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Introduction

The compilation of this package was in response to an increasing
number of inquiries from developing countries requesting UNIDO for

information concerning specific aspects on the subject.

The objJective of this information package is to assist local
investors, companies and individuals by providing them with such
information in their efforts to develop the possibilities of

establishing & new or modernizing an existing facility.

This package, which is a compilation of collected material,
contains basic information on the subject and other industry-
related matters with emphasis on the experience of developing
countries. It describes the preparation of raw materials,
metheds of production and processing, machinery and equipment
needed. It covers technology, econamic and financial aspe.ts
of specific projects. This package also provides a questionnaire
on the subject and has reference to eéuipment 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 welcome.

For further information please contact:

UNIDO

Industrial Information Section
Vienna International Centre
P.0. Box 300

A-1L400 Vienna

Austria




General Remarks*

The cement industry, as the producer of one of the most verstile building
materials, is a key industry in national industrial development in the developing
countries. During the period 1960-1981 the cement production in the developing
countries rose from 42 million tons to 213 million tons and their share in the

world production increased from 13 to 25 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

cement 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 if 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 location, 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
distribute 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: 1D/232/12.

1/ Use and Conservation of Energy in the Cement Industry, UNIDO/1S/540,
12 July 1985.




The production of cement for masonry purposes and Portland and pozzolana
cements are other ways to increase the output of cement 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 agg:regates such as pumice or tuff or calcined clays
or fly ash. The Portland-pozzolana cements are slower setting, but they
may eventually gain a strenrgth which is higher than that of cement, and
they are usually alsc sulphate resistant and adequate for certain constructions

such as harbours, foundations 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 availabilit; of limestone, low~volatile fuels and the like
permit the use of shaft-kiln technology, a minimum capacity of 6,000 t/a
could be achieved. In some developing countries with low labour costs,
smaller and less sophisticated plants appear to have been able to produce
a comparable quality of cement at lower cost than the large conventional

ones.
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(v)

MINI-CEMENT PLANT*

Definition and processing

Cement is made by blendirng the desired propcrtions of crushed erd pulve-
rised argillaceous &nd ea%ca.reous Fock. Teis msterial is thea turnt at
a high temperature ( 1350 to 140C°C ). The materials used are :

- celcareous rocks, wkich rmeirly provide the lime ;

- argillaceous roi:ks, vkisk largely provide the silica, alucina and
iron cxides.

In order to coctine these, the variocus constituent elements must be well
blended in the fora of powder or & slurry of very fine particles before
burning. Vhen powder is used, the manufacturing procea= is called the
dry process, and the wet process when slurry is used. The mesterials are
burat in two types of kiln : vertical (stationary) and rotary kilne.
The former is used for making cement by the dry process; the latter car
be used for either jrocess. The material which comes out of the cerent
kiir is called clinker; this hard blackish product is in fact the cement
ir lu=ze and it has only to be greuxd in order to obtain cemert powder.
Katerials with hydreilic properiices, suck es blast - furnsec:z slog (which
is by-product of the eteel ind'.:e'::—,:;, psy be a3ied tc the rarnufaciured
cement ( 10 to 30% ).

The various succesaive opera:ions in cement-making are es fcllows :

(a) (Quarrying) ;

(v) Crushing and grinding of rav materials ;

(¢) Blending the rav materiais ;

(d) Burning of materials ;

(e) Cemert grinding ;

() Bandling (etoring, packeging etc) of the finished product.

Flow -~ sheet for cement manufacture is showr in Annexure I.

Crushing and grinding.

The rav materials are brought from the quarries tc tke vorks by belt
conveyors, serial ropevays or overhead ccmveyors, lorries or szall
wagons depending on the distance, productior flow and sc an. Primary
cruszing usually takes place at the quarry. In the case of very hard
limestore, it is necessary to reduce tiese fragmerts by seccndery reduc—
tion in rcllertype, flail or baczzer mills. After crushing, the material
must be reduced to & fine powder or slurry and for tnis rruyose it is
put througn dball mills or tube amills,

* Source: UNIDO Project Profile BGD/072/V/1984-07.




(¢)

(e)

(f)

Blending the rav ketsrials.

Dry process (eiterzative I).

The pcwder from the dry tube milie gces tc seversel tirs but
tioz ie pot corstant ani it cust be trecisely eand unifor->x
cbtein £ pe-fectly kozugeneous rroduct. Fer tzis purposs,
ipment drsws the powizr from Beveral sterege bins azd feeds i
a centrel duct wker: z =2rew conveyoer mixes it azd csrries it to & Lin

in whick the firs=: p-iicriiscing is cerried cus., Th: ==terisl is exirsc-
ted frox the bottor cf this tin azd returred tc the torp by 2 bucket ele-
vator, the cycle beins repest2d severel times uzntil e thcroushly kozo-
gerous Eixture is obiained., When the powder has teen prTperly mixed and
Froporticned, it kas on2ly to be bturmt for cemeat ¢c be obtsined.

wet prccess (alternativs II).

The slurry that cozes cut of the tudbe mills is of a creary consistansy
which facilitates tkhe stirzing to zabe it perfectly unifcrm. Y¥ixzing is
dcne in tznks by cosprissec zir eni zechezicel stirriznz, Stirring is
donme tr ms2ms oF &% zgFitedsr Tuiiting iz oz faisly scell tani (mizss) oor
by tte zizuitamacuz Totaticn of ssverel asiiators fixel tec a ling hosi-
zcntal zetal beaz wiickh revolives freelvy and slowly ebout Zts £id print
irside 2 large vessel 2s & resuli 6f tze rsacsiisz of the rzisles oz the
slurry (rianetury zixem—-zgitater,. Tr2 proporsionad sluryy Sror tza
hooerenizetion vesszls is puspez ¢ the rowzry =Zilr.

Toe retary kiin is in >cst ceses used in the éry cor the wet process
for burning the zired and rrozorticmei zoterisls, after burnizg, the
het clinmzer froz the retary kiir is tuen br & ccnverer ¢ a clip:es

stcre.
Grinding the cezent,

The clinkex from the ciizger stors is tlemded with a litile gypsic

(2 to 6 of yypsun or purified phosphogypeuz, S1ows down and resuletes
set:ing), azd is tier dry-ground to a very fins powier iz cesont mills
sizilar to tbose us- for Zipal reduction of the cusrried rock tc puwder.

Bandling of the finished product.

Prom the finish mills, the cement is carried to stor

age silos by eleva-~
tor, screw sonveyor, puEp, or sizilar bandling equipnent. Bagg{ng 1:‘
generally performed autozatically. The bags of cezent are loaded for
despatch on railvay wagons or lorries.
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2.

¥INI-CEMENT PLANTS

BAST I oN_

SMALL-SCALE MINING OF CEMENT RAW MATERIALS

Mining methods in developing countries are very different
from those used in .industrialized countries. Naturally,

the best methods depend on the type of rocks. Selective
"mining would be much more viable for small-scale operatjons
and certainly would increase the raw materials quality.

In the smaller quarries for cement raw material, which
use more reliable and simpler mining methods as well as
smaller machines, quality control through selective

mining and the elimination of sterile or harmful rock

is alsc greatly simplified. Smaller operations can usually
also react faster to sudden changes in the quality re-
quirements of the plants they supply.

PREPARATION OF CEMENT RAW MIX

Whether wet or dry proceésing is more suitable to the
kind 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 pipeiines

over long distances. Especially where the plant’s location

is far away from the quirry, slurry pipelines are economic.

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

*Source: AUSTROPLAN, Austrian Engineering Company Ltd.




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 prehomogenizing
of crushed stone in the stockpile (buffer storage) prior
to mixing (proébrtioninq of raw mix components) have
considetrably reduced the expenditures in meal blending
silos and related units in modern plants. We héve in-
spected plants where as a consequence of above facts
homogenizing silos have been degraded to storage silo
function only.

By concentrating the processing stages of homogenizing-
and proportioning into one section (raw material bufier
storage) in front of the raw mix drying cum grxnding
section,; the conventional technique will be-simplified
to a large degreé without any loss in product”s quality.
The difference will lie in investment and production
(energy) expenditures. )

ALTERNATE GRINDING OF RAW MEAL AND CEMENT

For processing relatively dry raw materials, the opportunity
of alternate 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 become comparable
with a conventional much larger plant. The reduction of
construction volume will be tremendous.
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Roller mills have the disfavourable character of
uniform product particle size. To adjust the particle
size distribution of the product to that nofmally .
yielded by the application of ball mills, we recommend
grits grinding by vibrating mills in order to 1ncreése
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 complicated means.

The. following table shows how much energy can be
saved by courser grinding. Well-burned clinker of
high gquality would permit to do so. About 10 kWh/t
can easily be saved.

SPECTFIC ENERGY CONSUMPTION FOR GRINDING

OF PORTLAND CEMENT .
kwn/e
7y o 7
? feo
l,l
4
/
'I’.,l
S0 1 LS oo
/ I
*» , ,
A/ \
Range of Laboratory

Geographic Areas:
e ERurope
¢ North Americs

% Latin Americs
& australiarAsiacAfrics

az/q

2500 3000 4000
SOLDERBANK 1976
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CLINKER BURNING IN SMALL KILNS

Energy requirement for pyroprocessing at small-scale

in simple rotary kilns is higher than in large sophisti-
cated plants, expecially when short kilns with sus-
pension preheater systems are installed.

The most feasible kilr type for mini-plants would

be the "o0ld" SHAFT-KILN fed with "black meal” (raw-mix
with admixture of powdered coal) - nodules. When black-
meal is burned the BAUENSCHILD reaktion +) between
calciumcarbonate and carbon takes place, resulting in
highest fuel economy (CaCo3d + C = Ca0 + 2C0O). Examination

* of nodules confirmed the start of the reaktion already

below 900°C. Heat requirement is equal to modern dry-
process rotary kilns witk suspension preheaters.

Shaft kilns for cement production have been installed
on coal fuel basis onlv. Up tO now, tests made with
0ilfiring systems for cement shaft kilns were nct
successful. Here further research has still to be done.

Rotary kilns with oii-or gas-firing might be economic;lly
justified when the fuel prices are low and no coal of
suitable quality is available. In such cases emph2.ize

is made on simple design for small units in order to

keep electric energy requirements low. ILong rotary kilns
with waste heat utilization for raw material drying pur-
poses could fulfil this concept because it makes no sense
to be economical with fuel in complicated kiln/preheater
systems when on the other hand drying heat is in most
cases needed anyhow in the raw material preparation and
mixing section of the plant. In the average, the moisture
content in raw material is above 1ot and therefore pre-
drying of raw material is often required. Above 15% H20
the process selection is in favour of simple long rotary
kilns.

+) BHauenschild: Zement 6(1917), 92
Kdhl : Zement 17(1928),859
Spohn s ZKG 7 (1954) ,409




For small-scale cement plants, the system of a long
rotary kiln should be modified to such degree as to
allow simpler design of plant and less cost of civil
construction. The acceptance of higher exit gas
temperatures would lead to kilns of shorter length
and the availability of heat energy for drying or
other purposes.

A revival of the "oldfashioned®™ system-of rotary kilns
in compound with waste heat boilers (steam turbines)
should also be investigated in detail as the permanent
availability of electric power is often problematic
in developing countries. ’

CRITERIA FOR THE CEOICE OF SEMI-WET PROCESS

In cases wvhere the nature of the available raw material
pre-determines wet processing and with a view to the
constantly increasing cost of fuel energy, the semi-wet
process of cement manufacture is gaining more and more
agpplications.

This process combines the advantages of wet raw material
preparation with the lower fuel consumption of dry pyro-
processing. Dewatering of slurry is mostly done in
automatically operated horizontal chamber-filter presses.
In mini-plants this process will be less complicated than
in large-scale operations with numerous parallel f£ilter
presses. '

After dewatering of the slurry, the filter cakes are
processed to briquetts (to be dried) or to nodules
(pellets).




Attention is ‘invited to the fact that investment
and production cost can be reduced, because most

. cement raw materials can easily be suspended in
.water- and accordingly . power consumption will be
lower for grinding and blending. The plant.layout
wou.d be very simple and the expenditures in civil
constructions could considerably be reduced.

The senji-wet proéess becames very attractive when -
contaminations in raw materials (chlorine, alkalies,
etc.) exceed permissible limits.
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Appropriate technologies for small-
scale production of cement and
cementitious materials

R. J. S. Spence*

Semmary and recommendations

Small-scale Pordand cement plants

Mmeoonomicadmugstobephed.inmuhdrmﬁom
ptodndng?oﬂlandcememilmucbsmallaphmsthanmmndymd.sm
plants could:

(a) Be located wherever local demand for cement was large enough, in
rclationtolbccapacityof(bcrlmLandmiublemmmiakaiﬂed;

(b) Be locally manufactured and assembled, avoiding the need for imports
and reducing dependence on foreign firms; :

(c) Be erected and brought into production quickly;

(d) Make only a small localized additional burden on the existing
infrastructure.

Atprmlthesmaﬂestavailableplmtsmadebymcntmadlimry
manufacturers in industrialized countries are vertical shaft kilns with outputs of
180-200 vd. Plants of this size could be manufactured partly in local

. Much smaller mini-plants of 20-50-vd capacity bave been

developed in India. Plants of this size could be manufactured completely
independently of companies in industrialized countries, and would reduce
capital costs per unit of output. But technical and institutional problems have so
far prevented the designs for these plants becoming available for commercial
production.

Lime-based cementing materials

Much of the production of Portland cement could be replaced by lime and
lime-pozzolana mixtures. Technology for producing these materials is relatively
simple, and can be utilized at a very small scale. Capital costs for the equivalent

qm.oqmmcammm.umdcm.umxwdm
Britain and Northern Ircland, snd Chairman of the Cementitious Materials Panel of Intermediate
Tmmzﬁrmw.mmmdtudummwm.

» Son‘rcoz Appropriate Industrial Technology for Const-
ruction and_Building Materials, UNIDO, Austria Jan. 1981




employment potential is considerable. Consmnonofﬂamscﬁuldbeeumdy
Jocal. An extensive range of raw materials can be used; many of which are of
widespread occurrence.

Other cementing materials

Other raw materials, gypsum, impure limestones and dolomites can be used
1o make differemt forms of cement. These processes could, in appropriate
circumsiances, be cheaper to establish and produce cheaper materials than
Portland cement. Further processes for small-scale production of cement are
also being developed.

Recommendanions on institutional support needed 10 promose aliernative cement
manufecture

To promote the development of small-scale Portand cement plants:

(a) Capital 1o establish plants should be made available on generous terms;

(5) There should be no freight equalization charge or other distortion of
the real cost of transporting cement throughout the country;

(c) A range of standards for cement should be instituted, rather than one
single standard, 1> allow for difierent levels of manufacturing expertise;

(d) The development of these plants should be the responsibility of an
institution entirely independent of large-scale cement manufacturers.

To promote the development of lime and alternative cement:

(a) The development of the materials should be the responsibility of a
government-financed small industry development organization, whose
responsibility will not only be the development of appropriate techniques for
manufacture and establishing manufacturing units, but also the promotion of the
material to potential users;

(b) New raw material surveys should be conducted to locaie kkely
small-scale deposits of suitable materials;

(c) Some means should be found to encourage technically qualified people
to work in industries in rural areas;

(d) The properties of altemnative cements should form a part of all courses
in building and civil engineering.

INTRODUCTION
The place of cement in development

Cement, or at least some form of cememing material, is an essential
ingredient of virtually every type of construction in developmg countries and
bence a continuing an:! expanding supply of cement is essential to provide the
infrastructure for development. A temporary shortage of cement in a developing
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country can, and frequently does, completely Lalt crucial construction
programames. Throughout the Jeveloping world precious resources are wasted
on half-completed projects which cannot be finished brcause cement is not
available.

Thus cement must be counted among the basic commodities on which
development programmes rely, with an importance comparable to that of water,
encrgy and fertilizer supply: consequently self-sufficiency in cement production
is always given 3 high priority in developmemnt plaraing.

Until recently, the means by which most developing country planners
sought to achieve an increase in the supply of indigenously prodeced cement had
been the establishment of comparatively large-scale factories, ca the model of
those in the industrialized countries. These factories producr: Portland cement
and an associated range of products satisfying 1SO standards. The factories have
been cither entirely imported, or, in the countries with a more highly developed
industrial sector (e.g. India), locally manufactured in association with
manufacturers from industrialized countries. This approach has certain
undesirable consequences for the economies of the poorer countries, and it is
being increasingly asked whether there are not alternative approaches by which
a greater degree of local self-reliance, not only in the manufacture of cement,
but also in the establishment of cement plants. could be achieved.

Two alternative approaches are being widely considered. The first is the
manufacture of Portland cement, or a cementing material of comparable quality,
in much smaller, Jocally made kilns which could be widely dispersed. This
approach, already successfully adopted in China is under active consideration in
India

The seonnd approach is the upgrading of village-scale technology based on
lime and pozzolanas in order to produce a standardized, though comparatively
low-grade cementing material that could serve as a partial or complete
replacement for cement in a wide range of applications.

In addition 10 these two approaches, which depend on essentially the same
raw materials a3 does Portland cement and are thus of similar general
applicability, there are a range of other materials or techniques by which cement
could be made under particular Jocal circumstances. Some of these are linle
known, and could be profitably more widely used than at present in developing
countries.

The introduction of new materials and techniques is always accompanied by
unexpected problems of a socio-economic as well as a technical nature; that is
particularly likely to be true in the case of a material with such a powerful
developmental role to play as cement. Some of the social, economic and
institutional problems that have been encountered or are likely to be
encountered in introducing new or different cement-making technologies are
also considered in this paper.

Existing cement production
The consumption of cement by developing countries has risen rapidly in the

last 20 years as development expenditire has increased. Even more impressive
has been the increase in levels of domestic production (see table 1).




TABLE 1. GROWTH OF DOMESTIC

CEMENT PRODUCTION IN THE MACRO

REGIONS OF THE WORLD AND IN CHINA
AND INDIA, 1966-1975

Reg o= oc
oy 1966 1975 Sncvense
(Million toumes) (Perceatage)
Africa 12 23 92
North America 85 90 6
Sowth America 17 k7 | 100
Asia 82 168 105
Ewope 176 248 41
Oceania S 6 2
USSR 80 122 53
World 457 91 51
China 11 30 173
India 11 16 46

Sowvcr: Umted Nations Statisocal Yearbook 1978,

In all the developing regions, cement production doubied during this
period, while much smaller increases were recorded in the developed regions.
The increase in cement production in the developing regions has, in fact, been a
great deal faster than that of the average per capise income, reflecting perhaps
the predominance of capital projects in the market for cement. Some
partcularly remarkable increases were those of China (from 11 million to
30 million .. he Philippines (from 1.6 million to 4.4 million t/a) and Sri
Lanka (from 00 to 393,000 Va).

Correspoi.uingly, imports of cement by developing countries have declined.
A considerable number of developing countries are already, or soon will be,
self-cufficient in cement.

The trend to large-scale plasts

Details of the sizes and types of cement plants that have been established
are not readily available on a world-wide basis. However, recent reports on the
Indian cement industry (1] suggests that whereas the majority of the kilns
established in the 1950s and 1960s were of 300-500 v/d capacity, those
established more recently are of 600 t/d capacity and larger. However, in 1975
there was no kiln in India larger than 1,000 /d capacity. In the same year the
National Commitiee on Science and Technology in India was in an advanced
stage of completing an exercise for single units of larger capacities — 2,000 vd
and above. .

It would appear that the current rend in conventional cement manufacture
in developing countries, as elsewhere, is towards larger and larger kilns. Indeed,
the present dependence of so many developing countries on just a few
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cement-plant manufacturers in industrialized countries makes it inevitable that
technological trends in the industrialized countries will be followed in the
developing countries and, at first glance, the savings in capital cost and energy
costs resulting from an increase in size of plant seem 10 present a good case Tor
this trend.

Whatmtheadvanugsohheuseo(hxge-mleoemtplmtsmthe
industrialized countries (and these advantages are by no means undisputed),?
their appropriateness for all situations in developing countries is beii.,, seriously
questioned.

Problems

The problems associated with large-scale plants are:
High capital cost per unit of output
Long time-lag in coastruction
Difficulties in satisfying infrastructure requirements
High cost of transportation to outlying areas
Dependence on imported machinery
Low capacity utilization
Limited ==:nber of locations where raw materials are adequate
Difficulty in obtaining capital for new plants

Some of the problems are directly associated with the scale of production.
The reserves of raw materials required to keep a plant 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 high proportion
of cement is produced in the south of the country, while the largest markets are
in the north. The scale of the machinery required to be manufactured,
transported and installed creates further problems. The larger the plant needed,
the smaller the number of workshop< capable of producing it. For most
countries, this means th- entire plant must be imported. But even in the
countries that have their own heavy workshop capability, the unit cost of
machinery increases as the scale increases.

For smaller items which can be produced in many workshops there is keen
competition leading to a lowering of price. The size of the infrastructural
requirements, e.g. power, maintenance woskshops, railways, and the specialized
skills needed for a large plant, create further problems. Shortages or
breakdowns can frequently result in plant shutdowns. In India, capacity
utilization has been usually high, above 80 per cent, because of the lasge
demand, but over recent years has been severely kit by shortages of coal, power

A recent report (unpublished) from a large cement manufacturer in the Federal Republic of
Germany states that neither fuel nor capital costs have been substantially reduced by the installation
of larger enits. Greater expenditure on servicing personnel and reduced competition amoog
machinery manufacturers are addivonal factors which in practice weigh against the larger plants.
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and freight cars, causing a drop to 72 per cent capacity utilization in 1974. In
other countries, with a less well-developed int. astructure, capacity utilization is
frequently much lower. If low capacity vdlization in large plants were calculated
for at the planning stage, their econoniics 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 & large cement
plant is immense. In developing countries there are few if any investors who
have the resources for such an undertaking, leaving the expansion of the cement
industry either to government or to foreign investors. This is one of the main
reasons why expansion in production so frequently lags far behind, causing an
almost universal scarcity of cement. ‘

Another problem of growing importance associated with large-scale plants
is that of transportation and distribution of the product. The level of demand for
cement in developing countries is typically such that any large-scale plant must
serve a large geographical region. India’s area of 3.2 million km? is served by 53
cement plants, approximately the same number as in the much smaller area,
230,000 km2, of the United Kingdom of Great Britain and Northern Ireland.
Africa south of the Sahara (excluding South Africa), an area of more than 16
million km?, is served by no more than 25 plants. Thus transportation costs must
represent a substantial proportion of the price buyers pay for cement. In India,
where most of the cement is transported to district distribution centres by rail,
distribution costs are equalized throughout the country, with a freight
equalization charge of approximately 15 per cent of the consumer price. This
arrangement, though 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 are less developed and
cement must be transported by truck, bullock cart, boat or even by air,
transportation costs are much higher, particularly 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 times
that in Dar es Salaam, where the factory is situated.

Finally, the centralization of production resulting from the use of
large-scale cement plants is entirely inconsistent with a policy of regional
self-sufficiency.

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

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

(b) Manufactured and assembled locally, avoiding the need for imports
and reducing technological dependence on foreign firms;

(c) Tirected and brought into production quickly;
(d) Cheap enough 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
produced in them would not compete with: that produced in large-scale plants.
The straightforward scaling down of existing technology used in large rotary
plants is unlikely to meet this requirement because of the economies of scale in
rotary plants. Different technologies, more appropriate to the specific
requirecments of a small plant, are therefore needed.

L SMALL-SCALE PORTLAND CEMENT PLANTS

Backgrousd

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 possible 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 came 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 Leat transfer by conduction plays a3 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 certain size heat transfer efficiency drops due to
high radiation losses. On the other hand, heat transfer by radiation is
progressively more efficient in a larger space due to lower heat losses. This basic
fact led to the development of larger and larger plants based on rotary kilns. The
vertical shaft kiln can be efficient with a capacity of as low as 1 v/d, and has a
maximum efficient capacity of 200 t/d. The rotary kiln, however, has a minimum
efficient capacity of 300 v/d and nowadays capacities of 3,000 t/d and more are
preferred.” [2]

In fact, vertical shaft kilns virtually went out of use until the 1930s when
new designs with continuous, as opposed to batch operation, were developed.
Such continuous operation vertical shaft kilns continue 10 be used in some
European countries for a small proportion of their cement production. Overal],
some 5 per cent of world output today is still being produced in vertical shaft
kilns.

Because of the heat-transfer principle used, shaft kilns tend to have lower
fuel consumption than rotary kilns. A recent report on the European cement

industry [3) gives an average fuel consumption for the main processes used (see
table 2).




TABLE 2. REPRESENTATIVE ENERGY CONSUMPTION
OF COMMON PROCESSES OF CEMENT MANUFACTURE

IN EUROGPE
Energy consuwmption per
—hilogrem of cemen: °

Process (keal) . xJ)

Dry (loag kiln) 860 3600
Wet (long kiln) 1300 5 400
Semi-dry (great pre-heater, Lepol type) 850 3600
Dry (suspension pre-heater) 790 3300
Shaft kiln 750 3100

Source: {3}.
“Not includizg the electrical energy consumed. which amounts to 0.1
kWh. or 86 kcal (360 LJ).

Lower fuel consumption enables vertical shaft kilns to remain competitive
with rotary kilns in spite of the difference in scale of operation. However, there
are differing views both on the scale and on the technology best suited to small
Portland cement plants in developing countries. Somz recent work is
summarized below. >

Indian development work on small-scale vertical shaft kilns

Betwsen 1965 and 1970 the Regional Research Laboratory, Jorhat, India
developed designs for small shaft kilns with capacities of 2, 30 and 100 vd. Pilot
kilns of 2 and 30 v/d were installed.

In 1965, the Uttar Pradesh State Planning and Action Research Institute
decided to design. build and operate a 25 v/d piant in India, on which the design
of future commercial plants could be based. The design was in many respects
similar to the Jorhat design, based on a disc nodulizer feeding a vertical shaft
kiln. The kiln was designed to use as raw material a mixrure of kankar (impure
secondary limestone found in the plains of norther1 India) and rock limestone.
The fuel was coke breeze with some coal added. Production trials took place in
1970/71 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, Lucknow, India.2

A similar project is that of the Cement Research Institute of India (CKI),
New Delhi, at its Tamil Nadu centre where a 25 t/d plant has been developed
and is working on an industrialized commercia! basis.?

#Sce "Proposal and Feasibity Study for a 25 vd Mini Cement Plant” in this monograph.

Several research reports on mini cement plants are available rom CRI. See. 100, the paper
prepared by CR] conwined n this monograph.




Medivm-scale vertical shaft kilas

During 1976, 2 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 recommendations on the requirements for the
establishment of shaft kiln pilot plant installations [4).

The consultant recommended the use of vertical shaft kilns of a size
considerably larger than the Indian designs and proposed a plant with an annual
output of 80,000-120,000 t, from two conventional shaft kilns of 180-200 vd
or, alternatively, one kiln working on the newly developed Reba process. Such a
plant would be large enough to take advantage of highly developed existing kiln
designs yet small enough to be fabricated locally and to make substantial savings
through standardization. The advantages of a vertical shaft kiln instaliation are:

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 refractory bricks
Kiln and cooler form an integrated unit

Production of low-alkali clinker possible

Possibility of Jow-cost do-it-yourself construction

The consultant pointed out that conventional shaft kilns might not be
suitable for 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.

The compact cement plant

A different approach was suggested in a recent article in World Cement
Technology [5). The author underlined the need for small cement plants in
developing countries in order to achieve dispessal of industrial activity for local
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 vertical shaft kiln as the answer, except at
the mini-plant level of 10-50 t/d. Above 100 t/d, he argued, the vertical 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 brought from steel plants at comparatively high cost,
when compared to low/medium grade coals normally used in the cement making
process) in the correct proportion is necessary for charging the nodules to the
vertical kiln. This process requires additional equipment and auxiliaries which
increase costs. Adequate control of the burning process, once the nodules are
charged to the kiln (to achieve uniformly burnt clinker) is difficult to achieve in a




shaft kiln and results in an uneven quality of clinker which after selective

screening coes not produce a good quality clinker cement. In view of the
additional equipment necessary in a shaft kila plant the operational costs are
also relatively higher whea compared with an SP kiln system.”

He therefore proposed a “compact™ plant of 150 v/d capacity, with a rotary

suspension pre-heater kiln, using the dry process of manufacture. The kiln
would be fired by pulverized coal.

L 4
Cemest production iz China

According to a 1977 report [6] more than half of China's cement
production comes from small-scale plants. The standard plant has an annual
production of 32,000 t, approximately 100 t/d. The technology is described as
follows:

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

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

(c) Clinker formation is confined to the upper portion of the kiln;
(d) Draught is usually induced and heat exchange takes place in the lower
portion of the kiln;

(e) Clinker discharge is usually discontinuous;
(/) Euel economy is good because:

(i) Fuel is being interground into the nodules;

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

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

Comparison of small- and large-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 an equivalent selling price
(including packing and transport), the return on capital for two plants, one 25
1/d vertical shaft and one 1,200 vd rotary, would be approximately the same. In
Practice, however, it is envisaged that cement from the 25 t/d plant would be
bought unbagged straight from the silo with customers providing their own
transport, and consequently the selling price would be some 25 per cent lower
than bagged cement from the large plant.

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

fa) Lower (40-50 per cent) capital investment per unit of annual cement

production. This is an important factor, as capital costs account for about 50 per
cent of the cost of production in a large rotary plant;

‘CRI bas, however, published some information in its recent publications.

* Por more information, seeUNIDO report ID/WG,326/20 -Feb. 1981
"Interregional Seminar on Cement Technology"
Bei jing, China, 9-24 October 1980
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(b) Lower fuel cost per unit of cement produced, due to utilization of
cheaper quality coal or coke and slightly lower fuel consumption;

{c) Electric power consumption no greater;

(d) Lower consumption of grinding media and kiln refractories;

(e) Lower transport and distributive costs due to proximity of consumer
market and possibility of selling unpacked cement to local consumers. Packing,

transport and distribution account for about 25 per cent of the cost of cement to
the consumer;

(fi Simpler machinery, allowing faster development of machinery
manufacturing capacity due to possibility of using less sophisticated, less
capital-intensive workshops;

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

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

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

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

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

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

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

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

Tomparison of experiences in China and Indis

During 1965-1975 cement production in China more than tripled, from 15
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 1975. Their average capacity was approximately 10,000
va.

Over the same period, cement production in India increased from 11
million to only 16 million tonnes. Although during this period there were a
number of experiments with small-scale production using shaft kilns, the whole
of India's production continued to come from rotary kiln plants, ranging in size
from the rather small 20,000 t/a capacity plant at Srinagar to the giant
1,080,000 v/a plant at Jamul.

There are at least four reasons for the differences between the two
countries in their choice of technology.




ansprobauethatmnn-ulephntshmbeeansednam
primarily for reasons of development policy rather than of production
economics. The policy is to decentralize production and to creste rural
self-sufficiency wherever possible. Such a policy favours small cement plants in
rural agricultural areas, financed by capital raised at country or commune level,
with equipment built in local workshops and with a locally trained work-force.
Large plants are still used for the larger demand in cities.

Secondly, China’s policy of decentralized production is encouraged because
of the nature of its transportation network. In order to reach district centres,
cement from large centralized plants frequently has to be transported by road,
and the cost of this would add considerably to the price of the cement. In Indsa,
on the other hand, an extensive railway system enables cement to be transported
cheaply.

Thirdly, India’s freight equalization system reduces the economic benefit
from the establishment of small plants. One of the strongest arguments in favour
of small plants is that they enable raw materials near to markets to be exploited,
thus reducing transportation costs. A national freight equalization system
eliminates this potential advantage.

The fourth difference is in the standards adopted for cement quality. In
China, there are six classes of cement, with compressive strengths ranging from
200 to 600 kg/cm® (20 to 60 N/mm?). For different types of construction,
different cements may be used. Most small plants are said to produce cement
class 400 (400 kg/cm?), which could be used for most rural construction (though
it bas been suggested that these claims may be overstated [6]. But, in any case,
the range of standards available ensures that whatever cement is produced, it
can find some use. Obviously, for projects requiring higher quality cement than
the Jocal plant could produce, cement would bave to be imported from plants
elsewhere. In India, by contrast, there is only a single standard for Portand
cement, and if s plant does not produce cement fully satisfying this standard, the
cement cannot be sold for general use. A major problem with the Lucknow
plant was that, although it produced a cement acceptable for most purposes, the
cement sometimes failed to satisfy the expansion-ratio test specified by the
standard. Thus national control of distribution and rigid imsistence o a single
standard (following the practice of the industrialized mations) bas greaty
inhibited the development of the small cement plant in India.

The precise conditioas in China and India are not found in other countries,
whose experience will probably be different. Local conditions must be carefully
considered by policy makers if small-scale cement plants are to be succesfully
established in developing countries.




A NEW VERTICAL KILX CEMENT PLAXT IN INDIA*

The new vertical cement kiln was commissicned in
November, 1981 at Dalmiapuram works in :l‘a'milnad\i,.omed'
by Delmia Cement (pharat) Limitedé The plant Operates
on the GOITLIEB FUEL SLURRY process:

) Snall cement plants, which cénnbt be established

economically on any of the conventionally adopted cement
manufacturing processes, can now be based on this new
type of vertical kiln which may operate on low volatile
cbals, coke or chars made of lignites, peats or
agricultural wastes- Production capacity of these plants
may range between 40,000 to 140,000 tonnes per yeare.

The new plant in Dalmiapuram operates on a blend
of Rourkela coke fines and Neyveli char, produced by the
Government Lignite Mine at Neyveli. It is ground with
5S0% water to an easy flowing "char slurry®™ with a
fineness of- 18-20% residue on 170 mesh (90 microms).

This slurry is fed through a density and flow
controlling/regulating device into a double paddle mixing
conveyor which blends it to the accurately proportioned
raw meal, producing an earth-moist consistency which is
then pelletized on an inclined rotating pan.

vhen grinding the "char® with water to slurry, the
fuel particles surround themselves with thin layers of
water which convert into tiny "mud layers® when mixed
with the raw meal- In the pre-heating zone of the kiln
these "mud layers®™ dry out ané become quite dense and
hard. They protect the fuel particles from partial
conversian into CO by the upward streaming CO, 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", May 1982,
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which attack the fuel particles accordirig to the
reaction C '+ CO2 = 2 CO- This is the Boudovard reaction
vhich is variable, depending on temperature, - pressure
and the degree of exposure of the fuel pa;l'ticle surfaces
to the CO; gas stream. - In the earlier vertical kilns
this reaction caused havoc at times by its variation of
the heat input into the'kiln, which led to seriouns
operational difficulties, -notwithstanding the great care
taken to proportion the fuel accurately-

During the short period of kiln operatiocn up to
date, the following observations were made - _

1) ihere is no dust discharge into the kiln stack,
only steam and a light alkali haze is escaping with the £
gases + the CO2 driven out of the raw materials. - The
low alkali content in the clinker is ofcourse an importan
qualitative advantage-

2) There is no easy formation of relatively low
melting eutectics which in earlier kilns led to severe
cloggings of clinker to the firebrick lining in the hot
zone, which necessitated .un‘pleasant manual work, loss of
production, -increased hea§ and firebrick consimptim-

‘3) The shape of clinker discharged £rom the ki
can be regulated by slight variations of fuel input :-
thus the degree Of clinker agglomeration to grape like
bunches can be adjusted or totally avoided,if so wished,
.producing loose, well sintered porous pellets of clinker
Consequently, great savings in cement grinding costs can
be achieved by the reduction of wear on the grinding
media, diaphragns and liner plates. .

Uniform pelletizing with appropriate surface
conditioning ensure dust-free operation 6£ the Pan .
Pelletizer and smjyoth sintering to clinker 1n the kiln
at a rate of 200 tonnes per day, using upto 176 n cub-m
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air per minute, at 2 resistance of up to 1600 mm wWC of
the pellet bed to air/gas flow. With uniform raw meal,
fuel and air proportlonmg, operation of the Xiln is
meventful and simple, ‘- all that must be watched is to
Xeep tre visible fire on the top of thé pellet bed well
covered at constart heights For continuous discharge of
the high quality clinker, the speed Of the conventional
(£flat) grate is kept betveen 2 - 4 revo].ut:.ons per hour.

For checkmg the preheat:.ng ana smtering zones,
occasionally a sample of pellets is withdrawn fromthe
kxiln's drying, preheating and sintering zones, to check
the progress of calcining and sintering- ' '

The cement produced by the 'Pue.i Slurry Process is
of uniformly high quality- Clinker samples taken over
24 hours of cmtmuous production and ground with S%
gypsum in a 1aboratory mill to a fineness of about

3200 sg.cm per gram (slame) yielded the following
quality results :- .
Loss of Ignition 2.5 %
leChatlier expansion 0.5 mm
Autoclave expansion 0.1 % .

203 Kg/em? -
274 Kg/cm?

Operating the kiln o2 Rourkela fines, fuel
consumption has been 960 Kcal/Kg clinker.

3 days catpressik Strength
7 days Compressive Strength .

o

The raw meal for this xiln is produced in a
s0 tph capacity LOESCHE Roller Mill, fired through
2 tube heaters for arying and grinding in omne operation
to a normal fineness of 15% residue on 170 mesh. The
excess capacity from the mill is utilised for the
existing semi-dry process rotary kiln.




: l‘he Fuel slu.rry Process is patented in Mstralia.
UeSiAe, md India and Qpplicaticns are being processed
in other countries. )

. Detail design dra\n.ngs of the new plant in .
Dalmiapuram by the new Fuel Slurry fired Vertical Kiln
Plant were completed by the engineering staff of
Dalmia Cement (Bharat) Ltd., and they were based on
engineering and construction guide drawings prepared by
Gorresen's Pty Ltd., Consulting Engineers, dustralia who
also carried out the raw matenal and fuel investigations
and advised on all aspects of des:l.g't. eréction and
initial plant operation.
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The Gottlieb Cement Process*

A small capacity cement plant is based on
the modernised pellet fed vertical kiln
which, in its initial form with briquetted
teed, has been in use since the turn of the
century, particularly in Europe. However,
these early kilns, whilst producing cement
which suited the standards of their time,
would not be accepted in today's
conditions. The industrial revolutionof 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 aiso the building of very large -

plants to meet the increasing cement
requirements of major industrial centres.

In the early fifties substantial improve-
ments in vertical kiln technology :lifted-
the efficiency of its production, its fuel
consumption and the quality of the
cement it produced, and then, in the late
sixties there was a further improvement
by the wet preparation of its fuel. This
modernised vertical kiln became
particularly important for two main
reasans:

3) the new highly sophustucated

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 % of a8 million tonne per year
cement production;

b) the rotary kiln must be fired with high
grade fuel, such as fuel oil, natural gas or
bituminous coal, which has become very
much dearer during recent years.

"The new vertical kiln can be fired with low

grade fuels such as coke-breeze, low vola- -

" 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 amodern vertical kiln cement plant permits :
establushmem of cement manufacture on
a small_scale, in the. 40,000-140,000
tonnes per year production range. There -
sre many areas in the world where small .

)

‘markets would not permit 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 significantlyto . unit cost.
This high unit cost also precludes the eco-
nomic nanufacture of many basic items
based on cement such 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 East 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. it has also diversified
its activities into Magnesite, iron ore and

" electronics. In addition, it has a cashew

processing plant, primarily catering to
exports.

The technical performance of DCB is re-
cognised to be of high order and its plants
have consistently operated at high capacity.
The Government of India awarded a Certi-
ficate to DCB for its capacity utilisation of’
125% inits cementp ntin 1977.Thelron
ore mined by DCB is exported through the
state-owned Minerals & Metsls Trading:
Corporation to Japan and is widely reco--
gnised in the Japanese market for its very
high grade quality (+ 67% Fe). DCB hasnow
diversified into the electronics field by-
taking over the former indian subsidisry of
Telefunken, West Germany. If you are
seeking a sound approach to profit maxi-
mization through cement production, we

.believe this brief booklet will be, profitablo.

*Source: Gorresen's P,T.Y. Edgecliff Centre, 2027 Australia, 6 Sep.1982




VERTICAL KILN
CEMENT PLANT

. The first such plant was established by
Dr.Steven Gottliebin Australiain1954 and
from a small initial output of 30,000
tonnes per annum, is now producing
-120,000 tpa and will be expanded still
further. During its 27 years of operation

the plant has supplied 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 participate at a
Technical and Scientific Exchange Con-
vention (TECHEX) in Atlanta Ga., USA,
where government research organisa-
tions, universities and companies from
many parts of the wor'd exhibited their
innovations and new manufacturing
processes which were judged by an inter-

national jury of § eminent scientists and"-
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industrial experts selected from the US;
UK, France and Japan. Dr. Gottlieb’s con-
sulting engineering company, Gorresen’s
Pty. Ltd., was awarded first prize in the
industrial category for their work over the
years on the perfection of the vertical kiln
cement plant and another major innova-
tion, the Pellet Bed Precalciner.

Process : )

In conventional cement manufacture the
raw materials, limestone and clay or
shale, are processed to a raw mix which
must have an accurately defined chemical
composition and fineness. To achieve
this, the limestone must be crushed and

-ground either wet or dry, together 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
systems are involved. o .
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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 stopping and re-
starting procedures which have profoun-

diy 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 non clog "
hammermill crushes two limestone/clay

(or shale) blends by adding abucketloadof A .

clay (of shale) to every truckload of limes-
tone.One larger and one smaller bucket-
load is used to yield 2 blends which 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 plant.kiln and mill start, operate-
.and stop together with only 3 15 tonne
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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-
monitor must be replaced by a more
expr: tive 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 and the small
area it occupies, but by the use of less

equipment, much smaller built in area for
the 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.

8
The new vertical kiln cement manufactur-
ing process in its modified form as des-
cribed previously, is protected by patents
in several countries.

. CEMENT
MiILL AND ]
cusan'n .o

CEMENTSTORACE.
" LOADING AND DESPATCN
PACKWG AND OB BULK




- 34 -

Technical Highlights Give
Gottheb Process Many Advantages

The pan pelletlzer introduced by
Dr.Gottliebin Australiain 19501 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 sintering conditions are
obtainad 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 distribution of -

gas flow pt elevated pressures through
the kiln. .

However, there were still short-comings.
The COp contained in the kiln gases in the
upper portion of the kiln reacted with the

coal particles embedded in the pellets to .

form CO as’they slowly- moved ‘towards
the hot zone.. The' reaction, sensitive .to
temperature, pressure, degree of
exposure and fuel reactivity, caused the
temperature in the combustion zone to

'ﬂuctuate because of the varying amounts :
of fuel left when the coal particles arrived

at the sintering zone. This ‘cycling” was a

problem often experienced with the pellet

fed vertical kiln.

Furthermore, the CO formed may reduce

some of the Fe;Oj; in the raw mix to feO,

causing disintegration of 3Ca0$i0z into -

2C80. SiO; and free CaO— even’ in
delayed reaction during clinker storage.

In the Gottlieb Process, grinding of the

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’

. protective layers' of adhered raw mix

T around the fuel pamcles which prevem ,

their prematurc and incomplete

combustion. This protection ends when

the carbonates in the raw mix dissociate.

. However, at this stage sufficient oxygenis - .
. available to ignite the fuel particles,

causing the temperature to rise rapidly to
the sintering temperature of about 1450 ¢
over a distance of only half a metre. Also,
Fe,0; that was reduced to FeO is re-
oxidized to Fe;O, thereby preventing the
undesirable disintegration of 3Ca0. Sio,

to 2°Ca0. Si0a and free CaO

The previously used method of water
spraying onraw meal and fuel mixtureson -
a pan pelletizer does not provide the
required adhesion of water layers to the
surfaces of 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

a n-the tated
slurry tg'tig S%n?%na;'xa’egd':sh

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 3 central control station.

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

- incipient fusion and agglomeration of the

"Thecoaior .

clinker pellets into grape like pieces which

the rotating grate breaks up easily; hence

- a conventional flat grate can be used.

.. =char’ slurry firedin- the’
vertica' kiln doe< not push any dustinthe
form of belching smoke into the-
atmosphere, only steam and some alkali
fumes:— operation at the decugned rate of
200 tdnnes per day does hardly produce
any visible evidence that the kiln ls
working. ‘
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INNOVATIVE CEMERT MANUFACTURING
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 stage, this blend is subjected to heat
treatment, reaching temperatures of 1450°C at whic-h the clinker
minerals w;th the desired hydraulzc 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 effectively
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 cost

of storage, transport by sea, road or rail and packaging.

The introduction of the Pan Pelletizer in the early fifties permitted
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"omical small plant:- in a vertical kiln fuel and combustion air
mov. in opposite directions, ~ in a rotary kiln their movements are
parallel. In a vertical kiln combustion gases, together with C0O, 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 operatjons of
kiln and raw mill so that they become one integral unit of production.

The Fuel Slurry Process vertical kiln cement plant (FSP) 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 the1r incomplete combustion. This protectlon ends when the carbo-
nates in the raw meal dissociate, leaving a porous and permeable
matrix behind, - however at this stage sufficient air is already
available to 1gn1te the fuel part;cles, 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 dzsturbzng 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 2one causes the temperature to

rise rapidly to the required level of 14509C over a distance of only
half a metrc¢ of kiln length.




Fuel Slurry 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 the pellet

apart:- if thermal stability 'is satisfactory, their Shape will be

maintained 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-
bility of vertical kiln operation, its easy stopping and re-starting
facility, - 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 earmarked 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 stuck to the firebrick lining, - or pellets dis-
integrating 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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(4) 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 lignite, 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 Operatlon. .
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The Interground Fuel Svstem in LOESCEE Compact Vertical Kilm

Cement Plants*

INTRODUCTION

The Interground 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 Portiand Cement Clinker.

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
notinfluence the function orthe 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 T 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 automaticaliy 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 2 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 GMBH, D-4000 Diisseldorf 1, Steinstrasse 18, FRG.




HOMOGENIZATION

The Fuel-Meal is transported mechani-
cally to the blending silos. There 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 2.

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 attain 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 upperlayer of material
in the kiln.
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VERTICAL KILN

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 3
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 kiin 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 zone
where the nodules are first dried and then
caicined. The actualbuming zoneis about
600 mm to 800 mm below the surface
near the end of the concial part of the
kiln €. 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,,
itis cooled by the up-coming air whereby
very good heat exchange is achieved.




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 larger pieces. At the
same time the grate is designed to distri-
bute the up-coming air evenly across the
section of the kiln.

! : nmmmz

e

Clinker discharged through the grate is
collected in a cast-iron chute and trans-
ferred through a hydraulically operated
discharge gate ¢ onto the clinker con-
veyor.

Thus, the lower part of the kiln has mul-
tiple functions. Clinker 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 7,

- 42 -

one of which is being speed-controlled in
orderto 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 kiin feed.
Temperature is monitored along the kiin
shell through the lining for safety reasons
as well as for adjustments. Clinker qua-
lity is exclusively controlled on the che-
mical side and by grinding fineness. Suc-
cessful operation is ensured by maintai-
ning constant condutlons of all external
influences.
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Mini-Cement ™lants “ssed on Shaft Kilns*

= oy S -
. Zeckgrsund “nformecicr

As the investrent cost in the cement industry is normally very high,
it is important to determine the most economical and suitable size for
small-scele factories in order to make savings through standardization.
This seems to be in the range of a production of €0,000-120,000 t/a from

tvo conventional shaft kilns. -

For the conventional shaft kiln, low volatile fossil fuel, with .
less then 20% volatile matter will have to be used. If not available
the protler may be solved by charring high volatile fuel; the volatile
gases emitted could be burned and used for drying of raw materials. Such
@ system has worked successfully since 1965 at the Gippsland Cement Plant
in Taralgou, Vic Australia. The plant is using charred brown coel
briquettes as fuel for the 2 shaft kilns.

For the above-mentioned shaft kiln system, it is necessary to produce
pellets or nodules, wvhich are small, one-helf inch (12 mm) diameter balls,
of wniform quality and high strength, consisting of ground raw materials
snd 12-18% wvater. If fosmation of nodules of sufficient strength and

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

A small-scale cement plant producing 120,000 t/a would be the
ideal size. The cost of machinery for the shaft kilns incorporating
cooler would amount to approximately k-6% of the total investment cost,
vhereas that of & rotary kiln plant would be approximately 8-10%. The
adventages of a shaft kiln installation would be:

(a) Substantial savings in space;
(b) Simple construction with no heavy castings;
(¢) PFev problems with starting and stopping;
(d) High degree of reliability due to the duradbility of refractory
bricks; )
(e) The kiln and the cooler is an integrated unit;
(£) Lovw-alkali clinker could be produced;
(g) A high degree of do-it-yourself construction could be
developed which is important in order to bdring down the total
investment cost.

% Source: Smail Scale Cement Technclegy. WNIIDO/I0D. L3/Rev. 1
16 January 1951
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There are various processes for feeding the fuel to the shaft
kiln. The =ost simple, and perhaps the most corzon is to feed the
fuel (anthracite or petrol coke, coke breeze, blast-furnace coke
o> similar), separately in sizes of 1.5-2.5 r=, directly to the
pan pellertizer together with the rew mix. Other processes such
as black meal, shell (black meal with white meal coating), and
coke slurry should be consicdered depending on the type of fuel,

especially if hich content of ash occurs.

Small-scale shaft kiln cexment plants mey meet with oprosition
from large-scale cerent producers as & metwork of shaft kilns in soce

areas could create competition for their markets.

On the other hand it should not be forgotten that the rotary kiln
techrnology is very relisble and that a small rotary kiln plant despite
high costs help to familiarize operators with a technology that sooner
or later ray be applied in the expansion of the plant when the cement

market has been developed with the first cement plant installation.

The quality of the cement depend on the quality of the Portland
clinker produced. Therefore continuous snd regzular operation is
important. Efficient operation of a shaft kilm require 2 good

~ distribution of air in the burning zone. This can be facilitated with
a good discharge grate. It has been proved that the so-called step

grate vorks satisfactorily wvith lowv maintenance costs.

Highly-developed equipment for the preparation of rav material
also helps to produce good quality low alkali clinker in a shaft kiln

(semi-dry process). Pre-blending of the limestone is highly recormended

vhether a rotary kiln or a shaft kiln is considered.
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IT1. CAPITAL INVESTHINT FOR NEw CEYENT FLANTS

Irvesinent efficiency (producticn cadaciiy per wmit
invested) is extremely irporiant for all factories becsuse it is
difficult to find the necessary financial support unless the

feasibility of the project is proven beyonéd doubt.

Once financing is secured, the fixed costs required for -
amortization will influence the price of the final product.
Here the shaft kiln technology still appear to have an edge over
the rotary kiln techneclogy.

Manufacturers of rotary kiln plants with prehesters and celciners
prefer not to use kilns of a capacity below 800 tons per day (t/D).

The reason are :

(2) Cyclones are smell and jamning might reduce the .
efficiency of the plant;

(b) 1In case of frequent stc:s, because of blocking of
cyclones, fuel consuzption might come out higher
than anticipated.

(c) By-pass installations might be necessary in order to
control the quality and additional investments might
make the factory proposed less feasible.

(d) Bricklayers are reluctant to make repairs in the
preheater and calciner because there is very little

vorking space.

Rever-the-less it is technically possible to produce small
reliable dry process cement plants also vithout preheaters, the

important points for a promotor is to heve sccurate information

about investment and operating costs and compare different solutions
before 8 final decision is taken. ’
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ITI. ROTARY KILX WITE PREZEATER AND CALCINER

The present trend of building up large-scale cement plants will

certainly continue.

The "run factor"” for a rotary kiln mainly depends on its diameter.
With diameters up to S m, the amount of refractory bricks used is
still at an acceptable level of 0.5-0.8 kg/ton clinker.

Operations and maintenance experience have shown that conveationeal
high-econory dry-process kilns with a four-stage suspension preheater
are most reliable in the size raage of 1,250-2,000 t/d, corresponding
to & kiln diameter of L.15-L.75 m or less if precalziner technique
is applied.

It should hovever not be forgotten that small scale rotary kilns,
as they were seen up to the firties,'still are technically possible
to build. The only obstacle is that they are relatively expensive

(investment costs per ton capacity) to build today.

Therefore some compenies have started to exemine the possibilities
for simplifying the technique of small rotary kiln plants with present

days know-hov in order to be able to offer econonmic solutions to

promotors of small cement factories.
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IV. COMPACT SEAFT KILN CEVERT PLANTS

Many develorins couwntries, perticularly the lesst developesd
countries, have not developed their cement industry sufficiently.
In many cases they have difficulties in identifying a balanced

approach vhich will yield the necessery financiel support.

The cement demsnd is often too little and to thinly spread over
a large area to Justify a medium or a large scale plant and .reasing

transport costs also vorks agzinst centrelized production.

When therefore both production and transportation costs are analysed,
the conclusion is often that decentralized production in small scale

Plants is advantageous.

Also the Socio-economic factor im creating exznloyment centers
in rural areas should not be underestimated. :

Coaventicnal Shaft Kilnms.

The shaft kiln technology has beea used for nearly a century, but
especially in the early 1960s the layout and design of a shaft kiln
Plants reached a very high level. This hovever coincided vith the
introduction of the dry-process four-stage suspension prebeater kiln
that made it possitle to avoid drastically increassing cement prices by
the use of big and ecomoxical production umits. The shaft kiln thea
started to loose popularity, particularly as transport costs vere still
relatively lov.

There are hovever still cases vhere e shaft kiln is the best and
the most economic solution. Quality wise clinker produced by a shaft
kiln can be es good as clinker produced by a rotary kilnm provided the
same care is taken in the preparation of the rav material. In order
to produce good shaft kiln clinker the following conditions will have
to be fulfilled: ’

(a) Plasticity of the rav materials particularly the clay
in order to make pellets of sufficiently high strength
also at elevated terperatures. Withcu: this, it is

irpossitle to operate a shaft kilc.




{b) A kiln diereter exzeedirg 3 £ is inasvisalle. ir
distribtuticn may Yecome irresular and resul: in an

unstatle coreration.

A copmor ené effective kiln size is 180-20% /4. Susk a kilp voul d
have an inside effective dismeter of 2.h r and a total heirht of
aporoximately 8 m. Szaller kilns work even better because of imoroved

air distribution inside kiln cross section.

The verticel sha?t kiln is very sirple. The upver part of the
shaft (approximately 15-20% of the total height) is conical to correct
for shrinkage of the nodules through drying, celeining and sintering.
The rest of the shaft is cylindrical anéd this part serves as a collar
and heat exchanger as the heat from the clinker Preheats the eir moving
in counter flov from the bottom of the cooler ur to the burning zone
in the kiln.

The rav mix and solid fuel fed to the kiln are agglorerated in a
nodulizer vhere 12-1L% of water is added, anéd nodules of one half-inch
diameter (12 m=) are'produced. These nodules are fed to the top of the
kiln and distributed equelly over the.material surface by means of an
rotating chute.

The feeding to the kiln is reguleted according to the flue gas
temperature, which should be kept at 80-90°C. The material flow should
be regulated to move dovnvard with a velocity of arproximately 1.5 m/h.
At the bottom, the kiln is equipped with a grate of different designs.
Clinker is discharged through hydraulically-operated air-lock discharge
gates/or through other discharge systecs.

Combustion air is blown in counterflov to the kiln and the pressure
peeded is about 1200-2000 mx WG; this is best obtained vith a Roots blowverz.

Current air pollution regulations call for an electrostatic precipitator
for the dedusting of the flue gas. Dust production of a shaft kiln is very
lov, about 2% of the elinker production, but it looks worse due to evaporated
vater. The lov temperature of flue gas makes it necessary to preheat the
gas before the filter to abopt 90° - 100° C, vhich is the most suitable
texperature for an electrostatic precipitator,30-35° above the Cue point

£ the kiln gases,




- 50 -

V. FINDINSS AND PECOMMENTATICNS

Findings and recormendations should be considered as indicative as
it is impossible to meke gereral recorrerdstigng covering the entire
world. However, it is hoped that they will be useful to promotors
and Governments exarining the availability of technology for small
scale cement production in remote ereas as wvell as in the least

developed countries.

How to reduce capital investment

The total investment cost is dividcd among the following iters:

Fraction of total
investment costs

(1)

Mechanical and )

)
Electricel equipment ) 45-55 .
Civil Works 25-30
Transport (cif - fob) 3-5
Erection 12-15
Miscellaneous -5

The above-mentioneé figures show where savings can be made. Civil
vorks account for very high percentace of the cost. Considevable savings
can be made here, for instance by reducing storage capacities, Hovever,
such savings depend to a large extent upon locel conditions, and advice -

should be sought from an experienced consultant.

The following recommendations are made for the erection of mechanicael
and electrical equipment:

1. A perfect layout wvill be necessary
2. Intensive PERT (programme, evaluation and review technique)
planning.

3. Intensive standardization should be made

4, The site should be provided with a vell-equipped workshop

especially for steel-plate vork end velding.
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5. Machinery manufaciure and erection should be cortinesd if
possitie. ‘

6. A1l steel-plate wirk ur te, sey, & 25-r= thickness should
be done at the site, if possitle.

7. The latest wvelédinc technigues should be applied.

8. Consideratle tire can be saved by co-ordineting the
civil vork ané the erection of mechanicel and electrical

equiprent.

Implermentetion time.

In a plant, for exaxzple, of 120,000 t/a capacity, the civil vorks

mey involve about 5-10,000 m3

of concrete and sbout 1,800 tons of
mechanical and elecirical eguipment. The erection of civil vorks and
the mechanical and electrical egquipment would armount to approximately
120,000 and 140,000 man-hours respectively. Fvea on extremely difficult
sites it should not take mcre than 10 to 13 months to erect a cocpact

cement plent.

Economic size of rlant .

"". Shaft kiln plants producing 120,000 or
180,000 t/a would be the most economic size. For larger capracities
normelly the rotary kilm technology would be preferred. Particularly if
lov volatile coal is not available, but also the availability of good
plastic clay is important to secure strong and heat resistant nodules
for the shaft kiln process.

In order to give some more inforration abott the relatively
unknown shaft kiln process the following process or eguipment details

are given.

Nodulizer (pan pelletizer)

The production of suitable nodules (mechanically strong and heat
resistant) is indispensable for a shaft kiln or any other kiln vorking
on semi-dry process. The nodulizer for production of nodules vas
introduced in 1950 by the cement industry. Millions of tons of modules
have been produced by means of the nodulizer, especially after introduction
of the semi-dry lepol kiln. It is due to the development of the
podulizer and preblending and homogenization technique that the shaft kilns
can produce clinker of high quality.
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" Irrespective of hov the fuel is added ir a bleck meel, shell
or coal slurry process, the firel nodules should consist of rev peel
grow:é to & fineness of 10-15 percent reteined on Lk,%00 neshes/cz?
and less than 1,0 percent on 930 meshes/cz? in order to keev the free
lime content below 3%. Nodule size should be ker: at 10-16 mm

diareter for a sheft kiln with a diameter of 2.k, .

The vater content depends on the raw materiels (plasticity) and
should be in the range of 12-18%. (wet base)

Burning Process.

Burning processes for shaft kilns are as follovs .
Conventionel .

Black meal (Intergrate fuel process)

Shell

Coal Slurry

In ;he conventionel process, wkich is the sirrlest, the fuel,
for instance, coke, petrol coke crushed down to size 1.5-2 mm, is
fed directly to the nodulizer together wvith the rav meal. The size
of the fuel is irportent. Snall sizes decrease and large sizes
increase the height of the burning zone and thus the active cooling
zone vhich vill be respectively increased and decreased. A short

burning zone results in a good thermal efficiency.

Black meal, shell and coal slurry processes require more equipment
than the conventionel one. These processes ;hould only be considered
in order to ensure unifornm and good quality of the clinker if the fuel
bas a high-ash content or high reactivity. Determination of fuel content in
the black meal every 2 hours as vell as gooéd mixing of the rav mix is

essential for the conventional and for the coal slurry process.

Discharge grate.

Good air dist:ibution is very important in a shaft kiln and a

discharge grate is required to cope with irregular clinker formation.
(1umps)
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Some shaft kilns are equipved with a step grate vhich has proven
its relieb®ility satisfactorily for more then 20 years by securing a

eratinuous discharge of Portland clinker up to 200 t/d.
The advantages of the step grete are :

Simple and rotust construction

low wear due to very low revolutions of the discharse grate (S5RPH)

Lov maintenance cost
Another prate constructicn is the discharge crusher grid, elso cealled
the rocker crate.
It consists of six weter-cooled heevy she’ts on which casted toothed
sections, sirilar to toothed roller crushers. The rocker grete is
turned every tvo years to distribute the weer evenly. The distance
betveen the sheft cenires allovs for the vassage of clirker betveen

the toothed sections.

When th; shafts are in moéion by rocking fro= one side to enother
and back egein they crush oversize lurmps and discharge clinker as )
vell as it secures a good air distribution even when clinker aggregation
occur. The rocking movements are perforred hydraulically and are

activated from both sides. (Manstedt grate)

Other grates are the Viege-rost (steinbiichl-grate) end

The Flat-grate (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 dramatic increase in the prices for oil in
the 1970s, energv-related problems have become of primary concern for the
industry since the share of the enery input exceeded 40 per cent of the

production cost and energy became a maior production factor.

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

in cement production are summarized below:

A camparison between data from developed and developing countries shows
a great difference in specific consumption of erergy 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 Iindustry 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,




The most advanced dry process kiln systems include precalciners along
with suspension preheaters. The use of precalciners ensures not only further
reduction of specific energy consumption but what 1s more important provides a
possibility to use low grade fuels and various combustible i1ndustrial 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 60 ner cent ot the cost
of a new unit and 1s therefore not always teasible or aftordable. Besides, at
some locations the wetness of raw materials may make the use of wet process
kilns necessary. In such cases a reduction of specitic energy consumption can
be achieved by preliminary dehydration of the raw mix, by utilizing dirfferent

thinners, etc.

Prospective trends for reduction of the specitic energy consumption
related to the technology used in the production of cement include:
calcination of clinker in a fluidized bed kiln; changing the mineralogy ot
cement by using mineralizers; low-temperature technology of ;linker making
with the use of calcium chloride; improvement of the existing grinding tube
mills and application of roller mills as well as grinding aids to reduce

consumption of electric power when grinding the clinker.

Consicerable energy savings can be realized by using secondary energy for

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

Besides the possiblities mentioned above for improvement of energy
utilization of cement plants which require capital 1nvestments there also
exists a considerable potential for energy saving through i1mproved
housekeeping measures at no or little cost. These include improved fue!
handling and preparation, improved combustion and dratt control as well as

improved housekeepingz in respect of electric pcwer 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 i1ndustry:




a) Production of blended cements with the use of various pozzolana mate-ials
including fly ash and slag is now considered by many countries as a way to

reduce energy consumption in the cement industry;

b) In many countries coal is regsining its position as a basic fuel used in
cement plants. Some countries have slmost 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 precalciners.




CEMENT INDUSTRY PROFILE*

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

Potendal investors 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 experts. But whatever the situation,
It should be remembered that the Profiles are not a substitute for the
specific 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, organizaton of transport, etc. Local costs may also vary for
raw materials, labor, plant and equipment. Thus, specific studies may
provide somewhat different estimates from those shown in the relevant
Industry Profile. But the Industry Profiles provide 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,3, Department of Commerce, Clearinghouse for Federal
Scientific and Technical Information, 410,14, Springfield
Virginia 22151, 1976.
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CEMENT: Standard Industrial Classification 3241

A. PRODUCT DESCRIPTION

Portland cement, manufactured in 2 rotary kiln. Various alternative combinations
of raw materials may be used. Choice of them will depend on local availability.
Other types of cement, e g. masonry cement, may be made with the equipment
described.

B. GENERAL EVALUATION

The growing use of cement as 2 comstruction material, the widespread presence of raw
materials that can be used to make it, and the advantage of local production of 2 bulls
commodity of this kind from the point of view of keeping down transport costs,
recommend the cement industry as suitable for many developing areas. Against the
advantages enumerated must be placed the fact that any cement plant. even the
relatively very small one described. which is about the minimum practicable size.
necessitates a very substantial capital investment, and also demands a fair amount of
skilled labor. In spite of this drawback, developing areas usually give high priority

to the establishment of cement plants, and often they have proved to be profitable
ventures.

C. MARKET ASPECTS

1. USERS. Conmstruction and public works contractors. railroads, various industries.

2. SALES CHANNELS AND METHODS. Sales are commonly made direct to large
users, as well as to distributors for re-sale in small lots.

3. GEOGRAPHICAL EXTENT OF MARKET. a. Domestic. Generally cement is not
shippec very lar from the point of manufacture, owing to heavy transport costs.
In the United States cement plants are scattered all over the country, and the
market radius on the average probably does not exceed 100 miles. In some
countries, however, cheap transport by barge over inland waterways, or by
coasual ships, may permit sales at much greater distances. b. Export. Where
cement plants are located at ports and can loac directly into ocean vessels, sales
to distant countries are possible.

4. COMPETITION. a. Domestic Market. Competition from imports is likely to
fluctuate in intensity.  Surplus capaci'y sometimes develops rather suddenly and
unexpectedly in this industry, and producers are sometimes prepared to sell
abroad at low prices in order to maintain operations. Competition from alternative
materials will depend largely on comparative costs, and this will vary greatly from
area to area. b. Export Market. This plant would be too small to compete 1n
general export business. Some regional sales might occasionally be possible.

S. MARKET NEEDED FOR PLANT DESCRIBED. Demand for cement will degend on
the extent of new construction of various kinds that is under way, types of buildings
in common use, cost of alternative materials, etc. A fairly modern and pro-
gressive urban area with a2 population of the order of a million people should
generally develop sufficient demand for cement to support a plant of this size.




Clwy

Vash Clay

Slurry Veeder

g

[
¥ Lisestons | Veighing Feeder
. Storege
Alr
Stome Sepsrator -
Prisary -

CEMENT: S, 1,C, 3241

fiant layautl and Fluw ol Wurk

Slur~ 1
Blen:

Tanh.

Vitrating Screen bowl
or Clas-
Rake Clessifier . sifier .

R

Pacuing &
Bhipping

|

Pinteh

Grinding

o Alr-entraining Grinding
. Tube \ lngredient Clinker
[ 19} Ml [ -
Slurry Storage )
Buming
Vacuum Clinker
Filter
Fiov of Materials xila
o Y .
= —— Feoder Grinding
T S p— Haw Materisls

‘Clinker Cooler

+ Flow of Gases

. Crushe Vibrating Dust
Clinker C C r Screen Alr Separstor (1:91.
sctor
Sworuge l N
' 8¢ RN, W
V.
. Crushing or
Crushing Crushing
Gypoun — Storege O} “Bell Tubs 111 Cement Silos Other Trestment
M : o
Veigning Feed | 'y !
Packing & -
Shipping Quarrying or Quarryiog
Other Recovery or Digging Guaryying
bulk Shipping
4 4
—
Calcareous Argillacecus
Rav Materisl Grpovm

| Rav Matlerial

) Physical
Processing

Chealcal ‘g.)'
Prucessiag '

Phystcal
p Processing

Natural Raw
Materiale



- 60 -

D. PRODUCTION REQUIREMENTS

AXNUAL CAPACITY - THREE-SHIFT OPSRATION: 15,000 Toas

1. CAPITAL REQUIPEMENTS 3. PONER, FUEL AK: WATER
Annual Coet
a. PIXED CAFITAL Cost a. Eleccric Power. Connected load
Lacé. Including deposits of ciay about 300 hp. Plant produces
& limestone - 80 acres. S -- own power.
Building. Total floor space area
50,000 sq. ft., including pro- b. Puel. About 36,000 barrels
duction, stcrage, power & office. 300,000 of Bunxer C cil aonually. $ 72,000
Egeipment, Furniture & Fixtures.
Prodn. tools & equipms.$1,200,00C c. Water. About 10.8 am. gals.
Oches tocls & equipm:. 5¢,000 snnually. $ 2,500
Furniture & fixtures 2,000 _!,2%2 0oC
Total (exc!. Land) $1,532,00C 5. TRARSPORTATION
Principa! Iters. Air drills & compressor,
diesel shovels & dumo cars. diesel loco- a. Owo_Transport Equipment. Kone necesssry.
wotive & railtasd siding, crusher, hammr
sill, conveyor & elevator, rougk miil & b. External Transpert Facilities. Total fo &
slurry taaks, air comgressor, kiln & feed out shipoents about 4,000 tons a month.
tank, rctary clicker cooler, clioker cem- Railroad siding & good highway necessary.
wevor & silos, finish mill elevator &
coaveyor, packaging equipment, laboratery 5. MANPOWER
equipment, puzping equipoent, water Busber Annual Cost
storage, maircenance equipoent, pover a. Direct Labor
plasz. Skilled 10 $ 60,000
Sexi-skilled 20 100,200
b. WORKING CAPITAL Taskilled 20 80,000
No. of Davs Tocal 50 $240,000
Direct Materiais, Direct
Laber, Mfg. Overhead(a) 60 § 71,300 b. Indirect labor
Adein. Costs(b), Comcin- Manager & supervisors 3 $ 26,000
gencies, Sales Costs(c) 30 6,300 Chemist 1 9,000
Training Costs 155 :gg Office 2 9,000
Tota! working Capical 3 Other 3 15,000
Total 9 $ 59.W
¢. TOTAL CAPITAL (EXCL. LAKD) $1,655,000
c. Training Needs. Manager & supervisors
2. MATERLIALS AND SUPPLILS should be fully experisuvced. With aid of
Annual Annual € skilled workers, thev should be able to
a. Direct Macerials Reguirements Cost do al! labor training. Plant should reach
Lizesione 52,000 tons)  Cost in full production in 2 wmounths.
Clay 11,50C tonms) land
) deplecion 6. TOTAL ANNUAL COSTS AND SALES REVENUE
Cepsum 1,600 tons 11,000
bags 18,000 &. Annual Costs
Totai $ 29,000 Direct Matearials $ 29,000
Direct Labor 240,000
b. Supplies Manufaccuring Overhesd(s) 158,500
Lubricanzs & hand tools $ 700 Admin. Costs(b), Concingencies 50,000
Refractories, brick, clay & Sales Costs(c), Bad Debts 30,000
ceme:it 18,000 Depreciation oo Fixed Capital
Maintenance & repair parcs 6,000 & Land Depletion 155,200
0ffice suppiies 300 Togal $652,700
Total § 25.000
b. Annual Sales Revenue $875,000
NOTES. (a) Includes Supplies, Fuel, Water, Indirect Ladbor. (b) Includes Interest, Insurance,

legal & Audic Charges.

(¢) lacludes Sales Commissions, FPreighz Out, Travel.

CEMENT: 8. L C, 3241
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EQUIPKENT FOR CEMENT PRODUCING PLANTS

Major equipment of cement producing plants serves to
carry out such process operations as crushing, comminuting
and homogenizing 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 shal] be commi-
nuted, homogenized and roasted in a dry state. -

1. Crushing equipment

At cement plants the cr3rers of different types are
used in material crushing process. For the crushing of strong
and grinding materials jaw and spindle breakers are to be
used. The rotor, hammer, jaw-roll and roll breakers shall B%%ig
for the crushing of soft and low-abrasive materials.

Basic information on some breekers mede in the USSR

is given in Tables 1.1, 1.2, 1.3, 1.4 and 1.5.

# Source: Academy of Science of the USSR, Peb. 1979
Re: Q - 3887-1979
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Table 1.1. Jaw breakers

Mark Siszse of charging Capacity,
hole, mm cu.a/hr

C-182B 250x800 6

CM-166A 250x900 35

CM-Q51 400x300 48

CM-161 600x900 200 .
cMp-58b6 900x1200 160
CMA-59A 1200x1500 280
CMA=-60A 1500x2100 550

Table 1.2. Spindle breakers

Mark dig:::or sizsh:f]'::ga;::ng Capacity,
material, mn cu.mn/hr
CM=5614A 600 60 . 32
CM~560A 900 100 62
RKI-500/75 | 1280 400 150
KKI-1200/150| 1900 1000 680
KKQ-1500/180| 2520 1200 1300
KCI=1200Tp | 1200 150 105
KCf{~1200T 1200 100 85
KCA-1750 Tp | 1750 200 300
KCI-1750T 1750 160 180 ’
KCL=-2200Tp | 2200 300 580
KC=-2200T 2200 250 340
KMg-1200Tp | 1200 80 110
KM[[-1200T 1200 40 130
KME-1750Tp | 1750 100 120
KMf=1750T 1750 70 80
KM~2200Pp | 2200 110 220
KMf~2200T 2200 , 80 150
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Table 1.3. Roll breakers
Mark Roll dimensions The largest sise
== ’ of starting gap:;g: ’

(diameter x length) |materials, mm v,
CM-12 600 x 400 85 25
rsoxso 800 x 500 40 15
r'100x5% 1000 x 550 75 45
ri150x60 1500 x 600 75 76
A039 15x12 1500x 1200 900 150
AA3 700 1250x1000 900 700
Table 1.4. Hammer breakers

Mark Rotor diameter The largest size
: - * | of starting gipgﬁi:"
materials, am ¢

C-218M 600 150 15
CM-431 800 250 14
CM~-19A 1000 300 54
CM-170B 1300 400 200
AMPHJ
14,5213-1000 1450 80 250
AM 17x14.5 1700 600 500




Table 1.5. Rotor breakers

T
Mark Roto:méiameter{ §§°s%i§§;:; size E Capacity :
materials, mm cu.m/hr

cug-85 800 400 50
CME-75 1000 300 150
CMI-86 1250 600 125
CM-94 1250 375 200
CM~-95 1600 800 200

2. Equipment for material grinding

In a cement production industry the tube ball and rod mills
are mostly used for the grinding of raw materials, clinker and
additions. Basic information on some mills made in the USSR is
given in Table 2.1.

Table 2.1. Tube mills
“Drum dimenslons T
Mark om ’ Capacity,
diameter ! length t/br
CMM-205 1948 10520 211{ 182/
1
CMM-206 2680 13020 55 /, 353/
CMM=201 3200 8500 36-1054/
CMM=203,6 3200 15000 762/
1/ 2
CMM=202 3200 15000 160 , 50 /
CMM=208 4000 13500 154

1)for 4dry material
2)for clinker
3)for cement
4)for raw material
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The clay mixers for the preparation of a slurry consisting
of soft raw material such as clay, chalk,marl are used.

The clay mixer of type CMU =426 has a mixing basin diameter
of 12 m, capacity tor clay is 40 t/hr, for clay and chalk compound
60 t/hr.

3. Equipment for the homogenizing and averaging of a
raw compound and for feeding it into the kiln

In order to cobtair a raw compound of required chemical
composition and keep the homogeneity or this compound during a
long period of time the homogenizing and averaging of a raw
compound in vertical and horizontal slurry basinsshall be carried
out. The horizontal slurry basins shall be equipped with mixers
to prevent slurry settling. Basic inrormation on mixers is given

in Table 3.1.

Table 3.1. Mixers
Mark Basin dimensions, m
diameter depth
CMl-421 25 5.4
CMii-422 35 6.6
CMI{-423 35 6.95
CM-424 35 10.1
CMll-445 35 9.96

A raw compound is to be delivered from the horizontal slurry
basins into slurry feeders, which feed the raw compound into the
kiln., Basic information on slurry feeders is given in Table 3.2,
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Table 3.2. PFeeders
Mark Delivery, |
cu.
Qi -78 33-65
cMli-77 50-100
CMI~76 75~150
CM-500 12,5-25
Qu-501 25-50

4, Kilns for clinker roasting

At cement producing . plants the ha;d-burnt brick (clinker)
is almost roasted extremely in rotary kilns. The kilns for
clinker roasting by the wet method are provided with internal
heat-exchangers. The kilns for clinker roasting by the dry method
are usually 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
Mark __Casing dimensions, m | Capacity, !
diameter length t/hr
@3 x 60 3 . 60 15
$3,6x75 3.6 .15 10
#3,6x110 3.6 110 10
#4,5x170 4.5 170 22
CMU~4 52 4 150 35
CMI-402 5 185 75
CMII-404 7 230 146
CMIi~74 6.4 95 146
CMll~4 08 5 75 75
CML[-405 4 60 40
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5. Coolers

For the cooling of cement clinker, coming from the rotary
kiln the grate coolers ars to be used. Basic information on cooler

is given in Table 5.

Table 5. Grate coolers
Mark Grate dimensions, mm Capacity,
t/hr
length width
CML-408 16600 2520 35
CMi{-~409 16600 3360 50
CMI-410 16600 5040 75

6. Ancillary equipment

Among the ancillary equipment of cemeat plants are dust
cleaning devices (cyclones, bag-type and electric filters),
equipment for proportioning and trﬁnsportation of materials
(feeders, measuring hoppers, conveyers, elevators, air-operated
transport), equipment for packing and shipment of cement. For 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 may be found in the references

given below,
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Proposal and feasibility study for a 25 t/d
mini cement plant
tR. Bruce®* and M. K. Garg*

Portland cement is used in building activities to the virtual exclusion 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 Portiand cement appears, therefore, to be the only
choice left for the planners. 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 calcareous materials
Require much lower capital investment
Come on-stream more quickly

Create rural empioyment

Sharply reduce transport and packaging charges

Technology of Portisnd cement
The production of Portand cement involves the following steps:
Mixing of raw material under rigid analytical control
Fine grinding of the mix (either wet or dry)
Firing (calcining) the mix to a temperature of 1,400-1,450°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 vd,
and capacities of 3,000 t/d 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 personnci costs

A general reduction in overhead costs (spare parts, lubrication and
maintenance)

*On behalf of the Appropriate Technology Development Association (ATDA), Lucknow,
Uttar Pradesh, India.

# Source: UNIDO- 1D/232/12, January 1931




- 69 -

Despite the economic advantages of such large-scale plants, they have not
been coming on-swream in India at the rate required to fill the gap reflected in
the following statistics:

Installed
Period capacity  Production
(millions of tonnes)
1977-1978 219 19.2

1982-1983 (projected) 35 X

Vertical-shaft kilns, on the other hand, can be operated with a capacity as
low as 1vd and bhave a maximum capacity of about 200 v/d. The
techno-economic feasibility of setting up mini vertical-shaft cement plants,
particularly in locations far removed from cement production centres, is
therefore under consideration.

Details of development work doae in Indiz

With the successful utilization of vertical-shaft kiln technology for cement
production in a number of countries, particularly in Europe and China, it may be
asked why this technology has not yet been applied in India_ This idea was taken
up as carly 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:

(a) In Europe vertical-shaft kiln technology has been developed on the
basis of a kiln design with a capacity of 180-200 v/d. Four to six Yilns of the
above capacity are installed in one unit. 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 3 number of vertical-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 vd, 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 cement 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
entreprencurs 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 plants. 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 years efforts have been made to establish mini cement
plants 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 Pradesh state government at Lucknow, the
National Research Development Corporation, and the Tamil Nadu state
government. But none of these project plants managed to produce cement up to
Portland cement specifications. In the case of the PRAI project plan at
Mohanlalganj, the expansion ratio of the cement produced was rather high,
making its use for structural and load-bearing purposes of doubtful safety.

The Intermediate Technology Development Group (ITDG), London,
became interested in the efforts made in Mohanlalganj to develop appropriate
technology for a mini cement plant. One of the authors (R. Bruce), an associate
of ITDG, was therefore sent to India to make a detailed report on the
Mohanlalganj cement plant.

On the basis of economic and production data from the Mohanlalganj
plant, and data supplied by the Cement Corporation of India on the 1,200 v/d
rotary kiln plants currently being installed in India, it was concluded that a 25
t/d vertical-shaft plant could successfully compete with the large plants,
providing it consistently produced standard Portland cement. To achieve this, it
would be necessary 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 2 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
(1,400-1,450°C) in the kiln. Various simple procedures were recommended to
solve the problem:’

(a) The “mixed meal” rather than the inter-grinding process should be
used;

{b) The 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 instailed;
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(c) The feeding of nodules should be controlled according to gas
temperature at the base of the chimney, which should be kept around 60°C, and
in no case allowed to exceed 80°C. The average in the Mohanlalganj plant was
around 150°C;

{d) The flue-gas temperature can be further regulated by installing
infinitelv variable gearing for the grate, thus enabling the kiln operator to
control the rate of clinker discharge easily and quickly, and to keep the burning
zone stable at the correct level;

{e) The make-up of the raw mix, particularly the heat input, should be
carefully controlled. For this purpose, the heat content of the fuel must be tested
and the constituents adjusted accordingly, which was not done in the
Mohanlalgan;j plant.

The proposed project

Based on the Mohanlalganj experience, the Appropriate Technology
Development Association (ATDA), Lucknow, proposes to build a 25 v/d plant
with assistance from the Intermediate Technology Development Group,
London, experts 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
Co-operation 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:

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

Phase Il Purchase of land and construction of buildings and plant;
testing and demonstration under operational conditions by the
ATDA with the advice and guidance of experts from the
Federal Republic of Germany

Total capital requirements are as follows:
(Dollars)
To commission experts from the Federal Republic of Germany
to examine data, prepare a new set of drawings and
specifications and provide advice and guidance to ATDA in
erecung and commissioning the plant 78 400

To cover 50 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, including
the initial costs of operating the plant for one year whils
testing, demonstrating and documenting its viability 54 880

Total 296940
A feasibility study of the proposed plant is given in the annex.




Annex
Feasibility study of the proposed plast
Capiial investment (Dollars) (Dollars)
Land and buildings
Land 6 250
Buildings _37500
43750 43750
Machinery (ready to run)
Jaw crusher (capacity, 4 t/h) 1875
Hammer mill (760 mm) 2500
Weighing equipment (raw mix) 2500
Mixer, concrete type (capacity, 2% vh) 2500
Ball mill (raw mix), air conveying gravity
separator (capacity, 2 vh) 43750
Homogenizer, continuous circulation fluidizer 3750
Nodulizer and silo 5000

Vertical shaft kiln and Rootes blower, instrument panel,
variable speed grate, drive discharge gates, staging etc. 75 000

Ball mill (cement 43750
Elevators and conveyors 12 500
: Raw materials silos 6250
Cement silos 6 250
Insullation and erection 15625
Laboratory building with test equipment 12500
Miscellaneous 35 000
268750 248750
Norking capital . 52500
Total 375000
Gross income
Production
Capacity 30 vd

Actual production, 25 t/d,
320 days per year: 8,000 va

Sale price
Market price (1977) per tonne of Pordand cement, transported and sold
in 50-kg bags: $56
Less taxes $18

Net price $38
The plant will market cement straight ffom the silo (unbagged) and customers will
supply their own transport. The margin allowed by the Government for packing and
transport is $10 per tonne. The price net 10 *he plant is, therefore, expected (o be about
$28 per tonne.
Gross income expected per year is therefore:
8,000 t at $28: $224,000




Running costs are estimated on the basis of 1977 prices and quantities from data on
the Mohanlalgan;j plant. Costs are calculated in dollars per tonne of cement.
Raw materials

Limestone 090tat$6 $5.40

Kankar 065tats2 $1.30

Correctives  005tat$3  $0.15

Gypsum 00Stat$15 $0.75

$7.60

Fuel

The Mohanlalganj plant regularly achieved a fuel consumption of 0.18 t per tonne of
cement. The fuel is mainly coke breeze with some coal added. The heat input averaged
3,962 kJ/kg of ctinker in the 175 vd vertical-shaft kilns used in the Federal Republic of
Germany and 4.795 kJ/kg clinker in the 1.200 t/d wet-process rotary kiln of the Cement
Corporation of India.

Coke breeze 0.151at $9.38 $1.40

Coal 0.03 at 1 $18.75 $0.56

$1.96
Electrical energy
The Mohanlalganj plant consumed an average of 150 kWh/t as compared to

140 kWh/t for the 1,200 /d rotary plants of the Cement Corporation of India.
150 kWh at $0.025: $3.75

Labour (daily)
Shifts Persons  Wage ($) Toual ($)

Grinding and weighing 1 ] 0.75 375
Mixer and ball mill 3 3 1.25 378
Nodulizer and homogenizer 3 3 1.50 450
Kiln operator 3 3 2.50 7.50
Clioker and cement mill 3 6 1.00 6.00
Silos 3 3 1.00 300
Packaging 1 1 1.00 1.00
Extras 3 6 1.00 6.00

Total 30 35.50

Cost per tonne: $1.40

Labour (monthly)
Number Salary ($) Touwl ($)

Manager 1 188 188
Mechanical engineer 1 150 150
Supervisors 3 100 300
Chemist 1 125 125
Workshop machinist 1 75 75
Laboratory assistants 3 50 150
Electrician 1 62 62
Assistant mechanic 1 50 50
Accountant 1 98 88
Cashier 1 30 50
Clerk 1 50 50
Stenographer 1 75 75
Typist 1 50 50




Cost per tonne: $2.25 .
Total labour: $3.65 per tonne

Overhead .

Overhead (including office expenses and coatingencies) is calculated at 20 per cent
total labour costs, or $0.75 per tonne.

Stores and repairs Cost
(dollars p.a.)
Buildings, at 2% 750
Machinery, at 4% 11 000
11750

Cost per tonne: $1.45

Summary of running costs

($/1)
Raw materials 7.60
Fuel 1.96
Electrical energy 375
Labour 365
Overhead 0.75
Stores and repairs _145
-Total 19.16
Safe estimate 19.50
Gross annual surplus (Dollars)
Gross sales 224000
Running costs 156 000
Gross annual surplus 68 000

This represents a gross return of over 20 per cent on capital invested, which is
roughly what the Cement Corporation of India eXpects to cam on a large plant.

(Dollars)
Deduct depreciation: Buildings, at §% 1875
Machinery, at 10% 26 875
28 750 .
Net rerumn: $68,000 ~ $28,750 = $39,250

Retum on capital: 10.5 per cent




- 75 -
MINTI CEMENT PLANT FOR
BANGLADESH

THE PROJECT

The establishment of mini ocement plaat is aimed at providing 9000 tons
of cement per yesar. There is scope for establishing more than ome mini
cemsent plant in Bangladesh.

At present, iccal production of cement covers about 30X of total con-

suaption of cement, in the country, 4bout 703 of total cemert require-
mants is met by import.

The project is important to Bangladesh as er import subetitute exercise.

| The project will have an installed capacity of 900C tons of cemeant per
year.

Production schedule is based on three eight hour shifts working for 330
days a year.

Propoud'-ini cecent plant will be ecuijped wit:k rctery kilm wkick cexn

vork vith either the wet or tke dry pricess according to the type of
plant in view.

Mini cement plant will be based on natural gzs firing, for whick special
burners are reguired. .

KAREST

Cement corsurptiorn has grcwr muck durirg last {ive vears in Ba-gladesk,
and for the jericd 1582Z-Z7 reached the level of 307,00C tons. Difference
betweer arrual cozsuxyticz ¢f cement and iiz locel rroduztice bkas been
covered by icport, whick reeched the level of alzmost 758C,00C toes for the
period 1982-€3. To cover this gajp ani reliuce or elirinate icpert, large
scale cecent plant cuckt to be buiit up, alterratively severszl cini
cement plants sizilar to that zrojoszd in the ;rojzct could be buiit ug.

Rew MATZCI-13

List of rev ceterials reyuired for mazufacturz of GO00C t.ias of cement per
year is as follovs :

~ Limestoze 11,7CC tons per yesr
- Clay 2,700 tons per yeer
~ Cypsum 36C tons per year
- Cunny (jute) begs 180,000 nos per year

# Prepared by UNIDO team and submitted for promotion im 1984
Ref: project profile BGD/072/V/1984-07 ,




P Prices used for raw material calculation are as follows :

- Limestone $ 8.7 / ton

(price of local limestons ore stanis at Tk. 300/ton i.e. TS & 12/ton.

Price of imported lices$one ore froz Indis stands at about I.3s 69/tcn.

The ratio of limestone ore used ir the existing cement plant in syihet

is : ¥ from locel rescurces and ¥ imported froz Iadia; a similar struc-
ture of limestcne ore suprly is sesumed for tke propcsed mizi cement plant.
The price of limestone celculated as an avera~e therefore stands et

TS § 8.7/ton.)

- Clay TS $ 4/tcn.

(Zxisting cement rlart iz Sylket uses its own clay dezcsit clcse %o the
factory anc nc figure on clay price is availadie. Therefore tzking irto
considerztion cost of fusl, labcur, zaintensnce & derrecietion of handlirng
ard trzrz7oTi ecuirment, cost of clay was celculate: at €S 3 4/ton. it is
ssgur2d that prorcsed mini cemeat flant alsc will use its own cley de:czsit
close tc the tlant.)

- 3rzsux 03 § 52/tcz
\7ze rrice is equel to wholesale rrice of irpcrted gyrsunm. In Suture vhen

n;,'
[»]

sphogyrsunm will be rrccessed for cement manufacture, importz4d gypsun
will be rerlaced by local oz:.)

- Surny (Juse) taz U5 5 C.2/:t2g.
(The rrice of iocally produced guzcy tegs is ebout Tk, 5 rer tas i.e.

5.  CTILITIES

The plant (.et =Tccess) requires natural gas, electricity & water to tke
extezy ¢f TZ 2 11S,5C0C per year. .

suhotit Frice Average cost
3 z -
Lsturai gas 72C,000 Xz T2 $ C.C41 por Ix T3 § 25,300
Bisctricity & pcver 1,25C ¥nq C5 $ 70 pe= ¥.=2 TS § £5,2CC
Water (SC5 pecycles) 2,3C0 En3 U5 $ C.C€ per Mz’ Ts § 1,3%
6. MSFCSR

™ " 23 =t 2% follicws:
The manpcwer requirerezts are estinated as follicws Average ccst

Kurper gws H n.a.l

Marsger 1 300
Superviscrs 3 1580
Skilled workers 17 a3

Ucskilled workers 15 c00
dccountast 1 ‘ 1500
(ffice workers 3 520
Cuowiidars 3 AOC




6..

7.

g.
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The requiremert will be met from locel =sources.

Tke superviscrs and five askilled workers would zeed techrical training.

SITE aND INFRASTRUCTURE

The proposed plant will be located in Sylhet district close to local lime-
stone deposits and to altermative supply sources of impcrted limestcne from
India by ropeway, and to the existing cexmert ulant there. The area has
ressonably good communication facilities including rcads, railweys and
rivers.

No provision is made ror housing cf the workers as they will be drawn from
local resources.

Apart from Syibet diatrict, other lccatiors can g&lso be takenm inte cornside-
ration. For examrle loceting one mizi cepmert tlart in Bogra 2lose to local
limestone deroeit is desiradle, Lizestcns output from that depcsit is tco
szall at presant to suprly large-scale ccaant plert, but erresrs to be erough
for téo or tiree mini cement prierts. Limestone outp:t iz Zogra is constantly
being diminisned , and therefore existance azd volume ¢f the denosit has to be
es-inated before any dacision to locste a mini cemert plart there is pnie,
Kini cemeant riants osugrt to e loceted near the lize and clay deposit= o=
alternatively near to the rair ccnsurer areas. In either case transpcria=-
tior costa would be reduced.

IEVSSTYSERT CSST

The %total investment ccat of mini cemert plant is estimated to te
U3 § 948,000,

Locel Toreisz

Surrepcy curreancy Tozal
‘Land (3.5 acres) 28 — 28
Buildings 26 — &
EKucbinery & Bquipment ' 40 533
(c & P, duty, clearance! ‘
Erectior & supervision 100 21 121
Freoperational Experse:s 24 -— 24
Yorking Capital 3¢ - 35
Interest during cozstructiorn 61 — &1

POTAL 354 354 Sid
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9. SOCRCES OF FINANCE
The project is expected ta be financed as follows :

(Gs $1,00G )

Locel Foreign
mITency currency Total
Equity 203 - 303
Loan 91 554 645
TOUTAL 294 554 c43
f—— ——— - 4 P ——— 4 ————
10.  IEFLIESSTITICH PROGRAYDE
. Tte proiject will take twc years for icpleeentation, training &rd Trial
productior.

The :iant i3 expected tc operate at 60% capecity in th~ first year, 80
capacity iz tze seccrd azd 10Ck ir tke thirxd year acd thereafter.

11. FECPITA3ITITY

Tohe follcwing rafitabxlit— estizetes are cads assucing that "*e rlazt i ll
a ‘ operate at 10C7% capacity irn tle 3rd year sfter commissicning

(ts ¢ 1,00C)

Sales

-)
Y
v

saw zeteriz.s 165
Utilities 3
. iazour 3
Cve-nezés % zcintercnce A5
Tepreciation 32
Seliirg % distrimution i .
< Admizistration g
— 247
' Frofit tefcrs interest & texes zz
Intereat cz
frcfit vefore taxes e

F=ofit befcre taxes &3 & percertage of turzcver &R




12.

13.

14.

- 79 -

Profit befors taxes as a percerntage of irvestzent 205
Profit before taxes as a perceatage of ezuity 63%
Rate of Eeturc 304

Payback period 5 yeass inciuding 2 ye=rs of coastruction.

Breakeven peint 235% of capacity.

( In cese the plant will ues caly local lizestone ore, Sreaxeven poimt
will stand at 25% capacity ).

tax holidey for 9 years as Sylbet is a priority develoment area.
ASSIST2NCB SCUGHET

TechnologT;
Krow-hovw ; 4
Equipmezt & mackinery SuUprliy.

SCI2CES
S5F "Ipdusirial Chexzical Ezrizcck”.
sStstisticzl Yeartook of Eangladesk'. .

Tiscussicns wish the Bengledesk ¥inerals Exrploration Developmert Ccrpera-
tien, Draka.

SXCE:NGE B:TZ

2mte : UGS &1 = Tk, 25

Date : 2.05.1584.
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A Lime-pozzolana Cement Industry in Rwanda

J. Apers and M. Pletinck*® describe a pilot plant in Rwands
which is producing s cementitious material based on local
materials, using peat as a fuel, for almost haif the price of
imported Portland cement.

In 1982 Rwanda imported approximately 35,000 tonnes of
ordinary Portland cement (OPC). Various attempts have
been made to make Rwanda less dependent on the foreign
cement producers. One possibility is the production of a
binding maierial based on voicanic ash (z pozzolana) and
limestane, both of which are locally available. A pozzolana
is a material (usually siliceous) which, when mixed with
lime, will harden to fcrm a cement. Natural pozzolanas
include various clays and laterite. Artificial pozzolanas can
be made frcm broken bricks (called surkhi in India), rice
husk ash and bagasse ash.

A small-scale pilot plant was recently constructed. The
various stages of production are now being tected and the
lime-pozzolana cement which has been produced is being
intensively examined. The pilot plan: 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
of the Catholic University of Leuven, Belgium. The
Ministry of Development Co-operation of 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 people
from rural areas, and the preduction units are organized on
a <o-operative basis.

The lime-pozzolana factory

The basic raw materials are:

Pozzolana. Large quantities of volcanic ash can be
found in the north-western part of Rwanda. On the basis of
various criteria, such as pozzolanic activity, accessibility,
quantity available, distance from the factory, and so on, a
deposit was provisionally chosen. Further investigations
have since been carried out to find a deposit of 2qual or
better quality (the degree of pozzolanic activity and ease of
grinding are especially important) situated closer to the
factory (located in Ruhengeri).

The lime-pozzolana cement factory.

March 1985

The kiln that dries the pozzolana.

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

Peat. Because of the local wood shortage, peat was
chosen as an energy source for burning the limestone and
drying the pozzolana. A marsh near Ruhengeri was drained
and the peat was tiken from there.

In order to reduce as much as possible the
transportation 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
acts as chimney and draws its own air in). The burned lime is
slaked with water in shallow concrete basins, sifted and
stored in silos. The average production figures for the first
six months of 1983 were as follows:

— capacity: about 55 tonnes per month

— 1.7 tonnes of peat are necessary to burn | tonne of
limestone

— 2 tonnes of limestone are needed to produce | tonne of
hydrated lime

— the lime contairs sixty per cent calcium hydroxide.

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

The pozzolana producion line. First the pozzolana is
dried in vertical kilns, consisting of sets of horizontal plates,
each ccvered with a layer of pozzolana. A mechanism allows
the plates to be 'ilted so that the dried pozzolana slides
downwards and can be removed. Then the pozzoiana is
ground in a vibrating ball-mill with a capacity of
approximately one tonne per hour.

The resulting Blaine fineness is approximately 3,500
cm?/g (measured with the Blaine apparatus).

Appropriate Technology Vol. 11 No. 4




The last phases consist of mixing the ground
pozzolana with lime and a certain quantity of OPC (see
lat=r), packing and storing it. The various production stages
(drving, grinding, etc.) are being examined and the lime-
pozzolana cement produced is being intensively tested.

Some important research subjects

Measurement of the pozzolanic activity

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

The methods proposed by various research centres can
be divided into the following three groups:
® measurement of the 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 strength of
pozzo-lime cement mortar.

No correlation has Lzen found between the results of
the various methods. As the compressive and tersile
strength indicate the essential characteristics of the cement,
namely to set, harden and bind together various materials,
our research focused on the development of a test method
according to the third principle. The Belgian standard for
measuring the compressive strength of Portland cement was
taken as a basis. This method was adapted in accordance
with a detailed analysis of each test 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
are being made (0 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
accelerating the setting of the cement.

The limz kiin,
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The peat marsh which fuels the factory.

Increase of curing 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 A 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 temperature
range is very restricted; this means that the kiln must have
an extremely accurate 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 activity.

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 zeolites
was examined.

Since sodium carbonaie appeared 10 be the most
interesting additive, both from a technical and an economic
viewpoint, it was examined in more detail. Unfortunately
although the laboratory results were promising, the practical
test results (for plastering and masonry) were disappointing.

Another additive, OPC, is therefore also being
examined in detail. The results of mixtures with a twenty per
cent quantity of OPC are positive. One of the most
important tasks now is to determine the minimum quantity
to be added in order still to have a lime-pozzolana binder of
sufficient quality.

Some economic data

The direct production cost of one tonne of pozzolana is
about 6,000 Rwf (100 Rwf is about US$1). For one tonne of
lime it is about 10,000 Rwf. Onc tonne of Portland cement
costs 30,000 Rwf. A common mixture is composed of 20%
OPC, 20% lime and 60% pozzolana.

The direct production cost of one tonne of pozzo-lime
cement is approximately 14,000 Rwf (including 1,000 Rwf
packing charges), i.e. 70C Rwf for 50 kg. When taking into
acconnt a selling price of 850 Rwf per bag, the industry
starte to be profitable from 2 yezrly production of about
3,000 tonnes onwards. @

® J. Apers and M. Pletinck are both members of the Post
Graduate Centre — Human Settlemenis, at the Catholic
University of Leuven, Kasteel Arenberg.  B-3030 Leuven,
Belgium,

March 1985
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UNITED NATIONS @ NATIONS UNIES

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANTZATION

Project Questiomaire

o
*
Cament Industry
Country: Project Number:.ececcccccess
mjxt Title: BIC:...‘............'.....
m: - &lhnissim mte:oo..oooo-o.

Planned Capacity:

Project Sponsor/Prarocter

Name:: Address
Public Sector O

Private Sector OO Tel. No.
Not Yet Identified [J Telex:
We have:

a feasibility study O dated

a detailed project profile 7 dated
other studies O

studies under preparation /7

* This Guestionnaire is to assist local project sponsors who seek foreign Collaboration
thrbugh UNIDO, It refers to cement production units in tke planning or
the development phase,
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A. Description of the Proiect

1. 1Is this project a new enterprise or expansion/modernization of
existing one?

2. Plant capacity:

3. Describecamttedmologyaxﬂtheproductimprmsmidumplan
to emplay.

4. Type of plant:

5. Specify techmological assistance, contracts sought if any, licenses
and or know-how considered or negotiated.

6. Ifywmte!ﬂtoexpa:ﬁ/mde:mzeyoureust:mndustty Please
state reasons,

7. Availability of raw materials and their types, percentages used in raw mix?

8. How large are the proven and exploitable reserves and how mach it will
serve the production of the project?




B. Marmower
—r——

Estﬁmtedlocalmdfo:eignpersauelmquimmtsmﬂavenqemlmqs
inclusive of all allowances and benefits.

local Foreign
. Nurrber Salary/Year Nurber /Year
Title —_— =< .sal_ul_
Management
Cierizal

Other (Specify)

Total

What staff training will be needed?
What type of assistance will be needed from foreian staff?

C. Utilities and Energy Quantitv/ton of cement Unit Price
Fuel, o0il, etc.

Gas

Electricity

Water

Other

Are there sufficient power resources and utilities available at the provosed site?
Describe problems, if any.




D.

E.

4. matpemmtageofymmizmductim‘isinteﬂedfore’@rtatimwith T
indication of major markets?

5. Willycmrpmdmtbmeﬁtfrmanytradeagreemtbeuemm
country and proposed export market? N

6. Vhati:mxtivaareg:antedtothelocallymdepmducts?

Site and Infrastructure
1. Phereistheplanttobeh:iltore@axﬂed? -

2. Is the location away from towns?

3. Is the location near the raw material deposits?

4. Rawmterialhashobemnsportedby fram about km, away
from plant, (Indicate distance from quarries to thepiant) N

5. How much land is resuired? (Sa. meters)
6. Cost per square meter in US §:

7. Specify existing facilities at site:
Transportation facilities connecting the factory to the markets, (road, rail,

port), comumnication, housing, banking, envirormental protection, water and
utilities, )

8. Istheremyadditiamlimesﬁmtneededtopmvideorsecmutilities
supply? :

9. Indicate any other relevant information,
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5. Investment cost and Zinancinrs

1

-e

Tstirnete of investment cost:

locel
currency
corponent
(in -us¢) -

Investmens:

and

(2]

ite Preceretion

ut

uiléines /Civil Works
Desimn/Izgineering
Hechinery /Fquipment

Xet VWorking Cepital
Pre-operesionel Expenses
Cther Contingencies

Tetel Investment

Sources of Finence Local

sources
(in USS

n
}e 3
¢
‘1
ot
~
1
(] ]
Y
§o
[ad
[L]
1
'Y
g
"

Foreim
currency
cormonenst

(in USS)

Toted
(in USS)

Foreign
sources Total
(in USS) (in US¢)




1.

-37 -

Foreipn Contribution Desired:

- ecuity varticipation

- loan

- technology (licensing, pstents, esc.)
- manegement

- merket sccess

- services (engineering, product development, etc.)

= training

Cormercial Profitedilitv at Cadecitv Oneration

l.

2.

3.
hu

5.

Totel Sales

Productics Cosis

Materiels
Préoductioa labour
Teilities
Meintenexce
Fectory Cverhead

Adziniety tive; Sales,
Distridution Costs

Deprecietion/Interest
TOTAL PRODUCTIOR COSTS:

Profit bdefore texes
Incone texes
R=: PROFIT

Petio Anelvsis

-

oW N

“eturn on totsl investiment
Return on equity

Feturn on sales

Pav-tack

Pey-bacv period =

ceesvee,”
seosec e/
-

s0 00000/

.......‘,Vel.?s

tote) investrent
“

net profit + interest+ deprecietion

Ereakx even capacity of operation

Source ¢ information

-

Exchenge Rate (US §) .
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THE
MINIFCEMENT -
PLANT

based on simplicity in both layout -
and choice of equipment.

Design of the plantis geared to efficiency to ensurea consistent
product according to BS, ASTM, or other standards,andtokeep
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 finarcing.

The standard sizes of The Mini-Cement Plant vary from 40,000
TPY 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 enonmous possi-
bilities in the choice of site.

Building time of the piant is short. Thisis dueto thereduced use
of concrete in the construction of the plant, and delivery of the
greater part of the equipment pre-assembied 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 resutt of this simplicity, the maintenance require-
ments of the Fuller Mini Cement Plant have been greatly reduced.

# GATX-FULLER S.A., Quai de 1a Papee, 75583 Paris Cedex 12
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Introduction

Cementis a vital commodity in man’s
development However, all over the
world there are areas that donothave
sufficient raw material, hig enough
markets or transport facilities to support
aconventional cement plant. For these
areas BCND, a joint venture between
Blue Circle Industries and Newell
Dunford Engineering, has designed an
economic, compact and self-contained

Unit Cement Plant with a capacity of
- approximately 200 tonnes per day.

Blue Circle Industries has been, for
over seventy years, in the farefront of
investing in, building and managing
cement plants throughout the warld. It
has, for many years, applied its highly
developed techniques to the design and
engineering of cement plants for clients
outside the group.

Newell Dunford Engineering has been
involved in the cement industry since the
early twenties and has specialised in

production and has supplied
kilns, mills, coolers, feeders and bucket
elevators to BCI and other cement
companies all over the world.

In association, these two experienced
companies have r' signed a small scale -
cement plant usin), nodern :
Newell Dunford designing andmpplymg P
themachinery and Blue Circle the
cement production expertise. 3

The Unit Cement Plant uses well
proven, ruggedly constructed and
largely standardised equipmenton
simple cancrete foundations. It
incorporates a dry process kiln and
produces a satisfactory and consistent
quality cement.

# Source: BCND
see page 97.

]_

L —

1. Serrima, New South Wales,
Australia - Blending silo and
pre-beater building.

2. Pan Feeder.

3. mWﬂh Shefield -

4. Dry-' lholh

$. Spiral Trunaioo Liner.
6. Hope Works, Sheflield ~
Pre-bestsr tower,
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Design

BCND Unit Cement Plant designers
have concentrated on simplicity.

Asfaraspracticable the design has

sturdy

the ideal plant for processing small
‘deposits of raw material Itcanbe
dismantled and re-erected elsewhere
-with the minimum of expense.

--:_Features -

BCND Unit Cement Plants havethe |,
following advantages:

1. Low capital cost
Economic processing of stall
deposits of raw material
Simple operation and maintenance
Low maintenance costs
Consistent quality cement
Minimum distribution costs
. Well built, long lasting equipment

with a high degree of
standardisation.

L d

Nen s w

Opei'ation

After winning, the raw materials are
crushed, screened, stored and then
mixed to the correct chemical
composition. Ifit is necessarytoreduce
the moisture content the mixture is fed
into the optional rotary dryer prior to
being ground in the mill and then blended
inthe rawmeal blending silos. The
blended material is clinkered in a rotary
kdln fired by oil, gas or coal and then
cooled in a rotary cooler which also
preheats the combustion air for the kiln,
The clinker is stored in silos and gypsum
added whileit is being conveyed to the
cement mill where it is ground into the
finished cement. Finally the cementis
swored in silos before being automatically
packed into bags.

10
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1 Ulrstine Gringing M 1 Broyeur 8 poudre
Rotery uishne
2 Louved Dryer and Screen 2 Secheur rotant 3 volets et 'arves
3 Vitratory M 3 Broyeur vibrant
4 Migh Spesd Miz~ Disperser 4 Melangeur Sfuseur & haure vwesse
1 Untrafen-Puivermunie
2 Dretysiousietrockner und Sued
3 Vibratonsmuhie
4! o Duapersar

Source: Product and process development at Barnstone
Barnstone Nottinghumshire, England
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1 Nodule Testing
2 Notuliong Dish
3 Madium Scale Yiln




1 TrarapneuYr GOSEUS OR MBLETES Drenveres
2 Broyeur Do vOse hurmeoe:
3 Reservow § pite

1 RohstoM-Wiegetenad
3 Schipmmbehalter
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1 Raw Matene! Wagh-Bekt
2 vegt Gndhng M
3 Shury Tonk

e
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MITITUTICS (XD CONSULTING AGIICIED

femertvazumnaskiner AB
S-€°GC 52 Encsteberge
Sweden

Tarmit Kzskin AB
5720 51 Mala—Jima
Svieden

Scardia Consult
ter~ationzl i3

Stockholm

Sweden

Zemant Research Institute of Iniia
¥-10 Wew Delhi South Txtension II
Hew Delhi 110 (29

Irdia

CEMDURIAU

The Ruropean Cement Association
Z, rue Saint-Charles

F-75 740 Faris

France :
tmerican Toncrete Institute
Box 4754

Redford Station

Detroit, Wichigan 47219

UeSere

Forschungsinstitut der Zementindusirie
4000 Disseldorf 20
Federzl Republic of Jerman;

Societé De= Ciments Francaisz
Tour Générale Cider 22

9202% Paris

Prance

Dens? Cement Central
P.O. Box 1°7

1504 Corenharer.
Denmarx

Technion Research and Development
Foundation

Janate House, Technion City
Haifa

Israerl

3tandards Institute of Iarael
42, University Street

Tel Aviv

Israel

Austroplan,Austrian Engineering Co. Ltd.
Vienna Austria , 15 Linke Wienzeile 234
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PRAGOINVEST. Ceskumeravali 13, 24190 Borgame
osach 000, CS-100 36 Prake ot S pAL France. Nasza
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SICAL Corse Venona, 3/, |
Denmark —
Smidth & Co. A’S. FL. Vigerslew
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Suppliers of Machinery and Equipment for Cement Plants

VOEST - Alpine AG
Pf. 2, A-4010 Linz
Austria

The Associated Cement Co. Ltd.
P.0. Shahabad ACC (S.E.Rly.)
(West Bengal), India

Vickers Ltd., Engineering Group
Cement Machinery Division
Vickers Armstrong

Barrow Engineering Works
Barrow in Furmess, Lancs

United Kingdom

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

Klockner - Humboldt - Deutz AG
Postfach 440

5. Kéln - Deutz 1

Federal Republic of Germany

Verein Oesterreichischer Zementfabrikanten
1030 Wien, Reisner Strasse 33
Austria

GATX~Fuller S.A.

Quai de la Papee. 75583
Paris Cedex 12

France

BCND Unit Cement Plants
Portland House

Stag Place, London SW1E 5BJ
United Kingdom

Cementvarumaskiner AB
$-610 53 Enstaberga
Sweden

Termit Maskin AB
§-780 51 Dala~Jirna
Sweden

PRAGOINVEST, Ceskomoravska 23
108 56 Praha 9-Vysocancy
Czechoslovakia

LOESCHE KG

Postfach 5226

D=4 Diisseldorf

Federal Republic of Germany
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FOR THE MALBAZA /CEMENT/ PLANT (2) COVERS (A) METHODS FOR
CALCULATION OF EXTENT OF DEPOSITS; THE ESTIMATED RESERVES
(B) /CHEMICAL ANALYSIS/ OF /CALCIUM CARBONATE/ (C) TECHNICAL

--"ASPECTS OF EXPLOITATION AND /TRANSPORT/ OF MATERIALS FROM

QUARRY. /RECOMMENDATIONS/, /STATISTICS/.
FREN

INDUSTRIAL DEVELOPMENT ABSTRACTS

007724
1977

LE BEL F

UNIDC

TURKEY. TECHNICAL REPORT: STUDY ON THE OPTIMIZATION OF
CEMENT KILN AND MILL PRODUCTIVITY.

VIENNA, 1977. 33 P. DIAGRAFS.

UNIDO-DP/ID/SER.A/81

/UNIDO PUB/. /EXPERT REPORT/ ON ASSISTANCE TO /CEMENT
INDUSTRY/ IN /TURKEY/ - COVERS (1) GEOLOGICAL STUDIES,
/MINERAL RESOURCES/, /MINING/, TEST DRILLING (2) INDUSTRIAL
PREPARATION OF /CLAY/ AND /SILICATE//RAW MATERIAL/S (3)
/DATA RECORDING/ AND USE OF A /DATA BANK/ (4) ACTIVITIES
RELATING TO /RESEARCH/ /LABORATORY/, /ROADS/ PROBLENS,
THERMAL BALANCE OF A /CEMENT/ /FURNACE/ (5) /TECHNICAL
ASSISTANCE/. /DIAGRAM/S.

ENGL
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INDUSTRIAL DEVELOPMENT ABSTRACTS

008082
1978

BOECK HC

UNIDO

EVALUATION D'UNE PROPOSITION POUR LE PROJET DE CIMENTERIE
D'ONIGBOLO, BENIN. RAPPORT TECHNIQUE: EVALUATION TECHNIQUE.
SI/BEN/77/802

VIENNA, 1978. 30 P.

UNIDO-DP/ID/SER.A/113

/JUNIDO PUB/. /EXPERT REPORT/ REGARDING DEVELOPMENT OF
/CEMENT INDUSTRY/ IN /BENIN/ - PRESENTS A /PROJECT
EVALUATION/ OF A COMMERCIAL PROPOSAL FOR A NSW CEMENT PLANT,
COVERING: /MINING/ OF /LIMESTONE/ /RAW MATERIAL/S; TECHNICAL
ASPECTS OF PROCESSING; /MACHINERY/ AND /EQUIPMENT/;
/TRANSPORT/, /STORAGE/, /MAINTENANCE AND REPAIR/, /FACTORY
ORGANIZATION/, ETC. /RECOMMENDATIONS/.

FREN

" INDUSTRIAL DEVELOPMENT ABSTRACTS

008317
1978

UNIDO

INTERNATIONAL FORUY ON APPROPRIATE INDUSTRIAL TECHNOLOGY,
NEW DELHI AND ANAND, INDIA, 1978

CASE STUDIES. (CEMENT INDUSTRY).

(IN 'STRATEGIES FOR DEVELOPMENT OF CEMENT AND ALLIED
INDUSTRIES IN DEVELOPING COUNTRIES'. VIENNA, 1978. PP. 54—
84). TABLES.

UM _0-1ID/WG.282/2

/UNIDO PUB/ ON /APPROPRIATE TECHNOLOGY/ FOR /CEMENT
INDUSTRY/. PRESENTS /CASE STUDY/S REGARDING CEMENT
PRODUCTION AND /PACKAGING/, AND /CONCRETE/ (BASED ON
EXPERIENCE IN /INDIA/) - COVERS (1) MINI/CEMENT/ /FACTORY/S,
INDIGENOUS PRECALCINATORS, RAPID /QUALITY CONTROL/ SYSTEMS
(2) IMPROVED PACKING OF CEMENT (3) READY-MIX CONCRETE;
DESIGN OF CONCRETE POLES FOR /RURAL AREA//ELECTRIC POWER
DISTRIBUTION/ (4) DESIGN OF /BUILDING MATERIALS/ POR LOW
/COSTS/ /HOUSING/. REFERENCE: /CHOICE OF TECHNOLOGY/,
/MACHINERY/, /EQUIPHMENT/.

ENGL
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INDUSTRIAL DEVELOPMENT ABSTRACTS

008678
1978

BRUCE R

GARG MK

UNIDO

INTERNATIONAL FORUM ON APPROPRIATE INDUSTRIAL TECHNOLOGY,
NEW DELHI AND ANAND, INDIA, 1978

PROJECT PROPOSAL AND FEASIBILITY DATA FOR A 25 TON/DAY MINI-
CEMENT PLANT. BACKGROUND PAPER.

VIENNA, 1978. 27 P. TABLES.

UNIDO-1DB/232/12

UNIDO-ID/WG.282/33

/UNIDO PUB/ ON /APPROPRIATE TECHNOLOGY/ FOR SMALL-SCALE
/CEMENT INOUSTRY/ ~ COVERS: /BUILDING MATERIALS/ IN USE FOR
CEMENTING PURPOSES; /RAW MATERIAL/S REQUIRED; TECHNOLOGY OF
/PORTLAND CZKENT/, DEVELOPMENT WORK AND EXPERIENCE IN
/INDIR/; TECHNICAL ASPECTS OF THE MOHANLALGANJ /CEMENT/
PLANT; /CAPITAL COSTS/, /PRODUCTION COSTS/. ADDITIONAL
REFERENCES: /CHOICE OF TECHNOLOGY/, VERTICAL SHAFT /KILN/S.
/STATISTICS/.

ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

008906
1979

BOECK HC

UNIDO

ASSISTANCE TO THE CEMENT INDUSTRY. ETHIOPIA. TECHNICAL
REPORT: TENDER EVALUATION FOR NEW MUGHER CEMENT PLANT.
SI1/ETH/78/802

VIENNA, 1979. 26 P. DIAGRAM.

UNIDO-DP/ID/SER.A/180

/UNIDO PUB/. /EXPERT REPORT/ ON ASSISTANCE TO /CEMENT
INDUSTRY/ IN /ETHIOPIA/ - COVERS TENDER /EVALUATION/ FOR A
/CEMENT/ PLANT, WITH ATTENTION TO: ALTERNATIVES; /RAW
MATERIAL/S OF /LIMESTONE/, /CLAY/, /SAND/, /GYPSUM/ AND
PUMICE; /SITE ASSESSMENT/ AND /FACTORY LAYOUT/; TECHNICAL
ASPECTS, /MINING/, /EQUIPMENT/, /TRANSPORT/, /STORAGE/,
POWER AND WATER SUPPLY; /ECONOMIC ASPECTS/, /COSTS/,
/INFRASTRUCTURE/. /MAPS/, /JOB DESCRIPTIOY/.

ENGL
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INDUSTRIAL DEVELOPMENT ABSTRACTS

009918
1980

QIN ZHIGANG

JIANG ZHIGAN

UNIDO

INTERREGIONAL SEEINAR ON CEMENT TECHNOLOGY, BEIJING, CHINA,
1980

METHODS OF EVALUATION AND PROSPECTS OF YTILIZATION OF WASTE
AND BONE COAL AS FUEL AND RAV MATERIALS IN THE CEMENT
INDUSTRY.

VIENNA, 1980. 17 P. TABLES.

UNIDO-1D/WG.326/1

/JUNIDC PUB/ ON USE OF WASTE AND BONE /COAL/ IN THE /CEMENT
INDUSTRY/ (BASED ON EXPERIENCE IN /CHINA/) - COVERS (1)
/MINING/ /WASTE UTILIZATION/ AND BONE COAL AS /RAW MATERIAL/
FOP /CEMENT/; USE OF SPOIL (/CARBON/ACEOU. ROCK); /CHEMICAL
ANALYSIS/ OF SOME SPOILS, BONE COALS AND /CuA¥/ (2)
PRODUCTION OF ORCINARY /PORTLAND CEMENT/ (3) SPOIL AND BONE
COAL AS /FUEL/ (4) /DEVELOPMENT POTENTIAL/ AND PROSPECTS.
ADDITIONAL RFFERENCE: /POLLUTION CONTROL/. /STATISTICS/.
ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

009926
19e0

UNIDO

SICHUAN INSTITUTE OF CEMENT INDUSTRY, CHINA

INTERREGIONAL SEMINAR ON CEMENT TECHNOLOGY, BEIJING, CHINA,
1980

TECHNIQUE AND ECONOMY FOR THE USE OF LIGNITE IN CEMENT
ROTARY KILNS.

VIENNA, 19680. 26 P. TABLES, GRAPHS.

UNIDO-ID/WG.326/8

JUNIDO PUB/ ON /CEMENT INDUSTRY/ IN /CHINA/ WITH SPECIAL
REFERENCE TO USE OF /LIGNITE/ IN ROTARY /KILN/S - COVERS (1)
PROPERTIES AND /CHEMICAL ANALYSIS/ OF LIGNITE USED AT THE
KAI YUAN CEMENT PLANT AS /FUEL/ FOR CLINKER BURNING;
/BINING/ AND MINERALOGICAL ASPECTS (2) TECHNICAL ASPECTS OF
BURNING /CEMENT/ CLINKER (3) THERMAL CONDITIONS (4)
COMPARISON WITH USE OF BITUMINOUS /COAL/; /ECONOMIC
ASPECTS/. ADDITIONAL REFERENCES: /HEATING/, /TEMPERATURE/,
HEAT BALANCE. /STATISTIZS/.

ENGL
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INDUSTRIAL DEVELOPMENT ABSTRACTS

009918
1980

QIN ZHIGANG
JIANG ZHIGAN

UNIDO

INTERREGIONAL SEMI.AR ON CEMENT TECHNOLOGY, BEIJING, CHINA,
1980

METHODS OF EVALUATION AND PROSPECTS OF UTILIZATION OF WASTE
AND BONE COAL AS FUEL AND RAW MATERIALS IN THE CEMENT
INDUSTRY.

VIENNA, 1980. 17 P. TABLES.

UNIDO-ID/WG.326/1

/UNIDO PUB/ ON USE OF WASTE AND BONE /COAL/ IN THE /CEMENT
INDUSTRY/ (BASED ON EXPERIENCE IN /CHINA/) - COVERS (1)
/MINING/ /WASTE UTILIZATION/ AND BONE COAL AS /RAW MATERIAL/
FOP /CEMENT/; USE OF SPOIL (/CARBON/ACEOUS ROCK); /CHEMICAL
ANALYSIS/ OF SOME SPOILS, BONE COALS AND /CLAY/ (2)
PRODUCTION OF ORDINARY /PORTLAND CEMENT/ (3) SPOIL AND BONE

. COAL AS /FUEL/ (4) /DEVELOPMENT POTENTIAL/ AND PROSPECTS.

ADDITIONAL REFERENCE: /POLLUTION CONTROL/. /STATISTICS/.
ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

009926
19g0

UNIDO

SICHUAN INSTITUTE OF CEMENT INDUSTRY, CHINA

INTERREGIONAL SEMINAR ON CEMENT T=CHNOLOGY, BEIJING, CHINA,
198C

TECHNIQUE AND ECONOMY FOR THE USE OF LIGNITE IN CEMENT
ROTARY KILNS.

VIENNA, 1980. 26 P. TABLES, GRAPHS.

UNIDO-ID/WG.226/€

/UNIDO PUB/ ON /CEMENT INDUSTRY/ IN /CHINA/ WITH SPECIAL
REFERENCE TC USE OF /LIGNITE/ IN ROTARY /KILN/S - COVERS (1)
PROPERTIES AND /CHEMICAL ANALYSIS/ OF LIGNITE USED AT THE
KAl YUAN CEMENT PLANT AS /FUEL/ FOR CLINKER BURNING;
/MINING/ AND MINERALOGICAL ASPECTS (2) TECHNICAL ASPECTS OF
BURNING /CEMENT/ CLINKER (3) THERMAL CONDITIONS (4)
COMPARISON WITH USE OF BITUMINOUS /COAL/; /ECONOMIC
ASPECTS/. ADDITIONAL REFERENCES: /HEATING/, /TEMPERATURE/,
HEAT BALANCE. /STATISTICS/.

ENGL
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INDUSTRIAL DEVELOPMENT ABSTRACTS

011104
1981

BOECK HC

UNIDO

CAP-VERT. RAPPORT TECHNIQUE: NMINICEMENTERIE D'UNE CAPACITE
DE 600.000 TONNES PAR AN ET CONTRE-PROPOSITION.
RP/CV1/80/001

Vienna, 15S8l1. 26 p. tables, diagram.

UNIDO-DP/ID/SER.A/302

<UNIDO pub>. <Expert report> on assistance in planning for
establishment of a small <cement industry> in <Cape Verde> -
covers (1) technolngy of the cement industry; ccapital
costs>, <financial aspects>, commercial aspects (2)
available <raw material>s; <pozzolana>, (gypsum>, <stone>;
production and < domestic consumption>, possibility of
<export>. <Recommendations>, tables, < diagram>.

FREN

682

33.20 -

INDUSTRIAL DEVELOPMENT ABSTRACTS

012242
1982

UNIDO

INTERREGIONAL CEMENT TECHNOLOGY FORUM, BENGHAZI, LIBYA, 1982
REPORT. (FORUM ON CEMENT TECHNOLOGY).

Vienna, 1983. 44 p.

UNIDO-UNIDO/10.535

<UNIDO pub>. ¢<Report> of a <meeting> on <choice of
technology> for <cement industry> in < developing countries> -
(1) covers organization of the forum; comments and
observations (2) gives summaries of papers presented and
discussions, with reference i.a. to <mining>, < factory
establishment>, <grinding>, <limestone>, <Kkiln>s, <training
cenrre>s, <pollution control>, <refractory materials>,
<maintenance and repair>. <List of participants>, <list of
documents>. Additional references: <alumina>, <packaging>,
<8ilos>, <electronic data processing>.

ENGL

33.20




L o g

RECORD NUMBER:
DOCUMENT DATE:
CALL NUMBER:
CORP. AUTHOR:
CONFERENCE:

TITLE:

PROJ. NUMBER:
SOURCE:

DOC. NUMBER:
ABSTRACT:

LANGUAGES:
_COUNTRY CODE: .-
CLASSIFICATION:

INDUSTRIAL DEVELOPMENT ABSTRACTS

014815
198%

UNIDO

MINI CEMENT WORKSHOP FOR THE ASIA AND PACIFIC REGION,
BEIJING AND TIANJIN, CKHINA, 1984.

TECHNICAL REPOIT: PROCEEDINGS OF THE NINI CEMENT WORKSHOP
FOR THE ASIA AND PACIFIC REGION.

DP/RAS/83/014

Vienna, 1985. 23 p.

UNIDO-DP/ID/SER.A/617

<UNIDO pub>. <Repori> of a <meeting> on <development
potential> of <cement industry> as a <small scale industry>
in the ¢<ESCAP> region - (1) covers background and
organization of the workshop (2) gives summaries of fourteen
country papers. < Recommendations>, <list of participants>,
<list of documents>. Additional references: <choice of
technology>, <training>, <regional cooperation>, <China>.
ENGL

920

33.20






