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FOREZWORD

The need for detailsd dota on inputs =nd investrent.costs for
individual industries has beern felt by :any developing countrieé engaged
in planning their industrial developrent in conrexion with the programming
of vrojects for specific industries. The elaboraﬁion of developmenﬁ plans
is in general started with highly argrecrated projectioﬁs, but it cannot
be confined to this racro-~econoric level; it is also necessary for opera-
tional purposes to link aggregative planning to thaﬁ of individual irdustry
sectors. Furthermore, availability of pre-investient data is essential
in cases where it is necessary to make a vnrelinirary evalustion of the
feasibility of establishment of swecific industries. In all cases, it is
not enough to collect data based on the incdustrisal practice in industrial
countries; these have to be analyzed and adjusted to the economic and
technological concitiors of the under-developed countries.

The two studies nresented here have boen orepared by the Reseerch
and Evaluetion Division of the Centre for Irdustrial Develowvrent, Department
of Liconomic ard Soclal Affairs, under th= vork nrogramue forrulated by the
Cormittee for Industrial Develouvment (%/3600), and endorsed by the Economic
and Social Council in resolution 872 (JXII); they form part of a series
of studies designed to develop a body of data for 2 certain number of
sclected industries of intcrest to under-develored countries along the

lines described above,
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The first study, "Pre-Investment Dota for the Cernert Industry", contains
investient and other inoput coefficients for the cerent industry based on
analysis of data originating in a certein nurber of countriss, both in
developed and under-develored areas.‘ The second study relates to the in-
dustry of "litrogenous Fertilizers Based on waturel Gas"; in the latter
study major emphasis is placed on the analysis of the differcntials in fixed
investment ord other ie jor input requiremerts in this industry between =2
developed country (in this case the United States of Amsrica),and a typical

developirg country.



-1 =

Pre—Investment Data for the Cement Industry

Introductien

Two major considerations have led to the selection of the cement
industry as a pilot study in the industrial development data project.
Firstly, certain technical characteristics make this industry particular-
ly suitable for international comparisons. Secondly, the establishment
of cement plants in newly developing countries is of sufficient importance
to merit direct attention.

The technology of the production of cement is a relatively simple
one, there being basically few variants—-wet and dry >rocesses——whose
reguirements differ by an amount well within the order of magnitude of
estimating errors.l/ The dry process may be produced either in rotary
kiln plants or in automatic shaft kiln plants. This study, however, is
confined mainly te rotary kiln plants (wet and dry), but automatic shaft
kiln plants are discussed briefly, because of limited data, in Appendix I,
In general, the technological characteristics of local raw materials,
particularly their water content, determine the choice between the wet
and dry processes. Cement is moreover a relatively homogeneous product;
standard portland cement accounts for over 90 per cent of total output of
this item in the United States and Japan and practically all the output

in most under-developed countries.

1/ Technological problems are discussed in Appendix I to this study.
Cement is also produced, although on a limited scale, as a by-product
of several industries, one of which is iron and steel, the raw materials
being the blast furnace slag.
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The procedure which has been followed in this study is based upon an
exardnation of the principal components of cost of production and of invest-
ment, drawing upon experiences in both developed and under-developed coun-
tries. International comparisons are undertaken in order to discover the
variations in these elerents. An examination of the causes of these varia-
tions is then presented to assist those interested in programming the esta-
blishment of this industry in the less developed countries, with special
attention given to factors which are particularly relevant in the latter
countries. The data have been drawn from engineering sources; in some
instances, however, particularly with respect to fuel and energy inputs,
these have been derived from aggregate data for the entire industry. It
should be kept in mind that engineering data often reflect conditions which
relate to the particular projects from which the data are drawn and to that
extent should be crosschecked with data derived from 2 - more aggregated
source material, A certain number of data used in this study have been
reproduced in the Appendix I as an aid 1n programming the establishment of
cement plants in developing countries,

Cement 1s essentially a resource-tied commodity. Barring exceptional
circumstances, cement plants are located close to the quarries of the two
basic raw materials, cley or shale and 1imestone.g/ For this and other
reasons, which are noted below, the analysis will not distinguish between

quarrying and manufacturing, but will treat the production as an integrated

g/ Location problems are also discussed below,
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procesé. It way happen thatl lirmestone, which is =lso an iinortznt raw
material for other incdustries, would be purchased fron loczl rining con-—
cerns. apnendix I containg sowe dats on irnuts for quoarryire which permits
the icentification of the innut coefficients concerned,

The composition of unit cost for producing csrent is indiceoted in
Table 1; the fijures are in the nature of orders of mapgnitude. In the
course of this study the majdr corporeits of cost will e anslyzed in-

dividually.

Section 1
Analysis of Investment Requirements

Fixed investment includes equinrent for the cerent plant and quarrying
installations, cost of erection, cost of buildings and storage
facilities, land cleoring ard irmnvoverents (drrins, sewers, necessary
roads, etc.) and 1iscellaneous administrative and engineering expenses.
2ecruse of location »nroblemrs and the large -mounts of power used in
production, electric power renerating eguiprent is also soretimcs being
installed on the ploant site. Investuent recuirenents for cach of these
iteizs ard tleir irndividusl cornonerts derendin the first pl-ace on tech-
nical reouirenents and in thre second place on tle reoulirszments of the
local situation., For itore detziled dates involved in feasibility analyses,
each of these items :dill nave to he examined indivicually; for the present
purvose, vhich is to provide =n indic=tion of tre order of marnitude of

the investzznt requirerments, trzse iterws are ascregated into brond catzecories
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on the assumption that such aggregates are less likely to be affected
by the individual circumstances, In the analysis which follows atten—
tion will be given to the main variations which are indicative of the
problems of guantification involved in programming industry in the newly
developing countries.

Cn the technical level, the prime determinants of plant capacity
are the size and number of kilns. The capacities of the other eguipment,
including equipment in the quarry, crushers and mills, are chosen in con-
formity with these key items. There appears to be considerable standardiza-
tion of sizes for those items which bulk large in investment costs; this
is due apparently to the efforts of the manufacturers specializing in this
type of eguipment to reduce their own production costs. As far as the
under-developed countries importing this equipment are concerned, the
selection of a desired size capacity within the medium range of operation
generally selected by these countries should not raise serious problems,
in view of the fact that a practically continuous range of capacity in the
medium range is available on the international market,

As indicated below, considerable flexibility exists with regard to
material handling equipment at the plant and for the guarry. There is
also a large degree of latitude with respect to automated guality control
devices, Finally, eguipment for dust collectien varies widely in effici-
ency and investment costs, the newest and most efficient facilities account-~
ing in some instances for an important portion of total investment.i/
Requirements for building and storage facilities are also related to

size of operations but local conditions play a very important role in

3/ 1In several newly constructed plants in the United States, cost of dust
collecting equipment comprised about 5 to 8 per cent of total fixed
investment.
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determining costs for these items; climate ard local standards of accommoda-
tion are among such factors. Similarly, land clearing and improvement are
affected by location and general regional development. For example, remote
sites would require reads and construction of railway sidings for transport.
The influence of scale of operations on total investment costs may be
observed on the basis of data available for a number of countries, shown
in Chart 1. Data for the United States relate to wet—process plants built
in recent years; the data for the Federal Republic of Germany are based
upen estimates for dry-process plants derived from a German engineering
handbook for this industry, while the Soviet data relate to typical plant
designs of recent years. The three sets of data indicate the exdstence of
a constant elasticity between size and total investment costs; that is, a
constant ratio between the percentage increase in size and the percentage
increase in total investment costs. The elasticity varies from 0.64 in the
German data, 0.66 in the U.S.S.R. data to 0.77 in the United States data.é/
Direct comparisons of the absolute levels of these costs (see Table 2)
are extremely difficult for several reasons. The difficulties which beset
jinternational comparisons of data expressed in domestic currencies are well

known.é/ The data from the U,S5.3.R. for the value of equipment have been

5/—The relatively high value for the United States may be partly due to
the fact that they are derived from (reported) investments in actual
plants, whose design often involves provision for expansion in the near
future. This is particularly true of the smaller plants, thus tending
to bias the scale factor upward. The data for the other countries pre-
sumably applies to plants withbalanced capacities at each level,

5/ See article on "Capital Intensity and Costs in Earthmoving Operations"
in United Nations Bulletin on Industrialization and Productivity, No. 3
(Sales No.: 60 II.B.1l).
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converted from rubles into dollars, using a ruble/dollar ratio of 8 to 1;
this ratio is based on the ruble price of one rotary kiln and the dollar
price for a kiln with comparable specifications. The current official
rate, which is equivalent to about a 10 to 1 ratio for Soviet prices prior
to the 1961 revaluation of ruble denominations and prices, appears to be
too high for many Soviet capital goods. In an earlier study undertaken by
the United Nations Secretariat on construction equipment, it was found that
a rate of L te 1 appeared ﬁo be appropriate for these types of goods.é/
Since the cement equipment industry is among the less advanced sectors,
it is felt that the exchange rate for cement investment goods should be
higher than that used previously in these studies; as will be seen below
the rate which has been chosen nevertheless involves a number of difficulties.
Similar difficulties affect to some extent the comparison of the data
for the Federal Republic of Germany with those for the United States, There
is some evidence that in terms of purchasing power equivslent for industrial
equipment the German mark rate vis-3-vis the United States dollarZ/ was
substantially higher than the former official rate.
The lower costs for German equipment as compared to the United States,
result in part from the exclusion in the German data of costs of land, land

clearing and other development costs involved in opening up the quarry; in

§7 In this study, a "real" parity exchange rate was estimated. It was
derived by comparing the prices of capital goods in the Soviet Union
with similar capital goods on the international market. In the Soviet
Union, price differential policies tend to favour capital goods in the
producer goods sector as compared to those in the consumer goods sector,
For more detailed discussion on the subject see Ibid. p.2l.

7/ See the studies prepared by the Organization for European Economic Co-—
operation: An International Comparison of National Products and the
Purchasing Power of Currencies, (Paris, 1959), and Comparative National
Products and Price levels (Paris, 1958).
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addition, the United States data include power generating eguipment while

the German data do not. The data for the United States plants apparently

also include additional equipment for dust collection; highly automatized

systems for measuring raw material inputs; more elaborate conveying equip-
ment , and more elaborate building and storage facilities.

Investment data for plants in developing countries are now brought in
for purposes of comparison. In Table 3 are presented data on the invest-
rent costs for plants which result either from estimates or from actual
construction records in these countries. Data for a hypothetical German
plant described below are presented in the same table as Plant A. Other
observations designated B to H in this study are based on unpublished data
made available to the United Mations,

An attempt  was made to make the data comparable as far as possible.
The cost of power plants, when included in the estimates, was excluded,
Additional costs necessitated by the particular characteristics of the
project such as remoteness of the site, which necessitated the provision
of housing facilities for plant personnel, access roads, railroad exten—
sions, etc., were also excluded. The costs of ocean freight, insurance,
and local transportation of equipment were retained in the compariscn. The
estimates in these proposals are based mainly on European equipment prices,
adjusted to prices of 1960 in order to take account of the difference in
the dates to which the estimates relate.

In addition, a large international firm with experience in the cement

industry has provided estimates of a range of unit fixed investment costs
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corresponding to selected scales of operations for plants which are

generally suited to the conditions of the under-developed countries (see
Table 4). It is stated that such plants, including quarries, cover basic
minimum equipment requirements and building storage facilities; transport
costs for imported equipment, installation of the equipment and land prepara-
tion have been taken into account, |

Both sets of data show variation in unit costs with scale similar to
that in the developed countries. The general level of costs for the seven
proposed or actual plants is higher than that presented for the Federal
Republic of Germany and somewhat higher than the minimum levels suggested
by cement industry experts. In part, the differences between the data taken
from the developing countries and those for the German plants reflect the
additional costs of ocean freight, import profits, internal transportation
and handling of the equipment. As to the cost of construction, while this
tends to be lower in developing countries due to lower labour costs, the
high costs of imported materials which are used in these instellations
tend to offset the former.

On the other hand, the figures in both sets are considerably lower
than those corresponding to the United States practice. ™ith respect to
this difference, it has been pointed out earlier that the United States
cost data cover the cost of a large number of quality control equipment
which is not generally found in the under-~developed countries and the use

of elaborate dust collecting equipment.
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Further discussion of the possibilities of reducing investment costs
through substitution of labour for capital is dealt with below, in con-
nexion with the discussion of the . data on labour inputs,

As a guide to the composition of fixed investment expenditure, the
following ranges of costs, as suggested by cement exgerts, are given.
Quarry and plant equipment account for 50 to 60 per cent of the fixed
investment for plants without power generating equipment, quarrying equip—
ment being some 5 to 10 per cent of total, Building and construction costs
generally account for 30 to 35 per cent and miscellaneous administrative
and engineering exrenses account for the remainder. An additional 10
per cent (i.e., 20 per cent of equipment cost) may be added for expenses
of transport in the case of imported equipment while the installation of
power plants may add 10 to 15 per cent to the fixed investment costs.
These data are of orders of magnitude similar to those suggested by the

data for individual plants which are shown in Appendix I to this study.

Section 2

Analysis of lLabour Reqguirements

There are two principal problems relating to labour requirements which
are explored in this section. The first relates to the influence of scale
of operations on labour inputs; the second is concerned with labour capital
substitution and will be examined in the light of the discussion above on
capital requirements,

Data on labour requirements for cement production for different scales

of operation of plant indicate the total requirements increase very slightly
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with increases in size of plant; consequently, labour inputs per unit of
output fall sharply as scale increases. Data which are avallable for a

wide range of size of plant in Japan, the U.S.S.R. and the United States

are shown in Chart 2 and Table 5. These figures refer to production workers
only; allowances must be made for supervisory and administrative personnel,

Estimates for selected countries of labour inputs, expressed in terms
of man-hours per ton of cement, are contained in Table 6. These have been
estimated on the basis of aggregate industry-wide sts'istics. It is
interesting to observe that there are generally minor differences in the
average level of labour inputs among the western European countries and the
United States, while the difference between India and the other countries
is significant; the latter point shall be discussed below.

As indicated in the discussion of investment requirements, the capital
input data for the Federal Republic of Germany and the United 3tates lead
to the exrectation that labour inputs in the Federal Republic of Germany
would be higher than in the United States. Comparable investment data are
not available for other European countries to permit an evaluation of the

. . . 8
variations in these 1nstances.—/

On the basis of detailed statistics available for the cement industry
in Japan, the U.S3.S5.R. and the United States, an attempt has been made te
analyze inputs of the variocus components of the labour element; these data
appear in Table 7. This comparison is, of course, subject to many errors
including the possibility of differences in definition and scope of the

various categories of labour. Judging by the description found in the

8/ A study of the cement industry in the United Kingdom which appeared in
The Structure of British Industry, edited by Duncan Burns (Cambridge
1958) indicates that the eqguipment in this industry is relatively old.
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sources, the content of the category "production and related workers" in
Japan and the United States would seem to be conceptually close to "workers"
in the U.S.5.R. The Japanese data exclude quarry labour, although it is
possible that this item 1s included in the estimate of non-production
employees. It is, nevertheless, felt that for the purpose of the rough
comparison which is being undertaken at this point these data are suffici-
ently similar in definition.

It can be seen that the divergencies in labour inputs are not uniform
for all groupings. This is more readily obvious if the data are rearranged
in the form of relatives with figures for the United States assumed equal

to 100, The relative man-hours per ton in the major categories are as

follows:
Ttem Us Selte Japan UeiSe Selte
Quarrying 100 — 150

Plant Operation

Direct 100 100 250
Indirect 100 200 LOO
Administration 10@ 275 275
Total labour 100 150 300

The previous discussion of capital inputs indicated that for the U.,S.S.R.
these inputs were high but noted the difficulties involved in the conversion

problem. The data on labour inputs suggest that in fact there is considerably
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less investment requirement per unit of output in the U.S.5.R. Moreover,
as will be seen below, power input per unit of output which is a crude
indicator of mechanization is also lower in the U.S.S.R., than in the
United States. This may be due to the relatively low level of mechaniza-
tion of material handling, in-plant transportation and various other
auxiliary operations in the U.S.S.R. cement industry; there are indica-
tions to that effect in the literatureg/ and the data of Table 7 appears to
corroborate this situation.

In the case of Japan, the lack of data on capital requirements prevents
further evaluation, It has been observed that also in Japanese industry
material handling and other operations are carried out with a relatively low
level of mechanization.

The data in Table 7 support this observation, On the c¢ther hand, as
regards direct labour inputs, the Japanese condition seems to correspond
closely to that of the United States,

Table 8 indicetes that labour input per ton of cement in several of the
above-mentioned plants relating to developing countries also shows, as
might be expected, a declining trend with increasing size. This table in-
dicates further the use of a large labour force for quarry operations in
plants B and C. The substantially higher labour requirements in the latter
operations would seem to reflect the substitution of labour for capital, as
appears from the following estimates of investment in quarry as percentages

of total equipment costs in five of these plants.

2/ See, for example, Loginov, op.cit., p.ll7; M.F.Iurov, "Nekotorye voprosy
komplekanoi mekhanizatsii i avtomatizatsii" (Some problems of compre—
hensive mechanization and automation), Tsement, No. 6, 1960,



- 13 -

Percentage

Plants _of Total
B 5.9
G 5l
F | 9.6
G 8.1
H 7.9

. Moreover, from the description of the eguirment used in plants F, G.
and H, there appears to be a considerable amount of transport machinery
not related to the gquarrying operations &s such but which is used to
convey the crushed stone from the quarry or primary crusher. The substitu-
tion of labour for cepital thus seems to be even greater than indicated by
the above data. DNevertheless, it should be kept in mind that there are
limitations to the extent to which guarry equipment can be replaced.l!/

It was pointed out in the discussion of investment requirements that,
while it was possible to vary capital inputs in guarrying operations, the
order of magnitude of savings through substitution of labour was small

relative to total investment. Labour input data, on the other hand, indicate

10/ Many of these factors have been explored in a study on "Earth-Moving
Operations'", publiched by the United Nations in Bulletin for
Industrialization and Productivity, No. 1, op. cit. Among these
factors may be cited the smallness of the site which limits the
amount of labour that can be used, and the capacity of the cement
plant itself, as well as the physical limitations inherent in
manual handling of heavy rock.
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that, in spite of the small magnitude of capital saving, the increase in

11/

labour inputs in guarrying operations can be very large.~— As can be
seen from the data in Table 8, labour inputs in gquarrying operations can
increase by as much as ten times, increasing the total labour inputs by
as much as fifty per cent. This of course reflects in part the decrease
in labour coefficient associated with scale; nevertheless it serves to
illustrate the order of magnitude of possible capital labour substitution.
With respect to the administrative and technical personnel reguired
both in developed and developing countries, it should ke pointed out that
many of the differences among countries reflect organizational and institu-
tional arrangements characteristics of the countries concerned.
Attention was drawn at the beginning of this section to an estimate
of labour inputs in India which are far in excess of that estimated for
the more advanced countries. The source from which this estimate has been
taken indicates that the data exclude quarrying operations, but gives no
further indication of the factors leading to this situation. Recent studies
of the cement industry in India indicate that a very large proportion of
the plant in operation is extremely old and reguires considerable labour
inputs to maintain production. In these circumstances there is a tenderc
to fabricate spare parts on the site, an operation which is highly labour—
intensive., This corisideration would not apply in estimating labour require-

ments for a newly established industry.

}l/ This statistical peculiarity has already been noted in the study by the
United Nations Secretariat of earth-moving operations. It was found in
ene case that the capital stock per unit of excavation required by a
mechanized technique was about twice that required by a labour-inténsive
one; at the same time the latter reguired an input of labour per unit of
excavation 15 times higher than the former. See "Capital Intensity and
Costs in Earth Moving Operations'", Bulletin en Industrilization and
Productivity, No. 3, op. cit.
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On the basis of the discussion above, particularly with regard to
the information available for new plants in under-developed countries, a
rough indication of production labour requirements in these countries can
be given by the following figures providing the range of magnitudes

(assuming 2,400 hours per man-year):

Annual Capacity of Plant Number of workers reguired
(In thousand tons) (per thousand tons)
50 loh = 1.7
100 1.1 - 1.4
200 .9 - 1.2
300 0.8 - 1.0

400 0.7 - 0.9

To summarize, labour inputs per unit of output vary significantly
with sige of operation. DMoreover, there are variations corresponding to
alternative methods of materials handling in the plant proper while a

considerable latitude exists with respect to guarrying operations.
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Section 3

Other Inputs

A, Fuel

Fuel inputs represent a substantial share of total operating costs in
the manufacture of cement. The choice between the energy sources is
dependent upon local conditions, the relative prices of coal, gas and fuel
0ill and the capital costs associated with the use of each source. The
technical factors bearing upon this choice are beyond the scope of the
present study.

In the view of a number of experts in this field, there appears to
be no significant variation in unit fuel requirements with changes in
scale of operations. There is some evidence of slight fuel savings in the
larger kilns but these are not significant. The principal factor affecting
fuel needs is the choice between use of either of the two basic processes
since the wet process requires somewhat more fuel than the dry process.

In Table 9, data on average fuel inputs (expressed in terms of million
kilo-calories per ton of cement), are given for a number of countries.

The differences among countries can be seen to be relatively minor.
The estimate given as a production norm for the U.S.3.R. reflects the
estimated consumption for newer plants with recenttechnical innovations to
save fuel, It is reported that the Japanese industry is currently making
considerable efforts to reduce fuel requirements through the improvement
of kiln design and the use of heat reclaiming devices. "ith respect to

the data for the U.S.S.R., it has been reported that the desire of the
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government to mechanize output from the existing plants in the particular
year for which the data had been collected has led to a utilization of

kilns over their rate of capacity with consequent higher fuel expenditure.lg/
Data for recently built plants in the United States indicate that such

plants require fuel inputs of the same order of magnitude as the norms
indicated for the U.S.S3.R.

Low fuel inputs have been projected for the new plants in the develop-
ing countries for which data are analyzed in this study. The dry process
plants (Plants B and C in the earlier tables) which employ gas as fuel are
estimated to require 1.2 million kilo—calories per ton of cement. The wet
process plants (Plants F and G, using gas and furnace oil respectively)
are estimated to require 1.39 million kilo-calories., It can be seen that
the fuel requirements of these new plants using new equipment are compara-
ble to those of new plants in developed countries, as mentioned in the
previous paragraph.

The possibilities for reducing fuel input by redesigning basic equip-
ment now in use have received some attention by technologists. It appears
that the amount of fuel that can be saved through redesign or modification
of machinery is of the order of 15 per cent; the possible net saving should
of course take into account the cost of the equipment changes and the fact

that these modifications would require some additional maintenance.

12/  See Loginov, op. cit., page 126.
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B. Electric power

There appears to be little change in electric power consumption with
changes in the scale of operations. The power inputs are largely related
to the nature of the raw material inputs and also to the quality of the
final product.lz/

On the basis of aggregate data average consumption of power in the
United States in 1959 was 129 kilowatt hours per ton, while in Japan in
1957 the comparable figure was 138 kilowatt hours per ton.

In the U.S.S.R., consumption is estimated at 100 kilowatt hours per
ton. The considerably lower figure for power consumption in the U.S.S.R.
reflects a number of the above factors. First, there aprears to be some
evidence that, on the average, softer raw materials are used; second, the
quality of the cement is on the average different from that used in other
areas, Finally, the lower level of mechanization in the ancillary processes,
such as materials handling, which was noted above in the discussion of
capital requirements, reduces power input., It would appear in this con-
nexion that Japanese power consumption should also be lower than in the
United States in view of the similar situation with regard to materials
handling, so that the higher input of energy in Japan should reflect
primarily the nature ef the raw materials used in cement manufacture,

In developing countries, power consumption for the above-mentioned
Plant F, which intends to use soft limestone, was assumed at 110 kilowatt

hours per ton, a figure close to the U.S.S.R. average. On the other hand,

13/ Particularly soft raw materials, such as marl and chalk, require less
grinding. In the U,S.S.R., consumption per ton of cement varies from
35 to 40 kilowatt hours per ton for chalk to 120 kilowatt hours rer ton
for hard limestone,
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Plant F where harder raw materials will be usged, nower corsumotion was
assunad at 2 sonmehet hicher level, 120 kilowatt hours ner ton. The
proposed vower consuxoction figures for hoth plants are tased or actual
perforvance in the countryv of two nlants, ore using hard ard the other
soft lirwstone as raw rateriazls,

C. Other wmeterial inputs

Under the sssur~tion i ade éarlier thet guarrying is part of the cerent
procuction nrocess, the only row uaterial inwut whichk is necessary for
production is gymsum. .stimates of thzse irnputs ner 1,020 tons of ordinary
Portland cenent range from 30 to 50 tons, i.e. between 3 and 5 mer cent by
weight of final nroduct. Variations arc avparently due to the ouality of
the raw material and th~t of finished vroduct. Stondards for the vprovortion
of additives vary corsiderably from country to country, 3s do quality
sp2cifications for final oroduct. +vor exanple, the ~vosum content of
ordinary rortland cement in the "nited “tates is =2bout 2.3 per cent; in
Javan, 4 per cent; in the U.5.5.R., 9 per cent. Varieties of “ortlard
ceent can contain l:rge proportions of additives; for example, sliag-
Qortland cerent in the U.d.%.... contains over 50 rer cent of additives,
and *uzzolan-Portland, about 30 per cent.

D Transvort and shipping costs

In view of the relatively low price ner unit of output, transport snd
shinnirg costs play an important role in determining the feasibilitv of any

cerent nlant, and in particulsr, its location and size. In order to
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illustrate this point the following data have been taken from a feasibility
study relating to the establishmert of a2 cerient plant in a southeast isian
country. It was estinsted that thz cost of »roduction in a prowvosed 300
thousand ton plant at a sscecified location voula be the equivalent of 13
rer ton. railway freight chareses to two major mnrkets located some 100
riles ard 600 miles from the »nlant were sstinated to be the equivnlent of

2.60 ner ton and 10 per ton, respectively, or some 10 to 70 per cent of
procuction cost; this should be connared to the range of variation of about
100 mer cent in tre cost of production as a function of size for csvacities
ranging between 100 thoussnd to one million tons. Thus it is obvious that
the sizz of the market and the resulting transvort factor ray be of a
magnitude comparable to the size factor ard should te carefully considered
before reachines any conclusions on the establishment of individual plants,
in exarple of the variztions in unit costs of production of cement as a
function of size are shown ir Table 10; the data on unit costs are given
only to illustrste this noirt and way not reflect the actuzl supoly con-
aitions in the individual countries,

In this connexion, rention ray be irade of the bulk shipping techniques
develored in industri~l countries in order to reduce transport and bagring
costs,l&/ particularly where narkets coan be reached by woter routes. This
type of transovort is extremely cheap for plonts with very large cavacities

but involves sote additionzl investrernt in equivment that include shipping

14/ Since local materinls .ay be used for bageing, no estirate is oro-
vided at this time of the costs involved in this oper-tion. See the
data in ‘prerndix I.
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loadirg and unloadineg facilities which for most under-developred countries
require additioral foreign exch=nge ovtlay. These shipoing technicues
involve substantial econories of scale and they sre sconomical if there
is relatively rnigh concentrzation of derand in consusing centres,

It ey also be noted thet for countrics vith limited markets and noor
supplies of raw material, there are certain sodvantagses in the estahlisbhment
of facilities for storirg =ncd bagging cement irnorted by the above bulk
shioning techricues. The estcblishment of such facilities would vrovide
sorme employment opporturitiss and would also perrmit the marketing of cewent
at favourable prices, based on the low cost bulk cement from large scale
producers.,

& novel system of distribution which bas varticular interest for

developing countries involves the corstruction of grinding nills in l-rge

(¢

emsnt consumption centres located at large distances from cerent plants,
These mills would be sunplied with clinker from larse scele econoric plarts,
and srind it with locally obtained aduitives. Zince clinker is easier to
hondle ond is relatively impervious to spoilsree ornd spillage losues, ad-—
ditional sevings would ensue in packing, rateriels handling, storage and
freight. It would also nermit oreater corcentr-tion of clinker oroduction
with resulting gains frow. econories of scale. In the U,5.3,B, =hich has

had some experience in this field, it is Telt that the svstem is sporopriate
when corsumntion levels at the local points are of the order of ..2gnitude

of between 4O ard 50 thousard tons per yszar, at distarces of at lecast be-

/
tween 300 and 500 kilowatts fror the clinker plants.li

15/ Toginov, op. cit., pp. 167-172.
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Table 1. Composition of Unit Cost for Cement Production

in Selected Countries

(Percentage of total)

Germany

Item (Fed.Remn, ) U8 8T TeBui e

Depreciation 21 .6 9.6 22.5

Tages 8,2 22.3 13.9

Fuel 21.0 ) 14.3

) Bl

Power 12.5 ) 12.6
Others 36,7/ 31.0%/ 36,7/

Total 100.0 100.0 100.0

Sources: Germany (Fed. fep.) Otto Labahn, Ceront “npinsers!Handbeok,

(Berlin, 1960);

U.S.5.Fts  Loginov, Zement Industry, °rospeocts_svd Develooment,

(i oscow, 1960);

United States: See Appendix I to this study.

Dry process plart with 100,000 ton per year capacity; iter "Others!
includes cost of raw mat:risls, packing, raintensnce, overhead, tnxes
interest on fixed capital, social security c¢ontributions and miscel-
laneous,

Includes direct material, maintenance, overhead, interest on fixed
capital, and miscellaneous.

Includes value of raw and purchased mat:rials (24.6 ver cent) and
miscellaneous iters (6.4 per cent).
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Table 2., Fixed Irvestrment telated to Scalc of
Plant in Selected Countries

(In dollars per ton of capacity)

a b

acity in tons Germany (Fed.ReD.)—/ U.S.S.x.—/ U.S.A.E/

per year

is Percentage

in is Percentage in U.S. 4s Percentage 1in of cost for
dollars of cost for dollars of cost for dollars 260 880 ton
200,000 ton 200,000 ton hpuldy °
plant plant &
33)000 l-lv8 200 ® o0 e o0 a s LI
66,000 35 lleé X @ 0o ° o e v e e o0
100,000 29 121 - e 65 120
200,000 24 100 63 100 5. 100
400,000 19 79 4,0 I L5 83
500,000 . w6 36 58 L3 80
000,000 T S 29 L6 30 56
Sources: Same as Table 1.

a/ Dry process vplant.

b/ “et process plant, ircluding power gencrating equiprent. A ruble/dollar
ratio of 8 to 1 used for conversion.
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Table 3. Fixed Investment in Cement Plants Proposecd for
Developing Countries

(In thousand dollars )

Plant Aé/ Plant B Plent ¢ Plant D Plant % Plant F 2lant G Plan
(1960) (1959) (1959) (1955) (1955) (1960) (1960) (196

Capacity (tons per year) 100,000 66,000 100,000 100,000 200,000 335,000 400,000 400,0

Process Dry Dry Wet Vet et et et Dry

Machinery and 9/
Equipmert Erected (1,381) (2,205) (2,805) (1,700) (3,070) (5,050) (6,023) (6,14
Quarry Zquirment 119 130 144 140 280 485 L85 L8

Cement uaking

Machinery 1,262 2,075 2,661 1,560 (2,790) (4,565) (5,538) (5,65

Burning and Cooling o “uw ww avw 1,150 2,388 2,464 2,28
Milling Facilities .ee . ... ‘s 490 1,307 1,416 1,58
Cthers e e e eee 1,150 870 1,658 1,78

Building,Foundation,
Silos 88l 698 928 78L 1,900 2,955 3,929 3,92

Utilities,Contingencies

and Othersc/ 476 633 796 893 1,940 3,196 3,987 3,95
Total Fixed Investment 2,738 3,536 4,529 3,377 6,910 11,201 13,939 14,02
Fixed Investment Per

Ton Adjusted to

1960 Prices 3 274 555.7 T A7.1 0 U L05 S AL.5 B 3344 3 34.8 5 35

_g/ Plant A is a hypothetical German plant introduced for comperison vurnoses.
_Q/ Except for plant "A", ocean freight and irsurance charges are included,

_¢/ "Utilities" irclude water supply and drainage facilitics, vehicle pool as well
as intcrnal roads. It includes also electrical equiprent such as starters,
transformers, cables, high and low voltage iristallations, distribution boxes.,
"Cthers" irclude repair shop, spare parts, laboratory equinment, site develop-
ment anc¢ engineering fees.

Source: Avpendix I.
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Estimated I'inimal Fixed Investment Costs
pver Ton of Capacitv Approvriate to
Developing Countries

Plant Capacity
Tons per year

Fixed Investmrent
Dollars nper ton

50,000
100,000
200,000

400,000

L5-50
35-40
30-35
25-30

Source : See text p. 7.
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Table 5. Productior. Workers Pel:sted to Plant Cepacities in Certain Countries
(Production Workers per 1,000 tons annual capacity)

Plant Capacity Japané/ U.S.S.R.h/ U.S.A.
Thousand tons per year

100 1.24 e 0.75
200 0.82 1.55 0.48
400 0.62 0.93 0.32
500 0.58 0.78 0.30
1,000 i 0. 54 0.15

Sources: Japan . inistry of Labour, Yearbook of Tabour Stztistics, 1960, (Tokvo,

1960); U.S.S.il.: Loginov, oo cit. p.191; U.,S.A.: Estimates based on
experts' opirions a“d data fror. s case history stuvdy of 1€ new plants,
published in llock “roducts: , (Lay 1958 and iay 1959).

Excluding quarry labour, The Japanese dats were derived fror statisticsl
averages relating averace mwen-hour per ton to several actunl output scales,
(See Lppendix I) Because canacity utilization ir the industry as a whole
was 74 per cent in 1959 and an ireresse in oroduction does not require a
proportionate increase in the labour force. Labour force reguirerent when
related to capacity will probably ne lower than those given here.

Based on data for tvpical plant desisns in the U.S.S.R., 1958.
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Table 6. Average labour wnroductivity in ©njor ceient procucing countries

(Man-hours ver ton of cement unless otherwise svecified)

Production Share of vroduction

Country Year and Adrirnistrative  Total and related workers

related and clerical as percentage of
workers staff total

FrancCeesseeeees . 1960 1.83 0.50 2,33 77

Germany (Federal

Tepublic).ss.ss 1958 2.25 0.23 2,48 91,
1959a/  1.84 034 2,18 el
1960a/ 1.76 0.34 2.10 8L

IHdis B wnswsran 1356 11.00 1.9 12.90 85

Italyeeeeenaness 1960 2,02 0.36 2.38 85

Japan ¢f..... sve 1958 1.79 0.74 2.53 71

1959 1.54 0.72 2.26 68

Vetherlands.e... 1960 1.19 D &5 1l.44 83

Switzerland..... 1960 1.34 0.25 1.59 8l

USSReseseseeasss 1958 3.51 0.62 L4.,13 85

1959 3.13 0.55 3.68 85
1960 2.86 0. 50 3.36 85
United ¥ingdom.. 1960 2.54 0.63 3.17 80
United States... 1958 1.33 0,28 1.61 83
1959 1.22 0.26 1.48 82
1960 1.25 Ou28 153 82

Source:

India: Financial Trends ard Productivity ir the Cement Industry, Associntion of
Indian Trade and Indaustry (Borbay, 1959), p.78. Bstimated on the assump-
tion of 2,400 hours per year.

Japan: Sore data on the Cement Industry (Crnada Cenent Company) No. 12, 1961

(rireographed), pp. 45 to 46 (graph).
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Table e. (continued)

United States: Output: United States Bureau of Mines, Minerals Yearbook,
1960, p.30. Employment and weekly hours paid: Bureau of
Labour Statistics, Employment and Earning Statistics for
the United States, 1909-1960 (Bulletin 1312), p.80. Ratio
ef hours paid to hours actually worked: Bureau of lLabour
Statistics, Monthly ILabour Review, January 1962, p.36.

USSR: Annual Output per worker: Loginov, op, cit. p.lll; Tsement,
No. 5, 1961, p.6. Annual hours worked: Krasnov, I.D.
Ekonomika stroitel'noi industrii USSR (The Economics of the
Construction Industry of the USSR), Moscow: 1960, p.263.
Allowance was made for progress tow= (3 a seven-hour day in
1959-60 (from 2,280 to 2,200 hours ger year). Production
workers assumed to be 85 per cent of total personnel) (see
Appendix I).

Others: Output and employment: OCEEC, The Cement Industry in Europe,
July 1961. Hours per year adapted from ILO, Yearbook ef
Labour Statistics, 1961.

Based on December employment.

Excludes quarrying and includes contracted labour. The source calls
the data '"net comparable with other countries'.

Quarry labour is excluded from published "Production workers" data,
but may be included in the "Total" and (residually estimated)
"Administrative",

'

L
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Table 7. Average labour reguirerents by tyve, selected countries

(llan—hours per ton of cement)

"Type of labour =snd function Japan (1959) USSR (1957) United States (1959)
l.an— Per lian~ Per Tan— Per
hours Cent hours Cent hours Cent

Production and related
workers

;uarry. ....... ® 8 8 ¢ oo 0 e s 5800 ® o8 LI Y 0.27 6.1 0.17 11.5

Cement plant proner

Direct:

Raw material oreparation.. 0.24 ) 0.20
Fuel preparationeseecec.es 0.06 ) 0.92 0.05
Clinker grinCing...ec..... 0.11 ) 0.12
Burning (kiln)eeeeeevesees 0,20 0.52 0.20
Sub-total 0.6l 27.0 1.50 33.9 0.57 38.5
Indirect:
Power plent and elect-
rical equipmente.e... cany  Owid - 0.06
Boulpment mainterance and
redairiiieecees PRI . 0.39 0.49 0.27
waterisl handling, storage
and transoort..iccececess 0.12 ) 1.02 -
Packing and shippirg...... 0.15 ) DelB
Other -------- e@e 00 00200 e ° e b O.hh -
Sub-total  0.93 41,1 1.95 441 0.48 32.4

Total production and
related wOrkKers..v.es... R 1A 68,1 3.72 8.2 1.22 82.14

Non-production emnloyees

Engineering and technical, oo 0.38 -
Gletical and officG.cvsann  suw 0.16 .
Gusrds, janitorisl and
otherse.eeeeeeevas I .o 0.16 e
Sub-total 0,72 31.9 0.70 15.8 0.26 17.6

2,26 100.0 4,42 100.0 1.48 100.0
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Table 7 (continued)

Sources:

Japan: -roouction and related vorker ron-hours fror Onoda Cement
Company, Some Data on the Cevent Industry, -o. 12, 1961, p.45
(mimeopraphed, Japanese). Total estirsted from groth, ibid.,
P45, The resicdual, ascribed here to non-oroduction emplovees,
ray include quarry workers.

USSR: See apnendix 1 for production and related workers, Other
versonnel estimated from pvercentage of total labour force in 1957
(Loginov, on.cit., 0.118)

United States: Total and major breakdovn from fpnerdix I. The
breakdown of vrocuctior workers is estirated frorm data in Tsement
(i oscow), o. 2, 1961, p.30. The lotter source reperts an average
totsl for the United States industry ir 1959 of 1.29 - an-hours,
ranging from 0.475 to 2.30.

The comparabilityv of some sub-categories betwzen countries is not
relisble, laterials handling perconrel in the United St-tes ie apnarently
included in "Direct". In Japan, cuarry labour is excluded froi published
production worker statistics; raterinls hancling in the USSR includes trans-—
port of quarry wmatarisls to the plant. The major catepories, however,
appear to be rouphly corparable,
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Table 8, TWstimated labour productivity in orojected plartsé/
(Man-hours per ton of cewent =2nd percentace of total)

Plant A Plant B Plant C Plant F Plants G & H
(100,000 tons (66,000 tons (100,000 tons (335,000 tons (400,000 ten
. capacity) canacity) capacity) capacity) cepacity)
Type of labdur Percen- man- Percen- man- Percen- man- Percen- man— Percen— man
toge hours tage  hours tage hours tage hours tage hour
roduction and related workers
- o/
QUATTYiN e s eeses semssmnnns vy Llhed 0.50~ 35.3 1.35 36.5 v+ 1.18 5.3 Q.15 5.5 0,13
Plant OperatioNe..ec.... cain I8¢5 1.22 49.5 1.89 49.9 1.61 70.8 2,01 62,9 1.64
Of which: b/
maintenance and repairee.cve ecee s w 9.4 0,36 11.1 36 3.22 0.66 23.9 0.57
Sub-total 83,1 1.72 84.8 3.2, 56.4 2.79 76.1 2,16 Thok 1,77
dministrative and technical staff
Laboratory...... o u e R T 0.10 2,9 0.11 3.1 0.10 0.3 0.18 6.3 0.1¢%
Technical supervision...e... 4.8 0.10 5.8 0.22 4.6 0.15 3.9 0.11 3.4 0,0¢
Adrinistrationscececcceccens 3eds 0.07 6.5 0.25 5.9 Oud9 ok 0.2 7.5 0.1€
SeCUr it essooronnssnne cessee 349 0.08 — —_ — 6,3 0.18 8.4 0.
Sub-total 16.9 0.35 15.2 0.58 13.6 Ll 23.9 0.68 25.6 0.61
Total 100.0 2.0%/ 160 3.82 100 3.23 100 2.8, 100 2.38
ource: fstimated from data on labour force for each plant skown in Appendix I. Staff

requirerents for plant 4 are on a daily basis, i.c., no provision has been rade
for reserve labour to cover vacation and sick leave or aksentzeism., Continual
preserice in each vosition was therefore, assured, depending on the number of work
days ver week in which esch overation is conductsd (see Labahn, op.cit.,p.75).
For the remaining plarts, it is assumed that the labour force ircorporates
reserve raquirenents, and ar sverage octual work time of 2,400 :an~hours per man-—
vear was adopted,

a/ Plant symbols coincide with those in table 4,
9/ Gxcluding (contracted) quarry labour for removal of overburden and repsir shov labour.
¢/ Data apply to plant G. Plant H has identical requirerents excent for an additional

.05 man-hours needed in the raw rrinding cdepartment.
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Table 9. Fuel inputs for cement productior in selected countrics

(In million kilo-calories per ton)

Yearly "=t Dry
Country average process process
JapaNeeceeen.. ceeienannn 1957 1.9 1.6
U.S. S ... ceeees 1958 2.04 1.62
United StateS.eevs vesss . 1959 2.1 1.9
Sources: Japan: Japan Productivity Center, Irternational Coopreration :idministra-

tion, The Cement Industry in Japan (Tokya, 1958);

U.S.S.R.: Loginov, op.cit.;

United States: United States Bureau of lines, liinerals Yearbook
(*lashington, 1960).

a/ Target norms for 1958 were l.46 and 1.,13-1.25 million kilo~
calories per ton for wet and dry processes, respectively.

Table 10. Illustrative unit costs for selected scales of operation
in certain countries

Germany Us8: SR United States
(Federal Revublic of)

Capacity in tons As percentage fis vercentage 48 vercent-

per year In of cost for In of cost for In age of cost

dollars 200,000 ton dollars 200,000 ton dollars for 200,000

plant plznt ton plant

33,000.'..... 21 150 ® e 8 LI I e o @ ® 0 e
66,000-..0..- 17 121 ® 00 2 ee eeo e eeo e
100,000 c0en. 16 107 aewm “w . 22 116
200,0004 00040 12 100 14 100 19 100
400,000: cssaas 12 86 11 79 17 89
500,000,000 0caa xieis cwie 10 71 16 84
. ;000 ,0006 ¢ 555 Y. At 8 57 12 63

0Urces: Same

as for table 1.
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Appendix I

Data and Sources

Introduction

The data used draw reavily on current literature in technical rmarsa-
zines, intcrviews with cernert corsultant firss, »s well ns feasibility
revorts for plants to be established in several develoning countries,
Data relating to the exnerience of the U.S.S.R. were derived mainly from:

Loginov, Cement Industry, Frosvects nnd Developuent (Loscow, 1960 (in

Russian); they relate to both industry avaraces, as well as wodel plunts.
Data for the Federal Republic of Germany are derived primerily from:
Otto labshn, Cement Zrneineers' handbook. Datn for Japan ~re token mainly

frow:: Onoda Ce..ent Corpany, Sore Data on the Ccrent Industry, October

1961, (in Japanese); Yasuhiko Ekeuchi and i‘asao Sato, "A Test Survey for
the Analysis of Supply Conditions; a tentative estimation of production

functions and capital coefficlients for the cerent industry", Keizail-Runseki,

Japanese Planning Agency, 1960 (in Japanese).

A. Raw material

There are four basic chemical elements contained in cement: calcium,
silicon, aluminum and iron. Raw material is available over most parts of
the world. Following are the raw materials and their principal constituent

chemical elements used in the production of cement: limestone (Ca); cement
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Figure 1., Fixed Investment Related to Capacity in
Germany, U.S.A., U.S,S5.R. and Developing countries,
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rock (Cz, Si, Al, Fe); marl (Ca); oyster shell (Ca); clay (Si, Al, Fe);

shale (Si, Al, Fe); slag (by-product of pig iron smelting) (Si, Al, Fe);
sand (S8i); calcium carbonate—by—product—(Ca); sandstone (Si); bauxite (41);
diaspore (Al).

The use of the above-mentioned raw materials in cement production may
be considerably limited when they contain a high percentage of an undesirable
constituent, such as magnesium carbonate in limestone and other calcareous

deposits, or excessive sulphur content in gypsur or pyrites.

“B. Choice of processes

i. Dry vs. wet processes: The most important factor determining the

choice is the water content of the primary raw material. If the water content
is high, the wet process will be chosen. This is the case with marl, granulated
blast furnace slag, and some clays. If water content is very low, the dry
process 1s preferred. Between these two cases, there is no rule-of-thumb to
decide between one process or the other. The following major points enter

in the final decision:;é/ (1) wet process consumes 20 to 25 per cent more

fuel per ton than dry process—-very cheap fuel may favor the adoption of wet
process; (2) consumption of power is less in the wet prosess, 4 to 8 per gent ;
(3) initial fixed investment costs about 10 per cent more in the dry process
than in the wet process; (4) dust; less dust is generally released in the wet

17/

process than in the dry orocess., In the wet process, water is added to the
raw materials to produce the slurry which usually contains 35-40 per cent

water by weight.

;é/ In the past, the wet process was preferred because it produced more
uniform cement than dry process., This is no longer the case. Dry
process equipment can be designed to produce cement which is homogenous
enough for commercial purposes.

17/ J. C. Witt, Portland Cement Technology (New York, Chemical Publishing
Co., Inc., 1947).




- 35 ~

ii. Other processes: The present study relates to standard portland

cement.

Cement production from gypsum has been tried on a limited scale
in some industrial countries. Cement is also obtained as a by-product of
the sulphuric acid manufacturing process that tutilizes gypsum as raw
material. This process 1s rather highly capital intensive and in the
opinion of an authority would not stand competition under normal merket
conditions for sulphur. This process should not however be dismissed al-
together as unfeasible. It 1s conceivable that a country dependent on
gypsum for the production of sulphur may have sufficient demand for both
sulphuric acid and cement.

Other processes may be mentioned briefly: (1) Processes utilizing
blast furnace slags and industrial waste, such as calcium carbonate (a by-
product in manufacturing caustic soda); (2) Higher quality cements that
require precision in proportioning raw mix, and in some cases, special
processes and equipment, as well as additional storage facilities; they are:
(a) high early strength cement; (b) low-heat hardening, including "hydraulic"
cement used mainly in mass and underwater concrete construction, particularly
large dams; (c) sulphate resisting cement.

C. Capacity and kiln technology:

Until guite recently, relatively small plants were considered most

economical. The major economies of scale, it was felt in the United States,

18/

were obtained at the level of about 250 thousand tons per year.=—

18/ See S. M. Loescher, Imperfect Collusion in_the Cement Industry,(Cambridge
Harvard University Press, 1959), p.L4O.
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Table I-1. Trends in Average Number of Kilns and Capacity
per Plant in Selected Countries, End of Year

e S —— . e e ——— —— i b e . i a o et e s

~_ _Total Average per plant
Number Number Capacity Number Capacity
of of (in of (in
Country and  Year Plants Kilns thousand tons) Kilns thousand tons)
Japan:
1950 33 80 7,031 2.4 213
Oct. 1961 49 173 31,175 3.5 636
U.S.S5.R.
1950 62 192 12,472 3.1 200
1958 83 286 37,350 3k 450
1965(Planned)102 384 75,000 3.8 735
United States:
1950 152 «ss 45,855 e 300
1960 176 ... 73,850 o 420
Sources: Japan —— Seme Data on the Cement Industry: op.cit. p.91;
Yasuhiko Ekeuchi and Masao Sato, '"A Test Survey
for the Analysis of Supply Conditions; a tentative
estimation of production functions and capital co-
efficients for the cement industry,” Keizai-Bunseki,
Japanese Planning Agency, 1960, p.53.
. S:5u8. —— Loginov, op.cit., pp. 61,77, and 195; I.I.Kholin,
"0 tipe i moshchnosti namechaemykh k stroitel'!stvu
tsementnykh zavodav (On the type and capacity of
cement plants slated for construction)", Tsement
No. 2, 1958, p.12,
United States -- United States Bureau of Mines, liinerals Yearbook

for appropriate year,
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The following table shows standard kilns and corresponding capacities
for recently built plants in the United States and norms for model plants
in the U.S.5.R.

Table I-2, Standard Kilns and Plant Capacities, Canada,
United States and U.S.S.R.

Number of Kilns and Dimension
Capacity tons per year (diameter X length in meters)

120,000 1 kiln - 3.05 x 122
210,000 noow ~ 3.50 x 130
260,000 woow ~ 3.66 x 137 or 3.73 x 130
340,000 2 kilns ~ 3.44 x 122
430,000 moow ~ 3.66 x 137
510,000 moon - 3,50 x 122%/
1,000,000 2 kilns - 5,03 x 4.57 x 4.88 x 140.21%/
I1.U.5.5.R.
230,000 2 kilns - 3.0 x 2.7 x 3.0 x 1278/
450,000 . ~ 3.6 x 3.3 x 3.6 x 150%4
675,000 3 kilns ~ 3.6 x 3.3 x 3.6 x 1506%
900,000 2 kilns ~ 4.5 x 170

g/ Dumbbell type kilns. Instead of one uniform diameter, they have two
or more diameters extending over certain lengths of the kiln.

Sources: Canada and United States: "Case History Study of Ten New Cement
Plants" and "Case History Studies of Eight Cement Plants Installed
in 1958", Rock Products, (May 1958 and May 1959).

U,8.5.R. ¢ Loginev, cp.cit,
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Table I-2 indicates that capacities of up to 260,000 tons per year
may be built with one technological line, In the United States practice,
starting with 340,000 tors, two or more techniological lines prevail., 1In
the U.S.S3.R. experience, two technological lines start at 230,000 tons
capacity. FEReturns to scale and the advisshility of continuous cement
production while overhsuling eouviprent sugsest the feasibility of plannirg
at lesst two technological lines., Four technological lires are the maxi-
mua under U, S.S.R. planning norms.

From the point of view of developing countries, the lower lirit to
the range of scales may be of particular interest. Rotary kiln nlants
with capacities rangine between 35,000 and 50,700 tons per vear have been
built. Tecent improvements in the automatic shaft kiln plants (discussed
below), that are particularly adapted to low capacities, make them worthy
of close consideration in this regard.

D. Initial fixed investment

1. Federal Republic of Germany. Total initial fixed investrent for

a rotary dry process plant with a capacity of 300 tons per day is estimated
at 12 millions DI, The cost distribution is indicated in the following

table,
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Table I-3, Fixed Investment, Germany (Fed.Reo.), Plant A

Ttem (in thousand DN) Percentage of Total
Cement-making machinery, erected 5,000 43.5
Refractory waterial, installed 300 2.5
Electrical equipment, installed 300 2.6
Building, foundation, silos 3,700 32.2
"orkshop =2nd laboratory 450 3.9
Cuarry equiprent 500 L.l
Rail trades, water supply, drainage 400 3.5
Vehicle pool and works roads _ 450 3.9
Store (spare parts) 400 Ba5

Total 11,5C0 100.0

Source: Otto Labahn, Cerent “ingineer's Handbook (Berlin, 1960).
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The electrical equiprent item comprises: motors, starters, distribution
boxes, cables in the factory, transforrers, high and low voltapge installa-
tions, lighting. These costs do not include cost of power plant, land,
forming the company, investigation of material, and starting up the quarry.
The above cost figure was multiplied by the following factors to arrive at
the estinmated initial investrent for the various capacities.lg/

0.55 for 100 tons per day

0.84 for 200 tons ver day

1l.25 for 400 tons per day

1.50 for 500 tons per day

1.70 for 600 tons per day

2.60 for 1,200 tons per daygg/

2. United States, Hstimates of initial fixed investment were based

mainly on the cost of initial investment of 1& new plarts built in the
United Stetes in the period 1956 to 1960, Case histories for 18 new cerent

plants constructed during this period were published in Lock Froducts

(May 195€ and kay 1959). Initial investrwent was adjusted to prices in 1960.
The index used was based on M"iarshall and Jtevens Annual Indix of Corparative
Bquiprent Costs for Cenent {znufrcturing® and "Cngineering lews-h.ecord Index
of keavy Construction Costs".gl/ The price indices are given below (They are

weighed 70 per cent for equipment, 30 per cent for construction):

19/ See: Otto lLabahn, op. cit.
20/ The factor for 1,200 tons per day was entrapolated.

21/ Chemical Engineering (March 6, 1961), pp. 115-116.




3, India

Table I-4. Fixed Capital Cost per Ton of Capacity
for Various Cement Plants in India

) I ) B ) D () (5)
Actual or Plant Fixed Inflating Fixed Capital
BEstimated Capacity Investment  Factor Cost ner Ton
Investuent (in ver Ton Index in 1951 prices

Year in Fixed thousand (in 1961 = (in rupees)
Capital tons) current 1.00
(in million rupees ) _a/
rupees)

1940 5.6 100 56 2.06 115

1949 9.4 50 189 1.15 217

1949 11,0 115 96 1.15 110

1950 11.9 115 104 1.11 115

1950 13.52/ 115 117 1.11 130

1951 16.8 150 112 1.00 112

1956 7.9 100 79 oo ces

1956 12.0Y 200 60 ... vee

Source:

a/

=

J

The index was computed by estirating a2 weighted average of the "Index
for Capital Replacerent Cost, 1938~1953: Chemical and Allied Plant"
(for machinery) and an index of sesles value per ton of output of cement
(for building costs). The former was weighted at twice the imnort-nce
of the latter, based on the balance sheet distribution on fixed assets
betueen machinery and plant. The computed indices are as follows:

Year Index
1939 100
1940 109
1949 194
1950 202
1951 224

A hypothetical nlant.
An actual expansion.
A planned expansior.
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These data have not been discussed in the text as information or the
nature of the plants involved was not available in sufficient detail
to permit aznalysis.

4, O(Other countries

The following estiicates of cavital cost per ton of arnual output
by the wet process were prepared bv a United Wations technical =sssistance

expert for a southeast Asian country. The data relate to 1955.

Capital Cost ir Pounds Sterling
Capacity per Ton of innual Output
with power nlant without power plant
200 tons per day(app.65,000 tons
per year) 17 16
300 tons per day(app.100,000 tons
per year) 14 13
400 tons per day(app.125,000 tons
per year) 12 11

It was estiiated that dry-process plonts with similar capacities would
cost between 10 and 20 per cent more., The investment cost for a 300 ton per

day wet process plant, at 1955 prices, wes as follows:
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Table I-5, Fixed Investment, Plant D

Cost (in thousand

Ttem e pounds sterling)
1. A1l cement-raking machinery including reduction 350
gears grinding medis,(first charge) and fire backs
2, Electric motors with switchgear and starters, etc. 85
3 Generating plant steam turbo alternators or 3a 155
Alternative-trensformer station equipment (20KV) (20,000)
b Cuarry equipment-drilling machines, one excavator 50
anc¢ dunpers, appr.
5. Laboratory equipment 5
6. Repair workshop equipment and tools for erection 15
7. Freight by sea (no insurance), arprs : 50
8. Landing charges and duty, appr. 70
9. Transport to site 12
10. Erection (including unloading) 75
11. Civil Engineering work-building, roads,drains,etc., 280
12. Railway Sidings 25
13. Fuel 0il Tanks 9
14. TVater Supply installation and lighting 20
15, Supervision, insurances and office exvenses L0
16, Contingencies and consulting engineering fees 100
with steam power plant - total 1,341

alternative with transformer station - total 1,206
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The following tebles give details of fixed irvestrent for 6 plants.

These data are based on feasibility revorts prevared for several developing

countries and are based on unpublished materials.

Table I-6. Capita2l Investrent, Plants B and C (Dry Process),
1959 (in thousand dollars)

Item

Plant B
100,000
tons per year

Plant C
66,000

tons per year

Materials (f.o.b.):
quarry equiprent
kiln
cerient rill

other mechanical equipment
including crushers,mills,etc.

storage, measuring, and control
equipment, laboratories, ctc.

Ocean freight (10 per cent)
Transport to site (3 per cent)
Sub-total materials

Erection:

supervisory and professional labour

local labour
erection equipment
Sub-total erection

Buildings, etc.
Auxiliaries
Housing for18 and 15 men
Design 5.4 per cent and 5.6 per cent
Contingencies 7.5 per cent
Interests 6 per cent

Total fixed capital
Working capital

Total capital

130
365
112

324

639
157
__ 48
EL,775)

174
198
57
(429)

620
78
214
174
247
212
3,749
310
4,059

144
480
144

116

836
202
60

(2,282)

202
261,
57
(523)
840
88
228
214
313
269
L, 757
420
DLl t7
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Table I-7., Capital Investrent, Plant E with Annual Capacity
of 200,000 Tons (Wet Process)

Estimate cost, f.a.s. port

(in thousand (in per-
Ttem dollars) centage)
Construction cost estimates (1955):
Quarry and clay pit 86 1.0
Rock crushing 137 1.6
Clay handling 26 0.3
Raw mill 179 2al
Flotation equipment 144, 1.7
Slurry department 75 0.9
Burning and cocaling 908 10:5
Coal handling and burning 147 1.7
Clinker grinding and gypsum handling 212 2.5
Cement storage and shipping 130 1.5
General, etc, 385 L.5
Electrical equipment and transmission __ 379 __ L.y
Sub-total (2,808) (33 )
Power plant and auxiliaries 1,115 12.9
Building material, including
housing and railroad 1,522 1747
Spare parts 232 a7
Ocean freight and insurance 93 Je2
Sub-total (3,662) (L2 )
Design of complete plant 391 L5
Construction and installation
of equipment 718 8.3

Technical assistance during start-up
and initial operation L2 0.5

Sub-total (1,151) (13 )




- Lo -

Table I-7 (Continued)

_Estimate cost, f.a.s. port_ _

(in thousand (in per-
Ttem dollars) centage)
Preliminary engineering first and second
phase 140 1.6
Preliminary (limestone investigation and
analysis 75 0.9
Supervision and inspection 175 2,0
Construction
Housing for plant personnel 140 1.6
Utilities for housing area 25 0.3
Access road to plant 20 0.2
Communication facilities 50 0.6
Fence, paving and lighting for
lower areas 20 0.2
Construction sub~total ( 255 )
Logistical support for contractors and
field pv. 55 0.6
Contingency for cost variation, etc. 300 3.5
Sub~total (1,000 ) (11.6)
Grand total 8,621 100.0
Actual expenditures (9 April, 1959)
Procurement costs:
Cement machinery and equipment 3,439
Power plant eguipment 1,159
Spare parts for machinery 363
General construction material 539
Cement 226
Lumber 196
Reinforcing steel 181
Structural steel buildings 45
Construction and erection equipment 173
Pol supplies 51
Administrative supplies 51

Sub-total

7,123



Table I-7 (Continued) — W7 -

Estimate cost, f.a.s. port

(in thousand (in per-
Ttem dollars) centage)
Service costs:

Preliminary Engineering 137
Design fee 39
Procurement fee 87
Procurement services 13
Construction fee 174
Construction services 713
Supervision and inspection 235
Operational technical assistance 9
1,844

Grand total 8,967
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Table I-8. Capital Investment, Plants F< G and H

(in thousand dollars)

Plant F Plant G Plant H
335,000 tons 400,000 tons 400,800 tons
annual capacity annual capacity annual capacity
ITtem wet process wet process wet process
Foreign Local Foreign Local Foreign ILocal

currency currency currency currency currency currency

Quarrying L85 20 L85 248 L85 248
Raw materials handling

and storage 347 216 1,089 519 1,089 519
Milling facilities 1,307 402 1,416 L66 1,589 521
Raw meal handling

facilities 105 <7 115 253 241, 220
Burning and cooling 2,388 871 2,464 1,000 2,283 980
Clinker handling 115 111 113 117 113 117
Storage, packing and

Loadout 303 592 341 780 341 777
Plant service and

buildings b/ 262 261, 262 284, 262 284
Utilities 1,113 699 281, LL5 261, L27
Electric power and

distribution ¢/ 1,015 566 1,015 566
Mobile equipment 83 1 151 3 151 3
Site development 34 296 35 282 35 282
Contingencies 601 369 707 499 717 496

Total 7,143 k., 058 8,477 5,462 8,588 5,440

Total cost,
local plus
foreign currency 11,201 13,939 14,028
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Table I-8 (Continued)

8/

Cost is based on prices from the Federal Republic of Germany, Denmark,

and Ttaly. Quarry equipment and all electrical based on United States
prices. '

Building costs are based on structural steel frames and corrugated asbestos
roofing and siding for factory building and concrete wall or masonry con-
struction for service and office buildings. Structural steel fabricated
and shipped from Europe.

Since cost of power plant is excluded, this item probably includes elec-
trical equipment, motors and other electrical items for distribution of

electricity., In plant F, these items are probably included under
utilities,
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E. Prespectus of cement plant equipment:

A 1ist of equipment normally used in a modern United States cement

plant summarized from case studies is given below:

1, In guarrying:

shovel

drill

truck

primary erusher )

secondary crusher ) (in wet process if hard material used)
vibrating screen )

apron feeder

conveyors, bucket feeders, travelling crane

2. In Cement Plant

Raw Material:

weighing feeder

alr separator

ball or ring roll mills
kiln feeder

dryer (for dry process)
apron feeder

vibrating screen

conveyors, bucket elevators

slurry tank equipment (in wet process only)

Clinker:

kiln

weighing feeder
alr separator
cement cooler

ball mills
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conveyors, bucket elevator
vibrating screen
clinker crusher
dust collectors
auxiliary emergency drive for kiln

coal storage, handling, pulverizinr - 1 burning equipment,
or fuel oil storage, heating, pwpin: and burning equipment

clinker storage bin

gypsum storage bin

2 For storage, packing and shipping:

cement storage bin

packaging hopper, and machinery

Le Power plant:

standby generating unit

De Laboratory egquipment:

6. Miscellaneous

punping equipment, water storage, maintenance equipment,
fire protection equipment.

F. Data cn labour input in various_countries

1 Federal Republic of Germany:

Table I-9., Labour Requirementsé/ Plant A

(100,000 tons per year plant)

Number
Ttem of
Workers

e o e e B e RS e —————— o R o

Quarrying (lime marl)
production (drilling and blasting)
shovel operators

dumper drivers

W N W

fitters and maintenance men
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Table I-9 (Continued)

Quarrying (clay)

production (drilling and blasting) 2
dragline operators 2
engine drivers 2
fitters, maintenance men, compressor operators L
20
Plant

Preliminary crushing 2 labourers
Raw material grinding 3 mill attendants
Cement grinding 3 !
Coal grinding 30 i
Kiln installation 3 burners
Kiln installation 3 helpers
Raw meal silo 3 labourers
Cement silo 3 "
Clinker store 3 crane drivers
Packing plant 3 packers
Packing plant 3 helpers
Laboratory 3 helpers
Store 2 labourers
Artisans 3 fitters
Artisans 3 electricians
General labour 9 helpers
Checkers 3 gate-keepers

Total personnel: 55

Salaried

Works manager e
Foreman burners 3
Fcreman fitter 1
Laboratory technician 1
Bookkeeper 1
Correspondence clerk 1 5

001




Table I-9 (Continued) = Sh -

g/ These figures do not include labour requirement in repair shop.

Source : Otto Labahn, Cement Engineers' Handbook, Berlin, 1960.

To prepare the cost estimates appearing elsewhere in this paper, it
has been assumed that the same labour force is needed for smaller plants.
The following estimates have been made for labour force requirements for

200,000 tons per year and 400,000 tons per year capacity plants:

200,000 tons per year 400,000 tons per year
Quarrying 28 36
Plant 62 Th
Salaried 10 11

Total 100 121



2. dJapan

Table I-10, Labour Requirements in Japan by Departments
and Scale of Operation, 1959

a
(man-hours=

- 55 ~

/

per ton of cement)

Scale of Operation in Thousand Tons per Year

Operation A1l Under 200 300 L00 600
or b/ Plants to to to and
Department Covered 200 300 L0O0 600 Over
Direct Labour
Drying and ldning 0.24 0.48 0.28 0.25 0.22 0,23
Fuel Handling 0.06 0.10 0.06 0.08 0.05 0.05
Rotary kiln 0.20 0.36 0.23 0.20 0.18 o0.18
Finish mill 0.11 0.23 0.13 0.16 0.09 0,08
Sub-total 0.61 1.17 0.70  0.69 0.54 0.54
Indirect Labour
l.aterial and Fuel Porting Q.12 0.18 0.13 0,12 0.19 0.12
Boiler and Turbine 0.13 0.24 Qul3 0.17 0.10 0,12
Power 0.14 0.25 0.18 0.16 0.11 . 0,12
Repair (by repair shop
proper 0.23 0.49 0.25 0.2, 0.2, 0.18
Repair (by department ,
crew) 0.16 0.43 0.21 0.13 0.15 0.12
Packing 0.15 0.25 0.13 0.18 0.15 0.13
Sub-total 0.93 1.84 1.03  1.00 0.85 0.79
Total 1.54 3.01 1.73 1.69 1.39 1.33
sSource: Japan kinistry of Labour, Yearbook of Labour Statistics, p.72. i

a/ Production and related workers only.

Excluded, non-procduction workers that
include supervisory and inspection workers not directly engaged in production
operations, clerks and technical workers.

b/  CGuarrying operations apparently excluded.
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Estimates of labour force for different size plants were made on the
basis of the above data relating man-hour per ten of output to scale of
operation. A man-year of 2,440 hours was assumed, Based on the above data,

the following labour force requirements were derived:

Scale of Output Number of Yorkers reguired
100,000 tons 124

250,000 tons 178

350,000 tons 240

500,000 tons 290

3, United States

Table I-II, Labour Requirements by Type in Three United States
Plants, 1955

(man-hours per ton of cement)

Plant 1 Plant 2 Plant 3

(Vet Process, (Dry Process, (Dry Process,
Item 8L per cent 97 per cent 91 per cent

capacity capacity capacity

utilization ) utilization ) utilization )

Operation_and function:

Direct:
Quarrying 0.23 0.05 0.23
Raw material preparation 0el2 0.16 0.16
Coal crushing 0.05 0.05 -
Burning (kiln) 0.17 @10 0.32
Finish grinding 0.16 010 .07
Indirect:
Repair 0.16 0.30 0.40
Power 0.09 0.08 0.20
“arehouse 0.02 0,02 -—
Packing and shipping 0.20 0«15 0.17
Administrative
Technical Supervision 0.08 0.12 -
Clerical and Office 0.06 0.22 0. 31
Laboratory 0.06 0.05 -—
Guards 0.08 0.13 Q.25
Total 1.48 1.53 2511

Source: Onoda Cement Co., Some Data on the Cement Industry, No. 12 (Oct.1961),

p.45 (mineographed, Japanese).
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Le U.S.S.R.

Table I-12. Labour Requirements by Departments and Size of Plant
in U888y 1957

(man-hours per ton of cement)é/

Annual Output Per Plant (in thousand tons) Average for 66 Plants

200 4LC0
Item Under to to Over Man- Percentage
200 LOO 600 600 hours of total
D/
Quarrying 0.09 Qw3 0. 25 0.18 Ol Fi
Production shops (3.21) (1.88) (1.52) (1.06) (1.50) (4,0.3)
(ex. quarry)
of which:
Crushing, Milling
and Drying 1.83 1.20 1.04 0,71 0.98 26.3
Othersg/ 1.38 0.68 0.,8 0.35 0.52 14,0
Auxiliary shopsg/ 3.98 2.61 1.89 1.39 1.95 5244
Repair shops — — - - 049 13.3
Material
Handling, Trucking
and Packing - — - - 1.02 2743
Other — - - - 0.44 11.8
Total 7 +28 L.92 3466 2.03 372 100.0

Source: Loginov, op., cit., pp. 113, 117 and 122,

g/ Original data in workers per 100,000 tons of output per year, or tons per
worker per year was converted to man-hours by assuming an average Jof 2,280
hours per worker year. (See Krasnov, I.D., Ekonomika stroitel'noi industrii
USSR. (Economics of the Construction Industry in the U.S.S.R. (Moscow
Gosstroiizdat, 1960), p.263. Non-worker personnel (engineering and technical,
clerical, guards, etc.) are excluded.

Estimated as residual.

Presumably the kiln department (burning).

SR E

The breakdown of "auxiliary shops" labour is estimated from percentages given
in Loginov, ep.cit., p.ll7.
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U.S.S.R. (Continued)

Table I-13. Labour Requirements by Operationin Typical Plants
in U.8:5.R.

(man—hours per ton of cement)

Operations Plant 1 Plant 2 Plant 3 Plant 4

Production of Clinker

(411 operations, including

quarrying and burning) - 0.39 0,31 0.79
Additive drying . 0.37 .93 0.29 @ 35
Cement grinding 025 .18 0.22 0.32
Packing and filling 0.07 0.03 0.10 O’
Repair and auxiliary shops 0.39 .64 0.79 L.08
Transport—and-storage 0.62 0.45 0.59 0.58
Laboratory 0.0h 0.07 . -

Total 1,76 1.75 2.30 3.2
Source: A. J. Pen'kov, "O tekhniko-ekonomicheskikh pokazatel! iakh po trudu

na tsementnykh zavcdakh", ("Techno-economic labour indicators fer
cement plants"), Tsement (Cement), No. 3, 1960, p. 20.

Note: Plant 1 does not produce its own clinker,

Plant 2 has easily quarried chalk deposits as lime source
(Loginov, op.cit., p.24).

Plant 3 does not have its own limestone source - buys raw
materials and uses metallurgical by-products.
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U.S.S.R. (Continued)

Table I-14. Distribution of Labour Force in Plants of a Soviet
Cement Combine

(in percentage of total labour requirement)

Operations Industrial Labour Force

Operation of technological eguipment

(including intra~shop transport in basic production) 23,2
Quarrying (raw material extraction) e.1
Raw material transport (truck) 5.3
Repair work — all types 3062
Cement packing and loading-and—unloading operations 12.8
Building repair and construction shops hael

a7 &/

Source: M. F. Iurov, "Nekotorye voprosy Kompleksnoi mekhanizatsii i
avtomatizatsii® ("Some problems of comrrehensive mechanization
and automation"). Tsement (Cement), No. 6, 1960, pp. 3-6.

a/ The remaining 18 per cent are presumably non-worker (technical,
clerical, etc.) personnel.

Table I-15. Distribution of Labour Force in Soviet Cement Industry, 1957

Labour Force

Ttem (in percentage of total)
Workers (production and auxiliary) and apprentices 8L.2
Engineering and Technical Employees 87
Clerical and Office Employees 3.6
Other (Janitors, 'atchmen, Firemen, etc.) 3.5
Total Labour Force 100.0

Source : Loginov, op, cit., p. 118
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5« Others

Data in Tables I-16 to I-18 are derived from unpublished sources. For

additional information see Section D in this Appendix.

Table I-16. Labour Force for Plants B and C

(number of persons engaged)

Plant B with 66,000 tons Plant C with 100,000 tons
capacity per year capacity per year

Type of Labour Supervisory and Supervisory and
Professional Local Professional Local

(Foreign Employees Employees (Foreign Employees) Employees

Quarrying
Operator
Driver
Unskilled Labour 3

Plant Production
Raw material, operator
Kiln "
Mills, "
Packing and shipping, operator

S W
O ONW

w W W
W W Ww W

Maintenance and repair:

skilled 1 6 2 8
unskilled 3 5
General plant, unskilled 30 L0

Administration and Technical

Laboratory:
Chemist 1 K 1
Assistant 1 1 1 2
Electrical Technician:
Engineer 1 1
Supervisor 1 L
Mechanical Technician:
Engineer 1 1
Supervisor 3 3
Administration:
Admin, manager 1 1
Technical Manager 1 1
Clerks 1 2 1 2
Typists, etc. _ 2 3

Total 11 9L 12 122
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Table I-17, Labour Force for Plants F, G and H

(number of persons engaged)

Plant F é/ Plants G and HE/
Type of Labour (335,000 tons (400,000 tons
capacity per year) capacity per year)
Quarrying 21 22
Plant (production)
Secondary crushing, surge
piles, storage 23 3
Raw grinding 18 1l8a/
Burning and clinker cooling 27 27
Finish grinding 18 18
Silos and Baghouse 89 87
Warehouse 6 6
Maintenance 92 95
Yard Labour 8 19
Sub-total 281 273
Administrative and Technical
Laboratory 25 25
Technical 15 13
Administration 30 30
Security _25 _34
Sub-total 9L 102
Miscellaneous 14 36
Total 111 433

a/ Wet process.

b/ Plants G (“et Process) and H (Dry Process) are vVery similar in design,
and the projected staff is the same for both with the exception that
Plant H requires an additional 9 men (not shown) in the Raw Grinding
Department.,



~ €2 - |
Table I-18. Distribution of Labour Force by Gualification, Plants B and C

(in percentage of total)

Gualification Plant B Plant C
Local 89.5 91.0
Unskilled 60.0 63.4
Skilled 29.5 27.6
Supervisory and
Professional 10.5 3.0
100.0 100.0

G, Average total cost:

1, Federal Republic of Germany.

capacities was computed on the basis of information available in labahn,

Cement Engineers' Handbook., In the

for 100,000 tons per year dry process plant,

clay as raw material,

Average total cost for the various

handbook, calculations were given

i e e AR—

Trie plant uses lime marl and
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Table I-19. Average Total Cost per Town elated to Capacity, et Process
(in DM)
. Capacity in thousand tons per year __ __
Ttem 33 66 100 200 400
Salaries 1.93 0.96 0.64 0.45 0.23
L\.rages-a-/ 11.70  5.85 3.97 2.3, 1.43
Raw material 2.41 e84l 2ol 241 2.41
Fuelb/ 13.80 13,80 13.80 13,80 13.80
Powery 6.00 6,00 6.00  6.00 6,00
Packingg/ 5.00 5.00 5.00 5.00 5.00
Maintenanceg/ 3.9  3.00 2.50 2.00 1.60
Overhead 2,00 2.00 2,00 2.00 2.00
Miscellaneousi/ 11,42 934 _8,31 7.62 6.94
Total above items 58,16 48.36 L .63 L41.62 39.41
Depreciation en fixed capital 18.00 13,64 10.80 9.18 6.98
Interest on fixed capital 12,00 9.10 7.20 6.12 L.65
Total 88,16 71:10 62.63 56.92 51.04

L

Includes wages in quarrying

per ton ) 25 per cent more than dry process.

e

less than dry process,

100 per cent packed.

fixed investment.

Ll L

bonuses, statutory reserve, etc..

Repair shop wages, spare parts, lubricants.

Consumption of fuel for a wet process assumed at (1.38 million kilo-calories

Consumption of power in a wet process assumed at 85 Kwh per ton, 6 per cent

Assumed at 2 per cent of initial

Taxes, interest, social security contributions, directors' salaries, profits,

At 15 per cent of average total cost.
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2. United States. The United States' experience is based primarily on data
from a case history study of 18 new plants mentioned above and experts' opinion.
The following table summarizes the experience of the United States:

Table I-20,_United States Cement Industry Cagital Requirement, Ore atin% Data
Input—Cutput Coefficients Related to Standard Capacities(¥et Process)

120 210 260 340 430 510 1,000
(1 xiln (1 kiln (1 kiln (2 kilns (2 kilns (2 kilns (2 kilns
3x122) 3.5x 3.66x 3elhlix 3.66x 3.5x3.9 5x5.57%
130 ) 137 ) 122 ) 137 )  xl22)a/ L.88x
140.21a/)

metrics metrics metrics metrics metrics metrics metrics

JTtem

Capital Requirements:
"~ (in thousand dollars)

1. Fixed Capitalb/ 7,000 11,250 13,200 16,000 19,000 21,00C 30,000
2. YWerking Capital

(60 days) 210 320 380 L80 580 650 1,040

Total 7,210 11,570 13,580 16,480 19,580 21,650 31,040

Operating Data, through
Shifts at_90 Per Cent
Total Capacity:

(in thousand dollars)

1. Material and Supplies

~ Total 149 RLL 285 364 L5 FLL 871
Direct Material
Limestonec/
Clay ¢/ _
Gypsum 22 38 L6 60 78 92 180
Bags 4/ 37 66 79 104 135 159 311
Supplies e/ 90 140 160 200 240 260 380
2. Power,Fuel and Water-
Total L97 875 1,058 1,378 1,79 2,115 by 137
Power 227 401 485 610 822 968 1,894
Fuel 256 450 5L, 710 923 1,089 2,130
Water 14 2L 29 38 49 58 113
3, Manpower
(a) Direct Labour L00 510 570 700 780 810 gle
(») Indirect Labour—
Total 82 116 126 16¢ 166 166 166
Managers and Supervisors30 L8 L8 77 77 77 77
Chemists 17 17 17 17 17 17 17
Office 17 27 32 38 38 38 38
Others 19 2L 29 34 34 34 34
Miscellaneous and
Contingencies f/ 210 338 396 480 570 630 900

Total Operating Cost 1.339 2,083 2,435 3,088 3,763 4,232 €,884
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Table I-20 (Continued)

120 210 260 340 430 510 1,000
Physical Inputs and
Coefficients Per Ton
_of Output:
Limestone (in tons) 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Clay (in tons) 0.3 0.3 03 A 0.5 a5 0.3
Bags (number of bags) 23 23 23 23 23 23 23
Power (in kwh) 115 115 115 115 115 115 115
Fuel (in million b.t.u.) 5.85 5 .85 5 .85 5.85 5.85 5,85 5.85
Water (in cubic meters) 0.9 0.9 0.9 0.9 0.9 0.9 059
Gypsum (in kilograms) per
cent of weight 4O LO LO 4O 40 40 40
Manpower (number) :
Direct Labour
Skilled 15 19 21 26 29 30 30
Semi-skilled 15 19 21 26 29 30 30
Unskilled L5 57 63 78 87 90 90
Total 75 95 105 130 145 150 150
Indirect Laovour
Managers and supervisors 3 5 5 5 5 5 5
Chemists 2 2 2 2 2 2 2
Office 3 5 6 i 7 7 o
Others L 5 6 7 7 7 7
Total 12 1% 19 21 21 21 21

FEconomic Coefficients, Three
Shifts at 90 Per Cent of Total
Capacity (in dollars per ton):

Direct Labeur 3.70 2,68 2,48 2,33 2.00 1.76 0.90
Direct Material and Water 0.67 0.67 0.67 0.67 0.67 0.67 0.67
Power 2,10 2:10 2.10 2.10 2.10 2.10 2,10
Fuel 2.37 2.37 2437 2.37 2.37 2.37 2.37
Indirect Labour and Overhead

Cost h/ 3.37 3.13 2,97 2.82 2.50 2.30 1.6l
Depreciation of fixed capital 4.93 4.50 L.36 #5.., 05 3.70 3.47 2.5
Interest on fixed capital 3,89 3¢55 344 3.20 2.92 2.74 2.00

Average Total Cost 21.03 19.00 18.39 17.54 16.26 15,41 12.18

Source: Table calculated from data supplied by, experts and aéta given in case
history study of 18 new plants issued”in Rock Product (May 1958,May 1959).

a/ Dumbbelltype of kilns. Instead of one uniform diameter,they have two or more

- diameters extending over certain lengths of the kilns.

b/ Includes plant and quarry equipment, building and storage, land, excavation,
foundation and installation costs.

¢/ Included in land depreciation.
d/ 20 per cent of production packaged.
e/ Refractories, bricks, clay and cement, maintenance and repair parts, lubricants,
hand tools, and maintenance insurance. L ]
i/ Includes insurance, interest, sales cost, office supplies, auditing and legal services.

In¥rudes i&bouyr in guarry.
4 Includes supplges aﬁd migcellaneous.

—
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He Automatic shaft kiln plants:

The standard capacity for this type of plant is 100,000 tons per year,
with two kilns of 150 tons per day each. The upper limit is attained with
four technological lines, giving 200,000 tons rer year capacity. A cement
plant with a capacity as small as 25,000 tons per year is possible with one
75 ton per day kiln. These plants may be designed for easy installation, mak-
ing them adaptable for remote locations. Another advantage is the possibility
of relocation of such plants, provided that they are designed with that purpose
in mind. It is claimed that between 80 and 90 per cent of initial investment
isrecoverable,

Fixed investment is about 20 per cent lower than for an equivalent dry
rotary kiln plant, according to Labahn. DNo dataare available on over-all
labour requirements. ’ccording to German and Swiss experience, fuel con-
sumption is 0.85 to 1.20 million kilo-calories per ton of clinker.

There are several important limitations of the use of automatic shaft
kilns. They are adapted only to the dry process., Raw material specifications
as to plasticity and uniformity must be relatively high; a lower water content
is presumably also desirable as in other dry processes, Only "lean!" fuels
with a small volatile material content, such as metallurgical coke or
anthracite, can be used in the process. One manufacturer of the kilns has
recently announced a successful experiment with either oil or gas firing.

The limited maximum capacity of plants equipped with shaft kilns is another
consideration, rarticularly where market conditionsshow promise of exceeding

the 200,000 tons per year limit,
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Furthermore, cement produced by shaft kilns has been of inferior quality

(less uniform) as compared to products of rotary kilns. Several manu-
facturers of shaft kilns, however, seem to have overcome this problem, largely
through improvements in raw material and fuel preparation equirment and tech-
nigques. There is good reason to believe that a greater degree of technical
know~how and operator skills is required than with rotary kilns. The nore
complex technology may be an important drawback to the use of shaft kilns

1/

in developing countries.

1/ Sources on automatic shaft kilns:

i) Ctto Labahn, Cement Zngineers' Handbook.
ii) Herbert Hughes, "The De Roll Vertical Kiln",Mining Engineering (Dec.1956)
iii) Steven Gottlieb, "Shaft Kilns Solve Fuel Problems in Australia",
Rock Products, (October 1959),
iv) Nathan C. Rockwood, "Uniform Cement from Vertical Kilns in Austraiial,
Rock Products, (M ch 1959),
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APPENDIX [

Trends in Production, Consumption and Trade

This appendix presents background statistical data or cement covering
mainly the post-war period, although data for the pre-war years 1937-1938
are given for reference purposes. The following is a summary of the trends
as derived from the available data;

Since 1947, world production of cement has been steadily increasing at
the rate of 9.2 per cent per annum; a lower rate of growth, 7.9 per cent
annually, has obtained, however, in the last decade. The fastest growing
rates are shown by the Asian countries, the centrally planned economies, and
the countries of the liddle East; North America registered the slowest growth.
These differentials in rates of growth resulted in changes in the pattern of
cement production and in the share of various regions in total world producticn.
Although North America and Western Burope together still account for the
grcater part of world total output, their share has decreasced from 72.1 per
cent in 1947 to 51.0 per cent in 1960,

The substantial increasce in world production of cement is reflected in
the level of per capita consumption. Table IT-4 shows the level of per
capita consumption and the historical trend of this magnitude for a sclected
number of countries.

Testern Burope has beon the most active region in international trade.
It has been predominant in the cxport market and maintained its relatively
high share of total world imports. The trend, howecver, has becn towards a

decreage in this share.
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Despite the increase in local production of cement in developing
regions of the world, they remained most active in the import market,
except for Latin America which has consistently reduced its share of total
world imports, from 37.7 per cent in 1947 to a low of 4;7 per cent in 1960,
Africa remained a major importer of cement although its share in the total
shows a slightly declining trend. On the other hand, fsia, the lliddle East
and the countries of centrally planned economies show an increasing trend
for their share of total world imports. On the export side, the share of
the developing countries of the world has incrcased from about 4 per cent
in 1947 to about 27 per cent in 1960. Countries of centrally planned
gconomies recorded also a high increase in their share of the export market.

The sharc of North american countries in world trade, despite their high
share in world production, has been relatively 1ow;

Net trade as depicted by net exports and net imports by regions (sce
Chart II—Z) show that western Burope and countries of centrally planned
economies have been net exporting regions. Since 1952, however, the volume
of net exports of the former rcgion shows a declining trend.

africa, the Middle East and Latin America have been net importing
regions, with the latter region achieving gradually a position of self-
sufficiency. Since 1951, sfrica recorded a slow downward trend in the
volumz of net imports.

Asla has been on the average a net ilmporter, after the war, although
since 1955, the region has been approaching self-sufficiency.

In the years immediately after the war the North smerican countrics were
nct cxporters, after which followed a period of self-sufficiency, a situation

of net imports since 1953.
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World tradc comprises a small sharc of total world production, and has
indicated a moderate downward trand (see Charts II-3 and II-4). This
downward trend is explained mainly by the increase in the production capacity
of developing countries and consequently the share of local output in total
demand has increased while that of imports has declined. This is indicated

by the significant decrecase in the ratio of imports to production in Latin

america, »frica and Asia.
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fable II-1, vorld Cement Production, 1937, 1938 and 1947 to 1960
(in thousand tons and percentages)
Lrea 1237 1938 1947 1948 1949 1950 1951 1952

JILL"R_I Cu.

uetual 1211 1295 1968 2115 2238 3116 3493 3754

Percentage (1.5) (1.5) [2.2) (2.1) (1.9) (2.4) (2.3) [7.3)
NORTH :J.CRICA

feotral 21113 19166 34253 37844 38902 41928 45269 46014

Percentage (25.9)  (21.9) (39.7) (36.7) (33.7) (31.7) (30.2) (28.8)
LaTIN L MERICH

Letual 2333 3199 5028 5344 6364 1225 1913 8892

Percentage (2,97  (3.7)  (5.8) (5:2] (35 15:5] (5ed) (5B
53T,

actual 8731 8959 3593 4416 6748 8627 11684 12830

Percentage (10.7) (10.2) (4.2) (4.3) (5.8) (6.5) (7.8) (8.0)
~ I“JLD L_,J).ST

usctual 794 761 1247 1344 1511 1836 2053 1999

Dercentage (1.7)  (0.9) (1.4) (1.3) (1.3) (1.4) (1.4) (1.2)
OCEANT A

sctual 975 1075 1180 1275 1325 1530 1390 1620

Percentage (1.2) (1.2) (1.4) (1.2) (1.1) (1.2) (0.9) (1.0)
WESTIRN EUROPE o/

actual 36472—/ 40725% 27932 36038 41726 48252 53249 56992

Percentage (44. 8) (46.5) (32.4) (35.0) (36.1) (36.4) (35.5) (35.6)
CENTRALLY PL.ANKNED

BCONO.TRS b/

aotuel 9660 10385 10149 13390 16750 19765 20718 25369

Percentage (11.9) (11.9) (11.8) (13.0) (14.5) (14.9) (13.8) (15.9)
CHI V. (MAINLnND)E/

NORTH KOREw

sctual 2290 749 660 2490 2862

Percentage (2.6) (0.9) (0.6) (1.7) (1.8)
WORLD TOT..L

notual 81400 87500 86250 103000 115600 132400 150000 160000

Percentage (100.0) (100.0) (100.0) (100.0)  (100.0) (100.0) (100.0) (100.0)

Source: United Nations, Statistical Yearbook

elgle,

Including Fastern Germany
GTxcluding China (lainland) and North Korea
Beginning 1951 including North Korea
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(in thousand tons and percentages)

World Cement Production, 1937, 1938 and 1947 tc 1960

Area 1953 1954 1955 1956 1957 1958 1859 1960°

AFRICA

Actual 4192 4731 5347 5669 6037 6474 6622 6891

Percentage (2.4) (2.5) (2.5) (2.4) (2.4) (2.5) (2.3) (2.2)
NORTH ANMERICA

Actual 49184 50639 57705 61512 59182 61389 66372 62330

Percentage (27.6) (26.2) (26.6) (26.2) (24.0) (23.3) (e22.6) (19.8)
LATIN AMERICA , )

Actual 9766 10727 11967 13407 14851 15293 15772 16784

Percentage (5.5) (5.6) (5.5)  (5.7) (6.0)  (5.8)  (5.4) (5.3)
ASTA

Actual 15027 17857 18075 20989 24305 25669 29140 35750

Percentage (8.4)  (9.3)  (8.3) (8.9) (9.8)  (9.8)  (9.9) (11.4)
MIDDLE EAST

Actual 2339 2654 3289 3701 4234 A8 38 5307 5664

Percentage (1.3) (1.4) (1.5) (1.6) (1.7) (1 17) (1.8) (1.8)
OCEANTA

hctual 1880 2250 2400 2590 2862 3017 3018 3210

Percentage (1.1) (1.2) (1.1) (1.1) (1.2) (1.1) (1.0) (1.0)
WESTERN EUROPE

Lctual 62726 67081 75333 78793 80893 82582 922417 97929

Percentage (35.2)  (34.8) (34.7) (33.5) (32.8) (31.4) (31.4) (31.2)
CENTRALLY PL&NNED

ECONOMIES b

Lctual 28971 32230 37705 40882 46801 52890 61057 70886

Percentage (16.3) (16.7) (17.4) (17.4) (18.9) (20.1) (20.8) (22.6)
CHINA (MAINLAKD)E/

NORTH KORBEi

sctual 3904 4831 4863 6990 7755 10543 14196 14785

Percentage (2.2) (2.5) (2.2) (3.0) (3.1) (4.0) (4.8) (4.7)
WORLD TOT.L

Actual 178000 193000 217000 235000 247000 263000 294000 314000

Percentage (100.0) (100.0) (100.0)  (100.0) (100,0) (100.0) (100.0) (100.0)

Sources United Nations, Statistical Yearbook

Qlgle,

Including Eastern Germany
Excluding China (Mainland) and North Korea
Beginning 1951 including North Korea
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Table II-2 Rate of Growth in Cement Production by Regions

(Peroontage per annum)

Lrea 1947-1960 1950-1960
africa 9,0 7.2
North america 13 3.6
Contral and South America 8.6 7.6
asia 16.4 12.9
liiddlo East 10.8 , 102
Oceania T2 6.7
Western Burope 9.0 6.4
Centrally Plannecd Economiesé/ 13.9 11;6
World average 9;2 | 9

Source: Calculated from Table II-1.

g/ Excluding China (Jiainland) and North Korea
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TIBLE TI-3 — World Trade in Cement, 1937, 1938 and 1947-1969 2/
(in thousand tons and

percentages

Area 1937 1938 1947 1948 1949
AFRICA
Import — Actual 1068 995 865 1617 2036
Imports as percentegss of totzl imports (18.8) (19.7) (19.7) (27.0) (26.5)
Export — Actual 30 24 20 20 28
Exports as percentazes of total exports (0.5) (0.5) (G.4) (0.3) (0.4)
MNORTH MIRTC:,
Import — sctual 328 310 199 225 383
Tmports as percentages of total imports <j°8> (6.1) (4°5> (3°8> (500)
Export - actual 78 111 1168 1022 781
Txports as percentages of total exports (1.3) (2. (26.1) (16.2) (10.0)
LATIN aMERIC..
Import — nctual g25 828 1658 1750 1755
Imports as percentagzes of total imports (16.3) (16.4) (37.7) (29.2) (22.8)
Txport — actusl 1l 2 60 135 115
Exports as percentages of total exports (=) (=) (1.3) [2.1) (1.5)
_»‘;S:Ij&
Import - iactual 1230 1070 367 AEO 1081
Imports as percentages of total orts  (21.6) (21.2) (8.3) (11.3) (14.1)
Export - sctual 1725 953 89 202 565
Exports as poercentages of total exports (28.7) (18.8) (2.0) (3.2) (7.2)
Import — nctual 434 354 229 337 405
Imports as percentages of total imports (8.5) (7.0) (5.2) (5.6) (5.3)
Dxport — nctual 76 66 1 7 17
Exports as percentages of toial exports (1.3) (1.3) () (y.1) (0.2)
OCEANTA
Import - ictual 13 12 25 34 103
Tmports as percentages of total imports (0e2) (0.2) (0.6) (0.6) (1.3)
Bxport — actual 3 3 25 5 10
Exports as percentages of total exports (U.1) (6.1) (G.6) (0.1) (0.1)
WESTERN BURUPE /
Tmport — ~ctual 12452 13159/ 600 1090 1655
Imports as percentages of total imports (21,9 (26.0) (13.6) (18.2) (21.5)
Export — wnctual 3810 3600 2415 4340 5355
Exports as porcentages of total cxports (63.3) (711.0) (54.0) (68.9) (68.4)
CENTRALLY PLaNNED ECOUNUWT ==
Import — wctual 402 173 455 (2€8) 214
Tmports as percentages of total imports (7.1) (3.4) (10.3) (4.5 (3.6)
Export — isctual ) 292 319 694 (567 962
Exportsas pércentages of total exports (4.9) (6.3) (15.5) (9.0) (12.3)
WURLD TUTwL
Tmport — sctual 5700 5050 4400 600 700
Imports as porcentages of total crts  (1uu.0) (;UU.O) (10U.O>(100.U) (100,0)
Ixport — nctual HULG 5100 4450 6300 7850
Exports as poercentages exports {(1uw.0) (100.0) (1L0.0)(10u.0) (100.0)
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World Trade in Cement, 1937, 1938 and 1947-196U é/
,ﬁrcerﬁagas)

(in thousand tons ay

“

1950 15l 1952 1953 1954 1953
AFRICA
 Iuport — Actual 2038 2884 2803 2556 2528 2488
Tmports as percentages of tosal imports (Qé.f) (29.1) (28.9) (24.2) (24.8) (19.4)
Bxport - Lctual 144 135 87 292 174 246
Exports as percentages of total exports (1.7) (1.2) (0.8) (1.9) (1.6) (1.8)
NORTH AMERICA
Trport — sctual 461 527 544 450 441 1361
Imports as percentases of total imports (5.9) (5.3) (5.6) (4.3) (4.3) (10.6)
Zxport — Actual 11 500 542 A3 33 459
Ixports as percentages of total export (4.8) (4.6) (4.9) (3.7) (3.1) (3.4)
LeTIN aMBERICA :
Import - Actual 1780 2050 2120 1795 1415 1350
Imports as percentages of total imports (22.8) (20.7) (21.9) (17.0) (13.9) {(10.5)
Bxport — Lctual 275 290 265 170 166 230
Zxports as percentages of total exporis (3,2) (2.7) (2.4) (1.5) (1.5) x2.1)
Tmport — actual 876 1014 1397 1273 1371 188¢
Imports as percentages of total imports (11.2) (10.2) (14.2) (12.1) (13.4) (14.7)
Export — actual 578 1003 801 969 1083 1435
Exports 3o percentages of total exports (6.7) (9.2) (7.2) (8.3) (9.8) {(10.7)
MIDDLE EaST : - _ P _
Import — wctual 584 632 525 747 962 129¢
Imports as percentages of total imports  (7.5) (6.4) (5.4) (7.1) (9.4) (1v.1)
Ixport — actual 4 70 45 257 320 244
Bxports as percentages of total exports (0.5) (0.6) (C.4) (2.2) (2.9) (1.8)
CCoeNT i
Tuport — sctual 190 502 296 304 314 262
[mports as percentages of total imports (2.4 (5.1) (3.1) (2.9) (3.1) (2.0)
Ixport — sctual 24 4 T i5 52 13
Exports as percentages of total exports  (0.3) (=) (0.1)  (0.1)  (0.5)  (u.1)
WESTERN BUROEB
Import - Actual 1685 2173 1839 3136 2878 3207
Imports as percentages of total imports (21.6) (21.9) (19.0) (29.7) (28.2) (25.0)
Export - actual 6050 T6UU 7690 8090 6781 7761
Ixports as percentages of total exports (7u.1) (70.0) (69.3) (69.2) (61.6) (57.9)
CENTRALLY PLANNED BCONbMIESQI
Import - Actual 181 136 213 269 287  1uuo
Imports as percentages of total imports (2.3) (1.4) (2.2) (2.6) (2.8) (7.8)
Export - actual 1106 1239 1637 1540 2111 3061
Sxports as percentages of total cxports (12.8) (11.4) (14.8) (13.2) (19.2) {22.8)
WORLD TUTsL
Import — ictual 7800 9900 91wy 10550 10200 12850
Imports as percentages of total imports(100.C) (100.U) (1v0.U) (106.0) (100.0) {1C0.0)
Export — Actual 8650 10850 11100 11700 11000 134C0
Bxports as percentages of total exports(luv.u) (1uw.0) (100.0) (10U.0) 1100.0) (1uv.v)
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TABLE II-3 (contd.) — World Trade in Cement, 1937, 1938 and 1947-1960 2/
(in thousand tons and percentages)

aArea

1956 1957 1958 1959 1960

LFRICA

Import - actnal
Imports as percentages
Export — Actual
Exports as percentages

NORTH AMERICA

of total

of total

Import - iActual
Imports ag percentages
Export — Actual
Ixports as percentages

LaTIN AMERICA

of total

of total

Import - sctual
Imports as percentages
Export - actual
Exports as percentages

A5T4

of total

of total

Import - 4ctual
Imports as percentages
Export - Lctual
Exports as percentages

MIDDLE BAST

of total

of total

Import - sctual
Imports as percentages
Export - snctual
Exports as percentages

OCEANTA

of total

of total

Tmport — ictual
Imports as percentages
Export — Actual
Exports as percentages

WESTERN EUROFE

of total

of total

Import - sctual
Imports as percentages
Export — 4ctual
Exports as percentages

of total

of total

CENTRALLY PLANNED ECONOMIESE/

Import - 4ctual
Imports as percentages
Export - actual
Exports as percentages

WORLD TOTAL

of total

of total

Tmport — actual
Imports as percentages
Export - Actual
Exports as percentages

of total

of total

imports

exports

imports

exports

imports

exports

imports

exports

imports

exports

imports

exports

imports

exports

imports

exports

imports

exports

2275 2298 2266 2400 2848
(18.1) (18.4) (20.2) (21.0) (24.2)
272 340 260 317 253
(2.1)  (2.7) (2.3) (2.6) (2.4)

1304 839 616 925 719
(10.4) (6.7) (5.5) (8.1) {6.1)
451 534 237 322 196
(3.5) (4.2) (2.1) (2.7) (1.9)

905 994 687 677 555
(7.2)  (7.9) (6.1) (5.9) (4.7)
333 219 258 337 338
(2.6) [(1.7) [(2.3) [(2.8) (3-2]

2089 2269 2226 2118 1935
(16.7) (18.1) (19.9) (18.5) (16.5)
2236 2417 2192 1857 1813
(17.1) (18.9) (19.7) (15.4) (17.1)

1185 1121 1129 1328 1311
(9.4) (9.0) (10.1) (11.6) (11.2)
234 498 415 897 435
(1.8)  (3.9)  (3.7) (7.4) (4.1,
113 97 91 94 72
(0.9) (0.8) (0.8) (0.8) (0.6)

9 31 2 19 15
(0.1) (0.2) (0.2) (0.2) (u.1)

2662 2677 1994 2201 2560
(21.2) (21.4) (17.8) (19.2) (21.8)
6699 6104 5073 5563 5196
(51.3) (47.9) (45.5) (46.2) (49.0)

1998 2224 2224 1671 1745
(15.9) (17.8) (19.9) (14.6) (14.9)
2800 2594 2792 2735 2321
(21.5) (20.3) (25.0) (22.7) (21.9)

12550 12550 11200 11450 11750
(100,0) (100.0) (100.0) (100.0) (100.0)
13050 12800 11150 12050 10600
(100,0) (100.0) (100.0) (100.0) (100,0)
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TABLE II-3 (contd.)

sSources

L & &

The Cement Statistical and Technical Association, World Cement

liarket in Figures. 1913-1956 (llalmd, Sweden).

United Nations, Trade Yearbook
For individual countries appropriate national trade statistics
publications were used.

Export and import include intra-regional trade.
Including Eastern Germany. .

EFxcluding China (Mainland) and North Korea.
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Table II-4 - Apparent per capita cerent consumption. Selected Countrics,

1937, 1938 and 19477-1960

(in kilogranmes)

Area 1937 1938 1947 1948 1949 1950 1951 1952
nFRI CA :
Kenya 5.6 11.7 22.6 31.8 34 .4 40.5
Morocco s s 6 o 85 38.8 60.4 64,4 72.6 103.1 117.2
United Arab Hepublic 22.2 25.2 34 .2 39.5 Ad.T 50.3 54.1 14..1
AMIERICA
srgentina 86.4 95.8 92,3 97.9 98.8 118.0 113.0 112.4
Bolivia 9.3 8.2 14.0 13.4 14.0 12.7 1207 13.4
Brazil 16.7 17.0  26.0  29.7  33.8  34.4  39.7  44.8
Car.uda 86.6 &7 164.6 181 .4 216.4 209.4 2207 23405
Chile 64 .8 (4a1 104.9 92.6 83.4 83.2 99.1 123.6
Dominican Republic 21.2 10,0 34T 13.8 24.6 35.1 49.6 60,6
Icuador 11.2 11.6 Tkl 14.9 21.0 20.5 24 a3 26.5
Mexico 19.1 20.3 34.1 34.4 49.7 57.6 62.5 66.4
United States 154.9 143.5 216.3 234.1 233.4 258.8 267.1 272.9
Venezucla 18.3 50.4  116.8  144.2 184.5 167.1 168.1 17i.4
£STn NI THE FuR EuST
India 3.9 4.9 B gl 4.9 6.9 TeB 8.9 9.6
Iran 1 3 Q) 56 3.0 R 4.2 6.1 5o 2.9
Japan 70.8  78.4  15.0  21.6  34.7  48.0  67.9  75.3
Pakistan N . 4.5 5.8 5.9 1.5 T3
TUROUPE
Czechoslovakia 88.2 80.1 112.1 132.2 134.5 146.9 159.1 168.7
Poland 37.1 47.8 46,7 63.7 Tl .2 121.9 87.3 86.1
Yugoslavia i, 33,1 4.4 57.8 62.8 56 o 19,2 60.9

Sources Computation based on data obtainced from the same sources as Tables

1I-3,

g/ Provisional data

II-1 and
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fable II-4 {contin et.) — hApparent per pita cement consumptior,
Selected Countries, 1937, 1936 and 1947-1960
(in kilogram;es)
. Area 1953 1954 1955 1956 1957 1958 1959 196
AFRICA
Kenya 31 .4 30.1 42,0 45.6 45 .0 43.2 45.7 42 .2
liorocco 106.0 96.8 88.3 T7.9 57 2 4545 354 60.2
Inited wrab Republic 44.8 48.4 58.1 59.7 52 52.6 532 60.6
2l LBRICA
Argentina 90,0 104 .2 107.9 108.4 121.4 1245 1173 134.5
kolivia 11.9 187 12.4 11.0 9.4 9.6 95 8.1
Erazil 54 4.3 49,3 504 5543 556 60.4 60.6 62.8
Canada 265.0 257.5 274 T 315.2 328.3 330.8 3121 291.6
Chile 116.2 117.8 119.1 110.9 102.0 98.7 111.7 113.5
Dominican Republic 55 o 54.9 62.2 66.2 80.2 84.9 59.8 39,2
Ecuador 26.3 2.1 40.4 40.4 39.8 39.8 379 46.8
uexico 64.5 63,1 69.1 76.9 83.1 79.6 81.3 88.2
United States 279.1  316.3  318.3  327.2 300.0 212.3 337.6 307.4
Yenezuela 165.8 220.8 224.9 250.9 3150 267.0 298.0 22341
able (D THE FaR BAST
India 102 11.6 11.7 1 32 1542 15.6 16.8 179
Tran 4.4 72 10.8 13.3 179 A1 31.6 410,10
Japan 92.0 111 .0 105.1 121.2 142.6 1455 170.1 224.3
Pakistan 843 SP 9.4 9.0 121 139 12.6 14,
BEUROPE
Czechoslovakia 175:1 186.2 205.6 217.2 25443 284.6 370.0 349.8
Foland 103 .7 106.7 115.0 124.9 153.5 167.0 173.0 212.9
Yugoslavia 68.5 S 2.6 62.6 80.9 88.9 93,8 117.0

Sources Computation based on data obtained from the same sources as Tables

T3,

a/ Provisional data.

11-1 and
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‘ Chart II-1A World Cement Production, 1937, 1938 and 1947-1960
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by rerions, 1937-1938 and 1947-1960(in

tons ' oo Charl IT-2 Net uxport(+) and Net Import(-), e :
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Chart IT-3A Ratio of Cement Import to Production, World Total and by Region, 1937, 1938
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Chart II-4B
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