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CHAPTER_ QN
OPTAL REVARKS

Coments

1. In the construction and ceramic industiries the temm ”c‘.emcnt"ﬁ/ is applied
to materials which, whcn mixed with water, constitute pastes that solidify and
harden into a stonelike substance. They are either aerial or hydraulic, as
defined below.

2. Cements are used in the four following ways: (a) alone, as pure pastes
that serve to mould parts, to join ceramic parts or other construction elements,
or es media to bind granuleted materials to produce conglomerates; (b) mixed
with sand, to produce mortars; (c) mixed with sand, gravel and perhaps other
materials to make concrete and (d) as sdditives to soile to stabilise them.

3. Pastes made by nixing aerial cements with water harden in contact with air,
but do not harden under water. The most important serial cements are gypsum and
lime.

4. Pastes obtained from hydraulic cements set and harden under water as well
as in contact with the air. The most important hydraulic cements are hydraulic
limes or natural cements, portland cements and cementis derived from Portlsnd
oement.

Sreee
5. (Gypsum is a powdered material of white or whitish colour that is obtained

by treating the so-called gypsum stone (essentially dehydrated calcium sulphate)
The treatment consists in heating tho raw materisl at a low temperature (about
110-120°C) to obtain the hemihydrate. The materisl is then ground into a powder
suitable for use. Vhere gypsum sione is abundant the manufacture of this material
is simple and inexpensive and can be done by artisan methods, almost wvithout
initisl capital outlay. Firewood is an appropriate fuel.

6. Gypsum paste normally hurdens within & few minutos, but the hardercd material
is stronger when drying is glow. Oypsum cement is sensitive to hunidity, especially
1f the humidity is maintained over long periods. Gypsum cement loses part of its
strength when wetted but regains it on drying again.

y Cement is used in the present report in the sense of the Spanish temm
sopgicuerante.
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7. In dry climates, such as that of south-eastern Spain, gypsum has been used
from time immemorial to build external walls of dwellings and even as a flooring
material. In very dry climates, such as those of ‘the Sshara and the sub-Saharan

zones, this material could well serve ever as a roufing material.

8., In many countries, notably in Spr*n, gypsw. is still the ideal material for
indoor partitions. It is also very uzeful for the interior facing of rooms
(floors and ceilings as vcll as walls), to the extent that gypsum is known as
"the material of comfort" in such places, Furthermore, gypsum has important
fire-retarding properties.

9, Ceramic units bonded with gypsum mortar may be used not only to build indoor
partitions but also form the basis of a technique for the construction of vaults

and arches and by vhich roofs, flooring siructures anc staircases can be built.

This method is very repid and inexpensive, even vhen the labour cost is relaiively
high. Industries can be developed for the manufacture from gypsum of prefabri-
cated elements for housing construction. Some of these industries are considerably
developed.

Lime
10. The earliest use of lime in building 1as been lost in prehistory. It was

used in many of the most outstanding architectural and engineering works up to
last century, and it is very widely used even today.

11, Hydrated lime is commonly obtained by the treatment of limestone (essentially
caloium oarbonate). The treatment conmsists in calcining the stone at a moderate
heat (over 90000) to obtain oaloium oxide, which is later slaked vith water,
producing calcium hydroxide, the form in which it is used.

12. !fhere there is limestome, manufacture of this material is easy and inexpen~
sive and can be done by artisan methods, with very low initial oapital investment.
Pirewood can be used as the fuel.

1). The hardening of a lime and water paste is due primarily to a cerbonation
process resulting from the action of the ocarbon dioxide in the air. This process
is norwally very slow, but it can be speeded considerably. Once it has hardened,
lime is practically unaffected by humidity.

14. Lime can be used to produce load-bearing mortars and oonoﬁtes. If material
such as possolana is added to lime a hydraulic cement is obtained: that is,
one that can harden under water.

]
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15, With lime, industries can be developed tc produce building blockes that are
of high strength (silico—calcarous), of low specific weight and high insulating
capacity (porous materials). In some places such industries have atlained high

development, and their influence in building is very considerable.

16. Limestone is rarely pure calcium carbonate; it usually also containe other
compounds such as alunina and ferric oxide. The nature of such impurities has
much influcnce on the properties of the calcined material. Consequently the
treatment of the raw limestone and the clacination temperature should be adapted
to its chemical composition 30 that products with the required properties will
be cbtained.

17. Impurities present in the raw stone may result in limes that harden reatively
quickly and that have considerable strength. ifhen the composition of the lime-
stone is suitable and it is calcined at the proper temperature, a lime is obtained
that cannot be slaked. This material can be ground to proiuce true cements with
great usefulness in building. These are called "natural cements" and are of

three kinds: quick-hardening cements, slow-hardening cements, and cements resis-

tant to sea~water.

18. Natural cements are obtained by powdering calcined marls, with or without
later additions, depending on the circumstances. In general, calcining is done
at temperatures higher than are required for lime but considerably lower than
those needed to produce Portland cement. This makes it possible to utilize
relatively simple kilns and poor-quality fuels for their production.

19. The calcined material is relatively soft, and the fineness (mesh) required
for a good natural cement is 12ss than that for Portland cement. This means that
grinding mills can be inexpensive and grinding costs may be kept low., Indeed,
naturel coments can be produced at competitive prices in installations whose
initial cost is very low, provided that labour is pleniiful and cheap.

20. A natural cement plant can be economically feasible even if its production
is under twenty tons daily. Cements of this kind have long been widely used in
Spain, and much is known there about their prcduction.

21. Katural oements that are resistant to sea-water and are therefore suitable
for maritime work and other uses where the water is salty, are obtained by
calcining certain marls without any additives. Quick-setting natural cemenis are
usually ground with certain additives that amount to not more than 5 per cent
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of the total mix. These cements begin %o set 2 few minutes after the mix water
is added; the setting is complete 30 minutes leter.

22. The comprees1ve strergth of mortars made with these cemerteg/is of the order
of 13 kg/cm after 7 days and about 20 kg/bm after 28 days. These mortars are
only used in bricklaying.

23. Slow-setting natural cements are manufactured in much the same way as quicke
setting cements. They begin to set within 30 to 35 minutes after being mixed
with. water, and setting is complete after 12 hours. Their tensile strength is
about 15 kg/cm and reaches 23 kg/cm after 28 days, at which time their compres-
rive strength is about 80 kg/cm .-/ These cements are excellent for use in brick-
laying.

24, Although it is difficult to say when Portland cement made its appearance in
construction work, its discovery is often attributed to Joseph Aspdin of Leeds,
who was granted his first patent in “ngland in 1824.

25. By calcining a finely ground and carefully blended mixture of limestone and
clay materials at about 1450°C, a hard material technically referred to as
nclinker” is obtained. A hydraulic cement known as Portland cement is produced
by grinding this clinker.

26. Yith this cement mortars and concretes are obtained that, a few days after
mixing with wvater, attain strengths much higher than those obtained with lime. In
consequence, Portland cement rapidly attained widespread use., The increasing
demand for the new cement stimulated the developmert of its industrialized produce
tion and its commereial use, so that it soon became easier and often less expensive
to buy cement than lime, which was thereby progressively displaced from many of
its traditional uses.

27. At present, the use of Portland cement has become highly developec in specific
uses in which it has no s bstitute, such as in reinforced and prestressed concrete.
It is also widely used where its properties are not fully exploited and has dis-
rlaced lime, gypsum and natural cementis for commercial rather than for technical

reasons.

g/ RIL2I (Cembureau) test method (The luropean Cement Association, 2, rue
St-Charles, Paris 158, France).
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28. Present=day Portland cement is a hydraulic cement obtained fror pewdered
clinker with no additive other than a setting-time regulator. Until recently
this regulator was natural gypsum stone, which was added in proportions related to
the composition of the clinker, but whicl generally compose around 4 per cent of
the mix.

29, Depending on the composition of *the raw materials, un the manufacturing
process and on the degree of fineness, cements are obtained whose strength is of
the order of 250 kg/cm2 or higher.a High-strength cements, that is, those with
strengths greater than 350 kg/cmz, are excellent for particular ucesg, such as pree
stressed concrete and some reinforoced concret: work.

30. However, to make the best use of the properties of these high~quality cements
it is necessary to adopt certain precautions as to storage, date of use and cob-
ditions under which setting and hardening (curing) take place and of the products
that are.made with it. Also, conorete made with high-strength cements must be
carefully proportioned, adequately mixed and placed at the site, with due care to
its proper compaction etc. being taken.

31. These cements are not very suitable for certain uses in oricklaying, since
moriars made only of clean sand and cement are not very plastic and have low
capacity to retain water. Both mortars and concrete ihat are very rica in high-
quality cement often undergo dimensional changes. To reduce these it is necessary
to adopt a technique that is not always precticable at small- and medium-eized
working sites.

32, “To correct these effects and sometimes to improve certain properties of pure
cement, it is posaible to obtain, from clinker, other kinds of “ortland cewent
known generically as "addition Portland". Ue refer in particular to the three
following: (a) commercial Portland, (b) blast—furnace Portland and (c) possolamic
Portland.

 33.. In some -cases the term "commercial Portland cements” oan be applied to those
that-oontain, in addition to the primary ingredients of Portland cement (clinker
_and_gypaum stons),.certain additives, in a proportion mo higher than 10 per oent,
that. improve. some of the qualities of the cements, mortars or concretes made with

' then.. Fanctiovnally, these cements, whose strength is always higher than 250 kc/om '

g/ After 28 days, compression tested by the RILM (Cembureau) method.
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are suitable for most reinforcedeconcrete work. From the menufacturing standpoint,
these additional Portlands permit an increase in plent output and a reduction in

production cost.

34. Blast-furnace Portland cements are prepared with very thoroughly mixed
ingredients, consisting essentially of basic granulated slag obtained from blast=
furnaoe processes, clinker and calcium sulphate. The proportion of slag used
varies greatly, according to the composition of the clinker and the desired charao-
teristios of the cement that is sought. For example, it can be stated that 30

per cent slag is an ordinary proportion, and that in certain oases it can be ,
doubled, so that the resulting cement will still have a strength of not less than

350 kg/on?./

35. Blast-furnace Portland cements are useful for large-ééale concrete work
inoluding large-volume jobs: reinforced conorete work, especially if low hydra-
tion heat is needed; maritime works; pre-cast unitsj paving and soil stabilization
for it. The use of these cements is not advisable when the ambient temperature
is below 5°C and when the external aspect of the work is important, since they may
stain and change colour.

36. Posgolanic Portland cements are hydraulic cements obtained from gririding a
thorough mixture of pozzolana end Portland oement clinker, with the possible
addition of a setting regulator. These cements, whose gstrength is also of the
order of 300 kg/omz,é/ are useful for certain facing and jointing mortars, work
in which low heat-development is needed, and cases where there is a risk that the
aggregate may react witi the oement alkalis. They are partioularly suitable for
maritime work.

37. Diverging further from striotly Portland cement, but still using Portland
olinker as the raw material, it is possible to make other types of oement that
are of great use in specific work. Notable among these are supersulphated cemente
end mixed cements.

38, Supersulphated cements are hydraulic cements obtained from the close mixture
of granulated slag and caloium sulphate in such & ratio that the produot oontains
5 » 12 per oent sulphur trioxide, with additions of lime, Portland olinker or

Portland oement in amounts of no more than 5 per oent. These oements have low

y After 28 days, compression tested by RIL™ (Cembureau) method.
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compressive strengths but never below 250 kg/cm .J They are useful for mass
concrete work and certain reinforced concrete structures that must withstand high
pressures and aggressive agents for hydraulic work, and for underground and mari-
time work. They are unsuitable for dry environments or when slou setting mey be
undesirable or in :limates with temperatures below 5°C.

39. Most of -Ehe oemants thus far mentioned are really mixed cements, and many of
them are especially useful for brickwork. However, the term "mixed cements" can
be reserved for those designed and manufactured espeoially for use in bricklaying.
In all suoh cements, Portland clinker is mixed with other ingredients to produce
plasticity, adhesiveness, water-retention and other desired characteristics. This
involves a loss of mechanical strength and, in some cases, of quickness in setting.

40, The plastifiers normally added to the olinker are overwcalcined natural
cements, clay and lime. The compressive atrengthy of such mixed cements varies
oonsiderably; there are standardized types with strengths of about 35 kg/cm '
others of 60 kg/om . It was noted a%ove that, with natural oements, a compressive
strength of 80 1|cg/cm2 can be attained easily.

41. Tt is often possible to produce good brickwork mortar of more than 150 kg/om2
compressive sirength by grinding together Portland clinker and inert materials,

with or without over—oalcined natural cements. Lime may be used instead of slow=
setting natural cement. The inert materials oan be either any matter that is
insoluble in ooncentrated hydroohlorio acid and treated subsequently with sodium
carbonate (5 per oent solution) or oaloareous magnesian or dolomitic marls. It

is not advisable to include the following materials in cements for briokwork mortars:
high~alumina, natural quiok-setting, blast-furnace or supersulphated oements, or

any material that may affeot unfavourably the setting process, hardening, volume
gtability or durability of the cement or of the mortars that are made from it.

42, The purjose of these introductory remarks is not to review exhaustively all
cements that are used in oonstruotion but merely to provide some information on
the more oommon oements that have some relationship to Portland oement. High~
alumina cements, whose manufacture is very gimilar to that of Portland cement,
but whose uses are very specifio have been omitted, as well has any oonsideration
of special fucing oements, whose main features are their bonding and deformation
oapacity, siroce their compositions are very specific and varied.

g/ MIL (Cembureau) test method.
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The production and consumption of cements

43, Cements are used to stabilize soils, as bases of road paving, to make such
paving, to build bridges, dams, canals, power stations and the like. They are
used to make harbours usable. to canalize rivers and to build healthy, durable
and comfortable dwellings. However, cemeii is only one of many usable materials.
Many centuries before the firsti cement factory was built, structures were ereoted

whose beauty and solicdity still amaze us.

44, Certain materials and techniques which appeared and were developed at
various historical epochs an: which fully met the requirements of those iimes
have been abandcned; unfortunately so in some instances. Present conditions in
gsome developing countries are very gimilar to those of societies which, in earlier
times, used these materials to create such techniques. It would thus seem appro-
priate to use these materials and methods, especially if they have been improved,
in places where the social and eoonomic conditions, including the labour supply,
are suitsble. Such conditions are quite different from those needed for the
development of large—scale modern industry. It ie thus clear that gypsum, lime
and the natural cements cen be very useful in solving simply and eoonomically
gome of the problems of oertain devaloping nations. This is especially true since
the production and use of these materials can benefit considerably from the
advanoes that science, technology and industry have vlaced at the service of
manufacturers and builders.

45. An example is Spain, where the annual consumption of cement per person is
more than 430 kg, and where o4(,uw tons of naiural cement as well as 76,000 tons
o° hydrsulic lime and 2,000,000 tons of gypsum are produoced each year. In many
cases, these materials make it possible to solve oonstruotion problems of such
importance as rural housing, facing of water oonduits, oonstruction of small dams,
diversion of irrigation water and soil gtabilization in road-building.

46. The produotion and utilization of these materials have the advantage of
absorbing muoh manual labour at the times of the year when agriculture does not
need it. The necessary installations are small and oan be adapted to limited
market needs and declines in demand.

A7. In more developed oountries, Portland cement tends to displace other binding
materials. This phenomenon should, however, be analysed in terms of the conditions
in these countries; conditions that are not always present in developing ocountries.
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On the contrary, for example, in somc developing regions nomadic peoples may still
be found who must pe settled and for whom means of livelihood must be found,
Distances are large, the means of tranesport arc limited, uncd the consumer nuclei,
botu actual and potential, are etill very small. \lso, in many of these countries,

although manual labour is relatively cbundant, there is little capital.

48. 1In many situations, thereforc, parallel with the development of Portland
cement production, the possibility of producing other cements and of developing
techniques for their use should be considered. In such cases, these useful and
inexpensive materials can contribute to the solution of existing problems. They
can help in the development of a specialized labour force end an indigenous teche=

nology that could be the expression of the creative genius of a people,

49. To return to the consideration of Portland cement and its derivatives, we
find that there are extensive arecas of the world vhere their consumption is very
limited and where this lack is not compensated for by the use of other types of
cement. Thue, annual cement consumption per person is 37 kg in Asia, 43 kg in
Africa and 90 kg in South America, as compared witi 375 kg in .urope.

50. 1In all developing countrics it is found, fortunately, that the use of cement
is increasing,# but this rise world certainly have been sharper had there not been
an unmet demand. An indication of this demand is the volume of imported cement.
However, this indicator is not very accurate since, because of the high cost of
imported cement and the shortage of foreign exchange, as well as the inaccessibility
of some of these markets, the import of cement is severely restricted in many
developing oountries. Analysis of cement imports shows that inland countries,

and particularly those of Central Africa, import far less oement than coastal
countries. In interior zones the use of cement is therefore limited almost wholly
to the minimum basic requirements.

51. If mean individuul income and cement consumption for various countries are
compared and both of these values ore marked on a system of logarithmic co-ordinate
axes, s scattering of points is obtained that may be fitted by a curve whose slope
measures the elasticity rati of demand for cement according to income level.

Most developing countries are situated below the curve, which indicates oonsumptions
thet are lower than would actually correspond to their income level. This difference

8/ In Africa, during the period 19501963 it was 5 per cent.

g/ Llastiocity is defined as the ratio of the relative change in total demand
to relative ohange in income.
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is another barometer that permits estimation of degree of unmet demand in a given
country. This estimated unmet demand can serve to determine the necessary volume
of imports, but it is an unsatisfactory guide for the velculation of needed pro-
dustion capacity of a future cement indusiry, since the establishment of such an

industry must take z certain time, during which demand would continue to increase.

52, It is possible to estimate potential production in each developing country
by examining the close relation that exiets between mean individual inocome and per
person consumption of cement. Thus, for instance, on the basis of the study of
African populations done by the United Navti.onfa,a we could obtain some idea of the
order of mugnitude of the future demand for oement in that region.

53. To this end, and only as examples, let us coneider three hypotheses on the
jncrement rate of individual income; namely 2 per cent, 3 per ocent and 4 per ocent.
These rates of inorease roughly correspond, respectively, to increases in the total
national income of 4.5 per cent, 5.5 per cent and 6.5 per oent if estimated probable
increases in population are taken into account. It will be observed that for a

mean inoome increment of 3 per cent in all regione of Africa there would be a total
desand for cement in that continent of 18.7 million tons in 1970; this would in-
orease to 26 million tons in 1975.

54. However, different regions will develop at different rates. OIxperience
attained over the last few years and plans for future economic development indicate
that & rate of increase of 2 per cent can be forecast for 'lestern and Central
Africa, one of } per cent for Cast Africa and Southern Africa and one of 4 per cent
can be expected for North Africa. This would mean total demands for oement of

18.5 million tons in 1970 and of 26.4 million toms for 1975, which is a very similar
demand to that resulting from an expeoted mean productivity inorement of 3 per ocent
for Africa as & whole. On the basis of the cement output in 1963, there would be
deficits of 9 million tons in 1970 and of about 16 million tons in 1975 in Africa
alone. In other oontinents there are regions that are also in the process of
development and where inoreasing defioits in cement output may be anticipated in
the next few years.

55« To meet the demand there are but two u.ltoinativn: either to inorease cement
imports or to develop local cement industries. Beosuse of the growing need for

3/ Demographic Yearbook 1964 (United Notions publication, Sales No.65, XIII, 1),
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cement in developing countries, the first alternative tould cause » large drain on
currency reserves, Thus, for instance, the 3 million tons of cement imported in
1963 by African countries, at the CII" price of U3 25 per ton, meant a currency
outlay of about U3 ,75 million. By 1975 this outlay might have to be increased
fivefold.,

56. The principal contribution of the cement industry to the eccnomies of the
developing nations would be to aid development with a capital input lower than
the ocst of imported cement, thus permitting a saving in foreign currency.

57. Prom the social standpoint the establishment of domestic cement industries
would help to settle any nomadic populations and to provide employment for the
population, in addition to stimulating the building industry. From the educational
standpoint, a local cement irdustry would favour the training of skilled labour
and technicians. Also, the resulting ooncentration of families would facilitate
the education of their children.

58, However, there are factors that may impede the establishment of a domestic
cement industry. Some important ones are ths following: (a) wide separation Jf

the zones where there is a significant demand (b) limited consumption capacity of
each of these zones (c) oonsiderable distances between the consumption zomes and
gometimes from the districts where raw materials, fuel and electricity are available
for production (d) limited transport facilities (road, railwaye etc,) (e) limited
rav materials deposits and (f) limited availability or complete lack of capital,

59. The dispersal of the consumption zonee and the distances which often separate
them makes it difficult to supply several of them from the same plant; this there-
foie implies, provisionally a. least, a dispersal of plants. The limited consump-
tion of each sone makes it essential to consider plants of relatively low capacity
but which are so planned as to facilitate increases in their capacities by succes-
sive steps when demand justifies it.

60. iThen great distances separate various consumption zones it is advisable to
plan cement plants primarily fcr local consumption, with a marginal production to
supply relatively distant zones when these zones are without their own local
supplies. The .distance between the cement plant and existing sources of clectrical
energy may maks. it necessary to establish a lccal power plant.
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61. Inadequacy of the transportation network may require the distribution of
cement plants in such a way that the cement produced by a given plant will not be

much more costly in the more remcte parts of the region supplied by it.

62. Raw materials deposits. because of their quality and location, may require
the adoption of manufacturing methods that might not be the most economical and

profitable, for the estimated output.

63. 'Mmen capital is lacking, the extent to which cement plants should be mecha~
nized should be considered very carefully. It will usually be found advantageous
to get them up with minimum mechanization, making maximum use of manual labour.

Of course, the closeness with vhich such a course can be followed will depend not
only on economic considerations but on the politicel requirements of the country

in question. The experience of Spain in this connexion is illustrative.

64. 1In 1950 (figure I) cement production in Spain was barely 2,932,000 tons,

of which a very appreciable proportion came from smell plants, almost entirely
without mechanization. More than 45 per cent of these plants produced no more
than 200,000 tons, and even these had productivities of the order of only 250 tons
per man per year. At that time the annual output of hydraulic lime was about
400,000 tons, which is a relatively high proportion of the total cement production.

65. The increasing industrial development of Spain hes influenced its ocement
industry, and well defined tendencies have resulted:

() Low-output plants with well defined local markets continue to operate at their
earlier capacity, and they continue to be useful in the development of their
local marketing zones.

(b) Low=output planis without very local and specific markets have had either to
close down or to extend a.u modernize their installations.

(c) Medium=output plants (vhich in 1950 were regarded as having large outputs)
have been enlarged and mechanized.

(d) Newly established plants have greater outputs than the older ones. Their
levels of mechanization vary widely but in general are fairly high. Automation
is still to come in Spain.

66. ‘hen this report was in preparation (1966) the number of cemeni plants in
Spain had almost doubled (figare 1I). Plants with yearly outputs of no more than
60,000 tons were only 17.9 per oent of the total and tended definitely to decline
still further. On the other hand, plants with yearly outputs of 200,000 tons or
more constituted 55.8 per cent of the number of plants. In large plants produc=
tivity was of the order of 2,000 tons per man per year. In spite of the influence
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Pigure I
Gement production capacity in Spain in 1990
Annual production in plante 1000 Per
with capacities of: tons cent
Less than 50,000 tons 385 13.5
50,000 to 100,000 tons 821.4 27
§ 100,000 to 200,000 tons 1,306.4 45
'3. More than 200,000 tons 419.25 14.5
i )
o
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i- Plant mmbcry
Figyre 11
) \1 tion ¢ ity in Spain in
$000 s S ————
Annual production in plants 1000 Per
o804 - yith capacitieg of: long cent
Less than 50,000 tons 235 1.3
50,000 to 100,000 tons 784 4.7
kel 100,000 to 200,000 tons 1,525 9.2
Nore than 200,000 tons 14,260 84.8
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still exerted by small plants, the mean productivity in the cement industry of

Spain as a whole is about 1,000 tone per man per year.

67. The course of development of the Spanish cement indusiry is thus a very real
and eloquent example that can serve as an indication of what might happen in other
regions where conditiuns are to some extent similar. It thus seoms that in coun~
dries whose development is now beginaing to accelerate, the first step would be to
establish a number of plants of small output, connected to specific development
sones ("first-generation” plants). The following guiding factors should be con-
sidered in the development of these early plants:

(a) Production capacity should be adequate to meet the present markets and demand
that mey arise in the near future,

(v) Plants should be designed so as to facilitate inorease in output and in degree
of mechanization.

(c) The grestest use of manual labour should be made that is compatible with
competitive conditions in the marketing sone.

(4) Set up these plants with the minimm initial capital investment that implied
ourrency outlay, evem if this involves higher civil engineering oosts. These
can be met primarily with locsl manual labour and materials.

(o) Make the installed power supply as ssall as possible.
(£) Nake the greatest possible use of Jocal rew materials and fuels.

(g) Avoid the use of delicate mechanisme that require careful handling and involve
high maintanance costs.

(h) Use the plants as technical treining centres.

68. A second step would be the enlargement and modernisation of these first-
generstion plants, so that production can be supplemented with "gecond-generation”
plants with wvider marketing areas. These plants would have a regional rather than
e 100cal charecter. Where there are already conoenirated sones with sufficient
demamd for oement $0 justify produotion at a relatively high yearly output, it
might be fustifiable to establish some second-generstion plants initially, but
Mthnmttwmhu.ﬁhtmnfomaMoomna
highly mechanised installations.
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CHAPT_R T'JO

TECHNICAL AND ECONONIC ASPECTS

Ini t;ﬂ ggg;tﬂ jnvegiment in the cement industry

69. The experience of industrialized countries shows a certain constant magnitude
in the elasticity factor betueen the capacity of a plant and the totel invested
capital, In medium-capacity plants this factor may be said to be 0.7; that is,
to establish a plant with doutlc the cepacity of another, the necessary investment

is about 70 per cent larger.

70. In developing countrics, and speccifically in the case of small plants, the
above ratio becomes very different for several reasone, among them:

(a) The costs of bringing vater, preparing the ground, building approach and
service roads, the laying of elcctrical and other lines and so=forth are
practically constant.

(b) The costs of initial research, technical aid, analysis and prior tests for
a small plant are practically the same as for a medium-sized onc.

(c) The differonce in coat between emall machinery and medium=sized equipment is,
in general, very slight in small-scalc production,

(4) The coste of assombly of a small=output plant are not much smaller than those
for one of medium-output,
71. In eome parts of Africa and in other regions with under-developed communicam
tions networks, transportation costs may critically affect the cost of the plant.
This can be illustrated by two examples taken from the samc part of Africa. In
Nigeria, a cement plant of 200,000 ton/year oapacity was built in 19603/, with a
wit (tom of output per year) capital investment of the order of 1B A9, In
Niger, another plant of 45,000 ton/year capacity, is being erected, whose wnit
oost is about U3 ,116. This immense difference is attributable to the high trans=
portation costs at the latter project.

72. It would therefore seem thet to estimate provisionally the cost of the initiel
establishment of & small- or medium-sized plant in a doveloping country, the
following formula could be proposed:

Cl «a(A+B P‘)

vhere!

c1 = Cost of initis)l establishment in thousands of UB dollars., This includes:

s/ The year building was begun.

L]
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(a) cost of machinery, (b) iransportetion of machinery to the plant site, including
insurance cost, (c) civil-engineering works at the cement plant and at the quarry,
end (d) erection and installatian cosis and technical agsistance.

73. Not included are: (2) customs duties, texes and other fiscal charges on the
machinery, (b) road approachec to the plant and quarry, if cither or both are
more than two kilometres from tile main road or other road that is usable through-
out the year, (¢) water, electrical power supply and the like if these are not
ot & reasonable distance from the plant site, (d) interest charges on capital
during the construction period end on the initial capital needed to start produo-
tion, mining or ‘taxes ard duec of a local character, or (e) social amenities of

any kind, such as housing for workers.

74. ar Possibility factor, which depends upon the oonditions under which machinery

that has been sent by ship
"Then a port exists thatl ir
plant is not more than 500

can be unloaded and transported to the plant site.
reasonably well fitted for unloading, and when the
km from it and is accessible by road or rail, then

a= 1. 'Then distances ere lcnger and tracks or adapted roads must be used, the

value of a may approach 2.

75. A = Summation factor, which depends on the state of development of the country.
1f the comtry is sufficienily industrialized to supply an appreciable part of the
plant and technicians cxperienced in the cement industry, then A = 700. Most
usually, in countries that are beginning their industrial development, A = 1500.

76. B = Pactor depending on the type of manufacturing process:
for long rotary kilns B = 3%
for short rotary kXilna B = 30
for vertical kilns b =23
1. Pa « Anmual clinker output in thousands of tons. This figure is obtained by

rultiplying the daily capecity by 330 working daye per year.

78. From the sbove statements, in those couniries whose development is still in
the initial phase, tiie applicable f :mulae would be:

for long rotary kilns C, = a (1500 + 32 P
for short rotary kilns C1 = ¢ (1500 + 30 P&
for vertical kilns C:l = a (1500 + 23 Pa

79. In plants that are not far from the sea-coast or are oonnected to it by rosd,
such as those in Cthiopia, which are within the zone served by the railwvay from
D:ibouti to Addis Ababe, or which are on roads linking the capital to the seaports,

o
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» = 1. In the cace of Niger and other inland countries, a could take valuec very

close to 2. Consequently, referring only to easily acceasible places, the approp-
riate formulae would be:

for long rotary kiln Cl = 1500 + 32 P
for short rotary kiln ¢ = 1500 + 30 P:
for vertical kiln C1 = 1500 + 23 Pa

80, For plants of other vroduction capacities it would ‘;ne possible to obtain a
firet approximation of the cost of initial establishment if the above fermulae
applied, as shown below. These approximations are given in thousands of US dollars.
(a) Plant with yearly ~utput of 65,000 tons, dry process, short kiln, recuperater
and cooling grill., High degree of mechanization,

C, = 1500 + 30 x 65 = 3450

(b) Plant with yearly output of 100,000 tons, dry process, short kiln, recuperator
and cooling grill. High degree of mechanizetion,

01=1500+30x100=4500

(c) Plant with 150,000 tons yearly output, similar to the above.
01-1500+30x150-6000

() Plant with yearly output of 40,000 toms, wet process and reasonable degree of
mechanization.

Cl = 1500 + 32 x 40 = 2780

(e) Plant with yearly output of 100,000 tons, wet process, similar to the previous
one.

C1 = 1500 + 32 x 100 = 4700

(f) Plant with yearly output of 25,000 tons, vertical kiln.

CI=1500+ 23 x 25 = 2075

(g) Plant with yearly output of 45,000 tons, with wertical kiln, similar to the
previous one,

0y = 1500 + 23 x 45 = 2535

(n) Plant with yearly output of 60,000 toms, vertical kiln, similar to the previons
cne.

01-15004-23160-2880

81. Av regapds the influenoe due to the principal items that must be taken into
acocount to estimate the investiment Cl' the following guidance is offered:

(a) In plants witn short rotary kiln with heat-recovery wnit: the machinery will
constitute about 45 per cent of the total costj transportation oxpenses may be
somewhat more than 30 per cent of the total costj and erection cosis, start-—up
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costs and related item: can bLe estimated at 1) - 20 per cent of the total cost.
(b) In long rotary=-kiln plants: machinery will represent about 42 per cent of
the total cost; transportation cxpenaes are gomewhat higher by 11 per cent than
in the previous case, for a total of 41 per cent; civil-engineering work should
be calculated at more than 39 per cent of total cost, and erection costs, start-
up costs and similar items are of the same approximete relative cost as in the
previous case.

(c) In vertical=kiln piants, the approximate relative costs of various items arc
as follows: machinery involves 30 per cent of the total cost; transportation is
10 per cent of total cost; civil-engineering work is 40 per oent of total cost;
and erection oosts, start-up costs and various other items are 20 per cent of
total cost.

82. Outlay of foreign currency is usually a very serious problem in countries
without their own heavy industry and no specialized capability in the cement
branch. When all machinery and transportation equipment must be imported, the
foreign currency investment is of the order of 75 - 80 per ocent. However, if
the ccuntry has an industry capable of providing light machinery and part of the
general cquipment, such as electrical motors, means of transportation, metal
structures, boiler=-shop facilities, and electrical installations, the foreign
jnvestment can be reduced to ubout 55 per cent of the total initial establishment

cost.

83, Pixed expenses are almost independent of the production output. Before
setting up the industrial cotivity in either large or small plants, it is neces-
sary to carry out a number of prior investigations, among the most important of
which are: market research and study of the raw materials. In general, prior
market research must be more oxhaustive for small plants than for larger ones,
but in any cese the following aspects must be considored: (a) current and pro-
jected consumption capaoity, (b) presently unmet demand, (o) present and possible
future substitution of imported coment for domestically produced material,

(4) looation of the consumption sones and (o) distribution of cement and, where
applicable, of the semifinished product (clinker).

84. [ven zones that are almost entirely devoid of supplies, with primitive
economion and very limited oonsumption nuolei, subjeot to strictly defined develop~
ment programmes, require the presence of the site of spooialists who should devote
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not less than onc monin to feasibility studies. However, should these cxperts
decide thet a plant with very limited output should be established, the cost of

such preliminary study will represent a hcavy chorge on the initial estoblishment
costs.

85. Studies relating to row materials should be equally complete, whether they
apply to o small plant or to a large one and should cover thc following aspecis:

(a) Location of possible raw materialsj

(b) Investigation of the raw materials that are known to cxist, with the

principal aim of determining whether they have any propertics that make them
unsuitable for usc;

(c) istimation of approximate volumes of deposits thot arc considered available
for immediate use; and

(4) Provisional technical cnalyses of each probable deposit, so thet the best
possible system of cement production can be chosen.

86. The cost of these undertakings will depend upon the accessibility of the
regions under study and on whether, sooncr or later, scitable mineral deposits
are found. In certein regions of developing cowntries, the cost of hiring heli-
copters for such exploration can represent a sizecable element of the total cost
of the initial investigation phe..se;g/ similarly, the cost of exploratory borings
has great influence in the total cost of these operetions.

87. Once the quarries have been investigated and found to bec adequate, the work
must be completed with a careful anclysis of the availability of other requisites
gsuch as electrical nower, fuels, and other crergy sowrces, nanusl labour, communi-
cations end water, The totrl cost of this phase may very considerably. If it
does not require any special work, it can be included in the previous studies.

On the other hand, it may involve o substantizl outlay, if communications are
difficult, if electrioal power lines are remote and if weter must be brought to
t¢he surfece and conducted {0 the asite from o considerable distance.

88, The plant desiga requires tests on the granulation, calcining and sometimes
grinding of rav ma*orials, on the bosis of which the process of manufacture is

decided upon and the machinery is designed and its size determined. Generally,
the dosign of tho plant is priced as n decrccsing nercentage of its totcl cost.

R &

3/ Prom studies performed in the Iberian Peninsuls, in the Canary Islands and in
some Africen countries, it appears that the oost of such investigations oan
be estimated ot more than UB ,50,000.

occa s e S R e G R
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This may vary from 3 to 4 per cent for large plants to aouble tais faigure for
small ones. In any case, there is a minimum cost of design, including the tests,
which is independent of the plant size.a

89, FPFrom the zbove it is clear that independently or almost independently of

the manufacturing procees and the plant capacity, allowance must be made for prior
expenses, whose minimum amount will rarely be less than Us .70,000 and it is often
greater. In modium-sized plants these expenses are relatively unimportant to

the total cost of initial establishment, but thie is not the case for small plants
such as those considered in this report. To reduce the burden of prior expenses
in the total costs of sepurate small plants, it is suggested that such studies

be done for relatively large regions, so that their cost can be distributed among
several plants.

90. The civileenginearing work applicable to o cement plant can very oonsidersbly,
depending on factors such as the site topography, type of foundations, longth of
approach roads and the manufacturing process selected, As & first approximation,
it oan be said that in genercl the following prior works will be required:

Approximate cost in thousands of
US dollars, per plant of

Ground conditioning 10 12 17

Road to quarry - - 50

Appreash road to plant 4] 2 50

Urban planning of plant 8 8 16
P

Ntn [ B O I ) 33 & 133

o/ This nisima cost of tectnioal aseistemce is wlikely to be less than about
\’12,@0

3/ Tons of daily oapacity.

o 5808 S e S e
- SRR i, 5 "
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91. The folloviag installations for the receiving, storage and transport of raw
material must be provided:

Approximate cost in thousands of
US dollars per plant of

| 20t 50t 100t
Crushing 5 15 50
Clay reception 2 8
Raw-materials storage 10 15 30
Gypsum warehouse

installations 6 | 8 16
In=plant transport of

matorials 2 10 17

Totel « ¢« ¢ o oo 25 52 121

92, The preparation of raw materials by the dry process requires a number of
buildings $0 house the machinery. These include:

Approximate cost in thousands of
US dollars per plant of

w
Orinding mill bduilding 2 Yo 50
Homogenisation bduilding 30 50 8%
HDomogenisation installetions 6 6 8
Total a ¢ o o o @ 56 86 143

93. The ocaloining process calls for suitable installations to heuse the kilns,
. gremulatevs, recuperetors, snd other equipment. In the case of vertical kilns,
the oivil-engineering work will be approximately as follows:

Approximate cost in thousands of
U8 dollars per plant of

i+ N+, S . 1
Kila building 8 10 12
Sieving devioces - 25 25
Clinker storage facilties 8 20 35
Trensport of materials 5 10 16

Total ¢« ¢ ¢ ¢ o+ 2 65 8é
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94, The grinding and storage of cement will involve the following works:

Approximate cost in thousands of
US dollares per plant of

L0k 20k OO0t

Orinding-nill building a/ 30 50
Stowage silos 30 50 100
Packing and delivery 5 15 32
Tot&l s 8 5 3 s 35 95 182

- 95, The fusl and water installations will require civil-engineering work that

will vary considerably, depending on circumstances, but in general the following
requirement can be assumed:

Approximete oost in thousands of
US dollars per plant of

2 , 20t a0
Btorage and oonditioning of fusl 10 15 20
¥ater softeners and decanters 8 15 25
Galleries and oonduits 7 8 10
M
Total ¢ ¢ ¢ o o o 25 38 55

96. Eleotrical installations, including high-tension lines entry, transformers
and lowdension distridution pid, involve work whose cost may be estimated as

followsy

Abﬁlrexim. cost in thousands of
US dollars per plant of

V] 15 0

9. In umua. st sach phat it wil)l be neoessary %o set up general ltorn,

stores for spare ,pu-u, (Y unﬂuhop, Y hborttory, a first-aid rosm and a building
10 house dressing-rooms, the workers' mess, offices and similar servioces. The
oost of this auxiliary oonstruction can be estimated as follows:

Approximate ocost in thousands of
US dollars per plant of

15 30 70

./mzotammpmmmunmmtm-mmmu.
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98. Thus the total civil—engineering costs con be estimated at:

Approximate cost in thousands of
US dollars per plant of

20 50t 100t
Initial works 38 40 133
Raw materials 25 52 121
Preparation of raw

matorials 56 86 143
Caloination 21 65 88
Orinding and deiivery of

cement 35 95 182
Fuel and water 25 38 55
Electrical installations 5 15 20
Auxiliary oonstruction 15 30 T0

Total ¢ o ¢ ¢ ¢« o 220 421 712

Assuming that the whole of the oivil-engineering work is omortiszed in 15 years
for plants 20 tons and 50 tonl/day output and that it will be amortigzed in 20
years for plants of 100 tons/day output, the influence of this item on the
production cost will bes
20t 50t 1001

Us ,2.10 US 41.40 Us ,1.08
99. In plants with vertical kilns, the oost of first establishment can be appre
oiably reduced, not only due to the lower cost of the machinery, but also because
special arrangements can be made. For example, in very small plants the same
grinding mill oay be used alternatively for the olinker and the raw material.
This arrangement, which is presented in detail elsewhere in this report, oan make
possible important savings. In medium-sized plants, when the raw material makes
it feasible, it is possible to use vertioal grinding mills to prepare the raw
materials. This ocan also be a source of savings.

Bmlodtation costs

100, The present trends in all industries, and specifically in the cement industry,
are threefold; that is, to retionslize production methods, to mechanize the
installations, and to automate the processes.
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101, Rationalization of production methods iwvplies programming and systemization
of the operations, This can result in an effective reduction of unit cost only if
it is applicd to specific minimum volumes of production. 'lith smaller volumes,
the cost of organization, inspection and management might not only feil to reduce
unit cost but could increase it by increasing the overhead expenses. In cement
manufacturing, these minimum preduction volumes are relatively low; they are
appliceble, at least to a degree, to plants with annual outputs as low as 20,000
tons.

102. Mechanization has two aspeots, depending on whether its purpose is $0 achieve
a specific final quality or economize on manual labour. In small plénts, these
objectives can be met by mechanizing the grinding and homogenizing of the raw
materials and the cement. The calcining process must also be included in this
aspact to a certain extent. The remaining processes need not be mechanized.
Mechanization %o redice the use of manusl labour, which is desirable in some of the
more developed countries, is a problem of balance between existing labour costs and
the initial outlay that is neoessary to reduce them. In comntries in earlier
stages of development, there are social and political factors that have more weight
than the strictly eoonomic ones; hence it is not uncommon and may be convenient
for a oountry or en industry to remain slightly behind those more advanced in
mechanization.

103. Automation, it may be said, is to the intellectual worker what mechanisation
ie to the manual worker. If automation is 10 be meaningful, a high degree of
mechanization must precede it. Consequently, in oountries in the earlier phases
of economic development, this subject should be considered very carefully.

104.' The progressive scarcity of manuel labour and concurrent inorease in its cost
cause manufacturers to increase the degree of mechanisation in their plants.
However, for technical reasons whioh are coneidered later in this report, mechani-
gation cannot be successfully applied to installations below a certain size. New
plants therefors tend to have increased productive capacities. This tendenocy is
aocelerated by the following four factors:

(a) Increasing demand for cement in the marketing zone of the plant;

(b) Improvement in transportation, which makes it possible to extend the market
aree of the plant; .

8/ In Spain this amount was of the order of US 120,000 in 1966.
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(¢) The greater efficiency of large machinery as compared with that of small
machinery; and

(4) The fact that the cost of machinery increases less steeply than does its
cutput capacity. TFor instance, %o install a verticel kiln with a 100 ton/day
output costs only approximately 1.6 times as much as for a kiln with an output
of only 50 tons/day.
105. However, each manufactur..ig cystem seems to have a spucific size above which
the yelative saving, as regards initial establishment cost and technical production
cost, is less marked. Indeed, certain manufacturing systems are specifically
suitad to production levels that do not exceed certeain limits; beyond these limits
there is no economy in increasing the size of installations. In such instances it
is preferable to atandon the existing production system and adopt another that is

better suited to the new magnitude of output.

106. The tochnical cost of production will decline as the size of the plant in-
creases, if this increese in production capacity is accompanied by a suitable
mechanisation. The following figures are cited only for guidence and refer to a
plant fitted with vertical kilna.
Y capacity (ton
18,000 36,000 65,000 100,000 400,000

Technical production cost

as percentage cf the corres-

ponding production cost in 210 150 126 116 100
a plant with 400,000 ton

oapacity.
It is evident that the competitiveness of a plant with very low capacity is
ocorrespondingly poor.

107. The production factors that affect teohniocal production costs oan be demon-
strated in the form cf percentages that vary with the size of the plant. In
general, the influence of manusl labour decremses, while the costs of spare parts
and maintenance are kept constant, and other factors increase in influence. The
following figures are given merely as an indication:

e a—
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WM&MM%M&M%WM
Influence given in percentages, on the technioel production cout, for plants,
vhose daily production in toms (t) is:

2008 200t 1000t
Raw materials 10,10 13.94 21.75
Monusl labour 45.19 11.19 10.60
Fuel 23.02 30.11 36.86
Tnergy 11.%4 14.61 20.72
Spare parts, maintenance and
miscellancous 10,15 10.15 10,07
100 .0 100.0 100.0

Dry-progess plapis yith vertigal kiln. fed il £uenvletel rotenin
Influence, given in percentages, on the tecaniocl production cost for plamte
whose daily production in tons (%) is:

st b 280t ot At

" Raw materials 10.4 14.5 17.0 19.5  22.0
Manual labour 51.0 36.0 25.6 21.6  11.2
Pusl 18.6 26.2 3.4 33.6  39.5
Energy 9.6 3. 4.9 15.2 1723

Spare parts, and miscellaneous 10.4 0.2 10,7 10.1 10.1

- R - -

100.0 100.C  100,0 100.0 100.0

108. A1l that bas been presented above, and most especially the illustretive
numerical date, has practical significance for these couniries here wages, eleo-
«riocal energy and fuel have r.lective salucs of the same 2, sroximate orde: as in
Spain. To facilitate comparisons with conditions in other countries and to make
it -possible for the reader to have some general idea of the magnitudes of 2
. 4echnical and eoonmomic nature that we are discussirg, some complementary data are
presented. _

. 109, The consumption of various items per ton of cemeni ranufactured, depending
" on the production onpacity of the cement plant, are approximately as given bolow:
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Deily productior ¢ ' cliaker 1a tonu (t)

AL 10t 29t U0t 1200

Tona of rav materials 1.9 15 1.5 1.9 l.5
tavhou o . 9,28 .64 2.N 2.7 0.97
Llectrici*y consumption (k'!)-/ 9<.0 ¥.00 B0 1. 00,0
Coal consumption (kg‘b 136.0  130.0  1.0. 120.0 1300

l+te The parrmmaecl directly ergaged in manufocturiry in pprox.nately as follovo:
Daily productict of clinker in tor: (t)
M1t 20t 00t 1ot

- W

Englaeoss 3 L) 4 ) 6
Auxiliavy tecricians 3 5 4 / 5
luwvorator staff 5 9 5 5 11
Cr*ice st 2 2 2 3 i
Productior uperatives 35 35 30 24 77
Harkshon oreratives 8 8 8 9 2/
Scrvion ctoff 6 o 8 9 12
Quarrymen 4 4 5 £ [
& e e 6e 150
LioAsior alid wel Y oede forr drivers, traurpoit persommcl, ercurity st-(7
:d.ouning steff,

> oSS v - - ~S—

5/ The oonsumption of electrical emergy will depend upun the degve of mech:.is. -
tion, on the manufacturing process used and on the case with which the raw
raterisl may be ground., In e plamt with a daily capooity of 200 tonms, uring -
short rotary kiln, a normal consumption rate of 120 kih per 4¢cn of ccmmnt orn
ba ctteined.

'/ This ocau vary uidn).y, depending upon the ocaloric valuc of the coal, Coal
sonsumption at a rate of 200 kg per *on of cement is not unusual.
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CHAPTER THREIE
PORTLAND CEMENT MANUFACTUR
Maqulacturing processes

111, Rock is the raw material from which Portland cement is ma.de.g'/ This material
consists basically of calcium oxide, silica, alumina and ferric oxide in propor-
tions that can vary within certein limits. Nature rarely offers dsposits whose
composition meet the requirements for cement manufacture exactly but it is not
infrequent to find rocks with a mineral make-up fairly closc to that which has been
found to be adequate for this purpose. In such cases, it is possible to burn the
stone as it comes from the quarry. Thus a calcined material is obtained which,
vhen suitably ground, is known as cement. When the composition of the rock is
inadequate for the meanufacture of Portlond cement, it is necessary to add other
minerels to give the mixture the required composition.

112. 1n the course of the burning, the raw materials rcact chomically and form
Portland cement components. It is ncoessary for the calcium oxide, silica, alumina
and ferric minerals to be in close contact. In order to attain this close blending
the rooks are rcduced to very fine powder. This powder, of suitable composition

and fineness, is generally referred to as "cement raw materizls" or merely as "raws'

113, Cement manufacturing requiree the preparation of large quantities of uniform
raw materials. Howevor, their composition changes continually according ¥o the
locsl veriations ‘n the quarry and in the proportioning methods adopted. Conso—
quently, it is neocessary to intcrmingle the various lots of material prepared in
the course of the day, or days, to obtain a uniform mix. This operation is called

homogenigation.

114. A simple and cconomicel means of obtaining a govd homogenisstion is to mix
the cement raw matorials with water. The wet mixture thus obtained is more manage-
able then the dry dust; it ocan be pumped, transforred from one vossel to another
and shaken. When homogenisation is done in this mannecr, manufacture is said %o

be done by the “wet process”.

_
The term "rook" ie used here to mean a mixture of various minerals, whcther in
she form of solid stone, of loococ sand, of clusters of shells or of driod mud.
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115. Reccently, tcchniqucs have becn developed that make it possibl - to mix ary
powderced materiels thoroughly. This is achicved by agiteting thom with air currente
and by transferring the pewder from onc vesscl to another, using suit:ll  pneumatic
or mechanical means. Vhen homogenizing is donc in this woy, ronulfasture is sala

to be donc by "dry proccss".

116. The raw material, cither as the wet mirturc or as the dry powder, is subjectod
to a thermal trecatment whercby it is transformed into clinker. The transformation
occurs through the destruction of somc of the original rock compoments and th:
formation of new ones, which arc cssentially calcium silicatces. The burning process
begins by totally desiccating the raw material. In the wet proccss, considerabl.

amounts of hecat encrgy are consumed in this way.

117. Desiccation is followed by & pre-hceting phasc during which the raw material
attains a tcmperaturc of thc order of 600°= 700°C. It is during this phasc that
the destruction of somc of thc mineralogical structures of the raw material takes

place.

118, The third phasc involves calcination, which occurs at temperaturce between
7000 and 1200°C, In a natural cement this would bc thc last shasc. Both in thosze
and in Portland coment, decarbonation of th:e calcium compounds cccurs, 2s wcll =5
a partial combination of thesc compounds with thc acid compononts of the row
matorial,.

119. Clinkerization is tho next and characterictic phasc of the making of Portland
cement., This takes place betwecen 1200° and 150000, and at this stage, part of the
calcined mixturc fuses into liquid. Tho chemical rcactions arc complcted in the
coursc, of this liquid phase. .o aid in the devclopment of chis liquid phasc, it
is very often necessary to add to thc raw materials small propcrtions of roasted
pyrites or othor ferriferous compounds that act as fusion agents. From thic point,
the final phase of movoment of thc materinl along the kiln involves only a procoss
of cooling.

120. In some burning processce, -~ sudden cooling phasc is added in ordor to frecze
the clinkor, keeping its componcnts in a statc of maximum uscfulness and avoiding
regrossive chemical stcps that would producc other and lcsas desirablc components.

121, Industrial burning procedurcs aro normally performed in tube kilns, vertical
kilns, or long or short rotary kilns. Somc noneconventional methods a-e alro uned.
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122. Tubec kilns arc osscentially vertica' tubes which arc generally cxcavated into
the ground or made with bricks. The raw material is calcined in them by burning
together altornate layers of rew material . vusl. The procesns is intormittunt.
The fuel can be firewood. charcoal or high-grade mineral coal. This type of kiln

cen be used to produce hydraulic or natural ccments.

123. The verticel kiln is derived rrom the tube kiln and, like it, consists of a
vertical iubc, made of metal plate and }ined with insulating and refractory
materials. Thesc kilns arc fed automatically: along the top opening briquettes,
cylinders, granules or ovoids composcd of o mixture of row meterials and fuel are
fed in. Nowndays the granules arc used most often. The menufacturiag process is
continuous. The material descends by gravity to the bottom of the kiln, where the
clinker is extracted through special gates. Kilns of thic kind can produce up to
about 250 tons daily. Iard, low-flame coals or coke must be uscd. NModern kilns
have & forced air draft induced by injection, usually at the top part of tho kiln.
All olinker—formation proccsscs from desiccation to cooling take place, and their
thermal efficiency is excellent. While the product obtained is ordinarily of fair
quality, it is not casy to produce material of excellent quality with kilns of
this typc.

124, The use of rotary kilns is characteristic of the wet process, although they
are sometimes used in the dry process. These kilns are cssontially cylindrical
motal shalls lined with insulating and »efractory materials. The shells are
inclined slightly from the horizontal and rotaie slowly. The raw material is fed
into the higher end and runs down thc slope, aided by the rotary motion of the
kilns, oounter to the current of thc combustion goses, which comec from a burner at
the lower end of the kiln. These kilns are fed autometically, usuelly in one of
tho three following ways: (a) with peste, when the wet process is used; (b) with
gronules, when the semi-dry process is followed, or (¢) with powdered rew material
in tho dry process. In any case, the production process is continuous, and withir
the kiln all the clinker fownction phases take placs exoept the last oocling stage
which ooours either within an apparatus situated next to the kiln or within devioe
fitted to the kiln.

125. Rotary kilns can be fired with any of the following: (a) high-flame coal,
(b) low=flamc coa’s mixed with iiquid or gas fuels, (c) liquid fuels or (d) gas
fuels, The thormel officicncy is low in the wet process but is considerably
higher in the dry process.
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126, In the dry process, short rotary kilns con also be usede A hcoterccuperator
can be added to dry, pre-hcat and partly calcine the raw material beforc it is fed
into the kiln. Thesc devices, through which the raw material nassee curicrecurrcnt
to the combustion gricr, have o high therm 1  fficivney 'nd « n b ~.d with rw
material in the form of powder, granules or paste. Thosc for powdercd raw matcrial
gonerally consist of a serics of cyclone burners; those for granules are mobile
grills through which the hot gascs pass the layer of row matcrial moving toward
the kiln once or more times. Hcat-recuperators for raw meterials of the paste type
gonerally use grillod drums that contain mobile mectal parts which simultaneously
mix and heat the paste. The usc of heat-recuperators improves the thcrmal effi-
ciency of the plants.

127. Non~conventional systems have not yot been grently dovelopad; most of them are
still in the experimental stages. Information available about installations of
this type is presently scant and imprecise, but therc is nothing to suggest that
they have serious limitations as regards their methods of foeding or their thermal
efficiency.

128, The ground clinker constitutce tho active part of thc binding material of the
ooment, As soon as it is mixed with water, the ground clinker begins to sct, and
within a few seconds it acquiros a monolithic stiffness. To avoid this, a setting
regulator is added. The clinker and the regulator, ground together, constitutc
Portland cement. The regulator that is used almost exclusivoly is gypswnm, which
is added to the clinker in a proportion of 4 - 5 per cent.

129, Coment grinding is generally done in ball mills., These are cylindrical units
divided longitudinally into two or threo chambers and charged with grinding olements
such as steel balls or hard, smooth pebbles and rotating about thoir axes, which

are in the horizontal plene. As the unit revolves, the grinding elements arc
carried to the highost point, whence they fall upon the material beneath. Orinding
is affected by friction and collision of the grinding elements and the materials
being ground, which are carricd by an air current from chamber to chamber, attaining

a greater fineness in each successive one.

130. Orinding can be done in either an open or a closed cirouit. In the first

case, tho material passes through the mill only once and is collected at thec out-
let, togother with the "fines" from the dust scparators. In the socond case, tho
ground material is screened and over-sized particles aro returned to the mill for

re=grinding. While the presont tendency is to adopt the open-circuit principlo,
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in plants of small outpuv, such as those discusscd here, it may somoiimes be ad=
vantageous to provide for bhoth systoms, It should be possible to feed the mills
with thrco or four properticncrs: perhaps ons cach 1or clinker and gypsum and

onc or two for additives when meavfacturing coments derived from Portland coement.

131, Wen the cement luaves the mill it is hot and must be allowed fo oool., In
the vertical kiln systems the initial storage of thc cemert, as it comes from the
mill, should bc in small silos where it is simultoneovsly homogonized and coolaed.
ith rotary kilus, homogcnizetion is noi always nccessary, but cooling is still
esacnticl. However, whia cement ie ground in ventilated circuits, the exit tem~

poraturc of thc powder is not high,

142, Once it Las been lomogenized and cooled, tho cement is stored in suitablc

pilos for packing and shinmont. Cemeni is uswally delivered in papor bags of

about 50 ko weight. In small plents thc packing operation is very simple and rarely
requires auxiliary equipment. Uhen it is anticipated that the ocement must remain
packed for a long time or when it is to be shippod to places with humid and hot
climotes, waterproof bags should be used. Normal bags can be waterproofed by
treatment with wax or with synthetic maierials. Cemont can be shippod unbagged,

but this is seldom done from small—capacity plants.

Dogeriptions of puoduction progcsscs

Preparation of tho raw materials

133, The mowmaer in which the raw materials will be propared depends upon their
properties and the w2y in which they rre quarried:

{a) In the case of very hard limestone from a quarry that yields large-sized
blocks, & Priuary uvruildug is iecied o reduce the steno to picces of ubout
%0 mm diamcter. A sccondary orushing will follow at the plant.

(b) For hard limestcnes or merls, oxcaveted ir such a woy that medium-sized stones
are obtained, it will also be neccssary to pcrform a preliminavy orushing to
redvco thom to 20-30 mm sizc. Scocndary cirushing is.not necded.

¢c) 'horo limestones arc excavéted from fossilizcd scashores, en initial sioving
guould be dene o remcre sends that are not as rich ir carbonates. The sieved
material can th~n go directly 4o the plant, where sccondary orushing will be
done.

(d) In goneral, clays nced ac prior treatment. 'here neocessary, they are orushod
at the cement plant,

(o) Oypsum is crushed ai the plant before being taken to the grinding mill proporw
tioning installation.
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134. Depending on the nature of the raw materials, it may or may not be necessary
to subject them to a second prior treatment at the plant before they are stored,
For limestone, this secondary treatment would be crusaing until the stones are
below 20 - 30 mm in size. For clays, in cases where the wet process is used, the
clay material will be mixed with water and stored as a paste.

Orinding of raw materials and homogenization

135. To facilitate the reactionms leading to the formation of clinker during the
caloining process, it is necessary to grind the raw materials to a given fineness
beforehand, Usually it should yield & residue, by weight, of 10 per cent when
passed through an 88 micron sieve (4900 holes/cmz).

136. Yhen the dry process is used, it may be necessary to dry some or all the
materials that make up the raws. The raw material is usually dried at the time of
grinding, except when the mean humidity of the whole mass is more than 8 per cent.
In such instances the ground materials are dried separately. In either case the
heat needed to evaporate the water content may be provided either by gases recow
ered from the kiln or from an independent oven.

137. When the wet process is used no prior drying is needed. In this case it is
usual for water to be added to the raws during grinding. Clays can be added in
paste form. “hether the wet or dry process is used in grinding, it is essential
that all ingredients - the limestone products, the clays and materials that are
added as correctors - be properly proportioned at the entry into the mill.

138, The ground raws are stored in silos on coming out of the mill, In the dry
process, the raw material is homogenized hy agitation, which may be done with the
aid of an air current or by Jiggirg and recirculation in a closed oircuit. The
homogenised raw material is stored in other 8ilos, from which it is transferred
to the kiln feeder. In the wet process, the ground raws, in paste form, are
homogenized by air agitation. The homogenigzed paste is stored in other silos,
from which it is fed into the kiln, Figure III shows schematically the grinding
and homogenization of raws at the pilot plant installations of the Instituto
Eduardo Torroja in ladrid. This installation oan operate with either the dry or
the wet prooess.

139. In certain systems of oement production in a vertical kiln, the grinding and
homogen.zing process is similar to that for the dry process, but coal is ground
together with the raw material, to which it remains closely bound in what is
termed "black raw material",
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Kiln feeding

140. The feeding of kilns varies according to the process and equipment used;

for example, wet process, dry process with powder feed, dry process with granule
feed, vertical kiln, or tunnel-type kiln. In the wet process the kilrn is fed by
means of a pump. In the dry process, vhen the kiln is powder fed, any of several
methode of transporting the powdered material may be adopted. The actual feeding
is done by a mess proportioner. The blended raw materials are granulated, wetted
and then fed into the kiln.

141. In the vertical kiln a prior proportioning of the raw material and the coal
takes place to produce black raw material. Both materials then pass to the mixer,
vhere water is added. The material is then passed to a granulator or modulator

" where more water is added. The resulting granules cr nodules fall into the kiln

by gravity. However, if the coal and raw material arrive from the.grinding mill
already mixsd-oarrootly, thn proportianirg referred.i~ here will not_be needed.

In Xins-of tbe twmel typa, loading is disoontinuous ond, depending on the indi-.
Yidual case, it may follow a procedure similar +o that in rotary or vertical kilns,
or it ca:n even be drne by hand.

Caloinirg.
142..-The principal feature of -clinker_manufacture.is tbe bwning-or calcining of
the ‘raw_materiala, which js done in the kiln and ancillary installatians. The _
kilne normallyused in the ocament industry are usually of the vertinsal iype-oni —
tha_r~taxry type. Kilus with sinterization grills and other rnm-occnventimal
- mothuds are-als~-used (fluid’ ficd bed eto.). The indvstrial use of such non-
copvantisnal methnds is still experimental and is not discussed in this report.
For ‘smallescale productisn, the tunnel kiln is oconsidered, h.wever, although it
does not eppear to have bean used in the cement indusiry.

143. Verticul kilns are really tube/kilns that are only used with the dry process
and for daily clinker outputs ~f up te 250 ¢ 2/ (f clinker. At present these
kilng can enly burn solid fuels that produce a low flame. In these kilns -the

- drying, calcining and oclinkerizatirn ali take place in the rslatively narrow gones
at the-top, and the rest of the kiln.serves as a ocrler of the clinker and pre-

" heater ~f %he oombustion air. ‘

2/ In some very exceptional cases this output can be surpassed.
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144. The vertical kiln is more economical than the rotary kiln for several
reasons: its setting-up cost is far lower;a’ the spacc required by a vertical
kiln is usually only one third of that taken up by a rotary one of the same capa-
city, und similarly, the ground area occupied by the vertical kiln is only one
eighth to one tonth as much as is necded for = ro;tary kiln; and the technical
manufacturing cost is slightiy less with the former kiln than with the ls.tter.b

145. Furthermore, the vertical kiln has, among others, thesc advantages:

(a) Its functioning is very adepteblc to varying circumstances.

(b) It is possible to stop the operation of the kiln for rather long periods with-
out having to extinguish the fire.

(¢) It can use fairly ooarsely powdered coal as fuel,
(d) Ite consumption of energy of refractory materials is low.

146. There is ample experience with the successful use of these kilns for cement
outputs of 50 - 100 tons/day. However, experience with signifiocantly larger out-
puts, in the range of 200 — 250 tons/day, is still limited, so that their use for

. plants with such large outputs is inadvisable except in certain very specific

casges,

147. There is little industrial experience with the use of vertioal kilns in plant
with outputs of about 20 tons/da,v. Nevertheless, an experimental kiln of this
copacity oould be put into operation within a rolatively brief period. &

Rotary kilns , _
148. Rotery kilns can be used with both the wet and dry prooesses, and they oan
utilize solid, liquid or gascous fuels. A schematic diagram of the rotary kiln
pilot plant at the Instituto Eduardo Torroja is showmn in figure IV. This instal-
lation oan operate with either process and oan use any of the three types of ﬁel.

149. Long rotary kilns can be adapted to both the wet and dry processes. All

phases of calcination take place within them: drying (in the wet process, pre-
heating, decarbonation, clinkerization and partial opoling). The oooling of the
olinker is completed in another installation (tube, grill or the like) fitted to

the outlet of the kiin.

g/ Prom 60 - 70 per cent of the cost of a rotary kiln .
y Manuzl labour, fuel, electricity, refractory materials and spare parts

_cj Except for the kiln, the Instituto Eduardo Torroja has all that would be neede
including engineers and auxiliary oquipment such as mills, granulators and
control equipment.
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150. The short rotary kiln is used only with the dry process and is normally with
a recuperator. The phases of opcration are the same as those described above for

long kilns, and the cooling of the clinker can be completed in o similar manner.

151. Kilns with heat-recuperators can operate in threc different ways, according
to whether they are fod with powder, granules, or pastc. Those that are powder
fed are fitted with a system of heat-rccuperators at the inlet where the powder
%0 bo fed in circulates ageinst the combus$ion air current, thus heating the raw
material. The tubc is longer than in the kilns without a recupcrator, and cal-
cining and clinkerization take place within it. The process is similar to that
just described. When fed with granules, thc kilns are fitted with a system of
heat-recuperators at the inlet, and they operate in & manner gsimilar to that
described for powder feeding, although the design of the heat exchanger is essen-
t+ially differcnt. When thc material is a paste, the use of the heat-recuperators
is based on thc generel principle of making use of the available heat in the
geses leaving the kiln. Operation thus consists in exchanging heat between the
gases and the rew materiale with the aid of moving metal parts such as chains.

152. At prosent, the output of rotary kilns, whether long or short, ranges between
200 and 1600 tons/da.y. However, they can be used for smaller outputs. Indeed,

at the beginning of this century, the firet rotary kilns that were used industrial
ly had outputes of about 20 tons/doy, and very small kilns have been used indus—
toially, with good results. Nevertheless, the high unit cost of calcining in thes
small kilns increases the cost of the cement, so their use for outputs below 200
tons/day has almost ceased.

153. The idea of using a mechanicel grill for making cement appears to have been
originated by Timm (1911). Belt kilns with production capacities of 300 to 500
tcms/d&v have been used that have a thermal consumption of 1050 kcal/kg of clinker
The exhaust gases are used for the drying and grinding of the raw materials.

Such a plant is iiagrammed in figure V. Such kilns with granules composed of

raw material to which set proportions of coke and Clinker have been added. The
additional fuel that is required can be either liquid or gaseous. A4 layer of
clinker protects the grill.

154. The installation for a belt kiln, as compared with those for a rotary kiln
seems to be of thec same order as regards machinery and about half as great in
civil-engineering costs. Despite the need to replace the kiln slabs, maintenansce
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3 Key: 1, raw aix silo; 2, granulating disc for lower layer (raw mix); 3, mizing
drum for lower layer mixture (raw mix, return material and fuel; 4, silo for
fine return material; 5, fuel silo; 6, belt sintering grate vith protective
layer of finished clinker; 7, silo for coarse return material; 8, ignition
furnace; 9, discharge end, with spiked roll orusher; 10, vibrating soreening
irough for return material; 13, exhaust pump to draw sintet gases from suotion
boxes through dust separators and out into the stack.
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costc crc less than is normal for a rotary kiln. Howevur, informmati.n obtained
from the manufacturers of this typc of kiln is thus far insufficzient to purmit

recommendation of their usc.

155, The tunnel kiln is 4 type of inatallatinn that has bocen uscd successfully in
the ceramic induetry. The working temporaturee can rise to 160000, and thcir thor-
mal efficioncy is very high. The capacitices of tunnel kilns vary coneiderably,
depending upon their sizes, which cover o wide renge, according to the needs nf
the particular type cof industry in which thecy are uscd. Some of these kilns are
a8 long as 120 motrus,

156, Tunncl kilns can be onpcrated with eolid, liquid and gas fucls. The producte
to be burnt can, if desired, be brought into contact with the combustion gases.
The product to be burnt is placed on railway trucks or flatecars, which move into
the kiln at a set apced. The wotion of the trucks can vary considerably within
the kiln, thue permitting precise and cither elow or rapid burmmings. The advance
of the trucks within the kiln can be continuous or intermittont, as ~equired.
Tunncl kilng do not appear te have been utilized te produce Portland cement. How-
ever, given axis+ing knowledge and experience in thoir use to produce ceramics,
kilns of this typc should be taken inte consideration for making cememt, cspecially
when ocmall outputs =rc planncd.

157. If a tunnel kiln wevre to be uscd, it would have to incorporate drying, prc.;-
heating, calcinotion (dccarbonation) and clinkerization zones, and finally a
cooling section with good thermal recuperation. Such an arrangement might permit
cemont manufacture within the production magnitudes considered hercs Figure VI
shows the goncral arrangement of o tunnel kiln odjusted to burning process corres-
ponding to that of o kiln of the Lepol type. The raws can be fed in the form of
granules with or without fucl, If fuel is incorporated, it should probably be
lces than the total ncoded. The rest of the fuel (solid, liquid or gas; should

be supplied by bumers placed on the vault of thc oven, in the clinkerization gzonc.
In this way the timc required for thc carbonction of the raw matoriale would be less
than that taken by the ooal in the granules to burn. The coal added to the raws
should be of & typc similar to that used in vertical kilns (size 0 to 5 mm). The
cooling gascs may bc uscd partly to burn the fucl and partly to dry and pre-heat
the raw matorial. This could bo donc by injeoting the gases at suitable points

in the kiln,
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158. The cost of = wunnel kiln for emsll cement output should be low, although

lack of experience in their use for cement-making mckes it impossible to provide
acturl figures. A pilet plant investigntion would Jead to applicd regecrch, from
which certrin detoils of the performonce, such os optimum dimensions, support for

the meterinl to be burnt and means of o21ding the fuel could be cstablished.

Storege of raw motericls ~nd clinker

159. A widesprend recent tendency is to set up o singlce genceral depot for both

the raw moterinls and the semifinished products. This singlc-dcpot system consists
in estrblishing o very long werchousc, within which, in logical ordecr, the lime-
stonc, clny, gypeur, siliccous sand (when it is nocossary), fusion matcrials, conl
ond clinker ~ro placed. [ aterials transport is usually done by means of a travele
ling bridge crenc or the like.

160, In smalle ~nd mediwn-sizoed nlants, however, this system of o singlc wzrehousc

is not alw. : suiteblc. it 1s ofton beiter 1o cstablish two or more sepnaratc
storage facilitics. Thoese depots ore usuclly for the following materinls:

(2) materials rich in carbon~tes, (b) clays, (c) additives (gypsum, fusion addi-
tives ond the like), (d) fue), and () elinker,

161. (~) Materinls rich in coleium corbonate constitute the mo.jor portion of the
rowe uscd foi meking cement; that is, zbout 1.4 toms per ton of clinker. The
storcge facility shculd te of lm e coyeity, for it is often ndvisable to0 atorc
these metericls for two months operation of the plent. Thesc meterinls should ‘e
removed from ator gc in » voniinuovs menner, nt lecst during two working shifts.
It shov'.. be designed for chenp cnd »-~%icnal operntion for the purposc intonded
without forciug it to ment conditions normal for the storegc of other mntericls.
(b) Clays make up ~vout 0.2% i:n per ton of clinker. The storage facility for
this materic] can be small eand cheap, and there will be little problem in removing
the clay but the installation should be so designod that onsy ond cfficient pre-
homogenizotion can bo enrried out.

(v} The additives should be placed very close to the site wher they are to be
used, that ., closc to thc feeding mystom of the grinding mill. This will aveid
tronoportation problems. The volume of thesc additives is usually very small; of
the order of 5 per cent of 211 the matericls.

(d) Solid fuel omn be stored in the open to a large oxtent, if need be, especislly

in dry climataos,
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(o) Usunlly *a:re is n.ed to storc only fifteun days production of c¢linker. Any
additionrl omount might be stored in the open. If the stock still increasos,
however, tho shutting down of onc or more kilns should be considered, sincc the

cxistence of excess clinker implies wr-tilized capitcl investment.

162, Cement grinding hos heen discussec carlier in this chopter. Further details
orc as follows: The grinding involves two phasce: (a) in.tial crushing zad

(t) grinding with additives. The first of these is no® alwaye necessary, depending
upon the size of the clinker coming from the kiln. Grinding with additives is
normally donc in tube mills operited in cither cpen or closed circuits. After
grinding, the clinkcr guca to storeage silos; where it should remain for somo time
hofore shipment. Uith vertical-kiln clinker, cemeni homogenizetion silos should

be set vp to treat the cement before storoage.

Choice of manufacturirg systom

153. The morimum "#irst -gancration” ccment plant is one with a clinker output of
20 tonl/de,y; thei ie, about 7,000 tonr of Portland cemiunt per yeer, or about 8,300
tons of mortar tor ~icklayi:ig. It is unlikely that high—qua(lity cements ocon be
produced in cuch omell ploats wnlese they oo spocinlly desigred for this purposc.
This would be justificd if epecicl cements, for very specific purposes, were

nocded, but Ui's case vould be unusunl,

163, hu most suitzid o oo of producing cement on this small scale ie the verti-
col kiln. This cquipment raquirces colid fuel- thot produce o low flome and row
materials thal g aulate capily. 'hea suiteble fucls are noi avnilable, the
verticel kiln camnct Ye used., Difficu tics in gronulation con, aowever, be over-

come in vearious woys, alihcuzh the resulting grrnules wilu be undersizod.

165. 3uch undersizea granulos should e subjoctcd to high tempernture, perhops

hy making use of the greec produced by tiae kiln or from an apuxiliary oven., FExperi-
meats performed at the Instituto Jduardo Morroje scem to demonstirate that cortnin
rov matorials, when subjected to temperoturecs from 1007 = 360%C will ncquire ste-
bility and strongth. The moterial thus treatced orn be handled ecasily and can nlso
bo stored for later usc. Anothcr way i to add ground clinker to the row matorinl
and thue obtain ¢ oonglomercte. Taperimontal work in this ares indicrten that the
proportion of ground clinker to be added iu “suclly hi “h (of the order of 10 per

cont). Also, conglome.snrtes moy Le obtained by the use of : preas such o8 is used

to produce ovoide. '“the material may be compreseed cithcr alone or vith the nddition
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of & small quantity of ground clinker or cement. Compressed pellets may be thus
obtained which harden either ot once or after = few hours and can be stored and
handled casily. This operation is not nlwoys possible, however, 2nd above all it

moy increasc the price of the final product.

166. A vorticel kiln with an output of 20 tons/doy con be designed with o single
mill that cen be used both to prepero thc raw material and to grind the clinker .
(figure VII). The enlargement of o plant from en output of 20 to 50 tons/dey can
be foreseen by installing & mill for the raw material (if possible vertical) and
setting up & sccond mill (figure VIII). Plans for such scooessive enlargements
should take into account the abandoning of soveral of tke instollations of the
initial small plant.

167. 'hen clinker manufacture with o vertical kiln is not possible bocause of a
lack of suitable solid fuels or difficulties in granulating the raw materials,
the poesibility should be considered of sotting up a tunnel kiln without muffles
and with moving trucke. The kiln and trucks should be designed for an output of
50 tons/dw, sinoe tho cost is opproximately the same as for a smaller kiln. The
onlargement of the plant capacity from 20 to 50 toms/dey could be done by merely
changing the rate of heating and the velocity of movement of the trucks through
the kiln. .A 20 ton/day plant, using a2 tunnel kiln, can be set up with a single
mill, similarly as for a plant with & vertioal kiln.

168. The best size for = first-generation plant is one with an output of 50 to 60
tonl/da.v of olinker; in other words, having an output of about. 20,000 tons of
Portland ooment per year, or about 25,000 tons/year of mixed cement suitable for
bricklaying purposes. Tho most suitable method of manufacture, when the quarries
provide raw material of good and uniform quality ond the fuel is of the right
quality, is the vertical kiln.

169. If the use of o vortical kiln is not feasible and the dry proocess is mandatory,
tho tunnel kiln should bo oonsidered, designed on c soale that would permit sub-
sequet inc-ease in capacity. However, if the tunnel kiln conmot be used either,
the next ochoioc wou'i ba the long rotary kilm, preferably using the wet process,
sinoe it produces botter homogenigntion ond is, on the whole, simpler than the

dry process. Cements of exocellent quality can be obtained with this system, but

e high consumption of henting onorgy must be nllowed forj one higher than 1800

koal would not be unusual.
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170. The output of 2 plant of 30 to 60 tons/day capacity can, in some cases, be
doubled by fitting the opernating rotary kiln with a heat=rcecupcrator. This simplc
device increases the over—all thermal cfficiency. It is therefore good policy to
design the other parts of the plent with a suitable margin for increcse in capo-

city. Particular attention should bec given to the capacity of thoe grinding unit.

171. The most typical first—generation plant, and the one bost able to mect a
rolatively rapid expansion in cement production is one that produccs 100 tons/day
of clinker; thet is, 35,000 tons/yeo.r of Portland ccment or of ncarly 49,000 tons
of mixed cement for bricklaying purposes. The crushers, transporting machinery,
filters, cyclones and the rest of the cquipment of such 2 10C tons/day plant
would be similar to thosc of cxisting plants in Europe. Somc of thesc items
would be industrially manufactured, which would facilitate their purchase and
the obtaining of sparc parts.

172, As noted at the beginning of this chapter, if the availablc raw material

and fuel are suitable, the vertical kiln should be used, since there is much
experience with its usc in this production range. Othcrwise, cithcr thc long or
the short rotary kiln should be selected, since both of thesc arce nlso well suited
to operation on this scale. With any of thcse threc systems homogenization should
be preferably donc by the wet process, since it is loss cxpensive cnd less compli-
cated than the dry process., However, if the quarry produces ¢ uniform raw material,
tho latter process can be adopted from the beginning, and homogenization can be
acoomplished by air injection.

173. It cannot yct be said whether the tunncel kiln would be adequatc for production
on this scale cxoept in exceptional instances, since ite possiblc advantages might
well be cancelled by the lack of experience with its use in cemont manufacturc,
Neverthelrss, it is reccommended that this method should be dcveloped to practical
working efficiency. This could bc done quitc rapidly.

174, The rest of the equipment of plants with outputs of 20, 50 and 100 tons/day
should be studicd separately for each particular case, However, the following
general guidelines should be followed:

(a) ™e indoor trrnsportation should b: standardized in the form of transportation
belts and buckots, the former for low inclination scctione, thc lattur for
vertioal displacementa,

(b) Pneumatic transportation mcthods, which ar. cxcollunt in large plante, might
prove to be too couplex in firetegencration plonts,
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(c) Dry-procoss grinding should be installed with an auxiliory oven (when this is
nocessary), and, if possible, with vertical grinding mills.

() Grinding of cement should be plonned with the possibility of working with
eithor open or closed circuits.

175. The fitting of heat-recupcrators in first-gencration plants should be con-

sidered with great carc. It is usunlly preferable to instcll thom later, during

an enlargement phesc of the plent, since the fitting of thesc devices complicates

the manufacture of cement to some degree and may lead to difficulties, the over-

coming of which would recquirc a certain degrec of oxperience and skill on tho part

of the personnel,

e
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CHAPTER I'OUR

RAW MATTFIALS AND THEIR EXPLOITATION

176, The basic materials for the manufactwie of Portland cement include lime-
stone rock (loose carbonaceous malerials, marls and compact limestones), clays,

addition materizls, fuels and water, Ta:h of these is considered below,
Limestone

177. Loose materials rich in calcium carbonale are usually found in the five
following forms: concentrations of rounded river pebbles- deposits of sharp-
edged gravel at the botiom of mountain slopes; aeolian deposiis in the form of
dunes, as in the Canaxy Islands; narine coral deposits, as in .Jast Africa, the
Bahamas and Hawaii: and ae fossilized beaches containin; a high proportion of
shells, as in East Africa, 'l Salvador and the Gulf of iexico,

178. larls rich in calcium carbunate are not usually very hard =nd thus may be
easily exploited. They may yield & natural cement, so that in such cases manu-
facture is reduced almost to the mera excavaticn of the ras material irom a
single dcpusit. ‘'hen the mineral composiiion of the deposit does not permit this,
it usually suffices to add small guanti.iee of a corrector, usually one rich in

calcium carbonate, Correctiuns with clay are infreguernt,

179. Compact limestones are quarried, with or uithout the use of explosives,
according to the hardness, stratification and topographical situation of the
deposits. Deposits in vhich the layers break off easily can be exploited very

sconomically, since the usa of specicl machirery is not required.

Siaxs

180, Clays are of two general kinds, Those ohbtained from fluvial or lacustrine
deposits have a very low carbonule content, it any at ail. These can be ex-
ploited either by hand or by mechanical means. Some schists and slates are of
a mineral ocomposition suitable for cament-makin , but it is often necessary to
subject them to prior orushiig. Murthermore, materials made from schists and
slates are vsually unsuitable for :renulation.

Addisives

181, The sddition materials include some volcanic materialr such an poggolans,
which can be used afier crishiug end  rinding,, as well as certain minin: and
industrial by-products. Since the uue of theue materials i very specific, no
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further reference to them is made in this report. Gypsum stone is used in the
final phase of cement production, as described earlier. The proportion of this
material in the finished product is usually about 5 per cent. Tusion materials,
which are generally iron ores (pyrites) are used frequently in widely varying
proportions, but normally not more than 5 per cent by weight. ILxperience in
Africa indicates that bauxite and other materials rich in alumina can be very
useful, and that end-products of [ood quality can be made with them, It is
sometimes necessary to add small cquantities of sand to increase the silica modu-

lus, and still other materials are used as correctors for special purposee.

Fuelg and electrical energy

182. Solid, licuid and _aseous fuels are all used in cement manufacture. OSolid
fuels include charcoal, ratural mineral coal and treated coals such as metal-
lurgical and petroleum cokes. The caloric value of the coals normally usged is
of the order of 5500 - 7500 kcal/k¢. Any coal or coal mixture can be used,
although each process has its own gpecial requirements. In any case, the coal
must be crushed or ,round to the degree of fineness appropriate for the type of
kiln in vhich it is to be used. TFor example, vertical kilns require fuels such
as anthracite or metallurgical or petroleum coke that contain little volatile
material and produce a low flame. B3ituminous coal can be used in the “~black
raw maierial system. Solid fuels have the disadvantases of requiring prepars~

tion tefore use and of recuiring considerable storage space.

183, Heavy fuel oil is the liquid fuel normally used in the cement industry.
Its caloric velue is about 10,000 kcal/k¢. Installations for its use are far
simpler than those for the use of solid fuels. Geseous fuels are hardly used
except when natural gas ie available in large amounts. Its caloric value is
about 9000 koal/kg. Instailations for ite use are even simpler than those for
oil. although the laying of pipe-lines is coetly and time consuming.

184, A plentiful supply of electrical energy must be assured, since a smll
plant, even when it is not mechaniged, requires about 100 k'h/ton of cement
prodused. If the available supply of electrical power is insuffioient, a

gensrating plant must be incorporated into the design of the plant.
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‘ater

185, i'ater consumption in cement production is of the order of 10-1_ per cent
of the total wei ht of the raw materials ‘hen they must ve ;rarulated, as for
use in vertical, rotary or Lepol-type kilrs. It is al mB/ton of clinker vhen
the wet process is used, but it may be treble that amount, and it is in the
range of 50-100 liters per ton of cement in dry-process ranufacture in long or
short powder-fed rotary kilns, ith or vithout heat recuperators. The needed
vater may be obtained from vells, ltut it is usually more economical to use iresh
or salty surface vvater. Salty water is .ot recommended for ;ranulation and
should be studied carefully before it is used in the wet process. GSea-i’ater,
which contains chlorides, alkaline substances and mz nesium sclis, presents
many problems and should not bte used in the et process, althouwh it can be in
the dry process., Iater that contains azppreciable amounts ol organic matter
may cause difficulties when used in the wet process, but it can be used for

granulation,
) c 1 i o]

134, Some factors that must be considered ir plannin a cement-manufacturin:
process are the folleving. .hile loose carbonate-rich materials usually contain
no harmful impurities, silicon sands are often present. ‘‘hese can usually be
removed by sieving. Another separation process may e needed if sieving does
not suffice; this represents an additional cost, althou i: usually not a large

one,

187. Raw materials derived from shell deposits may be difficult to granulate;
consequently, if suitable clay material is not available, 1t will be difficult
to use these materials in vertical or Lepol-‘ype kilns. Sfuch rav materials are
generally used in small productior plants, preferably usin, the wet process,
Dry-process, powder-fed kilns can also use them, out homo enization is more
difficult and less aconomical tha the /et process. The ey factor here is the

relative importance of the  reater fuel consumption required . the wet process.

198, The iceal materials for the manufacture of cemei ! are marle rich in calcium
carbonate. Hovever, the presence of certain impurities may ve critical. Thus,
{f there it a hi'h (more thar X per ce:t) proportior o! {ree, non-reactive
silica, the plant must be designed ic cope “1th thiz, 1ndeed, such rav material

say be unusable., a nesium oxide, eve: ir minor proportioi. (about ~ per cent )
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may be very dancerous and may also render the raw material unusable. The
presence of iron compounds mey increase the smelting modulus and thus may have
a decisive influence on the selection of the manufacturing process to be uaged,
The p.esence of alkaline compounds may complicate the manufacturing process and
should be considered in the designing of the kiln, especially as regards

selection of a heat-recuperator.

189. hat has been said about marls is largely applicable to oompact limestones

as well, In addition, however, their hardness, consistency and stratification
must be considered in their quarrying and secondary orushing. Indeed, some
palasozoio limestones with acceptable chemical and mineralogical characteristics
are unusable because of the high cost of their quarrying and treatment. Further-
noro', the granulation of crystalline limestones may be quite difficult.

190, Fluvial or lacustrine sedimented clays seldom have properties that render
them wholly unsuitable, but it is very advisable that the silioa modulus be

kept within oertain limits. Sohisis, slates and other minerals that supplement
olays or may be substituted for them should be studied within the context of the.
rav material as a vhole, and all that has been noted above should be taken into
acoount.

191. Gypsum stone should oonsist of more than 70 per cent dehydrated oaloium
sulphate. This ingredient normally oontains no hamful impurities. The use
of anhydrate cypsum is not recommended. '

192. The moisture content of the rav materials must be taken into account in
seleoting the manufacturing prooess. 'hen the moisture oontent ie below 20 per
oent, desiccation may be economically acceptable and the dry process may be
adopted; when humidity is about 25 per oent the wet process should be considered,
In intermediate cases the choice between the dry and wet process oan depend upon
many other factors.

tation of te

193. The manufacture of cement be;ins with the exploitation of deposits of the
rav materials. This includes extraction, prior treatment and transportation to
the plant. The metnods used and their costs will, of course, depend upon the
nature of these materials. Loose carbonaceous materials, marls, compact lime-
stones, clays, and schists, slates and addition materials are considered
separately below.
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194. Alluvial ;ravels and fosslized ceashore ma.erials cen be exploited wholly
by hand, completely mechanically or by any intermediate arraniement. In
determining the amount of raw material to be extracted per working hour, it
should be borne in mind that, vhile cement piants normally operate on a contin-
uous basis, quarryin; does not, since it is affected by factors such as weataer
and public holidays. The follovin; relations may therefore be said to exist:

Cement plant output Ixtraction of loose Other material moved at

. cquarry to extract loose
in tons/day material (tons/hour) terigl desired (tons/hr)
20 6 1C
50 13 20
100 23 40

195, If manual labour alone were used (that is, if excavation and sieving were
done with hand tools and if wheelbarrowe and a ocontinuous 1lifting belt vere
used for transport), the number of men needsd at each of the production rates
discussed here would be rouchly as follows:

0 t 20 & 100 t

Lxcavation 16 32 64
Transportation 5 12 24
Miscellaneous 2 -2 )
Total labour force 24 46 91

196. The first-establishment costs oould include the purchase of hand tools,
wheelbarrows, the continuous liftin; belt, and of the needed silos and loading
bins. These costs and their depreciation and maintenance, per ton of daily
ocapacity, would be of the following order:

Plant capecit Cost of first establish- Depreciation and maintenance
.(.m.m.mi ——ment (US§) _ costs per ton of output (US§)
20 1300 0.06
50 1800 0.03
100 3000 0,02

The cost of manual labour (j) per ton of cement produced, for excavation, sieving,
transportation and delivery to the l:iiln will be as stated below:

g/ The daily wage j (in US$) is arrived at by dividing by 355 the total amount
peid for the services of an unskilled worker during one year.
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lanual labour cost for cement plants with daily output of

20 tons 50 tons 100 tons

1.70 j 1.30 j 1,20 j
The fuel or electricity costs for the operation of the continuous lifting belt
can be regarded as neglizible. The extraction costs (in US.) per ton of cement
produced would te about as follows:

Plant capacit Labour costs for excavation, sieving, and bin-loading,
.(.EEI_M_"NL{ at various wpge levels ()

09 0,75 1.00 1,25 1,50 1.79 2,00

50 0.68 1,01 1.33 1.66 1,96 2.31 2.66

100 0.62 0.92 1,22 1,52 1.82 2.12 2.42

197. Txcavation by mechanical means can be done with a front-loading, wheeled
wechanical shovel. If a mechanioal shovel with a capacity of about 0.5 m3 is
utiliged, the number of working hours and amount of material that oan be handled
at the quarry face will be as follows:

Plant oapwiti iaterial handled :t the Shovel working hours
20 80 1.5
50 160 3
100 320 6

It will be realized that the usefulness of a mechaniocal saovel for plants with
outputs of only 20 to 50 tons per day is very queetionable.

198. The first-establistment costs in all cases, covering excavating machinery,
would oe approximately as follows:

Loading shovel, vith spare parts and accessories Uss 14,000
Trommel, with motor 2,000
Remainder of the installation 22000

Total Us¢ 18,000
Amortization is usually calcula.ed over 10,000 working hours, and it i{s normal
to discount the value of scrap metal, so that depreciation of the machinery
could be estimated at US { 1.70 per working hour. Fuel and lubricants involve
an expenditure, per workin; hour, which in terms of the price of gas oil, can
be estimated at 13 CL.Q/ laintenance can be calculated at US & 1 per working
hour. lanual labour for installation is limited to a shovel operator whose

3/ In the present report, CL is the cost per liter, in US", of liquid fuel and
lubricant (;as oil).
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wages micht be six times higher than those of an unskilled lavourer (that is

6 j), a trommel charie hand (whose cost rould be 2 j), and three unskilled
labourers (3 j). Thus the total manual labour cost will amount to 11 j. Hence,
for & plant with a 100 tons,day output of cement, the cost (in US:.) of extract-
ing and sieving per ton of cement would be:

l'achinery depreciation 0.102
T'usl and lubricants 0.78
laintenance 0.06
I’apual labour 0.11 ]

199, The influence nf these coste on the per-ton cost of one ton of cement is
indicated in the following table:

Labour cost Cement plant vith 100 tons/day outpu: CL (UL$)
(3) uss 0.0 0,00 Q.10 Qle Q.14
0.5C 0.264 0.279 0.295 0.310 0.419
0.75 0.292 0.307 0.323 0.338 0.447
1.00  0.319 0.3  0.350  0.365  0.475
1.2% o 0.7 0.362 0.270 0.393 0.502
1.50 0.374 0.389 0.405 0.£20 0.529
1.75 0.402 0.417 0.473 0.453 0.567
2,00 0.429 D.444 0.460 0.475 C.504

In a plant producing 50 tons per day of cenant, the excavating and sieving costs
per ton of cement would be ;Lmost double those of a plant producing 100 tons per
day, if similar machinery :/ere used. DUince the machinery will be used for no
more than 3 or 4 hours daily, in come cases it might be used to perfom
secondary tasli:s at the excavation site or possibly at the cement plant, when
this is sufficiently olose.

Sxcgvation of maerie

200, Very often marls can te excavated by hand, and they have the advantage

over deposits of shelis at the seashore that all or almost all the extracted
material is useful. Costs for hand exploitation of such marls are ac shoin

below:

lo. of operators for plants of various

Operations capacaties {tons
20 20 100
Sxcavation o 16 32
Transport to loading point 6 12 24
Various -2 23 _52
Total number of operators 16 31 1
Hand crushing 13 3o 12

Total number of operators if

crushing is also done by hand 67 133

b
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It should ve noted that hand crushing can be done orly rarely since the cost of
manual labcur uormally makes it vevry expensive, However, it might be advisable

to use hand laoovr in the iritial breaking up c¢i the larger rocks,

201, The initi.l-e: “nblishment costa given below include the purchase oi tools,
wheelbarrows, rai’ .rucks and a trancporting belt, as well as the installation
of a loading eiio ~r *"in.

Plant ocutput Jogt of indtial Depreciatior und maintenance costs

{tons per day) _2atatlishment Dar ton of cement output (US$)
20 1500 0.09
50 2000 0.05
100 3000 0.01

The manual labour cox. per ton of cement, covering excavation, poseible break-

ing up of larger ro. ks and the transport of the material to the loading site,
will be approximatel. :ne following:
20 _tong/day 20 tong/day 100 tons/day
0.97 J 0,75 j 0.74
Electricity and various other expenses are regardcd as negligible. The aggre-
gate cosis, in US{, per torn of cemert produced, will be approximately these:
Output »f the plant Coet (in USE) of excavating, breaking up and transport
{ton: per day) to loading sjtc, for varjouc values of j
0,50 Q.70 1,00 1,29 1,50 .15 2,00

20 0.5¢ 0.d¢ 1.00 1.50 1.55 1.79
50 0043 0.61 0.80 0198 1.18 1-36
100 0.41 0.0 0.7¢ 0.97 1.15 1.4

202, The axploitation of soft limestone or marl deposits of the type under

considerviion, can also be done by mechanical means, The necessary output for
a plant pivaucing 20 tona/day could be achieved using the machinery only 2 or
3 houre daily. Tuais would be inefficien* use of the equipment and is thus not
congidered hare. HYowever, for o plant with a 50 ton/day output, a 0.5 m>

shovel, which is o:.¢ of the smalleost that cai be used for this purpose, would
cnly have to work ! loure daily. It could thus be used for auxiliary tasks or

to help in manutacturing, if the quarry ia sufficiently close to the plant.

In the case of a slunt of 100 ton/day capaciiy, cuch a shovel would work 6 to

9 hours daily, ac.~ruln: to the nature of thc raw material. In either case, the
first-establishmen' ~c¢si would be:

Loading shovel, wi‘*h spare parts and accessories USS 14,000
Gther cquipmert 22000
Total Us$ 16,000
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203, Amortization calculated over 10,000 vorting hours would mcan u cost of
US . 1.6 per workin; hour of the shovel, D3ased on the pricc of (as oil, the
fuel and lubricant coet can be estimated at 13 CL. Maintenance is estimated at
US § 1 per working hour. Manual labour, expreseed in unskilled labour daily
wages, would be 12 j per day for the vholc installation. Thus, for a plant
with a daily output of 50 tons, the cost of excavation and loading affects tho
ocost of a ton of cement produced in the following mannor:

liachinery depreciation 0.214 Us:
Fuel and lubricante 1,30 CL
Maintenance 0.10 Us$
Manual labour 0.30 §

204. Depending on the unit costs of fuels and manual labour, the influence on
the total cost of cement will be as given below:

Labour cost Fuel and lubricant costs of various CL (US%)
{3) plant with 50 ton/day output

Q.00 0,08 0,10 Qads 0.4
0.50 0.542 0.568 0.594 0.620 0.646
0.75 0.617 0.648 0.669 0.595 0.721
1,00 0.692 0.718 0.744 0.770 0.796
1.25 . 0.767 0.793 0.819 0.845 0.891
1.50 0.842 0.868 0.894 0.920 0.946
1.75 0.917 0.943 0.969 0.995 1.021
2,00 0.992 1.018 1,044 1.070 1.096

This table demonstrates that for a plrat with an output of 50 tons/day it is
sconomically advantageous to exploit the jquarry with mechanical aids whenever
the unit daily wage (j) is US & 1.00 or more.

205, In tho em of plants with outputs of 100 tons/day, the cost of excavation
and loading by mechanical means affecte the total cost of one ton of cement as
follows:

¥nohinery depreciation 0.110 US§
Maintenance 0:100 Qi
Depreciation and maintenance 0.710 USs
Fusl and lubricants 1.04 CL

Vanual labour 0.15 3
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206, Depending on the unit costs of fuel and manual labour, the irfluence on
the total cost of cement will be as shovn below:

Labour cost Fuel and lubricant costs of various CL (US»)
(i) plant w.ith 100 tons/day cutput

_..‘.'Ei._._ 9,00 0,08 Q:10 0s028 Q:44
0,50 0. 348 0.368 0.369 0.410 0.431
0.75 ' 0.385 0.405 0.426 0.447 0.468
1,00 0.423 0.443 0.464 0,485 0.506
1.25 0.461 0.481 0.502 0.523 0.594
1,50 0.493 0.518 0.539 0.560 0.581
1.75 0.536 0.556 0.577 0.588 0.619

1 2,00 0.573  0.593  0.614  0.65  0.656

2 It is evident from these figures that, from the financial point of view, it is
alwvays advantageous to exploit the qunrry with mechanical aids, whatever the
wage level and the price of liquid fuels may be.

Excavation of oompgot limegtones

207, Hard limestore can also-be quarried by hasd, but explosives are ordinarily -
used, The preliminary drilling is usually done by hand, After the blast, lever-
age bars are used to clear the quarry face. Loading is done by hand, using

small rail trucks, which are generally used to transport the material to the
orusher, which is installed at the quarry. The number of workers that will be
required at the quarry face, wvhen the above mode of work is used w:lll be the

rolloningz
Output of plant
_ (tona/day)
Querations : Q. 30% _101%
Drilling, loading and other operations to
offect explosions and clean the quarry face 10 20 40
Loading and transport in rail trucks 4 8 16
Sharpening of tools and related tasks - A L
Total number of worksrs 16 32 62
The cost of oxcavation and iransportation to the orusher will be of the following
i ordar:
; Output of plant
(tons/day)
ltep L2t 20t _J100%
Manual labour 1.00 j 0,803 0.75 3
Explosives, detonators, etc. 0.10 I8¢ 0,10 US$ 0.10 UBS
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2¢ ', The first-establ shrent cHsvs will be similar to those for marls, as dis-

cussed above; or appmximately o rollowe:

Plant output First-estabiishment Depreciation and maintenance
(tong/cay) copy (Usy) . ton of cemernt (US

20 1500 0.09

50 2000 0.0

100 InCo 0.4

Similarly, the cost, in Uls, per ton ol cement produced, mi;ht be comparable
to or slightly higher than thut ~lready considered for the casc of marls.

209. Mechanizativii nf the quarryirg of hurd limestones ic very aifficult to
consider in a goneral rcport such as this, since it largely depends on the local
circumstances and the quality of the rock. i‘hen such material is used in plants
as small ae thooe considered herc, it is usually sufficient to set up a com-
pressor and some breaking hammers. In a plant with a capacity of 100 tone/da,y
it might be justified to use a compressor, drilling hammers and drills, and to
complete the poocess aither by hand-loeding und transport on rail trucks or

else by means of mechanical shovels., As regard costs, there are so many vari-
ables linked to local conditions that it is irpossible 10 suggest figures even
roughly.

Lxcayation of clavs

210. As clays are utilized in relatively small amounts, they can always be exca-
vated by hand. The amount of labour required je only about one fifth of that
necdad to exploit a limestone quarry. This means about four men for a plant

of 20-ton/day output of cemssant, six men for a plant with an output of 50 tons/day
and about ten men for & pian* producing 100 tons/day. First-establishment

costs will oe only about one Zcurta >f *hose for the exploitation of limestone
quarries. The influence on the co~t per tnn on cement uill thus be about one
fifth of that irnvolved ir quarsying conpact limestone,

Schists, slates, rnd additicn matoriels

211. In the excavation of 3chists and slates almost the same considerations as
thosa for marls hold ro~d, provided account is taken of their specific mor-
phology. Like clays, schisis and s’ates are used in relatively small propor-
iions, so that they also, can always be excavated bty hand. The amount of
labour required for this task and ih. first-establishment capital outlay would
be of approximatcly the same order as for clay excavation. Since the quantities
of addition materials that are normelly uged may vary considerably, they are not
considered here.



212, If it is assumed, as a basisc for calculation, that the cquarry io 15 ka
from the plant and that transport is by trucks of 5-ton capacity, the number
of vehicles needed fcr cement plants of the three sizes considered in the
present report will be as follows:

Plant outrut No. of Initial capital Depreciation per ton

20 1 5,500 0.30
50 2 11,000 0.25
100 4 22,000 0.25%

Since each truock would require a driver (43) and an assistant (2j), the number
of jobs genermted would be, respectivoly, 2, 4 and 8 for cemsnt plants of
these three siges.

213. The transportation cost from the quarry to a plant with an output in the
range of 50-100 tons/day will be approximately as shown belows

Labour cost (j) Fuel and lubrication cost (CL)

- 050 0.366 C.43 0.510 0.588 0.654
0.75 0.441 0.513 0.538 0.657 0.729
1.00 0.516 0.568 0.660 0.732 0.804
1.25 0.591 0.66) 0.73% 0.807 0.879
1.50 0.666 0.738 0.810 0.882 0.954
1.7 C.741 0.81)} 0.885 v-957 1.029
2.00 0.816 0.868 0.960 1.032 1.1¢4

214. The costs of labour, fuel and maintenance per ton of cemsnt preduced
would be of the following order:

Plant output Labour Pusls and main-
eont (1)
20 0.365 4.50
50 0.300 3.60

170 0.300 3.60
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CHAPTER FIVE
P ON_TQUIPMENT
Seneral remarks

215. This chapter deals with pi-odﬁction equipment involved in the various
specific processes -of Portland cemant production that are applicable to plants
with small outputs. No account haes been taken of intermediate processes such
a3 transporiation and storage of raw materials and clinker or of assembly

costs of the various installations and the corresponding civil-engineering work,
All of these are considered in the next chaptor,

216. Primary crushing of the raw materials is usually done with crushers of
the three following kinds:
(a) vaw crushers, which are applicable for hard materials. They

are fed with large rocks and are suitable for medium or
large outputs;

(b) Cone crushers, which are suitable for hard materials but not
for very plastic or wet materials, nor for use in places
where spare paris are not readily ohtainable., Crushers of
this kind are fed with medium-sized rocks and are suitable
for lerge outputs;

(c) Impact orushers, which are suitable for fragile materials

but not for abrasive, plastic or wet ones. They are

suitable for any scale of output. If a closed circuit is

adopted, secondary crushing can ve omitted.
217. The capacities of those crushers should depend upon the plant output and
the method of excavation of the rock. The climutic conditions of the zone
where the plant is to be situated are important, If rainfall is high, quarry-
ing must be restricted to reletively dry periods, and peak outputs must be

achieved at to compensate for pericds when excavation is suspended.
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218, The minimum recommended crushing capacities, in terms of tone of raw
materials per hour, according to the nature of the climate irould be as shown
below:

Tons of crusher output per hour,
for three types of climate
Tons of clinker Tons of cumeyt

r d r ve zzy- loderate Humid
20 7,000 6 1.5 8.5
50 18,000 13 16 18

100 ' 35,000 23 30 32

Cement plant output capacity

3/ The cement output is based on 330 working days per year and sssumes
small proportions of additives. In fact, yearly clinker output
would be 6600 tons, 16500 tons, 33000 tons and 66000 tons respec-
tively.

219, The speoific consumption of electrical power per ton of raw mterisl is
of the following approximate magnitude for the three types of orusher:

Crushing oapacity Consumption (kih per ton of cement)

L

A Sene
2.2
.5 2
5 1.8

1.2
1.0
23 0.6

30 0.6
32 0.5

6

1

8
13 1.5
16
18
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221, The costs of first establishment (in US{), applicable only to the FOB
(free on board ship) cost of the machinery, including motors, ars approximately
as shown below. The cost of financing is included, assuming an amortization
period of ten years, including 6 per cent interest charies per year.

Type  Plant output “_crysh Cone crysher Ispgct crygher
of capacity (tons

Climate  per day) First estab- Amorti- | First estab- Amorti- First estab-
1ishment aation ]ishaent zation Tighuent

Dry 1,160 14 1,500 204
3,060 86 2,400 m

4,200 10,000 1,35%

1,300 1,00 190 4,200
3,00 62 2,M0 326 7,000  08)
4,200 520 10,000 1,358 15,000 2,000

1,900 %8 | 2,00 5,000 680
) 3,300 e 2,200 e 1,000 1,485
w 4,500 598 1,800 1,603 13,300 2,008

222, From the information presented above, it can be caloulated that the influ-
ence of this ites (orushing) on the technical production costs will be approxi-
mately as follows, for a moderate type climate and impact-type crushing.
m‘ﬂt it’ __m‘ * Ia i3 V7SR A L PERA t 0 ¢ i 1 . O L
(ton:?:;) Manual labour Cieotrical Spare parts and  Depreciation
~ShUIRY . _maintensnce  and fineRsing

J 1.54 W 0..01 0001
L) 1.7 w 0.06 0,06
J

10?9 w 0'05 O.G

20 .06
50 .04

100 ,02
m————

where:
J = cost of one daily ware for unskilled labour in US
W = cost of 1 X'h in US

Repair and depreoiation costs in US:
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223, Dependin; upon the ma;nitude of the manual labcur cost (i) and/or the
price of electrical enerry (w), the amount in UL§ would be as follows:
Cement plant with 20 tons/day output

Electrical
powzr)colt Labour cost ()
w
Qa50 Q75 1,00 1.25 1,50 1,75  2.00
0.005 0.17¢ 0.193 0.2006 0.223 0.230 0.253 0.26¢
0.010 0.1866 0.201 0.216 0.231 0.246 0.261 0.276
0.015 0.193 0.208 0.223 0.238 0.253 0.268 0.283
0.020 0.201 0.216 0.231 0.246 0,261 0.276 0.291
0.030 0.217 0.232 0.247 0.261 0.276 0.291 0.306
- —Loment plant with S0 tons/dey output
Electrical
power cost Latour ocost ()
(w)

_W_—&?Zo. 0.14 oi'ﬁz. 0.1 0.178 0.1 0,198 0.2
0.010 0.153  0.163 0,173  0.183  0.193  0.203 0.213
0.015 0.160 0.170 0.180 0.190 0.200 0.210 0.220
0.020 0.167 0.177 0.187 0.197 0.207 0.217 0.227
0.0% 0.181 0.191 0.201 0.211 0.221 0.231 0.241

- Cement olant with 100 tons/day output

Electrical

m(r)mt Labour cost “}

"W_%‘ﬁzo. . i 0.1 0.131 0,148
0.010 0.123 0.128 0.133 0.138 0.143 0.148 0.15)
0.015 0.130  0.135 0.140 0.145 0.150 0.155 0.160
0.020 0.13 0.141 0.146 0.151 2.156 0.161 0.166
0.0% 0.149 0.154 0.159 0.164 0.169 0.174 0.179

224+ 1f loose shell materials from fos«' :uC seeshores are used, initial sieving
is necessary. This sieving is normally achievcd with a tromnel or with fine—
seshed sieves. In either cuse both the initial cost of the equipment and the
operation costs are very low., They arc included under the heading of miscellaneous
expenses, sinoe they havs no large influence on the total cement production

oost.

225. Secondary orushing is normally done with one of the four following devices:

(a) Hammers, which are applicable to dry materials or materials with
1little humidity. They are especially suited for &ypsum stone,
They can be used for crushing msterials that have undergone
primary crushing, but they are not to be racommended for soft
or humid muterials;
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(b) Cone crushers, which are applicable to hard and abrasive
materials but are not recommended for humid, soft or very
plastic materials;

(c) Impact mills, which are suitable for dry and slightly humid
materials but not recommended for gypsums or very plastic
materials;

(d4) Roller mills, which are suitable for wet or highly plastic

materials. They are especially effective in dealing with

clays before they are suspended in water and to grind coal.

They are not recommended if the diameter of the materials

exceeds 50 mm.
226.. The capacity of these seoondary orushers is related to that of the plant
and to the type of manufacturing process which in tum, is influenced by the
prevailing olimatio oonditions to the extent that the; affect quarrying opers—
tions. Murthermore, this secondary orushing is not usually neoessary in the
case of small plants, sinoe the size of the materials after the primary orush-
ing is suitable for feeding into the grinding mills, However, it is usual to

set up an installation to prepare the olays.

227. In plants with outputs of 20 and 50 tons/day of clinker, one or two men
may suffice to disintegrate the clay and prepare it for storage. If so, the
influence on the production cost will be as shown below.

Plant capacity Influence on the produotion cost of one ton of oement of
‘mzm} t cost f ration cla

0,50 0,15 1,00 1,25 1,50 1.75 2,00

20 0.025 0.038 0.050 0.063 0.075 0.088 0,100
50 0.020 0.030 0.040 0.050 0.060 0.070 0.080

In plants with outputs of 100 tons/day, it is advisable to have a orushing
roller or a disintegrating conveyor belt.

228. The influence of these requirements on the initial capital investment will
vary considerably, depending on the nature of the olay, but roughly it would be
necessary to allow for equipment costing US{ 3000, so that the depreciation and
maintenance costs would result in a coet of US$ 0.02 per ton of oement. These
initial costs are oalculated on the supposition that this equipment will be used
only for olays which amount to about 25 per ocent of the total weight of the raw
materials. The cost of manual labour would be 0,01 J per ton of cement, and

the expenditure in eleotrioal energy would be 0.9 w per ton of cement.
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200, In plants operating with the wet process and havin_ a daily output of at
least 100 tons of clinker, it will be necessary to install a Llunger to prepare
the clay and eliminate foreign bodies (gravel, river stones, etc.) This
involves the installation of 4 kl! of motive power.

230, The initial capital investment for the blunger will be of the order of
US» 35,000, The influence of this outlay on the technical production cost
would be as follows, assuming an amortization period of fifteen years, for a
plant with a cement output of 100 tons/day.

Janual labour Electrical Spare parts and Depreciation
~2NOXEY ~Saintenance
0.02 j 0,15 w 0.020 0.103

Beocause the amount of electrical power required for this purpose is small, the
influence of this item on the total cost, depending on the level of manual
labour cost (j), would be only as given below:

d Amount, in US$
50 0.134
[p] 0.139
00 0.144
25 0.149
50 0.154
00 0.164
231. The expansion of a plant from a clinker output 100 to 300 tons/day would
be siaple and economical as regards the blunger, since the additiocnal invest-
ment would be of the order of only US. 10,000, plus a slight adjustssnt in the

feeding and discharge system,
Rxxing and srinding of rav saterials

232, 'hen there is no provision for sisultaneous d.rying and grinding in the rew
paterials mill, or whon some of the raws are very moist, a separate drying pro-
cess will be needed. This will be done when the crushed material is ready for
feeding into the grinding mill., In rotary driers, the consumption of energy is
between 900 and 1300 koal/lg evaporated water, depending on the initial humidity
of the raw material and the type of drier. As the initial moisture content of
the rev material oan vary widely, a figure for the number of calories that will
be oonsumed in drying a ton of reaws or of cement cannot be given,




ID/WG.20/4
Page 72

233. The capacity of the drying installation should be similar to that of the
grinding mill, or higher if a small reserve of dried raw materials is to be
established. Under these ~ircumstances, and for the plants that are envisaged
in this report, the drying requirements, assuming that all the raw materials
must be dried, will be:
Output of the plant Drying capacity in tons/hour, allowing for
¢
20 2
50 5
100 10,

234. The specific corsumption, in kih per ton of cement, and the installed
motive power, assuning that all the rews require drying, will be as speoified
below,

Plant capacity Elzctrion consumption  Installed motive power (ki)
_iou/iar) kih/ton of cement)  _AL.all rawr peed drvins

20 1.3 3
50 1.12 6
100 1.02 12

235. The specific consumption of fuel to dry rew materisls (in kilogrems of
fuel per ton of material to be dried), as a fumction of the humidity, is as

6 18 21

3
conr?/ y 92 138 1 5 3 4.2 %
Fuel oil 6 g 12.) 8 24 28 3.5

236. The consumption of fuel to dry the raw materials, in kg/ton of cement,
assuming that all of thes need drying, is as follows:

Iype of fus) Suadtity of vater, as percentage of wet material
3 6 9 12 15 18 21 24
b/ 1308 20.7 2805 3102 ‘507 5505 “08 1’
Puel oil 9 13.5 16.4 24,1 29.7 ¥ 42 48.7

8/ Caloric value 6500 koal/kg.
b/ Caloric value 10,000 koal/kg.
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237. The initial capital investment, referring only to the cost, O3, of
machinery, including’ motors, is approximately as giver in the following table.
This also inciudes amortization costs over a period of ten years, including

6 per cent annual interest charges.

Plant ca; with intermediate storage
‘tgmzml Investmont EUS“gl Zingneing costs (U S$)

25,000 3,397
50 40,000 5.435
100 47,000 0 6,385

238, h thc influnnco of the dryine, costs on tho final cost of the oement
depends on the humidity of the raws, it will be mmd in the interest of
brevity, that the raw material has a 6 per cent water content. It is under-
stood that if the raw material has only 1 per oent humidity there will be no
need to dry it. Conversely, if it has between 1 per cent and U per cent water
content, dryins can be done at the same time as grinding. Only if the humidity
is 8 per cent or more will it be essential to incorporate prior drying installa-
tion into the plant. Based on these assumptions, the following results are
obtained:

Jnfluence on the oopt per ton of cement
Plant ity lanual Llectrical Spare parts and Financing Tuel
...mel_ ARDOUr _enersy  _maintenance = _copts
0.2 1.32 w 0.20 0.48 13.5 CL
50 0.08 j 1,12 w 0.10 0.30 13.5 CL
100 0.06 j 1.02 w 0,08 0.18 13.5 CL

2)9. Assumming a mean price (v) for each kilowatt hour equal to USY 0.015, the
influence on the total cost, per ton, due to the drying of the raw materials
can be given approximately by the following tables:
Elant of 20 tons/day ospecity
CL : Labour oopt (j)
S— P ] Q.00 1,00 a2 1.20 1,75 200

0.02 0.962 1.012 1.062 1.112 1.162 1.212 1,262
0.03 1.097 1.147 1.197 1.247 1.297 1.347 1.397
0.04 1,232 1,282 1.332 1.382 1.432 1.482 1.532
0.05 1.367 1.417 1.467 1.517 1.567 1.617 1,667
0.10 2.042 2.092 2.142 2,192 2.242 2.292 2.342
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Plant of 70 tons Cc it

Labour cost (j)
0,15 1,00 1.25 1,50 1.4 2,00

p——

0.746 0.766 0.786 0.806 0.826 0.846
0.881 0.901 0.921 . 0.961

1.016 1.036 1.056 1.096

1.151 1.171 1.191 1.231

1.826 1.846 - 1.066

P t of 100 ton o]

_Lgbour cost (i)

050 075 1,00 1,25 1,50

0.02  0.575  0.590 0.505 0.620 0.635
0.03 0.710 0,725 0.740 0.755 0.770
0.04 0.845 0.860 0.875% 0.890 0.905
0.05 0.980 0.995 1.010 1.025 1.040
0.10 1.655 1.670 1.685 1,700 1.715

vhere:
CL = prioe of 1 kg fuel oil in USY
j = cost of a daily wage in US,

240. Orinding is accomplished with a bell or a vertical mill, in closed or

open circuit, in accordance with one of the ?ollowing five alternatives:

(a) Yith the wet process it is usual to use a compound, open
circuit, tubular mill;

() The most economical system for the dry proocess, in terms of
initial capital investment, is the tubular mill, open
oirouit, It is also the easiest to operate;

(o) The tubular mill, closed circuit, wiih mechanical elevator,
permits grinding and drying to be done simultaneously when
initial humidities are below 4.5 per cent;

(d4) The tubular mill, closed circuit, with pneumatic elevator,
permits grinding and drying to be done simultaneously with
initial humidities as high as O per cent. This system is
very suitable for light materials;

(o) The vertical mill, closed oircuit with air, requires less
initial capital investment and may be operated more eco-
nomically than tubular mills.
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241, 1'illin;, normally is done for 16 hours/day. In plante witia 20 and 50 tons/
day capuuty, it is suggested that the same g rinding circuit be used for grin-
ding both the raws and the cement.

e Crindine mill capacity (tons per hour)
Plant capecity Only for raws, grinding Crinding raws and
_mﬁz_ — 26 hours/day cepent

20 2 4.6

20 5 10.6

100 10 20.2

242. The electrical energy consumption for each grindin; system varies accor-
ding to the quality of the raw material. As an indication, the following data
pmidodz

Orinding | Simple mills l41ls with internal
Axpten Erccess uped Akih/ton) = _devices (kib/top)
© oir 33 to 37 30 to 33
Open oircuit D"! process 3 :
Closed oircuit Circulation hy ‘1’ 30 t 3 27 t

243. The electrical power to be installed for grinding, following the above
data, is given below for cement plants of the three sizes that are considered
in this report.

uimple mills ia wit

Grinding Grinding of
Orinding Process 16-hour rav and 16-hour raws and
st uped gxindin;, _cepent = Arinding _cepent
Open Dry process 60 - 70 120 - 140 5 « 60 110 - 120
ciroult ot process 58 - 66 116 -132 53 -57 106 - 114

Air ciroula-

Closed tion 55 - 60 110 - 120 50 -« 55 100 - 110
cirouit

Bucitet cirou-
lation 50 - 55 100 - 110 47 - 53 94 - 106

Vertical Air oirculs-
kilns tion 47 - 54 - - -
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vepment output of ]
Linimum ix}atalled pover
ki tt b6-hour grin
Crinding Process used Simple mills lills with
system ; intergl devices
Dry process 150 - 170 136 - 150
Open circuit et process 145 - 165 132 - 14%
. : Circulation by air 136 - 150 122 - 136
Closed circuit i, ulation with buckets 122 - 136 116 - 119
Vertical mills Circulation by air 116 - 13 -
Cement output of 100 tons/day
linimum installed power
Grinding Process used Uimple mills Fills with
Open ocircuit Dry proocess OO - 340 275 - 300
- ket process 29¢ - 3% 270 = 290
Clgped circuit Circulation by air 275 - 30 %0 - 275
; o Circulation with buckets 250 - 275 T 235 - 260
Vertical mills Circulation by air 232 - 270 -

244. For a plant with an output of 20 tons/day of cement, the possidility of
setting up a single ball mill that can grind 50 tons of clinker in a 13-hour
day should be censidered. Such a mill could be used to ;rind rew materials on
some days and clinker on others. The cost of such a mill (including fittings
such as feeders and sieves) is about US. 35,000. The amortization period for
such machinery ioc relatively long, 15 years iz an acceptaocle period., This
would mean an annual outlay of about UB, 3,600, including finsnoing chargu,
which corresponds to US: 0.50 per ton of cement.

245. The maintenance and replacement of the grinding elements are important
items. In older installations with relatively small outputs, the attrition of
the lining and balls is about 1.4 k{ per ton of cement. This rete of wear hu
been greatly reduced in rewer plants, but in a plant of 20 tons daily output
the rate of wear will be similar to that given above. This means a cost per
ton of clinker of the order of US{ 0.03 to US. 0.10 per ton of raw material -
ground: that is, about US. 0.05 per ton of cement. Total maintenance and re-
placement costs, such as those for grinding elements, linin:s, lubrication and
spare parts can amount to US. 0.20 per ton of cement, the total cost of depre-

ciation and maintenance may therefore total US{ 0.55 per ton.
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246, The manual labour absorbed by the g rinding procesc in a plant producing
20 tons of cement daily is three men working in two shifte; that is, about
0.3 j per ton, The consumption of electrical ener;y will be of the order of
60 th/ton including both the  rinding of the rav materials and of the cement.

Thus, the total iufluence of the ;rinding on the cost of one ton of cement will
be 0.55 + 0.3 j + 60 w,

24T. Depending on the value of the mean wage (j) and the comt (1) of one kilowatt

hour, the actual cost of grinding per ton will be as given in the following
table:

Zlectrical Labour cost (4)
power

comt (v) .30 QL 1.00 pYYs) 3220 L1 2200
0.005 0.680  0.955  1.030  1.100  1.180 1.250 1.330
0.010 1.400  1.475 1.550  1.620  1.700 1.770  1.850
0.015 1.75%  1.820  1.900  1.970  2.050 2,120  2.200
0.020 2,050 2,125  2.200 2,270 2,350  2.420  2.500
0.030 2.650  2.720  2.800 2,610  2.950 3.0200  3.100

2AB. The grinding requirements for plants producing 50 tons of clinker daily can
be assumed to be essentially similar to those of the smaller plants considered
above. The only difference is the addition of a mill to prepare the raws. It
is assumed in tae present discussion to be a vertical mill with an initial cost
of USs 30,000, including a full set of equipment. Depreciation and maintenance
are somevwhat lower than for a ball mill and can be estimated at US. 0.35 per
ton.

249. The power installed would be about 100 ki, and the electrical energy con-
sumption would be about 21-25 Fh/ton. GOrinding costs would therefore be:

rav materials (vertical mill) GR = 0.55 +#0.15 § + 24 w
oement (ball mill) GC = 0.40 +0.15 j + 32 w
rvaw materials and cement GR + GC = 0.95 +0.30 j + 50w

It will be realised that, within the approximate estimates made in this report,
there is no appreciabie difference between the cost of ;rinding, per ton of
ocement, for plants of 20 and 50 tonl/d-y capacity. However, this is because a

single mill can be used in the 20-tons-per-day plant, which can practioally
never be done in larger plants.
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250. Plants with outputs of 100 tons/dey can be planned similarly as those with
50 tons daily output, A4s an example, an estimate ig made assuming the use of a
vertical mill for ¢rinding the raw materials and of g ball mill for crinding the
clinker, The initial capital investment for g completely equipped vertical mill
would be about US: 70,000, 1Itg deﬁreciation and maintenance cost can be esti-
mated at US!. 0,45 per ton. The ingtalled electrioal pover to 4rind the raw
materials will be about 200 !, and the electrical enersy oonsumption per ton
vill be about 21-25 'Ih.

251, To grind the cement, the initial capital investment for the mill will be
about U3, 100,000, Its depreciation and maintenance costs will be USS 0.40 per
ton. In this oase the &rinding costs, involving an energy oonsumption of about
2l = 25 kih per ton for raw materials, and 30 - 34 ki’h per ton for cement will
be: '

rav materials (vertical mill)  GR = 0.45 + 0.08 J+* 2w

cenert (rotary mill) GC = 0.40 + 0,08 j + 32w

Homozenigation

252, In a plant with g daily output of 20 tons of Olinker, homogeniszation ocan be
done by quartering and mixing the ground material. One method would be to uge
four silos with a distridbutor in whioh the ground raw material is separately
stored. lMixing is done by emptying simultaneously the four silos into a buoket
elevator, which )ifts the raws up to the above mentioned distributor, thus com-
Pleting the mixing oycle (see figure III). The cost of such an installation
may be estimated at US:: 28,000, tc be amortized in ten years. This would Rean
& yearly depreciation cost of Usy 2,882, including financing. laintenance can
be caloulated at US{ 1,500 per year, and the influence of both items on the

cost of a ton of cement would be US$ 0.63.
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253, The necessary electrical power supply would be 10 k., and its influence on
the oost 1ill be 8 1, lanual labour (2 men) wi1) mean an additional 0.20 j,
rom the fore oin;, the influence on the cost of one ton of cement sill be
0.63+ 8y + 0.20 j. Tor different values of w and j, thig would [ive:

Flectrical Labour cogt
Power oogt

(w) 0.50 0.75 1.00 1.25 1.50 1.75 2.00
0.005 0.790 . . 0.840 0.890 0,940 0,990 1.040 1.090
0.010 0.330 0.880 0.930 0.960 1.030 1.060 1.130
0.015 0.370 0.920 0.970 1.020 1.070 1.120 1.170
0.020 0.910 0.960 1.010 1.060 1.110 1,150 1.210
0.03C 0.990 1.040 1.090 1.140 1.190 1.240 1.290

25/. then the daily plant output is 50 tons, homogenization Vill be done essen-
tially in the Same manner as for the smaller Plant, but with the aid of com-
pressed air. The initial investment wil) amount to US! 30,000, involving g
Yearly depreoiation of UsS 3,123, iaintenanoe cost 1/i1] be US. 2,000 per Yyear,
The total effact on the cost per ton of oement vwill bve USy 0.29,

255, The electrical power required will be 30 &y resulting in an increment of

9 v to the per-ton cost of the cement, and the manual labour recuirement (3 men)
involves a cost inorement of Q,] Je Irom the foregoing it can be seen that the
total influence of homogenization on the oost per ton of cement vill be as &iven

in the relation 0:29 + 10 v + 0.1 j. TIop various values of v end j, it will be
a8 follows:

- Zlectrioal L 008t
power oost

(w) 0.50 .. 0.75 1.00 1,25 1.50 1.75 2.00
0.005 0.390 0.415 0.440 0.455 0.490 0.515 0.540
0.010 0.440 0.465 0.490 0.515 0.540 0.565 0.590
0.015 0.490 0.515 0.540 0.565 0.590 0.615 0.640
0.020 0.540 0.565 0.590 0.615 0.640 0.665 0.590
0.030 0.640 0.665 0.690 0.715 0.740 0.765 0.790

256. In plants producing 100 tons of cement daily, homogenization will be done
entirely by Compressed air. The initial capita)l investment for the equipment
heeded will amount to Us{ 57,000 which, if amortized in ten years, will result
in an annual cost of UsS 5,869. Faintenanoe ig estimated at US 3,000, The
influence of this item on the total oost will be US:: 0.26 per ton of oement ,




ID/wG. 20/4
Page 80

25T7. The installed electrical power requirement will be 50 X¥'"y adding 5 w to the
total cost. The manual labour requirement (3 men) has an influence of 0.05 j.
The resultin; total increment in cost of one ton of cement due to lomo;enization

will be 0.26 + 5 v + 0.05 j. For varyin; values of v and j, the results will be
as follows:

Electrical L cost
power cost _ ;
( 9,50 0,75
00%5 0.310 00323 00335 0-34 00 oo 373 0. 5
0.010 0.335 0.343 0.360 0.373 0.365 0.398 0.410
0.015 0.360 0.373 0. 365 0.398 0.410 0.423 0.435
0.020 0.385 0.398 0.410 0.423 0.435 0.448 0.460
0.030 0.435 0.448 0.460 0.473 0.485 0.498 0.510
Saloining

258. The consumption of eleoctrical energy, in terms of kilowatt hours per ton of
cement, for various types of kiln are given below, as a general orientation.
Plant capacity Vertical Lepol Long rotary Kiln uith heat-re  Kiln (wet

(tons/day) kiln kiln  kiln ( oupsrators (powder process)
Sarvosss) o)
20 2.6 29 37.6 3.6 42.4
50 14.5 22 24,5 3.0 26.0

100 11.5 17.7 19.4 25.2 20.1

259. The minimum installed electrical pover in connexion with the kiln and
acoessories would be as follows:

Plant oymo:)ity Vertical Lepol Long rotary Kiln with heat-re kiln (wet
day

(tons kiln kiln  kiln ( ouperators (powder process)
.xmm_ fod)
20 ST T C - 45 - c B0
50 45 65 70 - 15
100 70 100 115 145 120

It is assumed here that the Lepol kiln is not used for outputs below 50 tons/day
and that heat recuperators are not used for outputs belov 100 tons/day.
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260. The epecific fuel consumptions for the various types of ilns, in kcal fkg
of clinker, are as stated below.

1

Dai 1y cutpu
Type of kiln 20 tons 50 tons 100 tons

Dry_process Vertical 1150 1050 970
Long rotary 1800 1575 1470
Lepol 1130 1050
Rotary, with heat-
recuperator 1050
Liet process Rotary Ikiln 2000 1950 1810

261. PFrom the foregoing data the specific fuel consumption can be established:
for coal with 6500 kcal/kg (nediun-gnde coal), for fuel oil of 10,000 koal/kg
and for natural gas of 8500 lml/n .

262, Specific consumption in tons of ooal (6500 koal/kg) per ton of cement,

tout

Iype of idin 20 tons 30 tons 100 tons 2 400 tons 1000 tons
Vertical 0.177 0.161 0.149 0.146 0.146 0.146

.. Long rotary - 0.277 0.243 0.226 0.205 0.194 0.161
Lepol - 0.174 0.161 0.155 0.151 0.135
Rotary, with heat- ' ‘

mmntor - - ) 00161 00155 00151 00135

Kiln with wet
. processa _ 1 0,308 0. 300 0.278 0.268 0.257 ~  0.223 -

263. Speoifio oonsumption in tons of fuel oil (10,000 kcal/k;) per ton of
- .comant

Vertical L - - C - - - -
Long rotary - 0.180 0.157 0.147 0.133 0.126 0,105
Lepol - 0.113 0.105 0.101 0.098 0.087
Rotary with heat- A
. M“p.ntor - - 00105 00101 0.098 0.087
Kiln with wet

process .. 0.200 0.195 0.181 0.174 - 0.167 0.145

264. Spooiﬁo oonsumption in cubic meters of natural sas (at 15°c 750 mm Hg,

8500 hoal/n ) per ton of cement
Lrpe of iiln 20 tons 50 tons %Mm

Vertical

Long rotary 210 184 173 156 184 123
Lepol - 133 123 119 116 105
Rotary with heat-

recupsrator - - 123 119 116 105
Kiln with wet

process 235 230 213 205 196 170
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265, The influence of calcining on the cost of one ton of cement in a plant
producing, 20 tons of clinker daily is calculated below., The most suitable kilns
for this type of plant are the vertical ones built on the site, the vertical
kiln with a metal-plate shell or the tunnel kxiln, The first of these only is
coneidered here. It would consist of -n aprroximately cylindrical body, built
of bricks and stabilized by a simpl: metal structure of vertical joists and
metal hoops. It will be lined with refractory bricks. Accessories such as the
grill, the feeding opaning and the proportioning and granulating equipment would
be mechanically operated. 4 kiln of this type might cost about US4 59,000.
Assuming an amortizacion period of fiftsen ycars, the annual depreociation charge
would amount to USy 6,074, if 6 per cent financing charges are included. The
influence on the cost per ton of cement will be USy 0.867.

266, Naintenance costs are assumed to bs USY 4600 annually; their influence on
the cost per ton of cument will be UE§ 0.65. Tho inorement in cost of one ton
of oement vdua to the above items will thercfore be: 1.517 + 0.6 j+ 26w+
0.177 CP depending on the actual magnitude of the daily wage (j), the cost of
one kilowatt hour of electrical energy (w) and the price of one ton of the
65C3 koal/kg type of cozl (CP). The actual ocst in 1S3 of burning one ton of
cemant is given bolow; it is assumed that w is USE 0.015.

Fuel cost Lgbour cost {ﬂ )
P . 050 0,75 1,00 1,25 . 1.50 1,15 2,00

13.5 4,53 4,680  4.830 4,980 5,130  5.280  5.430
15 4.796  4.946  5.096  5.246  5.396  5.586  5.696
16.5% T 5.061 5.211 5. 361 5.511 5.661 5.811 5.961
18 5.327  5.477  5.627  5.7711  5.921 6,011  6.227
19.5 5.rc2 5.742 5.892 6.042 6.192 6.342 6.492
21 5.858  6.008  6.158  6.308  6.458  6.608 6,758

267. Kilns suitable Zor plants produsing 50 tons/day of clinker includs the
vertical automatic kiln, the tunnel kiln and the rotary kiln with heat-recupers~
tor. The first of these is ueed herc to deamanstrata the influenoce of caloining
on the final prioe of the cement, Its co-t is ustimated at USS 100,000, If
amortised over fif'teen years, on the annual depreciation charge of UB{ 10.296
will result inoluding finanocing charges.
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268, The resulting influence on the cost per ton of cement will be US: 0.572.
laintenance costs are estimated at U3. 6500 annually, and the influence on the
cost per ton of cement will be US’ 0,361, The total influence of oalcining on
the cost per ton of cement vill therefore be: 0.933 + 0.3 j + 14.5 w + 0.161 CP.
This actual amount will depend cn the labour cost (i), the cost of electrical
energy (w) and fuel costs (CP). The actual cost is as follows, depending on the
values of j and CP and assuming w to be 0,015,

Fuel costs Labour costs “}
(cP) 0,50 0,75 1,00 1.25 1,50 _1.75 2,00
13.5 3.474 3.549 3.624 3.699 3.714 3.8349 3.924
15 3.715 3.790 . 3.865 3.940 4.015 4.090 4,165
16.5 3.956 4.031  4.106 4,101 4.25%06 4.331 4.406
18 4.197 4,272 4.347 4.422 4.497 4.572 4.647
19.5 4.438 4.513 4,588 4.663 4,733 4.813 4,888
2l 4.679 4.754 4.829 4.904 4.979 5.054 5.129

269. Kilns recommended for plants producing 100 tons/day of clinker include the
automatic vertical kiln, the long rotary kiln, the rotary iln with heat-recu-
perator and the short rotary kiln. The first of these is used here to demonstrate
the influence of calcining on the cement price. The price of this equipment is
about US{ 190,000, and its life can be estimated at fifteen years. Annual de-
preciation charges would thus be USy 19, 563, inoluding 6 per cent annual financing
charges. The influence on the cost per ton of cement is Uss 0.558.

270. Maintenance cost would be US. 12,000, which would increase the cost per ton
of cement by US: 0.343. The total effect on the cost per ton of cement dus to
caloining will be: 0.90 + 0.2 j + 11.5 w + 0.149 CP. Belov is given the effect
on the price of cement due to calcining costs, for varicus values of j and CP,
and assuming v « USy 0,015.

Pn-(l °f)m- xm%.tuu )
cP) - g Q.75 - a9 g.zg ,%
13.5 3.13 3.233  3.203 .333  3.303 433 3.483

407

15 . 3.457 3,507 3557 3. 3.657  3.707
16.5 3.631  3.681 3731 3781 3,831  3.888  3.931
18 3.855  3.905  3.955  4.005  4.055  4.105  4.155
19.5 4.019 4129 4179 4.229  4.219  4.329  4.379
21 4.303  4.353 4,403  4.453 4,503  4.553  4.603
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271, A rotary :iln may be used with the wet process. Its price would be about
US, 360,000, including all accessories. If the life of the ln is assumed to
be fifteen years, and 6 per cent annual financing, charses are alloved for, the
yearly amortization costs will be US{ 37,067. laintenance cost per year will
be US3 20,000. The effect of this item on the cost of 1 ton of cement will bde
USv 1.630. The total effect on the cement price, using, this type of kiln, and
assumin, mantal labour to be thiee men per shift, will be 1.630 + 0.1 j + 20.5 w
+ 0.378 CP. Below the actual cost is &iven for various values of j and CS if w
is assumed to be US! 0.015.

Fuel t L t
(9 g o1 ogtwmeld o o
5

135 5.740 +790 5,040 5.940 5.990 6.040
15 6.157 6.207 6.257 6.357 6.407 6.457
16.5 6.574 6.624 6.674 6.774 6.824 6.874
18 6.991 7.041 7.091 7.191 T.241 7.291
19.5 1.408 7.458 7.508 7.606 7.658 7.708

Sement srinding

272, The olinker from the kiln must be mixed with a smsll proportion of gypsum

and then ;round finely until a residue of between 5 and 10 per cent remains
after passin: through an 88-aicron (4900 bolu/enz) mesh. It is assumed here
that grinding is done for 16 hours daily, and the possibility has also been
considered of reducing the initial investment by using the same srinding equip-
ment for both the rew meterials and the olinker in plants producing 20 tons/day.
Under these conditions the daily capacity of the mills would have to be as
follows:

Plant output Urinding of cement only Grinding of both raws

M
20 h o 2.8

50 -

100 -
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273. As examples, the specific elecirical eéner y consumption in kilowatt hours
per ton of clinker for each grindin; system and for each de ree of fineness that

is to be attained (residue remaining after passing throuch an O8-micron mesh).

Per cent Type of mill
Grinding Kiln residue with 88- Simple Uith
system uged micron mesh int iC

Open Vertical 10 22 to 25 20 to 22
cirouit 5 28 to 30 24 to 26
Rotary 10 25 to 28 22 to 25
5 35 _to 36 30 to 32
Closed Vertical 10 20 to 22 18 to 20
circuit 5 25 to 27 22 to 24
Rotary 10 23 to 25 20 to 22
5 32 to 35 27 to0 29

274. Following the above data, the electrical power (in kilowatts) to be installed
for grinding purposes in cement plants of the three sizes considered in the
present report will be as shown below.

W £ t
Per cent
Grinding Kiln residue with 88-
-AYnism. iyne ~Fioron sieve
Opep Vertical 10
eircuit 5
Rotary 10
9
Cloged Vertical 10
sirouit 5
Rotary 10
bl

8/ These figures refer only to the grinding of clinker. If the mill is also
used to grind rew materials, the electrical power requirement would reflect
the requirements of electrical power for this purpose. This is considered
above wnder Drying and irindinc of rev materials.
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Plent vith 90 tons/day cutput
Per cent Pcuer requiremont
Crinding Kiln residuc with 38— Lille with
system type micron mesh Simple mills internal devices
Onen - Vertical 10 110 - L2¢ 100 - 110
circuit 5 .40 - 150 120 - 130
Rotary 10 120 - 140 110 - 120
5 i = 1yu 150 - 160
Clcsad Vertical 10 100 - 110 90 - 100
circuit 5 120 - 130 110 - 120
Rotary - 10 110 - 120 100 - 110
5 162 - 170 130 - 140
Pland it 102 to.s/3. cuiput
" Par cent Pover recui 1
Grinding Kiln residue with 86-- lills with
gystem typc micron mwe<l,  _  Simple rills inte
Open Vertical 10 220 - 240 200 - 220
circuit 5 270 - 290 230 - 250
Rotaiy 10 240 .. 27C 220 - 240
; > M5.- 370 290 - 310
Clased - - Vertical 1¢ 20C - 220 180 - 200
ciroudt . 5 240 - 260 220 - 2%
Rotery 10 220 - 240 200 - 220
5 310 - 3 - 260 - 280

275. Tho effect of the cument grinding on the cos* 232 ton of cement has been
c:loulated far cash type of ~laat under the ouding "rying and grinding of raw
matarials’ and thercfore s mnot considered here. '

Packing and ghipmand

27S. In a plent with a cement output ¢f 2 to-.:/day, packing is normally done
with a simple filling device, and usntity is coniroclled with a weighing machine,
Paper bags are usuaily usod fir packing; thair cost is about US; 1.80 per ton of
cement. The initial cost of this equirment ir cstimstsd at USH 5000. If
arortiszed in ten years, tiis repmrents a yearly cost oi USS 680, The yoarly
cost of maintenznce can te¢ assumed to bs USy 200. The effect on the cost per
von of this part of the jinatallation wili be USy 0.126. The eleotriocal power
requirement will be 10 kil, and the number of men required willi be five., Thus,
tho influence of manual labour and electrical erergy will be, respectively,

0.3 j and 3.2 v, '
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277. The total cost of pecging and snipnon® Will cuntequenily be ns £allows:
US8 1926 + 3.2 v + 0,3 ;. For varicus valies of o are 1; thic implics the
following valuca:
Tlactrical Labour cust ()
power cost
W) 050 075 lewe o125 . L5505 2.00
0.005 2.160 2.970 2.23) 2.7 DL305 2,345 2 382
0.010 2.200 2.227 2.274 2. 511 ?2.3498 2.385 2.422
0.015 2.240 2.2717 2.3.4 2.301 2.338 2.425 2.462
0.020 2.260 2.317 2.354 2.35. 204r 2.465 2.502
0.030 2.360 2.397 2.434 24471 2.508 2.545 2.532

278, I 2 plant with a Ceily owtput 7 B nns o€ aon ey preking is normelly
donic with on autonmatic cement-prelzing acchiae with $uo outlets. The initisl
cost of this cquipront in U3 30,700, wirich, if cpurvized over o Leil=y ooy period,
nocns a yeorly cost of USS 4.0756.  fmani meintoroncy costs will bo sbout
US51,030. The offuct ol both on the sost o onc “91 oF evmont will bo Usg 0.281.
Tho clactrical powsr necded for thiz will B eousu.od two hows per day. The
offact on the cost of 1 ton of corant will 0 0.8 w. I panual labour is assunmed
to be five mon, this iten will wount to C..5 j  The cost of the bags, assuming
thoy are of papev. ism USJ 1.80 por ten of acrent. 5o thoe coust of packing, bogs
ard shirment, pon ton ol cemert. will coanacurntlv by 2,081 + 0.8 w 0.15 j.
congidoring differerce valuos of w and J. the follcwing actual valuos aro
obeain:d,

leotrical Labzer, coet (5
ncuer copt

—aWl L O U915, 1.:‘.“9_ LS SR 110 NN Y BN 1Y
C.005 2,160 2.97 2,224 .ol 2.30C 2,345 .382
0.C10 2,200 2.237 2, 974 2.7} 2.248 2.385 2.422
0.015 2.240 2.271 2 L4 2,35 2,388 2,425 2.462
0,020 2,230 2.317 " 354 2,30 2.4%5 2.465 2.502
0.030 2.360 2.397 Zall" 2,47" ~,5°8 2.545 2.582

2{9. in a plant with & come.$ oculpu: of JU0 tong,/day, pocking is dono by an
avsowasie packing meciipo with tuwn oulicts 2 a ccrvoyor bolt (20 m long) sun-
ring from the nilos *o tho delivary quov. The initcal - ord 0f this oquipront
will bte US$ 33,700, and i*c voking 132 ig as~uped to b ten years, Its
amuil deprocietion cost will thosetore bo U3l 4,484, and annual maintenance ‘
cos®s will be US3 1,000, Tha otfoct toeee char ges bove ca tho cost per <ion of

cament #will be U3S 0.157. Tho oleeticel power tc opurave his will bo obout

<> kW, and it wili oporzic opprox - amceedy fonr houre mer @oye The sost of

olectricity por ton of coment will +ho=ufose e 0.3 w. HManuzl labour is cstime-

ted at threo men. Thus, wnanual labour soe® por ton of coment is 0.1 j. (It

~
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will be advisable to have nine men to load truciis.) The cost of paper bags per
ton of cement is US. 1.30. Total cost of packin ana shipping per ton of cement
is therefore 1.957 + 0.8 w + 0.1 j. The folloving are the actual amounts for
different values of w and j.

Dlectrical Loboar cost

power cost

) 0,50 0.75  ____1.00 1.25 1.50 1.75 2,00
0.005 2,011 2.036 2.061 2.036 2.111 2,136 2,161
0.010 2.015 2.040 2.065 2.090 2.115 2.140 2,165
0.015 2,019 2.044 2.069 2.094 2.119 2,144 2,169
0.020 2.023 2.048 2.073 2,098 2,123 2.148 2.173
0.030 2,028 2.056 2.081 2,106 2.131 2,156 2,181

Preparation of fusls and additives

280. Because of their zreat variety and ths wide range of differences in the
proporijions of them that are used, it is difficult to evaluate the influence
of the costs of fuels and additives on the cost of the finished cement. Con-
sequently, only the influences of the costs of drying and grinding of coal and
of the crushing of gypsum are considered here,

281. The amounte of coal and of electrical energy used per ton of finished
cemernt can bs estimated cr equivalent to about 15 per cent as much as is re-
quired for the diying of the raw materials. The capacity of the coal-drying
installation, assuming tkat it operates for eight hours daily and that drying
is done separately from grinding, should be:

Plant capacity Capacity of drying in-
(tons/day) 8
20 1
50 2.5
100 , 5

282, The consumption of electrical energy for coal-drying, per ton of cement,
and the installsd electrical power vequirsd for this purpose will be as follows:

Plant capacity Cocnsumption of electrical Installed powe
._.(.mﬁ.)._to enorgy (idh/ton of cement) mm_(smz
20

0.20 105
50 0.17 2.5
100 0.15 5.5

2/ If all raw materials must be dried.
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283, The amount of fuel, in terms of kilograms per ton of cement, recuired to
dry the coal would be as follows:

4 content of the co r cent
Fue] used A S 2 2 15 18 2 24,
Coal (6,500 kcal/kg) 2.1 3.1 4.3 5.8 6.9 8.4 9.8 15,0
Fuel oil (10,000 'xal/kg) 1.4 2.1 2.8 3.6 4.5 5.4 6.4 1.4

If the gases from the oooling clinker are also used in the drying of the coal,
fuel oconsumption can be reduced as shoun below, since about 17 kcal of heat can
be recovered per dlogram of clinker.

Lgter content the co. cent
Fuel uped A 6. 9 12 15 18 a2 24
Coal (6.500 koal/rg) - 08 2.0 35 4.5 61 1.5 9.0
Fuel o0il (10,000 koal/kg) - 0.6 1.3 31 3.0 39 4.9 59

Nevertheless, the use of these tases from cooling cannot eliminate the need for
an auxiliary oven, since the clinker cooler operates only intermittently,

284, Before use in conventional vertical kilns or grinding for use in kilns of
other kinds, coal must be orushed so that the particle diameter will not exceed
30 mm. This can be acoomplished in roller mills with a consumption of electrical
energy similar to that for the crushing of rew materials. Assuning operation
for sixteen hours daily, consumption of electrical energy and the requirement
for installed power would be as follows:

Plant ity Electriocal ener;y consumption Installed
_me)_ ———(iha/top) eewer (ki)

20 0.54 2
50 0.54 4
1C0 0.5¢ 6

285, Coal is normally ground in closed-circuit mills (open—circuit mills are
rarely used) at the same time that it is dried. Tuel consumption is about the
same as vhen the drying is done separately, as desoribed earlier.

286, Vertical or ball mills are éenerally used. The consumption of eleoctrical
power in terms of kilowatt hours per ton of cement would be as follows, assuming
a 16-hour day, for coal of various degrees of hardness:

Type of Vertioal mill Fanned ball Ball mill with open
Soal —Bill ciroujt

Boft 10.0 17.5 24.4
Semi-hard 12.5 '19.0 26.0

Hard 14.5 21.8 28.0
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The requirement for installed electrical power for coal-grinding, still 16 hours'

daily operation of the mill, would bs as follows in each casel p11 mill with

Plant capacity Vertical mills ranned ball mill open circuit

tons ) Soft Semi- Hard Soft Semi- Hard Soft Semi-  Hard
coal hard coal coal  hard coal coal hard .coal

coal e Scal coal —_—
20 20 25 30 32 35 40 45 50 55
50 45 55 65 80 35 95 110 115 125
100 90 110 125 155 165 190 210 230 245

¢87. To calculate the unit cost attributable to the drying and grinding the coal,
it is assumed that ¢rying is done in tho coal mill, vhat the initial humidity of
the coaul is & per cent, anc that (e : from ths clinker cooler is utilized. Refer-
ence vill be made only to a plant with a cement output of 100 tons/day, Aé 1t is
assumed here that plants with 20- and 50-tons/day capaoities are fitted with
vertiocal kilns, for which the cosl reeds only crushing, not grinding,

288, The initial cost of the coal-rrinding mill is about US. 20,000, including
auxiliary equipment. If amortized over fifteen years, the annual depreciation
cn?% will bo US. 2059. laintenance will be US:i 200.
rer ton of cement of US:! 0,065,

The two items imply a cost
Cost of electrical eneriy, in accord with data
; cited above, is 19 w and fuel cost is 0.6 CP.

men are neednd, is 0.04 j pei ton of caement.

Labour cost, assuming that two
Thvs, total ccst per ton of cement
attributable to dvying and grinding of coal will be USE 0.965 + 19 w + 0.0008 CP
+ 0.04 j. Acruming the coet of manual lakonr iz USH 1, the comt per ton of

cement, dependin; on the values of C au” 1, Will be:

Llectrical Tue), coste (CP)

rcver cost

) N 132 L 6.5, . .18 .. _19.% g1
0.005 0.211 0.213 0.216 0.218 0.221 0.22)
] 6.010 0. 306 0.308 0.311 C.313 0.316 0.2.8
H 0,015 0.401 0.403 0.2.5 0.408 0.411 0.413
2.020 0.496 0.493 0.501 0.503 0.506 0.508

0.030 0.586 0.638 0.691 0.693 0.696 0.698

289. Gypsum crushing is done in a hammer mill with an initial ocost of about

USv 600. If the life of “his mill ip six years, the annual anortization charge
will be US3 125,

The annual maintenance costs will amount to USy 80. Henoce
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the cost of this item per ton of cement is USy 0.005. The required installed
electrical power is 15 ki, with a cost of 0.063 w., lanual labour, involving
one man, will be 0.01 j. Thus power n.ndllabour 600135—1;91‘- ton of cement will
total USY 0,006 + 0.063 w + 0.01 j. Assuming w = 0.015 and j = 1.00, the cost’
of gypsum orushing per ton of cement will be US§ 0.017.
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CHAPTER SIX
INSTALLING CEMENT PLANTS IN DEVELOPING COUNTRIES
General ‘

290. The problem of cement mwwufacture in a country in the first stages of
industrial devclopment should be congidered in relation to its economy as a
whole. The initial research includes the aspects that have been mentioned at
the beginning of the second chapter of the present report. lising such data,

it is possible *o develop an initial programme that includes the determination
of the number of plants to be installed, the capacity of each and the possible
expansions of these plants in the immediate future; thet is, within the next ten
to fifteen years. The cost of these prior investigations should not be ascribed
to a given plant, since it is a preliminary tasi that applies to the entire con-
struotion industry and to the general development programmec of the ocountry.

291. Following the decisions taken as described above, a specific study for each
particular plant should follow. Thecse specific studies establish the location,
volume and accessibility of deposits of raw materials, the characteristics of
whioh should be checked by appropriate field and laboratory tests. The findings
should be used to determine plant location, system of manufacture to be used,

and decide amony alternative methods for exploiting the depcsita.

292, The economio studies required to determine the financial commitments that
will arise at various stages of the plant-development programme will include
thesa four olementss (a) general study of tho plant, (b) initial capital invest-
ment, (o) exploitatiocn of the doposits of raw materials and (d) marketing of the
oement that is to be produced. If the findings of thece eccnomic studies justify
the establishment of a cement plant, a contract for its design and construotion
should be negotiated. It is advisable to assign the ocontract for the entire pro-
Ject, inoluding the supervision of ocnstruction, to a specialiszed organization
that can oco-crdinate and inspect the manifold phases of design and construotion.
The number of oontractors, sub-ccntractors, suppliers, crecticn specialists and
the like will be large, =nd close co-crdination and supervision will be necessary
to prevent confusion, delays and unacceptable work.

293, The contract should cover all of the following aspects of the proposed

operation:

(a) Arrangements for the cxploitation of the raw materials and their trans-
portation to the plant
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(h) Provision of access roads, communications, and water and electric:l powor
gupplies

(c) Design of the plant itself, which would include civil engineering (including
site conditioning, sanitory anzineering, sanitary installations, buildingrs
and internal cor:ummic:tions),sclection, arrangement and instullation of
the machinery, nd provisions for the distrioution of high~ wnd low-tencion
electrical power. (In some cases, the installation of an electpicsl power
plant will be nececssary,)

(d) Monufacturing and exploitition methods

~y A

=% The actucl construction of the plont will iavolve (a) civil wiginaering,
including scheduling of construction, (b) survoying of the plant site, (c) tn-
spection of tho work, when completed s well as whilo ia pregress, (d4) approval

of poaymonts to the contractor, and {e) finnl settlement of amounts duc to suppliers,

subcontractors and the like.

295« Machinery installation will include the following phasas: (a) scheduling of
machinory erection, (v) reception, transportation to the site and storase of ime
ported and locally manufactured machinery, (c) inepection of the machinery ercction
in goneral, and the complction of the sccondary installations, (d) period of
operation of the machincry without load, (e) operation of the machinery with loads
and fuel, (f) tuning the machinery to full working order and (&) scttlecment of
outstanding claims. The electrical installation wnd other services will pass

through phases of dovelopment similar to those doscribed for mochinery,

ﬂmt With a cyilent output of 20 tons[dg

296. Since many new coment plants will be needed throughout the world, especially

in the developing countrivs, it would appear to be desirable to rationalize thoir
oonstruction by the design of standardized elements, which might e tcrmed "baszic
elemonts™, envisaged for moan operating conditione with reapcct to fuels, raw
materials, communioationc and supply of cleotrical energy. These basic eluments
should be easy to transport and adgsemdble, have uncomplicated mechanisms and be

low in cost. They chould be centred on grinding (with either separate mills for
rew matorials and fuel or =2 singls mill for both purposes) and calecining. Theso
basic clements, with their connexions, attachments and the like, could be combined

into standard groups or =ssembliza.

297. Bach 20-ton-per-day plant should be so planned that it could bo set up using

alternative combinations of these basic sle .nts. Only rarcly should modifications




1D/WG. 20/4
Page 94

bo roquired that would invelwve n grcator dugree of mechanization tham that
provided Ly the basic oliments.  These plants should be casily capable of casy
and economicnl cxpanaion to daily cupacitics of 50 to 60 tons of coment. The

functional pottoern of puch & plant hos been sketcloed in figure VII.

294, Such standardizetion would sorve at lenst the five following purposess

(2) reduction of the desien sost for individual plants, (b) reduction in the cost
of machinery, (~) stendardizotion of plant asscmuly, thus permitting cconomies in
both timc and cost, (d) facilitation of the interchonge of spare parts and (o)
contralization of the treiaing of personnel. Contres having pilot plante with
production ccpacities in the range of E=10 tons/dc;y could be suitable for the

purpoge of investigating the feasibility of such standardization.

#97. The amounts of capital and labour required, tha ¢lectrical power supply to
be installed ond the technical production costs for such a 20 ton/day plant can
be cstimated on the besis of the dats presented in the third, fourth and fifth

chaptors of this report. A typical cxample is preosonted in tabular form, based

on the following assumptions: (a) gencral conditions in the sountry - dry climate,
eagy accoss to plant site, mean daily wege (j),US $1.00; (b) costs of materials -
eloctrical cnorgy per kilowntt hour (w), US $0.015; fucl and lubricant (&as oil)
oost por litre (CL), US £0.06; (c) fuel - coal (€500 kcal/kg) per ton (CP), US
$16.00; fuel oil per kilogram (F‘o), US $0.03; (d) row materials - carbonate~ri~h
marls (6 per cent humidity), ciay in e10ily cxploited deposits. No calculations

arc made for fusion and correstive agants, ’ T T e

300, The installed power (kW), the number of cmployces (NZ) and the ccat of
machinery and assembly (in US S1000) aro approximztely as follows:

4] NE US_$1000
I - Proparation of matorials
Managoment and control

Quarrying (by hand)
Transport to crushor
Crushing




kW
IT - Transport~tion and storage -
Hanagement wnd control -
Transportation to gilog -
Homogenization in gilos -
0

IIT - Conditioning of raw matorials
Hanagoment and control -
Trensportation of materials -
Drying of raw matorials 3
Urinding 120
Homogonization Ao
133

IV - Caloining

Monagement and control -
Transportation to kiln -
Kiln, including granulation 25
Transport of crushed clinker —
25

V ~ Comont grinding

\1'!\}4’.‘_)’—4

lf\:\nl—*bm

14

O -2 n

Similar to "Conditioning of raw matorial 8", 28 shown

VI - Homogenisation of cement and storage

Hanagement and control -
Transportation to cement silo -
Packing, shipping and various 22

15

Misocellanecus

Btor‘ago”of fuol and wator ete. 5
Workshop, astoros, laboratory cte. 10
Plaming of site and approaches 2
Electricity grid —

17

'C"\uf\)

11

abova,
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"o

US_$1000

31
43

109

78

30

13.00
15.50

11.50
19.00
3.00

28,00




1D/WG.20/4

Page 96
- MO US £1000
Sumnary
Proparation of materials 25 25 13.30
Tronsport and stornze J 1 1.50
C'onditioning of raw motarials 133 14 109,00
Caleining 25 22 80,00
Comont crinding ¢ e 0
Homogonization and storaze 15 11 15.50
of cement
Miscollancous a1 a4 )
215 93 280.80

301, Tho ostablishmont of o plant with & olinker output of 20 tons/dqy, i.o.
producing about 7,000 tono/yoar, might involve ~ capital outlay of tho following

magnitudos
Machinery and asscmbly us$ 280,800
Civil ongineoring works 220,000
Miscollaneous §0,000

Total Us$ 560,300

302, Production costs would vary considcrably, but in accord with the data given
in tho precoding chapter, they cen be ovalucted approximatoly as follows:

Financial chorces (amortization of USS 560,300 oveor

15 yoars, at 6 por cent ’ Us$ 8,248
Labour 4,350
Electrical onorgy 1,650
Fuel - . 2,320
kwutivas/ and administrative stoff 2,300
Miscollanoous —ha300

Total Uss 21,268

2/ This itom is very voriable. For a smallescalo operation such as that
dosoribed hore, tho cxpinse of an executive staff of about five persons would
incroase the total production coet oxcessively. It is therefore sasumod,
in this oxamplc, that tho cost of thc aexeoutive team is distributed among
three similar plants.
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303, If the coement is to e 3hippud in prper bngs, their sos* muat o ollowsd ©op,

A

As already noted, this cost coil be estimatod rouzhly -t 'S JL.4 nor ton Hf ~omont.

4|
o1 &

Hency the sost of tho -omant, ot the plant loaded on tracks, vould wnownt to beud
US $23.10 per ton. The eclling prise of ‘he acment would 't sours: t. higher,
since overhcad axpenscs, distriuuiion costs, morkoting, fouos, jrefits ond th
like must bo 2dded. Accovnt ~1s50 must be t-szeon of She cos. of wrrnzporting the
machinery to the site, enpesinlly if it ~we boon impericd, in which 2 .52 cugtoms

.

duties, import liconges ~ad th: like must be insluded ~x well, {£.0 Ancix tarla,)

!Mt gutput of o toag/c-

304. As in the previous cage, the soment nl-nt with an outmit o 50 t-ons/d:v

should be sulject to o scneral study to determinc A nunbor of »-gin eloncats,
dosigned and tested to work with vorious czleininz mothods (vertical <iln, twancl
kiln ctc.) and ueing aifferent types of rrw metori~ls. The dosign of thc standord
elements should involve o thorough tochnicnl inveatizntion to Lring into> full
development the various manufacturing phos.gs, -8 emphosized in the coursce of thisg
report. If 2n ingtallation similar to that -t the Ins*ituto “duardo Torrojo e
ugod, the development of the principal standardized zlomeonts should trice only
about two yoars. 3Basically, tho aspccts that would require detoiled study -nd
dovelopment are those rolating to enlcining in vertic-l <ilna, tunacl kilng ~nd
short rotary kilas, with and witihout hont recuperators,  the drvinge of raw
materials should be mnde simplar and luss costly ~nd thoir in-pl-nt trongportation
should be standardized ns for -~s possiblc. The wrying aad grinding anits would
require most attention in rescarch, since i very small piwts ths fuol consunp-

tion for drying may be disproportionntcly higher than thrt “or unleining,

305. The slketsh in figure VIIT sivos - general pattern of o cement plant wiith an
output of 50 tons/dzy that is onvigaged as an oxtension oY A 26 tons/day piant,
the basic difference being that the larzer nlunt has o milla; oanc for row
matorial and onc for clinker. The raw moterinlg mill wili preforaly be a
vertical ono, since mills of this kind are rclatively inexpeasive. 'he comont
mill is the same o8 for the smalior plant, it it only grinds ccment, ~nd not
raw materials. Quarrying oper~tioas will be rather more mechanized thon for the
smaller plan$, -o-nd in mony cnsce it would even bo advisablz to have = loading
shovel. The crusher used in the smellor plont sould serve in this larc.r onz,

but the focding system should be improved to regulat. production, sumncrizing
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the data gzivon in provious chapters, it is rolatively casy to obtain the opproxi-
mate omounts of invest:d sopital, installed pcuer, number of cmployecs ond working
cogts for - plint producing 70 tong of clinkor daily; i.c. about 18,000 tons of

cement annually.

306, A3 an oricntation, and on th: eamo basis s was donc above for the 20 tons/
day plent, caleulations ~re ziv:n bclow for a plant with an output of 50 tons/day.
Tho instolled powor (ki¥), the labour requirement (NT) and the cost of machinery
ond asgombly (in US$) would be spproximatoly =5 followa:

B @ @

Preparction of materinls

MHanaromont and control -
Juarrying (by hand) 5
Tronsport to erushor -
Crushing &3

3

II Transportation and storage
Hanagoment and control
Transport to siloc
Homogonization in silos

III Conditioning of ruw uctorials
Managomont and control
Tronsport of matorials
Drying of raw matorial
Orinding (vortical mill)
Homogonization 9
156
IV Caleining
Hanagoment and control -
Tranaportation to kiln -
Kili, including sranulator and J: 5]
feoder 45 131

3/ Drying ncod not be a acparate operation; it can be done together with the
grinding.
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kil Mo Us _$1200
v Coment grinding

Manogenent and control -
Troansportation of ground clinker 10
Connlete mill 130

Coment homogenization, powdor 20
removol nd various

Trongportation to coment silo 10

VI Packing and shipment
Management and control

Packing, shipment and various 30
30

Miscellaneous
‘ Storage of water, fuel etc.
Workshops, stores, laboratory etc. 15
Planning of site and approaches 2
Electricity grid -
19
Summary
Preparation of materials 30 50
Transport and storage ' 5 14
Conditioning of raw materials 166 a 20”
Calocining 45 20
Cement grinding 13
Packing, shipment and various 30 13 42

Miscellaneous A0 29 83
Total 486 149 533

3C7. The plant producing 50 tons of clinker daily, i.e. about 18,000 tons of
oement annually, might involve the following capital invostment:

Machinery and assembly US$ 533,000
Civil-engineering works 421,000
Various &‘000

. US$ 1,034,000
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373. Although production costs can vary considerably, they should be basically

as described in the previous chapter and can be evaluated approximately as follows:

Financing charges (amortization of US$ 1,034,000 over

15 years, at 6 per cent annually) Uss 5,915
Labour cost 3,021
Electrical energy | 1,787
Fuel 2,578
Exeoutive and administrative staff 2,300
Miscellaneous (10 per cent) 1,560

Total Us$ 17,004

309, As with the smaller plant, if the cement is to be shipped in paper bags,
their cost (approxi.ma,tely US$ 1.80 per ton of cement) must be considered. Thus
the approximate production cost, per ton of cemeat at the plant, loaded on irucks,
would be about US$ 17.30. Here, also, the actual sclling price would be higher,
since it would have to include marketing costs, overhecad, profits, distribution
taxes, and the like. Also, as in the carlier example, thoe cost of transporting
the machinery to the plant site must be considered, especially if it is imported,
in which case customs dutios, import licences and the like become important cost
olements. (Seec Annex table.)

P Wi cement o t of 1 ong

310. The operations of relatively large-soalc plants (that is, those with outputs
of 100 tons/day) differ considerably from those of the smaller ones (outputs of

20 and 50 tons/dgy) that havc been considered. For the conditioning of the raw
materials alone, two administrative posts would be required. Quarrying and trans-
portation of the marls is donc in a manner that will maximize the use of manual
labour, with tho use of wheelbarrows, so that 61 persons would be thus employed.
The initial investment in this situation would be very low, of the order of

US$ 3,000, and the effoct on the cost per ton of cement, attributable to quarrying
would be US$ 0.78, assuming a daily wage of US$ 1.00. Tho excavation of clay
materials would imply an investment of about US$ 1,000 and would involve the
employment of 10 persons. The influence of this item on the cost per ton of oement
would be US$ 0,16. Thus the excavation of marls and clays would provids employment

for 71 manual labourcrs and would involve an investment of US$ 4,000, Its influ-

ence on the price per ton of oement would be about US$ 0.940.




ID/W3, 20/4
Page 101

311, Transportation, although done primarily with hand labour, would probably

also requirc the usae of two trucks, for various purposes. This would involve an
investment of about US$ 11,000, amortized over five years, and thc employment of
four persons. The influonce of thig added transportation cost on the per-ton ceost
of cement would be US$ 0,25 if the mcan wage were US$ 1.00 and gas-oil cost werc
US$ 0.06 per litré.

312, The uso of an impact crusher would rcquire the installation of about 50 kW of
eloctrical power and a yearly clectricity consumption of 42,700 kWh., The initial
invostment costs would be US$ 15,000 for tho machinory and motors and Us$ 7,000
for assombly costs, including auxiliary clements and the clectricel grid for this
part of tho plant. Two labourcrs would be nceded.  If the cost of onc kilowatt
hour is US$ 0.015 and the mean daily wage (j) is USS 1.00, thc influence on the
cost orf the comont attributable to manual labour, ecncrgy and maintcnance, would bu
about US$ 0.170.

313. The preparation of the raw materials would thorefore involve the following
costss

Labour roquiroment (NE)

Managomont 2

Marl quarrymon 61

Clay quarrymon 10

Drivers and mcchanics 4

Crushor operators £
Totel ND 79

Capital invostmont
Tools and trucks, amortizod Us$ 15,000
ovor 5 years

Machinory, amortizod over 15 ycars 22,000

Civil-engincering works, amortized over 20 yoars 58,000
Total invostmont UsS$ 95,000

Financing oharges for thc amortization at
6 per cont intorcst of the investod capital
givon in the preovious hecading

Tools and mcans of transport Uss 3,561
Hoavy oquipmont 2,265
Civil-engincoring works 037

Total Us$ 10,883
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Influenco on the cost por ton of oomont

Quarrying Us$ 0.910
Transportation 0.245
Crushing | 0.165
Finanoing oharges 0,310

Total Us$ 1,630

31/, Production ocosts oan bo roducod eacily by mochanigation of quarrying and
transportation. This would moan an additional investmount of about US$ 60,000,

but tho numbor of jobs would bo roduced by more than half, and this might not bo
dosirable whoru one of tho objoctives of industrialization is to provido pormanont
employment in som¢ scotions of tho population,

315. If most of tho manual labour usod in tho 100 tons/day oporation for trans-
portation and storago is oonocontratod at tho quarry faco and in outdoor trans-
portation, it is to be undorstood that the plant should de ooneiderably more
mochanisod than the 20- and 50-ton/day plants that have boon oonsidercd, sinco
indoor transportation by hand is unsuitable for the largo-scale oporation oone
siderod hores Two porsons can organizc and operate the transportation from the
ocrushor and clay bin o tho matorials storago. Transport from the orushor to
storage oan bo done with a oonveyor belt whosc ocost will depend upon its longth
and slope, but in goneral terms it will amount to US$ 18,000. To oonsorve foroign
ourronoy, tho plant oan be planned so that the same bolt can oarry both tho limo-
stono and the olay. This could be dono by the addition of supplemontary longth, L
that might cost about US$ 8,000,

316. The distribution of matorials within tho storage faoility should bo done from
above, and it is natural that this also be done by a convayor belt systom whoss
cost, including bins, guides, oto., might bo of tho order of US$ 20,000, 1Its
opaoration should oocupy two mon. Although the olootrical power roquired to oporatc
indoor transport may vary oonsidorably, it oan be roughly ostimatod at sbout 20 kW,
The silo ocapacity should be about 15,000 m3, to dcal with a threo-month output,

and it oould bo provided with a bridge oranc or onc with undor-sido unloading.

317. Exporicnoo has shown that, in casus similar to this, it is choapor to unload
at the ond, with tho aid of tubs, which arc ocarriod by oonveyor bolts and buoket
elevators, Howavor, it would bo advisablo to havo a loading shovel for auxiliary
operations., This might ocst about US$ 12,000 and roquirc ono men to oporate it.
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Within the genoral systoem whoreby unloading is donc at onc end, therce arc many
variants. Tho simplust of thosc is to load the material on hand trucks and move
it to tho mill bins. Tnis can be donc whon the ground has o suitable slope, and
might providc omployment for 20 men. An alternative would be to us¢ a travelling
hopper with a spocial scrapor. This arrangemont has the edvantapgs of providing
good homogonization, but the equipment is very cxpensive and noeds two men to
operato it. Pinally, fixed bins can be utilized, unloading straight on the con-
voyor bolts. This third systom is simpler and cheapcer to operate than tho sccond
onc. It also roquiros two oporativos.

318, For tho purposos of tho 2xamplc undor congidoration, and only to provide a
gonoral oriontation, transportation by hand is assumed. This requires very choap
installations, costing only about US3 10,000. Storage and homogonization costs
oconsequontly givo tho following fimurcs:

Lebour roquirement (NzT) 25
Capital invostmont
Machinery (amortization over Us$ 58,000
15 years)
Civil work (amortization over 63,000
20 yoars)
Total Us$ 121,000

Finanoing oharges por yoar to amortize
machinory and civil works, at 6 por

cont annually Us$ 11,426
Influonoce on tho cost por ton of cement
Manual labour Us$ 0.211
Enorgy, fuol, maintonance and 0.119
misoollanoous
Finencing charges 04697
Total Usé  0.937

319. Production costs can be reducod by almost the total of the manual labour
costs, i.o. U3% 0.15 por ton of ccmont, morcly by mochanizing transportation.
This would ontail an invostment of about USJ 35,000, but would duprivo about
18 men of thoir livelihoods, but this solution will have to be adopted in many
oases if oonditions are less favourable than they arc assumed to be in the

abovo examplo.
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320. In thc conditioning of the raw matcerials, the tasks of inspection and control
might occupy two men. If, as has boen assumed, the raw materials have a low
humidity (approximately 6 per ccnt), they could be dried in the mill itsclf, moraly
by the addition of an auxiliary oven. However, to take a more typical situation,
we shall assume the nced for prior drying and the cmployment of two men for this
purposo. The drying installation will requirc the installation of 12 kW of
¢loctrical powor and the invostment of US$ 45,000, amortizod over 10 yoars. Tho
influonce of labour, c¢lectrical cnergy, spare parts, maintonanco and the liko on

tho cost por ton of cement is about US$ 0.83.

321. Trensportation from the drying installation to tho mill should bo done auto-
matioally. The cost of clcvators and convoyors might be about US$ 5,000, and
necessary installed eloctrical powor about 5 kW. The grinding equipment should
include a vortical mill with a capacity of about 10 ton/hnur, with recirculation
circuit by air, filtors, cyclonos and fans, and costing about US$ 70,000, to which
another U3$ 10,000 should be added for accessorios and assembly. The requirod
olectrical power installation would bo about 200 kW. Fivo men would be nceded to
oporato this cquipment; the cost of labour, maintonance, clectrioal power,
lubrioants, sparc parts and so on would mean a furthor cost of US$ 0.69 per ton
of comont. Illomogenization requires an invostmont of US% 57,000 and the installation
of 50 kW of oloctrical powor. Threo opcerators will be noedod. The assembly of
this soction and its accessories will coat approximatoly US$ 8,000, The influcnce
on tho final oost of the oomont attributable to supply of power, maintonance and
labour isg US$ 0.215 per ton.

322. Honco, in a ooment plant with a deily capacity of 100 tons, the conditioning

of tho raw matorials involvos tho following total costs:

Labour requiroment (HE) 10
Capital investmont '
to bo amortizod over 10 yecars Usd 50,000
to bo amortizod ovor 15 yoars 145,000
Total US$ 195,000
Civil-ongineering works, to bo US$ 143,000

amortizod over 20 yoars

The amortization charges at 6 per cont yoarly on the above invostmont arc as

followss
Us$ 50,000 over 10 yuars usé 6,794
US$ 145,000 ovor 15 yoars 15,945

US3 143,000 over 20 yoars 12,468

Total us$ 35,207




ID/WG.20/4
Page 105

The influence on the cost per ton of cement can be estinated ag:

Doprociation Us$ 1,004
Exploitation 1 (-’ii
Total Us$ 2,637

The roquircmont of installod cleetrical power will bo about 270 kW,

323, If, for oalcination, o vortical automatic kiln is adopted, two men nay be
ncoded for its suporvision and control. Allowance should bo made for automatic
transport by mcans of a buckut clevator, which may cost about Use 4,000, including
assombly and accossorics, to be amortizod in 10 ycars., The inetalloed ¢lectrical
powor will bo 10 kW. ThHe cost of transportation, including nmanual labour, rupairs,
elootricity ctc. will be about USS 0.05 per ton of ceonont.

324. The vertioal kiln for a plant of this size will be approximately 1,80 m in
diametor and 8 m high. It will cost USC 190,000, and its asscmbly and putting
into operating order will amount to US¢ 50,000, including ~ll nccessorics and the
more ossontial spare parts. Elevon mon will b nceded to opernta it, and the
installod clootrical power neccossary will be 70 kW. Civil-cngincering works will
cost nbout USY 83,000, including clinker-storage, silo, conveyor beltl, coolers ote,
Annual maintenanco cost, including rceplacoment of rcefractory meterial, is about
US$ 12,000. The cost poer ton of coment attributable to labour, maintcnance,
eloctriocal onorgy, fusl watc. is about Us$ 3,18. Consequently, the calcin~tion
part of the coment-production proocss ontails the following costss

Labour roquiroment (NE) 13
Capital invostmont
- Amortizod over 10 yoars Uss 4,000
Amortizod over 15 years 328,000
Total Usé 332,000
Finanocing charges to amortize the
installation:
Amortization in 10 ycars us$ 544
Amortization in 15 yoars 33a1le
Total Usy 34,316

The offaot on the cost per ton of coment will be USS 1.00. Rffoct for the calcine~

tion procoss on the cost of production, por ton of comont, will be

Depraciation usd  0.970
Exploitation 32134

Total Uséd 4.104
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325. Coment grinding in this typical coment plant of 100 tons/day capacity would
be dono by tubular open~circuit mill, with fans and dust installation but without
oloctrostatic filtors. Only onc opcrator would be ncededs Thoe installation cost
would bo US% 100,000, plue US$ 10,000 for aggembly and accossorios. Tho manual
labour requircment might be 5 men, and installcd cloctrical power about 350 kW,
Cost including manual labour, ropair of stccl shell and lining, grinding elcmonts,
maintenance, cloctricity otec. might amount to US3 0.76 per ton of cemcnt. Comont
homogenization, transportation cte. would requirc 2 mon and 50 kW of olootrioal
powor, with a cost of US$ 50,000, inoluding asscmbly and sparc parts. This would
add US$ 0.16 to tho per-ton cost of coment. Honeo, milling and homogeonizing gives
the following figuros:

Labour roquirement (NE) 8

Capital investmont in machinory Us$ 160,000
and asscmbly ‘

Civil-cngincoring works Us¢ 50,000

Installed cloctrioal powcr 370 kW

Financing: ycarly charges for
amortization over 15 yoars, at

6 per cont interost, would b Us$ 21,624

Yoarly cost por ton of comont will bo:
Deprociation Usé 0.773
Exploitation 0,736
Total usé 1.509

326, Btorago, packing and shipmont will roquire 4 mon for administration and oon-
trol and 12 labourcrs. The required installod oloctrical power will be 50 kW, the
civil-engincoring works (including the silos) will oost US$ 132,000, and machinory
will oost US$ 45,000. Tho influecnce on the cost, duc to supply of powor, mainton-
anoc and labour, of storage, packing and shipment is US$ 0.140 por ton of comont.
The financing charges to amortize the machinery over 10 yoars, at 6 por oont
intorcst, and the emortization of tho civil-ongincering works ovor 20 yoars will

be as follows:

Hachinery Uss 6,114
Civil-ongincering works 11,503
Total Us$ 17,622

This implios a cost of US$ 0.55 por ton of ocmont.
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327. Storagc in zilos and packing involvcs the following cxpenseas

Labour requiremunt (NE) 16

Machinery investment (including Us¢ 45,000
assombly)

' Civil-cenginocoring iavestmont S Us3 132,000

Installod powor 50 ki

The cost of the abovae itcms per ton of cemont will Lo

Dopreciation UsS  0.533
Exploitation —l3136
Total Use 0,669

328, Various othor itcms such as workshops, stores, water and fucl tanks, and
laboratorics will mcan an investment of about USS 70,000 in civil-engincoring
works, to which a furthcr US$ 133,000 should bc added to cover prior work such

as sito-lovalling, construction of approach roads and sitc planning, A total of
US$ 203,000°'will be imrvolved, to ho amortizod- over 20 yoears., The financing chargos
for tho above would bo US$ 17,700 per year, implying a cost of USS 0.521 por

ton of occment,

329. Eloctrical installation, workshop equipmont and the likc might amount to

Us$ 80,000 which, if amortizod ovor 15 ycars at 6 por cont interest, would cost
US$ 8,237 por ycar. This would moan an cffect of USS 0.142 on the cost por ton
ol comont, Tho labour roquircmont for these ancillary scrvioccs, such as workshop,
laboratory and maintenanco, will be about 25 nmenj this would add USE 0.25 to tho

cost por ton of oemont. These various scrvices will involve the following amounts:

Lebour requirement (NI) 25

Capital investmont in machinery sy 80,000
Civil=engincoring Us$ 203,000
Installed clectrical powor 50 kW

The cost of these Bervices, per ton of coment, will bes
Dopraeciation Us®  0.643
Labour cost 0.243

Enorgy and miscellancous 0133

Total Usé 1,019

s
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330, The summary of costs por ton for a plant with a clinker output of 100 tons

por day, will conscquently o2 as shown bclow:

Installcd Labour Civil-cngi-  Influenco on
clectrical require~ Investment, nzering works the cost per

Itom powor (kW) ment (MB) maching (us$ 1000) _ ton of coment

Proparation of raw

matorials 50 19 37 58 - 1,630
Transportation and
storage 20 25 58 63 0.987

Conditioning of raw
matorials (incl.
homogenizing and

drying) 270 10 195 143 2,687
Calcining ’ 80 13 244 88 4,104
Cenment grinding 370 8 160 50 1.509
Storage and paoking 50 16 45 132 0.669
Miscollancous 30 2 ] 203 12019

Total 890 176 819 137 12,605

5/ Inoluding assembly and installation.

331, The initial oapital investment for a coment plant with an output of 100 tons/
day, under the circumstances gpocifiod in this roport, would roquire an outlay of
the order of US$ 1,556,000, to which {ransportation, customs duties, toxes and
other oxponsos must bo added. The total roquiroemont for installcd power will be
about 900 kW, and the number of employces (NE) requirod will be about 176. Tho
produotion cost will bc, as shown above, US3 12.605 to which US$ 1.30 must be
addod for technical and administrative gtaff, plus usd O. 705 for various othor
itoms not oonsidercd in the ostimatc. Consoquently, the production cost per ton
of oemont in tho plant dosoribed will be about US$ 15.00, to which tho price of
the cement bags, which may be about US3 1.80 por ton, should be added. The final
oost of producing a ton of coment would thus be Us$ 16.80.

132, Obviously, as in tho cascs of the smallor plants desoribed carlior, tho
solling price of the comont will be much highor, as it must also inolude ovarhead
oxponsas, distribution and markoting costs, taxcs, profits and the like. Similar-

ly, account must bo taken of the cost of transportation of the machinery to the
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site of the plant, especially whon it must be imported and charges such as
ocustoms dutics and import licenccs must bo considored. B8cc Annox table for a
comparison of tho costs of comaifit plamts of thc thi¥s sizes (outputs of 20, 50 and 100 ¢

100 tons/day.)




CHAPTER SEVEN

AND CONCLUSION

Sumsary

333, 1In this report consideration is given to the poseibility of mamufaoturing
artifical cement on a small scale, that is, in plants with clinker outputs of 20,
50 and 100 tons/daye

334, Chapter one, contains a brief study of the most important ocemente made at
present, as well as details of their output and oonsumption.

335, In chapter two the technical and economic aspects of the initial capital
investment and the cost of running this type of industry are analyzed.

336. Chapter three describes the systems and processes involved in the manufao-
ture of Portland cement, as well as the methods that are regarded as wost suit-
able to make cement on a small scale (that is, 20, 50 and 100 tons/day of olinker)s

337. Chapter four enumerates, defines and stulies the most suitable and the
most unsatisfactory characteristics of the raw materials, fuel, electrical energy,
that are basic needs to manufacture Portland ocement, The extraction and transport

of the raw materials is also discussed.

338. In chapter five the production equipment involved in the various processes
are shown and also the capital investments involved in each of them, as well as
the required numbers of employees, thermal and eleotricity oonsumption and the likes

The influence of these factors on the per-ton cost of oement is also given,

339, In chapter six a technical-economic study is made covering the establish-
ment of three possible types of oement plants in developing oountries, with
manufaoturing outputs of 20, 50 and 100 tons/day respaotively. Plants of theso
three sizes are oompared in tabular form in the Annex i~ this report.
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Conolusions

340, First, the report has been compiled primarily on the basis of global
figures, so as to give an idea of the goneral order of magnitude of the pertinent
factors,

371, Second, the influence of the varying costs of the principal items of
expenditure, among them labour requirements, fuel costs, electrical cnergy noeded,
costs of machinery assembly, civil engineering costs, and provisions for
lubricants, spare parts and the like has made it possible to arrive at over-all
total costs, which should be taken into account when considering the possibility

of applying these solutions in the various countries for which they are intended.

342, Third, from the above analysis it becomes clecar that it is possible to
establish in many cases, plants with clinker outputs of 50 tons/day that should
solve the oement-production problem in many devcloping regionse

343, Fourth, the setting up of plants with 20 tons/day outputs of clinker may
oonstitute, in exoceptional instance, the basis for providing jobs, and making
the utmost use of available manual labour. lNevertheless, it should always be

remembered that this should not be taken as a gencral type of solution,

344. Tifth, plants that are capable of producing 100 tons/day of clinker fall
within ourrent industrial practice, and such plants could solve the cement

problom in relatively extcensive zones.

3/5. 8ixth and finally, it is explained that specific research will be re-
quired to bring certain manufacturing processes or standard manufacturing units
that are involved in the plants oonsidercd in this report; this applies cs=-
pecially to plants with a olinker output of 50 tons/day. Plants such as these
would be partiocularly suitable for countries now in devolopment, Such research
oould be done with relative rapidity and at reasonable cost,
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ANNEX

jve C ta on Portiand Cesent Manufacture in Plants of 20,50 and 100 tons/day Outputs

2 tensldy D tens/tw 100_tons/dey

Inatal 1od Rachinary Installed Nachinery  installed Rachinery
sleccrical Caplayces nd sssambly eolectrical Caployses mad sssembly electrical Esployees and masesbly
pover (k) needed  (USE 1000) pover (K¥) needed  (US$ 1000) power (KV) nesded {us$ 1000)

Somerism:
Proparation of asterials % 5 13.3 k] S0 F24 50 " 37
Iranspertation and steraga - 7 1.5 § 113 12 b} 5 58
Condi tioning of rews 3 1} 108.0 186 2 133 ] 10 195
Calcining % n ©.0 1] 2 13 ® 13 )
Ceamt grinding - - - L 13 108 m 8 180
Pachaging, atorags and various - - - X 3 A2 S0 16 AS
Homoganization snd storege of clinker % n %5 - - - - - -
Mscallaneous 17 |1} [ 18] L] 9 [ ] % L]
215 93 280.8 496 [LY) 533 890 Ve L11]
Copitsl outlay
Machinery snd ssseably ust 200,000 us§ 533,000 us$ 739,000
Civii anginesring 0,000 421,000 537,000
Miscellansous 60,000 0,000 283,000
Total capital cutley st 500,000 s 1,034,000 us$ 1,550,000
Production costs pwr ton {approxiasts)
Financing charges (smortization of totel L ust 5918 ot 12605
capits) outlay over 15 yeors at 6 per annue)
Lobowr cost A o
Electrical pover 1.5 .
Fuel ' L 2.5n
Stetf .32 2.3%0 ()]
Riscallansous 1.9 1.560 0.705
£ 74
§ Production cost (unpackaged) .28 17.181 14,610 - 15.00/ten
Packeging 1.800 1.000 1.0

Final cest par ton of cament ust 23.008 ust 19.00 st 15.00









