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Note 

The designation employed and the presentation of the aaterial in 

this publication do not imply the expression of any opinion whatsoever on 

the part of the Secretariat of the United Nations Industrial Development 

Organization (UHIDO) concerning the legal stat~• of any country 1 

territory 1 city or area of its authorities. or the deliaitation ct its 

frontiers. 

Mention of fira naaes and comaercial products does not indicate the 

endorsement of UlllDO nor does the quotation or description of any 

proprietary right (patent 1 trademark, industrial design, etc.) imply the 

confirmation by UHIDO of its existence and validity. 

The views expressed by the authors of the articles or descriptions 

reprinted in this publication do hOt necessarily reflect the views of the 

Secretariat of UNIDO. 

All material, where attributed, is the copyright of the rublication 
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publisher concerned. 
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Introduction 

The compilation of this package was in response to an increasing 

number of inquiries fran developing countries requesting L1BIDO for 

info:nnation concerning specific aspects on the subject. 

The objective of this information package is to assist local 

investors, companies and individuals by providing them vith such 

information in their efforts to develop the possibilities of 

establishing a new or modernizing an existing facility. 

This package, which is a compilation of collected material, 

contains basic information on the subject and other industr;y­

related matters vith emphasis on the experience of developing 

countries. It describes the preparation of raw materials, 

m.ethC"is or production and processing, machinery and equipaent 

needed. It covers technology, econClllic and financial aspe'-ts 

of specific projects. This package also provides a questionnaire . 
on the subject and has reference to equipaent and technology 

suppliers. 

The information contained in this package is by no means 

exhaustive nor should it be considered a replacement of 

technology profiles. Any contribution from our readers for 

updating of, or inclusion in the package would, of course, 

be welcme. 

For further information please contact: 

UIUDO 
Industrial Information Section 
Vienna International Centre 
P.O. Box 300 
A-1400 Vienna 
Austria 
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General Remarks* 

The cement industry, as the producer of one of the m...,st verstile building 

materials, is a key industry in national industrial development in the developing 

countries. During the period 1960-1981 the cement produr.tion in the developing 

countries rose from 42 million tons to 213 million tons ~nd their share in the 

world rroduction increased from 13 to 24 per cent. 1/ 

The tendency in the cement industry is to build increasingly large factory 

units. A normal size is now 3,000 t/d, while units with capacities of 9,000 to 

10,000 t/d are now contemplated. They are highly capital-intensive. Smaller 

sizes more suitable for developing countries with smaller needs use older but 

modernized technology without much sophisticated instrumentation. Good Portland 

ceme~t can also be produced economically in a 300 t/d plant. 

Still smaller plants, called mini cement plants, with capacities as low 

as 20 d/t, are being built and have proved to produce clinker of a quality 

equal to that from a large rotary kiln. However, a continuous control of 

the burning process is essential, and l.f this size of kiln is contemplated 

in anothe• country, it is recommended that full-scale tests be carried out 

in an existing kiln, as the chemical composition of the raw materials, which 

varies from location to locatin~, is of great importance. The mini plants 

would be more appropriate where, for example, there is need for catering to 

the scattered localized demand and where transports costs from distant large 

plants would be exorbitant. Also, such small plants have a positive impact 

on employment and dispersal of industrial activity. 

Clinker-grinding plants are another means to lower cement costs and 

distribut~ it over a wide area, especially as the product can be transported 

in bulk and can withstand long storage. 

*Source: Appropriate Industrial Technology for Construction and Building 
Materials, UNIDO January 1981, Re: ID/232/12. 

!/ Use and Conservation of Energy in the Cement Industry, UNIDOiIS/540, 
12 July 1985. 
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The production of cement for masonry purposes and Portland and pozzolana 

cements are other ways to increase the output of c~ment from a given clinker 

production. The first of these is produced by intergrinding the clinker 

with up to 50 per cent of an inert filler, usually limestone, while in the 

second the clinker is ground together with natural or artificial pozzolanas, 

which can be volcanic agg1egates such as pumice or tuff or calcined clays 

or fl) ash. The Portland-pozzolana cements are slower setting, but they 

may eventually gain a strength which is higher than that of cement, and 

they are usually also sulphate resistant and adequate for certain constructions 

such as harbours, foundation3 etc. 

Cement production is not as flexible as many tradition building materials. 

Considerations of economy of scale make it practically impossible to build a 

cement plant with a conventional rotary kiln of less than 120,000 t/a production 

and where the availability of limestone, low-volatile fuels and the like 

permit the use of shaft-kiln technology, a mini1DU111 capacity of 6,000 t/a 

could be achieved. In some developing countries with low labour costs, 

smaller and less sophisticated plants appear to hav~ been able to produce 

a comparable quality of cement at lover cost than the large conventional 

ones • 
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MI~I-CE~!Ei.'\"T PLA:.."T* 

Definition and processing 

Cement is 118.de b7 blen~ th<e desired pro;iortion.s o.f crwshed a:.d. piln­
riseci arcillaceous mci ~~earaou ~ck. Tci.s ~terial ie thE:i bumt at 
a hich teaperature ( 135'0 to 140C C ). !he materials uaed are : 

e&lcareoua rocks, ,.;t.:.ch atai.d.y provide the lime : 

a..-cillaceoue rocks, v.~:!:. lu-CElY prOTide the silica, al~illa and 
iron c:z:idea. 

In order to CCEtiDe 'these, 'the T&riws constituent e!ements m;.st be ••ll 
blende:l ill tbe tor.a of powder or a alUZTJ' o! Tery fi!le pa...-ticles before 
b-.J..."'Dinc· liben powder ia uaecl, the Ullufactu..~ proces= is called the 
4r/ proceu, cul 'the wet process when alu.."T)' ia asec!. !he aateriala are 
bur:lt in. ho tne• of kilA : Tel"'tical (statio:JAr;r) and rotar,y lei]:-•. 
!he foraer ia used. for -.kl.DC cement b;y the dr,y process; the latter can 
be uaecl for either JTOC••• !he •terial vhich comes ovt of the ce~-ent 
kiln ie called cli.Dt•r; thi• bard. blackish product ia iD fact the cement 
in lw:ps a:i:l it ha• onl.7 to be ~?'C".:.cl :iL order to obtai:i cemeni: ,povde:-. 
:r:ateriala with ~dr1:.ilic pro~:-ti~e ~.:e u bl.a.st - fu.~!.ea sl:.g lv!:dch 
ia b:y-procluct of 'the eteel ind"Ce-;:-y~, cs.;- bs a~:ied tc the 1t2.r.":;.!~cture:i 
c.-nt ( 10 to 3<>% ). . 

(a) Tlie "t'&J'ioua ncceHiTe opera-:iom11 il1 cement-welring M'E && tcllc.>vs : 

(a) (Quan'7i.nc) ; 

(b) C:na•biDc and criJlcliac or r&Y materi.&111 

(c) Blendi.Dc tbe raw aateriala ; 

(cl) Bu.nlUc ot material.a ; 

{ e) Cement crind.illC ; 

(t) BandU~ (etcriDC, packqiJlc etc) o! the finished prod-:.:ct. 

Flow - abeet for cement ~acturc is ahGn in .&nnemre I. 

The rav material• are br~ght from the quarries tc tee works b7 belt 
con•eror•, aerial ro~~aya or oTerhead ccnveyors, lorries or a.::all 
wagou depending on the dista:ice, proc!uctioc t'lov and ao an. Prim&rJ 
en~ uaually takes place at the quarry. In ~he case o! TerJ hard 
limestone, it ia nece88ary to reduce t;.ese !r86Dle~ts by aeccnd&rJ reduc­
Uon ill rcUer~7pe, f'lail or bar.me: 1ll.ll•· J.f'ter c:uahing, the material 
su•t be reduced to a !1.D8 powder or alum and !or t.:is pr.;::;;oee it is 
p.at ~il ball ailla or t'.ibe &ills. 

*Source: UNIDO Project Profile BCD/072/V/198~-07. 
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(c) Blendi..'"lg the raw 1t!!.te:-iall'I. 

Dry process (el te~ai:iTe I). 

'f'ne pcwier f:oa t!:e :iz1· t".Abe till~ €'C-es tc seve:-~ bir s but i ta coi;~:osi­
tio= u not cocetant a:i.d ii: E.\&st bt= p::ecisely ~d. i.i.ni!'or-..:.:,.· blended to 
ob~ £ pe=fectly hc~ogeneous pr~duct. For t!:.is purpo~~. s-~ite:le equ­
ipnent araV!! the ~"':·¥~:!· fr.,i: a._-:eral 9tc::-es-e :ins a::d :feeC.s i-: ·~'""O~t. 
a cen tr.!l. d".lc t v=.e:-: a ~ :rev convey er r:; •es it a::.:! ca...-ries it to a hi: 
in vhicl! the f:il4s.l :t-=:~::.c::-<;:.jting is ca...-ried cl;-;. :~-:: ::::uri6l is e:r:-::-~­
ted froJC the bottoc cf this b.:.n a::.d retrced tc- the tc:f ~Y a ~cket ele­
vator, the cycle beizl.€ repeat.ad severel tices lmti.! a t!:~~!:.ly hoz:o­
genous Jti:ture is obta.med. \11en the :;>'.)w~er bas bee:i ;:"Cperly !Und. &:Id 
proportioned, it has ocl.y to be b-.u":lt tor ceme:it to be obtAined. 

Wet ;recess (altern~tiva I!). 

·.i:ne slurr;r that co::~s cut of the -:Ube mills is of a cr-=ac::r couistan::y 
;,;t>icr~ !"acilitates the sti:-=ing to - .. i-e it pe~ectly u.n:.fc~. !uing is 
~c:l~ !.!:. t~s by co~;.::-~s!!st ~i~ e.r.::. :ec~E!!:ic~ sti~i:.;. ~tirr~ is 
do?le by c:i:?!ls of &.?: ~:t1?.~~r =~-=~-=~£ ~ :;. :--:-:!..:-::= ::::-.s.:~ t~ (!:!.:-::-) or 
by t!:e a.:.:-.;.;lt'm~C~~ ~~-::.::..,~~ o: 3sve~e.l ag:::~~~~rs fixe·i tc !l :-~~ !"!::=i­
zcntal :etal be-~ ft~~c~ ~v~lves ~rsely a."l:i slo~ly abo~t ~~s ci~ ~:int 
i?l.s!~e a large ycs~el as 2 ~es~!t c: t::::.e ~~a=~~~~ c: t~e !~i~les o: t:g 
sl~=-~r (Fl3:letu.r~y :ixe:r--ag:!. t3. 4;c::-:. :=.-? propor4;ion~d sl-~:-=r fret: t=:.a 
h=.:c;e~ization vess~ls is ~~'!::. -:o t::e !"Ct?.ry .::ilr.. 

Tbe rctary- kiln i.! in .:est c~es use:i i.:l the C.::-7 er the •et procass 
for ~!ling t!le :!.:ei a::.i ~ro:·orti:?:e! :.:::ar .. •"?e. .d.fter '":wr:ii.:;g, tt.a 
hot cl~~r fro: t~a rctei::; kil:. is t~:e:: c~· a. cc:;::eyc ::- tc a cl .. :-···~= 
store. 

(e) Grind~ the c~::.ent. 

The clinke1 !rom the cl~er store is bl~e:i v:.th a little gyps~ 
(2 to 6~ of t-Yp8~ or pu:i!ied. pb.os:ph.oe;ypeu.-:, slows dOa"Il ~ re&'.ilatae 
settU&), c~ is ttei: cLry-g:-~d to a T'!!:Y fir.9 r.v•:!er 1: ce:;9nt mills 
aiJ:lilar to tLoae us~ tor ~ina.l re~~ction of t~~ ~~~r~i~ rock tc p~wder. 

(f) BazldliJll of the finiahed product. 

Proa the f illi.ab ail.la, the ceaent 1• carried to etora,e •iloa bJ •l•Ya­
tor, acrev IOllY9JOr, pamp, or •iJr.ilar baad.11- equip:ient. Jacgag 1a 
,.Derall7 prtoned autcAtic&ll7. 'l'be bap ot ce:aent are loaded. tar 
de•patch 011 ra.il•a7 va,ou or lorri••· 



- 6 -

DrT proceee Wet proceee 

l 
Po!'lling into slu:-ry 

( 
Dry grindi:ie Grinding 

1 1 
!oaogenieation Blending & prcpcrtio~ of elurr]' 

l 
I 

' c.Ti~ -Palletizaticn ~ .:;as !ir~ l Rotary lcil.D 

Ver1:1C~A l 
~r 

Cli:iker ;g~ 



1. 

2. 

;. 

4. 

5. 

6. 

1. 

e. 

9. 

1 o. 

Jaw crushere 

B&!l E!l.18 

R~tary kiln 

Bucket eleTa~c:­

Rot1U"7 cooler 

- 7 -

3creeni!lg e~~i;:=e&ts 

Pa.cldng m&c!li.ne 

Accessories & spa..-e parts 



- 8 -

* 
nNI-C~ PLA?n'S 

BAS'!'C P!JQCSSS CQNSIDERATION 

1. SMALL-SCALE MINING OF CEMENT RAW MATERIALS 

MJ.ning methods in developing countries are very different 
fraa those used in.industrialized countries. Naturally, 
the best methods depend on the type of rocks. Select~ve 

·•1nin9 would be ~uch more viable for small-scale operat1ons 
and certainly would increase the raw materials quality. 

In the smaller quarries for cement raw material, which 
use more reliable and simpler mi.Ding methods as well as 
smaller machines, quality control through selective 
a!ning and the elimination of sterile or harmful rock 
is also qreatly ,implified. Smaller operations can usually 
also react faster to sudden changes in the quality re­
quirements of the plants they supply~ 

2. PREPARATION OF CEMENT RAW MIX 

Whether wet or dry processing is more suitable to the 
ki~d of raw material, we see many possibilities of 
savings. 

Beside the decreased.requirement of grinding energy for wash­
able materials, the wet process provides the chance of 
low cost transportation of the slurry via pipelines -
over long distances. Especially where the plant's location 
ls far away from the quarry, slurry pipelines are economic. 

As the dewatering of slurry by means of filter presses 1s 
less complicated for small operations, the application of 
the semi-wet process (with a dry process kiln plant) 1• 
recommended in above cases. Mixing and homogenizing will 
be very easy and less energy wasting. 

*Source: AUS'l'ROPLAN, Austrian Engineering Compan,y Lt4. 
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If the raw material is relatively dry and the plant 
site is in the vicinity of the quarry, the dry process 
technology is recommended. Systems for prehomoqenizinq 
of crushed stone in the stockpile (buffer storage) prior . 
to miXinq (proportionin~ of raw mix components) have 
considet'ably red~ced the expenei.tures in "meal ~lend:tnq 
silos and. related units in modern plants. We have in­
spected plants where as a consequenc~ of above facts 
hanogenizinq silos have been ~eqraded to storage silo 
function only. 

By concentrating the processing stages of homoqenizinq· 
and proportioning 1.nto one section (raw material buffer 

I t • • 

storage) in front of the raw mix drying c;:um qrind;incj · · 
section; the conventional technique will be·simplified 
to a·rarqe degree without any loss in product's quality. 
The difference will lie in investment and production 
(~nerqy) expenditures. 

3. ALTERNATE GRINDING OF RAW MEAL AND CEMENT 

For processing relatively dry raw materials, the opportunity 
of alter~ate grinding of raw material and cement is given. 
Ball mills would have the disadvantage of residue in the 
mill when the material to be ground is changed. Here the 
ROLLER MILL can favourably be used. Initial tests resulted 
in the new aspect to use such mills for clinker grinding 
also! As the grindability of raw material is usually better 
than that of clinker in the same ratio as the throughput 
is larger (f • 1.6), the mill size can be fully utilized 
in a very economic way. The investment for grinding 
equipment for a small-scale plant will becane comparable 
with a conventional much larger plant. The reduction of 
construction volume will be tremendous. 
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Roller mills have the disf avourable character of 
uniform product particle size. To adjust the particle 
size distribution of the product to that normally 
yielded by the application of ball mills, we recommend . 
9rits qrindinq by vibrating mills in order to increase 
the percentage of fine particles. However, an optimum 
between specific surface (Blaine value) - grain 
distribution - clinker quality - energy requirement 
can be achieved by not too canplicated means. 

The .. following table shows how much energy can be 

saved by courser grindinq-. Well-burned clinker of 
hiqh quality would permit to do so. About 10 kWh/t 
can easily be saved. 

so 

40 

SPEClfIC ENERGY CDNSUP1PTIDI FOR GRINDING 
CF PORTLMJ CE.'!ENT . 

& 

A 

• 

. •i I 

I '• ~ I 
I I 

le I 
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, I , .. 
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•,' ~ a&ap of Laboratory 

I • Gri:ld.abW.cy -r .. u 
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Geofr•pbic Ar ... : 

• Eanpe 
• llorcb America 

• i.ua &mu1c:a 
A Auual.U.Mia.Udca 

25 ..__--! ____ ...... _______ .21, 

2500 JOOO 4000 
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4. CLnmER BURNING IN SMALL KILNS 

Energy requirement for pyroprocessing at small-scale 
in s1mple rotary kilns is higher than in large sophisti­
cated plants, expecially when short kilns with sus­
pension preheater systems are installed. 
The most feasible kiln type for mini-plants would 
be the •01d• SHAFT-KILN fed with •black meal• (raw-mix 
with admixture of powdered coal) - nodules. When black­
aeal is burned the BAOENSCHILD reaktion +) between 
calciumc:arbonate and carbon takes place, resultinq in 

highest fuel econany (CaCoJ + C • cao + 2CO). Examination 
·of DOclules c:onfllmed the start of the reakti.on already 

below 9oo0 c. Beat requirement is equal to modern dry­

proc:ess rotary kilns with suspension preheaters. 
Shaft . k~.lns for . cement producti.on have been installed 
on ~al fuel ~sis only. Up to now, tests made with 
oilf iring systems for cement shaft kilns were net 
successf\;l. Here further research has still to be done. 

Rotary kilns with oil-or gas-firing llliqht be economically 
justified when the fuel prices are low and no coal of 
suitable quality is available. In such cases empha .. !ze 
1a made on simple design for small units in order to 
keep electric energy requirements low. Long rotary kilns 
Vi.th waste heat utilization for raw material dryinq pur­
poses could fulfil this concept because it makes no sense 
to be economical with fuel in camplicated kiln/preheater 
systems when on the other hand drying heat is in most 
cases needed anyhow in the raw material preparation and 
mi.Xing section of the plant. In the average, the moisture 
content in raw aaaterial is above 1ot and therefore pre­
drying of raw material is often required. Above 15t B20 
the process selection is in favour of simple long rotary 
kilns. 

+) Bauenschild: Zement 6(1917), 92 
XOhl : Zement 17(1928),859 
Spohn s ZKG 7 (1954),409 
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For small-scale cement plants, the system of a lonq 
rotary kiln should be modified to such deqree as to 
allov si.Jllpler desiqn of plant and less cost of civil 
~nsttuction. The.acceptance of hJ.gher exit gas 
tmperatures would lead to ki.lns of shorter lenqth 
and the av~lability of .heat energy for drying or 
other p~ses. 

A revival of the •oldfashioned• system-of rotary kilns 
in ccapound with waste heat boilers (steam turbines) 
should also be investigated 1n detail as the permanent 
availability of electric power is often problematic 
in developiDCJ countries. 

5. CRITERll FOR THE CHOICE OF SEMI-WET PROCESS 

xn cases where the nature of the available raw material 
pre-determ,1nes vet processing and with a view to the 
constantly.increasinq·cost of -fuel energy, the semi-wet 
process of cement manufacture is gaininq more and more 
a~plications. 

Thia process combines the advantaqes of vet raw material 
preparation with the lower fuel consumption of dry pyro­
processinq. Dewatering of slurry is mostly done in 
autaaatically operated horizontal chamber-filter presses. 
In aini-plants this process will be less complicated than 
in large-scale operations with numerous parallel filter 
presses. 

After dewatering of the slurry, the filter cakes are 
processed to briquetts (to be dried) or to nodules 
(pellets). 
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Attention 1s·1nvited to the fact that investment 
and production· cost ean be reduced, bec~use mor.t 
cement raw materials c~ easily be s~sP£nded in 

·vater·and accordingly. power consu:nption will be 
lover for grin'CU.iig and ·b~~ding. The plant ·layout 
vou:d be very simple and the expenditure in civil 
constructions co~ld considerably be reduced. 

The semi-vet process b~anes very attractive when · 
contaminations in· raw materials (chlorine, alkali.es, 

etc.) exceed peDli_ssJ.ble lilllits. 
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Appropriate tedmologies for smaD­
scale production of cement and 
~-anentitious materials 

R. J. S. Spare~ 

5w J-' rec1•n11f •-

Smllll-Kllk Ponlond arnent plMra 
ThcR are cmnomic ..twantages to be pilled. in c:cnain circumstances. from 

producing Portland cement ia much smalla plants than are currendy med. Such 
plants could: 

(oJ Be located wt.crewa local 4emand for cement was large aoup. in 
relation to the capacity of Cbr ~ and suitable raw materials aisted; 

(bJ Be locally manufactured and assembled. POiding the aced for impons 
and reducing dependence on fOl'cip firms; 

(cJ Be crccted and brought into production quickly; 
(dJ Make only a small localized additional burden on the aisting 

infras1ruc:ture. 
At present the smallest available plants made by cement machinery 

manufacturers in indusuializcd counb'ics arc venicaJ shaft kilns with OU1pU1S of 
1~200 tld. Plants of tlli5 size could be manufac:tured partly in local 
workshops. Much smaller mini-plants of 20-SO-tld c:apaci1y laave been 
developed in India. Plants of tlli5 size could be manufactured c:ompletdy 
independently of companies in indusuialized counlria. and would reduce 
capital costs per unit of output. But technical and institutional problems bave so 
far prevented the designs for lbac planes becomins available for c:onuncrc:ial 
production. 

Urrw-bosed cementin1 malBiols 
Much of the production of Portland cement could be replaced by lime and 

lime-pozzolana matures. T cchnolosY fqr producin1 lhesc materials is relatively 
simple, and can be ulilizcd at a very small scale. Capital c:osrs fOI' the equivalent 

91Aclunr. Dqwttwnt ol Ardlitccnn. UllMnily ol c.nbridp. Ullilcd ~ ol Grat 
Britain Md NordlCm Ireland. lftd ClmnnM ol dw c:ctncmilioul Mwrilk Pwl ol llllaWl 1 §nr 
TedlncllolJ ~' Group Ltd. on lllMlf ol ... !Ch dail peplf .. prqwed. 

• Source: Appropriate Industrial 1'ecbnoloa tor Con•t­
ruction U4.Building Material•, tJlfIDO, Au•tria Ju. 1981 
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output arc sipificandy lower than for Portland cmk!lll .~ Ind 
employment potenlW is coasidcrable. Construction of plants could be entirely 
local. An ntcnsiwc range of rn- materials can be used; many of nu arc of 
widespread ocaancnce. 

OrNr ammtin& ....n.ls 
Otbcr raw marcrials. gypsum. impure limestones and dolomites can be ascd 

lo make ciffcrenl forms of ceaM'llt. These processes could. in 1pp1opria1e 
circumswlca, be cbclpCI' IO cmblisb wl produce cbcapcr materials lbaa 
Pordand c:cmeat. Furtbcr pmc:aKS for small-scale produclioa of cement arc 
., being devdopcd. 

R~ on insritatiwl SllppOFf ntttkd 10 pttlmDlt ~ amml 

""'1111/llCtllFr 
To promote ~ clevelopmcnl of small-sCIJc tordand ccmcat planrs: 
(•J Capital to esrablisb plants should be made available on generous tams; 

(bJ 'Jberc should be DO fm&bl equalization c:bargoc or Giber dislortion of 
the real COSI of tramponinc CClllCDI tbrougbout die couaay; 

(cJ A range of standsds for c:ancnt sbould be ins1imccl. ntbcr lbaa one 
single standard. Ll allow for diffcrcnl levels of maaaf.a.riag apcnisc; 

(dJ ~ dcwlopmcnt of lbcsc planrs should be die rcspoasibility of an 
institution CDlirdy independent of 1-F-scale mncat manufacturers. 

To promocc die ~· ~lime and ahcrnalM cement: 
(11} 1bc dcvclopmcnl of die marcrials should be lbc rcsp:lilasibilily of a 

govcnuncn1-fin1nccd small industry devdopmenl orpnization. whose 
rcsponsibiliry will DOI only be die dcvclopmcnl of appropriate lcChniques for 
manufar.narc and CSlablishing maaufacturing uniu, bur also lbc promolion of lbc 
malerial IO potcnlial users; 

(b} Nes nw malCriaJ surveys should be conduclcd IO locate likely 
small-scale dcposils of suitable malerials; 

(cJ Some means sbould be found 10 encoange tccbnicaHy qualified people 
to work in induslries in nanJ areas; 

(dJ The properties of lhcmalM ccmcnrs should form a pan of all courses 
in building and civil engineering. 

INTRODUCDON 

'Ille~ .................. . 

Ccmcn1. or at lcas1 some form of cemcntina material, ii an cucnlial 
insrcdicn• of vinuaU1 every 1ypc of construction in ctcvdopin1 countries lllld 
bencc a continuin1 anfl apandins supply of ccmcot is ascntial 10 proridc die 
intraslrUCIUrc for dcvcJoprnent. A temporary shortasc of cement in • dcvclopins 
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country can. and frcqucady doft. completely bit crucial cor.str..ction 
~ Tbroaghout the Jcwdoping world precious resoun:a arc wasted 
on blH-aDf'kted projects wbic!l Qlll!OC be finished b;."QUSC CCIDCDt is DOI 
avaibblc. 

Thus cement must be manted MlCJDI tbe basic ~modities on which 
~lopwcot programmes rely. wi1h an~ COll'parable to tbat of water. 
energy and fcnilizu supply; comcquendy self-suflicincy in cement production 
is .... ys gi¥cn • high priOlity in *'-dopmcnt plar..lillg. 

Until rueady. the meaas by which most dnduping country planners 
soupt IO adaiewe an incrasc iD the supply of indigenously prodcccd cemmt bad 
bccn the CSllMishmcat of compsalivdy 1-ge-scale faculries. CD the model of 
those in the iDdasuWized coaaaies.. 1bcsc factories prodac:r. Ponlwl cement 
and an associated r-sc of produc:ls salisfyias ISO standsds. The facrories bavc 
bcca citber entirdy imponcd. OI', iD tbc coaalries with a 1DOR bigbly developed 
induslriaJ secror (e.g. iddia). locally llUIJlufacluqd in association with 
manufacturers from iDdasuWized countries. This ..,.,.a.ch laas catain 
uadcsirabk aJDSCqUeDCeS fOI' die economies of die poorer coua1ries. and it is 
being increasingly asked •-bctber tbac arc DOI alternative approaches by wbicb 
a pater dcpcc of local sclf·rcliaace. DOI only iD tbe manufacture of c:emmt. 
but also iD die cstablisbmcat of CClftCDt plants. could be acbicvcd. 

Two alternative apprmcbes are being widdy c:o111sidcrcd.. The first is tbc 
maqufactuR of Ponland cemc:at. or a cementing IDl1Crial of c:ompuablc qual!ty. 
in much smaller. locally made kilns wbicb could be widely dispersed. 1\iiS 
approach. already SilCCCSSfully 8dopccd in China is qndcr Klivc considm1ioD in 
India. 

The scc:nnd approach is tbe upgrading of Yillagc-scak tedmoloo basc.1 on 
lime and pozzolanas in order to produce a standardized. though comparalivdy 
low-padc c:cmentin1 material that could SCJYC as a partial or complete 
rcplac:emcat for cement in a wide nnge of applications. 

In addition to lbcsc two approacbcs. which depend on essentially the same 
raw materials a• ~ Ponlaad c:cmcnt and are Illus of similar aeneraJ 
applicability. there are a r •nge of ocher' materials or ICCbniques by which canent 
could be made under pu1icular local circumstances. Some of these are linle 
known. and could be profiaably more widely used than al poesent in dcvdopin& 
c:ounuies. 

The introcluclion of new maaerials and aecbniqucs is always aa:ompanicd by 
unnpcctcd problems of a socio-cconomic as well as a tcc:bnic:al aarure; tbat is 
particularly likely to be vue in the ase of a material with such a powerful 
dcvdopmcntaJ role to play as cement. Some of the soc:ial. economic and 
inslitutional problems thaa bave been encounaered or are likdy to be 
encounaered in introducing ncYt" or differena cement-making technologies are 
also considered in this paper. 

The consumption of cement by developing countries bas risen rapidly in the 
last 20 years as development apenditure has increased. Even more impressive 
bas been the increase in levels of domestic production (see table I). 
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TABLE I. G"OWTH OF DOM£S11C 
CEMetT PRODUC.TION IN 1HE MACRO 
REGIONS OF 1llE WOIU.IJ AND KN CHINA 

A.llo.'D INDIA. 1966-197S ... ,.... - 11116 ,.,j ..._ 
(Millimlllma) (Pa I ••) 

Africa 12 23 9:! 
Nania America IS 90 6 
s..~ 17 )4 100 
Asia 12 161 IOS 
&nipc 176 241 Cl 
Ocmiia s 6 JO 
USSR IO 122 S3 

World CS7 691 51 

a.. II lO 173 
lllllia II 16 " 

s-m: u....s ....._ s.-aa. y..._. m•. 

In all the developing regions. cement produclioa doub:ed during 1bis 
period. wbik much smaller increases were recorded in the developed regions. 
1he increase in cement produclioa in the devdoping rqions has. in fact. been • 
pat deal faster than that of the average PB CllpiM income. rdlecting perhaps 
1he predominance of capital projects in die market for cement. ~ 
paniaalarly remarkable inc:reases wett those of China (from 11 million to 
30 million ,, . he Philippines (from 1.6 million to 4.4 million Ila) and Sri 
Lanka (&om · 100 to 393,000 Ila). 

Correspo. •• nngly. imports of c:anent by developing countries baYc declined. 
A considerable number of developing countries are already, or soon will be, 
self-mfficient in cement. 

Details of 1he sizes and types of cement plants that have been establisbcd 
are not readily available on a tllOfld-wick basis. Howner, recent repons on the 
Indian cement industry (1) sugests that whereas the majority of the kilns 
es1ablished in the 19SOs and 1960s were of 300-SOO lid capacity, dl05C 
established more recently are of 600 lld capacity and lar1er. However, in 197.S 
there was no kiln in India larser than 1.000 l/d capacity. In lhe same year the 
National Committee on Science and T cchnology in India was in an advanced 
stage of completing an aerc:isc for sinpe units of laraer capacities - 2,000 l/d 
and above. 

It would appear that the current lrcnd in conventional cement manufactUrc 
in developina countries. • elsewhere, is towards larser and laraer kilm. ladccd, 
lhc present depcndencc of so many developina counlria on jusl a few 
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cement-plant manufacturas in industrialized countries makes it inevitable lhat 
tcdmological lrCDds in the induslrializcd countries will be followed in 1be 
developing countries and. at first glance. the savinp in capital cost and energy 
CI05U resulting from an inc:rcasc in m of plant seem to pR"Cllt a good case ~ll' 
Ibis ttend. . 

Whatever lbe advantages of the use of luge-scale cement plants in the 
industriaJizcd countries (and these advantages uc by no means undisputed).1 

their appropatcness for an situations in developing muntries is bei1-. seriously 
questioned. 

The problems associated with large-scale plants a:c: 
High capital cost per unit of output 
Long time-lag in co:IStrUCtion 
Dif6cuhies in satisfjing infrasuudure requirements 

High CIOSI of ttaasportarioa to oudying areas 
Dcpeadcnc:e oa imponed mac:binery 
Low capacity utilization 
Limited ::;;aber of locations where nw materials are adequate 
Difficulty in obtaining capical for new plants 

Some of the prob•ems are direc:dy associated with the scale of produc:bon. 
The reserves of nw materials required to keep a pbnt in operation for a period 
of 30 to 40 years are considerable. and the number of locations where reserves 
of sufficient quantity and quality are found is limited. In India, a hip proportion 
of c:emeot is produced in the south of the country. while the largest markets are 
in the north. lbe scale of the machinery required to be manufactured. 
tran'J'Ofled Uld installed creates further problems. The larger the plant needed. 
the smaller die number of w~ capable of producing it. For most 
countria, this means dY: t nlire plant must be imported. But even in the 
countries that bave their own heavy workshop capability. the unit cost of 
machinery increases as the ae increases. 

For smaller items whicb can be produced in many workshops there is keen 
competition leading to a lowering of price. The size of the infrastruclW'al 
requirements. e.a. power. maintenance workshops, nilways, and the specialized 
5kills needed for a large plant, aeate further problems. Shortages or 
breakdowns can frequently result in plant shutdowns. In India, capacity 
utilization bas been usually high, above 80 per cent. because of the larae 
demand, but over recent years has been severely t.it by shortages of coal, power 

1A rlCCl'll rspon (1111publilW) from 1 llqc amen• manuflCftlrcr in die Fedcrll Republic of 
Cimlllfty llatft dall neither fuel llOI' apical CDlll lalvc been subswltillly reduced by die inl&lllltion 
of llrpr llllill. Gruccr apndinirc on ICT¥icin& pcnonnel Ind Nduecd maapctilion lmOlll 
llKtlinefy -uflmlrm •c lddlaoall feaon twlalClt in prlClicc wqti epiDll die S.pr plm11. 
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and freight can. causing a drop to 72 per cent capacity utilization in 1974. In 
other countries. with a less well-developed int:astructure. capacity utilization is 
frcqucndy much lower. U low capacity vliliution in large plants were calculated 
for at the planning stage. their cc:onont.ic:s would look far less attractive. 

Because of the large-scale. high capital cost and long time-lag in 
construction (three to five years). the financial commitment in a large cement 
plant is immense. In developing countries there arc few if any investors who 
have the resources for such an undertaking. leaving the expansion of the cement 
indusuy either to government or to foreign investors. 1bis is one of the main 
reasons why expansion in produc:tion so frcqucndy lags far behind. causing an 
almost universal scarcity of c:&menL · 

Another problem of growing importance associated with large-scale plants 
is that of transportation and ctistn"bution of the product. lbc level of demand for 
cement in developing countries is typically such that any large-scale plant must 
serve a large geographical rcgion. lndia•s area of 3.2 million kml is served by 53 
cement plants. approximately the same number as in dtc much smaller area. 
230,000 km2. of the United Kingdom of Great Britain and Northern Ireland. 
Africa south of the Sahara (culuding South Africa). an area of more than 16 
million km1, is served by no more than 25 plants. lbus transportation costs must 
represent a substantial proponion of dtc price buyers pay for cement. In India. 
where most of the cement is transported to district distrt"bution centres by nil. 
distribution costs arc equalized throughout the counuy. with a freight 
equalization charge of appro:Umately 15 per cent of the consumer ~- 'Ibis 
arrangement. lhough advantageous to the consumer. reduces the incentive for 
new cement plants to be located near large markets so that transportation costs 
would be lower. 

In many other countries. where rail networks arc less dcvdoped and 
cemcr.t must be transported by uuck, bullock can. boat or even by air. 
transportation costs arc much higher. particu1arly where these have to account 
for numerous handlings and for the inevitable loss and deterioration in transit. 
Thus. throughout Indonesia the price of cement is above $100 per tonne; in 
parts of Sumatra it is as high as $500 per tonne; and the price of cement in the 
interior of the United Republic of Tanzania can be as much as two or three limes 
that in Dar cs Salaam, where dte factory is situated. 

finally. dte centralization of Pfolduction resulting from the use of 
large-scale cement plants is entirely inconsistent with a policy of rcgjonaJ 
self-sufficiency. 

Because of dte problems, dtere is now considerable interest in the 
possibility of smaller-scale cement plants which could be: 

(o) Widely distributed wherever there is a demand for cement and suitable 
raw materials arc found; 

(bJ Manufactured and as~mblcd locally, avoiding the need for imports 
and reducina technoloaical dependence on forcip firms; 

(c) r.:rectcd and brought into poduction quickly; 

(d) Cheap cnouah to be financed locally; 
(e) Only a small localized additional burden on existing power and 

transportation infrastructure. 
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Such smaller plants would also need to be of low capital cost per unit of 
output. and economical in their use of energy; otherwise the cost of the cement 
producect in them would not compete wilt; that produ!=Cd in large-scale plants. 
lbe straightforward scaling clown of existing tec:bnology used in luge rotary 
plants is unlikely to meet this requirement because of the economies of scale in 
rotary plants. Different technologies. more appropriate to the specific 
requirements of a small plant. are therefore needed. 

L SMALL-SCALE PORTI.AND CEMENT PLANTS 

The earliest Portland cement kilns were like lime kilns. They consisted of a 
conical or bottle-shaped shaft and were operated intermittently. One of the 
reasons why shaft kilns were susperseded, early in the twentieth century, by 
rotary kilns. is that the rotary kiln could be operated continuously. thus 
considerably improving fuel efficiency. and making it pos51"ble for a more 
uniform product to be produced. As demand grew, so longer and larger kilns 
came into use, and with each increase in scale t311le a reduction in fuel 
consumption and in capital costs. Shaft kilns could not be scaled up in this way, 
and so they ceased to be economical for situations where there was a large 
concentrated demand. 

The reasons for this can be explained as follows: 

"The main difference between the vertical shaft and rotary types of kiln is 
that the principle of lteat transfer by conduction plays a more important role in 
the vertical shaft kiln than radiation. whereas in the rotary kiln radiation is more 
important than conduction. Heat transfer by conduction can be efficient in a 
relatively small space; beyond a cenain size heat transfer efficiency drops due to 
high radiation losses. On the other hand, heat transfer by radiation is 
prop-essively more efficient in a larger space due to lower heat losses. 'Ibis basic 
fact led to the development of larger and larger plants based on rotary kilns. The 
venical shaft kiln can be efficient with a capacity of as low as J t/d, and bas a 
maximum efficient capacity of 200 t/d. The rotary kiln, however, has a minimum 
efficient capacity of 300 t/d and nowadays capacities of 3,000 tld and more are 
preferred." (2) 

Jn fact, vcnical shaft kilns virtually went out of use until the J930s when 
new designs with continuous, as opposed to batch operation, were developed. 
Such continuous operation vertical shaft kilns continue to be used in some 
European counuie5 for a small proportion of their cement production. Overall, 
some S per cent of world output today is still being produced in vertical shaft 
kiln5. · 

Because of the heat-transfer principle used, shaft kilns tend to have lower 
fuel con5umption than rotary kilns. A recent report on the European cement 
industry (3) gives an average fuel consumption for the main processes used (sec 
table 2). 
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TABLE 2. REPRESENTATIVE ENERGY CO~UMPTION 
OF COMM()ll; PROCESSES OF ~"T MANUFACllJRE 

IN EURWE 

u-,,~,_ 
blos!!lot of~ • 
(l&all tUJ 

Dry (loll& kiln) l60 3 600 
Wet (loll& kiln) I 300 5 400 
Semi-dry (peal pre-beater, Lcpol type) ISO 3 600 
Dry (suspension JWC·bea1cr) 790 3 300 
Shafi kiln 750 3 100 

Sowa.· (3). 

9Naf iDducfill& 111£ dectriQI ~ --.ed. wbidl - IO 0.1 
ltV.11. or 16 Ital (360 U). 

Lower fuel consumption enables vertical shaft kilns to remain competitive 
v.ith rotary kilns in spite of the difference in scale of operation. However. there 
are differing views both on lhe scale and on the technology best suited to small 
Portland cement plants in developing countries. Some recent work b · 
summarized below. 

Indian deYelopmeat won om ...ii-sale nrtical llaaft kilas 

Betw:en 1965 and 1970 the Regional Research Laboratory, Jorhat, lodia 
developed designs for small shaft kilns with capacities of 2. 30 and 100 t/d. Pilot 
kilns of 2 and 30 t/d were installed. 

Jn 1965, the Uttar Pradesh State Planning and Action Research Institute 
decided to design, build and operate a 25 tld plant in India, on which the design 
of future commercial plants could be based. lbe design was in many respects 
similar to the Jorhat d~ign, based on a disc nodulizer feedin& a venical shaft 
kiln. The kiln was designed to use as raw material a mature of kankat (impure 
secondary limestone found in the plains of northe:-'1 India) and rock limestone. 
The fuel was coke breeze with some coal added. Production trials took place in 
1970n1 during which 10,000 tonnes of cement were produced, most of which 
satisfied the Indian Standards Institution specification for Portland cement, 
except for the expansion ratio, which was somewhat high. Further work to 
develop this design was initiated in 1978 by the Appropriate Technology 
Development Association, Luck.now. Jndia.1 

A similar project is that of the Cement Research Institute of India (CJU). 
New Drlhi, at its Tamil Nadu centre where a 25 tld plant has been developed 
and is working on an industrialized commercial basis.I 

IScr "Proposal and Fcasibil1ry Srudy for a 2S Vd Mini Ca:ncnr M111f' in chis monosrlph 

'Several research rrporu on mlfti ccmcnr planrs in available from CRJ. Sec. 100, lhc paper 
prepared by CJI I CIDlllaincd U1 lh1i lllOllCJFlph. 
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During 1976. a mission for UNIDO was undertaken by a cement consultant 
whose main aims were: 

To organize and undertake an exploratory mission to producers of 
equipment for shaft kilns and cement manufacturers experimenting or working 
with shaft installations; 

To make observations and remmmcndations on the requirements for the 
establishment of shaft kiln pilot plant installations (4). 

The consultant reco.nmended the use of vertical shaft kilns of a size 
considerably larger than the Indian designs and proposed a plant with an annual 
output of 80,~120,000 t, &om two conventional shaft kilns of 180-200 t/d 
or. alternatively, one kiln working on the newly developed Reba process. Such a 
plant would be large enough to take advantage of highly devdoped existing kiln 
designs yet small enough to be fabricated locally and to make substantial savings 
through standardizatioil. The advantages of a vertical ~haft kiln installation arc: 

Substantial savings in space 
Simple construction with no heavy castings 
Fewer problems with starting and stopping 
High degree of reliability due to the durability of rc&actory bricks 
Kiln and cooler form an integrated unit 
~roducrian of low-alkali clinker possible 
Possibility of low-cost do-it-yourself construction 

The c:onsultant pointed out that conventional shaft kilns might not be 
suitable fer all raw materials as they require the use of high strength pellets and 
low-volatile fossil fuel. The Reba process. however, would enable shaft kilns to 
be oil-fired. 

ne compact cement plant 

A different approach was suggested in a recent article in World c~m~nt 
T~chnology (SJ. The author underlined the need for small cement plants in 
developing countries in order to achieve- dispersal of industrial activity for locaJ 
economic development. He argued, moreover, that the smaller the plant. the 
lower the unit cost, because of the increased competition among the much larger 
number of workshops able to produce it. 

He did not, however, accept the venical shaft kiln as the answer. except at 
the mini-plant level of 10-SO t/d. Above 100 t/d, he argued, the venical shaft 
kiln had major disadvantages because: 

"Nodulisation of cement raw mix and fuel (coke breeze only can be used 
and this normally has to be brouaht from steel plants at comparatively high cost, 
when compared to low/medium grade coals normally used in the cement makin& 
process) in the correct proponion is necessary for charging the nodules to the 
venical kiln. This process requires additional equipment and ausiliaries which 
increase costs. Adequate control of the burnina process, once the nodules are 
char1ed to the kiln (to achieve uniformly burnt clinker) is difficult to achieve in a 
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shaft kiln and resuhs in an uneven quality of clinker which after selective 
screening <'oes not produce a good quality clinker cement. In view of the 
additional equipment necessary in a shaft kiln plant the aperationaJ costs are 
also relatively higher when compared with an SP kiln system . ., 

He therefore proposed a .. compact .. plant of ISO t/d capacity, with a rotary 
suspension pre-heater kiln, using the dry process of manufacture. The kiln 
would be fired by pulverized coal. 

• Cemna prodadi011 .. Clliaa 

According to a 1977 repon [6] more than half of China's cement 
prod1;ction comes from small-scale plants. The standard plant bas an annual 
production of 32,000 t, approximately 100 t/d. The technology is descn"bed as 
follows: 

(a) The feed is uniform nodules obtained from a simple disc nodulizer; 

(!>) The kiln is fed more or less continuously by a team working on the top 
or the kiln; 

(c) Clinker formation is confined to the upper ponion of the kiln; 

(d) Draught is usually induced and beat escbange takes place in the lower 
portion of the kiln; 

(~) Clinker discharge is usually discontinuous; 
lf) F.uel emnomy is good because: 

(i) Fuel is being intergrouad into the nodules; 

(ii) There is sufficient beat exchange within the kiln; 

(iii) There are porous clinkers, which need less energy for grinding. 

Comparisoa of ...0- ud ..... e-scale plants 

The information available on operating costs of small plants in developing 
countries based on long-term production experience is generally scanty.' 
However, production costs are such that, with a:J equivalent selling price 
(including packing and transpon), the return on c:apital for two plants, one 2S 
t/d vertical shaft and one 1,200 t/d rotary, would be approximately the same. In 
practice, however, it is envisaged that cement from the 2S t/d plant would be 
bought unbagged straight from the silo with customers providing their own 
transpon, and consequently the sellins price would be some 2S per cent lower 
than bagged cement from the larse plant. 

The economic advantages, under Indian conditions, of a sm.JI plant, 
compared with a large rotary kiln plant, can be summarized as follows: 

(a) Lower (40-SO per cent) capital investment per unit of annual cement 
production. This is an important factor, as capital costs account for about SO per 
cent of the cost of production in a large rotary plant; 

tCJU bu, however, published 101M information in iu ra:nr publicalion1. 

*For more intormation,seeUWIDO report ID/WG.326/20 -Peb. 1981 
"Interregional Seminar on Cement Technology" 
Beijing, China, 9•24 October 1980 
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(b) l.Ower fuel cost per unit of cement produced. due to utilization of 
cheaper quality coal or coke and slighdy lower f'.lel consumption; 

(c) Electric power consumption no greater; 
(d) Lower consumption of grinding media and kiln re&actories; 
(~) Lower transport and distnl>utive costs due to proximity of consumer 

market and possibility of selling unpacked cement to local consumers. Packing. 
transport and distribution account for mout 2S per cent of the cost of cement to 
t"e consumer; 

(/) Simpler machinery, .nowing faster development of machinery 
manufacturing capacity due to pos51bility of using less sophisticated. less 
capital-intensive workshops; 

(g) Simpler operation, allowing quicker spread of know-how among less 
skilled personnel; 

(h) Lower spares and maintenance costs due to simpler machinery and 
smaller inventory of spare parts; 

(i) Greater OeXJbility in rate of production to meet fluctuating demand due 
to lower costs of shutting down and starting up and po551bility of operating 
several kilns at the same time; 

(j) Capability of producing from the same kiln a variety of different 
ccmentitious products to suit local needs; 

(k) Quicker installation and running-in of new plants (one year as against 
fiye years), which improves cash flow and makes faster build-up production 
possible; 

(I) Utilization of small of calcareous materials that ue widely sattered 
throughout many countries but cannot be utilized economically by large plants; 

(m) POSSl"bility of dispersal of production in rural areas, creating better 
balance of regional development; 

(n) Creation of more employment per unit of investment-an important 
'onsideration in developing countries. 

r..omparisoa of apme.. ia au .. ad 186 

During 196S-197S cement production in China more than tripled, from lS 
million to 48 million tonnes. More than half of this total was produced in small 
shaft kilns dispersed in rural areas. The number of these kilns increased from 
200 in 1965 to 2,800 in 197S.1lteir average capacity was approximately 10,000 
t/a. 

Over the same period, cement production in India increased from 11 
million to only 16 million tonnes. Although durin1 tlUs period there were a 
number of experiments with small-scale production using shaft kilns, the whole 
of India's production continued to come from rocary kiln plants, ranpng in size 
from the r11hcr small 20,000 t/a capacity plant at Srinagar to the pant 
1,080,000 t/a plant at Jamul. 

There are at least four reasons for the differences between the two 
countries in their choice of tecbnoloSY. 
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Fust. ii is prott.b1c tbat llDlll-lcale plants bavc been med ill Cbina 
primarily .. laSOllS of dnclapmcat policy aabcr ...... of ~ 
econooUcs 11ae policy is IO decadralizc prochaaiaD and IO create nnl 
IClf-suf&ticacy wbcrCYU pauiblc. Sacb a policy fa'ftlan small caaeDl plalds ill 
nanl lpicultunl meas. finaaccd by apit.11 raised at munay ew CIDllllDW level. 
with equipment built iD local worbbop5 ad with a locally lniDcd wart-fon:c. 
Large plaals arc l1ill 8ICd for die Jmser denyind iD cities. 

5cc:oadly. Oaina"s policy of deccnlnlizcd prod8clion is encouraged hecmlSC 
of tbc •ture of its lnDSpOrtation aetwork. In order 10 racb district cmtres. 
ccmcat from lqe ccnlnlizcd plants frequently bas to be lra8'pOltcd by I09d. 
and tbe cost of Ibis would add a.-idenbly IO tbe price of lbc cement. In India. 
on tbc other lllnd. an ateDsi¥e railway 1JSfC1D enables cement to be lnmpOl1cd 
cbeaply. 

lbirdly. India's frei&ht equalization aystcm reduces tbc economic benefit 
from lbc eaaNishmeat of small plants. One of tbc S1JOD&eSt arguments in &vour 
of small plants is lbat Ibey enable raw materials near to markets IO be aploited. 
lbus Rduring nnsponation costs. A aalioml frcisbt equalization system 
eliminates lhis potcDtial advantage. 

ne fourth difference is in 1be SWldards adopted for cement quality. In 
China. lbcre arc ID dases of cement. witb compn:ssiYC 1CreJ111bs nnainl from 
200 IO 600 kg/er (20 IO 60 N/...mt). Few different types of coasuucdon. 
different cements may be used. Most small plants arc said to produce cement 
c1ass 400 (400 tgtcr), wbich could be used for most nn1 coasuuaioD <lllouP 
it bu been maested that 1bese claims may be cwencatcd (6)... But. in any cme. 
tbe range of standards available ensures lbat wbatevcr cement is produced. it 
can find some use. Obviously. for projects RQUira. biaber quality cement lban 
lbe local plant could produce, cement would bavc 10 be imported from plants 
elsewhere. In India. by CODlnSI. lbere is oaJy a linale standard few Panlad 
cement. and if a plant does not produce cemeat fully satisfyina Ibis standard. die 
cement cannot be sold for aeDCnJ ase. A major problem with tbc Lucknow 
plant WIS tbat. .itboup it producal a CClllCllt acceplablc for most purposes. die 
cement IOlllClimes failed to ulisfy lbe apansioa-ratio test specified by lbe 
standard. lbus natioDal CODIJOI of distn"bulioa and npl imisteacc oa a single 
standard (following tbc pncticc of tbc indus1rializcd aatiom) bas pcady 
inhibited lbe development of tbe smaD cement plant in India. 

lbe prcc:isc conditions in Cbina and lndaa arc DOI found in other CDUDtries. 
whose aperienc:e will probably be different. Local maditioas must be cardully 
considered by policy makers if smaD-scale cement plants are IO be suc::cesfully 
established in developing counbies. 
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A ~'Ell \'ERTICAL KILX <DIE~"T PL\.'\"'T IN I~l>IA* 

-
The new vertical cement kiln Was commisSi~ed 1n 

November, 1981 at Dillmiapu:i:am works in Tcindlnadu, mmed· 

by J:alnda Cement (1'\arat) Limited' ~e plant operates 

on the GOl'TLIEB FUEL SURRY process6 

snall cement plants, lohich cannOt be established 

economically en any of the conventlcmally adoptecl cement 

manUf acturing processes, can nov be based on thil new 

type of vertical kiln which may operate on low Volatile 

coals, coke or chars made of li~ites, peats or 

agricultural wastes· PrOduc:ticn capacity of these plants 

may range between 40,000 to 140,000 tonnes per year. 

The new plant in Dalmiapuraaa operates cm a ble::id 

of Rourkel• coke fines and Neyveli char, produced by the · 

Government Li~ite Mine at Neyveli· It is ground with 

so,t water to an easj flowing •char slurry• with a 

fineness .of· 18-~ zesidue on 110 mesh (90 inic:rons) • 

~s slurry is fed through a density and flow 

controlling/regulating device into a double paddle llWd;Jlg 

conveyor which blends it to the accurately proportioned 

raw meal, prcdueiDg 111 earth-moist ccnsistency which is 

then pelletized on an inclined rotating pan. 

W'len grinding the •char• with water to ,1urry, the 

fuel particles surround thems•lves with thin layers of 

water which convert into tiny "mud layers• when mixed . . 
with the ·~aw meal· In the pre-heating zone Of the lc1ln 

these "lllUd layers• dry out an~ become quite dense and 

hard. T.1ey protect th~ fuel particles from partial 

ccnversian into CO by the upward streaming C:02 gases 

* Dr. Steven Gottlieb and R.K. Swamy, this paper was presented at the 
"National Seminar on Mini-Cement Plants" organised by "Cement Research 
Institute of India", Hay 1982. 
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..tdch attack the fuel particles according to the 

reaction C · ... ~ • 2 CO· TMs. 1.s t.':e Boudou~ reaction 
liaich is variable, depending on temperature, ·pressure . 

md the degree bf elCJ)Osure of 'Ole fuel parti.cle surfaces 

to the ~ gos streana· - :rn ~e earlier vertical kilns 
this reaction caused ha,,.-oc at times by its variaticn Of 

'the heat .input J.nto the ·kiln, which· led to serious 
operaticnal difficulties, ·notwithstanding the great care 

taken to proporticn the £uel accurately· 

During the short period Of kiln operatim up to 

date, the .following observetims were made =- . 
1) .&ere is no dust discharge ~to the ltiln stack, 

cnly steam and a light alkali haze is escaping with the f 

gases+ the C02 driven out of the raw materials· - The 

lOtl alkali ccotent i.n the clinker is Ofcourse an importan . 
qualitative advantage. 

2) There .is no easy formation of relatively low 

~lting ~utectic_s which in earlier kilns led to severe 

cloggings of clinker to the firebrick lining .in the hot 
• 

zone, whiC:h necessitilted Jmpleasant 111aDual 1«>rk, loss of 

production, -.increased beat ana firebrick consuaption. 

·3) The shc>e of clinker disc:hargea from the ki 

can be regulated by slight variiltiais of· fuel input =-
. . 

thus the degree Of clinker agglomeration to grc>e like 

bunches can be adjusted or totally avoided, if so wished, 

.producing loose, well sinterea porous pellets Of clinker 

cons~ently, great savings in cement grinding costs can 

be achieved by the reduction Of wear en the grinding 

media, diaphracrs and liner plates. 

Ul~form pelletizing with aPPropriate surface 

conditioning ensure dust-free o;>eration of the Pan . 

Pelletizer a."1d sm·")oth sintering to clinker 1n the lciln 

at a rate of 200 tonnes per day, using upto :i70 n cub-m 
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air per minute; at a resistance of up to 1600 an we of 

the pellet bed to air/gas· flow· With uniform rav ineal, 
. .• . 

fuel an~ air propc)rticning~ operatioo Of the Jt1ln is 

uneventful and· simp1e. · - all that 111\lst be watched i.s to 

keep tl'e visible fire m_ the top Of the pellet bed well 

covered at cm st~ _height•. FOr continuous discharge of 

the big. quallt~ clinker. the speed of the cmvenUmal. 

(flat) grate is kept between 2 - 4 revol.UUoos per hour-

l'Dr checking the preheating Sia sintering zones. 

occasionally a sample· ot· pellets is vidldrall."'D frcmtbe 

kiln's drying. preheating and sintering zcnes,. to check 

the progre~s of calcining and sintering• 
- . 

The cement produced by the FUel slurry Precess is 

of un~formly high qualitl:'• Clinker samples taken over 

24 hours Of ccintinuous productim and gr0und vi th ~ . -
gypsum in a laboratOry mill to a fineness of abDUt 

3200 sq.cm per gram (Blaine) yielded the following 

quality results :-

LOss Of Ignition . ~-5 " 
LeO>atlier ex;pansion o.5_an 

Autoclave e~ansion 0 ·l " 

3 days corrpressive Strength 

7 days canpressive strength 

. • 

Operating the kiln o~ Rourkela fines. fuel 

consumption has been 960 xcal/.Kg clinker• · 

!'he raw meal for this kiln is produced in a 

so tph cap&eity LOESCKE Roller Mill, firea through 

2 tube heaters for arying and grinding in one operation 

to a normal fineness ·of 15" residue m 170 mesh• The 

excess capacity from the mill is utilised for the 

existing semi-dry process rotary kiln. 
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The J"Uel slurey Process 1s patented m Australia, 

u •S •A•, ind Znc11; 81'1~ ~plicatim s are being PE ~ssed 
in other count.ries· 

_ Detail desi~ .drawings of the new plant in 

Dalmiapuram by the new FUel slurry f i.red Vertical JCi.ln - . 
plant 111ere coq>le~ by the engineering Staff Of 

Di!llali.a Cement (Bharat) Ltd•; anc1 they were based ai 

engineering anc1 constructiai gUic1e drawings prepared by 

Gorresen•s Pty Ltd·, CDDsulting Engineers, ..\Ustrali~ who 
also carried out the raw material anc1 fuel investigatim s - . 
S>d advised on all aspects Of desi~, erection" and 
initial plant operation· 
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The Gottlieb Cement Process* 

A small capacity cement plan: is based on 
• the modernised pellet fed vertical kiln 

which. in its initial form with briquetted 
feed. has been in use since the turn of tht: 
century. panicularly in Europe. -However. 
these early kilns. whilst producing cement 
which suited the standards of their time. 
would noi be accepted in today·s 
concf1tions. The industrial revolution of the 
20th century with its higher and more 
sophisticated quality requirements for 

_ cement. favoured the better automated. 
larger rotary kiln which thus had virtually 
replaced the vertical shaft kiln. It 
permitted also t'he building of very large 
plants to meet the increasing cement 
require~ents of m~jor ind~strial centres. 

In the early fifties substantial improve­
ments in vertical kiln technology : ~if te d.r · · 
the efficiency of its production. ~ fuel 
consumption and the quality of the 
cement it produced. and 'hen. in the late 
sixties there was a further improvement 
by the wet preparation of_ its fuel. This 
modernised vertical kiln became 
panicularly important for two m~in 
raaSQ11s: . 
a) the new highly sophisti~~ted. 
computerised and automated rotary kiln 
cement plants became very expensive 
which made it impossible to establish 
them on a relatively small scale. such as 
below \4 of a million tonne per year 
cement produdion; 
b) the rotary kiln must be fired with high 
grade fuel. such as fuel oil, natural gas or 
bituminous coal, which has become very· 
~uch dearer during recent years. 

· The new venical kiln can be fired with low 
grade fuels such as coke-breeze, lowvola- : 

· tile coals or waste timber, peat, brown · 
coal and various agricultural wastes, such · 
as sugarcane bagasse or coconut· husk, 
carbonized to char. The relatively low cost 
of a modern venical kiln cement plant permits; 

·establishment.of cement manufacture on · 
a small· scale, in the. _.O,OOO·M0.000 1 

. tonnes per year production range. There · 
ere many areas in the world where small . 

·markets would not pt!rmit the economical 
establishment of conventional cement 
manufacture using rotary kilns. The 
cement needs for such areas must of 
necessity be transported over long distan­
ces adding significantly to . unit cost. 
This high unit cost also precludes the eco­
nomic manufacture of many basic items 
based on cement t:uch as concrete pipes. 
blocks. roofing tiles and low cost road con­
struction using cement stabilisation 
techniques. 

Dalmia Cement (Bharat) Limited offers 
complete design, engineering, and con­
struction of the Gottlieb Cement Process 
which is licensed to them in India and 
other Asian and Middle Ea~t countries. 

Dalmia Cement (Bharat) Limited (DCB) 
- was incorporated in 1951 to take over the 

erstWhile Dalmia Cement Limited, which 
was a pioneer among the cement manu­
facturers in India. Dalmia Cement (Bharat) 
Ltd. has subsequently recorded a steady 
growth in the last three decades and is 
today one of the largest cement manufac­
turers in India. with a total experience of 
more than 40 years. h has also diversified 
its activities into Magnesite. Iron ore and 
electronics. In addition. it has a cashew 
processing plant, primarily cat~ring to 
expons. 

The technical performance of DCB is re-" 
cognised to be of high order and its plants· 
ha'e consistently operated at high capacity. 
The Government of India awarded a Ceni­
ficate to DCB for its capacity utilisation of 
125% in its cement p nt in 1977. The Iron 
ore mined by DCB is exponed through the 
state-owned Minerals • Metals Trading· 
Corporation to Japan and is widely reco-· 
gnised in the Japanese market for its very 
high grade quality(+ 67% Fe). DCB has now 

' diversified into the electronics field by· 
taking over the former Indian subsidiary of 
Telefunken, West Germany. If you are 
... king a sound approach to profit maxi­
mization through cement produdion. we 
.~liev~ this brief booklet will be_profitablo. 

•Source: OornHn'• P.'r.t. !'.dpclitt Centre, 2027 .Au•tra.lia, 6 Sep.1982 
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VERTICAL KILN 
CEMENT PLANT 

. The first such plant was established by 
Dr .Steven Gottlieb in Australia in 1954 and "om • sman initial output of 30.000 
tonnes per llnnuni. is now producing 
· 120.000 tpa and will be expan~ still 
funher. During its 27 years of operation 
the plant has suPJ>lied uniformly high· 
quality cement for major government · 
complexes such as power stations. dams •. 
bridges. oil drilling wells in the sea bottom 
as well as the premixed concrete industry 
and the building trade. It also pioneered 
. the manufacture of sulphate resistant and· 
masonry cements· in Australia. based on 
manufacturing concepts as detailed in a 
paper presented by Dr. Gottlieb to the 
Australian Road Research Board"s first 
conference in_ 1962. 

In 1980 the Australian Government 
invited . Dr. Gottlieb to panicipate at a 
Technical and Scientific Exchange Con­
vention {TECHEX) in Atlanta Ga .• USA. 
where government research organisa­
tions. universities and companies from 
many pans of the wor'd exhibited their 
innovations and new manufactu~ing 
processes which were judged by an Inter· 
natio_nal jury of 5 eminent scientist~ and··· 

·@··. Milt 
llfW) 

.. 

8 

industrial expens selected from the us~ 
UK. France and Japan. Dr. Gottlieb·s con­
sulting engineering Company. Gorresen·s 
Pty. Ud.. was awarded first prize in the 
industrial ca'egory for their work.over the 
years on the perfection of the venical kiln 
cement plant and another major innova­
tion. the Pellet Bed Precalciner. 

Process: 
In· conventional cem·ent manufaCture the 
raw materials. limestone and day or 
shale. are processed to a raw mix which 
must have an accurately defined chemical 
composition and fineness. To achieve 
th~s. the limestone must be crushed and 
·ground either wet or dry. togetlier with the 
clay or shale. homogenized to obtain the 
required chemical composition and · 

·heated to a temperature of 1450 °c to 
form the clinker minerals which. when 
ground with about 5% gypsum. produce 
the finished · cement. The procedures 
involved in the processing of limestone 
and clay. homogenizing of the raw mix and 

· ·its sintering-to clinker in a rotary. kiln. 
require a great deal of space for the equip­
ment and buildings. Long conveying 
syste'!ls are involved. , ,, 

IAW.MllLWlflt 
Mlf.DIMflC IAMPLlll., 
MOAllAtYSI• 

' . . . , 
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·All this lifts costs to levels which prohibit 
the establishment of conventional cement 
manufacture for relatively small outputs. 

The economics involved in a vertical kiln 
cement plant are affected by its excep­
tional flexibility. its easy st~pping and re­
starting p_r:ocedures which have profoun­
dly affected plant design.Capital.and also . 

- operating costs may become exception­
ally favourable if the required chemical 
composition of the raw mix can be 
obtained from two suitable raw material 
constituents. In such case a n·on clog · 
hammermill crushes two limestone/clay 
(or shale) blends by adding a bucketload of 
clay (of shale) to every truckload of limes-

r 

tone.One larger and one smaller bucket­
_load is used to yield 2 blends wh•ch are . 
fed into a roller mill. equipped with a 
radioactive ca- monitor which analyses . 
the caco, level in the raw mix conti­
nously. thus adjusting the feeders accord­
ingly. without any need for after blending 
in homogenizing and storage silos. 

in such a pl.ant.kiln and·mill start. operate~ 
. and stop together with only a 15 _tonne 

·. 

. .. .... 

···"::·: 

capacity surge hopper for raw mix 
between them.· This would. of course. be 
impossible with a conventional rotary kiln 

· where starting _and stopping procedures 
take several hours. If more than two raw 
material components are needed the ca­
mon~tor must be replaced by a more 
_expF: -:ive computer. analysing and 
dire ·, ~ ~. the three feeders. 

A complete Gottlieb vertical kiln cement 
plant requires a site area of only 50 x 70 
metres. thus the very great difference in .. 
capital costs in comparison with rotary . 
kiln plants is not only caused by the lower 
cost of the vertical kiln itself andthe small 
area it occupies. but by the use of less 
equipment. much smaller built in area for ·• 
tfl'l whole plant and the shorter conveying . 
systems. In a rotary kiln cement plant the 
raw mix· storage and homogenizing sec­
tion occupies about one third of the total 
plant area. 

• 
The new vertical kiln cement.manufactur-
ing process in its modified form as des­
cribed previously. is protectl!d by patents 
in sevE:ral countries. · 

· .. 

Cl Ml N f .Sf OllAGI. 
lOAlllNG AND DlVAfCN 
rACl!~G HD Oil lllll 
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Technical Highlights Give 
Gottlieb Process Many Advantages 

The pan pelletizer. introduced . by 
Dr .Gottlieb in Australia in 1950 revitalized 
the vertical kiln process for producing 
cement clinker. With the pelletizer. coal. 
char or .. semi char·· are embedded in the 
raw mix. and .stable pellets produced. 
Improved sinterjng conditions are 
obtain~ because the kiln is fed with 
pellets that are completely stable as 
confirmed by the Feasibility study. The 
·thermally and physically stable pellets 
provide a uniform and even distrjbution of. ~ 
gas flow ft etevated pressures through 
the kiln. ~ .... 
However. there were still short-comings. 

. The c~ contained in the kiln gases in the 
upper portion of the kiln readed with the 
coal particles embedded in t~e pellets _to 
form ·CO as· they slowly. moved ·towards 
the-hot zone.~The' readion. sensitive . to 
temp9r-ature, .pressure. degree of 
exposure and fuel readivity, caused the 
temperature in the combustion zone to 
fluctuate because of the varying amounts : 
·of fuel left wh~n the coal particles arrived . 
at the sintering zone. This •cycling• w~s a 
problem often experienced with the pellet 
fed vertical kiln. 

Furthermore, the CO formed may reduce 
some of the Fe7~; in the r~w mix to feO, 
causing disintegration of 3Ca0Si0:z into 
ZCaO. Si02 and free Cao~ even· in 
delayed rea~ion during clinker storage. 

In the Gottlieb Process, grinding "of ihe 
.coal causes water to adhere to the 
surfaces of the coal particles · which · 
change into tiny • mud layers". These dry 
out in the preheating zone thus forming· 

~P.r~e.cti~e _lave~-·· of adher~~ raw mi~ .• 
i 8round the fuel particles which prevent . 
their premature" and incomplete 
combustion. This protection ends when 

the carbonates in the raw mix dissociate. 
. However. at this stage sufficient oxygen is .. 
· available to ignite the fuel particles; 

causing the temperature to rise rapidly to 
the sintering temperature of about 1450 c 
over a distance of only half a metre. Also. 
Fe20, that was . reduced to FeO. is re­
oxidized to Fe20 3 thereby preventing the 
undesirable disintegration of 3Ca0. Sio2 

to 2 ·cao. SiOi and free Cao. . . ..... . 
The previously used method of water 
spraying a.. raw meal and fuel mixtures on . 
a pan pelletizer does not provide the 
required adhesion of water. layers Jo the 
surf aces ot the fuel particles. Further the 
continuous blending of coal (char or semi­
char) slurry in the grinding mill- in the 
mechanically agitated sump into which 

thf.. w_i11E.ilf'S!Wf£~Jkj ~ a~tat~d 
slurry t~ n anally, w nm~ with 
raw meal and rolled on the pelletizer­
smoothes out variations in fuel quality. 
Consequently. sintering is achieved at 
such uniformity that full automation of the 
process is obtainable and control can be 
.exercised from a central control station. 

' --· 
The exact sintering condition thus 
achieved by constant hot zone 
temperature provides well controlled 

· incipient fusion and agglomeration of the 
.clinker pellets into grape like pieces which 

1 the rotating grate breaks up easily; hence 
· a conventional flat grate can be used. 

.. The coii or .. .. -char~ slurry fired in·· the 
ve9'tica~ kiln doe• not push any dust in the · 
form of belching smoke into the· 
atmosphere, only steam and some alkali 
fumes:- op'eration at the d~ign9d rate of 
200 t6nnes per day does hardly produce 
any visible evidence that the kiln is 
working. 
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INNOVATIVE CtKI:NT MAHUFACTURIHG 
PROCESS FROM AUSTRALIA 

The manufacture of Portland Cement is performed in three stages:­
in the first stage, the raw materials are mined. crushed, ground 
and homogenized to a blend having the required chem. composition 
and fineness. In the second s~age, this blend is subjected to hea:t 
treatment, reaching temperatures of 1~So0c at whi=h the clinker 
minerals with the desired hydraulic characteristics are formed. 
In the third stage the clinker is ground upon addition of gypsum 
to the finished cement. 
Conventional cement manufacture is based on the rotary kiln with 
a great variety of heat exchangers, - preheaters and/or precalci­
ners. However, the capacity of such plants must be at least 
300,000 tons per year to make them economical. This fact effectiv..el_y 
prevented the building of plants in many areas of the world where 
markets were small, - in the range of 30,000 to 300,000 tonnes per 
year and made them reliant on imports burdened with the high cos:t 
of storage, transport by sea, road or rail and packaging. 
The introduction of the Pan Pelletizer in the early fifties perniitted 
the establishment of vertical kiln cement plants for small production 
capacities on economically sound lines. However, a peculiar feature 
of the vertical kiln prevented full acceptance of the concept of ~the 
ecc~~mical small plant:- in a vertical kiln fuel and =ombustion a:ir 
mo~~ in opposite directions, - in a rotary kiln their movements are 
parallel. In a vertical kiln combustion gases, together with co2 es­
caping upward from the raw meal may react with the fuel particles 
embedded in the pellets moving downward, to form varying amounts of 
CO and thus causing fluctuating heat inputs into the hot zone of ·the 
kiln, even if great care was taken to proportion the fuel accurately. 
The resulting uneven air/gas flow may lead to variations of clinker 
quality as underburnt pellets disintegrate to dust, while overburnt 
pellets get stuck to the firebrick lining, leading to interruption of 
production to scrape off lumps of oversintered clinker from the fire­
bricks with steel rods in difficult or even dangerous manual operatior: 
However, if production of cement clinker in a vertical kiln becomes 
safely uniform, the pellets will retain their shape during calcining 
and sintering which will make it possible to interlock operations of 
kiln and raw mill so that they become one integral unit of production. 
The Fuel Slurry Process vertical kiln cement plant CFSP) could achieve 
this aim. If fuel slurry is blended with the pulverized raw meal to 
produce an earth-moist consistency suitable for pelletizing, - the 
fuel particles become very effectively protected by tiny, hardening 
mud layers which prevent their premature reaction with the flue -gases 
and their incomplete combustion. This protection ends when the ca~bo­
nates in the 1·aw meal dissociate, leaving a porous and permeable 
matrix behind, - however at this stage sufficient air is already 
available to ignite the fuel particles, provided that they do not 
contain too much volatile matter which could crowd out the air and 
thus slow down combustion, lowering temperature in the hot zone. 
However, if this disturbing influence is absent (i.e. the volatile 
content in the fuel is not too high), - the very good heat transfer 
(mainly by convection) in the hot zone causes the temperature to 
rise rapidly to the required level of l~sooc over a distance of only 
half a metr~ of kiln len&th. 
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Fuel Slu~ry permits a very uniform distribution of the fuel particles 
within the pellets, the quality of which become greatly improved. 
If a pellet is cut into two halves, the cut faces are of-uniform 
colour,.showing the completely even distribution of fuel over the 
whole cross sectional area. Due to the cover around every fuel·par­
ticle by the minute mud layer, sharp edges will not cut t~d pellet 
apart:- if thermal stability ·is satisfactory, their shape will ~e 

JDaintained throughout the preheating, calcining and sintering 
phases, causing air and gas to flow evenly through the voids 
formed ·by the pellets and the channels within them, - maintaining 
uniform temperature levels in the hot zone. The formation ·of over­
sintered pellets getting stuck to the firebrick lining, or disin­
tegration of the pellets into dust, cannot occur in the Fuel Slurry 
Process. 
The building of cement plants without storage - and homogenizing 
silos for raw meal became now a reality with the complete plant 
to be placed into one building, achieving savings of capital -
and operating costs which in cement manufacture could not be 
attained before. Kiln and raw mill can now be electrically inter­
locked to operate as one integral unit, - not only due to the flexi­
bili'ty of vertical kiln operation, its easy stopping and re-starting 
facili'ty, - but also (and mainly)because of its uneventful production 
which makes it suitable for automation. - These objectives were 
attained on an industrial scale quite recently and very success­
fully in a plant where commissioning is still in progress, searching 

• for the most suitable fuel to optimize production. 
The fuel earmar~ed for use in the FSP must have low volatile con­
tent and good reactivity, though this should not be as high as to 
absorb gases on heat treatment. Selecting a suitable charing process, 
low grade fuels, such as brown coal, lignite, hardwood and some agri­
cultural wastes, can be converted to chars. These, as well as coke 
fines or anthrazites are suitable fuels for the FSP. 
SUMMARY OF ADVANTAGES OF FSP:-
(1) Production is smooth and uneventful as pellets retain their shape 
during decarhonization and sintering to clinker. Resistance to air/gas 
flow in the kiln remains constant, with no possibility of over sinte­
red pellets getting lrtuck to the firebrick lining, - or pellets dis­
integr~ting to dust, interfering with production. 
(2) There is no discharge of dust with the exit gases either, - only 
steam and some alkali haze. 
(3) The flexibility of operation, easy re-starting. and stopping of 
FSP vertical kilns, permit electrically interlocked operation of 
vertical kiln and raw mill as one integrated unit, which can eli­
minate storage - and homogenizing silos for raw meal, provided that 
suitable raw materials are available. This simplifies raw material 
preparation, permitting the use of a very small operational area so 
that the whole plant can be placed into one building which means less 
conveying equipment and lower labour requirements, reducing capital -
and operating costs very considerably. 
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(~) Fuel consumption is very economical even if the ash content in 
the fuel - including low grade charred fuel - is very high. The use 
of fuel in slurry form permits the ironing out of fluctuations in the 
qualities of the coke or char produced from 1ignite, brown coal, peat 
or agricultural wastes. The homgenizing effect during grinding the 
fuel to slurry, its mechanical agitation using a stirrer in the sump 
into which the slurry discharges, agitation by compressed air in the 
fuel slurry tanks and the thorough blending in the double shaft mixing 
conveyor where the fuel slurry and the raw meal are homogenized into 
an earth-moist blend fed into the Pelletizer, achieve uniform fuel 
feed into the kiln even if the fuel is delivered to the plant fluc-
tuates wildly in its quality. · 
(5) Application of the FSP improves the quality of the pellets to 
such extent that resistance to air/gas flow becomes constant, permit­
ting far reaching automation of plant operation. 



- JS -

The Interground Fuel Syst-em in LOESCHE Compact Vertical Kiln 

Cement Plants* 

INTRODUCTION 
The lnterground Fuel System comprises: 
the weigh feeding of raw materials, 
the proportioning of fuel. 
the raw materials grinding mill. 
the Fuel-Meal blending system. 
the vertical kiln for the production 
of Portland Cement ainker. 
The system is referred to from hereon 
as "Fuel-Meal Process". 

RAW MATERIALS AND FUEL 
The Fuel-Meal Process differs from all 
other cement clinker producing systems 
by the intergrinding of solid fuel with the 
cement raw materials. Only solid fuel con­
taining a low percentage of volatile 
matter. preferably less than 20%, can be 
used. The ash content of these fuels does 
not influence the function or the economy 
of the process since it is a raw material 
component and turned into cement clin­
ker together with the others during the 
burning process. 

Anthracite, coke breeze. petrol coke or 
charcoal can be used without any prefe­
rence for one or the other. The suitability 
of the fuel is solely decided by the 
economy, i. e. the price per Giga Joule 
at site. 

PROPORTIONING 
The weigh feeders I for the raw materials 
extract the various components from the 
feed bins in such a relation to each other 
as chemical composition requires it. The 
fuel is proportioned in relation to the total 
weight of the raw materials whereby the 
ash of the coal is calculated as part of the 
raw mix. The amount of fuel is adjusted 
according to pre-determination in the 
laboratory. All components together with 
the fuel are fed by a belt to the raw 
materials grinding mill whereby the total 
feed is automatically controlled by the 
pressure drop across the mill. While the 
total feed can vary according to this 
control, the relation of the components 
to each other and the fuel to the sum of 
them remains as set. 

GRINDING 
The Loesche Roller Mill l as designed for 
this process has proven to be most effec­
tive with regard to fractioning of the finely 
ground Fuel-Meal. At the same time 
drying is effected in this mill by the intro­
duction of hot air. For simplicity reason, 
the air-heater is using fuel oil. The fuel oil 
consumption is automatically controlled 
by the exit gas temperature from the mill. 
The Fuel-Meal as collected from the dust 
precipitation plant is perfectly blended 
for fuel/raw meal ratio as well as for the 
particle size distribution of all compo­
nents. 

*Source: LOESCHE CMBH, D-4000 Dusseldorf 1, Steinstrasse 18, FRG. 



HOMOGENIZATION 
The Fuel-Meal is transported mechani­
cally to the blending silos. Tnere are two 
silos provided. each with a capacity of 
about 12 hours' mill production. They are 
operated batchwise so that one silo can 
be used for blending while the other is 
refilled. 

The blending is effected pneumatically 
by aeration systems on the bottom of the 
tanks. 

The blending silos are mounted on two 
storage silos which can be filled alter­
nately. Means for correcting the Fuel-Meal 
composition are provided. The storage 
silos are also discharged pneumatically. 

VERTICAL KILN PLANT 
After careful homogenization the Fuel­
Meal is transported by means of an ele­
vator to the kiln feeding station. A drag 
chain conveyor takes over from the ele­
vator and transports the Fuel-Meal to the 
kiln. This drag chain conveyor is kept filled 
at all times, and the overflow which is not 
required for the kiln goes back into the 
storage silo. By this method the Fuel­
Meal is de-aerated. 

To feed the individual kiln, the Fuel-Meal 
is extracted from the drag chain conveyor 
by a special belt conveyor which is very 
wide and has devices which effect a 
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further de-aeration resulting in an abso­
lutely even flow of Fuel-Meal to the 
nodulizer ~. 

In order to produce nodules of even size 
and constant bulkweight, the amount of 
water to be sprayed onto the nodulizer 
is kept proportional to the amount of feed 
going through the kiln. A special pump is 
used to aUain an even spray indepen­
dent of the exact volume of water used. 

The system ensures that the nodules 
have the necessary porosity so that they 
do not tend to collapse when being 
exposed to heat. The adjustment of the 
nodulizer which can be changed in incli­
nation, height of the ring that surrounds 
the nodulizing plate and the area of 
applying the water are the means to en­
sure sufficient strength of the nodules 
to endure the drop through the kiln feed 
chute and onto the upper layer of material 
in the kiln. 
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The feeding of the nodules and the distri­
bution on the surface of the kiln section 
is effected by a revolving chute which 
can be adjusted in its angle of inclination. 
The chute is mounted in the kiln hood ~ 
underneath the central feed chute. The 
chute drops the nodules around the cir­
cumference of the material layer so that 

a shape like a crater is formed which is 
desirable as the combustion air tends 
to penetrate the layer of nodules at the 
periphery rather than at the centre of the 
kiln. The kiln hood is provided with a 
number of doors that permit access to the 
kiln surface from all sides at any time. 
while during normal operations these 
doors should be kept shut The kiln hood 
is connected to the dust precipitator or 
directly to the kiln stack. After the initial 
ignition the kiln is filled up with nodules 
upto the kiln operating platform. The fire 
can be supervised at all times and. if 
necessary, attended to. The upper layer 
of nodules serves as preheating zon~ 
where the nodules are first dried and then 
calcined. The actual bu ming zone is about 
600 mm to 800 mm below the surface 
near the end of the concial part of the 
kiln 1. This conical part is compensating 
for the shrinkage of the clinker during 
burning, so that the burning zone is not 
disrupted . 

Once the Portland Cement Clinker has 
formed, at a temperature about 1450 C., 
it is cooled by the up-coming air whereby 
very good heat exchange is achieved. 
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CLINKER EXTRACTION 
To extract the clinker at a steady rate 
regardless of its consistency, a grate is 
employed which slowly revolves and at 
the same time crushes the clinker if it 
has agglomerated to l~er pieces. At the 
same time the grate is designed to distri­
bute the up-coming air evenly across the 
section of the kiln. 

Oinker discharged through the grate is 
collected in a cast-iron chute and trans­
ferred through a hydraulically operated 
discharge gate ~ onto the c!inker con­
veyor. 

Thus, the lower part of the kiln has mul­
tiple functions. Oinker has to be evenly 
extracted regardless of its shape and 
temperature. Air has to be pressed into 
the kiln at a normal pressure drop of 
about 125 mbar, but if necessary up to 
200 mbar. This is achieved by two or 
three piston blowers of the Roots type '1, 

one of which is being speed-controlled in 
order to adjust the necessary combustion 
air to the kiln output 

GENERAL OPERATION 
Vertical kilns do not work with excess air. 
The exit gas temperature which is nor­
mally about 100 C. controls the kiln feed. 
Temperature is monitored along the kiln 
shell through the lining for safety reasons 
as well as for adjustments. Oinker qua­
lity is exclusively controlled on the che­
mical side and by grinding fineness. Suc­
cessful operation is ensured by maintai­
ning constant conditions of all external 
influences. 
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Mini-teaent ~lantS ~~9e-f on ~hAft ~:ilns* 

As the investm:ent cost in the ce~nt industry is nor.:zall.y very high, 

it is i~portant to detemine the aost econocical and suitable size tor 

s-11-scale factories in order to l!:alte savings through standardization. 

'l'his seems to be in the range of a production of E0,000-120,000 t/a t'rom. 

tvo conventional sha!'t kilns. 

For the conve!ltional shaft kiln, lov wlatile fossil tuel, vith 

less than 20% wlatile '!latter vill have to be used. If not available 

the proble~ l!:AY be solved by charring high volatile t'uel; the volatile 

gases emitted could be burned and used f'or drying of' rav materials. Such 

a system has vorlted successf'ully since 1965 at the Gippsland Cement Plant 

in Taralgou, Vic .Australia. The plant is using charred brown coal 

briquettes as fuel f'or the 2 shaft kilns. 

For the above-mentioned sh&rt kiln system, it is necess&r7 to produce 

pellets or nodules, vhich are small, one-half' inch (12 mm) diameter balls, 

of' unit'on:t qualit7 and high strength, coz:isisting ~ ground rav materials 

and 12-181 vater. Ir ro-tion or nodules or sut'ficient ~trength and 

heat resistance is not possible, a rotary kiln process is mandatoey. 

A small-scale cement plant producing 120,000 t/a voul.d be the 

ideal size. 'l'he cost or machinery for the shatt kilns incorporating 

cooler vould amount to approximatel7 l&-6S ot the total investment cost, 

whereas that of a rota?'J' kiln plant vould be approximatel7 8-lOS. Tbe 

a4'ftl1t&ges of a shaft kiln installation voul.d be : 

(a) Substantial sari.ngs in space; 

(b) Simple construction vi th no hea~ castings; 

(c) Fev problems vi th starting and stopping; 

(d) High degree of reliabilit7 due to the durabilit7 of refractory 

bricks; 

(e) The kiln and the cooler is an integrated unit; 

(t) I.ov-alltali clinker could be produced; 

(g) A high degree of do-it-yourself construction could be 

developed vhich is important in order to bring dovn the total 

investment cost. 

* Source: Small Scale Cemoen<: '!'echnolog:;. U:lIJO/!Cl::>. 41/Re·i. 1 
16 Janu!'lr/ 1981 
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There a.re various r-!'Ocesses !'or feedinE: the !uel to the shaft 

kiln. '!be ::ost simple, a..'ld perhaps the most co~n is to reed the 

fuel (ant!'.racite or petrol coke, coke breeze, blast-!urnace coke 

o~ silll1lar), separately in sizes of 1.5-2.5 !!:!:, directly to the 

pan pellerti:er to~ther vith the rav mix. Other processes such 

as black meal, shell (black 111eal vith vhite n:eal coating), and 

coke slurrf should be consic!ered de-pending on the type or tuel, 

especially ir hi~ content or a.sh occurs. 

Small-scale shaft kiln _ce:aent plants 1!18.Y' ?!!eet vith opposition 

from larire-scale ceent producers as a netvork or shart kilns in soce 

areas could create competition for their markets. 

On the other hand it should not be t'orgotten that the rotary kiln 

teclmology is veey relie.ble and that a sD!8.ll rotary kiln plant despite 

high costs help to familiarize operators vith a technology that sooner 

or later r:..ay be applied in the expansion of the plant vhen the cement 

market has been developed vith the first ce!!ent plant installation. 

The quality of the cement depend on the quality of the Portland 

clinker produced. Therefore continuous end regular operation is 

important. Efficient operation or a shaft kiln require a good 

distribution of air in the burnin~ zone. This can be facilitated vith 

a good discharge grate. It bas been proved that the so-called step 

grate vorks satisfactorily vith lov 111aintene.nce costs. 

Highly-developed equipment for the preparation of rav material 

also helps to produce good quality low alkali clinker in a shat't kiln 

(semi-dry process). Pre-blending of th~ limes~one is highly recomD'.ended 

vhether a rotary kiln or a shaft kiln is considered. 
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invested) is extre~ly i~portL~t for all factories because it is 

difficult to find the necessary tinancinl su~port unless the 

feasibility of the project is proven beyond doubt. 

Once financing is secured. the fixed costs required ror 

amortiza~ion vill influence the price of the final product. 

Here the sha!t kiln technology still appear to have an edge over 

the rotary kiln technology. 

Manu!acturers or rotary kiln plants vith preheaters and calciners 

prefer not to use kilns or a capacity belov 800 tons per clay (t/D). 

The reason are : 

(a) Cyclones are small and jamz:dng might reduce the 

efficiency or the plL91t; 

(b) In case or frequent stc,;s. because or blocking or 

cyclones, fuel consu:;>tion might co1:1e out higher 

than anticipated. 

(c) By-pass installat.ions lti~ht be necessary in order to 

control the quality ar.d additional investme~ts might 

make the factory proposed less feasible. 

(d) Bricklayers are reluctant to make repairs in the 

prebeater and calciner because there is very little 

vorkint space. 

lever-the-less it is technically possible to produce sma.11 

reliable dry process cement plants also vithout preheaters. the 

important points tor a promoter is to have accurate information 

about investment and operating costs and compare different solutions 

'before a final decision is taken. 
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'lbe present trend or building up large-scale cement plants vill 

certainly continue. 

'lbe "run factor" ror a rotary kiln mainly depends on its diameter. 

With diameters up to 5 m, the ar.?Ount or refractory bricks used is 

still at an acceptable level of 0.5-0.8 kg/ton clinker. 

Operations and 111aintenance experience have shovn that conventional 

high-econoCTY dry-process kilns vith a tour-stage suspension preheater 

are most reliable in the size ra:ige of 1,250-2,000 t/d, corresponding 

to a kiln diameter of L.15-L.75 m or less if precalziner technique 

is applied. 

It should hovever not be forgotten that scall scale ro~ary kilns, 

as they vere seen up to the fifties, still are technically possible 

to build. 'lbe only obstacle is that they are relatively expensive 

(investment- costs per ton capacity) to build today. 

'lberetore some coJCp&nies have started to ex1U:1ine the possibilities 

for simplifying the technique or small rotary kiln plants vitb present 

clays knov-hov in order to be able to ofter econoz:dc solutions to 

promoters or small ceanent factories. 
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Y.L~Y develo~!~~ co~~~:~s. pa~ic~a~:: tte le~st developed 

countries, have not developed their cement industry sufficiently. 

In many cases they have difficulties in identifying a balanced 

approach vhich vill yield the necessary financi~ SUllport. 

'lhe cement dem&nd is often too little and to thinly spread over 

a large area to Justify a mediw:i or a large scale plant and .::-e&sing 

transport costs also vorks age.inst centralized product!on. 

Vben therefore both production and trenspc 0rtation costs are analysed, 

the conclusion is often that decentralized production in small scale 

plants is advantareous. 

Also the Socio-economic factor in creating e:ployment centers 

in rural areas should not be Underestimated. 

Conventic~al Shaft Kilns. 

The shaft kiln tec~nology has been used for nearly a century, but 

especially in the early 1960s the layout and design or a shaft kiln 

plants reached a very high level. This hovever coincided vitb the 

introduction of the dry-process !our-stag~ suspension preheater kiln 

that made it possible to avoid drastically increasint. cement prices by 

the use or big and econo:cic&l. production uni ts. The shart. kiln tbe:i 

started to loose popularity, particularly as transpart costs vere still 

relatively lov. 

'!here are however still cases vhere a shaft kiln is the best and 

the 110st economic solution. Quality vise clinker produced by a shaft 

kiln can be as good as clinker produced by a rotary kiln provided the 

aanie care is taken in the preparation of the rav material. ID order 

to produce good shart. kiln clinker the tollovint conditions vill have 

to be tul tilled: 

(a) Plasticity of the rav materials particularly the clay 

in order to ~ake pellets ot suf~ieiently h~@~ strength 

&110 at elevated te~peratures. ~ithcut tl':is, it is 

ir,>ossi'ble to o;>e!'aU a sl':sft 1':ili::. 
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.(b) A kiln dia.--e~e:- ex~~e~::?:.~ 3 I! is fr,a:Y::sa'!::e. J..ir 

dist~ibuticn t:a.Y te=o~e irrerula.r ar.~ res~t in an 

U."lSt&t·le or-e:-a~iCI?:. 

have an inside effective dieneter or 2.~ m L~d a total heir.ht of 

approxiriately 8 m. S::-.aller kilns vork eTen better because of improved 

air distrib~tio~ inside kil~ cross section. 

'!be vertical shat't kiln is very sii:ple. The upper part o!' the 

shart. (approxii:ately 15-20~ of the total height) is conical to correct 

for shrinkage or the nodules through drying, cal.cinint and sintering. 

'lbe rest or the shaft is cylindrical an<! this part serves as a collar 

and heat exchanger as the heat from the clinker prehe~ts the air J110ving 

in counter flov from the bottom or the cooler u~ to the burning zone 
in the kiln. 

The rav mix and solid fuel fed to the kiln are &Er1oi:erated in a 

nodulizer vhere 12-lb% of vater is added, and nodules of one half-inch 

cliameier (12 m=) are produced. These nodules are fed to the top or the 

kiln and distributed equally over the n:e.terial surface by means ot an 
rotating chute. 

The feeding to the kiln is re,ul~ted accordin~ to the tlue gas 

temperature, vhich should be kept at 80-90°C. The material nov should 

be regulated to !llOve c!ovnvard vith a velocity of approximately l.5 m/h. 

At the bottom, the kiln is equipped vit~ a grate or different designs. 

Clinker is discharged thro~li bydraulie&lly-operated air-lock clischarge 
gates/or through other discharge systecs. 

Combustion air is blovn in counternov to the kiln and the pressure 

Deeded is about 1200-2000 = VG; this is best obtained vi th a Roots blovei:. 

Current air pollution regulations call for an electrostatic precipitator 

tor the c!eausting or the flue ~as. Dust production or a shaft kiln is very 

lov, about 2J of the clinker production, but it looks verse due to evaporated 

vater. The lo.., temperature or nue gas makes it necessary to preheat the 

gas before the filter to abo'ut 90° - 100° C, vhich is the most suitable 
' 

te:perature for ar. electrostatic preeifitator,30-35° above the lue point 
Of the kiln g&S!S. 
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Findin~s a.~d recor.::ie~datior.s sho:.olc be cor.s:derec as indicative as 

it is ir.possible to ~ke ge~era.l re~or.::rer.=~~ions ccTering the entire 

world. Hovever, it is hoped that they will be use~ul to promoters 

and Governments ex&r.'!ining the availability or technoloE"Y for scall 

scale ce~ent produetio~ in re:ote areas as well as in the least 

developed countries. 

Bov to reduce capital investment 

The total investment cost is divid~d &!!!Ong the folloving iteu:s: 

Mechanical. and 

Electrical equipment 

Civil Works 

'l'ransport (cif - fob) 

Erection 

Miscellaneous 

) 

) 

Fraction of total 
investment costs 

Cs> 

45-55 

25-30 

3 - 5 

12-15 

4 - 5 

The above-mentioned figures show where savings can be made. CiTil 

vorks account for very high percentage or the cost. Conside~able savings 

can be made here, tor instance by ~educing storaee capacities, Hovever, 

such savings depend to a large extent upon local conditions, and advice 

should be sought from an experienced consultant. 

The follovinF recommendations are made for the erection of mechanical 

and electrical equipment: 

l. A perfect layout vill be necessary 

2. Intensive PERT (programme, evaluation and review technique) 

plannine;. 

3. Intensive standardization should be 111ade 

4. The 1ite should be provided vith a well-equipped workshop 

especially for steel-plate vo~k L~d veldin~. 
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possible. 

6. All stee!-p!a~e v~~k U? tc, s~y. a 2~-~~ ~~ic~.r.ess sho...:.d 

be do~e at the site, i! possible. 

7. The latest veldinr techniques should be applied. 

8. Cor.siderable ti~e can be saved by co-ordinatin~ the 

civil vort. and the erec!ion of ~c~!!..'lical e.nd electrical 

equipn:ent. 

Impleaentation tiae. 

In a plant, for exar-ple, or 120,000 t/a capacity, the civil vorks 

may involve about 6-10,000 m3 of concrete and about 1,800 tons or 

mechanical and electrical. equipment. The erection of' civil vorks and 

the mechanical. and electrical equip!!!ent vould lll!?Ount to approximately 

120,000 and lb0,000 ll!atl-hours respectively. Eve~ on extrenely difficult 

sites it should not take mere than 10 to 13 months to erect a ~o:pact 

cel!lent pla.'lt • 

!'.cono~ic size o! pla.'lt 

· ·. Shatt kiln plants producing 120,000 or 

180,000 t/a vould be the most economic size. For larger capacities 

normally the rota~/ kiln technology vculd be pre!'erred. Particularly if' 

lov wlatile coal is not available, but also the availability o! good 

plastic clay is important to secure strong and heat resistant nodules 

tor the shart kiln process. 

In order to give soce D:>re in!o?"J:'.ation abo~t the relatively 

unknovn shaft kiln process the folloving process or equipment details 

are given. 

lodulizer (pa.'l pelletizer) 

The production or suitable nodules (cechanically stron! and heat 

resistant) is indispensable for a shaft kiln or any other kiln working 

on semi-dry process. The nodulizer tor production or nodules vas 

introduced in 1950 by the cement industry. Millions or tons or nodules 

bave been produced by means of the nodulizer, especially after introduction 

ot tbe 1emi-dry Lepol kiln. It is due to the development ot the 

nodulizer and preblending and homogenizati~n technique that tbe •hart kiln1 

can produce clinker of hi~h qu&lity. 
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Irrespective cf ho'" the fuel is added· ir. a black meal, shell 

or coal s:u~ry process, the fir.~ no~ules s~o-:.tld co~sist o~ ra'" 1r:.eal 

ground to a fine~ess o: 10-15 percent retai~~~ or. ~.90~ r.eshes/c~2 

and less than 1,0 percent on 900 meshes/c~2 in order to keep the tree 

lime content belov 3~- Nodule size should be kept at 10-16 mm 

di~eter for a shart. kiln vith a diaceter of 2.4. 

The vater content depends on the rav materi.U.s {plasticity} and 

should be in the ranFe of 12-181. (vet base} 

Burning Process. 

Burning processes for shart. kilns are as follows . 

Conventional 

Black meal (Intergrate fuel process) 

Shell 

Coal Slurry 

In the conventional process, which is the si~~lest, the fuel, 

for instance, coke, petrol coke crushed down to size 1.5-2 n:c, is 

fed directly to the nodulizer together with the rav meal. The siz.e 

or the fuel is in:portant. SJ:iall sizes decrease and large sizes 

increase the hei~ht or the burning zone and thus the active cooling 

zone which vill be respectively increased and decreased. A short 

burning zone results in a good thermal e~ficiency. 

Black meal, shell and coal slurry processes require more equipment 

than the conventional one. These processes should only be considered 

in order to ensure unit'om and good qu&lity or the clinker if the tuel 

bu a high-ash content or high reaeti vi ty. Determi?lation or tuel content in 

the black meal every 2 hours as vell as good mixing or the rav mix is 

essential for the conventional and for the coal slurry process. 

Discharge grate. 

Good air dist:ib~tion is very importL~t in a shart. kiln and a 

discharge grate is required to cope vith irregular clinker formation. 

(lW11ps) 
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Some shaft kilns are equipped vith a step rrate vhich has proven 

its reliability satisfactorily for aore th!...'l 20 years by securin£ a 

crntinuous discharge or Portland clinker up to 200 t/d. 

~ne adva.~tabes of the step trate are 

Sicple a.~d robust construetion 

I.ov vear due to very lov revolutions of the dischar~e ~rate (5RPH) 

I.ov caintenance cost 

A.~other ~rate ccnstructicn is the disctnr~e crus~er ~rid, el.so called 

the rocker grate. 

It consists o~ six vater-cooled heavy sha~s on vhich casted toothed 

sections, sinilar to toothed roller crushers. The rocker ~ate is 

turned every tvo years to distribute the veer eve~ly. The distance 

betveen the shaft centres allo~s for the passage of clir.ker betveen 

the toothed sections. 

Whe9 the sharts are in r.otion by rocking !ro~ one side to enother 

and back a~ain they crush oversize lut'!ps a.~d discharge clinker as 

well as it secures a good air distribution even vhen clinker aggregation 

occur. The rocking mvements are perforr:ed hydraulically and are 

activated from both sides. (¥Anstedt grate) 

Other grates are the Wiere-rost (steinbuchl-gra~e) and 

The Flat-gra~e (Grueber-grate) 
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Enerv Conservation in Cement Production* 

The cement industry has important energy implications for the developing 

countries as production of cement is a heavy energy consuming technological 

process. However, only after the dramatir increase in the prices for oil in 

the 1970s, energy-related problems have become of primary concern for the 

inJustry since the share of the enery input exceeded 40 pP.r cent of the 

production cost and energy became a ma.ior production factor. 

Some of the main issues related to the use and conservation of energy 

in cement production are suumarized below: 

A camparison between data from developed and developing countries shows 

a great difference in specific consumption of er.ergy in the production of 

portland cement, which is the principal product of the cement industry. This 

indicates the existence of broad possibilities for energy saving in the 

cement industry which can be realized through technological modifications, 

operational improvements and housekeeping measures. 

Since about 90 per cent of the energy consumption in the production of 

cement goes to the process of burning the cement clinker the basic opportunities 

and the highest potential for energy saving relate to this part of the 

production chain. 

The utilization of the suspension preheater-rotary kiln systems with the 

dry method of raw mix preparation leads to a significant reduction of specific 

energy consumption compared to the dry kiln systems without preheaters and wet 

process kiln systems (up to 40-50 per cent). This advantage has been one of 

the main reasons for the wide application of this type of technology in the 

cement industry in many countries. The majority of cement kilns which have 

been put into operation and planned for construction in the world during the 

last decade employ the dry method of cement production and use suspension 

preheater-kiln systems. 

*See "Use and Conservation of Energy in Cement Industry", UNIDO/IS/540, 
12 July 1985. 
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The 111.:>st advanced dry process kiln systems include precalciners along 

with suspension preheaters. The use of precalciners ensures not only further 

reduction of specific energy c~nsumption but what is aore important provides a 

possibility to use low grade fuels and various combustible industrial ana 

other residues. 

However. the cost of conversion of the existing wet process kilns to dry 

or semi-dry process kilns generally amounts to around bO ?er cent ol the cost 

of a new unit and 1s therefore not always teas1ble or aflordable. besides, at 

some locations the wetness of raw materials may make the use of vet process 

k1 lns necessary. In such cases a reduction of spec1hc energy consumption can 

be achieved by preliminary dehydr&tion of the raw aix. by utilizing different 

thinners. etc. 

Prospective trends for reduction of the specitic energy consumption 

related to the technology used in the production of cement include: 

calcinat1on of clinker in a fluidized be~ kiln; changing the mineralogy ol 

cement by using m1neralizers; low-temperature technology of clinker making 

with the use of calcium chloride; improvement of the existing grinding tube 

mills and application of roller mills as well as gr1nd1ng aids to reduce 

consumption of electric power when grinding the clinker. 

Consir~rable energy savings can be realized by using secondary energy for 

heatinp, purposes. drying the raw materials. generating electric power etc. 

besides the poss1bht1es mentioned above for improvment of ener~y 

utilization of cement plants 1o1hich require capital investments there also 

exists a considerable potential for energy saving thr-ough improved 

housekeeping measures at no or little cost. These include improved tu~: 

handling and preparation. improved combustion and dratt control as well as 

improved housekeepir.g in respect of electric pc~er utilization. 

An analysis of the developments which have taken place in the cement 

industry of different countries also reveals the following two important 

trends related to the use and conservation of energy in this industry: 
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a) Production of blended cements with the use of various pozzolana aate•ials 

including fly ash and slag is nov considered by aany countries as a vay to 

reduce energy consumption in the cement industry; 

b) In aany countries coal is regaining ita poaition as a basic fuel used in 

cement plants. Some countries have alaost accomplished the process of 

switching their cement plants from fuel oil to coal. A great deal of 

attention is given to the use of different low grade fuels and combustible 

residues in clinker burning. This has become possible with the introduction 

of precalc iners. 
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This Industry Profile is one of a series. Each Profile gives basic 
infonnation on a small or medium-sized plant in a specific industty. 
It discusses succinctly the features of the industty and its marketing 
problems. shows the approximate amount of capital needed to establish 
a plant of specified capacit}·. and gives an estimate of the annual costs. 
by categories. of running the plant at full capacity. It also pro\ides a 
plant lay-out and supplementary reference information on technical 
journals. articles. books. patents and the like. 

Potential inv~tors can. by examining the Profiles for the indust­
ries in which they are interested. take the initial step in the process of 
deciding whether to embark on particular projects. In some cases the 
next steps may be simple. in others they may be complicated. requir­
ing full-scale feasibility studies by expens. But whatever the situation, 
It should be remembered that the Profiles are not a substitute for the 
specm.c studies, whether simple or elaborate. that should precede the 
actual establishment of new plants. The Profiles indicate the major 
factors to be considered in making such studies and provide a systema­
tic guide for making cost estimates applicable to local conditions. Con­
ditions in different areas vary and may affect the optimum plant size. 
the type of plant and equipment. the kinds of materials used, utilization 
of power. organization of transpon, etc. Local costs may also vary for 
raw materials. labor, plant and equipment Thus, specific studies may 
pro\ide somewhat different estimates from those shown in the relevant 
Industry Profile. But the Industry Profiles pro\1de an order of magni­
tude of costs, point the way to making proper assessments of actual 
situations, and help to precipitate investment decisions. 

• Source: u.s. Department of Co..erce, Clearinghouse tor Federal 
Scientific and Technical Intormc..tion, 410.14, Springfield 
Virginia 22151, 1976. 
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CEMENT: Standard IDdiastr1al Classirx:atiOD 3241 

A. PRODUCT DESCRIPTION 

PartlaDd cemnl, muufacblnd iD a rac.ary ll:iln. VariOliS altermtin cambiaatioas 
d raw materials may be aHd. Cboice d tbtm will ftpeDd OD local amiability. 
Otber lfpeS ol cemmt. e.c. ma.soary cement. may be made witb the equipment 
described. 

B. GE N E R A L E V A L C A T I 0 N 

Tbe growing ase of cemeal as a construdiOD material. the widespread pres.enc:e of raw 
materials tbat cu be ased to make it. and tbe adnnlace of local ProductiOD d a bulk' 
commodity d lbis kilM! fram tbe point d Yi..- ol keeping do1ll1I traasport costs, 
recommend tbe cemeal iaduStry as suitable for many denlopinc aras. ApiDst the 
adnDQ&eS mmnerated must be placed tbe fact tbat aJlf cement plaDl. nen tbe 
relatiTely •er}' small me described. 'Sbicb is about tbe mia:Daum practicable size. 
necessitates a nry sabstanlial capital illnstmnt. and also demuds a fair amOllDl ol 
milled labor. ID spite of this drawback. denlopiDg areas usually pn bich priority 
to tbe establisbment ol cemem plants. and dten tbey ban prCJ"ed to be profitable 
Yenblres. 

C. MAR It ET AS PE CT S 

l. ~- Coasuuctim aad public works contractors. railroads, nrious illdlastries. 

2. SALES CIL\t.'!li'ELS AND METHOili. Sales are cammODly made direct to larse 
uSft's, as well as to cbstri&iiOrs for re-sale iD small lots. 

3. GEOGRAPHICAL EXTE?l.'T OF MARKET. a . .Domestic. Generally cemnt is llOl 
sbiPPftf nry far from tbe poilll Cl manwacture. owtng to beuy transport costs. 
Iii the United States cement plalllS are scanered all our the country, aad tbe 
market radius an the aw~e probably does nat exceed 100 miles. ID some 
cOUlllnes, bowner, cheap transport bf mrce O\"er inland ..-atensays, or by 
coastal ships, may permit sales at much greater dimnces. b. Export. Where 
cement pluts are located at pons and can load directly into ocean wessels, sales 
to distant cOUDtr1es are possible. 

4. COMPETITION. a. .l>Jmest1c Market. Competition from imports ls likely to 
fluctuate UI illlen5itf. SUrplus capacity sometimes denlops rather suddenly and 
wiapectedly in tills industry, and producers are someti.lr.es prepared to sell 
abroad at low prices in order to maintaUI operations. Competition from alternative 
materials •·ill depend larcelr on comparative costs. and tms will nry creatly from 
area to area. b. Export Market. This plant would lw too small to compete 1n 
ceneral export business. SOlDt nponal sales migm occasionally be possible. 

5. MARKET !'o"EEDED f"OR PUST DESCRIBED. Demand for cement will d~-end on 
the extent Ol nes consuucuon Ol various LJids that is under way, types ol buildinf;s 
iD common ust, cost ol alternalivt mattrials, etc. A fairly modern and pro­
cressin urban area with a populauon of the order of a million people should 
cenerally develop suUicient demand for cement to support a plant ol this •iH. 
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D. PR 0 D U C T I 0 1'l R E Q U IR E M E N TS 

a . Plllfl CAFITAL 
Land. Iacluding deposits cf ciay 
ITi•s:oae - ao acres. $ 
lu1ldi.a5. Total flNlr !lpaCe aru 
S0,000 sq. ft., includiQ& pro-
duction, stcra1a, power• office. 300,000 
Es~i11111e~t. Furniture • Fittures. 
Proch:. tools • eqvi119c.$1,20C ,CiOC 
Othe~ tocls • equips:. 50,000 
Furniture• fixtures 2 000 !,?~:.OOC 

Toal (&J<c!. wnd) s: ,55: ,OOC· 
Pr1~cipa! Ite:s. Air drills • c....-r•ssor, 
diesel sbavels • dUll:I cars. diese! loco­
.ct~~•• railr,,_d sidina, crvsber, ..._.,r 
•ill, <:onve:por. elevator, roust ai:l ~ 
slurry tanks, air c~ress~r. kiln• feed 
tank., rc·ta~ :liU..er cooler, cliaiter ccn­
w~yo~ • s;los, finish sill elewator o 
c~nvey~r, pacil&1inb equiptD&nt, laboratory 
e<;cip .. r.t, F""'!linf equipcient, .. ter 
st.oraae ... i~tenanct- equipmnc. pDVl'T 

pla!lL 

b. WOllKISG CAPI'tl.L 

&an-1 Coat 
a. Elec:nc Power. eoa-cted load 

about 900 lip. Plant produces 
own p-r. 

b. Fuel. About 36,000 barrels 
Ofl-u C c-U annually. 

c. Water. About 10.1 ,.._ sal•. 
a.;;;;!ly. 

f 72,000 

$ 2.500 

a. ~ tnnsport EguiJ!Mnt. lloae aecesNry • 

b. External Traaapcrt Facilities. Total la • 
out sbipaent• about 4,000 toaa a montb. 
lailroad sidia1 • &ood bl&lnlaY aecesaary. 

a. Dire<:t Labor 
Skilled 
5-1- skil lad 
Vllslu.lled 

!221. 

10 
20 
zo 
50 

ADDual Con 

$ 60,000 
100,000 
ao.ooo 

$240,000 llo. of Dovs 
Direct lla:er1ais, Direct 

wll<'r. 11£,. Overhead(•) 60 S 71,300 b. Indirect Labor 
~:a. Coats(b), Coatin­
l•"'ies, S.le~ Costs(c) 

traiDinJ; Cosu 
Tota! iiorkin1 Carita l 

c. 'l'OtAL CAFITAL fErL. L\llD) 

? . Ill TEI IA LS AND SUi'P UL S 

30 6,300 
25 400 

J m:ooo 

$1,655,000 

a. Direct Material• 
Lias:.oae 

le5uir.,.enh 
52 ,000 tons) 

Annual 
Cost 

co.tin 
land 

depletion 
11,000 
18 ,OO<i 

Clay 

b. S"?fhU 

: l ,SOC ton•) 
) 

l ,1100 tons 

Lubricant• • hand cool• 
lefra~tor1es, brick, clay • 

c ... :.c. 
llainteaance • rer-air part• 
O!fic• supplies 

le.£!! 

$ 

$ 

$ 

29,000 

700 

18,000 
fo,OOU 

300 
25 ,OOG 

ttaaaaer • supervisor• 
C!Maist 
Office 
Other 

~ 

3 
1 
2 
3 
! 

$ 26,000 
9,000 
9,000 

15,000 
$ 59,000 

c. Training kada. 1tana1er • a.,...nhon 
•bould be fully experieacad. Vitb aid of 
6 skilled vorkera, tbey •bould be able to 
do all labor traioin&. Plaot sbould r .. ch 
full production 1D Z aoatha. 

6. 10TAL A.'l!fl:AL COSTS Alfl> SALES IEVllNUE 

•. Annual Costs 
Direct "8terials 
Direct Labor 
Manufacturlo& OYerhead(a) 
Aclain. Co1ts(b), Contin1eacie• 
Sale• Colts(c), lad Debta 
DepreciatioD OD Pixed Capital 
• Lane! Dltp la ti on 
!221. 

b. Annual Sales a.veaue 

s 29,000 
240,000 
158,SOO 
50,000 
30,000 

145,200 
$652,700 

$175,000 

NOT!S. (a) In~:"d•• Supplies, Fual, Water, Indirect Labor. (b) Includes Intereat, In•urance, 
Lesal • A"dit Cbar1••· (c) I~cludc• Sale• Comai•••on1, Prel&ht Ollt, trav•l. 

CEMENT: S. L C. 3241 
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• 
EQUI~T FOR CEl.tEMT PRODUCING PLANTS 

llajor equipment of cement producing plants serves to 

carry out such process operations as crushing, comminuting 

and fx>11ogenizi11g of raw materials, dr....ying of raw compound and 

its preparing in heat-exchangers, the roasting of hard-burnt 

brick (clinker) in. the kiln,cooling and hard-burnt brick grin­

ding; storage, packing and shipment of cement. 

Two principal methods of cement production, namely wet 

and dry, may be distinguished depending on the way of raw com­

pound preparation. If a wet method of production is used the 

raw compound shall be prepared in aqueous medium, obtaining a 

liquid slurry roasted after that in rotary kilns. When it is 

a dry method of production the raw materials shali be commi­

nuted, ·_homogenized and roasted in a dry state. 

1. Crushing equipment 

At cement plants the cr·~~ers of different types are 

used in material crushing process. For the crushing of strong 

and grinding materials jaw and spindle breakers are to be 
UHd 

used. The rotor, hacmer, jaw-roll and roll breakers shall b~ 

tor the cr.ushing of soft and low-abrasive materials. 

Basic information on some breakers made in the USSR 

is given in Tables 1.1, 1.2, 1.J, 1.4 and 1.5. 

• source: Acade111¥ ot Science ot the USSR, Peb. 1979 
Re: Q - 9887-1979 
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!able 1.1. Jaw breakers 

Jlark Sise e:r charging Capac1t7, 
hole, - cu.m/hr 

C-182B 250%400 6 

CJl-166l 250%900 35 
Cll~41 400%900 4-8 

Cll-16.ll 600%900 200 

CllA-58:6 900x•200 160 

CU-5~ 1200x1500 280 
CJIA-60.l 1500x2100 550 

'fable 1.2. Spindle breakers 

llark Cone '!he largest Capaci't7, diaaeter size of starting 
aaterial, - cu.m/hr 

Cll~56U. 600 60 32 . . 
Cll-560A. iOO 100 62 

Rl([t-500/75 1280 400 150 

Kl([t-1200/150 1§100 1000 680 

KHA-1500/180 2520 1200 1300 

KCA-1200rp 1200 150 105 

KCA-120C7r 1200 100 85 

KCJl-1750 rp 1750 200 300 

KCJt-1750T 1750 160 180 

KCA-2200rJ 2200 300 580 

KCJt-22001' 2200 250 340 

1CMJ1-12oorp 1200 80 110 

KMA-12oar 1200 40 130 

~-11sorp 1750 100 120 

KMA-1750T 1750 70 80 

KMA-2200rJ 2200 110 220 

KMA-2200T 2200 80 150 
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Table 1.3. Roll breakers 

Kark Roll diaensions, '!he largest size CapaciQ', - o:r atar,ing cu.a/hr ( diaaeter z length) aateriala, -

Cll-12 600 % 400 85 25 
raozso 800 % 500 40 15 
rloozss 1000 % 550 75 45 
r150z6o 1500 % 600 75 76 
.lJJl3a 1sz12 1500% 1200 goo . 150 
JlA3 700 1250%1000 goo 700 

Table 1.4. Hamer breakers 

Mark Rotor diameter, The largest size Capac1v, - ot starting cu.'t/hr aateriala, -

C-21811 600 150 15 
CM-431 800 250 14 
CM-1g.l 1000 300 54 
CM-1706 1300 400 200 
AMPl3 
14.5%13-1000 1450 80 250 
AM 17%14.5 1700 600 500 

I 
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Table 1.5. Rotor breakers 

I I I llark Rotor diameter, The largest size 
mm · ot starting Capacit7 

I materials, Diil cu.II/hr 
I 

CUA-85 800 400 50 

~-75 1000 300 150 

CUJl-86 1250 600 125 

Cll.[l-94 1250 375 200 

CM.ll-95 1600 800 200 

2. Equipment tor material grind1.ng 

In a cement production indust?'7 the tube ball and rod mills 
are aostlY' used for the grin.ding of raw materials, clinker and 
additions. Basic 1Dformat1on on some mills made in the USSR is 
given in Table 2.1. 

Table 2.1. 

llarlt 

CMM-205 

CMM-206 

CIOl•201 

CMM'"'203,6 

CMU'"'202 

CMM-208 

1)tor dr.r material 
2)f'or clinker 
3)tor cement 
4)for raw material 

Tube mills 

DrUll cu111.ens1ons, 
mm 

diameter I length 
; 

1948 10520 

2660 1.3020 

3200 850() 

3200 15000 

3200 15000 

4000 13500 

I 
Capacit7, 
t/hr 

i 
1/ 2/ 

I 21 ' 13 
11 3/ 

55 , 35 
4/ 

36-105 
2/ 

76 
1/ 2/ 

160 , 50 

~54 



The clq 111.xers for the preparation of a slur17 consietbg 
ot soft raw aaterial auch aa clQ, chali,aarl are used. 

Th• clq mixer of t;n>e CllU. -426 has a 111.:xing basin diameter 
of 12 a, capaci~ ror clq is 40 t/br, ror clq and chalk compound 
6Qt/hr. 

3. Equipment tor the homogenizing and aTeraging of a 
raw coapoUDd and tor feeding it into the kiln 

In order to obtain a raw compound of required chemical 
composition. and keep ~e hoaogeneit7 or this compound during a 
long period of ti•• the homogenizing and averaging or a raw 
compound 1D vertical and horizontal alurey basins shall be carried 
out. Th• horizontal slurcy basins shal.1 be equipped with mixers 
to preTent slurrJ' settling. Basic 1nrormat1on on mixers is given 

in Tab.Le 3.1. 

Table 3.1. tixera 

II ark Basin dilaensions • 
diameter depth 

CMl.\-421 25 5.4 

CUU-422 35 6,6 

Ct.(U-423 35 6.95 

CUU-424 35 10.1 

CMil-445 35 9-96 

A raw compound is to be delivered from the horizontal slur17 

basins into slurey feeders, which feed th• raw compound into the 

kiln. Basic information on slUl'l'J' feeders is given in Table 3.2, 
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'?able 3.2. Peed era 

Mark Delivery-, 
cu.a/hr 

CMU-78 33-65 

CMU-77 5<r100 

CMU-76 75--150 

CM-500 12.5-25 

CM-501 25-50 

4. nl.ns for clinker roasting 

J.t cement producing - plants the hard-burnt brick (clinker) 

is almost roasted extreme~ in rotary kilns. The kilns for 

clinker roasting by the wet aethod are provided with internal 

heat-exchange~s. The kilns for clinker roasting by the dr7 method 

are ust&all7 shorter than those ones for wet method and provided 

with eyclon-type heat exchangers laid behind the kilns. 

Basic information on kilns is given in Table 4. 

Table 4. Rotery kilns 

llark Casi112 dimensions. m ! 

diameter length 
Capacit:r, 

t/hr 

83 x 60 a 60 l5 I 

IJ3 1 6X75 
I 

3.6 75 10 

93,6%110 3.6 110 10 

"4,5%170 4.5 170 22 

CYU-452 4 150 35 

CllU-402 5 185 75 

CMll:-404 7 230 146 

CM.Il-74 6.4 ~5 146 

CM.U-4C>e 5 75 75 

CMU-405 4 60 40 
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5. Coolers 

Jor the cooling of c•ent clinker, coming from the rotar.r 

kiln the grate coolers are to be used. Basic information on cooler: 

is given in Table 5. 

Table 5. Grate coolers 

llark Grat• diaensions, -length width 

Clll.l-408 16600 2520 

CML\-40g 16600 3360 

_CMil.-410 16600 5040 

6. AD.cillar.r equipment 

Capacity, 
t/hr 

35 

50 

75 

.Among the ancill11r7 equipment of cement plants are dust 

cleaning deTices (cyclones, bag-type and electric fil~ers), 

equipment for proportioni!ll; and transportation of materials 

(feeders, measuring hoppers, conveyers, elevators, air-operated 

transport), equipment for packing and shipment of cement. Jor the 

efficient operation of a cement producing plant the vital 

importance is in the automatic control system for the process 

equipment. Information on ancillary equipment as well as the 

additional information on principal process equipment and cement 

plant automatic control systems ma.Y be found in the references 

given below. 
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Proposal and teamility study for a 25 t/d 
mini cement plant * 

t R. Brue~• and M. K. Garg• 

Ponland cement is used in building activities to the virtual exdusioo of lime 
mortar or natural cement because the latter fail to meet present-day building 
requirements. and they cannot be improved in such a way as to ensure the 
advantages of low cost, simplicity of use and adaptability to remote rural areas. 
The large-scale production of Portland cement appears. therefore, to be the only 
choice left for the plannen. The question is whether to use large plants located 
near the limestone deposits. involving heavy transport costs to consumer 
markets. requiring substantial capital, and taking considerable time to reach 
required production levels; or to use decentralized mini cement plants that 
would: 

Utilize local deposits of calcareoqs materials 
Require much lower capital investment 

Come on-stream more quickly 
Create rural employment 

Sharply reduce transpon and packaging charges 

TedanolOIJ of Pordud cemeld 

The production of Portland cement involves the following steps: 
Mixing of raw mateaial under rigid analytical control 
Fine grinding of the mix (either wet or dry) 
Firing (calcining) the mix to a temperature of l ,4QO-l ,4S0°C 
Fine grinding of the fired clinker with addition of a small amount of 
gypsum 

The minimum efficient capacity of the rotary kiln is estimated at 300 l/d, 
and capacities of 3,000 lid and above are preferred because they have the 
following advantages: 

Lower radiation heat losses in the kiln area 
Lower capital investment per tonne produced 
Savings in personnc:i costs 
A general reduction in overhead costs (spare parts, lubrication and 
maintenance) · 

•On behalf of die Appropriate TcchnoloSY Development Aslooc:ialion (ATDA), Lucknow, 
Unar Pradc:lh, India. 

• Source: UNIDO- ID/232/i2, Ja.nua.ry 1981 
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Despite the economic advantages of such large-scale plants. they have not 
been corning on-sueam in India at the rate requited to fill the gap reflected in 
the following statistics: 

lnsllllkd 
Pmod capacity Production 

(millions of tonnes) 
1977-1978 21.9 19.2 
1982-1983 (projected) JS 30 

Vertical-shaft kilns. on the other hand. can be operated with a capacity as 
low as 1 t/d and have a muimum cap.tcity of about 200 t/cl The 
tcchno-economic feasibility of setting up mini vertical-shaft cement plants. 
particularly in locations far removed from cenient production centres. is 
therefore under consideration. 

With the succeuful utilization of vertical-shaft kiln technology for cement 
production in a number of counrries. particularly in Europe and China. it may be 
asked why this technology bas not yet been applied in India. This idea was taken 
up as early as 1949. and quite substantial development work has been carried 
out. but as yet no commercial production has begun. The reasons may be 
summarized as follows: 

(o) In Europe veniad-sbaft kiln technology has been developed on the 
basis of a kiln design with a capacity of 180-200 t/d. Four to six 1-.ilns of the 
above capacity are installed in one uniL The unit thus becomes not a mini 
cement plant but a large-scale cement plant. The only difference is that in place 
of a rotary kiln a number of venical-shaft kilns are used. This model and design 
of kiln could not be used for decentralized mini cement technology required 
under Indian conditions; 

(b) The vertical-shaft kiln used in China has a capacity of 25-30 tld. which 
is also the requirement in India. But the quality of cement produced in China 
with such kilns is not the same as that of Portland ament and cannot meet 
Indian standard specifications. In China, the development and use of technology 
and the consumption of its products are all the responsibility of bodies which can 
exercise quality control. absorb non-commercial production costs, and operate 
small-scale plants even when they do not produce cement fully meeting Portland 
cement specifications; 

Conditions in India are different. Government agencies are disinclined to 
promote any technique about which there is the slightest doubt. Private 
entrepreneurs and business organizations will not accept new technologies 
developed by government research agencies without some form of guarantee 
and technical assistance, which has never been offered in the case of mini 
cement pl~nts. Furthermore, the majority of consumers are not prepared to 
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accept a lower quality product. even at a lower price. when Portland cement is 
available. 

Over the past 20 yean efforts have been made to establish mini cement 
planlS in India despite the problems presented by the above-mentioned 
conditions. Various projects have involved the Deccan Cement Company. the 
Defence Department. the Indian Cement Research Institute. the Jorhat 
Regional Research Laboratory at Assam. the Planning Research and Action 
Institute (PRAI) of the Uttar Pndcsb state government at Lucknow. the 
National Research Development Corporation. and the Tamil Nadu state 
govcnuncnL But none of tbcsc project planlS managed to produce cement up to 
Portland cement specifications. In the case of the PRAI project plan at 
Mobanlalganj. the apansioa ratio ot the cement produced was nther higb. 
making ilS use for structural and load-bearing purposes of doobtful safety. 

1be Intermediate Tedmology Development Group (ITDG). London, 
became interested in the efforts made in Mohaalalganj to develop appropriate 
tecbnology for a mini cement planL One of tbe authors (R. Bruce), an associate 
of ITDG, was therefore sent to India to make a detailed report on the 
Mohanlalganj cement planL 

On the basis of economic and production data from the Mohanlalganj 
plant, and data supplied by the Cement Corpontion of India on the 1.200 tld 
rotary kiln plants currendy being installed in India, it was concluded that a 2S 
t/d vertical-shaft plant could successfully compete with the large planrs, 
providing it consistendy produced standard Portland cement. To achieve this. it 
would be BeeesAry to seek expert technical advice. 

It was further recommended that to achieve the widespread use of this 
technology in India, it would be necessary for a non-government agency to build 
and operate a new 25 t/d plant in co-operation with a business establishment or 
autonomous development agency. Its design should be based on that of the 
Mohanlalganj plant, which seems to be the most sophisticated available model. 
However, technical experts will be needed to establish plant specifications. to 
make design changes where necessary, and to provide on-the-spot assistance in 
India during the first year of the plant's operation. Such expert services should 
remove any remaining doubts about the feasibility of the technology and create 
the atmosphere of confidence required to attract investors. 

In May 1977, ITDG arranged for the other author (M. K. Garg) to visit 
Kenya and Europe with complete plans and specifications of the Mohanlalganj 
pilot plant, which were examined by independent experts in the Federal 
Republic of Germany. 

It was found that the high free-lime content of the cement produced ·at 
Mohanlalganj, which was the cause of the high expansion ratio, was largely the 
result of failure to reach and maintain a high enough temperature 
(1,400-l,450°C) in the kiln. Various simple procedures were recommended to 
solve the problem: · 

(o) Tbe "mixed meal" rather than the inter-pinding process should be 
used; 

(b) Tbe forced air flow in the Mohanlalganj plant was 1.5 times what it 
should be. It should be reduced and a control system designed to vary the air 
flow and to be easily operated by the kiln operator should be installed; 
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. (c} Tbe feeding of nodules should be controlled according to gas 
temperature at the base of the chimney. which should be kept around 609C. and 
in no case allowed to acecd SO-C. The average in the Mobanlalganj plant was 
arouDd lSO-C; 

(d} The Bue-gas temperature can be furth~r regulated by installing 
infinitel~· variable gearing for the grate. thus enabling the kiln operator to 
control the rate of clinker discbargc easily and quickly. and to keep the burning 
zone stable at the correct level; 

(~} The make-up of the nw mix. particularly the beat input. should be 
carefully controlled. For this purpose. the beat content of the fuel must be tested 
and the constituents adjusted aa:ordingly. which was not done in the 
Mohanlalganj plant. 

• Based on the Mohanlalganj aperiencc. the Appropriate Technology 
Development Association (ATDA). Lucknow. pr~ to build a 2S t/d plant 
with assistance from the Intermediate Technology Development Group. 
London. aperts from private cement producers in the Federal ·Republic of 
Germany and Kenya. Appropriate Technology International in the United 
States of America. the Government of India. the Ministry of Economic 
C~pention of the Federal Republic of Germany, and its executive wing. the 
German Agency for Technical Co-operation, and private Indian interests. 

The project is to be carried out in two phases: 

Phase I Examination of existing data and preparation of drawings and 
specifications by experts from the Federal Republic of 
Germany 

Phase II Purchase of land and construction of buildings and plant; 
testing and demonstration under operational conditions by the 
A TOA with the advice and guidance of e.1perts from the 
Federal Republic of Germany 

Total capital requirements are as follows: 
(Dollars) 

To commission e1perts from the Federal Republic of Germany 
to examine data, prepare a new set of drawings and 
specifications and provide advice and guidance to A TOA in 
ere,Ling and commissioning the plant 78 400 
To 'over SO per cent of the capital cost of the land. building. 
and machinery required for the plant, the balance of the funds 
being provided by Indian interests 163 660 
For overall control and management of the project. ir.cluding 
the initial costs of operating the plant for one year whil~ 
testing, demonstrating and documenting its viability 54 880 

Total 296 940 
A feasibility study of the proposed plant is given in the anne1. 
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Anna 

Feaihilty Ddy of th proposed plMI 

Cyilol invatmmt 
Laad an4 buildiap 

Laad 
Buildiap 

Macbincry {ready to run) 
Jaw aushcr (capacity, 4 tlh) 
Hammer miD (760 mm) 
Weighing equipment (raw mix) 
Mixer. concrete type (capacity. 2"2 t/h) 
Ball mil (raw mia). air conveying gravity 

separator (capacity. 2 t/h) 
Homogenizer, continuous c:iradatioa Ouidizer 
Nodutizer and silo 
Venic:al shaft kiln and Rootes blower, instrument panel. 

variable speed grate. drive discharge gates, staging etc. 
Ball mill (cement 
Elevaton and conveyon 
Raw materials silos 
Cement silas 
Installation and erection 
Laboratory building with test equipment 
Miscellaneous 

N orlting capital 

Gross income 
Production 

Capacity lO rid 
Acnaal producrion, 2S rid, 

320 days per year: 8,000 rla 

Sale price 

(Doi/an) ( DollonJ 

6250 
37500 
437SO 

187S 
2SOO 
2SOO 
2SOO 

437SO 
37SO 
sooo 

75000 
437SO 
l2SOO 
6250 
6250 

IS62S 
12500 
JSOOO 

43750 

268 7SO :l~8 7SO 
_ 62SOO 

Total ;)7S 000 

Marker price (1977) per tonne of Ponland cement. transponed and sold 
iJJ SO-kg bags: $56 

Less cues l!! 
Net price $38 

The plant will market cement sl!aight from the silo (unbagged) and customen will 
supply their own b'anspon. The marp allowed by the Government for packing and 
b'anspon is $10 per tonne. The price net 10 •be plant i:i, therefore, expected to be about 
$28 per tonne. 

Gross income expected per year is therefore: 
8,000 I al $28: $224,000 
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RunniJll com are estimated on the basis of 1977 prices and quantities from data on 
the !lofohanlalganj plant. Costs arc calculated ia dollars per tonne of cemcnL 
Raw materials 

Limestone 
Kanbr 
Coneaiwcs 
Gypsum 

Fud 

0.90 tat S6 
0.6S tat S2 
o.os tat SJ 
O.OS tat SIS 

SS.40 
Sl.30 
$0.IS 

~ 
$7.60 

The Mobanlalpnj plant regularly achieved a fuel consumption of0.18 t per tonM of 
ccaacnL Tbc fuel is mainly coke brcczc with some coal added. The beat input ncragcd 
3,962 kJ/kg of clinker ia the 17S lid vmial-sbaft kilns used in the Federal Republic of 
Germany aad 4.79S k.Jlkg clinker ia the 1.200 tld wet-process rowy kiln of the Cement 
Corporation of India. 

Coke brcczcO.IS tat $9.38 Sl.40 
Coal 0.03 at t Sl8.7S S0'.56 

Sl.96 

Electrical cacrgy 
The Mobanlalganj plant consumed an avenge of ISO kWb/t as compared to 

140 kWb/t for the 1.200 t/d rotary plants of the Cement Corporation of India. 
ISO kWb at $0.02.S: Sl.7S 

Labour (daily) 
Shifts Penons Woge (SJ TOllll (SJ 

Grinding aad weighing I s 0.1S l.7S 
Miser and ball mill l l I.ZS l.7S 
Noclulizer and homogenizer l l I.SO 4.SO 
Kiln operator 3 3 2.SO 7.SO 
Clinker and cement mill 3 6 1.00 6.00 
Silos 3 3 1.00 3.00 
Pactagins I I 1.00 1.00 
Emu 3 ...L 1.00 ~ 

Total 30 JS.SO 

Cost per conne: Sl.40 

labour (mon1hly) 
Number Salary (SJ Total fSJ 

Manager I 188 188 
Mechanical engineer I I.SO ISO 
Supcrvison 3 100 JOO 
Chemist I 12.S 12S 
Workshop machinist I 1S 7S 
laboratory asais1anu 3 so ISO 
Electrician I 62 62 
Auistanl mechanic I so so 
Accoun1anr I "!18 88 
Cashier I so so 
Oerk I so so 
Stenographer I 1S 1S 
Typisr I so so 
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Cost per tonne: $2.2S _ 
Total labour. $3.6S per tonne 

Overhe.t 
Overhead (iaduding office expenses and contingencies) is calculated at 20 per cent 

total labour C05ls. ex $0.7S per tonne. 

Stores and repain Cost 
(dolJars p.a.) 

Buildings, at 2 CJfi 1SO 
Macllilery, at 4"l(, 11000 

117SO 
Cosr per tonne: $1.4S 

Summary of running costs 

($/t) 
Raw materials 7.60 
Fuel 1.96 
Electrical energy 3.7S 
Labour 3.6S 
Overhead 0.7S 
Stores and repain us 

·Total 19.16 
Safe estimate 19.50 

Gross """""1 surplus (Doi/an) 
Gross sales 224000 
Running costs IS6000 

Gross annual surplus 68000 

This represents a gross return of over 20 per cent on capital invested, which is 
roughly what the Cement Corporatron of India expects to earn on a large planL 

Deduct depreciation: Buildings, at S% 
Machinery, at 10% 

Net return: $68,000 - $28.7SO • $39,2SO 
Return on capital: 10.S per cent 

(Doi/an} 
187S 

2687S 

28 7SO 
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XDI C!Xm'r Pt.Alff FQl. -·---. -·---· 
BANGLADESH 

tu esta'bUeh-zat ot Iii.Ai. oeaent ~lazit is aaed at pro'l'i4ing 9000 tou 
of c_.nt per 19ar. fh•re ie acope tor ••tablishiDg aore tban om ai.Di 
C•91lt J'lMt ill IADcl-.leah. 

•t present, .;.~al procluctioa of caMnt conra about 3<i' of total con­
naptiola ot cement, ill th• count17, j))wt 7C$ of total cement reqube­
aenta ta ••t b7 1aport. 

the project is aportut to ~ladesh u an import nbatitate u•rciae. 

!he project will baTe an install9Cl u=iacity of 9000 ton.a of ceme?lt per 
7•V• 

hocluction schedule is based on three •icht hour ahitta vorlci.nc tor 330 
cl&7a a J'e&r. 

Propoeed aiJa cec.ent plant will be e~ui~ped liit!: rcte!7 kiln vhict can 
wort vlth either the vet or th& 'ry .r-~cess accor~ to the ty~ ot 
plant in riev. 

lfini cement plant"vill be baaed on ne.~ral. gas fi:-ing, for which special 
'bllrDl!ra ue required. 

Cement cocsuc:ption has grc.vt: r.:ch duril:g la.st f'ive ye~rs in E.a-gl3iesh, 
and !or the _ye:icd 19~-e; reached the level of 3Ci ,OOC tonz. :i>if!'erence 
between ~al co::sw:;tic~ ~f ce~~t a::.~ it~ local ~rcdue!icn !:.:is been 
covered b7 11:.,t.c;:-t, ...-hict ree.ched the level o: a.l:~st 7SC,OC'C• t~ns !or t?:.:­
pe:iod 1982-eJ. To conr t!lis g11,;: a:i:. :-e~uce or elil:inate i.c;>ort, lar~e 
scale cec.e~t ,a.lu.t cn:g!:.t to be built ky• Alternatively aeve~l i:ini 
cement plants ei.!:ilar to that ;?"O;.os~.:! ir. t::e ;roj.;;ct could be b;.iilt up. 

Li.st of rav c.~terials re~l.!irec! for m&:uf&.ctur~ of SOOC t~as of cu.ent ;>er 
1ea.r ia aa f ollovs 

- I.imeatoi:.e 

- Clay 

w. Gypsum 

-~ (jute) bl.JI 

11,7CC tons per 1ear 

2,700 to~~ per yeer 

}cC tons per 1ear 

180,000 no• per 7ea.r 

• Prepared by U?fIDO team and submitted for promotion in 19'34 
Ref: project profile BGD/072/V/1984-07 
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Pricee used for raw material calc'11.ation a.re u follow 

- Limestone ' a.1 I ton 

(price ot local. li.meatone ore etanJa &t 'l'k. 300/<;.Qn i.e. =~ i 12/'ton. 
Price at iaported li.li.aetoae ore :t~ India atulia &' &Oolit I. :::.s 69/ ten. 
The ratio or l~estone ore used in th..~ exiatitog ce=ent rl&:t in sylhet 
is : ~ from local resou::-ces and i imported fros I:idia; a similar strc.c­
ture ot limestone ore supply is aesumed for the prcpcsed ct:.::.i cement p~e.::.t. 
The price of li..liiestone cel.cul2.ted as an avera.:e t~e::-efore sta.nds at 
US S 8.7iton.) 

Clay ts ~ 4/tcn. 
(~::..Sting cecent ~lant ir. Sylhet uses its Oll!l clay ie:-csi t close to the 
factory aI:C nc f~-ure on clay ~rice is availa=>le. Tne:::-efo~ ta.king into 
co~s~:e::-~~~on ~ost of fuel, labcur, uA~r,te"~nce ~ ~epreciation of h~dlii:g 
a::i -t;::-u:::;..::-t e~ui~ect, ccs-r of cla7 ·•a.s cal.c-.:.late: ::.t CS l 4/toz;.. It is 
assm:;~d ttat ~::-c~sed ci:ii c~=e~t ~l3:lt also w~:l u.se its o•-n clar de;:sit 
close tc the ;let.) 

-._..,..er·-: rr°" ~ =21· tc-
- .:.::-....... ........ """ J -

(':!::~ ~::-ice is equ~ to wholesale ~rice of il::f-c:ted gyp~. I:: f·.-tl.lre r:hen 
:;.tcsp~ogyFsw:i will be p:-ccessed for ceme~t ra~uf~c;;ure, il:?crt~~ gypSt.:.I:!. 
will be replaced ~r local o~.;. ) 

\n:.e price c! ~oca:~y f:-Od~ced ;;u-r7 t.s.gs is about ~. 5 ~s= :a,e i.e. 
i!S S 0.2/cag.) 

Ti:.e plc-: (:-.e-; ::recess) requires n&tural gaa, electricity c!: water to tl:.e 
e:te:::; cf r: : : 19,500 per -yeu. 

Electricity ~ pcver 1 ,25C J:;,'5 

2- --o '11:'_3 
.::.,~\,,..' ~ 

F::-~ce -
"1 

r.s s 0 .C4.1 par ?::Z.~ 

ts S 70 pe::- :·: .. -:: 

us s 0 • oe ~er :::i:;, 

~ C!l!l.FC~er requireite~ta a.re ee~illated ae !ollcvs: 

Number 

Mu.ager 

Superviacrs 3 

S'-r-1lled workers 17 

Ui::.akilled workers 15 

A.ccat::itct 

C:!t ice vor~'!ra 3 

C!.o1"'d ian 3 

us$ 1,.500 

A.Te::-lge ccet 
(rs ~ !).a.) 

3·:00 
1500 

ec.-0 
500 
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6.. The requiremer.t vill be met from loc&l. ~ourcea. 

The supeniacre and fin skill~ vorlcer!! voul.d i:;.eeci techtical traillillg. 

7. SITB A..'iD Ilfl'RASTRUC'l'U:aE 

The propoaed plant will be located in Sylhet district cloae to local liae­
atone depoeits and to alter:iatiTe su~pl~ aou.-ces o! i!apcrted lil:leatcne from 
India by ropevq, and to the ui.ating ce:ent pl.et ~ere. Tbe area haa 
reasonably good co11111r.mication ta.cilities incluclizig rcada, railways and 
riT81'a. 

lo prortaion ia made for hous~ of the vorker.s a.s they will be dz-avn froc 
local reaou.rcee • 

.&.part :trom Sylhet district, other lccatioi:s can also b~ taken into coc.s:ide­
ration. For example locati.?Jg one m.i:i cai;ei:t ::;:.~t i:i. Bog:-a close to local 
limestone deposit is desirable, Li::estc.c&.o output f'roa that deposit is tco 
st:all at present to aup:pl1 l<!...-ge-scale coiiia:it pl~t, but ~::;:;:aa::"9 to be enoqh 
for t"-'O or t!:ree mini c.9ment pler.ts. Limestone out~~ i::. 3ogra is constantly 
beil:;.~ dim;n;shed • and therefore existance cd TOlume cf tbe deposit has to be 
es-:i.Ml&teti 'te!ore an7 ciacuion to locs.te a mi:U. cem~i::.t plant there is r:=ie. 
Mini ceme:it pla:ita :n:.;;i".t -:o ::>e loc!.tad near the lim.e and clsy depoai t: ?:-

al tern&tively neu to the 1t~.m ccn:ruJter areas. In ei ~her case trane?C!'!a.­
tion costs Yel!ld be reduced. 

'Ihe total inTeet:ien·t coat of mi!d ceme~t plant u esti.!::ated to be 
us s 948,000. 

· t&nci (3 • 5 acre.Ii) 

Buildillgs 

!.!1.Chiner;r a: BqW.:t:aent I 
(C & 1, dutj, clearance) 

Brectio~ ~ 81.i.pe?T!aion 

FreoperatioLal. i%pe::.sez 

Yorki.J:lg Capital 

Interes~ durillg co~t:""'~ctio~ 

'?OTJ.L : 

Lcc~l 

28 

86 

40 

100 

35 
51 

:·;;=a~-=. 

cu::-e:i.c;r 

21 

28 

SC 

121 

24 
":t-

"'' 
61 

--
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SCJrECSS OF ?Ir..J.NCE 

The project is ezpected to be fillanced u 

Local 
'lUITenc;r 

Equity 303 

Loan 91 

TC'?AL 3"94 

follows : 

( us s 1 ,OCG 

Po reign 
currencr 

554 

554 

) 

Total 

303 

645 

'fhe project will tue tvc yea:s :for iI:z,.lemenution, tr.lji .... ~T'o6 ll:! -:riu 
froducUo~ .• 

'fbe }let is e::::pected to operate at 6~ capacity in tb- !irst year, ~ 
ca~.:.ty :i= t2 eecc:c.d a:.d 1oqb i.e. the t!:l.i.-d 7ea.r c.d thereatter. 

11 • PECPI'!!A3~!?Y 

T".ne follow~ r-atitabilitj" esti::etee are c:.ad.a usu::!.!lt that t!le pla::.t 1a"ill 
o~erate at 1CC~ capacity U. t!l& 3rd year after coTm;ssicn•ng 

Sales 

costs 

titili ties 

3ell:r-€ & ~istri~uticn 
Ad.::.::..::i.: t::-a ti on 

Fro!it be!cre i!J.ter9st & taxes 

Inte:-est 

rrcfit ~e!or~ ta.xes 

i::-o!i t befcr~ ta.l:es A.3 a. ;iercer.tagoa cf t'..:.::.~v·:?!' 

(rs s ,,coo) 

. "":' .•. 
• _J"" 

. , ..... 
A -
~o 

' .... ~:, 

,, -·, 
--~ 
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Pro!it before taxes as a pe~e~tage o! ir.vest~ent 

Profit before taxes a.s a perce:ltsge of e~uity 

Rate or P.eturc 

Payback period 5 yes:s i:l.cludi:lg 2 years of construction. 

Brealceven point 23)i of ca?City. 

6-·· j]u 

{ In case the plant vill ;in cnly local. limestone ore, :Sreakeftn poi.D.t 

will. stand at 26~ CaJ.&City }. 

Tu holida1 for 9 rears a.s SJlhet ia a pr:.ority develop:ient area. 

Tec!l:!olog;r; 

~v-ho• ; 
Equi.pne~t ~ ic.&chinery supply. 

13. SC:!?.C::S 

•st&tist!c~ Yearbook of Bangladesh". 

!'iscussions wi -;h the Be!lgle.desb. r.inerals :!xplorat!.on Developc~t Ccrpora­
tic?l, D!:,aka. 
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A Lime-pozzolana Cement Industry in Rwanda 
J. Apers and Al Pfetinck* describe • pt7ot plant in Rwanda 
wfliclt is producing a cementitious material based on local 
materials. using peat as a fuel. for almost half the price of 
imported Portland cement. 

In 1982 Rwanda imported approximately JS.COO tonnes or 
ordinary Portland cement (OPC). Various auempts have 
been made to make R wan<!a less dependent on lhe foreign 
cement producers. One possibility is the production or a 
binding ma;erial based on volcanic ash (£ pozzolana) and 
limestone, both or which are locally available. A pozzolana 
is a material (u!ually ,;iliceous) which, when mixed with 
lime, will harden to form a cement. Natural pozzolanas 
include various clays and laterite. Artificial pozzolanas ca11 
be made rrc m bro it en bricks (called surkhi in India), rice 
husk ash ar.d bagasse ash. 

A small-scale pilot plant was recently constructed. The 
various stages or production are now being t~:ed and the 
lime-pozzolana cement which has been produced is being 
intensively examined. The pilot plant was built as part of the 
PPCT project (Projct Pouzzolanes Chaux Tourbe) run by 
COOPIBO, an international volunteers organization, with 
technical assistance from the Post Graduate Centre -
Human Settlements (PGCHS). a centre dealing with 
housing and building in developing countries, which is part 
or the Catholic University or Leuv~n. Belgium. The 
Ministry or Developrr.ent Co-operation or Belgium finances 
the project. 

Objectives 
The main objectives are to produce a cheap lime-pozzolana 
cement in a profitable way using a technology adapted to the 
local conditions. The potential consumers are mainly peoole 
from rural areas, and the production units are organized on 
a -:o-operative basis. 

The Hme-pozzolana factory 
The basic raw marerials are: 

Pozzola11a. Large quantities of volcanic ash can be 
found in the north-western part of Rwanda. On the basis of 
various criteria, such as pouolanic activity, accessibility, 
quantity available, distance from the factory, and so on, a 
deposit was provisionally chosen. Further investigations 
have since been ::arried out to find a deposit of equal or 
better quaH1;:- (lhe degree of pozzolanic activity and ease of 
grinding are especially important) si1ua1ed closer to the 
fac1ory (localed in Ruhenge;i). 

March 1985 

Th~ kiln that dria the pouolana. 

Umestone. Good quality limestone (travertine) can be 
found near Ruhengeri. 

Pnt. Because of the local ·Nood shortage, peal was 
chosen as an energy source for burning th,. !imestone and 
drying the pozzolana. A marsh near Ruhengeri was drained 
and the peat was uken from there. 

In order to reduce as much as possible the 
transpottation of materials between the different 
production phases, the entire pozzo-lime plant was built on 
a slope. But this choice meant that heavy retaining walls 
were needed. The factory consists basically of two different 
production lines. 

The lime production line. The limestone is burned in a 
continously operating mixed feed vertical shaft kiln 
operating by natural draught (there is no fan, the lime kiln 
aces as chimney and draws its own air in). The burned lime is 
slaked with waler in shallow concrete basins, sifted and 
stored in silos. The average ?roduc1ion figures for 1he first 
six months or 1983 were as follows: 
- capacity: abou1 SS tonnes per month 
- I. 7 tonnes of peat are necessary 10 burn I tonne of 

limestone 
- 2 tonnes of limestone are needed 10 produce I 1onne of 

hydraced lime 
- the lime contair.s sixty per cent calcium hydroxide. 

Experiments to improve the efficiency and to increase 
the capacity are being continued. 

The pozzolana producalon line. First 1he pozzolana is 
dried in vertical kilns, consisting or sets of hori:::ontal plates, 
each ccvered wi1h a layer or pozzolana. A mechanism allows 
the plates to be •ilted so 1hat the dried pozzolana slides 
downwards and can be removed. Then the pouoiana is 
around in a vibrlting ball-mill with a capacity of 
approximately one tonne per hour. 

The resuhing Blaine fineness is approximately 3,SOO 
cml/g (measured with the Blaine appara1us). 

,Appropriart Ttclrnology Vol. JI No. 4 



The last phases consist or mt:ung the ground 
pozzolana with lime and a certain quantity of OPC (sec 
lat~r), packing and storing it. The various production stages 
(drying, {:rinding, etc.) arc being examined and the limc­
pozzolana cement produced is being intensively testd. 

Some important research subjects 

Measurement of the pozzolanic activity 

Because testing must b~ carried out under local conditions in 
Rwanda, the test of the qualily of the limc-pozzolana 
cement should be simple. fast. cheap, reliable, sufficiently 
accurate and repeatable. 

The methods proposed by various research centres can 
b~ divided into the following three groups: 
• measurement of lhe quantity of the lime connected with 
pozzolana 
•measurement of the quantity of active components of 
pozzolana (e.g. active silica) 
•measurement of the compressive and tensile strcn,th of 
pozzo-limc cement mortar. 

No correlation has b:cn found between the results of 
the various methods. As the compressive and tensile 
strength indicate the essential characteristics of the cement 
namely to set, harden and bind together variolis materials:· 
our research focused on the development of a test method 
r1ccording 10 the third principle. The Belgian standard for 
measuring the compressive strength of Portland cement was 
taken as a basis. This method WilS adapted in a<:cordancc 
with a detailed analysis of each tut phase (mixing, 
compression, etc.), a statistical analysis of the test results 
and a comparative study of existing methods. This 
mechanical test takes twenty-eight days however. Attempts 
arc being made to accelerate the entire testing process. 

Acceleration of the lime-pozzolana reaction process 

The strength of the binder increases very slowly. A number 
of investigations have been carried out to find out ways of 
ac;clcrating the setting of the cement. 

Tlrt fim: kiln. 

Appropriart Ttchnology Vo/. J J No. " 
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The peat man/r which fuels thr factory. 

lncrnse of a.ring temperature. An increase of 20°C 
(to 40°C) makes the setting process about five times faster. 
This method is only practical however for the production of 
pozzo-lime blocks or other prefabricated components. 

Heating the pozzolana. The pozzolana can be heated 
during :t certain period at a certain temperature. Test results 
show that: 
- the heating period and the optimal temperature vary 

according to the kind of pozzolana used 
- for certain kinds of pozzolana, the optimal tempcralure 

range is very restricted; this means that the kiln must have 
an extremely accurale heating system 

- for some kinds of pozzolana, the temperature range 
between 70°C and 400°C should be avoided as it may 
lead to a reduction in the pozzolanic activily. 

Further research is needed if this method is to be used. 
Additives. The influence of gypsum, Portland cement 

(OPC), other salts such as sodium carbonate, and zeolitcs 
was examined. 

Since sodium carbonate appeared to be the most 
interesting additive, both from a technical and an economic 
viewpoint, it was examined in more detail. Unfortunately 
although the laboratory results w.:rc promising, the practical 
test results (for plastering and masonry) were disappointing. 

Another additive, OPC, is therefore also being 
examined in detail. The re>ults of mixtures with a twenty per 
cent quantity of OPC arc positive. One of 1hc most 
important tasks now is to dc1crmine 1hc minimum quantity 
to be added in order still to have a lime-pozzola11a binder of 
sufficient quality. 

Some economic data 
The direct production cost of one 1onnc of pozzolana is 
about 6,000 Rwf ( 100 Rwf is about USSI). For one tonne of 
lime ii is about 10,000 Rwf. On' tonne of Portland cement 
costs 30,000 Rwf. A commo:l mixture is composed of 20'!1 
OPC, 20'!1 lime and 60'!0 pouolana. 

The direct production cost of one tonne cf pouo-lime 
cement is apprlllltimately 14,000 Rwf (including 1,000 Rwf 
packing charges), i.e. 70C Rwf for 'O kg. When raking into 
acco•in! a sellins price of 850 Rwf per bas, the indus1ry 
stam 10 be profitable from • yezrly production of at-out 
3,000 tonnes onwards.• 

• J. Af"rs and M. Pltrinck or' borh mtmb,rs of rh' Post 
Groduott c,nrrc - Human ~ffltm,nts, or tht Corholic 
Univ,rsiry of Ltuv,n, Kost,,/ Ar,nbtr1. B-JOJO L'uv,n, 
Btlgium. 

March /98J 
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UNITED NATIONS. - NATIONS UNIES 

Project Ouestiamai%e 

Cbmtry: 

Product: 

Planned Capacity: 

Name: 

Public sector D 

Private sector D 

Not Yet Identified CJ 

We have: 

a teasibility stufy D dated 

a detailed project profile o dated 

other m'rli es D 

stu:lies under T;Jreparatial D 

• 

P!.-oject Nmlter: •••••••••••• 

ISIC: •••••••••••••••••••••• 

SUbnissicn Date: ••••••••••• 

Address: 

Tel. M:>. 

Telex: 
--------------~ 

» This ~estionnaire is to ~ssist local ,project isponsors who seek foreign Collaboration 
thrinlgh UNIDO. It refers to cement production units in tee planning or 
the develop111ent phase. 
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A. Desc:ritJtial of the Proiect 

1. Is this project a nev e:rttmprise or expansiaVmxlemizatim of 
existinqcme? ________________________________________ ~ 

2. Plant capacity: 

3. Describe OE!l'le'lt technology and the productiai process which you plan 
to arplqy. 

4. Type of plant: 

5. Specify technologi.cal assistance, contracts sought if artt, licenses 

and or ~ CX11Sidered or negotiated. 

6. If you intend to expand/rrcdemize your e.xistinq industey, please 

state reascns. 

7. ~vailability of raw materials 11.nd their types, percentages used in raw mix? 

e. HcM large are the proven and exploitable :reserves and how JTUCh it will 
serve the production of the project? 
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B. Ma.~ 

Estimated lcx:al and foreign personnel requirenents and average annual wages 

inclusive of all allowances and benefits. 

Title 

Clerir..al 

Skilled IalnJr 

tmkilled 

Other (Specify) 

lhlt staff training will be needed? 

~t type of assistance will be needed fran foreign staff? 

c. Utilities 800 Energy 

Fuel, oil, etc. 

Gas 

Electricity 

water 

other 

()Jantitv /tm of cetent 

Are there sufficient power resources aD1 utilities available at the pt'O!X>Sed site? 
Describe problems, if aey. 
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D. Market 

1. Nvit is the annual de11~ for oenent · in_ }'OU[' a::iuntty? 

2. lbw is the demmd pi:em1tl.y net {by local ~- or .brports)? 

3. At "1.at rate is the local market expected t.o expand over the next 
few years? 

4. 'tllat percen~ of your Procluctiai- is inteided for ecportaticn with 
indicatiat of major markets? 

5. Will your product benefit fran any trade agzearent between your 
CXJUnb:y and proposa! eq:x>rt marlcet? 

6. 'tllat incenti:ves are granted t.o the locally made products? 

E. Site and Infrastruct:u:r 

1. ltlere is the plant to be l:uilt or eocpanded? 

2. Is the locatiat away fran tcwns? 

3. Is the locatim near the raw material deposits? 

4. Raw material has to be transported by ___ fr:Jn al::cut ___ Jan. lNaY 

fnn plant. {Indicate distance fran quarries to the plant) 

s. How ITllCh land is required? {Sq. neters) 

6. Q)st per square meter in us $: 

7. Specify existing facilities at site: 

Transportation facilities ccnnectinq the factory to the markets, {road, rail, 
port), camunicatim, housing, banJd.ng, environmental protectiai, water and 
utilities. 

8. Is there aey additional invest:Ment needed to provide or secure utilities 
supply? 

9. Indicate aey other relevant infonration. 
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?:-o .~ e~-;. ':i-:.!.e :------------------

l. !sti.r~~e o~ investment cost: 

=uilci~e~/Civil Vorks 

~~chine:::·/:.quipment 

Pre-oper&~ional Expenses 

Other Co~~i.~gencies 

~. Sources of Tine.nee 

::-eCits 

Local 
currency 
cor:>enent 
(in -us~) · 

Local 
sources 
(in us~ 

ForeilC'l 
cu..-rency 
cor.monen~ 
(in- US~) 

Foreign 
sources 
(in USS) 

Total 
(in USS) 

Tot&l 
(in ust) 



• 
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3. Fore!F.n Co~tribution Desired: 

e~~ity participation 

loan 

technoloF.Y (licensin~. patents, etc.) 

ma.n&g~!lt 

market &ccess 

se:-vices (en£ineering 1 product develo::n'lent, etc.) 

tra.ininE 

!. Co:::nereial ?:-o~itabi!itv at Ca':>&citv ~rAtion 

I. 

l. Tot&l S&les 

2. Productic:: Co~s 

l'Ateri&ls 

Productio:i labour 

3. 
L. 
5. 

Ut.iliti~s 

ractorf O'Verhead 

Ad::inist.ative, Sales, 
Distribution Costs 

Depreciation/Interest 

TOTAL P~ODUCTION COSTS: 

~o!'it be!ore taxes 

Inccme tr.xes 

!•.:.~ ~OTIT 

~atio .Anr.l"V"sis 
, -~tu.-:: on tota.l investMent ... 
... i\etu!'n o~ equity t:.. 

3. P.etu..~ o~ sales 
1. . PAy-'taeY. 

?P..y-bae!: pe:riod • 

,, . ....... ,. 
,, 

••••••• ,'1111 

.•....• yea~s 

totP.1 invest~ent 
net ~ro~it + 1nterest+ depreciation 

!reak e~en ca~aeity o~ operation 

So~ce e~ info:r.:iation 

Exehe..~re ~ate (US $) 

....... 
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.. 

THE 
MINI-CEMENT 

PLANT 
based on simplicity in both layout 

and choice of equipmenL 

Design of the plant is geared to efficiency to ensure a consist en! 
product according to BS. ASTM, or other standards. and to keep 
the downtime of the plant to a minimum. All non-productive 
equipment in the plant has been eliminated. In this way. invest­
ment is drastically reduced, facilitating easy financing. 
The standard siZes of The Mini-Cement Plant vary from 40,000 
lPY to 150,000 TPY. making it ideal for installation in remote 
areas. For a plant of this capacity. a small limestone deposit of 
1.5 to 2 million tons can now be used. opening enormous possi­
bilities in the choice of site. 
Building time of the plant is short This is due to the reduced use 
of concrete in the construction of the plant. and delivery of the 
greater part of the equipment pre-assembled to the site. This 
results in fast conversion of invested capital into production. 
The plant is easy to operate due to the elimination of sophisti­
cated electrical equipment. control devices and other non-pro­
ductive installations. This leads to a minimum need for skilled 
personnel. 
Finally. as the result of this simplicity. the maintenance require-
ments of the Fuller Mini Cement Ptant have been greaUy reduced. 

* OA'l'X-P'CJLLER S.A., Qllai d.e la Papee. 75583 Paris Cede% 12 



Introduction 
Cemmtna viwmmmodityinman's 

deveJopmeDL Bow~ •. allovertbe 
world dm9 an areas tbatdonothave 
suf!identraw material. big enough 
lll8lbcs orU'aDSpOl'tfacilities to support 
a c:onventioDal cement plaDL For these 
areasBCND. ajointwmturebetween 
BlueCircb Indusuies and Newell 
Dunford Engineering. has designed an 
ea:momic. c:ompactandself-c:cmWned 
UnitCementPlant with a capacity of 
apptoximately 200 umnes per day. 

Blue Circle Induscries bas been. for 
overleftDtyyears, ill the forefront of 
investing in. bnjlding and managing 
c:ementplantstbrougbout the warJd.. It 
bas. m. manyyears. applied its highly 
developed tedmiques to the design and 
~of cemeotplantsforclients 
outside the group. 

Newell Dunford Engineering hasbem 
involved in tbe cementindustrysincetbe 
early twenties and has specialised iD 
equipment production and has supplied 
kilns. mills. coolen. feeders and bucket 
elevalors to BCI and other cement 
mmpanies all0!91'tbe world. 

ID association. these two a:perimc:ed 
companieshaver' :sigDedasmallscale 
cement plant usinit. 'DOdem teclmology. 
Newell Dunford designing and supplying 
tbemachinery and Blue Circle the 
cement production expertise. 

The Unit Cement Plant uses well 
proven. ruggedly conmucted and 
largely standardised equipment OD 
simple concrete foundations. It 
iDcorporaies a dry process kiln and 
produces a saUsfactory and c:omistent 
quality cemenL 

* Source: BCJID 
aee P8'9 •T· 
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I. la'rima. N-Soudt Wai.. 
Aucalia- llndlD& lilo Uld 
......... lluikllA&. 
Z.Pufeeder. 
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Ga..u .WW . 
•• DrywSllelll. 
•• Spil..a TnlluUoD Liller. 
1. Jlop9 wan.. Sllltleld­
rr.11nw cow1r • 



Design 
BCNDUnitCementPlantdesignen 

havec:oncenuatedonsimplicity. 

As far as practicable the design bas 
bemistandardisedso tbat the 
manufacmre. CODSUUCtion. operation 
IDdmamtenance ue as ecnmmic as 
possible. . 

Tbe equipmmtiserectedonsimple 
.aJCCntefoundationsandhoused m 
lblldysteel-framedbuildipgs,makingit 
tbeideal plamforproi essjng small 
·deposits of ra• material. It can be 
ctismantlerl and re-erected elsewhere 
. with the minimum of' apeme. . 

·-Features 
BCNDUDitCementPlants have the 

following advantages: 

1. Law capital cost 

2. Ea:momicprocessing of small 
deposits of raw material 

3. Simple operation andmainUmance 

4. Law maintenance costs 

5. Coasistentqualityc:ement 

&. Mimmum distribution costs 

7. WeDbuilt. kmg lasliDg equipment 
with a high degree of 
scandardisation. 

Operation 
Afterwmmng, the raw materials an 

CNlbed. screened. stond and then 
mixed totbe correct d1emical 
compositiml.I!itisnecessarytoreduce 
the moislun CODteDt the mixture is fed 
into the opcioDa1 rotary dryer prior to 
being ground in the mill and tbeablended 
iD tberawmeal blending silos. The 
blended material is c:liDkered in a rotary 
kiln &wdbyoil, gu or coal and then 
c:oo1ed iD a rowy cooler wbicll also 
preheau the combuldon airforthe kiln. 
The clinker ii stored in lilol and gyp.tWD 
added wbileitilbeingconveyed tothe 
cement mill where itil groUDd,imo the 
ftniabed cement. Finally the CIJDIDtil 
stored inlib before being H~dcally 
packed into bap. ' 
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1.11mma.•-SaaUawai.. 
• Amnlla-Vi.w rtlllle- dry 

pr.-ldlD. 
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10. now DlqruD atJOD umi 

1· C-Plu&. 

10 
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Suppliers of ~chinery and Equi['lllent for Cement Plants 

- \'OEST - Alpine AG 
Pf. 2, A-4010 Linz 
Austria 

- The Associated Cement Co. Ltd • 
P.O. Shahabad ACC (S.E.Rly.) 
(~est Bengal), India 

- Vickers Ltd., Engineering Group 
Cement Machinery Division 
Vickers AI'lllStrong 
Barrow Engineering Works 
Barrow in Furness, Lanes 
Cnited Kingdom 

- F.L. Smidth and Co. A/S 
77, Vigerslev Alle 
Capenhagen - Valby 
Denmark 

- Klocknec - Humboldt - Deutz AG 
Postfach 440 
5. Koln - Deutz 1 
Federal Republic of Germany 

- Verein Oesterreichischer Zement(abrikanten 
1030 Wien, Reisner Strasse 33 
Austria 

- GATX-Fuller S.A. 
Quai de la Papee. 75583 
Paris Cedex 12 
France 

- B~'D Unit Cement Plants 
Portland House 
Stag Place, London SWlE 5BJ 
United Kingdom 

- Cementvarumaskiner AB 
S-610 53 Enstaberga 
Sweden 

- termit Haskin AB 
S-780 51 Dala-Jarna 
Sweden 

- PRACOINVEST, Ceskomoravska 23 
108 56 Praha 9-Vysocancy 
Czechoslovakia 

- LOESCHE KG 
Postf ach 5226 
D-4 Diisseldorf 
Federal Republic of Germany 
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