in1s ¥ 1)
(1969)

Cenepal 52 170
Gambia 48 100
Guinea 10 90
Sierra Leone 20 150
Liberia ' 87 210
Ivory Coast 85 260
Mali 23 90
Upper Volta 7 50
Chad 4 60
Togo 47 100
Dahomey 30 80
Ghana 53 170
Nigeria 11 70
Cameroun 18 140
Gabon 89 310

A country in the US ¥ 60-100 range may not expect
to exceed a cement consumption per capita of 10 to 50 kgs;
its total cement consumptior. will only follow the
increase of its population if its GNP per capita does not
vary. Should an improvement in its economy become actual
and bring its ONP per capita to the US § 200.-- level or
over (following the discovery of mineral ressources or a rise
of the world prices of its produces), this country could
expect to see its cement consumption per capita reach that of
the countries (in the ocame area) with a similar GNP, i.e.
more than 80 kilogs per inhabitant.

1) Prom "L'Express” - Veekly magazine - Paris -
1=7 Pedbruary 1971 - p. 27.

s
g
i
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If on the other end, the trend of the popilation
growth is known, it is possible to obtain a reasonnable

forecast.

Cement consumption forecasts on the basis of
international data have recently been made in comparing
the "cumulated cement consumption" per capita of various

countries. The idea behind this method is that cement

|
S —— |

|
|
I
|
|
|
I
r

should not be considered as a consummable gnod but as a durutle

gond 1) This explains that in industrialized countries,

i
i

having used large quantities of cement for long periods of timeg

the cement consumption per capita is relatively steady (as in
the USA, Canada, United Kingdom). On the other hand, countries
with no past history of large cement consumption may continue

to hit high levels of consumption during many years to come

as long as their "cumulated cement consumption” is not equal

to that of the other countries,

The following examples are taken from a paper by
Mr. Miguel Andia, Secretary of OFICEMEN (Association of the
cement manufacturers of Spain) published by "Cemento-
Hormigon" (see foot note):

1) 8ee "Cemento - Hormigon" - Barcelona - May 1970 - No 434
*Cemento acumilado per capita™ y "Cemento consumido por
dolar de renta™ en los paises europeos y en USA" ba
Mr. Miguel Andia - Secretary of OFICEMEN.

o/
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Table 8 : Cumulated cement consumption per capita.

Cement consumption Cumalated cerer:
E . per capita in 1969 consurpticn per
5 capita -
kgs 1920-1769 < ¥ ¢
: USA 342 7'300
! United Kingdom 310 6'470
Spain 499 51210
E. and W, Germany 532 8'710 f
I
France 534 7'590 ; E
: Italy 584 7'270 .
o Greece 484 4'610 ' !

These figures may lead to the conclusion that,
in spite of their present high level of cement consumption,

e e sl it o+ e oot

countriec as Greece and Spain may expect to see their cement

market continue to grow while others like Germany, France,
Italy, or the USA are likely to see their cement consumption
level off.

R e

3 - Determinants of cement consumption

If the future variations of the principal
determinants of cement consumption may be forecast with sonme
! occuracy, it is possible to obtain reasonnable estimates of
the future cement consumption :

e it e s e s e
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a) In {ts repor* "The Cement Industry in Europe - 1760,

the OxECY)

between the itreni of *he sereral ecoromy ard the demard

made a study in order to "find a cornection

for cement. It was found that such cornectinns exis®
-althoush it may rot te the same in all cour'ries- and
that, for the period 19%90-1999, it can be expressel, for
Member countries as a whole, as an almost constant ratio
between the annual increace in the GNP, and in cement
consumption, this ratio corresponding to ar elraticity
rate of 1,81",

Working under this assumption the OEEC expertis
forecast, in 1960, a cement consumption of £4'5C0'000 tons
in the Common market countries for 1965. The actual figure
was 83'985'000 tons.2)

This method which has proved to be very accurate
in this specific case is however difficult to apply in
the developing countries where statistical data and

economical forecasts are not certain,

These difficulties appear when examining the
results of the cement consumption forecasts made by the !
Rconomic Commission for Africu.a)in 1965. According to

i e

OBEC = Organisation for Europonﬁ Economic Co=-operation,
now OECD (Organisation for Economic Co-operation and
Development).

OECD = The Cement Industry 1965.

See "L’'Industrie des Matériaux de Construction en Afrique :
possibilités de développement & court terme”.

Réf. B/CN/14/AS/111/5 - 14 dée. 1963 - Commission écono-
mique pour 1'Afrique - Colloque sur le développement
industriel en Afrique - le Caire - 27 Janv. - 10 Pévr.1966.

o/o
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this source, the ratio between the crment consump'ion per
capita and the JUP corresponds, in the variouc recions
and gub-resions of Africa, to an elasticity rate of 1,50
to 2,60. Forecasts made following this method compared
wiin actual congumption figures (1969) in Africa show

that this method ie no* always reliable.

b) If information is available, arother method concicts in
correlatins cement consurption with the volume of
investments (3ross Formation of Fixed Capital) and with
the share of construction expenditures which may be

forecast,

¢) Growth and movements of population are, if predictavle,

a basis for an estimate of future demande of cement,

Urbar. ~ation creates imperative needs for housing
and municipal structures which mist eventually to be
fulfilled. Calculations may be made of the volune of
cement required to satisfy the basic needs of a family.

4 - 3t 4 ys

This method is based on surveys of the end users
and on calculations of ratios determining the volume of
cement required for the construction of the buildings, houses
and structures which are contemplated.

This represents considerable work and is only
possidble in countries with very good statistical tools or
working on the dasis of complete and accurate developnmert

prograss or plans.

./.
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These programs may assign very precise goals to .

‘ the various sectors of the cruntry's econcry regardin. :

{ . \ . : . . i

| housing, indusrtrializatinn, highways, airports, rorts, 1

: hospituls, sclicols, etc, i
%

‘ Valunble informaticon may te gathered as far as

4

future cement consumption is concerned, by adding, on the

! basis of estimutes supplied by construction industry

RN ol o ™ 5

specialiats, the volume of cement required by each of the

sectors.

S " .




CHAPTER III

THE ECONOMICC OF THE CEMENT INI'ICTRY

The average cement jlant (especially in developed
countries) ic built tor relatively high production rates,
It handles large quantities of raw materials and finished
products, Some of the largest and costliest machinery in
modern industry can be found in such plants.

In the most favorable case, the total investment
cost for a single production line plant with an output of
3'000 to 3'500 tons of cement per day (1 to 1,2 millions of
tons per year) amounts to between US § 40 and US § 45 per
metric ton of installed yearly capacity. These prices apply
to Buropa as well as to North America.

The costs will likely increase to US ¥ 60 per
ton for a 500'000 t/year capacity plant and up vo US g 85
for a 100'000 t/year capacity installation.

Some 30'000 and 50'000 t/year capacity plants
which wore built in developing countries are known to have
cost in excess of US § 200 per ton.

Table 9 indicates the actual investments which
have been required for some recently built cement plante of
various capacities in different parts of the world.

0/0
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The cost figures refer to published data or to

estimates made by engineers on the basis of known elements.

All the costs are not exactly comparable as some
investments include elaborate controls systeme, power plants,
housing facilitiec, harbour installations, etc. and others not.

t
|

Table 9, however, is representative enough to !
€ive a general view of the present investment situation in '

b the cement industry. !

; Costs which are more comparable and which are

broken down by category, are presented in the next section. !
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Tuble 9 : Examples of investrent cocts,

Country Ytart-up Capacity/ Trivestmer* (w0 viv 10\

year year costs(lIC/) e

(9 3

1., Cameroun 1970 26'000 T 4'750'000 13
2. Niger 1966 30'000 T 6'800'000 226
3. Mali 1970 50'000 T 11'500'000 230
4. Qatar 1970 100'00C T 8'000'000 80
5. Congo Brazzaville 1971 120'000 T 8'900'000 T4
6. Western Canada 1970 200'000 T 12'000'000 60
7. India 1973 200'000 i 11'050'000 55
8. Libya 1970 200'000 T 10'000'000 50
9. Algeria 1972 500'000 T 30'500'000 61
10. Prarce 1970 1'000'000 T 42'000'000 42
11. Western Europe 1971 1'400'000 T 49'000'000 43

 Sercti: (The numbers correspond to the list of countries)

Lo Industriss ot Travaun ¢*Outre Nor - Nov, 1987,
2, Mesders' Digest - French Edit1on = Usines clée on matns powr Jo Tiers Nonde® after 2 paper

of 0. Doutschason 1n the Manipeg Free Press - (Investment cost Includes pover plant, heustng

focilition and numerous suntliary services strutures),
3, Offico Sulsse ¢*'Enpancion Commorcials ~Fichier Industris) Intornations)- Lavssam

{File 223-80-001-Ba11), A figure of Franes Balt §'400°000°000 1o indicated 2s Investaont for

this ploat - It tnchudes o pover plant of 29500 ha/h (100 PN & ¥S § on).

4, Conont 11oe and brove) - Jomvary 1970/01f1ce Sulsse ¢*Eponsion Conmorciale, Fichior tndustrie

tatornationale (f1ls 323-00-001),
5. Industrios ot Trovewm ¢*Outre Bor - Nov, 1967,
6. Covont Line and Crovel - Jume 1970,

T ffice Sulsee ¢*Cxpancion Consorsisle, Fichior Industrie) intornntions),
Loveanne (File 390-80-003), lnvestamt 15 osttasted to be 15°000°000 feuposs),

5 mu-umn-»-tm-lmmumhhm.um
(W59 0tlliens), This estinate has te be taorsesed by ot losst 1S to reflect the finel
sapite] onponditure,

5. €1 Boudjohid - Alglors - 2 sctobor 1950/Comont Line ad trowe] - Fobruery 1908,
N, Investoont coste estisated by engineers.

11, (nvestaont costs ostineted by engineers.




A note of caution should be addrecsed to the
potential investers regarding investment costc as pabliched

or predicted in the financial and technical press,

“uch data ar> mostly frrniched by equipment
suppliers and often include nnly the costs of the mechanical
and electrical equipements without uny provisions for civil
and environmental work, equipment erecticn, roads, rail and
harbtor facilities, material and equipment trancportationr

costeand auxiliary service and administration bulidings.

According to the figures listed in Table 2, a
country planning to launch a cement industry of one million

tons/year capacity will be required to invest (btasis
1969/70)%)

- US § 42 millions for a single plant
of 1'000'000 t/y capacity

- U8 ¥ 61 millions for two plants
of 500'000 t/y cap. each

- US ¥ 75 millions for five plants
of 200'000 t/y cap. each

The criteria of choice between these solutions
will be discussed at a later stage in this report.

Although the above figures might be coneidered
high, the cement industry, as far as investments are concern-
od, figures favorably in comparison to other heavy industries
such as steel.

1) These figures are to be adjusted in taking into account
the continuous devaluation of the money.

/e
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In the steel indurtry "as 2 rule of thumb", it irs
generally assumed that an inves*ment cf JC Z 300 per annunl
ton of crude steel capacity ic required for an intesrated
plant of 1 million tons of annual output”, 1)

Por a one millidn tons capacity plant, the ratic
of investment coct per annial ton of production to the
gelling price, is 2/1 in the cement industry and 3/1 in the
steel industry.

In the developed countries a ton of cement is so0ld
for around US § 20 FOB plant; the basic home price in the
CECA countries of a ton of merchant bare (of steel) was
Us § 100 2) at the beginninz of 1969,

1) Bource i1 Aspects of competition between steel and other
saterials - United Nations, New-York - 1966 -
" 89/BCR/STEEL/17 - page 6.

BSee also ! UNIDO Monograph on Industrial
Molopunt - 1D/40/S - lron and Steel Industry -
Table 2 - page 17.

2) Source t report on the Iron and Steel Industry in 1968
fable 38 - OBCD - Paris.
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SECTICT 2 = THE COMPONTT OF THE w1Va) THVETTET e
IN A CHMTsy™ 10T

If plant capacity is an important factor in the
total investment required for a cement plant, it iec, by far,

not the only one,

Cement plants of the same ©ize built at the same
location and during the same period can vary consideratly
a8 to investment cost. This is often due to important differ-
ences in the raw materials to be processed, in the quality of
the equipment chosen, the degree of process control automa-

tion and the general lay-out conception of the installations.

It also happens that the owner, in order to save

',\ foreign currency, may require extensive use of equipments ‘
and services of local manufacturers and contractors, even

at the risk of higher investment cost.

In this section, the costs of the different items
of cement plants of various capacities are reviewed. These
costs gpe reflectimg the price situation as it existed at
the end of 1970,

Although the figures are drawn from offers made by
equipment suppliers or by bdbuilding contractors, they do not
apply to any particular plant in actual operation or present-
ly under construction.

In order to present a realistic picture of the
relative importance of each category of capital.expenditures,
the cost for the various items have been averaged out.

o/o
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1 = Ceren* planta of 100'7500 ¢ fyenr ~ovacity

Table 10 presents a cost dictribution for a 300 t/day
capacity (100'00C t/year), semi=-nutomatic dry process plant
built in a developing country. The fifares for mechanical anl
electrical equipments whére obtained from three different

suppliers' proposals (averased out).

The figures for the other items were ottained

through engineering estimates.,

Table 10 : Distribution of cost - 300 t/day cement plant

1ys ¢ (000 ¢)
Mechanical equipment 2'600
Electrical equipment 450
Spare parts 300

%4 of total
30,5
5,3
345
4,7
11,8
35,3

—8.3
100

Insurance and transportation 400
Erection and start-up
Civil works

Others (including unforeseen)
'

1]
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t According to actual experience, the cost of the
mechanical and electrical equipment may vary ag much as 10%
from the figures quoted in Table 8,

The price of the mechanical items is closely related to their
veight. For a 300 t/day capacity plant presently under study,
the total weight of the equipment has been estimated at

2 '400 tons.

: In developing countries, the cost of civil works is
generally high., However, the largest part of these expendit-
ures is payable in local currency.

: The coste for engineering studies amounting to
approximately 10% of total cost are included in the various
items,
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2 = Larye capacity, nutcmiatel cemnnt

rlarte

Table 11 precerts a coct distritation for two larre

and fully automn‘ed dry procese plantc. The fijurec are

engineerin,s estinates based on actunl experiences in the

construction of cimilar size (S00'007 ¢ and 1'000'000 ¢/yenr

capacity) installations,

Table 11 : Distribation of cost for large capaclity automated

cement plants

pumsilisums
1.500 t/3ny 2.000 t/day
% %
(ggg of total (ggg) of total
) ) goot cost
a) Mechanical equipment 9.500 31,1 14.000 33,3
b) Electrical equipment 1.800 5,9 3,000 7,1
¢) Spare parts 1,000 3,3 1.500 345
d) Insurance and trans-
portation 900 2,9 1.000 2,4
o) Brection and start-
up 2.600 8,5 3,400 8,1
£) Civil works 9.000 29,5 13.000 31,0
g) Automaticn and ins-
trumentation 3,600 11,9 4.000 9,6
h) Others inecl. unfor. 2.100 6,9 2.100 5,0
30.500 100 42.000 100

¥31g71 t The figures for the 3'000 tons/day plant (one million
ons/year) apply to cement plants located in Europe. Due to
higher cost for transportation, erection, civil construction

and start-up, the cost for a similar plant would be higher in

developing countries.

Eﬁ*’iﬁ ! Costs for engineering studies amounting to between 6%
of total costs, are included in the various items.

o/o
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3 - General remarks on the distribution of irvestment ccet

Table 12 presents a grouping of the various cocst !
items for the three plants analyzed in Tables 10 and 11,

Table 12 : Percentage of total cost

Annual capacity of the plant
Cost item 100'000 tg{isoo'ooo tgrfl'OOO'OOO t

Mechanical, electrical
equipment and spare

| |
| |
parts 39,3 40,3 | 43,9
Erection and start-up 11,8 : 8,5 | 8,1
Civil construction 35,3 29,5 | 31,0
Automation and ‘ '
instrumentation - | 11,9 ' 9,6
Others 13,6 | 9,8 : 1.4
100 | 100 ' 100
— | ===== | me===

The figures in Table 12 clearly indicate that in
all cases the costs for mechanical and electrical equipments
do not exceed 45% of the total investment. However investors
should not be misled by the relative low cost of this item.
In order to obtain the true investment cost required for a
plant, the equipment cost figures are to be maltiplied with
a factor of approximately 2,2 to 2,5.

‘Cost of autouation is relatively high; automation
of a cement plant generally does not result in a reduction
of capital cost. The numerous benefits obtained from automa-
tion are of a different nature and are discussed in Part II
of this report.
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CECTICY 3 - T TUpTT oW THE CUvANT TUIUTRY
(CCOT GF " [URACT I )

The principnal c~e=* price elements of cement

manufacturing are the following :

- Fuel ¢ coal, oil, and natural gar are the principal

!
!
!

fuels which are used in rotary kilns;

Electricity : electricity is either purchased or generated

in company owned power plants;

|
l
- Water ¢ mixed with the raw materials in :
: ; wet process plants; used for cooling of |
Co . production machinery; !
: |
% - Labor t+ engineers, technicians, workmen and ‘
- laborers; :
= Supplies ¢ spare parts, grinding balls, crusher hammers,
refractories, lubricants, bags;

Rav mator-
ials : limestone, chalk, shale, clay; mostly

deriving from company owned quarries;

,, Additives : gypsum, bauxite, iron ore, silica, sand,
slags, fly ash;

4
¥
i
;3
;

Pinancial
charges s depreciation, interest, insurances, general

overhead and administration expenses,

Some of these costs fluctuate in accordance with
the quantity of cument produced (fuel, energy, supplies,

: o/
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water, raw materialc, direct labor); others are fix for whate
ever the catput nf the plant (irdirect lator, finunciz!

charges, overhead expenses),

Under these conditions, the cost of cement marifac-
turing depends upon :

= the type of process which is used and which determinec *he
fuel and energy rates;

the degree of automation and integration of the process;

the rate of utilization of the installed capacity;

the-.installed capacity of the cement plant.,

In order to arrive at the "technical cost" of cement
manufacturing, the characteristice of the various cost compo=
nents (variable and fixed expenses) will be reviewed.

Relations between the used rate of plant capacity,
the size of the installations and the total cost of cement
vill be discussed in the Section 4 "Economies of scale in
the cement industry”,

1- g

The clinkerization of a kilo of clinker requires
between 1'200 and 1'600 Kcal (Btu/Lbl)nin the wet process
and between 750 and 1'000 Keal (Btu/LbsPin the dry
process.

The criteria of choice between the different types
of fuel is their availability and their cost.

1) = 1'200 and 1'600 Keal/kg = 2'160 and 2'880 Btu/Lds
2) = 750 and 1'000 Xecal/kg = 1'350 and 1'800 Btu/Lbs

/e
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In Indiu, for instance, "naturql gac i not avail-
able and o0il, aprroximately 10'000  Keal/ks ot*ained from

to 3

refincries which process larrely imported oil, ic 2)
times as expencive ns conl, With only a few exceptions,
therefure, tlie fuel is coal, India, incidentslly, poccessec
the world’s second largect coal reserve".l)

In Algeria, on the contrary, both oil and natural
gas are available from local sources., Mainly, because it
ir eany to handle and does not require large storage

installations, gas is used in all Algerian cement plants,

Countries with no local sources of fuels have to
choose between imported oil or coal. In order to be suitable
for burning in rotary kilns, coal i® first to be ground and
dried.

With proper precaution against internal combtustion,
coal may be stored on open stock piles, Despite the require-
ment for large storage facilities and relatively complex
heating systeme, fuel oil 18 easier to handle than coal.
Many cement operators also maintain that oil firing results
in higher kiln outputs. At present, the trend is toward
0il and most of the new cement plants being built in the
developing countries with no fuel resources of their own,
are bhurning oil instead of coal.

1) Rock Products - Pedb. 1969 - Cement in a dwoloping
country by C.F. Clausen (page 76).

o/o
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As n defernce n.;ainst the urpredictalle market el

the frequent price fluctantions of the fuels, "nny ceven'
manufactarers, when deci,nins new plants or nolifyins their
existing nnes, provile equipmnents which allnw ‘he burninc

of different typec of fuel,

2 = Electricjty

The introduction of electricity more than 50 years
ago, due to the flexibility of its distribution and 1its easy
conversion into mechanical energy, did revolutionize the

operational concept of industrial plants,

. As a consequence of this electrification, the
consumption of electrical e.ergy in cement plant operation
has increased considerably.,

The typical modern cement plant of practically any
size and under condition that clinkerization is done in
rotary kilns will consume between 100 to 120 kWh per ton
of cement produced.

Since there is no legitimate’aubstitute for
electrical energy in the operation of a cement plant such
energy is either to be purchased from outside electric
pover sources or it is to be generated in power stations
situated at the plant size.

The cost of power depends largely on the distance
of transaission and in the case of non hydraulic generating
stations also on the cost of fuel serving for the firing
of the steam generators.

: /.




It is generally demenstrated that in inductrially
developed uni many developi:. countries, it is more
economical for a cement plant to purchase electric jower

rather than yenerate its own.

However, in the case of Venezuela where comparative-

ly 1low cost natural gas and fuel oil are available, sone
cement plants are able to generate their own power at

lower cost than they can purchase it from outside sources.

3 - ¥gter

Water ie required for raw mix preparation (wet
process), cooling of equipment and for general cleaning
and washing purposes,

The requirements depend on the type of production
process employed in a particular plant :

= in a wet process operation, 0,7 to 1,0 m3 of water per
ton of cement are necessary for raw mix preparation;

= in a semi-dry operation (Lepol or Shaft kilns), the raw
material pelletizing procees requires between 0,15 and
0,30 @3 of water per ton of cement.

Por the cooling of equipments such as kiln roller
bearings, grinding mill bearings, compressors, cement coolers,
clinker cooler shutes, etc... only part of the water is
wasted. In case of kiln shell spraying, the totality of the
spraying water is wasted,

The water requirements for equipment cooling vary
between 0,8 and 1,0 m3 per ton of cement (kiln shell

spraying with 0,3 m3/t included). y
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Throush coolirg and recirculation, these require-
mentc can be reduced to tetween 0,1 and 0,3% 13 per ‘on

of cenent,

Water requirements for the cleaning of buildings
and yards and for washine of the rolling stock (trucks, etc.)

does not exceed 0,15 m3 per ton of cement.

Based on these figures, i* is easily understandable
why 1in areas with an accute water shortage, the application

of the wet process must often be ruled out.

For raw material grinding only fresh water should
be used. For the cooling of equipments, however, it is under

certain conditions possible to use sea water.

4 - Labour

The introduction and the progress of mechanization
has lead to the replacement of the muscular effort by a
mechanical force. Mechanization did to a great extent
eliminate work necessitating important physical efforts with
all its limitatiors and did permit a considerable increase
in production capacity.

The cement industry has traditionally measured its
labour requirements in men hours per ton of cement produced
(1abour factor).

Less than 25 years ago, the average labour factor
in the industry was approximately 2% to 3 hours per ton.

Today, even medium size plants have reduced this
factor to less than one hour per ton and some of the most
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recently completet inctallation of one million *torn jer yoor
capacity operate with labour factars of 1ot than [ hwoup per

ton of cement proidiaced,

5 = Suppliec ard partc

This caterory sroupe production raterials cich ac
refractories, ecrindine talle, crucher hamrers, mill=linero,
kiln chains, etc...; maintenance materinls such as c=pare
parts, lubricants and other expendable materials; bLass and
pallets,

In order to assure the efficient and continious
operaEion of a plant, it is necessary to maintain right from
the begining a sufficient stock of supplies and parts,

The importance of this stock of supplies and parts
deperds almost entirely on the delivery time of the materials
and the frequency of their utilization,

Based on experience, it is estatlished that the
average plant located in an industrially developed country
needs to keep a supply reserve of 12 to 18 months of operation
for production and maintenance materials,

A six months reserve for lubricants and other
expendable materials should be sufficient to cover all
eventualities,

Yor plants located in developing countries,
especially where long transportation by sea is involved,
the reserves of supplies and parts are prodbably to be the
double of the ones required for plants located in developed

o/o
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It might te addel that in recently conple‘ed
projects, *he initinl cost for the production and maintennrce
material otock amounts to approximately 107 of the to*nl

investment for mechunicil and electricnl equipnernts,

6 -~ Raw matecriale

The principal raw materials used in the cement
manufacturing procesc are limestone, chalk, oycter chgll,

shale and clay.

With the exception of oystef shell, which derives
from offshore deposits, these raw materials are normally

obtaifted from company owned quarries ard deposits.

In most parts of the world, these materials are

avallabtle in one form or another.

The quality of the cement is essentially determined
by the proportions of its principal constituents which are
lime, #ilica, alumina and iron.

In order to satisfy the specific composition
requirements the rav materials serving for the establishment
of the raw mix must contain between 75 to 80% calcium

carbonate (CaCOS), 15% silica (8102), 3 to 4% alumina (A1203),

and approximately 1 to 2% iron oxyde (Fesz)'

Cement geologists are conetantly searching for the
ideal rav materials which do not contain excessive amounts of
noxious materials such as alkali, chloride, phosphatee, etc.,
which are difficult to separate from the rav materials; this
often prevents or makes it difficult to use large and
strategically located deposits.

o/o

I




-5 -

However, in rccent years, the cerent indastfy fas
made concidernbtle projgresce in raw naterial preparati-o and

beneficintiorn.

In the cnse of the Le Havre plant of Ciments
Lambert-Lafur,e, the Tororo plant of 'lgandn Cement unl the
Aveta plant (ToFo) of Cimao, where the raw naterial: contain o
relatively hi,h percentages of pure silica or phosphiutes,
the realization of thece plants wae made pnssitle thanks o

the application of newly developed beneficiation proceases,

A more recently introduced system consists of a
process in which the basic material for cement manufacturing
is gypsum or anhydrite instead of limestone., In the chemicul
process to obtain sulfuric acid, cement clirker falls on as

a by product.

7 - Additives

Additives as used in the cement manufacturing

process car. be divided into two categories :

a) Rav additives

The most classical raw additives are silica sand (3102).

iron ore and pyrite ash (P203) and bauxite (A1203). These
materials are seldom availadle from the cement companies

ovn sources and are therefore to be purchased.

Blast furnace slag, because of 1!s origine;
(1imestone) in most cases has a similar chemical compos-
ition than shale and clay. Especially in Burope, it is
videly used as a rav additive replacing clay or shale.

./.




-53- g

b) Firieh atlit vec

Pinisr nidi*.ves are ‘he ones which together with clinker

are ground in'n certain types of cement,

Additives are 1med f~r two principnl reasors

1) either to give particalar properties or

characterictics o *‘he cement or,

2) to influence *he process of grinding as such,

The mos* commonly ured additives ir the firs®

)
!
1
!
|
;
i
i

category are gypoam, anhydrite, blast furnace slug, fly

ash and pozzolanic materials.

Gypeum and anhydrite added in quantities of 2 to !

5% rerve principally to control or regulate the setting

time Hf the cement or concrete.

Blaet furnace slags, fly ash and pozzolana are
mainly used to improve the resistance of cement against
the influence of sulphates, pure waters, etc.

T™e additives of the second categories such as
lignin sulfonic acids serve to counteract the flakingl)of
the cement which is one of the basic causes of cement

stickiness.

1) PMaking of Cement is the result of concentrated adhesion
detveen individusl cesent particles.

o/
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8 « Overhead -1nvi fingreinl chinrreo

These charye: inclule the plant overbend v i *re

general overhcend expencesn, depreciation mr i interect cret,

At the plant level, coct for sapervicion, clerieal
stuff, office and laboratory supplies, latcra*ory peroonnel,
etc., are to be considered ac overhead char;ec which canrnn®

be reduced whatever the volume of prodiucticn.

At the head office, general expenditures, experdit-

ures for sales, finance, technical managerent and staff,
rents, insurances, supplies and taxes fall into the category | !
of general overhead and miscellaneous expensces. These costs |
can be minimized through efficient management, but not
completly eliminated.

NDepreciation and interest on investment constitute
a large share of the total production cost,

If a plant costing S § 60,-- per ‘on of installed

e

capacity, is depreciated at the average rate of 6% per
annum, the depreciation expense will amount to US ¥ 3,60

per ton. Interest expenses at a similar rate of 6% per annum
on half of the fixed capital, would represent US ¥ 1,80
per ton of cement during the first year. This amount, however,

is due to decrease each year at the same mate than the

reimbursement rate of the borrowed capital,

With fixed overhead and financial expenses the
total cost of operation will be affected in two ways :
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a) the deprecintion and interect experses per ton nre high
in cnre where the cost per ton of installed cnyueity is
high. Invertors chould concequently look for the lowert
pogsible cost per ton of inctalled capucity (larce

manufacturing units for inctance);

b) the depreciation and interest cxpences per ton incrente
in cacec where the instalied capacity is not fully ursed,
The capacity of the plant should be comparable to the

gize or the chort-time development of the market.

The above mentioned’consequences of the fixed
capital cost upon the operating cost are somewhat con*tradict-
ory and require thorough studies of all the factors involved
before the final decision as to the capucity of a cement
plant is taken.

On the other hand, large differences between the
various manufacturing cost elements occur when the size of
the plant varies or if the plant is strategically not
properly located in respect to its sources of fuel,electric-
ity, rav materials and additives.

The following section 4 examines the influence
of the "economy of scale” on the cement manufacturing costs.
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SECTION 4 = EBCCHowMTwr W CALN T omym gt TP TRV -
CALC L 0 e B A SREa Y

1. Manufactorizys cnct of cerent in relntion with the

t ¢vie

Operating coste in cement plants of various

capacities are pasced unier review hereafter,

For the purpoce cf this comparison, it is azsumed
that all these plants are using the dry process combined
with suspension preheater kilns, that they are equiped with
a oingle kiln unit, up to date machinery, modern control
systems and that the larger plants (500'000 t/year and
1'200+000t/year) are fully integratedl)and automated.

Pigures regarding the prices of fuel, electricity,

supplies and spare sparts, labor, etc. are gverage indystry
figuree taking into account the fact that costs are somewhat

higher in developing countries and that smaller plants are
mostly located in developing countries,

1.1. The gost of combustible

The following table indicates the cost of fuel
per ton of cement. The type of fuel taken into consideration
is "Bunker C (9'500 Kcal/kg)".

1) In an integrated plant, the process machinery and
equipments are grouped in such a way as to form a more or
less continuous production chain, with the intermediate
saterial storage facilities either kept to an absolute
ainimum or eliminated altogether.

o/
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|
|
|
|

Table 13 : Cost of fuel

PLANT SI2E Kcal used Fuel Estimated cost | T clinker Fuel cost
1R per k3 consumption of a1 fuel - per T of per Ton of
clinker (1) per T of cl. | FUB plant (2) cement cement |
| o
30°000 | 1150 kcal| 121 kg | US¥ 35 0,96 | USY 4,07 f ;
50'000 | 1075 " 113 " 33 0,96 | " 3,58 i
100'000 1000 " 105 " "3 0,96 " 3,13 |
2501000 | 920 " 97 " 29 | 0,9 | " 2,70 |
500'000 | 860 " 91 " " 27 0,96 | " 2,3 |
110001000 | 840 " 89 " " 25 0,96 | " 2,14 |

1) Includes 100 Kcal/kg clinker for start up and raw mate-
rials drying and oil pre-heating (Source : Zement Kalk
& Gyps - No 10/1967.

2) Muel cost is smaller for large plants due to the
negociating advantage of larger fuel =upply contracts. In
addition, large plants are usually lccated in areas where
fuel transportaticn costs are lower.

1.2. Pover copt

It is assumed that power is purchased from utility
companies on the basis of long term contracts. As is custom-
ary in the case of such contracts, the power rates are

i B+ et g ki e e SR -
. N B T

cogen “nn g
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Wm i X g 5. v

coaposed of a fixed and a variable charge.
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It should be noted that the plant power concunption
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is not linear with production rates. Thic ic due to the Tnct

that certain pieces of eqiipment are to be kept in operation

regardiless

: water pumps, air compressors, air conditionnirng,

lighting, ventilstion, etc.

Table 14 : Cost of power per ton of cement

FIXCD COST (10C8 USED CAV AC!TY) VARIABLE €051 m;&;ﬂw
PLANT
DENAND TOTAL 10TAL | K
SIZE LEARGE | Kuw cosT FIXED Kt CosT VAR- | PER CosT
1¥EM FER T PLR OF CosT PER oF 1ABLE | T PER
. oF I KW PER T | K st | (2) |
CEMENT m ()
us § -- TN ] us 8 -- S g ]uss -- us §
30'000 0,471 17 c,015f 0,72 93 0,019 1,45 115| 2,17
50'000 0,44] 16 0,015| 0,69 94 0,015} 1,41 110} 2,10
100'000 0,41] 16 0,014} 0,64 ]| 91 0,014 1,27 107 1,91
2501000 0,37 16 0,013 0,58\ 89 0,01% 1,16} 105} 1,74
500'000{ 0O,34] 16 | 0,012| 0,53} 87 | 0,012] 1,04 103| 1,57
1'000'000 0,321 15 0,011} 0,491 85 0,011 0,941 100} 1,47

1) Cost rounded up to nearer

2) Raw materials are assumed

cent and to nearer kwh/t.

to be of average hardness,

St w————— -
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1.3, labor ¢nnt

The total labor force of a cement plunt consicte of

a "direct" force, engmymed in the actual manmafracturing and

P

shippin~ operations and un "indirect" force in charre of
genernl supervisinn, administrative, engineerins and lutor-

atory activities.

' Ccst of labdor varies widely from one country to
another and is normaly much lower in the developins couintriec

than in industrialized areas.

In the USA, "the average hourly wage paid by the
cement industry during 1966, according to the U.S. Department
of Labor, Bureau of labor Statistics, was § 3,18,.. Fringe

benefits are estimated to represent an additional cost of

$
I
76 ¢ per hour for a total average per manhour of ¢ 3,94 in |
1966",)

In West Germany, according to Labahn/Kaminskiz) the
average hourly wage in the cement industry varies from DM 4,60
(US ¥ 1,25) to DM 5,10 (US § 1,38) with fringe benefits

amounting to an additional 20% of the salary.

In Ivory Coaat,B) in Jvly 1968, the top salary of an
industry worker, vas P.CFA 77,81 per hour (US ¢ 0,31) plus

1) ¢ Rock Products - April 1968 - p. 60 "For the
ement Industry : a time of Crisis” by R, Sterling Harwell,
(vased on latest information, hourly wage in the USA
cement industry have since increased by approximately 30%)

2) t Ratgeber filr Zement-Ingenieure 4. Auflage -
tober 1969 - p. 87.

. 3) ¢ Bulletin mensuel de statistique - Aot 1968 -

inistére des Affaires dconomiques et financidres de la
République de la C8te d'Ivoire.

o/o
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frinfe benefits amnounting to an additioral F,CFA 273,52

(s & 0,14), for a total cost of US Z 0,45 per manhiour, The
same differcnces appear, althougsh to a lecser extent, as far
as the wares of the supervicore, clerks, chemists, etc. are

concerned.

Labor costocbeing ¢f a mich smaller significance in
the developing countries than in the developed countriecg, a
relatively large labor force may be contemplated to run a

cement plant,

Tn order to facilitate cost comparison, a minimum
number of workers has been taken into consideration in the
following table. For the plants of upwards of 100'000 T, the
hourly average cost for the total labor force is estimated at
US ¢§ 2,50 per hour including fringe benefits and social
charges. This hourly rate has been reduced to US ¥ 1,25 for
the 30'000 and 50°000 t/year plants because they are likely
to be located in developing ccuntries,
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1.4, Production supplies and maintenance naterinln cnet

It is suppoced that under normal conditions, this
cost item amounts to approximately 'JO ¥ 2,09 per ton of
cement, whatever the plant capacity.

This amount includes : US ¢ per ¢
gerent

- Diesel tuel : U,5 litre/ton of cement,
at § 0,10 per liter 0,05

= Grinding media, liners, hammers, e‘c,
0,250 kg per t. of cement, at # 1,00 per kg 0,25

- Refractories for kiln, cooler, preheater :

1,00 kg per t. of cement at g 0,25 per kg 0,25
- Other expendables (explosives, etc.) 0,25
- Gypgum : 45 kg per t. of cement at
¢ 10.- per t. 0,45
= Mechanical and electrical parts 0,70
= lubricants, oil, grease : 0,2 liter per t.
of cement at ¢ 0,50 per liter 0,10
Total : 2,05

(These costs have to be adjusted to local conditions).

105. t] nees

This item includes all the sundry expenses related
to the general plant operation : office and laboratory
supplies, telephone, insurances, property taxes and
miscellaneous, '

Bxperience shows that these expenses are about
equivalent to the indirect labor cost.

coe/en
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1.6, Deprecintion nnd interest ‘
Depending on the length of time a plant has to be i
amortized and to the cystem of depreciation which is :sed
|
the average annual depreciation rate which is conciderel asg |
acceptabtle for a cement plant varies between 5 and 7% of L
: . the fixed capitnal, l.
i l
. Assuming a full depreciation of the plant over a ;
§ period of 20 years, a depreciation rate of 5% is tatulated
in the following Tatle 16. !
cod
, For the purpose of this study an additional interest
'i rate of 6% on the fixed capital will be charged against the
f cost of manufacturing. l
| | |
! ;
‘ Table 16 |
t Depreciation and financial charges per ton of cement P
PLANT SIZE | Investment Depreciation | Interest TOTAL i
cost per T of | 5% per year |6% per per ton J;
installed year of cement i
: ty
m Us ¢ us g Us ¢ JS & .
, 1
| 30'000 | 168 8,40 10,08 18,48 |
; 50'000 ‘IJ 116 5,80 6,96 12,76
1001000 T 80 4,00 4,80 8,80
g 250'000 T 60 3,00 3,60 6,60
- $00'000 T 55 2,75 3,30 6,05
§ 1'000'000 1 42 12,10 2,52 4,62
3
3
i} o/
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1.7, Total morafacturing cost cgleulation = lela*ion
_gr:sdcwrw;;v

In the following Tatle 17 all the atove calculated
costs are groured together in order to precent a compariscon
of total manufacturing cast of cement in modern plants of
11!\

1
[4499

......

tons per year capacity.

These calculations are based on a 100% capacity
utilization,

Although it 18 considered that these total manufact-
uring costs are more or less accurately reflecting the
lveraée situation in the cement industry in the early 1970's,
large variations are to be expected from cne country to

another, as well as over certain periods in particular
countries, '
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Taking the nanufactaring cost nf a ton of cenent in
a 250'000 t/year plunt as 100, the cnst will very acerdings 4o
the plant cnpacity as follows

30'000 T/year plant 3 221
50'000 T " " 176
100'000 T " " 130
250000 T " " 100
500'000 T " " 89
1'000'000 T " " 76

large plants are more economical to operate than
smaller ones because !
- depreciation, interest charges, and general fixed expences

are distributed over a greater number of tons of cement
manufactured;

- advances in modern technology have mainly benefited large
size plants; thue reducing labor force, maintenance and
fuel drastically.

As matters stand now, cement manufacturers in the
developed countries are up against very strong competition.
In order to stay competitive, they have practically no
choice but to build plants of larger and larger capacities.

The situation is somewhat different in developing
countries and should therefore be examined case by case.
Other factors have to be taken into consideration : price of
imported cement, cost of transportation, necessity of saving
hard currency, desire to create a local industry, etc. These
questions are dealt with, inChapter IV pertaining to the
problem of "small cement plants”,

o/
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2. Manufacturine enot <€ cement in relnticr witr +he
ubtilicatior o plart oapncity = creccever va s o lycie

Should a prospective cement manufacturer build a
large plant in view to reduce his manufacturing consts to a
minirum, even if the plart is to be operated at reduced
capacity? Or is he in a more favoratle positicn in operating

a smaller plant at 100% of its designed capacity?

The ancwer to this question can be faund by determin-

ing the breakeven point of future plants,

This breakeven point is the level of operation at

1)

which "revenue from sales exactly equals expense"”,

The breakeven point depende upon three factors :

= the selling price

- fixed costs, which are "those costs that are expected to
remain relatively constant regardless of the level of
output” (depreciation, general plant expenses, labor, etc.)

- variable costs which are "those costs that vary directly
with changes in the level of output" (fuel, power,
production supply, spare parts, etc.).

The breakeven point is given by the formula :

e i . 100
==& * 7P

in which

BX = Breakeven point : percentage of plant utilization, at
vhich plant expenses equal revenue from sales

Cf = lotal fixed costs

1) Proa "Management in Industry "by Claude S. George Jr.
Prentice-Hall-1959.
/e
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T s

= Selling price of a ton of cement

T2

Cv

Variable manufacturin,~ cost per ton of cement

P = Designed plant capacity 2

The breakeven point of each of the ce~ent plants
reviewed in Table 17 has been calculated and the results are
shown in Table 18.

4 i
Table 18 : Cement plante breakeven points '
|
Cement Plant capacity (T/year) |
selling ;
price 30'000 | 50'000 | 100'000 | 250'000}500' 0001 '000'0CO |
FOB plant
in Bulk %+ % %* %* %+ %+
| per T
15 Us & - - - - 96 65
20 -- -- -- 70 58 43
25 .- - 80 52 43 32
30 - 96 63 43 35 27
35 - 79 52 33 29 22
40 103 66 44 29 25 18
45 82 58 38 25 21 16
* Minimum percentage of utilization of plant capacity in
order to breakeven.

S .
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Comments o1 Table 19

a) Sellins~ price

Selling prices, as indicated, are in the range of 7/ 1% to
g 45 per ton, in bulk, FOR plant, becauce this range
reflects the present world pricing situation (plurc or

minus 104)

- US & 15,~= : price prevailing in most of the Western
Europe countriec

- US § 20,-- : price prevailing in “orth America,
Venezuela ,

-US ¢ 25,-=- : price prevailing in Indin%) North Africa

- US § 30,-- : price prevailing in the coastal cities

. of Western Africa 2)
- US ¥ 40/45 : price prevailing in land-locked countries

(In Agades, Republic of Niger, cement is
gold at US g 80,-- per ton).
The selling price of cement in a given location consists
of the manufacturing cost plus the cost of handling and
transportation. Cement prices are the highest in remote
locations. They are reduced when good highways or
railroads are available,

b) lndjcative value of the table
Pigures given in the table have to be interpreted : <the

differences between fixed and variable costs are often
difficult to ascertain.

1) Source : Rock products - February 1969 - Cement in a devel-
oping country - page 76.
2) Source : Bulletin mensuel de Statistique - Ministdre des

Affaires économiques et financilres -
République de c8te d'Ivoire.

I
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It woald bte unrealictic ‘o build cversiced plante
in 411 rarke‘s only tecnuce the sellirns price meers to

be profitatle at a low level of atilination,

At a very low level of curacity utilization, *here is
a lot of waste and, in reality, the variatle concts nre ofter
considerably higher than they appenr *o be,taced on o parely
theoreticnl basis,

¢) Relation between tye celling price nnd the breakeven pcin®

The breakeven point may be exprescsed in two ways @

= the level of volume of sales, at constant price, at

which revenue from sales equals expense
. or

« the level of price in dollars, at constant volume of

sales, at which revenue from sales equals expense,

Bxpressed in the second way, the breakeven point is
the indication of ‘he price at which the product should be
80ld in order to make a profit.

The foliowing Table 19 ghows, as an example,
the profit andloss variations occuring in a 100'000 T plant,
at various levels of sales and selling prices,

¢
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Table 19

Profit (+) or loss (=) per Ton in US ¥ in a
100'000 T/year capacity cement plant

Selling Volunme of gales in tons

price

Bulk cement 1C0°'CGG T 8O'0C00 T 1OY0V0 I 501000 T

per ton WANUF ACTUR | NG WANUF ACTUR i NG WANUF ACTUR ING WANUF ACTUK 15

FOB plant €Sl « § 21,17 COST « § 24,80 C0sT = 8 27,50 {51 = 3 35,%

us ¢
27 + 5,83 + 2,20 - 0,50 - 8,90
25 + 3,83 + 0,20 - 2,50 - 10,90
23 +1,83 - 1,80 - 4,50 | -12,9
21 - 0,17 - 3,80 - 6,5 | - 14,90
20 - 1,17 - 4,80 - 7,50 - 15,90
19 - 2,17 - 5,80 - 8,50 - 16,90
17 - 4,17 - 7,80 - 10,50 | - 18,90
15 - 6,17 - 9,80 - 12,50 - 20,90

3. Ihe pize of the market and ite influence ypon
aanufacturing cost.

'Plant size and rate of utilization of the installed
capacity are major factors determining the manufacturing cost
of cement. This makes it essential not to start new ventures
in the cement industry before having acquired a most accurate
knowledge of its future market.
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Plants which are too small will have soon to be
expanded by installing additional units; as a consequence the
cost savings which would have accrued from manufacturing
cement in large one-line plants are likely to be lost. On the
other hand, plants conceived on too large a scale may never,
or only after a long period of time, use their full capacity.
Por instance, it costs US § 9,-- (nine) dollars more per ton
to manufacture 100'000 T of cement in a 250'000 T/year
capacity plant (40% capacity utilization) than in a 100'000 T
plant working at full capacity.l

Market surveys shall not only serve to estimate
the future volume of sales but the average net FOB plant
prico.loft. after deduction of handling, transportation and
other sales charges.

1) See Table 17 : the manufacturing cost of 100’000 T in =
2%0'000 T plant may be computed as follows :

Pixed cost g 9,82 per T x 250°000 T = 2'455'000 ¥
Variable cost ¥ 5,91 per T x 100'000 T = '

Total manufacturing cost for 100'000 T 3°046°'000 ¢

Manufacturing cost of 1 ton : ¥ 30,46 instead ¥ 21,17
in a 100'000 T/cement plant (bulk cement).
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CHAPTER IV

CEMENT PLANTS ADAPTED TO LARGE AND SMALL
MARKETS IN DEVELOPING COUNTRIES

SECTION 1 - DEVELOPING COUNTRIES ENJOYING A LARGE CEMENT
MARKET

Developing countries are generally very anxious to !
get a cement industry of their own or to expand their existing !
capacity.

The imported cement they need for their hcusing,
social and industrialization programs is generally paid at a *
very high price in hard currency, which results in a heavy
burden for their econony.

Vith fow exception%)

the rawv materials necessary
to manufacture cement are practically available everywhere

and insurmountable difficulties of technical nature which may
prevent a developing country from materializing its projects

do normally not exist.

However, the analysis of the cement manufacturing
cost and of the breakeven point indicates that low cost
cement can only be pruduced in large capacity plante,

Developing countries +ith a large cement market or
wvith large and predictable future demands for cement are in
a position to take full advantage of the economies of scale
prevailing in the cement industry.

1) Por instance in VWestern Africa

W ———— o ——— " s o "
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They can contemplate the creation of a few large,
very modern and economical manufacturing units instead of a
series of small plants,

Even if their market is spread over vast territories,
economies of scale and full capacity utilization generate |
sufficient profits to absorb a large part of the excessive
transportation cost8 and,at the same time, keep the selling

price in remote areas at reasonnable levels.

Purthermore, equalization of prices throughout
the country, or a region, is made possible. The cost of

transportation to distant areas may be subsidized both by
aomewl}at ad justing the delivered prices paid by the cement ’
consummers who are closest to the plants and by passing to

the clientele the manufacturing cost margins reesulting from
the large plants,

Some developing countries, as for instance ilgeria,
have already followed this policy. Two very modern,
automatei, one-million tons/year capacity plants are presently !
being built; one near Algiers, the other near Annabda, '

It should be kept in mind that there exists some
developing and landlocked countries whose cement consamption
(present and future) does not justify the installaticn of

cement plants with annual capacities exceeding 30'000 to
100'000 tons.

Despite this, such countries driven by the extremely
high prices of imported cement, mainly due to high

Y
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transportation cost, nevertheless promote the idea of creat-

ing their own cement industry in order !

- to have their own source of supply

- to reduce the cement selling price in their country.

If the first objective is generally not too
difficult to achieve as long as capital 18 available or

may be borrowed, the second one is more difficult to realize.

Some of the possible solutions which developing
countries may retain are briefly reviewed hereafter :

a) To ingtall a emall cement plant eguipped with a rotary kiln,
using either dry or wet process, In the preceding chapter, !

manufacturing costs of such types of plants have been
discussed. These costs are high, Result : the cement user who
had been paying 40 to 45 dollars a ton for imported cement,
will not get much relief by purchasing cement from a local
plant,

Before any investment decision is taken, the
availability and the quality of the raw matoerials and fuels
have to be thoroughly scrutinized.

The plant should be simple to operate and in order
to mlnimize the problems of personnel training ard of plant
maintenance;the equipment should be of the sturdy type.

Many small plants in developing countries have got
more than their share of trouble because these prerequisites
wers not respected.

During the past years, with the size of cement
plants becoming larger and larger, equipment suppliers have
somevhat lost interest in small cement plants which, thirty
years ago, vere commonplace in the cement industry.

ol
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No real technological advance has recently taken
place in this field. In general, it is rather difficult today
to find suppliers who are willing to tender on cement plants
for less than 100'000 tons yearly capacity. As a result of a
recent enquiry for small plants,made by an engineering firm,

a well known cement machinery supplier answered as follows :

"We thank you for your letter dated....., and would
inform you that we do not consider cement plant
of less than 60'000 tons per annum economical
propositions under present conditions, and have
indeed, in the past, refused to tender for plants
of less than 100'000 tons per annum for this

. reason”,

Nevertheless, in spite of these difficulties, the
ssall classical plant of 30'000 to 50'000 tons per year
capacity may be, under certain circumstances, the only choice
which is left to prospective investors wio desire to create a
cement industry in a developing country.

b) To instell a ehaft Xiln plant

An excellent description of this type of cement
plant may be found in the United Nations publication "Studies
in Bconomics of industry-Cement/Nitrogenous fertilizers"
pudblished in 1963 (reference ST/ECA/75).

Lower investment costs are certainly possible with
this type of kiln, but even in a small plant, the kiln is
only a minor part of the installation.

The kiln itself is a vertical steel or concrete
cylinder, 4 to 10 meters high and of a diametre of 1,25 to

000/00
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4 meters. It is feed from the top with pelletized cement raw
materialc and coal (which serves as fuel). After completion
of the combustion, the clinker is discharged at the bottom
of the kiln by a rotary grate,

The advantages of shaft kiln plants are the
following :

- vertical kilns are cheaper than rotary kilns

- very small units are possible

= no clinker cooler is needed (15'000 t/year cupacity)
- low fuel consumption '

= short construction time

- capacity easy to expand.

On the other hand, this type of plant has some
serious drawbacks :

- special low volatile coal is required

- 4dry rav materials, with good pelletizing characteristics
must be available

= well trained and skilled operators are required

= quality of cement manufactured is rather irregular.

Experiments are undervay to improve the efficiency

“\
b
It is 8till too soon to draw definitive conclusions
as to the future of modernized shaft kiln plants. For the
time being the realization of this type of installation

should be preceded by a lnorough analysis of all the aspects

“]
of shaft kiln operation and the quality of the product. . ~.w¢ [
"




and problems, including §he availability of proper fuel, raw
1

materiale and manpower,

c) To install g clinker grinding station

An intermediary golution between importing
foreign cement and the construction of a complete cement
plant of small capacity consists in the installation of a
clinker grinding station.

|

|
This solution distributes the manufacturing cost f
|
between the firms (or countries) exporting and importing

clinker,

from dburning cement raw materials in the kiln. Cement is

Clinker is the semi-finished product which results ;
|

obtained in grinding clinker together with a small percentage

of gypsum into cement. I

|

This final operation, including storage and bagging
of cement takes place in a grinding station whose owners
purchase the clinker from clinker and cement manufacturers.

1) = See Rock Products - Jan, 1966 = The Modern vertical
kiln, by Dr Steven Gottlied

Rock Products « Dec., 1970 « Vertical Shaft Kilne -
: Present and future, by Walter Gribbin,

Rock Products - May 1967 - VWorld's samllest cement §
plant by N, Ramachandrau, describing |
an experimental vertical kiln plant |
of 50 t/day capacity in an Indian |
village '

A Prench cement manufacturer, Ciments Chiron at Chambery, '
claims to have brought new develop-
sents in the vertical kiln operation, '

o/o
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The investment cost for a 100'000 t/year capacity
clinker grinding station amounts to ¥ 1 million to 1'400'000,
This includes the mechanical and electrical equipments,
laboratories, wnrkshop, storage silos and other miscellaneous

constructions and installations,

i Not included in the above indicated amounts are

the cost for land, access roads, etc.

The following table summarizes the main investment
and operating cost data of two hypothetical 100'000 t/year
capacity grinding stations located on the West Coast of
Africa (1970 figures) :

L3
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Table 20 : Cement clinker grinding station

I - Technical Data

- electricity : 45 kwh/per Ton

Average investment cost : US & 1'300'000

a) Raw materials and supplies

- capacity of the plant 100'000 t/year
- materials used : ~linker 95'000 t/year
gypsum 51000 t/year

- personnel : technical and administrative : 8 to 10
production and maintenance : 25 to 35

Operating cost per Ton of cement Plant A* P jnt B*

- clinker at US ¢ 14.- per T CIF 13,30 13,30
- gypsum at US § 14.- per T CIF 0,70 0,70
- handling and transportation 0,80 1,20
- paper bags (20 per T) 0,70 1,00
- spare parts, maintenance supplies 0,50 0,50
b) Electricity
- fix charge 0,17 0,20'
- variable charge (45 kwh per T) 1,20 1,40
¢) Personnel 1,00 1,25
d) Miscellaneous
- general overhead (taxes,
insurances, rent, administrative
expenses) 0,2% 0,50
- others 0,10 0,10
© Subetotal 3 18,72 20,15
e) Depreciation and interest (10%) 1,30 1,30
Total @ 20,02 21,45

*Plants A and B are considered to operate under slightly
different conditions.

o/o
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Taking into account the raw materials, products and
services which are directly or indirectly paid with foreign
exchange, the value which is added in the country where the

station is located, amounts to @ 3 to ¥ 4,=-- per ton.

Additional ¥ 1,-~ per ton may result from manufact-
uring paper bags by using wood pulp from local sources.

A clinker grinding station should only be set up if
clinker is available at low cost and the price of electricity
is not prohibitive., These two conditions make it almost
compulsory to locate clinker grinding stations near the
water and in the vicinity of well equiped harbours,

However if the plant site is served by rail and if
reasonable transportation rates can be obtained, it is
possible to contemplate the installation of clinker grinding

stations in inland locations. These inland plants would be
supplied :

- elther with clinker originating from overseas cement plants
and reloaded into rail cars at the nearest harbour

- or from other cement plants located on the connecting
railvay line.

The main advantages of clinker grinding stations
are the following :

- existence of large stocks of clinker assures the regularity
of supply for the country and the stabdbility of price;
- additional employment for local labour;

- some savings in foreign exchange;
= lowering of the cement selling price because the cost of

transportation and handling of clinker is lower than that
of cement.

/e
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In spite of thece advantages, clinker grinding

stations remain too much dependent on foreign resources to
be considered the best solution to the problem of cement

supply for developing countries,

d) To baild a miltinational cement plant

UNIDO Monograph on Industrial Development No 18
1)

opportunities for fostering regional co-operation among

"Regional co-operation in Industry" 'identifies "appropriate
developing countries as an essential step towards achieving
rational industrial promotion and expansion". (Introduction,
Po 2)0

Although the asuthors of this Monograph did not
specifically refer to the cement industry, their reasonning
do really apply to it especially when they state that (p.6)
"For a great number of developing countries, economies of
scale do not become possible until they join a wider regional
market,..... In the absence of a sufficient market and
because of the unavailability of capital equipment designed
to meet the exact requirement of the size of the market,
investors in many developing countries are faced with a
choice between plants that are either too small or too large
and (p. 9) "Regional integration would appear to favour
capital-intensive technologies”.

1) Ref. ID/40/18 = United Nations Publication ~ Sales
¥o s 2.69.11.B,.39, Vol. 18,

o/o
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Already in 1966, a document issued by the Economic
Commicsion for Africalz was strongly suggesting that a co-
operation be established among the Western Africa countries

in order that the countries with large resourcec in raw

materials supply cement clinker to the others. This would be

mutually profitable : the first ones would be in a position
to take advantage of the economies of scale while the other
could rely on regular and low cost supply of clinker.

Such co-operation is presently considered among

the African ccuntries who are members of the "Conseil de
l’Entente”z).

. The solution put forward is that of a multinational

cement company, in which all the interested Nations would
participate,

The proposed plant would exploit Aveta (Togo)B)
limestone deposits which are situated appr. 30 kms from
the port of Lomé.

The plant would Lave a capacity of approximately
one million ton of cement clinker per year. It would export
its production by water =through the port of Lomé- to the
coastal Nations of the "Conseil de 1’'Entente” and it could

possibly look forward to supply clinker to neighbouring
Nations such as Ghana,

1) Un programme de Développement pour 1'Industrie du ciment
en Afrique de 1'Ouest - 10 aocdt 1966 - E/CN.14/INR/117 -
(see pages 65 and 66).

2) Ivory Coast, Upper Volta, Repudblic of Niger. Togo and
Dahomey.

3) See for details : Industries et Travaux d'Outre-Mer,
June 1970,

o/o
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The plant would only manufacture clinker and
therefore not compete with existing or planned clinker
grinding stations; it would complement thew as a supplier

of clinker.
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II

PART

DEVELOPMENT OF CEMENT TECHNOLOGY
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GENERAL REMARK

With practically no revolutionary changes having
taken place in cement basic technology during several dec=-
ades, important developments and improvements of evolutionary
nature have.l)

This is especially apparent in plants built after
1965 and is demonstrated in the form of better designed
equipment, higher operational efficiency, lower labour
factors, lower fuel consumption and to a certain extent lower

electrical energy requirements.

Some changes which have occured lately and which
have been inspired by a new generation of cement people,
have lead to improvements such as, higher equipment availab-
ility, larger production units, process automation, more
intimate knowledge of the prcduction process through systems
engineering, better qualified operating personnel, reduction
of airpollution rates, higher and more regular cement
qualities, etc.

The application of advanced operations research
methods and electronic computers has resulted in & more
analytical approach to many problems and has lead to plant
conceptions which take full advantage of the most modern
equipments and operating techniques.

1) P.K. MELITA "Trends in Technology of Cement Mamufacture"
Rock Products March, 1970,
' /e




The cement industry was alwayc known for its high

labour requirements. However in the past few years it has
progressed to a point where, as far as labour requiremento
are concerned, it can be considered as one of the most

) efficient operations in the domaine of heavy industries.

The application to the cement manufacturing of some
concepts partly used in the mining and the petrochemical
industry is seriously considered. Such designs can lead

to more integrated plants;l) !

It is interesting to note that developing countries
have a tendency to reject the idea of passing through the

different stages of technologi~al evolution. C

{

i

} They are mostly free of many of the restrictive

‘ considerations which, in developed nations or traditionalized

industries, such as cement, hinder the acceptance of
progressive methods and techniques,

It is not at all improbable that as a consequence
of this, developing countries will progress relatively fast
and in some cases may possibly compete with the leaders in
modern cement manufacturing.

The cement industry is known for its relatively
high ratio of investment cost to annual output. Despite the
anticipated technological improvements, thie situation is '

" not likely to change very noticeadbly in the near future.

G e ek
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CHAPTER I

RECENT TECHNOLORTCAL INNOVATIONS IN THE CEMENT INDY

CTRY

1, CHEMICTRY AND CEMENT TVYPHS

The theories on the formation and the constitution

of Portland Cement clinker and on the hydration and hardening

1)

of Portland Cement have become common knowledge.

Recent

studies on these subjects have clarified some points but it
is not very likely that the results of these studies will

lead to fundamental changes.

with the best characteristics for their especific

applications.z)

The manufacture and use of expansive cement is

Basic research may lead to the development of cement

now

well known and is the subjects of numerous and important

3)

studies.

The substitution of baryum or strontium to the

calcium in the silicates and aluminates is another example

of the induntries search for improved producta.”

1) W. BITEL, Silica Science, Vol. V. Academic Press,
New~York & London, 1966.

2) Proc. of the 5th Intern. Symposium on the Chemistry of

Cement, Tokyo 1968,

3) Proc. of the 5th Intern. Symposium on the Chemistry of

Cement, Tokyo 1968,

4) A, BRANICKI, Calcium, Strontium and Barium Cement,
2.K.G, November 1969,

o/o

e — . WO T—— R




- G -

More recently, concentrated staiier and invertipmn-
tions have lend to a reappraieal of the iv.Tluerice of

phosphutes (Py06> on the quality of cement,

Generully spenking there hnve been few devel pmente

in the line of new cement types.

It must however he recornirzed that some of the
exirting typer of cemen! have been greatly improved arnd the
user has a better assurance to purchase products which lend
themmself better to general and tr specific applicatirns,

2. BAN MATERIALS

Not too many years ago cement geologists and
chemiste would only accept so called "pure materials" as
suitable for the manufactur® of cement,

Thie has often lead to the rejection of economically
and commercially desirable plant locations.

In today's strive to optimize the economics of
induatrial projects, commercial considerations are heavily
weighed against possible shortcomings of raw materisls and
plant loocations,

This, together with a steadily growing shortage of
80 oalled "ideal rav materials”, has forced cement producers
to consider limestones of inferior quality as a rav material
for cement manufacturing.

™e attached map titled "Vorld Limestone Resources" shows
the repartition of limestone, throughout the world,

O/O
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The recent advance in material beneficiation, such
as silex separrtion from chalk in Frarce and phosphate
removal from limestone in Uganda and Togo has opened up new
possibilities to realize cement plants in some previously

rejected areasn,

The introduction of computer simulation methods
in the calculation and optimization of raw mix designs has
resulted in a new approach to raw mix chemistry and has made
it possible to overcome some of the traditional :ind restric-
tive tendencies in the industry.

The introduction and refinement of the prehomogeni-
sation method has created thc possibility to pre-blend
(before grinding) raw materials of inferior quality with the
necessary corrective additives.

3. BAN MATERIAL QUARRYING

The choice of method depends almost entirely on the
type of raw materials available.

In moet plants, raw materials are quarried in so-
called open pit operations.

The classical method, still widely applied, is the
combination of drilling-blasting with reclaiming by power
shovels or by bucket-wheels,

Within the last decade and for materials of lesser
hardness, the industry has developed a nev method : the
ripping operation.

o/o
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Derived from a technique developed mainly in road
construction the equipment consists of a heavy bulldozer
with large teceth attached to the rear of it. The ripping
action of these teeth permits the loosening and to a certain
extent breaking up of the materials to a deepth of approximat-
ely 30 to 60 cm.

After ripping, the material is pushed by the same
bulldozer to the quarry bottom where it is reclaimed by
powershovels or bucket wheels.

Besides eliminating the disadvantages of drilling
and blasting, this method resulte in considerable quarrying
cost reductions,

The feasibility of ripping has been demonstrated
in materials and rockformation where previously no other
method than drilling and blasting was coneidered possible. 1

THE TREND °

The trend develops definitely in the direction of
ripping. With heavy bulldozers being available in most parts
of the world, ripping has also become possible in developing !
countries,

4. BAY MATERIAL CRUSHING

During the last decades, the methods of orushing
have not changed much,




- 93 -

In a cement plant the'"quarry run raw material"
normally passes through a primary and secondary crush for

size reductions down to approximately 30 mm. In the case

of wetl and sticky materials the primary-secondary combination

is often replaced by a circuit consisting of washmills and

crushers,

Despite the fact that the efficiency of machines
such as the jaw-crusher, the roll cruasher, the single and
double rotor hammer-crushers, the gyratory and the impact
crusher, has been improved considerably, especially through
the use of more abrasive resistant materials for liners and
hammers, t hey have not quite reached the desired
effic.iency and availability.

A nev method which in certain cases can replace
the classical crushing equipment, is the autogenous mill
(Hydrofall, Aerofall).

Known in the mining industry for many years, it
has lately found its way into cement plants. Autogenous
mills are built up to 35 feet in dia., permitting feed-sizes
exceeding 1 m3. With this type of machine it is possible to
erush and pregrind quarry run material down to less than
10 mm size, on a single pass.

Several of these autogenous mills are already in

operation in the cement industry and one of them is presently

being installed in Algeria.

e ..
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THE TREND ?

Despite the advantarces of autogenous commination,
the industry will continue to employ the clacsical cruching

system especially for dry materials,

3 The autogenous system might tecome increngirgly

popular, in cases where materials of medium and high moicture
contents are to be crushed and dried before bLeins feed into

a dry procesc raw grinding circuit.

5. RAW GRINDING

In the cement industry grinding of raw material is
|
mostly done in ball and tube mills, g
1

Introduced before the turn of the century, the tube
mill hae not chnanged much in ite conception over the yeare,

Improvements in operating efficiency were obtainead
mainly through the use of more abrasive resistant materials
for liners and grinding balls und to a certain extent through
a better understanding of the effect of increased mill speeds.,

The replacement of the steel liners by rubber liners
in wet mills has resulted in reducing wear, maintenance costs
and noise.

A more interesting development in the domain of
grinding has been the rod mill or rodpeb mill. In this type
of mill the first compartment is filled with steel rods of
up to 10 feet lenght and the second one with ordinary
grinding balls. It can be fed with larger sized material

: | /.
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than the ctandard tubte mill and many cement people clairn

gy R A

better efficiceney in the grinding of hard row materinle,

o R T

As a counterpart to the tube mill for dry grindi:-,
f the roller mill was introduced a few yearc ago, Rnther
efficient, it has up to now been limited to the grindin~ oo

relatively soft and rather non abrasive materials.
THE TR#N"_°?

Especially for finish grind the tube mill will
maintain its place for many years to come. However some
cement companies, especially in Germany, England, Canadn,

, France and Algeria, have installed autogenous equipment for
é preliminary grinding and a number of cement manufacturers

are considering the much improved roller mill,

6. CLINKER BURNING

e—

The rotary kiln was introduced in the industry at ,
‘ the beginning of the century. |

For almost 50 years the wet process was considered to :
be the most efficient method to burn clinker. L

Approximately 25 years ago the first dry process
suspension preheater kilns appeared on the market., Debates
between the wet process operators and the proponants of
the preheater kiln have been going on ever since.l

1) P.K, Melita "Trends in Technology of cement Manufacture"
Rock Prodacte, March, 1970,

/o
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The wet procers has some advantases cuch ac eacier
andling and blending of the raw materialc, reported fainc
in clinker qunlity, ectc. However with improved dry bvlending
and homogenization techniques, the dry process hac lately

been overtaking the classical "wet" operation.,

It now seems that only in cases where the raw
materials are of relatively high moisture content or contain
important percentages of alkali and chlorides does the wet

kiln still has its justified application.

THE _TREND ?

. There is no doubt that the suspension preheater
kiln is replacing the long kiln (wet and ary process) and
has become the most efficient equipment for clinker burning
presently known in the industry.

The heat consumption, as low as 750 Kcal ryper kg.
of clinker, obtained with this system is so close to the

theoretical 1limit of 475 Kcal, that it will probably take
many years before the suspension preheater type kiln is confron

ted with a more efficient system. (Fluo-solid reactor ?) 1)

7. CLINKER COOLING

With the introduction of the grate -type air-
quenching clinker cooler around 1930, the planetary and
rotary coolers started to disappear from the market.

1) B. Van Dernik "Will Fluo-solid ructors replace rotlry
kilna" Rock Products, September, 1969.
/e
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However lately certuain cquipment munufacturers hnve
made conasideratle efforts to reintroduce the planetnry
coolere Ouch a cooler hac been installed approxirntely
2 years ago on a 2'000 tons per day capacity rotary kiln
in Holland.

There seems to be 1little doubt that the planetary
cooler is mechanically more relinble and less prone to
bresrkdown than the rathier complex grate cooler. However,
size, cost, high clinker discharge temperatures and a
reduced airquenching effect, might be serious drawbochs
against its sucessfull reintroduction in the industry.

The latest development on the cooler market is the
counter stream system.l)

Developed in Germany, very few of them have so far

|

been installed. It will probably take many years of industrial

experienceuntil cement manufacturers will accept it more
widely.

THE TREND ?

The cement industry will continue to install mainly
grate coolers., However with more competition developing in
the field of cooler manufacturing the cement industry might
£ind a better response to ite desire for more reliable and
less costly installations,

1) Klinker Gegenstromkiihler fiir die Zementindustrie
Walther - Beraterm mitteilungen 1 - 1968,
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! 8, CLITTKER DTORACE

Beside the rotury kilns, large clinker-storage halls
have been the land-mark of practically every cement plant,
However dust emission and high maintenance costs for their

overhead travelling cranes have crented more and more problems

| for cement operators,

In the past few years, the industry has changed

g ' some of its traditional principles and some companies have
started to consider storage of clinker in large concrele
silos, .

Actual experience with such installations in Germany
and France has been positive and many new plants are now

adopting this new method of clinker storage.

o o i bt e et iR S

The latest techniqueé in pre-stressed silo construct-

ion have permitted considerable construction cost reductions.

Conetruction cost comparisone between clinker storage halls ;
and clinker storage silos (handling equipment included) for |
plants presently under construction in Italy, France, '
Venezuela and Algeria, definitely indicates that silos can
be built for the same, or in certain cases, for a somewhat

lower price per ton of storage capacity than storage halls.

ZHE TREND 2

Thc industry seems to move definitely in the direct-
ion of clinker storage in silos. ¥Why not? Silos for cement
storage have been built for decades, In addition the surface
area required for a silogroup is only approximately one third
of that required for a storage hall.

: | o/
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9, CEMENT GRINDING AND CEMENT CTORACEH

Approximately 25 years ago, the industry was engiged
in a debate about open circuit against closed circiit grinding.
Today the closed circuit, with continuous separation by air
classifier is accepted as the most efficient cement grinding
method. 3

The development of closed circuit grinding has
resulted in more regular fineness of the cement. It is also
claimed that compared to open circuit grinding an increase
of approximately 10% in mill capacity has been obtained.

With the exception of some improvements in equipment
technology, the usc of more wear resistant materials for mill
liners and grinding balls and an increase in mill speed, on
revolutionary changes have been introduced lately. - «--

THE TREND ?

The industry will continue to operate with the |
closed circuit-system which consiet of a combination of tube
mills and airclassifiers.

Several new plants are starting to replace the
dynamic airclassifier with the less complex and mechanically
more reliable cyclone type.

10. MILL DRIVES

Pirst there wae the bullgear-pinion drive, it was
followed by tne central drive consisting of a mechanical gear
reduction unit driven by a single or by two electric motors
(Twin Ducer, is the trade name of this system by Allis
Chalmers). e

:
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Today raw and finish grinding mills ave Wnuilt for
capacitics exceeding 220 tons/hour with power requiremente
of up to 7'000 kW,

This increace in mill size and capacity has created
the nececnity for a lecs complex and rore reliable drive

systems, such as the recently developed "Wrap Around Motor".

This mill drive consicts of a variable opeed
synchronous motor, whose rotor is mounted directly onto the
shell (tube) of the mill, with the stator mounted on the mill
foundations,

1)

The first such unit of 6'500 kW has been in operation

in Le.}{avre, France, since November 1969. Three more of these
gearless type machines of 6'0O00 kW are presently being
installed in a new 4’000 tons per day capacity cenent plant

" i{n Italy; another one of 5'000 kW hae been ordered by a

German cement manufacturer.

IHE TREND 2

The bullgear-pinion combination and the mechanical
gear reduction type central drives will prevail for units
of up to 4'000 kW,

Por higher capacities and despite higher investment
cost, the gearless variable speed "wrap-around" motor will
become the choice of many cement plant owners and operators.

1) 1970 I.E.E.E. Cement Industry conference "Worlds First
Gearless Milldrive" by H.U. Wuergler.

o/o
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11, PAGGING AMD LOADDNY CF CUMBHT

i 11.1, Baoging machineo

In a relatively short period the mechanizntion of
cement plints hae progressed rapidly and has reculted in

| important labour redictions in the gquarry, the ruw and

cement grinding, the clinker burning and the maivtenance

operation,

Thie is however not the case as far as the packhouse

operations are concerned, It is a fact that the number of

: ; workmen required in the packhouse depends largely on the

ratio of bags as against bulk. Even in some of the most

mbdern plants (Le Havre for instance) the number of |
workmen employed in the packhouse still accounts for ‘
e approximately 25% of the total plant workforce. i
Over the years some important changes in the E
technique of filling cement into bage have taken place, :
Over a period of approximately 30 years equipment |
manufacturers have developed machines which have permitted;

to increase bagging capacities considerubly (semi auto-
matic single and multi spout packers).

Aroung 1950, the first rotary packer vas introduced
in the industry. This system has resulted in the elimin-
ation of many, previously necessary, hand-operations and
now limite the activity of the operator to the npplioation?
of the empty bags onto one of the several spouts of the |
packer. This machine is built for a capacity of up to
2'000 bags per hour.

. c/o
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Despite thio incresnsc in the bagging rates, the

labour force in (l.e barghoice has not decreased

apprecintly. This is due to the fact that tne bagging
machine operators, who became free through the introduct-

ion of the rotary packer, ure now needed to handle the

additionnl flow of bagsfor stacking them into trucks,
railroad carse, river barges and toats.

Efforte to develop a devise for the automatic bag
application onto the packer in order to replace the

operator have so far met with little success, ‘ ! !
One of the mos! labour consuming packhouse oper-
stion is “he loading of bags onto trucks and into }
railcare., An automatic stacker has been developed and the |
P
resulte of the first industrial tests in France and : i
|

Italy are promising.

11.2. Bags |
s) juts

Lese than 30 years ago the jute bag was still the
standard contairer for shipping cement; the empty tags
vhere returned to the cement plant,

After thorough cleaning they where inspected for
damages, if necessary repaired and then re-used. This
procedure permitted to keep them in circulation for
extended periods of time.

Bven today the jute bdag can still be found and for
) instance in India it is widely used.

. o/o




Despite of its re-usubility the jute bags have

many disadvantages (dust, high labour requirements, etc.)
which have forced the industry to search for improved
means of cement bagging,

b) Paper

With the development of the kraft paper, cement
manufacturers did not hesitate to switch their interest
to the paper bag.

With the introduction of the multi-ply bag combined
with the selfclosing valve it became even more popular.

The development of the expandable (elastic) kraft
papers and the introduction of the polyethylene water-
proof lining have been major features in creating a
paperbag which can satisfy most of the requirements of
cement manufacturers and users,

11.3. Ralletizing

Por many years the industry has made considerable
efforts to develop the idea of palletized shipments of
bag oement. Efficient palletizing machines have been in
operation for more than a decade. Mostly due to high
investment cost of the equipment, the high cost of the

p.llotl.l)tho increase in bulkshipments and the reluctance

of the customers to adbsord the additional cost for
pallsts, pallstizing has not had much success outside
the U.B.A.

1) Research for chsaper and disposable pallete made of
paper, plastics and wood have not yet been orowned
vith such success.

o/ [}
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THE TREND 2

Beside the poscible introduction of a mechanical
stackers tor loadiny of bags into trucks and into ratilroad
cars and the development of a low price expendnble
pallet, nothing revolationary scems to appear on the

market. |

11.4. Bulk ;

With the construction of larger plante, imprcved
means of transportation, the development of the ready-mix L
concrete, the cement industry has seen its bulk shipments o
increase at a steady accelerating rate. o

Today there exist plants which ship up to 95% of
their production in bulk. The average in the develonped |
!
|
|

countries does however already exceed the 50% mark.l)

In most of the developing countries thie rate is much

lower,

1) See report on the Cement Industry Statistics
1969-0ECD-Paris.

The percentage of bulk in the OECD countries in
1969 was the following

Germany t 64% Austria 45% GOreece : 10%

:
Belgium 1 61% Denmark 1 68% Turkey : 2%
Netherlands : 77% Bweden t 854 USA 1 90%
France 1 564 Bwitzerland : 76%
Italy 1 48% Spain t 35%

o/o
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From modect begianings approximately 25 years agoc,

the industry has made consideratle progrecces as to the
i techniques of londing bulk cement into tricks, railway

containere, river barges and ocean going ships.

;, Probleme with transportation of cement to the

4 loading spoutls, heavy dust emiacsion in the plant areas

and spilling of cement in the ‘transportation equipment

hauve been the most serious drawbacks of tue tulk-leading
operaticns, With the development of better means of :
cement conveying, telescopic loading spouts and ncre
efficient dust collection systems, the situation has
improved. Today it is possible to load bulk-cement !
absolutely dustfree into trucks and railroad cars at ratee
exceeding 200 tons per hour and into barges and boats at
rates exceeding 1'000 tons per hour.

More and more shipments of cement by bulk and
development of more efficient bulk loading installations.
_ Nrther development of bulk tranaportation by whole train
loads between plants und major distribution or coneumption

l

i

THE_TREND ? %
|

|

centers,

12. ! CON

In the past, plants were small, or, if large,
processes vwere divided into major segments, each of them
operated from a separate control) room,

¢ ) o/o
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Technological restrictions did limit the sive of the
operating unita, Communications between plunt and control
room operators used to deperd on personnl or voice contacts,
Therefore the distance:s between operating equipment anid ;

control centers could not be too 1ong.1 ; {

In the cement industry the change to centralized i
controls with a single control room for the entire plant

started approximately 15 to 20 years ago.

b With the development of larger production units and
~ the introduction of the digital computer, cement engineers o ¢
are adopting the more integrated system of plant layout and

automatic process control. Today a considerable number of !
plants are built according to the "one-line straight through
flow" layout method. Consisting of single production units .
for each operation, a large number of them are equipped '
with Analog or DDC computers.

|

13. AUTOMATION

Automation is a new way of life. It requires ga
different thinking; it is in many ways in d;rect contradiction
with the conventional accepted methods. It btreaks down tﬁé
barriers between plant departments; it leade to the principle
of integration, and more direct management control of the
operation.

1) Jay MATLEY "Where Operations & Maintenance Chemical
Engineering, January, 1969.

W B s B e e By g g gt Abe 45 5
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I" Automaticn does not rormally result in large manpower
reductione, However if properly applied it sho:ld have a
positive effect on equipment availability, fuel consumpticn,

production capucity, refractories lifc and cement guality.

Today there are approximately 5 or 6 fully automated

—

plants in operation in the U.S.A., two in France and one in
Canada. Fully interrated and automated plants are presently

under construction in Italy, Venezuela, Algeris and Sweden.

What does automation cost? It is easy ‘o prove
that a computer control system with all its special instru-
ments, sensors, shieldings, etc., costs considerably more
than a conventional or semi-automatic installation. But if a
plant is designed to take advantage from the besinning of
all the possibilities automation and modern equipment
technology presents, the higher investment cost for a computer
system is returned many times over. These reductions are ‘
mostly the result of fewer and smaller material storage
facilities, smaller equipments for the same production

capacity, a reduced number of production units, etc.

TREND 2

Cement people are now willing to consider the

possibilities and advantages automation might bring. For many
plants including some of them being built in developing
countries, process automation is specified by the owner right
from the begining. In most cases automation is applied as
the basis for plant conception and operating philosoypny.
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Autcration is feasiltle even for sraller unitno
(possibly Lo 1 reduced deiccree). Vithin a few years it will
becone standard practice for cement plants in develeped as

well as developirng countries (sec Alreriu, Togo).

14, PERSONNET, TRAINTNG

Complete mechanization, combined with modern
automation have conirituted to a reduction of the nunber of

operating personnel., This number, although production

capacities have risen consciderably, is now approximaiely one

third of the total strength needed nrot very long gi;o.

The development of large plantse, equiped with ;
process automation has had a considerable effect on the
qualification requirements of the managerial and technical
operating staff. Cement plant operation was formerly an art
based on imponderable criteria and the experience acquired
in long years of operation. Today however, the systems
engineering methods to conduct the plant operations are
techniques that can be learned in classrooms.

Personnel recruitment and interchangeability are
greatly facilited by this type of education and practical
training possibilities. The required skill for computer use
and standard maintenance can easily be acquired in training
oourses organized by equipment suppliers.




The relatively high operational availability of

industrial computers and of their peripherals require few
specialized interventions. Routine tacks bein; executed iy
the computer, operational personnel hiave more time for

analytical and previsional activitieso.

Except for a limited number of operators, the
training of the future personnel for an automated plant i
not essentially different from that of a conventiocnal one.

The difference affects mostly key people.




. wﬂwungmnumwauﬂﬂﬂiﬂ”f

- 110 -

CHAPTER 11

IMPACT OF RECENT TECHMNOLCGICAL DEVELOPNENTD ON THE
CEMENT INIMIOTRY I DEVELOPI W COTHTRIND

It is a fact that engincvers anil equipment cuppliers
have, and to a certain extent ctill are, applying different
standards for cement plants to be built in developed and in
developing countries., Such a policy wao, among other reacons,
justified because of a lack of sufficiently skilled and

reliable workmen.

Many developing countries were happy to see
induetrial plants being built within their boundries and did
not care very much if the plant could be considered as
modern or not.

The situation has changed and today many developing
countries and their young generation of better trained and
more business minded functionaries, industrialiste, econom=
ists and engineers have established industrial and technical
standards which compare favorably with the ones applied in
developed nations.

The developing countries and their more selfassured
teohnical elite are mostly free of many of the restrictive
considerations which not 80 very long ago were impressed
upon them.

1t must be acoepted that 2'000 to 4'000 tons per day
capacity superplants cannot be built just anywhere and that
some developing oountries have markets whioh hardly justify
the installation of a 300 tons per day plant.

o/
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In many »f thece areas lackire proper meang of

trancportaticn, the need of cerent, erpecinlly 2t the besirmin:

of the economical evelution, micgh!d reguire the installaticon of
cement manufacturing facilities of even lecser cupacities
than that.

But looking at it from an equipment and operaticral

point of view, there i® no reacon why the cemen® eguipnent

industry could not provide technologically well develnped

plants of practically any size and which 20 not require mcre
operational skille than the more ancient installations.

The best installation will not work satisfactorily

if _t,is built at the wrong location, if the wrong procest has
been chosen, or if for lack of proper geological prospection

raw materials are insufficient as to rcserves and quality,

= m E —— T e

The notion that developing countries should be
provided with plants of inferior conception as compared to
those built in developed countries is definitely to be |
rejected. Modern machinery and industrial installations are |
of high operational availability and relatively easy to

operate and maintain.

There are no objections against the installations
of shaft kilns, for instance, as long as they are of the
modern type and that the raw materials available can properly
be prepared as to nssure a troublefree operation,

It often happens that in their promoting efforts

for new industries, developing countries receive unqualified
advise. Many examples of plants, which have been built with
the best of intentions, but have never got of the ground to
produce cement eccnomically by any standard, do regretfully
still exist. /




L
- ,
| e f’ 1
: |
- 112 - ;
# ; The true i-pact of recent technological developrents

in the cenent industry on developing countries is the
necessity to train administrators, engineers and operators

who, under the guidance nf qualified orcanizaticns, will be

capable to evaluate and specify their countrie's needs.,

.
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CHAPTER

-4
—
-

PROBLEME WHICH MTGHT ARIDE IF THE TRZ I IN TECHNOLOGICAL
DEVELCPMENT I8 MATNTATNIED

SECTION 1 - THE CEM:MT PLANT OF THE FUTTIRE

In order to answer this question, one must try to
anticipate what the future will look like in cement plant
design and operation,

1l - Capacities of plants will increase more and more

. A few years ago, it was maintained that for Lurope
the ideal plant size was 400'000 tons per year capacity. The

same authority recently upgraded this estimate to 500'00C
tons per year.

The size of a cement plant does not any longer
depends upon technological possibilities. "It is generally
accepted that the limiting factors on desirable cement plant
size are the size and location of acceptable markets and the
costs of physical distribution for adequate services of these

larkets".z)

1) See Bntreprise - Paris - Ciments Lafarge : réflexion sur
une politique d'investissements". Sept. 1966 - P. 19 to 25.

2) "The effect of distribution costs on plant size” by
R, Sterling Harwell Jr. - Rock Products - May and June 1969.

0/.

|
i
|
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|
|
|
|
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Larger plants will be built-cleose to very dence
markets (inductrialized nd populuted areas) or at locqations
where thece markels are ensily and cheaply accecsitle

(waterways, seu transportation, specinl rail freight rates),

Economics and no larger technnlogsy will dictate

the plant nizes of the future.

2 - Capacities of individual production unites will alco
continue t incrence,

Up to approximately 10 years ago, kilns of 1'000
tons/day capacity (330°000 tons annually) were considered
very large. Today, kilns of 3'500 tons/day capacity
(1'156'000 tons annually) are accepted as standard and some
cement companies are actually planning kilns of up to 6'000 oy
tons/day capacity.

Milles which 10 years ago were limited to 1'000 or |
1'500 HP have sky-rocketed into the 10'000 HP range. ‘

An interesting example of this trend is the
Amdneburg plant (Germany) of the Dyckerhoff company.

The company has proceeded to replace ten wet kilns
of 3,2-3,8 m, of diameter for a total production of 4'000
tons per day by only two kilns of 2'500 tons/day capacity
each. The gain is 1'000 tons/day of production plus enormous
savings in maintenance, personnel, fuel, etc.

3 - The technologzical trends of the late sixties will be
sonsolidated

Conventional long wet and dry process kilns will
slovly disappear from the scene. Less complex clinker cooling

o/
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equipments are in the developnent stagse and some operntors

are again attracted by the simplicity of the planetury conler,

Autogenour grinding, ans already ured in the mining ¢
industry as a replacerer.t for the convent ional cruchiiog

operations, will te given more and more corncideration.

More refined systenc of spare parts service will

replace moct present forms of maintenance rcpalr,

Production materials with higher degreec of abrasion

and heat resistance will be widely used.

Equipment availability considerations will outrank 1
certain outdated and overvalued efficiercy requirements,
The availability of reliable on-line analyzers, combined
vith careful geological evaluation of raw materiales deposits,
new process methods, mathematical simulation of raw mix
design possibilities, etc. will allow utiliza®ticn of raw

gateriale of a more narginal quality. |

Due to customere' demand, cement will te mcre and

pore delivered in bulk form,

The totally integrated plant appears on the horizon
and procese optimization by computer progran vill bte rncre
and mcre cocmon place. Autonation will eventually become an
integrel pert of practicelly every cperation,

|

|

4 - Gepent plante will be acre opd more equiped ¥ith |
Aulopation |

I

|
The feaeidility of automating the main production |

lines (raw grirding, homogenisation, elinkerization, clinker .
cooling, cement grinding) has been proven in actual operation |l
|

/.
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since the beysinning of the gixtier., Az a result of thig,
conventionnl latour force will be almost totally replaced
by chemists and a few sxilled specialists in mechanicso,

electiricity and automation.

5 - 014 apd obrelete plant will be scrapred or totally
modernjized

It has been stated that by modern standarus approxina-
tely 70% of the cement installations in North America were
obsolete as late as 1966.1)

then and for North America but .still is the case today and

This was probably not only true

applies to many other countries,

Approximately five years ago, the industry all over
the vorld started a drive toward modernization; the trend
seeme to be set for many years to come. l

Af_B& congclusion, the cement plant of the future
will be large (by today's standards), equiped with large

production units, automated, integrated and will employ very
few people. It will exploit raw materials deposits which
would presently te considered as unsuitable, Dry process
will be the most usual way of manufacturing cement.

1) Bes Roock Products - April 1968 - "For the cement Industry : |
a time of orisis"™, by R. 8tirling Harwell.

o/o
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SECTION 2 = THE PRORLEMS CF TS FITUEL

The plannins and eonctruction of the cement plant
! described in the preceding Tection 1 will not encounter

. technological problems that conrot be solved,

Some of the problems which may arise will be of
gﬁ operational nature. Special care will have to be given ic

the training of the cement plant operators.

Application of systems engineering principles ard

AT i At - Al g M ARt E s
%

an analytical approach of the problems will enable the
cement industry to solve difficulties of operational nature.

However from a financing point of view, the !
investment burden for cement companies increases as plants
become bigger. Mergers, and in the developing countries,
regional co-operation may be the answer to this particular
problem.
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PART 1III

o
.

. OBMENT PRODUCTION, CONSUMPTION AND TRADE
' : IN THE WORLD
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CHAPTER: I

PRODICTION OF CEMENT IN THE WORLD

SECTION 1 - THE GENERAL TRENDS IN CHMINT PRODICTION

It i8 estimated that the world cement production
in 1913 amounted to 39'500'000 tons. Twenty five years later,
in 1938, it totalled 86'700'000 tone, thus growing at a

rather moderate average compound rate of 3,1% per year.

1)

During the following twenty five years, 1938-1963,
and in spite of World War I1, cement production increased
at a rate of about 5,8% per year, reaching 374 millions tons
in 1963.

Prom 1963 to 1969, cement production did progress

at a faster pace than during the preceding period; the average |

annual rate of growth rose to 6,3%.

1) S8tatistical information in this chapter are generally
dravn from Cembureau sources

- ¥World Cement market in Figures - Production - Trade -
Consumption - 1913/1956

- Annual Cembureau Statistical Review,
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Table 21 : World cement production

1913
1938
1948
1949
1950
1960
1961
1962
1963
1964
‘ 1965
1966
1967
1968
1969

39'500'000
86'700'000
102'100'000
117'200'000
133'000'000
314'200'000
330'000'000
355 '000' 000
374 ' 000'000
411'000'000
430'500'000
457'500' 000
482'000'000
513%'000' 000
540'000'000

Tons

"
"
"
"

"

"
"
"

"

"

One of the principal trends of the world cement

production for the past twenty years is the decrease of the

share of the most industrialized countries and the disparity

of the rate of growth among the producing countries.

In 1969, 114 countries or territories were producing

cement.

On a worldwide basis, it is poesible to select three

large groups of cement manufacturing areas :

a) the 0ld industrialized countries of Western Burope and
North America which commanded 69% of the world production

in 1949. Their share was reduced to 45% in 1969;

/.
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‘ b) the news developed countries of Baotern Furope, Augtralia,

1

Israél, Republic of S. Africs,the 'ICUR and Japan whose
share of the world production rose from 168% in 1949 to

36% in 1969; ?

¢) the developings conntries of latin America, Africa,

: Asia and Oceania, which represented less than 127% of the
. world production in 1949, have increased their chare
to 16% in 1969. ;

! Table 22 : Percentage of world cement production

1969 1960 1949

1. Old Lgdustgialized countries z

- Western Europe and Turkey 31,6 33,0 37,1 L
- North America « 14,1 19,0 32,4 j ;‘
45,7 52,0 69,5 ;
§ 2, Newly developed countries
- Bastern Europe 8,1 7,5 6,1 i
- USSR 16,6 14,7 6,9 ’
- Japan, Australia, N, Zealand,
8. Africa, lsraél 11,6 9,5 8.2
36,3 31,7 18,2 i
3. Developing countries i
- Africa 2,1 1,9 1,6
- Asia 800 5.8 4.3 ‘
- latin America 6.1 9.9 5.1

- .

E-Wl

« World

% ;:‘ ¥ . - . .
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The rates of production yrowth for these ihree

groups of countries for the period 1949-1909 were the

following (Table 273)

Table 23 :

Production

snd annual rates of

growth - 1949 - 1960 - 1969

1. 01d Industrialized countries

- Nestern Europe and Turkey
- North Aserica

2. Newly developed countries

- USSR

- fastern Europe
= Japan

= Others 1)

3. Developing countries

- Africa
- Asia
- Latin Aserica

4. China (Nainland) 2)

$. World

Production {millicn tons).

Annaal rate of

qrowth  (§)
1969 { 1960 I 1948 ] 1960-1964 : 1949- 90t
i N |
| |
im0 | 43 5,8 1,9
% 59 | 38 C I K
— | = - -, —
e I 81 \,8 | X
| [
l
% ' % | 8 1,7 16
w | 2 | 7 1, | I
51 @ 3 9,8 19,6
12 | (N 62 | 8
CI Y 8,0 : 15,0
| ' |
n | 6 ' 2 6,9 10,5
3 | I 5 10,3 | 12,3
N " | 7 1,7 | 8,
10 - (=) () (-.)
L R B | I s
541 ' 3 ' e 63 | 9,7
aee ' [ 1 [ ] ' aas ass ! ass
{]
' ' 199 190
| ' 50
L I 3

2) Estingtes

1) Australta, Now Zealand, Israll, Rep. of S. Africs

s B A, e
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SECTION 2 - THE MAJOR PRODUCING COITRIES, CTRICTIRE

(1 4
OF THRIR CAMBHT INDUT HY

1 - Major producings countrics = Statistical information

Table 24 indicates the 25 major cement producing
countries in the world in 1969 and in 1960,

Total production of the 25 major cement producing
countries in 1969 amounted to 455 millions tons, representing
84% of the world production. In 1960, it totalled 270
millions tons, representing 86% of the world production.

g o e e
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Table 24 :

Major cement producins countriec

(Fifures in thousand tons)

1969 1960

1] USSR 89'800| 1jUSA 531480

2] USA 68'450| 2jUcS 45'500

3}Japan 50'780| 3|W. Germany 25'845 |

4|W, Germany 34'420| 4|Japan 22'425 | |

5| 1taly 31'360| 5]|Italy 15'825 ;

6| France 27'880| 6|France 14'175 :
7|United Kgdom 17'470| 7{United Kedom 13'500 |
8|spain 16'015| 8|China (Mainland) (12'000; |

9]lIndia 13'625| 9|India 7'830
10|{Poland 11'590}10]|Poland 6'600 | ‘
11|China (Mainland) (10'000)11|Canada 51340 o
12|Brazi1 7'825 |12 |Spain 5'145 ||
13|East Germany 7'800113|Czechoslovakia 51050
14 |Rumania 7'515|14|E. Germany 51035 |,
15 |Canada 7'275 |15 |Belginm 4'600
16|Czechoslovakia T7'040116| Brazil 4'445 |
17 {Mexico 6'970]17 | Mexico 31090 |
18| Belgium 6'270118| Rumania 31055 :
19| Turkey 5179519/ Switzerland 31040 f
20|South Africa 5'114 | 20| Austria 2'830 _;
21|6reece 4'940|21|Sweden * 2'810 !
22|South Korea 4'870}22| Australia 2'795
23|Austria 4'580123|{South Africa 2'700 .
24 |Switzerland 4'550]24 | Argentina 2'615
25|Argentina 4'350]125 | Yugoslavia 2'390

Sources : Cambureau - World Cement Market in Figures =-

1913-1966
Statistical Review-Survey 1969.
o/




Most of the major ceent producing countries are

developed countries of Furope, Americn, Acia and Africa,

Some changes have occured in the classification of

these major producers between 1960 and 1969,

Since 1962, the USTR ic the largest world producer
of cement. According to recent information,]') this covnury
is s8till expanding ite capacity. A new manufacturing 'init
with an annual capacity of 3'€00'000 tonc is projected for
construction at Staryl Osky, in the area of Belgorod. When
completed, this unit will be the largest cement plant in the
world, During 1970, a total of 8 million tons of new capacity
were due to be installed, The trend towards larger manufac-
turing plants is very noticeable in the USSR where only 0,8%
of the total production is manufactured in cement plants
which have an annual production capacity inferior to 200'000
tons,

The rate of growth of cement production in the USA
has folloved the rate of cement consumption, which was
rather slow. During the second part of the 1960's the US
cement industry was passing through a severe crisie,

Better selling prices in 1969/1970 have encouraged
the modernization and automatization of existing facilities

and the extension of the facilities to increase the production !

capacity.

1) Cemento Hormigon - Revista Tecnica - Barcelona =
Numero 440 - November 1970 - Panorama de la industria
del cemento europea en el afio 1969 by P,P, Llovet.

./.
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*About 3,6 million tons of new cupacity will be installed
in the United States in 1970-71, compared with 2,2 million
tons in 1969-70, while nearly 2 million tons are expected

10 be withdrawn during these two years owing to plant

closures".l)
Japan ie now the third cement producing country
in the world. With an estimated annual production capacity
of 69 million tons in 19692) and with an atilization rate
of 713,7% during this year, Japan is presently suffering

from a considerable over capacity.

West Germany which was the number 4 world producer
in 1969, is the largest European cement producer. At the end
of 1969, there were 95 cement plants equiped with 197 kilns
operating in West Germany. The average plant production
capacity 360'000 tons, and the average kiln production
capacity 175'000 tons. As a matter of comparison, in 1954,
the West German cement industry totalled 361 kilns producing
16 million tons, with an average of 45'000 tons per kiln.j)

Italy is the worlds fifth producer of cement. Average

cement production in 1969 amounted to an average of 265'000
tons for 118 pla.nta.é) Important concentration, integration
and mergers are presently taking place in the Italian cement
industry.

1) The Cement Industry - 1969 - OECD - Paris.
2) OBDC report on Cement Industry in 1969 - op. cit. Table 6.

3) Information from "Panorama de la industria del cemento
europea en el afio 1969" by P.P, Llovet - Cemento -
Hormigon - Ko 438 - Sept. 1970,

4) Bame source as for 3.
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The production of these five countries represent
50% of the world production, |

i ? :
! On a continental basis, Hurope is by far the largest |
i : i
! cement producer, production being distributed among the i i
’ L]
main economic groups as indicated in the following table 25, = i
; i
|
1 3
1 E
!
-
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Table 25 : turooean production of cement

g o2t st i s it e e

J——

(thousand of tons)

1. Buropean Economic Community

1. Germany
Belgiun-Luxembouryg
Nether1ands

France

Italy

Total E.L.C. countries
2. furopcan free Trade Area

hustria

Demmark

Finland

Norsay

Portugal

Unijed Kingdoa
Soeden
Seltzer)and

Total EFTA countries

3. Other OECD agsber countriss

Spain
Greece
Ireland
lceland
Turkey

4. Jots! Europesn OECD countries
5. fastern furops .

Yugeslavia

Abani s

biraris

Czechoslovakla

East Germany

fungary

Polond

Rwonia

Total Eastorn Evrope

Total Evrope (without USSR)

Totel Curepe (with USSR)

Statistical Moview -

o0 - § Industry 1900 - Combureou -

36.422
6.209
3.2%

21.543

3w

102.817

4.383
2.432
1.759
1.79
2.033
17.4%5
4.072

A48
”l‘zs

16.013
4.8
1.287

%

209

LL.90
160.212

3.m
(220)
$.951
7.0
(7.000)
2.5
1.5

il
“.1%
23.W
N

J B.—-—“
Survey 1988,
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S o= Majer prodaelr - eor trics = SHyget are of the Deagriry
In the ma or profuciv. comtries of Barcpe and in

the rest of the world, genernl identicnl trende have been

observed :

- tne capacity and the prcductivity of the cement plants

have increased consideraltly;

- the size of installations and cquipments have been

getting larger;
- the number of cement companies has decreaced;

- cement manufacturers tend to control their market through
the integration of the physical distribution of cement

and of concrete manufacturing;

- 0ld and obsolete cement plants are being scrapped,

although they may still be in fair operating conditions.

Some of the above points are emphasized in the
1969 Report on the Cement Industry published by the
Organisation for Economic Co-operation and Development
(p. 16 and 19) :

"Output of cement in the OECD area ag a whole rose
by 4,3% whereas the .adustry's labour force was
virtually stable (in 1969) compared with the
previous year...... Kiln capacity reached about
415'000 tons annually in 1969 compared with
340'000 tons in 1968.... Except for Japan...

«ss ROYT® capacity appears to have been taken out

of production in 1969 than in the previous year.
Among the Buropean countries, the scrapping of
600'000 tons of capacity in Germany should be noted.
The capacity of plant closed in the United States
exceeded one million tons".

o/o
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5 = Typer of -ament producei 11 the Westorn Burepenr countrien

Several typen of cements are commonly manufactured
in Furope bat not everywhere in the same proportionc.

-
There is a general trend (as for instance in North

America) towards high early strength cements. "Pure" Portland
cements are given more and more preference over products
containing additions such as slag or other pozzolanic

materials.

Cement of this last type is, ruvertheless, still
manufactured in large quantities in some countries where
thdae'slags and pozzolanic materials are plentiful.

Table 26 shows the distribution of cement production
by types in some European countries, in 1967.

L e e




In % of total cement product ion
Ordinary Other (1)  Cement (2)
Portland Portland with Others
Cement Cements additives (3)
Belgium 53,0 28,0 19,0 -
; France @ |  oeecca- 82,8 =eeeea 12,9 4,3
! Gemany ..... 70,1 ...... 28,0 1,9
i
: Netherlands 46,1 1,5 52,4 -
! Norway 88,0 10,0 - 2,0
‘ Switzerland 93,8 6,2 - -
United
Kingdom |  ~ccw- 98,0 =eecae- cwnece 2,0 cccaa-

- 131 -

Tuble 26 : Types of cement produced
1967 - in =some Hurepenn courtriecn

1) Lowheat, rapid hardening, high strength, sulfate

resisting Portland, white, etc.

2) Mixtures of Portland clinker and slag, fly ash,
porzolan, etc.

3) Pure pozzolan, aluminious, etc.

Source : Cembureau - Paris - Bulletin No 50 -
The cement market in 1967.
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CHAPTER 1II

CEMENT PROD'JCTION IN DEVELOPING COUNTRIES

SECTION 1 - GENERAL STATISTICAL INFORMATION

In pessing from 39 million tons to 87 million tons,
cement production in the developing countries has more than
doubled during the period 1960-1969.

|
Table 27 indicates the breakdown of cement production

by geographical areas in Africa, Agia and latin America as
vell as the rate of increase for each area between 1960 and
1969, Figures include cement produced both in cement plants
and in clinker grinding stations.

If the average annual rate of growth for the
developing countries was 9,3% during the past decade,
Table 27 shows the discrepancies which have occured among
the continents and among each of the producing areas.

Sone areas do not follow the world rate of growth
of 6,% per year : South Africa, Bast coast of South America.
The most ronrkablc production increases have taken place
in Asia.




Table 27 : Cement production in developing countries

(in thousand tons)

1969

Annual rate
of growth
1960-1969

AFRICA

North Africa

Bast Africa

South Africa (1)

West and Central Africa

Total Africa

ASlA

Middle East (2)
South West Asia
South BEast Asia
RBast Asia (3)

Total Asia

JATIN AMERICA

Mexico

Central America
Vest Indies

8. Am, Bast Coast
8., Am, Yest Coast

Total L. Amerioca

Total Developing
, countries

¥orld

6'190
1'630
680
2'620
11'120

6°'350
16'960
51250
44.590
43'150

6'970
920
4'660
15'170
420

33'140

87'140

540' 000

4'090
800
425

—100

6'015

3'070
9'130
1'510
£-400
16'115

3'090
390
1'450
8'975
—4-030
16'935

39'065

314'000

4.5%
8,2%
5,3%
15,7%

7,0%

8.4%
7.1*

1) Rep. of South Africa not included
2) Turkey and Isra¥l not included

3) China (Mainland) and Japan not included
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SECTION 2 - REVIEW CF¥ THE STATE OF THE CHMENT INTUDTRY
IN THE DieveLol 1 COTITRINE

1 - Africa

a) North Africa is on the threshold of a boom in cement
production. Plant expansions and modernizations have recently
taken place in Marocco. In Algeria, cement production capacity
i planned to pass from 950'000 tons in 1970 to 31750'000
in 1974 (two new one - Million tons capacity plants are under
construction near Algiers and near Annaba). Lybia, long a
non producing country, is presently building its second
cement plant, while in Tunisia several new projects are under
serious considerations. Partly in order to supply the export
market the already strong Egyptian industry is contemplating
the addition of new capacity.

v) West Africa which, for a long time, has been one of
the largest cement importers in the world is now on its way

to self sufficiency.

By the end of 1969, the only cement plants of this
region vere located in Senesal, Nigeria, Republic of Niger,

Angols snd the two Republics of Congo. Their production
amounted to approximately 1'500'000 tons. In addition, a
serie of clinker grinding stations, manufacturing cement
with clinker imported from Burope, have been or are being
installed in Sierra Leone (closed after a very short period
of operstion), Liveria, Ivory Coast, Togo, Dahomey, Ghana,

Nizeria, Gabon, Camercun. In 1971, these clinker grinding
stations will manufacture around 1'400'000 tons of oement.

In sddition, studies with a view to exploiting the
scarce and lov quality 1imestone deposite of the area are
presently under wvay. Small cement plants have recently been

o/a
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built in Mali and Cameroun. The consiruction of a 300'000
t/year pia..t in Dahomey, is under serious consideration.
The most important cement project of Western Africa is the

Aveta plant (Togo) with a production capacity of one million

) tons per year, the clinker from this plant will be shipped
i to clinker grinding stations located on the Ivory Coast, in

Togo, Upper Volta (when realized) and Ghana.

Various expansion programs are under way in Nigeria

and the Congo (Kinshasa).

Lo At the end of 1970, the countries still without cement
/ plants or clinker grinding stations (operating or under

Q'Y Iconstruction), within their boundaries, are Guinea, Chad,

N Yy Gambia, Mauretania, Upper Volta, Central African Republic,
! . Q“;' Bquatorial Guinea. The 1969 cement consumption of these
countries amounted to approximately 160'000 tons (less than

o

A P
i 8 kilogs per capita).

c) Ip Bgst and South Africa, almost all countries with

the exception of the Indian Ccean Islands (Comoro

, Islands, Seychelles, Mauritius, Reunion), the Repubdlic of
yi Somali and the French territories of Afars and Issars, are
.ﬁ ’ cement producer. The non producing countries accounted for
1 a cement consumption of 300'000 tons in 1969. New clinker
grinding stations are contemplated at ]g Reunion and at
Tamatave (Malagasy Republic).

2 - Asia
a) In_!.gj_ggggl) (also oalled "Middle Bast), the
. | producing countries during the 1960's have expanded their

. 1) Isre¥l and Turkey not included
o/
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production capacity at a fast rate. The three cement plantc
of Saudi Arabia are planned to double their present capacity.
New expansions are expected in Syria (three plants of

300'000 T capacity each), Iran (a 700'000 T capacity slag
cement plant) and lraq.

A new cement plant of 100'000 T/capacity has just been
completed in Qatar. In the Arabia Peninsula there are however
large cement consuming areas which do not have a cement
industry of their own (Yemen, South Yemen, Kuwait, Bahrain)
and whose cement consumption amounted to approximately
1'800'000 tons in 1969. All the coun.ries of the Arabic
Peninsula, with the exception of Bahrain and South Yemen,
have launched feasibility studies regarding cement plants
or grinding clinker stations.

b) The India group (South West Asia) is led by India
which manufactured 13'600'000 tons of cement in 1969.

"There are now (1969) a total of 44 cement plants in India,
operated by 25 companies, with 6 under expansion and 9 more
under construction”.l) At the end of the 4th Plan, India's
capacity is expected to reach 19'600'000 tons (1974). It is
interesting to note that the Indian government organized the
Cement Corp. of India "to survey the entire country for
limestone deposits and build whatever plants necessary to
supplement production”. On the other hand, the Indian
Associated Cement Companies (ACC) has erected its own factory

1) Information regarding India, in this paragraph, is from :
"Oement in a developing country" by C.F., Clausen -
Rock Products - February 1969.

o/
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for the manufacture of cement plant equipment. The Indian
Cement Industry is characterized by relatively small cize
kilns (new kilns are stendardized at a capacity of 600 tons
per day and by a high labour consumption (varying between
4.4 and 20,12 man hours per ton, the average is 10.18 man
hours per ton of finished cement). A new 500'000 t/year
capacity cement plant has been put into operation in Ceylon,
in 1970 thus making this country self sufficient.

Pakistan's 4th Plan provides for the doubling of the
1970 cement productlion capacity of 4 million tons. Eastern
Pakistan cement production is largely deficient.

c¢) Ip South East Asia, the only non producing countries
are Laos and Brunei; their cement consumption is relatively
emall (120'000 T in 1969).

Production of cement in the others countries of this
region hes strongly increased during the 1J60-1969 period.

Cambodia ras installed a new cement plant; Thailand
has multiplyed its 1960 production six fold, Malaygia and
Indoneeis 3 fold. Production in the South East Asia is still
not yet sufficient to meet the demand; expansions and new
capacities are planned in most of these countries.

a) ]‘l;_gglgl) has experienced a very large production
increase between 1960 and 1969 (see Table 27). This resulted
mainly from the creation of s powerful cement industry in

North and Scuth Kores snd in Ialvap.

1) China (Mainland) and Japan not included.
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3 -~ Lautin America

a) Mexico snd Central America

Mexico, with a production of 7 million tons in 1969,
is the second largest cement producer of Latin America
(after Brazil)., Its industry is expanding at a regular pace,

Each of the small countries of Central America have
their own cement industry, consisting of one single cement
plant. Modernization and capacity expansion are under way.
Total production of capacity for Guatemala, El Salvador,

Nicaragua, Costa Rica, Honduras and Panama totalled 920'000
tons in 1969. Regional co-operation within the framework of

the Central America Common Market could result in industry
concentration and substancial savings for the consumers.

b) Negt Indies
Cement production in the West Indies is dominated by
Puerto Rico and Grand Bahamas. Puerto Rico may be considered

as being part of the USA economic zone of influence. Sales
of the large cement plant located in Freeport (Bahamas) are
mainly oriented towards the East Coast of the USA,

Cuba has doubled its production between 1960 and 1969,
The Dominican Republic is presently considering a large
expansion of its capacity. Haltd was still producing at only
60% of its capacity in 1969.

In the Prench territories of Martinigue and Guadeloupe,
two 100'000 tons/year capacity clinker grinding stations are |
under construction. The first one will allready be operating

‘n 1971,
of e
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¢) South Armerica

Brazil is the largest producer of South America and the
twelfth world producer (see Table 24). Production capacity
was estimated to be 8'500'000 T in 1969 and should reach 15
million tons by 1975.1) 31 cement plants are operating in
Brazil, 9 of them having been built during the decade

1960-1970,2)

Argentina has 15 cement plants, whose capacity amounts
to approximately 5 million tons. This capacity is not i
sufficient to meet the demand. Expansion of existing installa-
tion and the construction of a new plant will bring

|
Argerttina's capacity to 7'500'000 tons by 1971. ‘

Yenezuela is also expanding and modernizing its !
capacity. Since 1968, four new plants have either been !
completed or are under construction in Venezuela. The new Per-g
tigalete plant (3'000 t/day) will be fully automated. !

The single small plant of Paraguay (34'000 t in 1969)
is due to be expanded in the near future. In Uruguay,
production has been stagnant for the past ten years.

1) Cemento - Hormigon - Barcelona - Pebruary 1970 - p. 154.
“Panorama de la industria del cemento americana en el
aflo 1968" by P.P, Llovet - Dr. Ing.

2) Industries et Travaux d'Outre Mer - Nov. 1970 - Brésil -
Les perspectives de 1'Industrie du ciment.

0/0
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As a whole, production increase on the Atlantic ocean
side of the South Americm continent has been relatively modest
during the last decade and has not followed the general world
trend (see Table 27). In order to meet the growing cement
needs of the area,since 1967 imports of cement have been

necessary.

On the Pacific Ocean side, Colombia is the largest

cement producer with 14 cement plants and one clinker grinding

station. Colombia is also the largest cement exporter of
South America.

Cement production in Pery has doubled between 1960 and
1965 und seems to be stabilizing at the 1965 figure (one
million tons). However a new 600'000 to 1'000'000 tons
capacity plant is presently in the final construction stage.

Eguador has doubled its production from 1960 to 1969;
expansion .f one of the plants is under study. Bolivia is
also expanding its capacity in order to meet the increasing

demand,

Chile, on the other hand, seems to suffer from over
capacity. Its 1968 production equalled the 1964 rate.
Improvements have however been noticeable in 1969 (+ 15%).

et s e e e+t




CHAPTER

ITI

CEMENT CONSUMPTION IN THE WORLD

SECTION 1 - GENERAL TRENDS

1 - Cement consumption per capita

Cement consumption per capita is generally

increasing

in the world, but varies widely from one country to another.

Table 28 : Cement consumption per capita (in kilogrammes)

World

Africa

North America
latin America
Asia

West Europe
Bast Burope
USSR

A28 1949 1300

40
18
133
32
9
127
48
33

50
27
231
54
8
i3
76
42

104
40
299
85
33
289
230
211

4969

152
49
342
(125)1)
56
487
(375)Y)
364

1) Bstimates

Source : Cemtureau : World cement market in figures
1913-1956 = Statistical Review 1969.

earlier in this report.

The reasons for these variations have bdeen given

1
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In 1969, West Kurope was leading the cement
consumption per capita, the highest fifures being re:nched
by Switzerland (726 kg), Italy (591), Austria (587),
Germany (583) and France (535), the lowest by Turkey (176)
and Portugal (209).

In East Europe, the largest cement consumer is
Czechoslovakia (515 kg in 1969), followed by East Germany
(432); the emallest is Albania (129).

Compared with the other world areas, North America
after having lead world cement consumption for years is now
proceeding at a slow pace.,

In the vast land locked areas of Africa, cement

consumption is only 10 kgs per capita; India, with a density

?
|

|
|
|
|

1)‘

of 160 inhabitantes per km2, consumed only 25 kg per inhabitant:

in 1969. Japan, on the other hand, is the largest Asiatic
cement consumer with 477 kg per inhabitant in 1969,

BExtreme variations in consumption figures are found
in the Latin America countries, from Puerto Rico with 592 kg

to Paraguay with 15 kg and Halti with 1% kg. Cuba and
Argentina are medium cement consumers (188 and 194 kg).
Brazil has not yet reached the 100 kg mark (91 kg in 1969).

Cement consumption in the developing countries,

although increasing rapidly, is still very low, which points

tovard the enormous potential demand which exists for this
commodity.

1) Source United Nations statistios.
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SECTION 2 - FUTURE WORLD CEMENT CONS'IMPTICY -

ITS _CONCi JEICES |

!

1f the world cement demand, during 1970-19%0, continu=
e8 to grow at the same rate as during 1960-1969, i.e. at 6,3%
per year, it will reach around one billion tons in 1980,
corresponding to a cement consumption of 250 kg per capita
(which is still modest).

World production capacity being estimated to be
about 600 million tons in 1969, 400 million tons of additional
capacity will be necessary to meet the 1980 demand. :
|

Almost traditionally the cement industry has never |
made a clear distinction between real and announced production
capacity., Very often the capacity of old plante, after being |
kept off stream for many years and hardly in operating
condition, are still figuring in the production capacity
announcement of many companies. AB a consequence it is quite
possible that world cement ocapacity production accumulated
on an announced capacity basis would largely exceed the

above figure.

The above very rough estimate emphazizes the
magnitude of the problems prospective and present cement
manmufacturersvwill have to face in the years to come.

An annual average of 40 million tons/year of new
oapacity will have to be adde} and about 10 million t/year
of old and obsolete capacity /2% of world ocapacity) will
have to be sorepped and replaced.

i s ST »




-

IR

. 3 B
PRI SPRPEIES R CT CI R
5 kT T O ‘
»

- 144 -

Capital cxpenditures necessary to install 50 million
tons/year capacily amounts to approximately two and half
billion dollars (at § 50,=-- per ton of annual installed
capacity).

Most of this capacity is to be installed in
developing countries which will have to expleit all possible
sources, to finance their growing cement industry.

On the other end, manufacturers of cement plant
machinery and equipment will have to expand their production
facilitiea., In 1969 and 1970, all the major suppliers were
already overloaded with orders. As a consequence delivery
times, for cement plant equipment have been increasing
considerably. At the same time, prices were rising continuous-
ly. This sellers' market could poeesibly encourage the
expansion of production machinery factories in the developed
countries and the creation of new equipment industries in
the developing countrieg as has recently been the case in
India.

8hould such expansion not be realized, the growth
of the world cement consumption, stimulated by the ever
increasing demand would be seriously impaired.

In 1950 it was possible to put a 500'000 tons/year
capacity cement plant 'on stream“within 18 months from the
date the decision for its construction had been taken.

In 1969/1970 constructicn time for & similar plant
has almost doubled,

i AR tois =
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With the continuous increasé in demand for cement
manufacturing equipment and machinery the qualified suppliers
have a tendency of getting rather selective abc:t the orders
they like to accept.

It can also be noted that in comparison to cement
prices, equipment, machinery and general construction costs

have increased considerably.

Investment costshave grown to a point where the
financing and depreciation part of the production cost price
has become a very heavy burden.

|
1
|
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CHAPTER 1V |

INTERNATIONAL CEMENT TRADE

SECTION 1 - GENERAL TTENDT - THE SHARE OF THE DEVELOPED
ND OF THE DEVELOPING COUNTRIE: I WORLD
CEMENT TRALE - i

The volume of international trade in cement represents

a small share of the world cement production (see Table 29).
|
|

Table 29 : World cement production and Trade 1938-1950 and | ¢
1960 to 1969 (thousand tons) | :

Years| World production World Trade %

1938 86'700 5'700 6,57

1950 133'000 8'100 6,09

1960 314'200 11'200 3,37

1961 330'000 | 12'000 3,63

1962 355 '000 12'400 3,49

1963 374 '000 13'600 3,63

1964 411'000 15'700 3,82

1965 430'500 19'100 4,44 |

1966 457'500 18'700 4,09 f

1967 482'000 20°350 4,22

1968 513'320 20°300 3,95 :

1969 ~ 540'000 22'450 4,16 [

Source : Cembureau : World Cement Market in Figures :
Statistical Review

A large part of the world trade is made of exchanges
among the Buropean countries themselves (URSS included) and
between Burope or Canada and the UBA, / ;
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The developed countries of Europe and North America
have imported irncreasing tonnages of cement from other

developed countries in the same areas, in 1960 and 1969, as

shown hereafterl

{ 1360 1969 ;
*l |
' - Western Europe 2'810'000 T 4'140'000 T |
- Bastern Burope 95'000 T 2'910'000 T
L | - USSR 20000 T 380'000 T
¢ - USA and Canada 675'000 T 1'620'000 T
; 3'600'000 T 9'050'000 T
v i Ermmomzos SoSs==mmT
i . Percentage of world trade 32« 40%
E O BE=z no=

The total cement exporte of the above countries
amounted to 7 million tons in 1960 and 13'220'000 tons in
. 1969; it resulted that their net export trade towards the
) developirg countries was 3'400'000 tons in 1960 and 4'170'000
i tons in 1960, thus increasing only by 20% during the last
S decade.

Japan which is the second largest cement producer
and exporter in the world also increased its exports to the
developing countries by only 20% from 1960 to 1969.

The most striking feature of the international cement
trade during the post ten years, is the predominant position
taken in this trade by the developing countries.

1) Approximates figures only; occasional imports froa
countries belonging to other areas may be included.

o/o




The situation is summarized in Table 30 which shows
the sources of supply of imported cement in the developing
countries,

Table 30 : International cement Trade (rounded figures)

Importing developing countries
Exporting
tries 1969 1960
Burope and USSR 4'170'000 T 31'400'000 T
Japan 2'055'000 T 1'600'000 T
Developing countries 7'175'000 T 2°'S00'000 T
Total 13'400'000 T 7'500'000 T

Source : from Cembureau statistics.

SBCTION 2 - CHANGE TO CLINKER AND BU MENT IN
10K D

The international cement trade is following an
identical trend to that of domestic trade with respect to the
progressive substitution of clinker and of cement in bulk
form to the traditional paper bags package.

1) to non-

Clinker exports from members of the OECD
member countries (mostly African countries) amounted to
280'000 tons in 1960 and to 945'000 tons in 1969. Japan is

shipping clinker and bulk cement all over Asia (330'000 T of

1) Source : Organisation for Economiec Co-operation and
Development - Paris - Reports on the Cement
Industry - 1960 - 1969.

o/
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l)is shipping bulk
cement to Mauritius Island and clinker to La Reunion,

clinker in 1968)., A Kenyan cement company

Venezuela is shipping bulk cement in the Caribbean area.

With the installation of new clinker grinding
stations in West Africa, Martinique and Guadeloupe, New
Caledonia, etc, this trend is due to continue.

No general statistics are presently available
regarding the volume of cement which is handled in the
form of bulk cement or clinker. However, enough information
is at hand to state that this trend is due to continue as
new clinker grinding stations are being installed in West
Africa, Martinique and Guadeloupe, New Caledonia, Middle
Bast, etc.

SECTION 3 - THE EXPORTING CQUNTRIES

Tatle 31 indicates the 25 major exporting countries
in 1969 and 1960, These 25 countries accounted for 89% of
the total world trade in 1960 and 84% in 1969.

In Table 31, the exporting countries are listed
according to the volume of their export business, One can
however notice three distinct categories of exporting
countries :

1) the countries with large production capacity which export
a small share of their production only as USSR, Japan,
Prance, Germany (W. and B.), United Kingdom, Poland.

1) See Industrie et Travaux d'Outre Mer - Paris, Ooct. 1970.
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Table 31 : Major cement exporting couniriec

(thousand tong)

1969 % of 11960 % of
1. USSR 2'700 3,0%]1. Japan 1'617 T,2%
2. Japan 2'054 4,0%|2. France 1'351 9,6%
3. W, Germany 1'649 4,7%]3. Belgiun 1'324 28,77
4. Rumania 1'500 20,0%|4. Un. Kgdom 1'107 8,1%
5. Belgium 1'400 21,0%|5. W. Germany 953 3,7%
6. Norway 1'089 44,07|6. Egypt 353 17,3%
7. France 1'006  3,6%|7. Poland 273 4,1%
8. Egypt 885 24,5%|8. USSR 250  0,5%
9. Bahamas 680 98,0%|9. Sweden 244 8,7%
10, Greece 618 12,5%|10. Tunisia 231 57,7%
11, Canada 575 7,9%11, Ireland 229 40,2%
12, TaTwan 553 13,8%|12. Yugoslavia 227 10,5%
13, Iraq 550 35,5%]13. Denmark 223  15,5%
14. B. Germany 420  5,3% 14, Israél 213 26,6%
15, Pakistan 400 14,8%|15. Colombia 188 13,6%
16. Kenya 379 59,3%]|16. Canada 164 3,0%
17. United Kingdom 357 2,0%[17. Kenya 158 65,3%
18, N, Korea 350 12,5% |18, Italy 157 1,0%
19. Lebanon 318  25,4% [19. Lebanon 125 14,7%
20. S. Korea 291  5,9% [20. India 116 1,5%
21, Malaysia 275 28,0% [21. Rumania 100 3,0%
22, Colombia 260 10,4% [22, Portugal 9% 8,0%
23. Hungary 250 10,0% 3. Iraq 95 13,7%
24. Poland 225 2,06 R4, Greece 79 4,8%
25. Venezuela — 200 8,0% 25, Switzerland__ 73 2,5%
Total (rounded) 19'000 otal (rounded)10'000
Total world 22'450 Jrotul Yorld 11'200

MWW E RN BEDEBEN

Source ¢ Cembureau : Vorld Conoﬁf market in figures 1913-1966
Statistical Review 1969
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Most of these countries (with the exception of
W. Germany) were exporting a larger share of their product-
ion in 1960 than in 1969. This means that their own
consumption increased at a faster rate than their capacity
of production and also that the revenue from their expnrt
sales was not considered high enough to encourage them
to install new capacities intended to supply the export

market.,

Developing countries may find in these facts

additional reasone for installing their own cement industry.:

The countries which export a very significant share of
théir production as Bahamas, Norway, Kenya, Iraq, Lebanon,
Malaysia, Egypt, Belgium, Rumania, Pakistan, N. Korea,
Greece,

In the case of the Bahamas, the cement plant was only !

built with export business in view (East Coast of the USA
and West Indies).

The location of the Norvegian cement plant, right
on the water, the availability of very favorable freight
rates and of special bulk (cement and clinker) carriers,
made Norway one of the largest world exporters. The
Norvegian cement people have acquired a large captive
market in Ghana in parficipating into the state company
owning the local clinker grinding stations. Furthermore,
they have built large cement silos in the New-York harbour
from which they servioe all the New-York area with
imported cement.

The oase of Kenya is somewhat similar to the one of
Norway; the oement plant is oriented towards export

o/o
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business and supplies a vast area.in the Indian Ccean
region, through privately owned vessels and receiving

installations.,

Iraq and lLebanon have a long tradition as cement
exportere; the increased capacity of production they put
in place during the last ten years was moetly intended
to the export market. Lebanon has recently found very a
large market in Algeria in addition to the W, Africa
market. The largest Traq customers are Kuwait and the
Emirates of the Arabic Peninsula.

exporting country in the world (1'900'000 tons in 1929).
Its largest customer was the Netherlands which, for a long
time, had no cement industry of their own, Netherlands
getting progressively equipped, Belgium has a serious
surplus capacity. Belgium is exporting cement all over the

For many years, Belgium was the largest cement !
i
|
)

world.

Rumania is the largest cement exporter of Eastern:
Burope (USSR not included) where it finds its main
customers (especially Yugoslavia). Rumania is also shipping
cement to Turkey and to North and West Africa.

The Greek cement industry has considerably developed
its capacity during the past years with a view to
inoreasing 1t'a export business thanks the excellent
geographical location of some of its plants,

Bgypt and Talwan, each i1 its own sphere of influence,
are much export-oriented; cement exports is for them a
very valuable source of foreign exchange.

/s
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3) The countries which are both cement exporters and
importers. Jome of the East European countries are in this
category (Hungary, Pulgaria, Poland, USSR) as well as
Pakistan and West Germany (because of W. Berlin),

SECTION 4 - THE IMPORTING COUNTRIES

Table 32 indicates the 25 major cement importing
countries. In 1969 and 1960, they accounted approximately
for 75% of the world cement trade.

A non negligeable chare of this trade is made by
other countries importing lecs than 200'000 tons in 1969.

It can be expected that the developed countries of
Burope (W, and E.) and North America which are importing
large quantities of cement are only occasional importers and
that they are taking (or will take) steps to remedy this
temporary situation. This has been the case for Spain whose
cement imports amounted to two and half million tons in 1965.
By 1969, Spain reduced ite cement importe to 400'000 tons,
following a large increase of ite own production capacity.
In 1971, Spain will likely be a cement exporting country.

T™e largest and the most prosperous of the
developing countries, such as Brazil, Argentina, Indonesia,
Ghana, Kuwait, Saudi Arabia, Algeria, fall somewhat in the
same category. These countries have access to financial and
technological resources enabling them to become self-
sufficient within a rot too long period of time.

T A i A
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Table 32 : Major cement importing countries

(thoucand tons)
1969 1960
1. Netherlands 2'182] 1. Netherlands 1'602
2., USA 1'5501 2. Caud. Arab.& Kuwait 850
3, Yuwait 1'500} 3. UcaA 639
4. Pakistan 1'400] 4. \Nigeria 637
5. Yugoslavia 1'075] 5. Algeria 528
6. S. Vietnam 1'000| 6. Ghana 466
7. Lybia 7501 7« United Kingdom 466
8. Brazil 607]| 8. W, Germany 460
9. Singapore 610| 9. Indochina 435
10. Saudi Arabia 560 | 10. Hong Kong 414
11, Hungary 550| 11. Korea 225
12. W, Germany 532 | 12. Ryukyu 216
13. Czechoslovakia 536! 13, Malaysia 201
14. Italy 475] 14. Pakistan 200
15. Hong Kong 4171 15. Ceylon 161
16. Spain 406 | 16. Ivory Coast 150
17. Indonesia 417} 17. Lybia 140
18, Ghana 400 ] 18, Tanzania 136
19. USSR 380| 19. Br. W, Indies 129
20, Ivory Coast 356 | 20. Burma 100
21. Argentina 332 | 21, Mauritius 96
22. Poland : 320 | 22. Czechoslovakia 90
23. Algeria 300 | 23. Malagasy 86
24. Turkey 269 | 24. Fr. W, Indies 86
25. Ryukyu —215] 25. Porto Rico 65
Total (rounded) 17'000 | Total (rounded) 8'500

WEER R WEZI
Total world 22'450 | Total world 11'200

P— D ——.
Source : Cembureau : World cement market in figures 1913-1954

Statistiocal Review 1969
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As an example, the cement industry of Mexico,

Colombia, Venezuela, India are now in a position to satisfy

the present cement requirements cf itheir respective countries,

The developing countries not belonging to the ones
listed in Table 33 and importing less than 200'000 tons of

cement in 1969 are countries which complement their own

production with imported cement or countries with no
production at all.

Table 33 : Cement imports in Developing Countries
importing less than 200'000 tons in 1969

Geographical Producing Non producing
distribution countries countries
of imports
Africa 625'000 T T770'000 T
latin America 500000 T 620'000 T
Asia 675'000 T 380'000 T
Oceania cee 230'000 T
Total 1'800'000 T 2'000'000 T
Source : Cembureau : Statistical Review 1969

SBOTION 5 - N N ATIONAL NT

International cement trade is closely related to
the levels of production and consumption as well as to the cosi
and availability of transportation.

In the developing countries, import of cement is
also conditioned by the availability of foreign exchange.
o/o
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It is likely that :

i - new production capacity in the developed countries, during
the period 1970-1980, will be installed to meet

the cement requirements cf the home markets or those of the
cconozic bleces to which they helong, with not too much

i gl e
il

concern for the requirements of the developing countries;

- the developing countries will increase their own production.
In order to benefii by the economies of scale, many
countries will install larger capacities than actually
required, thus creating a surplus available to other
countries and encouraging inter-regional co-operation;

- the share of the developing countries in the international
cement trade will continue to grow.
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CONCLUSION

Despite the development of a great number of new
building materials, cement will, for a long time to come,
maintain its position as the foremost basic product for the
construction industry.

Cement is especially well adapted to the local
conditions which are found in the developing countries as it
is easy to use and may be manufactured in most parts of
the world. '

The creation of their own cement industry has,
therefore, become one of the main preoccupation of the
developing countries and appears in almost all their
industrialization programs.

However these countries are faced with the techno-
logical trends vhich characterize the modern cement industry
and which are dominated by the extreme size of the equipment,
by more sophisticated raw materials processes and by automa-
tion., It is anticipated that these trends will not be stopped
by ocontinental or ideological boundaries.

Less industrialized countries usually reject the
idea of living through the various stages of technical
evolution as they are free of many of the restrictive
considerations and traditions vhich hinder the acoeptance of
progressive designs and methods.

The present report shows the benefits that result
from the installation of large and sodern mamufacturing

o/o
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unite resarding the investment cost per one ton of inctalled
capacity, the manufacturing cost and the reduction of the
number of highly skilled personnel.

Although raising funds to finance large size
projects may be a serious problem, developing countries
with large cement markets should be encouraged to follow
the most recent technological trends.

Starting this way, some more industrialized
developing countries have already made important progresses
in the field of cement manufacturing and, in some cases,
have become cement exporters.

The smaller developing countries or the ones with
relatively moderate cement requirements are in a somewhat
different situation. They are now importing cement whose
price is inflated by high transportation and re-handling
cost and which is to be paid in foreign exchange.

The cost of manufacturing cement in a small unit is
rather high, due to the various factors which have been
reviewed in this report. On the other hand, the manufacturing
equipment industry is not sufficiently equiped, and very
reluctant, to satisfy the requiremente of developing countries
for small cement plante of less than 100'000 tons per year
capacity.

Up to now, there has been no systematic approach
by private or pudblic national or international organizations
towards solving the probdlem of the high cost of the small
cement plants units when no other solution (as large inter-
regional cement plants) are feasible.

o/o
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Some of the developing countries are now building

clinker grinding stations. They grind cement clinker with
gypsum coming usually from foreign source or, in some cases,

from cement plants located within their own boundaries.

Economies of transportation and of handling lower
the cost lurden sumewhal and, at the same time, the first
step is made towards the creation of a new cement industry.

Cement world consumption has been increasing,
during the last decade, at a rate of 6,3% per annum. If this
trend continues, cement consumption will double from 1969
to 1980. In order to meet this prospective demand, the
world production capacity will practically have to be
doubled by the end of the present decade.

Recent experience is showing that the manufacturers
of cement plant equipment in the developed countries are
somewhat at a loss to follow the demand for equipment.

Some years ago, it took 14 to 16 months to build a medium
sige plants in a developed country and approximately 24 to
30 months in a developing country.

In 1971, construction time has considerabdbly
lengthened and has sometimes doubled, this being mainly due
to muich larger delivery time for equipment and mactinery.

This situation may have a serious impact upon the
programs of some developing countries regarding the expansion
or the installation of cement plants. There is no doubt that
efforts should be made in order to promate the creation of
an equipment industry in the developing countries.
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Beforc starting the construction of a cement plant,
which involves very large investments, developing countries
have to make certain that they will build the right type of
plant of the right size, operated by well trained personnel,
at the best location to service the market, using the most
suitable raw materials,

Oversized or too small plants may prove to be very
costly propositions. A market survey should precede any
cement plant realization. Developing countries should also
get all the necessary experienced technical assistance they
can from sources independent from equipment suppliers before
deciding upon the type of equipment and process to be
emplojed.

In conclusion, the following recommendations for
action may be suggested in order to promote the creation and
the progress of the cement industry in the developing
countries @

1) To survey the cement markets on a national gud inter-
regional bdbasie.

2) To make a systematic survey of the raw materials ressources
of the developing countries,

3) To accertain that cement is or will be properly used and
t0 launch a well planned promotion regarding the use of
cement and the training of the prospective users.

0/.

4) To contemplate temporary employment by UNIDO of highly qual-
ified marketing people, engineers and operators coming from
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5)

6)

7)

8)

9)

cement manufacturers or spezialized consulting firms,
¥ho would be put at the disposal of the developing
countries.

To promote periodic marketing and technical seminars
ccncerning the cement industiry, especially reserved to
the interested developing countries.

To organize the training of personnel from developing
countries in UNIDO selected cement plants (as it was the
case with the Colombo Plan).

To utilize only highly qualified and up to date informed
experts for technical assistance.

To promote the creation of cement manufacturing equipment
industries in some of the more industrialized developing
countries (as it ie the case in India).

To promote the study and the development of a standardized
series of small capacity cement plants suited to developing
countries with small cement consumption.

To investigate and encourage the creation of medium or
large size cement plants on a multinational or inter-
regional basis,

To examine the profitability of installing clinker grinding
stations which might be supplied from multinational or
inter-regional cement plants or from other sources.

To put sufficient funds at the disposal of the specialized
Division of UNIDO covering in partiocular the cement
industry in order to make the above progrem possidle.
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