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tic pr<*ítiH-tío" of PortttMMi cedent today .    only tK.jr.onuceily penatole*  whin 
•H« «serpen* us maftufccim ecî •*. p\»ui» ahwe  ; ruruui mininu'm aie*, widen 
rr^iuren un mt*.i*í capital ir.ít.'ftmfnt c*í ?werai mílMwn t*b doUers.     Th* 
ottta'jUal'tnent o* =i u*v  wment plant 19 ¡.herefore a major projet, which 
celia for thormign •rv*M:íífc,'unH <*í U.*» stiferl*«**,   the t**?emirc«a* and the 
e^«Hwmic«î t «tMj'*¡ ni»   »lor« thfc der.t*ia» iw »tart tna r*>netruçUuti of th« 
pi*?.t c«r» he m»J.. 

The »«©•#«* ?y of r »anula a ¿i ut« anient in large «vmlf piante i« tía» to 
competition 'rom other cernen* imtnuíttctur«'? and the íact that th« coate of 
prodi, rtto« por «on of cement decreaae* noejetdera^lj' with inerenti«! plant 
copitiU*o.     fuie i« » walUknowfc p*»t?ern within eevarai other tndrtetriee, 
•ltd th« principi«** of «»tahttafcng xhv minimum economico! ¡sin« of plant «re 
tho mmo a« »hoe* a«oxf fn o her iiwhtetrtea 

Another charaaeriatic ut tua ramant îndu&uy ia that the capital inveatment 
la Hifh compered with tha au*ue) coate of producition.    Howavar, th« type 
of ofntpfnant need ìA a coment plat« normally haa a toe« Ufa. any tS yea*«, 
and the depreciation of the plant may therefore ba distributed ovar noverai 
yearn. 

Thin mettr ,   s»t a new ««ment plant should preferably run for a period of 
at least 3a year» in order to rendar the full return on the capitai invented. 
If the production in riUcontinued aftor m tew yuara of operation« the remaining 
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lilt of the equipment in in mo»t cases completely log- because the resale 
**• •* etmani plant equipment i§ very low due o tilt high cotta of dis« 
mantling and treaeportation of thia heavy type of equipment. 

In other words, continuous operation during several years is essential 
for til« economic success of a »aw cement niant,  ami the planning party 
must therefore take every precaution to ascertain that the surveys on market 
•ad resources contain sufficient evidence that *a demand of cement and 
H* supplies of raw material« will match the Ufa of the plant» 

Ä addition to the surveys on market and resources the planning tea» will 
iMv f« find answers to a number of other questions,  comprising: 

1) Plant location 
2) Sise of plant 
3) Manufacturing process 
4) Plum equipment end layout 
5) Financing and f°th flow profit»* 

AM these questions are important and should be evaluated in detail before the 
decision on tao possible implementation of the project is made. 

A comprehensive study a« outlined above is in itself rather costly,    it is 
therefore suggested to devide the work into a preliminary feasibility study, 
which is baaed mainly on existing information and which may thus be m edit 
ât a fairly low cost,    if the outcome of tht preliminary study is encouraging 
a mor« comprehensive study should be carried out. 



Musket biarvey 

i urtlBwl ctment is one of *h* iuo*t widely USGü comntodttiea in tue worW 
i).íh 'o ! :e rathe- W.v t>nc<- per- -,e^ru u»lr ia'.»cui "ÎO-JO US bollar« per 
I.K-UHC ton) ii Ja uianufocti!-o.i ioc*!l>  ín til .:oifntrie«(  tn which suitable 
:\i«i  material» Oimuatoai »nel sítele or c.ihy) *re awrUble. 

The consuinpUo« ,*r cnpüa varie» from ut-ou» bft kilos in many devenir,, 
«ountn«» to atwt 500 küosl/y<«*r in   indusírUTü^d    «mirtea.    The «veUg^ 
&o*th vate of  he cement con«u.Tiptf or. is «hunt «í-P% UBI- .yew, but Ose 
growth rat« vari..» cernid* rabí y  from plane u» piace,    in the tnductriftUaul 
countries the growth ruta i« normally bato* tn* *orld average, which indicato« 
Hat «.he market is approaching its eatnr*Uon oolni.    1.1 tu* developing <. juntan 
tfc* growth rata i* usually HigHet tkan •*. In sotne vonntriao eoneidetaMy 
higher. 

I« all countries th* (¡emanai for cameni n*-Uîa.tas «*iih the activities WWW- 
th* baitting nectar, which alar, rettaci tie posent «comte situation m ih, 
country. 

l'jrge conntrvction achenet  auch as daon ior hydro* »act rtr plsnt«, airport?, 
or highways, raa> chao«« ¿jir tietî.and marküáV 

in acme area« '.he demaad tor ea^ii may   be very low tacanas of abnormal)/ 
high prines of import v§ cernent or retnen- frw. exiting tuftconantesJ cfenent 
fiant«.    The potential markets of stuft area» »la? be evaluated by studying 
tfia procedures wi|hjr the bunding Industry and ta« voit« of aJternaUv« 

Ì   construction materials, 
í 

j   The competitore' activmae should SK aiudiod eis Mostly as puaeiUe.    A 
I   potential market may easily attract «eversi ¿roups of remont manufacturer« 

I   UKI li often happens that new pi«nts ^1 expansions ere constructed «imi;lt*ii'.w.'.-l>- 
a   within the sa ne eroa wit¡i tht> result that boti  vorks will ne running at reduced 

outputs during laveria year«. 

1 
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Raw Material« 

Tht raw materials for manufacture of Poitland cement are normally 
limestone ami *hale or ci&y.    Deposit« of these material« are found in 
moat countries,  but the qualities and quantities are not always quite 
satisfactory to meet the requirements of h cement plant.    In fact, only 
relatively few cement plants are so fortunate as to have ample supplies 
of high-quality raw materials available within the vicinity of the plant. 

In areas with smeller . or inferior - quality limestone the prospecting 
for useable reserve« becomes the most important part of the feasibility study« 
but even when raw materials eecm to be available, a survey should always 
be carried out to ascertain that the quantities and qualities are adequate. 

Fer a new plant the reserves of raw materials proved should cover-at 
lernst 3S years of operation and preferably somewhat more to allow 1er 
possible expansions. 

The Limestone should contain a minimum of about 78* calcium carbonate 
and only smaU amounts of magnesir    phosphate, alkalies, chloride, and 
sulphur.    The shale or clay should preferably have low contents of alkalies 
a. id chloride and suitable ritios between the oxides of siile«, aluminium 
and iron.   Apart from the chemical composition the raw materials should 
preferably have physical properties which make them easy to quarry and 
handle* 

Geological investigation!, including bore hole sampling, are normally required 
tortile assessment of the depositi.    For these stadias expert assistance may 
often be needed in order to ensure that the necessary evidence is obtained 
at a minimum cost of bore hole drilling. 
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in special  ea^s ¡Mw  c,r'w;  -ir..*   -.o«:« mü.y  b.r u.,g; add  by different iyp*s 
oí processes,   Oí flutti telet-Mve gt indirti.' <in<i flotation are good example®, 

Preliminary Feasibiiiiv Stuc 
   , ...  .i.., i - i,   i  —rrTfr IMTI -ì  MI m, « ¡i   m    - - mm ii  iff   -ig^.i    msi*m- 

Ag soon §.a il has h©en established that the marke< for remenf is large 
enough t© justify a new eement pl»»t and that raw material» art avail&Ue, 
a preliminary feaelbiliv tf^dy should be made in order ¡o examine if the 
project deserves Jiirth*»v .-on »id* ration,     in the affirmative more detailed 
investigation» t>r* required m i>e carried out io render the basic date f©r 
& filial feasibility «tudy, 

The main objective of rhe preliminary feasibility study is - as mentioned above 
to examine if the projet is promising    enough tr juatiíy a detallad study and 
planning work which will usually involve the expenditure oí a rather sub- 
stantial sum of money. 

Other objectives are to produce a plan of actions and a tua« nthe/falt for 

the execution of the comprehensive study and to provide preliminary iniomation 
on the project,  which may he required in order to calculate the initial capital 
requirements and to obtain financing Sor tiw detailed atudy. 

Assuming that the preliminary survey indicates that the market for a itew 
coment plant exists and that sufficient quantities of suitable raw raatersUs 
seem to be available,  the preliminary feasibility study should contain an 
overall estimate of the initial capital requireme.n, the estimated eosta of 
production,  estimate» of gros? and net earnings, a preliminary financing 
programme and the esumateti ox of i Ability. 

AH fcsti «nates are bae«ti on the intormation which is readily available or 
which may be obtained at «mail coat and without delay.    For example the 
estimate of the capital requirement may he based on typical cost fig tree for 
standard cernen-, plants such as shown on che table,  fig.   1. 



Tha profitability is emprunt „ th# mymiiêek time or the rat« of return on 
inatta coital.    Th« pay-back urna It the number 01 y^nra ttat it tahaa 
to oarn the ittl(lal ^p^, by rattnt ôf ^ „„^ fpw|| ^ ^^ ^ 

regarding interest, aniortioation, and tax««. 

Th© r«M   rat« of raiurn i9 the yaarly earrun*. espreaaad M tte« («reenter* 
of the imtial eapttai, »g^,* dlnrtgardtng intaraat, amorti nation, and tasa», 

Both method, of evaluating the profitability ara rethtr cruda, but ara oftan 
uaod hneauaa they are «i„,ru» t0 work out and raadtly underettnoabl«.    If 
a mora accurata pictur* U required,  tha proftiabiUty may be évaluât«* by 
tí» infernal rata of return »«tnod,  which taita« into acromi all «»peaditure 
and incotte during tha animated life of the pi.«» and with dua rafard to 
tatara*, amor «nation, and tax««.    We ahall rave.* to tha lattar method of 
•vacating the profitability t mtle later whan we deal with ti» final feantbiUty 
aiuay, 

Tha choice of the plant location ia important bao^,» tftt e9#M a traaaiwta^» 
of raw materni* and eamaat ara r*."»r high in retain io the coat« of 
prodnctioa and ala* baca«* tfe. lacaaon has to auii tha co*«***» arar tha 
i "tal Ufa of tha plant aa tha eauiamant can only be mm%ú mì a em< ^^ 
ia normally prohibí Uvaly high. 

T* **« ait. ahoaii ha locate naar'tba raw material,, war tha »arfcat. 
and near tha mean, of transportation a«** a. part, railway, and food raaaW 
Tba availabiUty of elactric nower   iu*i   *.*«* .„    fc raaaav * w w,rM! powar. tuai, water and man powar «bould atee aw 
*tom lata cowidaration. "° °* 

Sow« af the »otara influencing tb« «hai«* * tîw p^ ìmmtim ^ 

conflicting.    Far example, it will oftan h« dartrable to hava tha plant aia««, 
in tha rtcintty of a big city, with a danaa mnrkat. but. on tha JTS 
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•he p!»ni ehonW r*c»t »>** *<H  I l-sr  to tin» re^c-i kfti ar<>e*.   wh*-:-.-. con^lein»« 
about iluet or noise mu pence art  likeh   to criât« rlifiicult!««.   fot   r:«*mpie 
)«t.ör,  wh#n ini- comari/ nr-kw for pc*rrr!s«»í«jt; *..• fxpftiir' tbtir plant. 

In cernirti,  the vie* i.ty   u' »îI-ï riw  xunr.al» *s n».>r*. impur mm   han «he 
vlduity of ih*f marke:,   mai'ilv uecauec    he rav   inawrieia *r« hy *<'igiit 
about 30ft hoevier Uten the ^ttn«n'. 

The ideal loctì»u»o et a   xm«' niíUuo'J plan   me¿ L» cacüüted from detalle ¿n 
¿he «Hatributiou r.t th" .-riarlw? unci ii»<» Jocatmna ol rev* material» tad otite* 
reeourcea oy ai» of lineai    pro^-nromn*.    In many taa«*t however. UHI 

choice 1$ annitriti!,  bereu** on« ur a few «it«« hev« uhvioun advantaged, 
and «ophtatH »tod ceteuhtttone arts therefore  »t»t ktwAy« required. 

Soni« rult* ol thumb m*y b* quit« tutean, web e« *h« rulv that UM punt 
•hotM bo loca'ad near tit« cttttr# of  he marfcoi, bat rule« «f this typ« 
«houle ht ueetl with caution, I*«»««« th*> ere net it ¡way»  me.    if# for 
eiemplo, th* stare»* i» mainly oV idotí netten two centrar with eaty lltti» 

s*îe in between, the ideal locationi i« mi ¡teceatartly ttia palai of gravity 
tht two centr«.* but rather »ha biffa,  of tha twe cettttee. 

The poaition oí poaelble camp*« tart may also influence »br chotea of tua 
plant alta.    In general, tha IOüMK»« of a »aw plain ithoulo be clover to tha 
expected markka than *ny cotr>etit©re bat the «financée ehottld than ha 
tneeavre* in «nit costa of tranaportattan rather thun in mil«?« er kHaanrtra«. 

At the coala of transportation by «-utarwayu u«*ng barge« or 
l>jlk carriera ar« . onsuk-rably Uw*i than the coat» of rail or road 
it is obviou* tha. a location at the waterír«»« p'icea the Blunt in a 
poaiUon hi rotation to all competitor« within the »tete near the waterwey«. 

The relation between the coats a' r«ad &na ship traneporí it iHaatratod by 
the fact that tht» raduta of the dUtribution of t «mont by rf*ad in a eon »mtttive 
market is ueually Hmiínrl to »bo-t 100-1HO trufa« dittane« from th« plani. 



where*« '-«nient i« rftett «hipped o*"   -n- »h^u^nf»* m^er, hy «e« carrier. 
i>ue »o the tow «M?» if «Mupoient bv «•* ¡t   r,   n wmuy vane« economie»! ' 
lo operate one krgi-mparuy nlt,rr w ¡!t ,- waterway difctnbuiioiJ «y«tem 
rather than « number of «mkh*r pin m«.    Th* treni rov^rdo concentration 
of Iba produrla into le^,   n* i,Unta and ¿Mi» ibutf«,:i -v.  .he cement by 
ship« or barge* »« * mtìno*r  >:  rhv.r.butlon « los tut, !;-;:o»e more and 
r.ore pronounced dunng :ecf.r  \vmer,.    All elating md ree tement plant« 
are therefore facing the titrer Oí »*W cr.r¿pei tuna ifoni far a>v*y bigger 
producers,  whv rr.ay ùetH« io extend mei- «phere yf'.-^»ration by the 
building oí n new distribution «¡lo. 

i>LílíP;im-Sirg of Plant 

rhe coit»«mp»ion of ©emani i„ in it.Mt   ountrie» »ieedÜy iacreaalTg,    A 
now eement ¿dent «hoOd therefor* have   *me e*cea* capacity to ewer the 
demand »ot only the year aitar the w mi »e* on* tig. but alto a few years 
ahead.    On the other hand,  the plant mw not be too bit! becavae the 
ope^Ucn,ii only profitable wb« n the eia* if working  u «Imett Ml! cavity; 
j*e breakeven point often turi ¿«ponds to about 70% «uutau««. 
In a market *!tfc r.ontpetitton the o?uai«n «20 of a new piani will very 
muen defend on the rtîative fi,*ri*r    • the ne« oient and the «H*tii.g 
competitor«,    if ti» MlV pnn, ,M rtt#ÎÇJltti ,e produCil e^eat at lower coita 

than the eaiatinf ajaa^ it may fee    We 1« take over e <*n«id*rable portimi 
of the marret,  and i, may be jaatitied to buikf a rather big niant on thi« haul P. 

However, thi» mean* bard co*i»t!*i*i »uh the ««¿eting ptodueara, who may 
deride to lower Ueu price* ¿ad tak* at!*.* ectfonr tn heap thetr abare of te* 
market, 

The optimum plart «ix« «n be caleaiat*d from the market «urvay data and 
the ba* c unit price« ..« rament and trw»*port a, „«U aa the calculated coat 
figures To.  the eonalrtirtion «nd operation ->f pmm« ot different «i«««.     Such 
calculation« er* <*««d *n a««ut <»d me^ke* volume« *n* price« «nd it io 



rec.omm.nM   o carry 01/ sen^vMy .*.•. •;,. orrier to evaluate >h„ (lfrec. 
of peesible deviations from  the e« tins, ted basic f.guree. 

The final decision regarding «he ti*« of e new plant i. often influenced by 
the aptimia» or pessunUm of the plamung group.    Some esecutive* wiah 
to too» «b» Ml« side by not building tht pltm any bifg€t, ltmn ntcmir¥ 

and other «acialon makers feel that the plant mutt tir« of att be big 
•nongli to meet the ehftUeng« of th© future, 

it ir a parade» th.« b«h iypM of pUmners may claim ^ ihcy ^ 

when later tain* the «run development«.    Tho pUnt which was built on 
the small .id«,   will be less competi uve becaue* of the higher productif 
e««« of tmalf plant*, and vài! no» be «ble to concur it« share of tht 
mark*»*      The owners may therefore conclude that they war* lucky that 
they agreed te be prode« about the size „f th« project,    tor the optimi«!* 
t*rty.  the bigger pia« proved to be very competitive and it took over a 
iÄTger «hare of the market making the owuere happy that they decided to 
think big". 

The influence „f the decreasing production costs with increasing pia« 

«»»city may,  of ccurae,  be included in the calculations, but if the profitability 
curve develo,» a "flat" maximum with almost the asme value for a rather 
*ide range of pía« aises it is of little help for th« planning group. 

Although the ceJctttattofl of the optimum plant sise i» often rather complicated 
the principle is in fact quite simple.    As shown on Fig.  2 the unit cor of 
production decreaee* with increnamg size of the plant, hut at the same time 
the unit coat of treneportatioti of cement tncreasea »»«cause normally the* 
mirginal market can only be gained by increasing Uie radtue of the market 
»re*.     The theoretical optimum plant atte ,« then determined by minimising 
the combined coat of production and transportation. 



Thia simple model   may,   oí course,   be modified to *uit spécial characteristics 
of, the market,  the means of transportslion, and the type of plant. 

cl#c* * Priese 

The manufacture of Portland cement comprises the following three processes: 

1. Preparation of a raw mix 
2. Burning of the raw mix to cement clinker 
''.  Grinding of clinker and gypsum to cement 

Before the year 1900,  Partland cement was burnt in small shaft kilns«  but 
today about 95% of all cement is manufactured in rotary kiln plants.     Shaft 
kilns are today only used in special cases and are normally not competitive 
with rotary kiln installations because of higher costs of labour and because 
it is difficult to manufacture cement oí satisfactory, consistent quality by 
means of Shaft kilns. 

The manufacture of cement in rotary kiln plants may be carried out by 
different types of processe«, the most common processes being the dry 
and the wet methods. 

A more comprehensive list; of the different processes used today is shown 
on Fig.  S.    In the dry process the raw materials are dried in a separate 
dryer or in a dryer crusher or dryer mill and ground to the fineness 
required for the clinker i ng process.    The dry raw meal from the raw mill 
is homogenised in special sil o a before it is fed to the dry process kiln. 

The wet process is characterized by the wet grinding of the raw materials 
into a thick slurry« which is homogen!ted in slurry silos or basins 
and pumped to the wet process kiln.  One important advantage of the wet proceßt 
is the simplicity of operation,   which should be taken into consideration when 
selecting thft type of process for a new plant in an area where highly qualified 
labour may be difficult to obi a in. 



Apart from  the 'Uíterent  lv|>e& oí r..;. ¡pmc-it in th* : aw erindiitt department 
the kilns  used for the two typet of nrocesser  are al«o dif'.»rtnt.    Thi» 
initial cost« of   he dry and wet proues» plants may di iter somewhat from 
each other and the casta of operation als© differ a mainly due to the hi^wr 
fuel consumption of the wot process plant.    The relative meriti ©f the 
two methods, however,   ctependp on the local eondiUotts.   which may h# 
favourable for on«; or the other of *he methods.    Th« main iactor to be 
considered when deciding about the type of process i:*, the moisture content 
of the raw materials.    In general,  th*» dr.v propese is preferred for ell 
raw meteríais with tens than 10% moisture !n ai ht 'as quarried) whereas 
the wet procès« ia preferred fot very wet raw mataríais with 15-80% 
moisture content in situ. 

For raw materials with 10-«5?« moisture it iö often difficult to tttt «ff 
hand which of the two methods it the morm advantageous and it Is usually 
necessary to carry out rat h Mr detailed calculations in order te ejafare that 
the right decisici! is arrived at. 

The merits of the dry and the wet processes are summarised in Hie tabi* 
Fig. 4.    The initial costs of the »tanta depend   on the properties of the 
raw materials.    For example a deceit of <nhoirtogc:.ooua limestone may 
require the installation of a rather expensive prehomogtmiKing stère fer e 
dry procese plant, whereas the same limestone may be fed sir .d to the 
raw mill in a wet process plant iu which hemogenisation can easily be 
achieved after the mill ir. a less eapertsive slurry basin. 

Inhomogonous raw materials are therefore a factor which may apea* in 
favour of the wet procee», 

The fuel consumption i e in general highei  for the wet process than for 
the dry process plani,  lut the attuai me] consumption figures vary considerably 
from plant to plan», depending   on the moisture content of the raw materials. 

mm 



é\ dry proreati pìmnt   may  <ine,   ..av.   êOO kcal/kl! .;linkt*r wn*n the raw 
materials art all dry or cdutain only a few créent of moietuve»   Hut 
if if» raw materials «umtnin,  tja>,   lr<% moisture the fue» consumption 
will li« about U00 lien I/kg rtinkor, 

For a wet process plant th« fuel consumption depend« on the moisture 
contant of tits kiln «lurry     Sorv.t  unplsstic raw materials may bo ground 
wot Into a pumpabl« «lurry with only 28.30% of moi «tur« and the fuel 
connumpUon of th« wet kiln ig thon only 1100*1200 kcal/kg clinker. 
Qthor type« m raw materiel« - usually recognised a« plaatic mstenala 
will require about 46v43*? of moisture to produco a alurry which can bo 
handled tn centrifugal pump«, and for sunn «lurries the fuel consumption 
is about 1400-1 MM) weal/kg riinker. 

Ow to moa« difference« in conditions the fuel saving of the dry process 
in relation *c Em wei proejen at&y be anything from nil to tew keal/kg 
«Jiafcsr. 

Ta*« illurtrate« hew «sfficuit it is to arrive at Hie right decision regarding 
type of process and it ¡a atrongly recommended to bag« the final 

or careful examination«  *f the raw mater'al« and all other factor a 
involved, and to carry out dets**¿d calculation« of thr initial costs and 
the operational coa*« for each alternative solution that i« considered. 
Those calcuiatione will normally be made as part of the final feasibility 

If the dry proco«« is chosen the next stop is to «elect the best suitable 
dry kiln system among the various possible alternatives.    The 4- stage 
cyclone prehsatar kiln i« often preferred because it usually is the cheapest 
installation, but for raw materials with high content« of alkalis (more than 
shout 1% as sodium oxide) or chloride (more than 0.05% Cf) it is 
advisable to consider other solution« such a« for example a 1-stage 
proheater k'ln.  in which ih* internili circulation of the volatile matters doet 



not hamper the operation a« ro-.idi up i„  a 4-stagc prehear installation. 

I The grate preheiier kiln i* rod with nodulo* of tlw raw meal prepared 
J on a disc pelletirsr and the dust ^mission 'rom UM» kiln system is 

therefore rather low.     However,   *he performance of the graie preheater 
copendg very much on the physical property» of ¡ho raw material* 
because it 4a essential that the nodulos should have high strength and 
porosity characteristics enabling them to pas* through the preheater with 
a minimum of breakages. 

Slurry filtration has been used in a few cáseo :o combine the advantage* of 
vet raw mix preparation and the burning of t kiln feed with a low 
moisture content.    This method fl'fe-g a substantial fuel saving as   emu* 
pared with the we: process,  but the cost or operating Mie slurry filters 
will usually be of the same order a., the iuel saving,   and the overall 
efficiency of a plant wUh «lurry filters   s ihi.refore not neee«sanly 
superior to that of a conventional plant.    The cost of installation and 
operation oí slurry futres depend* on the filtering properties of the slurry. 

Spray drying of cement raw slurry is a relatively new method, which 
may be advantageous in special caaes, -e.g. wiie/i the raw material« have 
a high moittvxj content in situ,  but ..roducc a slurry which ie IM very 
suitable for burning in * wet Win, 

Othíír types of less commonly usad procos*«* are the fluid bed, the 
sintering grate,  and the shaft kiln methods.    Normally,  these proteases 

are not competitive in relation to »h« conventional rotary kiln installations. 
The shaft kiln is still uaed at Some dai*U plani?,  but when these plants 
are expanded,  the shaft kilns are usually replaced by rotary kiln 
installations,  partly because shaft «iL» become less competitive with 
increasing plant capacities,  and partly because the rotary kiln produces 
a mote consistent quality of cement clinker,   lu some developing countries in 
which suitable raw materials ("-.laturtl ueinem" limestone) are available and 
the market is rather ssjnall,   it may  he justified to start a mm plant with a 
shaft kiln instatlation. 



l ; 

Plant Equipment am! Layout 

The selection of equipment and »he lype of layout  involve a more 
detailed planning of the plant con emplated.     The equipment should be 
»elected to «nit the raw material»,  the process,   and the site.   Ftir&er- 
more,   the different items of equipment should be properly matched. , 

Quarry equipment,  crushers,  and ra v grinding milis are selected on 
the basis of field and laboratory exaninations of the raw materials. 
Mout types of limestone require blast ng in the quarry,  but some types 
may be quarried by ripping with a heavy-duty tractor,  and soft chalks 
may be dug direct from the quarry fact.    These different methods Of 
exploitation call for entirely different ee^ ¡pmeni. 

The loading equipment in the quarry shou'd preferably match the 
primary crusher in the way that the quar y excavator does not pick 
up any plecas of rock that are bigrjer thrn what the primary crusher 
will be »ble to handle. 

asas« raw materials may require prebleraling (or Drehomogenislng) of 
the precruahed rock before it is ground in the rav  mill.    Such raw 
material atores take up fairly lar¿í  areas and can therefore not always 
be fitted into a aite of limited dimensions.    Alternative solution may be 
to place the raw material stores in the quarry or to store the crushed 
raw materials in silos. 

The plant layout ahould provide sufficient space ami accesi to the 
equipment and at the lowest possible cost of internal handling of matártela. 
Very often the layout is planned with a view to expansions of the plant 
by a second or more future unit. 

Sam* planta are designed as "com pût' plants" with the emphasis on 
short distances between the main production equipment i.t    the Mina 



The grin,«** nuHr ^V.   5».      ¡ h.r tvpc u, i^om   «H ll.e advance of 
shorl conveyor®,   ¡»war oaides.   r-.ru' -a«^ rh^ace, within the Man» 
but  the layout is  noi very si.;labio ,'ot- f^ re  junior»« oí the plant   ' 
beyond the Mcono uni'.     When t„;8 ,ypt of pian,  M ,0 (i# mimndeú$ 

it is thareíor« often the bus: solution   u UuiU <i,fc .fclm unit m»xt to tht 
cXi«ling pUnt A« « sopara ta.   its« plum, 

A differs type of toy out ha« <h* griming mi Ita and i.» kilns arrange 
with sufficient space for «wwr*; aitpanaions.     Th*.  ^ravi^oa of space 
for fH'urt expa:i«.on« normali/ ¡,u.roh8-»» the e-wt  of »he first unit fend ie 
therafora only ju^tfl«* wh«,, th« viptnal«» «re »M««ttd to bs implamtm** 
within a raw yaare af#r ti * curr.imbonii g oí (ne f rat ua»L 

t^m ««wiaai 
Ti» axpansiott oí a temer.! p!ar*t ».y a m-w win and miti* calife for almo* 
th* tai»« amount of plañid*? wor« as mat requirad tor a new plant.    Tf» 
•^»rt«n«a fro«i *h« vibrati««*, of the ^¿*r *k Mia i» «my i*» vary tisafttl 
for aalacti^ tli« e*|*tpîa«nt 1er th» <*tmmUm,   r..-m!iM ths reftarva« of 
raw material* for th« aspan»!** a** nf «v,* **ro<» typft at ,hli wtl#rta|, 
from ths «slatin* qaarr's», 

Î» «ORI« casa« th« tsp*tt*.on u< Uia*k S^ tampaum* identteu! u» that of 
tt» existing inetaliatlcn , but vary Mí tan í   i* caridad to altar Ma 
«pacificatati, »í;»»r bargia* a md» with larga capacity i* r**fir«4# or 
new tnathods ot fcquiom^n' h*v>   hv<Mr»« available« 

Ife« coat of the «at-cwt unit   a usuati* «nuli*    ^har. the coat of   th« first 
tinti <wh<m pr;e*s are t ont «ad i«r ih* affect of inflation),    îha main 
raaaa* is that th* storsga CH|MM* ,y for raw »a tamia,  raw mis, elinaar, 
anal camem may not np-n»»arilv t&vé tu t* evttmdad,  a*» th« opsration of 
* two-uttii slam naquit»« a ralaM^iy ampliar tatter swaga capacity. 
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-   \L 

Pina,   Feasibility  Report 

Altor .elecüon of procesa,  plant .1«,  and location, the total coat of the 
projet may be .«¡».tod <• quotations for the main equipment and 

JLm of ceata of cotton,  erection, etc.    •^ ^   ^ 
of operation and the profitably of the plant ma, be calculated ir«J* 
eüi^ned requlref^uto of toel, power,  «lanpo^r and other ree*ireee 

and fro« me eatlmatod inarket wire of cement. 

T» final feasibility report ahould »»in the calculation, of »>£""» 
of the projects,   which hav* ^ selected on the basto of ftf £*"^ 
etodv.    The main purpoe* of the report »a to enable it», planning gr*» to 
decide which of to» It..«..*, project» «ft?« toe beat nation, and if 
«rofitabititv of toto project U high enough to to.Hr> ice tmptomentotton. 
amplified «.mple. of eenmatee of irittol coita and coat, of prodotto. 

W. .hew» on rig. « and Fig.  7.    The profitability i. hero ^•" 

to. gr-. pnrflt e^r.^ •• ¡* ««.ntoge of the totol ^^^ 
Th. return an capital of 15* correepond. to e payback Urn. of 6. T 3^* 

Por the project preferred the report ehould eontoi« a fine*.!.* P**»   
compriatng the capital require«* ito. condanna o  credit, ca.h flow profile 
». wttt aa the e.tmmtoa groes and net earning, end the a.t«»»tod 
dividnd. to th. investor..    It if recommended to recalculate the rotor» 

on investment by meane of the dineountod ea*h flow method. 

A. • cernant stout i» a limfJaeting i«.t.llat»on the return on the inverted 
capitel i. attributed over acveral year.,  aay a«KSS yeara.    Th. equipment 
M* the comnrwcUon of the plant, however,  rtwuld uaually ha paid within 

* I.« y..ra aftor the -rom mi M toning of the plant.    The initial cpital 
r^mriMT.enis *m taratore rather high in relation to the yearly aarotoif» 
When the finwuMng plan to based on a aubstontial portion of th. Initial 
coat being balance«.» ageiaet credit, ani loan.,  u is important to check the 
c%ah How careMilv m-cauae usually the yearly earning, will not be larga 

•neugh to p»>  off large- ar-or- term liabilities. 



Tn many countries,   the governinoti, üIúH ì U-V  «.emoni plant    projects b\ 
loans,   casti grants or  tax  ox«?np'.:  us» tlur-in-*,  ¡he?  firit h-v*  years of 

operation. 

With the eomprebeneiv« feasibility report the planning phase is completed. 
The planning groups is now able io decide aixmt 'he posatole implementatici 
of the project and,  in the affirmatives,  to go ahead with the formation of 
the company or th« organisation,  which will he r««pon«ibl« for the 
purchases of equipjDUit and ordering «•? <*ri|>,jnt><9ring and construction work. 

The planning procedure,  as outlined ahovfc-,   involves a considerable amount of 
work aa well as the expenditure of capital on commercial and technical 
Investigations.    Howove \  ^otusidenng the high costs of a cement plant 
project and th« difficulties of correcting poasibU» errors which may have 
been introducaci duri ¡g the planning «tage,  the eCforta and th« vim« spent on 
the planning work are well Jutsthied 
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F iß.   6 

Kjtatiijdç:       1000 ts/24 h dry process plant 

A .   Construction Cost of Works 1000 US Dollars 

î. Cement Making Mar hint ry 4,110 
a. Ancillary Machinery,   eie. %«0 
3. Sparc Paris,   Mechanical 410 
4. Electrical Equipment 1,040 
S. Spare Parts,   Electrical 100 
6. Proceas Control equipment 200 
7. Transformer Station Equipment «SO 
8. Erection and Administration 1.350 
». Building Work 5.100 

U. Koads,  Fences«  Levelling of Sit« 100 
11. Water Supply Plan* 100 
12. Quarry Equipment 450 
U. Opening of Quarry 100 
14. Offices,  Laboratory,  Uepei - Shop 130 
15. Freight and Insurance, Customs Duty 450 
16. Consulting engineers' Pec 310 
Í7. Contingencies 450 

Total Construction Costs of Works 18,140 

H „- ,PJH£ iflPnsest 

1*. Costs of Preliminary Investigations 
19. Costa oí Land 

20. Interest on Capital during Construe lion 
2t. Houses for Employees 
32. Working Capital 

Total of Cither Expenses 

100 
135 

1,000 

1,000 

2,275 

Total Capital Requirement (A 4 B) 18,415 



Flg. 

A  Preliminary Kntiw*t>: of Cost* oí  Prod.,ttic/i 

1. Fuel 
2. Power 
3. CUypaun 
4. Paper Bags 
5. Consuim»t>ie Stor©a 
6. I *l«)ur 
7. Administration 
B. Inaura nee*,  e'c. 

It. 

11. 

9.      Direct Production Cosi» 
Oí» m     M>i ' 

Depreciation«,  5% p.a.  on 1>»S S IB,4 Mill, 
dtvtded by »30.090 »/year 

Selling Expenses 

fi S á/metric  'Q^_ 
""    Toi ce me ni 

1,5« 
1,80 
0,«Ô 

1,T0 

1,00 
2,00 
0,75 
0,40 

10.45 

la.      Total Costa of Production 

280 

0,40 

lt<, 65 

B Aproxímate Return on Capital 

1. Selling Prie« of Cernent 
2, Total Ca*ta oï Production 

8. Cri»» earnings P*r Ton oi Cem*nl 

4. Yearly íiroe« earnings on 330,000 t»/ytar 

5. Total Capital Rxpanditur* 
fl.      Keturn on Capital „„_  

7        Payback Time. 

¿2,0* 
13,65 
8,35 

US S 
2,750,000 

18.400,000 
15 ft 

6,7 y*» ya 






