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The production of Portiend cemont todey i anly economically possiole, when
the cement in manuiactured v pleuts above 5 certain minimom sise, which
L requires an initial capital investment of suveral million US dellars. The

5 cstutlishment of o aew cument plamt is therefore & mejor project, which
calis for thorough investigations of the murket, the resources, and te
economical conditions selore thy Jecision v stamt the construction of the
pleut o b madc,

The necessity of manufeciering ‘emeat in large-roale plants la dus to
sment manufaciure®s ard the faet M m m of

; oaves considerel; with inord } plamt

| pities, This is & Eﬁﬂﬁ*mﬁ pettern within goveral ntw mm,

and the principles of estahlighing the minimum economical sise of plant are

the same as those used in other industries.

aother charscieristic of the cement indusiry is that the capital investment
is high compured with the actual costs of production. mh the m
of squipment used in & cement plant normally has a long lfe, say 35 years,
and the depreciation of the plant may therefore be diatributed over seversl
years,

This mesr  “at & new cement plant should preferablv run for & period of
al least 36 years in order to render the full return on the capital invested,
It the production ia discontinued after a few years of operation, the remaining



life of the equipment is in most cases completely los' because the resale
valus of cemen! plant equipment ie very low due ‘o tie high cosis of dies-
mantling and traasportation of this heavy type of equipment,

In other words, continuous operation during several yeara is espential

for the economic success of a new cement plant, and the planning party
must therefore take every precuution to ascertain that the surveys on market
and mm contain sufficient evidence that ‘he demand of cement and
the supplies of raw materials will match the life of the olant,

In addition to the surveys on market and rescurces the planning team will
Bave to find answers to & number of other queations, comprising:

1) Plant location “
2) Sise of plant

3) Manufacturing process

4) Plant equipment and layout

5} Financlng and ca2gh flow profiles

&8 thess mﬂiem are important and should be evaluated in detail before the
cision on the possible implementation of the project is roade,

shensive study as outlined sbove is in iteel! rather costly. It ie
refore suggested io devide the work inte a preliminary m&.&y M;
hich is baged mainly on existing information and which may thus be mi
&t & fairly low cost. If the outcome of the preliminery #study- is ence

N mos

b} comprehensive study should be carried out,




Mariel Survey

[ s

vurtiand cement {g vae of tha nost widely uscu comnoditier 1n the world
Due ‘o tae rathe: Jow price per we:ght unlt {abou! 20-30 US dollars per
metete ton) 1 je namufactured locally In el couniries, in which suttable
raw materiale (limestone and simle or clay) mre available,

The consumption per capiia varies from atont b0 kilos :n many develoyin,
countries to about 800 kilow/yemr in industrislized ountries. The everage
Trowth rate of ‘the cement consunption is shont % 0% per year, but ihe

growth rate varies corsidecably fram place to piace, in the industrielized
countries the growth rute iz norml

Mily below tne world aversge, which indjesteg
Spproachiug its ssturation nolat. Iz the developing ~.ountvien

In all countries ihe demand for gement Mcivetag with the aettvities withir
the bullding sector, which ales reflect the sresent 2conomic situation in the
couniry,

Lurge conatruction acherier such as davs 1op hydrociecteie plenta, airports
or highways, may chenge :he dewand markedl,,

In some arcas the demsnd toi cemnmeni may be very low hecause of abnormally
high prines of import.d cement ar cemen: from exising uneconomicel cement
pionts, The pot iial markets of susk areas may be evalusted by studying

the procedures within the building industry and the costn of siternative

Lo

The competitors' activities should bu studied ag closely se possidle. A
Potential market may easily attract severai groups of cement manufacturers

end 1t often happens that new plants or expansions are coastructed simullan.ovcly
within the same arca with the resuli that botl. works will be rumung 8t reduced
outputs during saveral yeara,




Raw_Materials

The raw materials for manufacture of Poitland cement are normally
limestone and shale or cluy, Deposita of these materials are found in
most countries, but the qualities and quantitics are not always quite
satisfactorv to meet the requirements of » cement plant. In fact, only
relatively ‘ew cement plants are so fortunste as to have ample supplies
of high-quality raw materials available within the vicinity of the plant,

In sreas with smaller . or inferior ~ quality limestone the prospecting

for ussable reservee hecomes the most important part f the feasibility study,
hut sven when raw materials secm tc be avaiable, a survey should always
be carried out to asoertain thet the quantiti Jequat

78% calcium mﬂ
ints . slkelies, chlov
The shale or clay mm%;! wrafe;fiz,

- svlpiw ly have low con
mé chloride and suitable ratios bcfwm &u aﬂ&n of silica,

| bors hole saiupling, are m&h mm

- forth : eposits, For thesc studies expert assistance n
often iﬁt m fg W Ea ensure that the necessary evidence is obtained

&t & minimum cost of bore hole drilling,




A —

In special creg Juw curfonais o ose may be ung aded by different vypey
of processes, of which selechve grinding amd sjetation ace good examples,

;&)Pellmlnwf‘_y‘ easi k}ﬁ&{ﬁ tugly

As goon &8 {t has beeu esiablished that the marke' for cement is large
enough to justify a new cement plant and thal raw materials are availalle,
& preliminary feasibilii; stndy should be made in order to exurnine if the
project deserves furtnev consideration. In the affirmative more detailed
investigations are required io be cavried out 1o render the basic date for
a fina] fensibility study.

The aaaia objective of the preliminary feasibility Btudy is « s men
to oxamine if the projeci i promising enough to justily a dets
planniug work ﬁrgigg will i;;ggq:, ipvolve the g;:‘; e

dy nd to wm&: g;uzaa ormation
on the project, which may be requared in order {o calculnte the ia%&t;
requirements mé to obisin finanging for the detsiled study,

the exwuttan of the campwmﬁliw ﬁ%;;,;f‘

Assuming that the preliminsry survey indicates that the market fur & new
coment plant exists and that suflicient quantities of suitable raw mater als
seem to be mﬁaﬁm thfé ;%ﬂiigi y fmm}ﬁg m@ how em m |

Pi‘aéﬁmt&a; &lﬁmm;ls &i‘ mss taé net um%agg, ™ mﬁﬁmy g ing
programme and the estimates  profifability,

All estimates are based on the intormation which is relﬁﬁy available or
which may be obtained al amall cost and without delay. For exsmple the
estimate of the capital requirement may be baged on typical cost figures for
standard cemen: planta such aj shown on ihe table, Hg. 1.




The profitabili.v is expressed ag the pay-back time or the rate of return on
invested capitrl. The pay-back time is the number o years that it takes

to earn the initial capitel by means of ‘he earnings ‘rom the plant dige
rogarding interest, amortisation, and taxes,

The groms rate of return is the yearly earninge expressed as the percentage
of the initial capital, again disregarding interest, amortisation, and tasmes.

Both methods of evaluating the profitability are rather crude, but are often
used heceuse they are simple to work oui and readily understandable., If
& more sccurate picture is required, the vrofiiabliity may be evalusted by
the intermal ui»e:maw which takes into account all expsnditure
_ 8nd income during the ertimated life of the plant and with dus regard to

9's of ransportatios

high in relation to

~vonflicling. For example, it will often be desirabie to have the plant places
in the vieinity of & big city, with a dense market, but, on the other hand,’




~ the plant should not be v lowe o the vealdry al arces, whees conilain.e
~ about dust or nowe mmmance are kel to craate rifiicullies, ‘o1 ¢Lample
gr, when tne compan; arhs o0 perrisaiun tu exprud their plant,

" In general, the viciuty of the raw arerials 19 more imporwnt han the
victuity of the marke!, msinly necaust 'he rav materinis sre by weight
sbout 60% heavier (han the cement,

The ideal location of a contemnplated plan’ msey be caiculuted from details on
the digtributian of the marke! and ihe locations of raw materials and olher
resources by ues of linear progreamming, [n many casea, mi the
eﬁeﬁm is ﬁmﬁii’iﬂ. because one or & "éﬁ sitag have obwig na

uld h sneam m ﬂﬁ mtn @Q ﬁkt
m " am wifh eiﬁﬁag, hecasee they

it is ﬁk&%m iia #t m%zias gi ﬁkﬁ m%aﬁmz r Qm ﬁt% "
position i relution to all compet

The rolation between the costs of ruad suo ship iraaspori is ilustrated by
the fact that the vadwus of the diustribution of cement by read in & cemputitive
market is usually limited to abo.t 100-150 wiles' digtance from the plant,




whereas enent is cften shigped gr 0 ‘hapaneds melen hy mes carrier.
Pue ‘0 the low cos's ~f awpment by mea i '8 M mauy cases economical |
lo operate one lorge-cupacity nlum: with » waterway distribution system
rather than & nuaber of smalier pirnte. The trend tovards concentration
of tha production inte tew, Mo ulaats and disty ibutiua o the cement by
ships or barges ‘o a numoer of dleiribution silos hrs Lecome more and
Frore proncunced during :ecent years, All etisting rind new cement planta
are therefore facing the threu! oi new competition irom far away bigger
producers, who may decide to extend their sphere of opsration by the
building of a new distribution silo.

Optimum Sizo ¢

teadily inerensing. A
demand not only the year after the commispioting, but alse & few years
~ shead. On the other hand, the plant must not be teo biy heesuse the

operaton is only profitable when the plant is workiag « aimost full ca acity.
The breakeven point often corresponds 1o about 70% wtilizeiion,

in & market with competition the opiimum size of & new plant will very

much depend on the relative merite  the naw giant and the cxisting
competitors. If the new piani s designed to produce cement Al lower coate
than the existing gaaa*a it may ba ~ble 8 take over © considerable portion

of the market, and it mey be juatitied to butld & rather big plant on this bauts,
However, this means hard competition with the sxisting producers, who may

The optimua plart size cun be calculated from the markot survey dats and
the bas'c unit pricos of cement and trahaport as well as the caloulated cost
figures o. the consiruction and operation of plents of different sizes, Such
calculations are onsad on aseur.ed marke! volumes and prices and it is
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recommeaded 'o carry o.- 8enxitivity tegls U order to cvaluate the offec?
of possible deviations ‘roem the estimaied buaic figures,

The final decigion regarding ‘he size of a new plant is ofien influenced by
the optimism or pessimisin of the planning group. Some executives wish
1o be on the saie side by not building the plant any bigger than necessary
and ather decision makers feel that the plant must lirst of all be big
enough to meet the challenge of the furure,

It ir & paradex tha! hoth iypes of planners may claim that ihey were right
when later facing the uctual developments. The plant which was built on
the small side, will be less competitive because of the higher production
costs of small plants, snd will not he able to conquer its share of the
markets. The owners may therefore conclude that they were lucky that
they agrecd to be prudent about the 8ize of the project, For the optimist

The influence of the deercasing produciion costs with increasing plant
CapRcity may, of course, be included in the calculations, but if the profitability
curve develops & "flat" maximum with almoat the same value for & rather

wide reange of plamt sises it is of little naelp for the planning group.

Although the calculation of the optimum plant size in cfien rather complicated
the principle is in fact quite simple. As shown on Fig. 2 the unit cost of
Production decreases with incressing size of the plant, hut at the same time
the unit cost of transportation of cemeni increases because normally the'
wargionl market can only be geined by increusing ihe radius of the market
ared. The theoreticsl optimum plant size is then determined by minimiging
the combined cost of production and transportation, '




This simple model may, ot coursr, be modified to auit special characteristics
of. the market, the means of transportation and the type of plant,

Cmiea of Process

The manufacture of Portland cement comprises the following three procegses:

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

Before the year 1900, Portland cement was burnt in small shaft kilns
today about 95% of all cement is manufactured in rotary kiln plants, M
m ta&y aﬁg ﬁ;eé in special cases and are mrmﬁy not ewtiﬁﬁ

¢ manufacture of coment in rotary kiln planis mey be carried out by
different types of processes, the most commen processes being the dry
and the wet methods.

A more comprehensive lisi of the different processes used today is m
on Fig. 3. In the dry process the raw materials are dried in & separate
‘ or in a dryer crusher or nﬁiﬁr&iﬁﬁé&a@u&ﬁm&&mﬁ

d for the clinkering process. The dry raw meal from w mil
genised in special silos before it is fed to the dry process ﬁia

The wet process is characterized by the wet grinding of the raw mater

into a thick slurry, which is homogenized in siuréy silos or basing

and pumped to the wet process kiln. One important advaniage of the wet process
is the atﬁglieity of operation, which should be taken into consideration when
selecting the type of process jor.a new plant in an area where highly qualified
labour may be difficult to obtain.




Apart {rom the lterent tvpes ol o, ipwoat in the :aw grinding departmoent
the kilns used for the two lypes of nrocesser arc also difterent. 'The
initial costs of ‘he dry and wel process plants may dilfor gomewhat from
each other and the costs of operation also differs :mainly duc to the higher
iuel consumption of the wat proccas plant, The relative merits of the

iwo methods, however, depends on the local ~anditions, which may be
favourable for onc or the other of the methods, The mein factor to be
considered when deciding about the lype of process is ithe moisiupre content
of the raw materials, (n general, the dry process is preferred for &E
raw materials with less than 10% moisture in situ fas quarried) where

the wet process is preferred for very wet raw materials with zszas
moisture content ia situ,

For raw materials with 10-15% mﬂ%ﬁ%ﬂ it ig % égﬁaa to !ﬁ% oft
h&aé which of the two mothods i t advaniageoy \ '
IeCUSSArY to carry out mf&f@ detailed ealeulrtions

the right decision ts arrived at,

The merits of the dry amd the wet Wm; are swmmarized

Fig. 4. The initial costs of the plants de ;

raw materials. For example a deposit of inbomogencous limestone may

require the installation of a rather expensive prehomogenizing siore for a
dry process piani, whereas the same limestone may be fed dir:et to the

ﬂt &ﬁi in & wet process plant in w&%ﬁ homogenizsation can easily be
o ter the mill in a less exvensiv ekwy —

Inhomogenous raw materiala are ‘herefore a factor which may speak ia
favour of the wet process,

The fuel consumption is in genersl higher for the wet pracess than for
the dry process plani, Lut the actual fuel consumption figures vary considerebly
from plant to plant, depending on the inoisture content of the raw meterials,




A dry prucess plant may ise, .ay, 800 keal/kg clinker when the raw
materials are all dry or contain only a few percent of moistuve, but
if the raw materials contain, say, 15% noisture the fue! consumption
will be about 1100 keal/kg clinker,

For a wet process plant the fuel consumplion depends on the moisture
conient of the kiln siurry. Some unplastic raw materials may be ground
wet into 8 pumpsble slurry with only 28.30% of moisture and the fuel
consumption of the wet kiln is then only 1100-1200 kcal/kg clinker.
Other types of raw matariels - usually recognized as plastic materiala
ﬁﬁ@amiﬁiﬁﬁmfaﬂ to produce a slurry which can be
j centrilugal pumps, end for such glurries the fuel consumption
it m mmm koeal/kg clinker,

2 conditions the fusl saving of the dvy process
pes miy be anything frow uil to 700 konl/kg

o illuriraten hoy &fﬁfvgii it a to arrive at the right decision regerding
af process and 1 ‘ recommended 1o baoe the final
 on careful cvxaminations f zﬁn raw mater'als and all other factors
P '; and to carry out dewiied calculations of the initial costs and
,aﬁl cosis for ﬁﬁh alternative solution that is considered.
: ” ‘ ~‘ ‘ inal feagibility

oss in chosen the next step is to welect the begt suitable
ymong the various m&u alterantives, The ixmgt

notallation, hki m raw mater.als wmz high contents ai’ Mt (m tm
bout f‘& as sodium oxide) or chloride (more than 0, 05% C1°) it ie

vistble 1o consider other solutions such as for example a l-stage
m%cr kiln, in which the internel circulation of the volatile matters doe:




not hRuiper the opereiion as much ur ip a 4-slage preheser ngtallation,

The grate prencater kilu is fed with noduies of the raw neal prepared
or & disc pelletizer and the dusi emission from :he kiin system is
therefore rather low. However, ‘he peviormauce of the grate preheater
aepends very much on the physical properties of the raw materials
Lacause it ig essential that the nodules should have high sirength and

porosity coaracterigiics enabling them to pass through the prehester with
a minimum of hreakages.

Slurry filtretion hag been used in a few cases ‘o combine the advantages of
wel raw mix preparation and the burning of & kiln feed with a low
moisture conteat. 'This method affers a subatantial fuel saving a8 come
pared with the we! procegs, bui the cost of operating the slurry filters
will usually be of the same order a. the fuel soving, and the overall
eificiency of « plant with slurry filters is thevefore not memﬁ’i}'
superior to that of a conventionai plant, The cost of installation anvi
operstion of slurry filires dependz on the filtering properties of the slurry,

Spray drying of cement raw slurry is a relatively new method, which
may be advaniageous in special cases, -e, g. whea the raw materials have
a high moistvi2 content in situ, but roduce @ siurry which is rot very
suitable for burning in a wet kiln,

Other types of less commonly used procegues are the fiuid bed, the
sintering grate, and the shafi kiln methodis. Nourmally, these procveasese
are not competitive in relation to the conventional z-atary kiln instaliations,
The shaft kiln is stil] used at some smell planie, but when these plunts

: 8d, the shaft kilng are usually ceplaced by rotary kiln

1&%&&%&3, partly becauge ghaft kilag hecome less competitive with
increasing plant capacities, and parily because ihe rotary kiln produces

& mote consistent quality of cement clinker. i gome developing couniries in
which suitable raw materials {"1atural cemen limestone) are available and
the market is raiher sgall, it may be justified to etart a new plant with a
shaft kiln instailation, |




- -

Plant Equipment and [.uyout

The selection of equipment and the :ypc of layout involve a more

detailed planning of the plaut con emplated. The equipment should be
selected to suit the raw materials, the process, and the site, Further-
more, the different iterus of equipinent should be properly matched, '

Quarry equipment, crushers, and rav grinding mills are selected on
the basis of field and lahoratory exariinaiions of the raw materials.
Moyt types of limestone require blast ng in the quarry, but some types
may be quarried by ripping with a heavy-duty tractor, and seft chalks
may be dug direct from the quarry fac.. These different methods of
exploitation call for entirely ditf:eruat ey ipment,

'fh joading equipmen! in the qua-ry shou'd preferably muiwch the
mary crusher in the way thet the quar 'y ewcavator doss not plek
pisces of rock that are bigger thin what the primary cresher

Seme raw materials may require preblending (or prehomogenising) of
the ushed rock before it is ground in the raw mill. M

: aat&ﬁg& &isswes take up fairly Jarge areas and can therefore not alway
be fitted into & site of Limited dimermions. Alternative solution: may h
to place the raw material stores in the quarry or to store the crushed
raw ﬁi ials in silos,

'?!’M plant layout should provide sufficient space and w@m to the
equipment and st the lowest possible cost of internal handling of materisle.
*ﬁﬂ! often the layout is planned with a view to expansions of the plas

by & sscond or more future unit, :

Some piants are designed as "compact plants” with the smphasis on
short distances between the main production equipment i.« the kilns and




the grinding mille (Vig, S ihee LpC or lnvoun ias (he advantage of
short conveyors, nower cailes, ane ratkieg oistaaces within the plant,
but the lavout is not very sviiable ‘or Mt e vapaigions of the plant
bhevond the secona uni'. When this ‘vpe of pian. i: 1o e nxpanded,

it i therefure often ihe bes:. solution Didd ‘he *hird unit next to the
exigting plant as A separaie, new pient.

A different type of layou' hes the grincing mills and the kilns arranged
with sufficient spice for several expansions. ‘The nrovision of apace

for fu'ure expuns.ons normally incrouges the cast of the first unit and ie
thevefore only jusitfied when the expansions are exjected to be implemented
within 2 jew vearg atiep the commiasionitg of tne { ret ugit,

s,

erienne &em t%e @ﬁimﬁiﬁ of tﬁ@ miﬁh&g piant may ia:p very *&m

&r mm the equipraent for the cxpansion, p.ovided the ressrves of
W materisls for the expansion art of the same type as the metosia

fi‘ag the existing quarcies,

ln some cases the edpanmion is wade Y cquipment identies! to M of
t& é%t%%nt installation , but very often i is decided (o siter W

anmit {whon gﬁt&s are corrected jor @ha &if&gt af ;ﬁ‘%ﬁﬁﬁﬁ} 'Iiw mia
reaaon is that tie slorege capaciiy for raw materisls, rew mix, clinker,
and cement may no! necensarily peed o be extended, as the operation of
& two-unit plant requices & relatively smaller buffer slorage capacity,




Fina, lreasibiliiy Report

After selection of process, plan’ size, and location, the total cost of the

project inay be estimated {rom quotations for the main equipment and
.uhmﬂea of costs of consiruction, erection, etc. Furthermore, the cost
of epeﬂtitm and the profi‘ahility of the plant may be calculated from the
estimated requiremon‘s of fuel, power, manpower and other resources

and from the estimated inarket nrice of cement,

The fimal feasibility report should contain the calculations of the profitability
of the projects, which have been gelected on the basis of the preliminary
study, The main purpoae of the report is to enable the planning grovp to

jecide which of the alte:native projects offers the best &mﬁga. m& if the

!jif}iii&ﬁig of this project is high enough to justily i lmpie '

yd axamples of wsiimatee of initinl costa and cowts of proawt

The wgﬁxwimy i; hﬂi wn |

a?tﬁ. ﬁmﬁﬁg 1

For the project preferred the report should contein  finaneing pl

comprising the cepital requireme us, conditiona of credit,

as well as the estimated gross snd net earnings and the estimel

éaﬁﬁﬁt to the investors. It is recommended 1o recalculate t&t wm
' stment by means of the discounted cach flow method,

As & cement plant is & longissti rutalls Vel
capial is &gﬁﬁuﬁé over ﬁﬁ’?ﬂ‘ﬁ yﬁﬂ‘t uy %&-25 years. The squipment
g the swetion of the plant, however, should ususily be paid within

: ﬁn ym iﬁﬁi‘ the commissioning of the g%mt, The initial capital
reguirements are therefore rather high in relation to the yearly earmings.
When the financing plen is besed ob & subgtuntial portion of the initisl
cost being balanced ageiust credits and losns, il is imprwnt to check the
cqeh flow carefully because ugually the yearly earnings will uot be large

enough to pay off large short term liabilities,




Tn many countrieg, the goverrmaen dauds nes cement piant  projects by
foans, cash grants oy ax exermnid us duerong che 93t few vears of

operation,

With the compreheneive feasibility report ihe planning phase is completed,
The planning groups iz nuw ahle o decide about ‘be posaivle implemenatio:
of the project and, in the affirmative, tc go ahead with the formation of
the company or the orgenisation, whiech will be responsible for the
purchases of equipinent and ordering of engineering and construction work,

The planning procedure, as outlined above, involves & considersble amount of
work ss well as the expanditure of capi'al on commercial and technical
Investigations. However, considering the high costs of a cement
project and the difficulties of correcting poss
heen introduced duriug the planning siage,
the planning work are well justified,
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Lecture 2, Fig. 2

Costs of Production cud Koad Trapsgoriasion

us $ /me!rk ton
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Fig, 6

Preluninary Fastimate of Initial Costs

F xample: 1000 ts/24 bk dry process plan:

A Cgs;ruction Cost of Works

Cement Making Machinery 4,510
Ancillary Machinery, etc, 580
Spare Parts, Mechanical 410
Electrical Eguipment

Spare Parts, Elecirical
Proceas Conirol lLquipment

Transformer Station Equipment

i,
2.
3.
4,
&,
8.
?“

Offices, Laboratory, Repai~ Shop
Freight and Insurance, Cusioms Duty
,, Consulting Lngincers' Fee
7,  Centingencies

Costs of Land

Interest on Capital during Constr .ction
Houses for Emplovees

Working Capital

Total of Other )1 xpenses

Total Capital Requirement (A + B)




Fig, 7

A Preliminary Vatimate of Costa of Prodacticn
S $/metric ton
"ol cement]

1. Fucl 1,50

2, Power 1,60

3. Gypsun 0,60

4, Paper Bags 1,70

8,  Consumnable Siores 1,80

6. lLabour 2,00

7. Administration 0,7

"

Insurances, e'c.

Yearly Gross Karnings on 330,000 ta/year 2,750, 000
5. ‘Total Capital Expenditure 18, 400, 000
6, __Return on Capital , , , 15 %
7. __Payback Time 6,7 yvars

.









