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I. THE CEMENT INDUSTRY
AS A POUNDATION POR DEVELOPMENT

The need for cementing materials has becn ernphauizéd increagingly since the
early stages of human history. It started witn the natural requirement for
lodging with ample protection from the weather and has grown with the dev:l.pment
of society and the accompanying improvements in lodging facilities and social
services such as schools, hospitals, and clectrical and sanitary systers,

The ounsumption of cement increases with the growth of popu.ition and of gross
patiomal product,

The cement industry is cepocially important because of its diract relation
to all development activities, It is basic to the building and construction
industries and is therefore considered th: foundation for development plans,
involving all aspects of progress in industrialiszation, housing schemes and the
geerel gocial infrastpructure,

Coment raw materials are simple calcarcous and argillac.ous deposite that
ars sbundant as maturel reoscurces in nearly &1l countries. The rate of cement
consumption and the average per capita consumption reflect the rate of dev-lopment
and progress of a country, '

In moet developing countries there is a special concem for the improvement
of rural faollities, The traditional vf11age huts, which were formerly compoced
of s0il and plant elemants, erc now being replaced by houscs made of cement or
duralle ilding sateriale requiring cementing. This trend entails tre esta.-—
lighment of publio services including cemtres of eduoation, security, medisnl
treataent eto, and of small rural industries for processing agricultural pro-
@ucts, workelops for the productiom and maintenance of farming implements and
establishments for the utiligaticon of animal resources.

The ineretaing use of precast ooncretoe elements in industrialized building
systens oseates & yegular demand fur cement as & substitute for building bricks
and tradifional plastering materials, Prectressed and precast concrete elements
are also i'opluom woden and metallic elements, An example is the prestressed
oonorete reilway sleeper, which ic greatly favoured for its stremgth and
durability, Cemamt prodmets also now include & large mamber of elements such as
atbegtos-oment (corrugated and flat sheeis); sanitary and sewage water pipes;
irrigation and dreinage implegents; electrical power cables; telecommunication

S e L. .
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poles; specia] harbour and -ana) blocksj and curbings and Pavement slabs,

The future pProspects of the cement industry are excellent for ocontinuwous
expansior. and progress, Moat developmant pProgrammes call for exteusions of
existing coment plants or for the installation of new cement production lines,
becaus: cemont ig the basic eloment in practioally a]1 Projects, whether in the

form 5f foundations for industriaj PR jects op of infrastrcture for agrioultural
purpcscs and social achemes,

Research has revealed that varioug Taw-material deposits that were
wmsuitavle for cament production in the Past oan now be utilised, 1In addition,
& number of imorcsments nave bean introduced in treditiona) cement types alrsady
in use, Both trends point to mope elaborate cement pplication amd higher
consurption, The latest technological developments now favour the dry process
for economy and “nergy preservation and fop reduced labowr requiremants per ton:’,
of cment, Today kilng of 3,500 tons/day capaoity (1,150,000 tons snnually)
&re replacing Previously installed smaller kilns, Bigger kilng capable of

producing 6,000 tons/day or more are on the drewing boapd, Orinding mills are
now designed for the 10,000 hp range,

Meso economical ¢ -~cny. tomards inoreased production and larger unite

increase the availabili. . cement and &ive impetus to {45 vider use tn
different products,

Y References to "tongn are 0 metric tong,
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II. REQUIRIENTS POR A SUCCEBSIFUL PROJECT

The suocess of a cement project depends on various ‘echnical and economic
factors that should dbe carefully analysed to attain clear and secure recults,
The basic requirenents should be cautiously investigatedto secure regular
produotion over the economic age of the project, thus affording the utmost
utilisation of the invested capital, This sort of study is no longer as simple
a3 the previous resort to rough estimates or general views, The recent procedure
of firet making a fessibility study entails an evaluation of each of the technical
and eoconomic factors before initiating project activities,

The treditional production of Portland cement is now only economically
possible if the cement is mamufuctured in plants above a certain minimum size,
requiring an initial capital investnent equivalent to several million United
States dollars., The establishment of & nev cement plant is therefore » major
project, which calls for & thorough investigatiom of the market, of resources,
and of economic comditions before the decisiom is made to start the construction
of the plant,

The necessity for manufecturing cement in large units has developed through
eoonomic oonsiderations combined with a steadily inoressing demand for cement,
The oosts of prodmotion per ton of cement decreases consideradly with increasing
plant capacities, This is a well-knowm pattern withim seversl other industries,
amd the principle of estadblishimg the minimun economio sise of plant is the
stle a8 that wset in other industrier,

Another charesteristio of the cement industry is that the ocapital investmesnt
is high compered with the actual costs of proéwction., However, the type of
oguipamnt wsed in & cement plamt normally has & long 1ife, about 25 years, and
he depresiation of the plamt may therefore bo diriributed Over several years.

This netns thet & new cement plant should preferabdly operete for a period
of at least 25 years in order %o render the full retum on the capital invested,
If the praduction is discontinued after a fow years of operstion, the remaining
1ife of the eguipient 19 in OOt cases completely 10st deoause the resale value
of this Deavy {ype of plant eguipaent is very low owing to the high ocosts of
denantling ad tremuperting i,

ol by B
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In other words, continuous operation for several Years s indispensable
for the economic success of a new cement plant, The planning team must therefore
take the precaution to ascertain that the surveys on market and resources contain
sufficient evidence that the demand for cement «nd the supplies of rew materials
will match the 1ife of the plant,

In addition to surveys on market and resourc. . the planning team will have
to find unswers to a mumber of other questions, namelyt

Plant location
3ize of plant
Manufacturing process

Plant equipment and layout
Pinancing and cash.flow profiles

All these questions are important and should be evaluated in detail before the
decision is made on the implementation of the project,

A compreaensive study, as outlined above, is ocostly, It is advisadle that
the work be divided into a preliminary feasibility study, which is based minly
on existing information and which may thus be made at & fairly low cost, and a
more comprehensive study which would follow i’ the outcome of the prelimimary
study were emcouraging,

Mazket purvey

Portland cament is one of the most widely used commodities in the world,
Owing to the rether low prioe per weight unit, it is nasuafaciured locally inm
prectically all coumtries in which suitable rew materials (limestone and shale
or clay) are awiladle,

The comewsption per gapita varies from abowt 50 kg/year in may develeping
countries to about 500 kg/yesr in imdustrialised countries. The average growth
rete of cement comsumption is abomt 5§ per omt per year, Wt the grewth rete
varies oonsiderably from place t0 place, In the industrislised countries $he
growth rate is normmlly below the world average, thus indiceting Shat the market
is approaching its saturetion poimnt, Is the developing countries the growty
rate umlbhi‘nthnémo.t.lummuumumb
higher,
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In all countries the d mand for cement fluw-tuates wilh the activities
within the building soctor, thus also reflect ng the precoent economic situation
in the country., Larg: :uonstruction schemes su-h as dam.: tor hydroclectric planta,

airports cr highways, may change tre demand pattem simiticant iy,

In some areas the demand for ~.ment may be low becunpe normally high
prices of imported cemunt or osment from cxisting uneconomica’ plantse The
potentinl markets »f such areag mary be ovilualed by #t o olsine the precodures within

19

thy building induetry and th: costo of sltemativ - -tra oion mats rialic,

The competitors® activitics chouid b watoh 4 o - vooly Ar poraible,
A jutential market may osacily attra.t gevera: -1 .95 ot omrt ramifactur re,
't aften happens that now plants or expans: n: a;  connt: oyt e S.mattancously
within the same arey, with the resi!t that bath w.rig o <t o tu.d utputs

for severai yoars,

Baw mater.ilc inve otisuti oo

The raw materia;: for the manulaciare £ Portlaad ol e porma Ly G ime

sione and ohale or clay, Depcaits of thn . iteria': 4r v oud oy oo or DI . N

Lut the cwality and quantity are not slways sa'isfa ¢ o e the o elirerent L o1 a
ment plant, In fact, oniy r:iat.vely t :w . -anoni oants oare o o ounate un
t have supplies of nigh-quality raw ratorialc avai b, Jgith.. + . Sinivity of

L. piant,

In arcas with cmall or inferior quality limestona deposita, ‘na proshecting
1 usedble reserv.s beiomes the most importsnt part of ‘he velonn ity stady,
Even whon rew matarial:s seem %o be available, however, a c:vv oy chould be sarried
>t %0 mocertain that the quantity and quality are adequit .,

Por a new plant the proved reserves of raw mat-rialc ~hould ovir at least
-3 years of operstion and preferably a longer perind to alliow t'or pussibile
- spangions,

The iil.ltone should contain a minimum of about 70 per cent cilcium carbonate
and ohly small amounts of megnesia, phosphate, alkalies, chloride and sulphur,
Tae shale 5r Glay ahou 1 preferably have low contents of alkalies and chloride
21 suitable ratios between the oxides of silica, aluminium and iron, Apart from
*1e ohemidal oomposttion, the raw materials should preferably have physical
rtoperties that make them easy to quarry and handle.
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Geological investigations, including bore-hole sampling, are normally required
for the assessment of the deposits, For these studies expert assistance sy
often be needed in order to ensure that the necessary evidence shall be obtained
At a minimum cost of bore-hole irilling, In special cases low oarbonats limestone

may be upgraded by different types of processes, of which sclective grinding and
flotation are &ood examples,

Preliminag f‘gﬁbi;;tx study

As soon as it has been vstablished that the market for cement is large enough
to justify constructing & new cement plant and that raw materials are available,
a preliminary feasibility mtudy should be ®ade to determine whether the project
deserves further consideration, If the results &re affirmative, more detajiled
investigations should be carri ed out to provide the bagic data for a final
feasibility study,

The main objective of a preliminary feasibility study, as mentioned above,
is to detemine whether the project is promieing enough to justify a detailed
study and further planning work, which are usually quite expensive, Other
objectives are to provide the basis for a plan of action and & time schedule for
the execution of the comprehensive study and to obtain preliminery information

about the project which may be required to calculate the inttial capital invest-
Bent and to eecure financing for the detailed study.

If the Preliminary survey indicates that the market for ¢ new cement plant
exists and that sufficient quant ities of suitable rew materials are available,
the preliminary feasibility study should contain an over-all estimate of the
initial ocapital requirement, the estimated costs of production, estimates of

&To88 and net eamings, a Preliminary financing programme and the estimated
profitability,

All estimates should b vased on information that is resdily availadble or
that may be obtained at small cost and without delay, Por SIARple, the estimate
of the oapital requirement may be based on typical cost figures for standard
cement plants, after these have been adjusted to the required plant sise and
updated in accordance with actual retes of inflation,

The profitability is Sxpressed as the pay-back time or the rate of retwym
on invested capital, The Poy-back time ie the mumber of yeurs that it takes the

plant to eamm back the initia)] capital, disregarding interest, amortismtion ad
taxen,




The grees rate of retum ic the Yearly ramings exprecsed as the nercemtags:
of the irtial capital, again disregurding intorest, amortization and taxes,

Both methods of evaluating thn pmfitahillty are crude, but they ap ofter,
used because they are simple to work out and readily understandabla, If 3 mor:
accurate picture ig required, the profitability may be calcujatod by the
rate of retum method, which takes into account aj

interna]
I expenditure and in“ome during
the estimated lifc of the plant and corgiders interest, amortization ani taxes,
This method wil] be discusscd later in this report in relation with th.
foasibility study,

final

Plgt loc;tion

The chofice of the plant locatjon js important becauge the costs
tion of rew materials and cement are high in rciation t, the coste of production,
and because the location must be right for the tota) life of th~ plant 3ince
the equipment can be moved only at & cogt that is rormally prohibitive, The
plant site should be near the reaw materiale, the markot and the mcans of
transportation such ag s shipping port, railvay and mood roads, The availabilﬁy
of electric power, fuel, water and manpower should aign be considered,

of transporta—

Jome of the factors influencing the choice of the plant locati.n may confliict,
For example, it wil) often be deairable to have the plant placed in the vicinity
of & big city with a derse market, but, on the other hand, the plant shoulg not
be too close to a residential area where complaints about dust or noise nuisance

are likely to cauge difficulties, for cxample, later when the company asks

permission to expand, In general, the vicinity of raw materials is more important
than the neammess of the market, mainly because ray materials
heavier than the cement,

arc about 60 per cent

The ideal location of a contemplated plant may be calculated from details
m the distridution of the market and the location of raw materials and other
resouraes by use of lineap pProgramming. In many cases, however, the choice is
'hpltficd because one or a fou sites have obvious advantages, and sophisticated
calculaSions are therefore not requi red,

Some rules of thumb ™y be quite useful, such as that a pPlant should be
located near the cemtre of the market, but such rujes should be used with
tawtion, because they may not apply. If, for smnmple, the market is divided

%
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able to take over a considerable portion of the market, and oy ding a uig ;. ant
pay Le juriified on this basia, However, this means hard competitiorn with thoe
existing producers, who Bay decide to lower their prices and taxe other actiony
to keep their share of the market,

The optimum plant eize can be calculated from the marxet BUrvey iata and
the basic unit Prices of cement and transport as well as by the calcu ated
oost figures for the construction and operation of plants .f liffercnt ajzes,
Such calculations are based on assumed market volum-s and prices, and sengiti- ,
vity tests are recommended in order to evaluate the effact ~f pessitl: duviationg
from ‘he vstimated basic figures,

The final decision regarding the size of o now plant is often inf.ucr.ced
by the optimism or pessimiam of the planning £roup, 3Jome executives may wish
to be on the safe side and not build the Plant any larger than nacessary,

Other decision makers may fes) that the Plant must firet of aj] be larg: enough
to meet the challenge of the future,

Both types of pPlanners may claim that they were right in the light »f
actunl later developments, The plant that Whe intended to be Small will be leg
competitive becauge of the higher production costs of small plants, and it wil:
be unable to capture its share of the market, The owners Bay therefore conclude
that they were right in being prudent in gsuging the plant size, The larger
plant may prove to be highly competive and take over a larger share of the market,
making the owners happy that thay decided on the bigger plant,

The influence of decreasing produotion costs with increasing plant capacity
™y, of course, be inoluded in the oaloulations, If, however, the profitability
curve develops a "flat® mximum with almost the same value for a wide range of
Plant sizes, the calculation My be of 1ittle help to the Planning group,

Although the calculgtion of the optimum Plant size is often complicated,
the primciple 1¢ in fact simple, The unit oost of production decreases with
the mcunin‘ sise of the plant, but at the sRe time the unit cost of

™is simple mode} Bay, of course, be modified o suit the special charecteris-
tice of the market, the means of transportation and the type of plant,
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Choice or techno!(wgicnl procopy

The raufacture of Pore tand cement entails the following throe procecn. gg

Proparaticn of 4 raw mix
Jumivs of the raw mix ¢ coement elinkep

iririoag of L incer ap)? crbsun to cement

Fofore ta yoar 00, Pipigg mert was lumt in rmail ghart kilne, but
todiv about & sep sene o r a.) cepoont ig manufactured in rotary-xiin planta,
Shat't xilns ar u-ed 1y in special can o and ars nomally not compelitiv. with
rotury-kilry inataliatiory becaus Hf higtier labour “oets aid Lecause it .
difrioult to rarufacture - oment f g catisfact ey, convistent qua.ity by n..anc

of shatt nc,

Th+ manutu.tur: of tement in roiary—kiin plant: may L. carried out by

diffaront rpes o0 pProcening, the it commen buing the dry and the wet methods,

s MOTe comp rebimaive et of the dit'ferent pro:cages used t.duy is sh.wn in
the 'Y owing tavle, In the dry jrocec: the praw materiale are dried in a
Separs.e drytr Lr in a dryer crusher op dryer mil: and ground to the finen. ss
required or . LHKEPings  Phe dre oraw m al from the rew mills jo homogenized in

special silos wor'r it i ted to thy dry-proc sy kilr,

The wet jricous ig ‘haracter: :od by th: wet grinding of the raw materialg
into u4 shick g.arry, whih is homegeaized in clurry silo: or basing and pump ~d
to $h welepro. ... kiins Or. {mportant advantag. ot the wet procass is the
simplicity ¢ poriti ny whizh hould be taken into considcoration when selecting
the type of pr.ness 7or 4 new plant in an area nher-"high}y qualificd labour
may be difficult i votaing

Apart fror the different types of cquipment in the raw-grinding department,
the kilns used for the two types of processes are also different, The initial
costs of the dry- angd wet-process plants may differ somewhat, and the goste of
operation may also differ mainly owing to the higher fuel consumption of the
wet-process plant, The relativc merits of the two methodg, however, depend
on the local conditions, which may favour one or the other, The main factor to

consider when deciding abous the type of process ie the moistupe content of
the raw materials, In general, the dry process is preforred for all rey
materials with less than 10 per cent moisture in situ (a0 quarried), whereas
the wet proceas is preferred for very wet raw materials with 15 to 20 per oent
moisture comtent in situ,




For rew materials with 10 to 15 per
tell offhand which of the two mothods i
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celt miisture it g often difficult *o

the more advantageous, It ig usual.y

necessary to carry out detai]ed caleulations in order to cnsur:: that the right

tecigion shall be made,

The merits of tne dry and

Portinnd cement manafact

the wet procesges

are sunarized below,

Iringe procesges

Bame of process

Raw mix
preparation

Clinker buming

Shaf't kiln

Dry iongkiin

Dry 1-stage
prehecatar

Dry 2-gtage
prehoeater

Dry 4-stage
prechrater

Dry shaft
precheater

Dry, grate
freheator

Lepol grage)
Wet kiln with

wote-heat
bojiler

long wet kiln
Slurry filter

Sprey dryer

Pluidised bed

Sintering grete

Osnent/smlpluwio

wid

[ .

Dry grinding,
pelleti.ing

Dry grinding, with
or without
pelletizing

Dry grinding

Dry grinding

Dry grinding

Dry grinding

Dry grinding,
pelletizing

Wet grinding

Wet grinding

Wet grinding,
pressure filtering

Wet grinding,

drying in spray
tower

Dry erinding

Dry grinding,
pelletizing

Doy prinding

3haft «<in

long rotary -i'n with interma’
fittingn

Mediumono ki with ~r ;-ag
And & "=stag cyclone preheatp
Nediume long itn with .r witnout
tmases and a -:tage ey lor -
preheatep

Short kiin without interma .
fittirgs and a d-~stage yol oy
prehcat .p

Short kiln without fn* . rma.
fitt ings and a vertial-shat't
prcheater

drate preheater and shourt ki'n

Short kiln, waste-heat boiler

long kiln with internal fittings

long dry kiln or gMato prcheater
kiln

long dry kiln with or without
cyclones

Special reactors for buming
™o mix in a fluidized bed

Trevelling grate kiln

pecial process using gypsum or
anlydrite for prodwstion of
clisker amd sulphuric acid




Condition Dry Wet

[nitial :ostg of Depend on rew mat rials Depend on raw mterials
equ pment

Puel consumption 00=-)00 kcal/kg clinker 1+100=1 1,00 k:alfkg ©link.r
Power consumption Average Average

Manpower require- Average Low
ments
Alkalis, chioride, May ~ausc problems of Does normally not hampar
suiphur cperationy difficult
to manufacture low- Possible $0 manufacture Tow-

alkali coment of WALy alkali cement of most ey
rew matorials materials

Costs of mairtenance Average to high low tc average
Quality of cement Satiofactory Satisfactory

The initial ~osts of the plants depend on the Properties of the raw
materials, For example, a deposit uf inhomogeneous limestone may require the
installation of an expengive pre-homogenizing store for a dry-process plant,
whereas the same limestome may be fed direct to the raw mill in & wet-process
plant in which homogenization can easily be achievrd after the mill in & less
expensive slurry basin, Inhomogenevus raw materials are therefore a factor
that may favour the wet pProcess,

The fuel consumption is in ganeral higher for the wet=process than for
the dry-process plant, but the actual fuel consumption figures vary considerably
from plant to plant, depending on the moisture comtent of the raw materials,
A dry-process plant may uge, say, 800 kcal/kg of clinker when the rew materials
are all dry or contain only a low percentage of moisture, dut if the rew
materialao contain, say, 15 per cemt of moisture, the fuel consumption will be
about 1,100 kcal/kg of clinker,

For a wet-process plant $he fuel consumption depends on the moisture
content of the kiln 8l4rry. Some unplastic rew materials may be &ownd wet into
& puspable slurry with only 28 to 30 per cent of moisture, and the fuel
oonmption of the wet kiln 1a them only 1,100 to 1,200 kcal/kg of olinker,
Other types of rew materials, uswally recognized as plastic mterials, will
require about 40 to 42 per cent of misture to psoduce a slurry that oam Be
hardied §n centrifugl pumps, and for such slurries the fuel consumption {g¢
about 1,400 to 1,500 koal/kg of clinker,
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Owing to these difforen g in conditions the fy-1 saving ot the dry process
in relation to the wet nrocess may be anything from ni! t, 700 kcal/kg of clinker,
This f1llustrete: how di:ificult it ig to arrive at the rignt decision regarding
the type of prucoss, It ig Stroengly recormendod that the fina! “hoiz. be based
or carcful examinati n of th: paw nat-rials and of 4.0 other fuctors invelved,
Dolailed caleulat .una of +h. initial ¢ .sts and of *he vfraticnal ooty chould
Lrcarried out for ea h alternative solution ongi| r.d, Thear cal~ylati.ng

sre normally mad: a8 part L f th, fina, trasibi ity mt oy,

I the dry rrocogs g chosen, the . xt “tep oac o Lelle b the nest Citatle
Iryekiln uyvtem smong th -ariouc altematives, Tha 4-tagc cyciopo prehoatar
<ilm 13 ortenmeaforpred tvcauge it usualiy is the cnear. at in=ta; at.on,

Por raw material. with h.gh cont:nts f i.kalic (mor ‘h abeat ! per rent

28 Jodium «»xide) v chlorid: (mor. $han 0,0 per cent 0 ), howev. ry it i advisabl«
"2 consider other s juti o suclk s, tor CXAmMD ., & T-stage precout 1 Wil in

shick the intoma; circu.ation of th v, atiie matt:r 1.3 nct phamnor pe

perati.r as much a4 in . d=tag: pr heat.op inctaliati o,

Th: grate pro-hcater kilr 1 fod with rodu.2s  th raw T8l vrerarcd oo
2 dige peiieticer; the lust smiusion £rom the xilp 8y:tem 18 thor ior .y,
However, t.a pertoman « of the Rrate proheater denendy very maon on th.
physical properti-qe oo the raw matoria. i3 it ig osseotial that the rodu. o shou'd
have high strength and p. rosity ailuwing thom t . "a33 through tie ren atop w:th
+ mintmum of breacage,

Slurry filtration ha. Leen uced in & few cueos t. - mbin th.. advantazes
¢" wet raw-mix pr paration an'd the bumming ot & wilr fe.oy with a o miitqpe
“mitent, Tie method off. .r: a substantial fuel SaVing & comparcl with the
w-% procees, bug Jperating tie siurry filters wi:|l usual.y cost ac much ae the
fuel saved, and the ovepmall efficiency of a plant with tlurry filters i- thepefor
tot necessarily superior to that of a conventiona! plunt, The cost of installa~

“ion end operation of siurry filters clepends on the filtcring provertieg .t
*he 81W0

Spray drying of coment rew slurry is a relativeiy new method, which may
e sdvamtegeous in special Oases, for example when the raw Materials bave a high
r>isture contemt ip 2isu bwt produce a slurry that is not entirely suitable for
cuining im & kiln,
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Other types f leas commonly used processes arc the fiuid=bed, the sintering-
grat:- and the shaft-kiln methods, Normally, these procesues Are not competitive
in rolation to the convemtional rotary-kiln installatiins, The shaft kiln ia
8ti ] used 4t mome small rlants, but when these piante aro expanded, such kilns
arc¢ usually replaced by rotary kiln:, partly because shaft kilng brcome less
competitive with increasing piant capacities, and partly be.auge the rotary kiln
prodices a more consistent qualiity of coment clinker, In some Jovolupin‘ ~ountrier
in which suitable rew waterials (™natura) cement” limeston-) are available and
the market i smal), starting a now plant with a abaftekiln instal'ation may be
justified,

ant egquipmernt oud

The selection of cquipment and the type of iayout involves a detailed
pianning of the plant contemplated, The cqaipment should be gelected to suit
the raw materials, the procesn and the site, In addition, the different itoms
of equipment shouid be properly matched,

QUArry equipment, crushers and raw-grinding mills are selected on the basis Q,
of field and laboretory examinations of the raw materials., Moot types of lime-
stone require blasting in the quarry, but some types may be quarried by rippine
with & heavy- ity tractor. Sof: chalks may be excavated direct from the quarry
face. These differeat methods of exploitation call for entirely diffepent
squipment.

The loading equipment in the JUarry preferably should match the primary
orusher gso .hat the quarry excavator does mot pick up any pieces of rook that
&re bigger than what the Primary crusher will be able to hand]e,

Scme raw materials may require pre=blending (pro-honogeniztng) of the pre=
crushed rock before it is ground in the raw mill, Swoh raw material stores take
up fairly large areas and caanot therefors always be fitted into & site of limjted
dimensions, Altemative solutions By be % place rew matorial stores in the
QuArTY or to store the cruched raw materials in silos,

The plant layout should provide sufficiemg Space and access to the suipsent
and at the lowest posaible cost of imtemal hamdling of materisle. Very often the

layout is planned with a view to expansions of the Plant bty & seoond ¢p future
wit,
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Jome plants are designed as "compact plants” with ti. emphac.s on fhort
distances testwesn the main production equipment, i.e, thn kilns and ti.. grirtine
mille, This type of layout has the advantage of short IONVeyors, power .ab.o
and walking distances within the plant, but the layout is not suitabie fnr fiture
expandions beyond the secomd unit. When the plant is to be oxpanded, i+ g

ther fore often che best colution to build the third unit next to vhe wxisting
piant as & scparate new plant,

A difforent tyre of layout hams the grinding mills ani ‘he «;!nr arrang. |
with sufficient space for soversl expansionss The provici:n _f gra . f.p
Mature xpancione nomally incromses the cost of the fipe+ ariit arnd ig thor o ope
on'y ustifi-d when the expansions are cxpected within a " w sear - aftor th
commi icninys of the fipet unit,

Pr A (8] sions

The sxpaneion of a cement plant by a new ki'n and mi’1s calis for n-ariy
th~ same amount of Planning as that required for a new plant, The expericnc.
tfrom the operation of the existing plant may be useful for selecting ‘he
~suipment for the expansion, provided the reserves of rew materiais for the
sxpaniion are of the same type as the materials from the existing quarries,

In scme cases the expansion is made with equipment identica; tb that of the
existing installation, but oftem 1t is decided to alter the specifications,
either because a unit with large capacity is required or because riew methods or
equipment have become available,

The cost of the second unit is UsuAlly smaller than the cost of the first
wnit (when prices are corrected for the effect of inflation). The main reason
is that the storage oapacity for rew materials, raw mix, clinker and cement may
not necessarily need to be extended since the operetion of a two-unit plant
Toquires a pelatively asmaller wffer storage ospacity,

Pinsl feesibility study

After selecting the process, plant sise and location, the total cost of
the project mag be estimated from quotations for the main equipment and estimates
of ocosts of comstreetion, erectiom otc, The oost of operation and the
peofitability of the plant By b caloulated from the estimated requirements of
fael, power, manpower and other Pesources and from the estimated market price
of senmmt,
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The final feasibility report should oontain the caloulations of the
profitability of the projects that have been sclected om the basis of the

preliminary atudy, The main purpose of the report is to emable the planning
group to decide which of the altemative projects offers the best solution, and
it the profitability of this project is high enough tc justify its implementation,

For the project preferred the report should contain & financing plan -ompris-
ing the -apital requirements, conditions of credit, cash-flow profile as well
a: the estimated gross and net eamings and the estimated dividends to the
investors, It is advisable to recaiculate the retum on investment by means of
th diecounted casheflow method,

As the cement plant is & long-lasting installation, the returm on the
invested capital is distributed over, say, 20 to 25 years, The equipment and
the construction of the plant, however, should uswally be paid for within a few
years after the commissioning of the plamt. The initial ocapital requirments are
therefore high in relation %o the yearly camings. Waen the financing plan is
based on balancing a substantial portion of the initial cost against credits amd
loans, it is important to chesk the cash flow osrefully since the yearly camings
are usually not enough to pay off large short-term liabilities.

In many couniries the government aids new cement plants by loans, cash
grants or tax exempiions during the fivet few years of operation,

With the comprehensive feasidility report the plamming phase is completed,
The planning group is then able to decide about the possidle implementation of
the project and, if the decision is affirmative, t0 go ahead with the formation
of the company or the organisation that will be responsidle for the purchase of
squipment and for ordering engineering and construction work,

The plamming procedure, 88 outlined adove, involves a considerable amouwnt
of work as well as the expenditure of capital on commervial and technicel
investigations, HNowever, commidering the high costs of & cememt plant projeoct
and the diffioulties of correoting poseible orrors that may be introduced during
the plamning stage, the offorts and the time spentare well justified,
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II1, CONSEQUENCES OP PAULTY DECISION3

The preliminary planning should be preciazly worked out on the basis of
well-established experience, In most cases investors employ a consultant for
the duretion of u project, There are many capable technical advisers with
comprehensive experience in cement manufacture, 3ome have contributed substanti-
ally tc recent technological progreas in the field, There aro investore, however,
who prefer to spare consulting fees and rely on local technical personnel to
mn old cement plants previously installed in a country., Some have even dcpended
mainly on the limited technical advice of machine suppliers, However, faulty
decisions may occur if the consultant is not spocialized in cement manufacture
and does not have sufficient background experience, The risk is greater in the
case of loocal cement-making persomnel if they are not aware of the latest
technological tremds in process techniques, Risks are greater stiil if reliance
is placed only on the technical advice of machine suppliers, since such instruction
say de limited to specific types of machinery and may not cover local fartors that
may have a vital effect on the project in later stages,

It is normal prectice to include the guarantee stipulations in the supply
coniract; these may not necessarily cover all eventualities,however, The
suppliers usually give limited guarantees for material and performance in the
form of figares for the installed capacity and energy consumption of the main
producing wnits as well as for the efficienoy of the whole production line
when fully opersted. Such guarantees are normally considered as fulfilled when
the guarenteed levels are attained in individual and integrated performance tests,
for whioh the procedures are negotiated beforchand, On the satisfactory completion
of such aoceptance tests, the machinery and equipment are conesidered to be
tumed over by the supplier, notwithstanding long-term factors that may interfere
with the regularity of production or that may upset its econcmic efficiency
immediately after the issue of the final test certificate,

The meshanical and electrical performance of sachinery and equipment is
OTMlly guaranteed for a fized period which is usually one year starting from
the date of operation, Any mechanical or electrical defocts that may develop
later may de partially or completely solved only through co-operation and good-
will between the client and the supplier, Deviations from the guaranteed standards,
however, should be covered by pamalties which are normally represented by the
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Fercentage viiues of the derostive parts, RNommally the penalty stipulationn ape
30 bound together with utpict conditions of Ality of raw materialc and
r.gularity of cperztion: that they are 1ifficult t.» apriy. If penalties arc
Justifiod, they ar urys: 1y 1imited to a sr-cified maximum which, in sost otaea,
never exc: ods S rer ocent of the coritrectual value, Penaity valuca should in any
cage e tuken cniy s mopal incentives for the fu Ifilmint of guarantees and should
not un ongidered CRpensation for defects, since produ~tion lussem and economic
discreruncies in'rease in the lor.g run,

In cam, the conee juarices of defects ape minly bome by production
noonomicce  Sometimer the d.-feits last throughout the life f the project,
Nany f the necassany preautions may be taxen through appropriat . consulting
2T engir-oring work i pre. im.nary stulies and in the plaaning and “xecution
of proje tg, Paiity icigions in thesn initial atages may bring about une or
more of the fol) wing SONBC PN 8,

The vreliminary survey of raw materialy may indicate an ample supply,
This study should not bhe taken as the basis for the final decisi .n for starting
3 project, howev.r, but should be toll.wed by detailod investigmtions which
reveal th~ partiular -haracteristics of the rev materialy, The detailed wor: of
prospecting ic done at comgiderabl- cost and effort, including the uge of
suitabic boring nachinvs, portable comprussors and the Wployment of cxperienced
personnel capabl: of hapd work in open areas that are subject tu peveps weather

conditions, Water WAy have to be trensported to prospecting sites &long difficult,
uneven terrain,

Some investors may be inclined to spare these troubles by reducing or
eliminating the detailed raw materials prospection, Phe consequences may be

detrimental if wdesirable impurities create obetacles to production processes
or have deleterioug effects on the cement produced,

N tand of o] ctio

Incomplete studies of the eoconomics of production may lead to various

diffioculties, T, sxpected capital investment My be wderestinated, Operetiona}
charges may be erroneously foreocast, amd ‘onsequently the oost price my be




.

prodicted at lower, impracti able ievelss Thim may uccup through an attompt +,
encourage {nvestors t- expoct an exaggerated profit, In 5m ages miscalculationg
may result from the app lication of foreign standards ¢ material an! labour costo,
which may be different iocally, Por instance, the average pay may be nomal bt
:e88 te hnical skiil and lower productivity may resuit in a high labnur cost,

In the same semse the mat-rial cost per upit weight ma, . neyr to normal, but

the limited process and poscibilities of workmanship may 1.utle the firal ~nsta,
The unfavourable econumic toneequonos L f aach miccalou.atimg ar n rally felt
at later astages when rectification iy no iorpor Pcs8ible, whereas an ear.y
precise forecast will ind.cate impr.c.merts, cuch ay Yipger lant ci- with
moFe econumical $achnical priooes, In developing courtrice i+ g assentii to
AnBlyre the capital inve.tmen® parti ular: in teymg Poreimm payment and @ scal

~xpenlitare; otherwige miuscalulaty ns may . al to Soroow firancial complicationg,
suitable technol. gica! cepse.

The choice of tachno loglcal pro s may at timec o baged . oan iy, omplet .
picture ot circumstances, or some f the mair. 2l ment. relating 4, the nature -
Eposition of rews vaterials may n.t be takemn pro; eriy into aco ity  Iv. such
cases operational inconveniences Are incurred wh..ch may namp Prolut: or and

even affect the cement qua’ity, Mor inatance, perational troub’ 'y wers extrop -
in on: oase where thc alkali content of the raw materials we: not adequately
taken into considerstion, Th. rotary-cemcut ki in had to b. cors letely stopp o
and converted tato a lime=bumning kiin,

T™e erronsous ohoice of a techmological proceas is further aggravat ..d when
the basim of the ochoice is mot purely techmological, In some casoy complicationg
arise when the P¥O ect is financed through commercial agreements or assistance
or oredit facilities granted by an industrialily developed country, The choi-e
B4y then be limited %o the industrial renge of Cement-making machinery avajlable
in the financing comtry,

e Jocati

The wrong site By be selected because of lack of information about local
conditions, Yormally the market conditions, rew material deposits and means ofr
tremeport are fhe first factors to be comsidered, Sometimes sach factors are
carefully takm inte tonsidenntion and the factory site is fimed accodingly,
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but information may be incompiete about detailed programmes planned for future
development, One of the developmaent features will most probably be the

expangion of housing schemes, Housing may thercfore approach the factory site

and thus create pollution hazards, Environmental concerna are now capecially
important and must be thoroughly examined, Noreover, the expansion of agricultural
projects and land reform may encroach on the areas reckoned ag raw materials

reserves for future expansions,

In other cases market studiesg may be based on optimistic export prospects
whereas a more reflective survey of intermational trede and the projected
cement-industry expansion in traditional and planned export markets may give
a different prognosis for the near future, Brroneous decisiona in this regard
may lead to the location of a factory site nearest to the e.xport habour, thus
imposing @ permanent burden on rew materials transport, 1In one case the factory
site was located 60 kilometres from the 1imestone quarry, and lorry transport
was arranged across a rough, unpaved road which was wshed out during the reiny
season, trus oausing a complete stoppage in the work for several months with
consequent scrious production losses,

hort-sight og for 8

In planning the genersl layout of the project ample consideretion should
be given the pomsibilities for future extensions, The natural development of
and requirements for cememnt render the expansion of the industry a neceseity;
constructing extemsions is a matter of time and the precaution should therefore
be taken to have ample area and facilities, The reserve extension areas
invariably require longer oonveyors and passwys. The extension WAy require
some additional preparatory measures for linking or adjoining the original
plant with the fature machinery and equipment, Moreover, the extension
requirements favour bigger storage capacities to suit the final plant size,

Precautionary measures naturally entail increased investment, which will
bring in no revenue during the early stages of the project, but spare time
and expenditure in making extensions, An erroreous decision to forego these
initisl precautions may cause much waste of money and time in the future,
In some cases a short-sighted decision may cause rot only extra investment,
but it may aleso lead to production losses, Original production units may have
to be stopped for considerable periods to arrenge for their Junotion with newly
erected machinery whether im oivic ocemstrwetion work or mechanioal and electrioa]
facilities,
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Detocttvg contractupl st ipulatiors

T conditions of the agreemont between ti,. supplier and the invoo' or gho i
be fair to both sides and should be clearly set cut, “specially wonira tual
stipulations conceming the efficiency of production u..ts, Artic... should
cover guarantees for production capacities of the main uniti, wh~ther ceparately
or coliectively, im a complete production line, Somprehenc:ve iata ghould alss
be given for efficiency and should cover the main CeOnumic aspe to f Leat onergy

and elc:trical power congumption at optimal orerat: .nal - oy (3¢ Mo,

All particulars for hanling sver after raning tests onooid be ey ained
in respect ¢ procedure, timing and gencral cArecumstances,  Tr mecnar. a0 oa
elactrica’ perfcrman: e should aloo be clarified in tems .7 mger o, tocign
and time limita for the agreed guarentecs, Defective v yume agr Mo ts may
lead to endi~ss disputcs which may require arbitration, T o' poand urpieasant
disputes are always hamful to the .nierests of both parti-3, wher as ymprehenc i,
contrectual stipulations may eliminate unnecessary drhbate,

Me&te estimates of jpare parts

Regular, uninterrupted operation is necessary to attain th- ‘nstalled capacity,
Such regularity requires an ample stock of spare parts .o replacc parts subjoc*
to normal wear and tear such as friction and vther mechanica! stresz, The probiem
of the availability of spare parts is less acute in industrially developed
coumtries since they are easily manufactured with the availability of advanced
workshep equipment, or thay may be readily procured from origina. suppliers,
Namufacturerr maintain stores of standardised spare parts as a safeguard for
consumers. Consequently, the stock of Spare parts in cement factories of
industrially developed countries are comprised mostly of spares of a gpecial
nature and unique design, In developing ocountries, on the other hand, complicated
import procedures and special financial pmbléma hamper the procurement of
required spares, Special allowance hae to be made for long delivery time and
shipment risks, A stook of spare paris should be procured for a sufficiently
long period to cover all exigencies. In developing cowitries this period is
norsally from one to two Years depending on 'special local circumstances,
The aharacteristic features of each spare part should be carefully studied and a
cheok list of spare parts shou'd be drewn up with a precise indication of the
sinismm amount that should be kept in steek and with the time to order new stock
clearly marked on camds for guidance, Workshop drewings should also be on hand
to sever the possibility of looal manufactutte as a safeguard.
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“Ticivnt ostimates of the need for spare parts or deflactive forocasts may
lead to thre steppage of a production unit whioh can possibly stop the rclated
silagec of vperati-n, In extreme cases, the whole production line may come {0 a

mriete standetill for considerable periods,

Ek og tra;ned tgc@}gg; gggm’}

A ‘urmlete team of technical rorsonnel should be well trained ani ready
Oy nt time the rroject starts, Proper training should be organized during the
initia. ctages of txetution, The beot practical experience for the mechanical
anc - Loctrical maintenance group ~an ve gwined through participation ir. the tu.lding
ind rummingein ;haso, This may ®asily be arranged through mutua: v=upoeration and
strict sup-rvici n evon with tumkey ccntracts, Trainees would thue be provided
Wit fall istuiis and would be kept in closge contact with machinery ani equipment
that they weore to maintain, The operationa] and quality control personnol ghou.i
hav: sufficient in-plant training, whether in the same pPlant to be extemnded or in
@ process similar to the new production line, They should be ready to participat.
during the pariod of ctart-up and of testing the guarentees of the equipment to
ensure muximum transfer of know=how from the suppliers to the local techniciang,
Une of the best procedures is t0 includs a treining progreamme in the
Supply contract, The supplier will then undertake the training in similar
production procesces according to well-established programmes,

Overlooking the training process may lead to major troubles, Deficient
experience may cause serious damage that may certainly not be considered a
liability of the supplier; it may even obviate all contractual rights of the
investor from the supplier, In the long tel‘l' the lack of technical experience
causes production losses owing to faulty operetion, Purther, it reduces the
lifetime of machinery and equipment as a result of improper mintenance,
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IV, UNIDO ASSBISTANCE T0 THE CBURIT INDUSTRY IN DEVELOPING COUNTRIES

Experience demonstrates that a well-planned and organized cermcnt induztry
is not essily realized in any country. Its accomplishment is often made more
difficult by an underestimation of the importance of preliminary studics, tecting
and brench knowledge, GQovermments interested in establiczhing a sound and well-
oconsolidated industry may ask for assistance from UNIDO, The first step is to
oontact the local United Nations Development Programme (iINDP) resident reprcsenta-
tive, who will be prepared to discuss, on an informal bacis, the tyre of help
available, Services can be provided by individual experis, tear.. of <xpert: or
consulting fims in the special area concemed,

Specialists with long experience in the cement industry are availatle to
advise and assist looal offioials in the practical establishment of their industry
by helping to prepare tenders for intemational bidding, to cvaluate the biic and
%0 negotiate with suppliers, They may also participate in an early survey of the
market and rev materidls, advise and arbitrete during the period of piant erection
and ruming-in, and ensure that intemational ctandards and guarantees shall bs
respected,

UNTDO has helped to improve the performance and economy of many existing
plants and t0 plan new ones, This assistance is being expanded to include the
treining of local engineers through in-plant courses and fellowships,

In general, for the construction and building materials industries, UNIDO
carries out a large mumber of aotive assistance projects all over the world, The
Organisation is engaged in oontinuous endeavours to broaden its range of assistance
and to improve joint achievements in tae field,

UNIDO experts or consultants undertake exploratory missions in developing
ocountries or provide technical assistance under the Special Industrial Services
(SIB) prograsme, They can, acconding to the specific needs of the country, assist
the govermment in formulating requests for furthor UNIDO assistance, which may
lead to operetions of & longer duration, Requests for more regular assistance of,
say, one year or more, fall under the technical assistance component of the UNDP
and the Regular Progremme for Technical Assistamce.









