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FOREWORD

The need for detailed data on inputs and investment
costs for individual industries has Dheen felt by many
developing countries engaged in planning their indus-
trial development in connexion with the programming
of projects for specific industries, The elaboration of
development plans is in general started with highly
aggregated projections, but it cammot be confined to
this macro-economic level: it is also necessary for
operational purposes to link aggregative plmming to
that of individua! industry sectors, Furthermore, avail-
ability of pre-investment data is essential in cases where
it is necessary to make a preliminary evaluation of the
feasibility of establishment of specific industries, In
all cases, it is not enough to collect data hased on the
industrial practice in industrial countries; these have
to be analysed and adjusted to the economic and tech-
nological conditions of the under-developed countries.

The two studies presented here have heen prepared
by the Research and Evaluation Division of the Centre
for Industrial Development, Department of Economic

iti

and Social Affairs, under the work progranune formau-
lated by the Conunittee for Industrial Development
(1/3600), and endorsed by the Feonomie and Social
Comneil in resolution 872 (XXX they form par,
of a series of studies desiguad to develop a0 body of
data for a certain mamber of seleeted industries  of
interest to under-developed contries along the lines
deseribed ahove,

The first study, “Pre-investment data for the cement
industry™, contains investment and other input coeffi-
cients for the cement indnstry based on analysis of data
originating in a certain numher of conntries, both in
developed and under-developed areas, The second study
relates to the industry of “Nitrogenous fertilizers based
on natnral gas’™: in the latter study major emphasis
is placed on the analysis of the differentials in fixed
ivestment and other major input requirements in this
indnstry between a developed comntry (in this case
the United States of America), and a typical developing
country.




Explanatory notes

The following symbols have been used in the tables throughout the report:

Three dots (...) indicate that data are not available or are not separately
reported

A dash (—) indicates that the amount is nil or negligible

A blank in a table indicates that the item is not applicable

A minus sign (—) indicates a deficit or decrease, except as indicated
A plus sign (4) indicates a surplus or increase

A full stop (.) is used to indicate decimals

A comma (,) is used to distinguish thousands and millions

A slash (/) indicates a crop year or financial year, e.g., 1955/56

Use of a hyphen (-) between dates representing years, e.g. 1953-1955, sig-
nifies the full period involved, including the beginning and end years.

References to “tons” indicate metric tons, to “gallons” American gallons, to
“dollars” or “$”, United States dollars, and to “DM”, Germaa (Federal Republic)
mark, unless otherwise stated.

The term “billion” signifies a thousand million.

Annual rates of growth or change, unless otherwise stated, refer to annual
compound rates.

Details and percentages in tables do not necessarily add to totals, because
of rounding.

ILO refers to the Intern:tional Labour Organisation.
OEEC refers to the Organisation for European Economic Co-operation.

The designations employed and the presentation of the material in this pub-
lication do not imply the expression of any opinion whatsoever on the part of the
Secretariat of the United Npations concerning the legal status of any country or
territory or of its authorities, or concerning the delimitation of its frontiers.

iv




CONTENTS
Puge
l. Pre-investment data for the cement industry
Introduction ... ... ... . ... 1
Section 1. Analysis of investment requirements . . ....... ... .. .. . 1
Section 2. Analysis of labour requirements .. .. ... ... . . ... ... . . .. (1
Seetion 3. Other inputs
A. Fuel ... . . .. 9
B, Electricpower . ........... ... . ... ... .. i 10
C. Other material inputs . ................................... ... .. 10
D. Transport and shipping costs ... ... ... . ...... .. .. .. ... . 10
Appendix I. Data and sources
Introduction ... . .. . .. . H
A, Raw material .. ... .. ... ........ ... ..o
B. Choice of processes . ... ................ ... ... 1
C. Capacity and kiln technology ............................ . ... 12
D. Initial fixed investment ................ ... .. ... . ... ... .. 13
E. Prospectus of cement plant equipment . ... ... ... .. ... . . . . B ¥4
F. Data on labour input in various countries . .. ............... . . {7
G. Average total cost ... ... ... ... ... ... ... e 21
H. Automatic shaft kilnplants .. ........................... ... ... .. 23 |
|
Appendix 11. Trends in production, consumption and trade . .. .. .. . L. 24 ?
;‘
H. Nitrogenous fertilisers based on natural gus
Introduction ... ... . . . .. 3
Section 1. Product description and processes . ....... .. .. ... .. ... ... 3
Section 2. Production, consumption and trade .. ... ... ... ... .. ... 32 1
Section 3. Fixed investment and other inputs .. ... .. . ... .. . . k73
Section 4. Productioncost .. .. ... ... . ... ... ... .. . 36
List of tables
I. PRE-INVESTMENT DATA FOR THE CEMENT INDUSTRY
Table
1. Composition of unit cost for cement production in selected countries !
2. Fixed investment related to scale of plant in selected countries 3
3. Fixed investment in cement plants proposed for developing countries
4. Estimated minimal fixed investment costs pcr ton of capacity appropriate
to developing countries .... = . . 5
S. Production workers related to plant capacxtaes in certain countries 6
6. Average labour productivity in major cement producing countries 6
7. Average labour requirements by type, selected countries 7

v




CONTENTS (continued)

Table Page
8. [Iistimated labour productivity in projected plants . o 8
9. Fuel inputs for cement production in selected countries S 0

10. IHlustrative unit costs for selected scales of operation in certain countries 11

Appendix 1
I-1. Trends in average number of kilns and capaclty per plam in selected

countries . .. . ... . 12

I-2. Standard kilus and pl'mt uqm itics, C:mada bmted States and
USSR . . e 12
I-3. Fixed investinent, Germany (Federal Repubhc), plant A .......... 13

1-4. Fixed capital cost per ton of capacity for various cement p!ams in
India 13
[-5. Fixed investinent, plant D R 14
1-6.  Capital investment, plits B and C (dry process) .............. 14
1-7. Capital investment, plant E (wet process) . .. ... ... ... ... 14
i-R  Capital investment, plants F, G,and H ... .. . .. ... .18
19, Labour requirements, Germany (Federal Republic), plant A ... . 17
I--10. I‘.;;lggur requircments in Japan by departmems and scale of operation, 8
1-11.  Labour requirements hy type in three Umted States p!'mts o 19
1-12. Labour requirements by departments and size of plant, USSR ... . 19
1-13. Labour requirements by operation in typical plants, USSR ... ..... 19
I-14.  Distribution of labour force in plants of a Soviet cement combine . ... 20
1-18.  Distribution of labonr force in Soviet cenient industry, 1957 . ... .. 20
I-16.  Labour force for plats Bamnd C .. . . ... . . ... 20
1-17.  lLahour force for plants F, G and H Ce 2
I-18. Distribution of labour force by qualification, pl:mts B and C ....... 21
1-19. Average total cost per ton related to capacity (wet process) ... ..... 21

1-20. United States cement industry, capital requirement, operatmg data.
input-outpui coefficients related to standard capacities .. .. .. 2

Appendiv I

-1, Rate of growth in cement production by regions . ... ... 24
11-2. World cement production, 14937, 1938, 194/-1060 . . .. ... .. 2%

11-3. World trade in cement, 1937, 1938, 1947-1060 .. ....... ... ... ... 26
11-4.  Appareut per capita cement consumption, selected countries, 1937,

IO38, 1947-1960 . 27
11. FERTILIZERS BASED ON NATURAL GAS
1. World fertilizer consumption ... .. ... . 32

2. World production of nitrogenous fertilizers by product, 1954/55-1959/60 33
3. Production, consumption and surplus or deficit, 1955/56 and 1959/60 .. 33

4. Plad investment in the United States . ... . ... ... ... .. 34
5. Operating labour, United States ... ... ... ... .. 36
0. Consumption of certain major inputs per tow of otput ... ... ... 36
7. Pereentage distribution of mujor cost components, total production cost,
United States 37
N, Variation in average production cost, small vorsus lar ge capacity plants,
Unitedd States . R o 38



k-1

CONTENTS (continned)

List of charte

I. PRE-INVESTMENT DATA FOR THE CFMENT INDUSTRY

Fixed investment related to capacity in Germany (Federal Repuldic),
USSR, United States and dev g countries

Production workers per thousand ton capacity related to certain plant

capacities

Appendix |
Flowsheet of a cement plant, United States

Appendix 11

..................................

e

&







L. PRE-INVESTMENT DATA FOR THE CEMENT INDUSTRY

Introduction

Two major considerations have led to the selection
of the cement industry as a pilot study in the industrial
development data project. First, certain technical char-
acteristics make this industry particularly 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 2
relatively simiple one, therce heing hasically few variants
—wet and dry processes—the requirements of which
differ by an amount well within the order of magnitnde
of estimating errors.! The dry process may be produced
either in rotary kiln plants or in automatic shaft kiln
plants. This study, however, is confined mainly to
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 characteris-
tics of local raw materials, particularly their water
content, determine the choice between the wet and
dry processes. Cement is moreover a relativelv homo-

eneous product; standard portland cement accounts
or 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.

The procedure which has been followed in this study
is based upon an examination of the principal compo-
nents of cost of production and of investment, drawing
upon experiences in both developed and under-developed
countries. International comparisons are undertaken in
order to discover the variations in these elements. An
examination of the causes of these variations is then
presented to assist those interested in programming
the establishment of this industry in the less developed
countries, with special attention 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 fucl
and energy inpnts, these have bheen derived from
aggregate data for the entire industry. It should be
kept in mind that engineering data often reflect con-
ditions which relate to the particular projects from
which the data are drawn and to that extent should be
cross-checked with data derived from a more aggregated
source material. A certain number of data nsed have
been reproduced in appendix I as an aid in using this
study in programming the establishment of cement
plants in developing countries.

Cement is essentially a resource-tied commodity.
Barring exceptional circumstances, cement plants are
located close to the quarries of the two basic raw

I Technological problems are discussed in appendix 1 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.

materials, clay or shale and limestone® For this and
other reasons, which are noted helow, the analysis
will not distingnish between  guarrving and  mann-
facturing, bnt will treat the prodhrction as an integrated
process. It may happen that limestone, which is also
an important raw material for other industries, wonld
be purchased from local mining concerns. Appendix |
contains some  data on Auputs for quarrymg which
permits  the identitication of the input  coefficients
concerned.

The composition of unit cost for producing cement
is indicated in 1able 1; the figures are in the nature
of orders of magnitude. In the course of this study
the major components of cost will be analysed
individually.

Table 1. Composition of unit cont for cement production
in selected countries

(Dercentage of totaly

Germany

Item thed Kepdr  'NAR B84

Depreciation A0 0.6 225
Wages . K2 224 139
Fuel . 210 143
Power 125 7.1 126
(ithers 36.7v Al 3a.7b
Toral 1000 100.0 160

SULRCES |

Germany (Fed. Rep.). (hto Lalbahn, Cement Engmeers’
Hiandbook (Berhn, 1904))

USSR, Loginoy, Cement Industr ;. Prospects and Devel-
apment (Moscow, 1960) :
Umited Siates, Sce appendix 1 o ahis oy,

8 Dry process plant with 100,000 ton per year capacily; item
“Others” includes com of raw materials, packing, manneamer,
overhem], 1axes, interest on fixal capital, socid secarny con-
tributions and miscellancons,

b Inchades direct maverial, mainenance, overliead, interest on
fixed capital, and misecllaneons.

< Includes value of raw and purchased materials (4.6 per
cent) and miscellaneous flems (6.4 per cent).

Section 1. Analysis of investment requirements

Fixed investment inclides equipment for the cement
plant and quarrving installations, cost of erection, cost
of buildings and storage facilities, land clearing and
improvements  (slrains, sewers, necessary roadls, ctc.)
and] miscellaneous administrative and  engineering ex-
penses. Becanse of location problems and the large
amounts of power used in production, clectric power
generating eqnipment is also sometimes being installed

2 Location problems are also discussed below.




on the plant site. Investment requirements for each
of these items and their individual components depend
in the first place on technical requirements and in the
second place on the requirements of the local situation.
For more detailed «data involved in feasibility analyses,
cach of these items will have to be examined indi-
vidually . for the present purpose, which is to provide
an indication of the order of magnitide of the invest-
ment requireinents, these items are aggregated into
broad categories on the assumiption that sucl aggregates
are less likely to be atfected by the individual circum-
stances. In the analysis which follows, attention will
be given to the main variations which are indicative
of the problems of quantification involved in pro-
gramming industry in the newly developing countries,

On the technical evel, the prime determinants of

plant capacity are the size and numiber of kilns. The  sidings for trausport,

capacities of the other equipment, including equipment
in the quarry, crushers and mills. are chosen i con-
formity with these key items. There appears to he
considerable standardization of sizes for those items
which bulk large in investment costs; this is due
apparently to the efforts of the wanufacturers spe-
clalizing in this type of equipment to reduce their
own production costs. As fur as the under-developed
countrics intporting this equipment are eoncerned, the
selection of a desired size capacity within the medium
range of operation generally selected by these comntries
shonld not raise serions problems, in view of the fact
that a practically continuous range of capacity in the
medinm range is available on the international market.

cent of total fixed investment.

Chart 1. Fixed invesiment related to capacity in Germany
(Federal Republic), USSR, United States and develop-
ing countries
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As indicated below, considerable flexibility exists
with regard to material handling cquipment at the
plant and for the quarry. There is also a large degree
of latinide with respect to mntomated quality control
devices. Finally, equipment for dust collection varies
widely in efficiency and investment costs, the newest
and most efficient facilities accounting in some instances
for an important portion of total investment.?

Requirements for hulding and storage facilities are
also related to size of operations but local conditions
play a very important role in determining costs for
these items; climate and local standards of accom-
nodation are among such factors. Similarly, land clear-
ing and improvement are affected by location and
general regional  development. For example, remote
sites would reguire roads and construction of railway

The influence of scale of operations on total invest-
ntent costs may be observed on the basis of data
available for a number of countries, as 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 upon estimates
for dry-process plants derived from a German engineer-
ing handbook for this industry, while the Soviet data
relate to typical plant designs of recent years. The
three sets of data indicate the existence of a constant

31In severaf newly constructed plants in the United States,
cost of dust collecling equipments comprised about 5 to 8 per



elasticity between size and total investniam costs; that
18, a con tamt ratio between the percentage ncrease i
size and the percentage increase i total vestment
costs. The elasticity varies from 0.64 in the Genuan
data, 0.66 in the USSR data, to 077 in the Uniteild
States datat

4 The relauvely high value for the United States may e
partly due to the fact that they are derivid from (reportedy
mvoestments  in actual plants, whose decign often 1o hves
provisien for expansion w the near future. This is particalasly
true of the smaller plants, thus tending to bias the scale factr
upward. The data for the other countries presumably apph:s
to plants with balanced capacitics at each level

I,Ih‘\‘t COH T ot ot the abeohate Lovels o1 thes
costs (xee tuble 20 are entremelv ddiionlt for weveral
reasons. Phe  dittcaltes whnh heser peermatonal
compuartsots o datg expressc. b o domestie emtencies
are well known® The dara troan the 1 sSK tor the
valne ot equpment have heen convertod trom ronbles
mito deilirss usng a0 vonble Jollar rane o or Koo 1
this ratio s hased on the rouble poce ol one rotany
hiln and the dollar price for a0 hln with comparable

d See “Captal dntcnaty and Uit o banth meaing Opera
tens I»u."/r(m on Didusonadatom amd Droductionny, Noo 3,
AUnited Nattons pabhication, Sades Nooo ot 1Bt

Table 2. Fixed investiment related (0 seale of plant in selected countries
(In doflars per tom of capaciry)

tiermany
thed Kep.i® fNAKE A
g i e
Capacity 1n tons 208043 ¢ Qi oy IR R
per sear in doilars plant Ind tiars flant In doliars plam?
33,000 4R 200
66,000 k1 146
100,000 2 121 U 1}
200,000 ¥ 100 63 o0 34 100
400,000 19 79 40 64 4% R3
500,000 3% 58 43 0
1,000,000 2 % 30 86

Sources: Same as table 1.
¢ Dry process plant.

b Wet process plant, including power generating equipment. A\ rouble/dollar ratio of

8 to | used for conversion.

specifications. The current official rate, which is
equivalent to about a 10 to | ratio for Soviet prices
prior to the 1961 revaluation of roulile 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 4 to 1 ap;:eared to be appro-
priate for these types of goods® Since the cement
equipment industry 13 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 com-
parison of the data for the Federal Repuhlic of
Germany with those for the United States. There is
some evidence that in terms of purchasing power
equivalent for industrial equipment the German mark
rate vis-a-vis the United States dollar” was snbstantially
higher than the former official rate,

8 In this stidy, a “real” parity exchange rate was estimated.
It was derived by comparing the prices of capital goods in the
Soviet Union with simifar capital gonods on the international
market. In the Soviet Union, price differential policies tend
to favour capital goods in the producer gonds sectors as com-
pared to those in the consumer goods sectors. For more detailed
discussion on the subject see ibid., p. 21

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 lnd, land elearing and
other development costs involved in opening up the
quarry; it addition, the United States data inchde
power  generating equipment while the German data
do not. The data for the United Suates plats appareutly
alxa inchide addinonal equipmnent for dust collection ;
highly antomatized svstems for measurng raw material
inpnts; more claborate conveving epipiment, and more
elaborate building and <torage facilines,

Investment data for plants i developing conntries
are now brongly in for purposes of comparison, In
table 3 are presented data on the mvestment costs for
plants which result either from estimates or from actual
construction records in these comntrie~. Data for a
hypothetieal German plant describied below are pre-
sented in the same table as plint A0 Oither ohoervations
designated B o H hothis stuedy are beedon unpublished
data made available to the United Nation.,

A attempt was mivde 1o mabe the datn comparable
as far as po-ibles The cont of power plints, when
included i the eaimates, wa- exchiled. Additinnal
co-t+ necessitated by the qarticube claracteri-tics of

T See the atehes prepared by the Ore o atien for Faropean
Leonomie Co-operation: odn Taternatior i  omfariien of Nas
tional DProducts and the DPurchasing  ioieer of  Currencies
(Paris, 19391, and Comparative National DProlucts and Price
Levels (Paris, 193%)
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the project, such as remoteness of the site, which
necessitated the provision of housing facilities for plant
personnel, access roads, railroad extensions, etc., were
also excluded, The costs of ocean {reight, msirance,
and local transportation of equipment were retained
ir the comparison. The estimates 1 these proposals
are basced mainly on Furopean equipment prices, adjnsted
to prices of 1900 in order to take account of the dif-
ference in the dates to which the estimates relate.

i addition, a large international firm with ex-
perience in the cement industry has provided estimates
of a range of unit fixed investment costs corresponding
to selected seales of operations for plants which are
generally suited to the conditions of the under-developed
countries (se¢ table 4). It is stated that such plants,

Table 4. Estimated minimal fixed investment costs per ton
of capacity appropriste to devcloping countries

Plant capacity
(tons per vear)

Fived investment
(dollars per ton)

0000 .. ... ... L 45-50
100000 .. .. ...l 35-40
20000 ... . 30-35
400,000 . ... 25-30

Sovrce: See text, p. 3.

including quarries, cover basic minimum equipment
requirements and building and storage facilities ; trans-
port costs for imported equipment, installation of the
equipment and land preparation 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

lants 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 installations 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. With respect to this difference,
it has heen 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,

Further discussion of the possibilities of reducing
investment costs through substitution of labour for
capital is dealt with below, in connexion 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 experts, are given. Quarry and plant equip-

ment account for SO to 60 per cent of the tixed invest -
ment for plants withont power generating equipment,
quarrying equipment being sonte 8 to 10 per cent of
total. Building and constrnction costs generally acconut
for 30 10 33 per cent and miscellimeons administrative
and enghnecring expenses accomnt for the renmdder,
A additional 10 per cent cien 20 per cent ol equip-
ment sty be ddded for expenses of transport g
the case of imported eqnipment while the s allion
of power plams may add 10 100 15 per cent 1o the
fixed vestiment costs. These dat are of orders of
magnitnde  similar o thoae suggested by the data
for individual plists which are shown in appendis |
to this study.

Sectiot: 2. Analysis of lahour requirements

There are two principal problenis relating to labour
regnirenients which are explored in this section. The
first relates to the inllnence of seale of aperations on
labour inputs; the second is concerned with lahonr
capital substitution and will e examined i the light
of the discussion above on capital requirenients,

Data on labour regnirements for cement production
for different scales of operation of plant indicate that
total regnirements increase very slightly with inereases
in size of plant: consequently, kabour inputs per nnit
of output fall sharply as scale increases, Data which
are available for a wide range of size of plant in
Japan, the USSR and the United States are shown in
chart 2 and table 5. These figures refer to production
workers ouly; allowances must be made for snpervisory
and administrative personnel.

Chart 2. Production workers per thousand
ton capacity related to certain plant capa-
cities
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Table 8. Proluction workees related to plant capacities in
certaln countries

tProduciom ccorkers per 1000 tms annwad capacity)

Plamt capa- sty
Claousand Long

fiy Leuard Papant L ask® A |

160 24 073

2040 0.x2 1.55 048

400 .62 043 032

S00 th I8 078 030

1,000 0.t 0.15
SOURCES

Japan, Ministry of Labour, Vearbook of Labour Statistics,

1ot (Tokye, 19040},

USSE. Logioy, op. ot g 191
USA, Fstimates Yased on esperts’ opimons and data 1eom

a ease history study of 18 new plants, published m Kock

Products (May 193X and May 1959},

& Lixelnding quarry labour, The Japanese data wae denved
from statislical averages relating average man-hour per ton
to several actual omtput scales (sec appendix 1H Becanse capa-
city utihzation in the industry as a whole was 74 per cent
1989 and an increase mn pracduction does nol reqinre & progor-
tionate jncrease the labour force, Tabour forve requirement,
when related to capaaty, will probably be lower than those
given herve, ] ] . »

® [la<ed on data for 1ypical plant designs in the USSR, 1958,

Iistimates for selected countries of labour inputs,
expressed in terms of man hours per ton of cement,
are contmned i table 6. These lhave been estimated
on the basis of aggregate industry-wide statistics, It
is interesting to observe that there are geuwerally minor
differences in the average level of labour inputs among
the Western Furopean comttries and the United States,

while the difference between India and the other
countries s significant;  the lalter paint shall be

dhi~crssed helow,

As nrhicated in the discussion of investment require-
ments, the capital iupnt data for the Federal Republic
of Germany and the United States lead to the expecta-
tion that lahour inputs in the Federal Republic would
he higher than in the United States. Cotiparable invest-
ntent data are not available for other Kuropean coun-
irics to permit an evaluation of the variations in these
instances ©

* A study of the cement industry in the United Ki ,
which appeared in the publication The Structure of British
Industry, edited by Duncan Burns (Cambridge 1958), indicates

that the equipment in this industry is relaiively old.

Table 6. Average labuur productivity in majer cement producing coumiries
(Man-hours per ton of cement usless otherwise specified)

Share of production
Adwministratiz e releied

Production and  end clevic waorkers as pev-
Conniry Year reinted workers staff Total conlage of totel

France 1960 1.83 0.5% 23 7
Germany  (Federal

Republic) 1958 228 0.23 248 91

(R 184 0.34 218 84

1960m 1.76 034 210 84

India® 1956 11.00 19 1290 85

Haly 1960 202 0.36 23 83

Japan© 1954 1.79 0.74 253 71

1959 1.54 072 226 68

Netherlands 1960 1.19 425 1.44 83

Switzeriand 1960 1.4 025 1.59 84

USSR 16958 is 0.62 411 &3

1059 KR K] 0.58 368 as

1960 2.86 4 50 3.3 RS

United Kingdom 1660 254 63 347 &0

United States 1088 133 .28 161 83

1959 122 0.26 148 8

1960 1.25 0.28 1.53 K2

NOURES

tia, Faanoad Trewds and Produ iy i
the CUement [ndustry, Assoctation of  Indian
Trade and Iodustey (Bombay, 1930, p 78
Fatimated on the assumption of 240 hours
per vear

Fapan, “Some Data on the Cement Industry”
(Onoda Cement Companvt . Noo 120 Tl
(iimeographed), pp. 48 10 40 (graph)

United States Cutput: United States Bureom
of Anes, Moorals Yearboo ko Py po 3
Fiplovinent and weekly hoars pand: Burean
of 1abonr Statistics, mplovment and Fanieas
Neptistios ter the Dowmited Niafes, P Jung
tButlerm 1312 o 200 Rats o hoars pand 1o
hours actmallv worked o Burean of  Tabour
Statstios, Vonshly Tabonr KNesdow, Lainnary
102 p 3

USSR Annmal eutpat per worker: Loginoy,
op. at, po 111 Psement, Noo 5 1961, p 6

Annual hours worked: Krasnov, 1. D, Eke-

nomika strottel'nof industrit USSR (The Eco-

nomies of the Construction Industry of the

USSR, Moscow : 1960, p. 263, Allowance was

made tor progress towards a seven-liour day

m 60 (from 2280 to 2,200 hours per

vear), Production workers a<sumed 1o be 85

per cent of total personel (sce appendix 1),

Others. Output and  employment ;. OREC,

Uhe Cement Industey i Durope, July 1961,

Hours per vear adapted from 110, Yearbook

of Laltur Ntatistics, 1961,

® Dased on Docember employment,

B Exchudes quarrying and includes contracted
Ll Phe source ealls the data “not comparable
with other countrier ™

lumny laboar o exeluded from published
“roduction workers™ data, it may be included
mn the “Totd” and (residually estimated) “Ad-
e trative”



On the basis of detailed statistics available for the
cement industry in Japan, the USSR and the United
States, an attempt has been made to analyse inputs

of the various components of the labonr clement: these
datzf appear m table 7. The comparison is, of course,
subject to many errors, inclading the possibility of

Table 7. Average labour requirements by type, selected countries
(Man-hours per ton of coment)

Japan (1959) USAE oS U'nited Ntatvs ¢y

Type of labour and functiom Man -hours  P'er cont Man-hours

f'er coent Alam hours ier ont
Production and related
workers
Quarry . . : — — 0.27 6.1 017 1.5
Cement plant proper
Direct :
Raw material preparation 024 0.20
IFuel preparation .. .. 0.06 0.9% 0.05
Chinker grinding ... . o 012
Burning (kiln) . .. 0.20 0.52 X
Sub-total 061 270 1% M9 05 s
Indirect:
Power plant and elec-
trical equipment 0.27 — 0.06
Equipment  maintetance
and repair L 039 049 0.27
Material handling, stor-
age and transport . 012
Packing and shipping .. 0.15 102 0.15
Other .. ... ... . .. — 0.4 —
Sub-total 093 41.1 1.95 4.1 048

324

Torat, production and related

workers ... ... ... 1.54 681 372 84.2 1.2 R24
Non-production employecs
Engineering and technical . 0.38
Clerical and office . . 0.1
Guards, janitorial and
others ........ ... ... 0.16
Sub-total 0.72 319 0.70 158 0.26 17.6

GRAND TOTAL 226 100.0 442 100.0 148 100.0

Sources:

Japan. Production and related worker man-hours from Onoda Cement Company,
“Some Data on the Cement Industry”, No, 12, 1961, p. 45 (mimcographed, Japanese).
Total estimated from graph, ibid., p. 45. The residual, ascribed here 10 non-prodoction
employees, may include qnarry workers,

USSR, Sce appendix I for production and related workers. Other personnel estimated
from percentage of total labour force in 1957 (Loginov, op. cit, p. 118y,

United States. Total and major breakdown from appendix L The breakdown of pro-
duction workers is estimated from data in Tsement (Moscow), No. 2, 1901, p. 30 The
latter source reports an average total for the United States indusiry in 1959 of 1.29 man-
hours, ranging from 0.475 to 2.30,

The comparability of some snb-categuries between countries is not reliable. Materials
handling personnel in the United States is apparcml{ included in “Direct”. In Japan, quarry
Iabour s excluded from published production worker statistics: muterials hawdling in ahe
USSR includes transport of quarry materials to the plant. The major categories, however,
appear to be roughly comparable.

differences in definition and scope of the various
categories of labour. Judging by the description found
in the 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 USSR. The Japanese data exclude quarry labour,
although it is possible that this item is included in

the estimate of non-prodiuction employees. It is, never-
theless, felt that, for the purpose of the rough com-
parison which is being undertaken at this point, these
data are sufficiently siilar in defirution,

It can be seen that the divergenoes in Labour inputs
are not mniform for all gronpings, This ts more readily
obvious if the data are rearranged in the form of




relatives with figures for United States, assmmed equal
to 100. The relative man-hours per ton in the major
categories are as follows:

Hem US4 Japan "SSR

Quarrying 100 o 150
Plant operation:

Direct 100 100 250

Tndirect 100 200 400

Adminisiration 100 275 275

Torat Lapotr 1) 120 o

The previons discussion of capital inputs indicated
that for the USSR these inputs were high bhut noted
the difficulties involved in the conversion problem.
The data on labour inputs suggest that in fact there
is considerably less investment reguirement per umt
of ontput in the USSR, Moreover, as will be seen
below, power iuput per unit of ontput which is a crude
indicator of mechanization is also lower in the UUSSR,

than in the United States. This may be due to the
relatively low level of mechanization of material handling
in-plant transportation and  various other auxiliary
operations in the USSR cement industry; there are
indications to that effeet in the literature® and the data

of table 7 appear to corroborate this situation.

In the case of Japan, the lack of data on capital
requirements preveats further evaluation. It has also
heen observed that 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 obhservation. On the
other lumd, as regards direct labour inputs the Japanese
condition seems to correspond closely to that of the
United States.

¥ See, for example, Loginov, op. cit, p. 117; M. F. luroy,
“Ncekotorye voprosy komplekanoi mekhanizatsii i avtomatizatsii”
(Some problems of comprehensive mechanization and auto-
mation), Tsement, No. 6, 1960,

Table 8. Estimated labour productivity in projected plants®

(Man-hours per tom of cement and percentage of total

Plant C Plant F

Plant A Plant B Plonts G and H
(100,000 toms (66,000 toms (100,000 tons (335,000 toms (#00,000 toms
capacity) capacity) capacity) capacity) cm,v)
Fercen- Man- Percen Man- Percen- Men- Percen- Man. Fercen- Mex.
Type of labour tage hours tage hours tage haurs tege howrs tage howurs
Production and related
workers
Quarrying AR 242 0.500 35.3 1.35 3.5 118 53 0.15 85 013
Plant Operation . . 589 1.22 49.5 1.89 99 1.61 70.8 2.0t 689 1.64
Of which:
Maintenance and repair b 94 0.36 1t 0.56 Riv.] 0.66 219 0.57
Sve-TotAL 831 1.72 84.8 324 86.4 279 76.1 216 744 .77
Administrative and  technical
staff
Laboratory o 4.8 0.10 29 o1 31 0.10 0.3 18 6.3 0.1
Teclinical supervision 48 0.10 58 0.22 4.6 0.15 39 0.11 34 0.08
Administralion 34 0,07 6.5 0.25 59 0.19 7.4 021 75 0.18
Seeurity 1o .08 — — — — 63 0.18 84 0.20
SUB-TOTAL 169 0.35 15.2 0.58 136 0.44 29 0.68 256 0.61
Torar. 100 2.07¢ 100 3R2 100 323 100 2.84 100 2.38
SOURCE: rescrve requirements, and an average actual work time of

Fsimated from data om tabour force for each plant shown
in appendix L Staff requirements for plant A are on a daily
hasis, 1.e., no provision has heen made for reserve labour to
cover vavcation and  sick leave or absenteeism. Continual
presence in each position was therefore assumed, depending
on the nmmber of work days per week in which each opera-
tion is conducted (see Labahn, op. cit, p. 75). For the re-
maining plants, it is assmued that the labour force incorporates

Table & indicates that labowr input per ton of
cenent in several of the above-mentioned plants relating
to developing countries also shows, as might be ex-
peeted, a declining trend with increasing size, This table
mdicates further the wse af a large labour force for
guarry aperations it 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

2,400 man-hours per man-year was adopted.
8 Plant symbols coincide with those in table 4.

b Excluding (contracted) quarry tabour for removal of over-
hurden and repair shop tabour.

* Data apply to plant G. Plant H has identical requirements
except for an additional 005 man-hours needed in the row
grinding department.

investment in guarry as percentages of total equipment
costs in five of these plants.

Plants Percentage of total
B e S 59
c . S o 51
F L S 9.6
G AU e 81
H . . o 79




Moreover, from the description of the equipment
used in plants 1Y, G and H, there appears to be a
considerable amount of transport machinery not related
to the quarrving operations as such but which is used
to convey the crushed stone from the quarry or primary
crisher. The substitution of labour for capital thus seems
to he even greater than indicated by the ahove data.
Nevertheless, it shonld be kept in mind that there are
limitations to the extent to which quarry equipment
can be replaced.™

It was pointed out in the discussion of investment
requirenients that, while it was possible to vary capital
inputs in quarrying operations, the order of magnitude
of savings through substitution of lihonr was small
relative to total investment. Labour mput data, on the
other hand. indicate that, in spite of the small maguitude
of capital saving, the increase in labour inputs in
quarrying operations can be very large.!' As can be
seen from the data in table 8, labour inputs in quarrying
operations can increase by as much as ten times,
increasing the total labour inputs by as much as fifty

r cent. This of conrse 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 und technical
personnel required hoth in developed and developing
countries, it should be pointed out that many of the
differences among conntries reflect organizational and
institutional arrangements characteristic of the countries
concerned.

Attention was drawn at the beginning of this section
to an estimate of labour iuputs in India which are far
in excess of that estimated for the nwre 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 sitnation. Recent studies of the cement
industry in India indicate that a very large proportion
of the plant in operation is extremely old and requires
considerable labour inputs to maintiin production. In
these circumstances there is a tendency to fabricate
spare parts on the site, an operation which is highly
labour-intensive. This consideration would not apply
in estimating labour requirements for a newly established
industry.

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 requirentents in these countries can

1" Many of these factors have been explored in a sindy on
earth-moving operations, published by the United Nations in
Rullctin on Industrialization and Productivity, No, 3, op. cit.
Among these faclors may be cited the smallness of the site
which mits the amoum of laboor that can be used, and the
capacity of the cememt plam itself, as well as 1he physical
lbnitations inherent in mannal handling of heavy rick

1 This stanistical pecnliarity has already been noted in the
study Dby the United Nabons Secretarial of earth-moving
aperations. 1t was found in one case that the capital stk per
mit «f execavation required by a mechanized technigue wos
abont twice that regnired by a labour-intensive one: at the
sanie Tane the latter required an wpit of laboor per mmit of
excavalion fifteen times bigher than the former. See "Capital

Intensity and Costs in Farth-moving Operations”, Bulletin on
Industriddizarion and Productivity, No. 3, op. il

be given by the following fignres providing the rauge
of magnitude Cassuming 2,400 hours poronEm-vear)

Annual capacity

of plant o oy b
(' thowsand tong) rons
50 1417
100 111
200 0912
KiiY) Ox10
400 0.7-09

To summarize, labour inputs per unit of output vary
significantly with size of operation. Moreover, there are
variations  corresponding  to  alternative  methods  of
materials handling in the plimt proper while a4 con-
si(lcral?l(' latitude exists  with respect to quarrying
operations.

Section 3. Other inputs
A

Fuel wmputs represent a substantial slare 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 oil and the capital costs associated with the use
of each sonrce. The technical factors bearing upon this
choice are bevond the scope of the present study.

Frew

tn the view of a number of experts in this tfield,
there appears to be no significant variation in unit
fuel requirements with changes in scale of operations,
There ts some evidence of slight fuel savings in the
larger kilus but these are not significant. The principal
factor affecting fucl needs is the choice bhetween nse
of either of the two basic processes shice the wet process
requires somewhat more fuel than the dry process.
Tn table 9, data on average firel mputs (expressed in
terms of mithon kilo-calories per tonr of cement), are
given for a nmumber of countries,

Table 9. Fuel inputs for cement production in selected
rountries

(In watlion kifo-calories per ton)

Vearl et Dry
Ceruntry areraye process proe ey
Japan 1957 19 16
PS8 Kka 1958 204 1a?
United States 1059 21 19

Sovrces:

Tapan. Japan Productivity Centre, Intermationl Co opera-
tion Administration, The Cement Industry m Japan (Tokyo,
1038 ;

USSR, Laginov, op. il

Pated States. United States
Yearbook (Washington, 1960),
& Tareel norms for 1938 were F46 ond 1L 125 pollion kil

cabories per ten for wet and dry processes, pespectively

Barean of Mines, Yinerals

The differences among countries can he scen to be
relatively minor. The estimate vivr oo production
norm for the USSR refleets the esnmnted consnmption
for newer plmts with recent techieal jonovations to

aave fuel B reported that the Tapane e medistry 1-




currently neaking considerable efforts to reduce fuel
requirements throngh the improvement of kiln design
and the nse of heat recluming devices, With respeet
to the data for the USSR, it has been reported that the
desire of the Governnent to mechanize output from
the existing plants in the particular year for which
the dita Tadd been collected has led to e utilization
of kilns over their rate of capacity with consequent
higher fuel expenditure.™ Data for recently binlt plants
in the United States indicate that such plants require
fnel inpnts of the sime order of magnitude as the norms
indicated for the USSR

Low fuel inputs have been projected for the new
plants i the developing countries for which data are
analysed in this studv, The dry process plants (plants
B and C in the carliecr tablesy which employ gas as
fuel are estinited to require 1.2 million kilo-calories
per ton of eement. The wet process plants (plants F
and G, nsing gas and furnace oil respectivelv) are
estimated to require 1.39 million kilo-calories. 1t can
be seen that the fuel reqnirements of these new plants
using new equipment are comparable to those of new
pluts in - developed  eountries, as mentioned i the
previons paragraph.

The possibilities for reducing fuel inpnt by redesign-
ing baste equipment now m use have received some
attention by techuologists, Tt appears that the amount
of fuel that can be saved throngh redesign or moditica-
tion of nuchintery is of the order of 15 per cent; the
possible net saving should of conrse take into acconnt
the cost of the equipment chinges and the fact that
these  maodifications  wonld  require  some  additional
maintenance.

1.

There appears to be little change in electric power
consmuption with chimges in the scitle of operations,
The power inputs are largely related to the nature
of the raw nnterial inputs and also to the qualdity of the
tmal prodnet.??

FLECTRIC POWER

O the basis of aggregate data, average constmip-
tton of power in the United States e 19539 was 129
kilowatt-hours per ton, while in Japan i 1957 the
compariable fignre was 138 Kilowatt-hours per ton,

In the USSR, consimmplion is estimated at 100
kilowatt-honrs per ton. FThe considerably lower fignre
for power consnmption in the USSR reflects a mmnber
of the ubove factors. First, there appears to be some
evidence that, on the averag., softer raw materials
are ased ;s seeondly, the gnality: of the eement is on
the average different from that nsed in other areas.
Finally, the lower level of mechanizattion in the
anctllary processes, such as materials handling, which
was noted above in the discussion of capital regnirements,
reduces power input. It would appesr in this connexion
that Japanese power consumption shonld also be lower
than in the United States in view of the similar sitna-
tion with regard to materials handling, so that the higher

12 See Loginov, op. eil, page 126,

13 Partienfarty soft raw naterials, such as mart and chalk,
require less grinding. Tn the USSR, consnmption per ton of
cement varies from 35 to 40 kilowatt-hours per ton for chalk
to 120 kilowatt-hours per ton for hard fimestone,

10

imput of energy in Japan should reflect primarily the
mature of the raw materials nsed in cement manufacture,

In developing countries, power consnmption for the
above-mentioned plant I, which intends to use soft
limestone, was assumed as 110 kilowatt-hours per ton,
a fignre close to the USSR average. On the other
hand, plant F where harder raw materials will be
nsed, power consumption was assumed at somewhat
higher Tevel, 120 kilowatt-honrs per ton. The proposed
power consnmption tigures for hoth plants are hased
on actnal performance in the conntry of two plants,
ane wsimg hard and the other soft limestone as raw
materials,

C. Orner MATERIAL INPUTS

Under the assumption made earlier that quarrying
is part of the cement produetion process. the only raw
material mpnt which is necessary for production is
gypsum. stimates of these inputs per 1,000 tons of
ordinary Portland cement range from 30 to 50 tons,
1., between 3 and S per cent by weight of final product.
Viariations are apparently dne to the quality of the raw
material and that of fimished prodnct. Standards for
the proportion of additives vary considerably from
country to conntry, as do quality specifications for final
produet. For example, the gypsur content of ordinary
Portlund cement in the United States is abont 2.3 per
cent; in Japann, 4 per eent; in the USSR, 9 per cent.
Varicties of Portknud cement can contain large propor-
tions of additives; for example, slag-Portland cement
i the USSR contains over 50 per cent of additives,
and 'uzzolan-Portland, about 30 per cent.

1). TRANSPORT AND SHIPPING COSTS

In view of the relatively low price per unit cf
ontput, transport and shipping costs play an important
role i determining the feasibility of any cement plant,
and in partienlar, its location and size. In order to
illustrate this point the following data have been taken
from a feasibility study relating to the establishment
of a cement plant in a South-east Asian country. Tt
wis estimated that the cost of prodnction in a proposed
300 thonsand-ton plant at a specified location would
be the cquivalent of $13 per ten. Railway freight
charges 1o two miajor markets located some 100 miles
and 600 miles from the plant were estimated to he the
cquivalent of §2.00 per ton and $10 per ton, respectively,
or some 10 to 70 per cent of production cost; this
shonld be compared to the range of variation of ahout
100 per cent tn the cost of production as a function
of size for capacities ranging between 100 thousand to
one million tans. Thus it is obvions that the size of the
market and the resulting transport factor may be of a
magnitude comparahle to the size factor and should
be carcfully considered before reaching any conclusions
on the establishment of individnal plants.” An example
of the variations in unit costs of production of cement
as a function of size are shown in table 10; the data
on nnit costs are given only to illustrate this point and

may not reflect the actual supply conditions in the
individual countries.

In this connexion, mention may be made of the
bulk shipping techniques developed in industrial coun-




Table 10. llustrative unlt costs for selected seales of operation in cortain countries

Germany

(edevar Kepubiv of)

NS Domated s

As percentage

of cost for
RN

Capacity in

t.ons per year Ind liars flant

33,000 21 130

66,000 17 121

100,000 16 167

200,000 14 100

400,000 12 86
500,006
1,000,000

i L)

oAy frvoontage Poper omtaue
LAY R A 4 ot

HARNEL e S,
o lars foint v ' fimt
2l Tin
14 1o 10 10
i1 7 17 s
10 7 lo N
8 7 [ [

Sovkee: Same as for table 1.

tries in order to reduce transport and baggimg costs,'*
particularly where markets can be reached hy water
routes. This type of transport is extremely cheap for
plants with very large capicitics but involves same
additional investment in equipment that includes ship-
ping, loading and unloading facilities which for most
under-develaped  conntries require  additional  foreign
exchange outlay. These shipping technignes involve
substantial econoniies of scale and they are only
economical if there is relatively high concentration of
demand in consuming centres,

It may also be noted that for countries with linited
markets and poor supplies of raw material, there are
certain advantages in the estallishment of facilities
for storing and bagging cement imported hy the ahove
bulk shipping techniqnes. The establishment of such
facilities would provide some employment opportunities
and would also permit the marketing of cement at

14 Since local materials may be used f{or bagging, no estimate
is provided at this time of the costs involved in this operation.
See the data in Appendix |

favourable prices, hased on the Tow cost bulk cement
frome Targe seade prodncers,

A sovel svstent of distrilmtion which has partienlar
mterest for developing conntries mvolves the constine-
ton of grinding wnlls m Lirge coment Cotsmplion
centres foeated at large distanees from cement plants,
These mills wonld e snpphed with clinker from large
seale ccomomic plas, and grind i with loeally ohtiined
additives, Siiee clinker caster to handle el i
relatively ampervions o spoilage and spillage Tosses,
additional savings would ensne o paching, materials
handling, storage and Treight. 1owould alsa permit
greater concentration of clinker production with resntting
gains from cconomies of scale In the USSR, which
has had ~some experience in this held, it s felt that
the system s appropriate. when consunption levels at
the local points are of the order of nugmitide of
between 40 and 50 thonsand tons per vear, at distances
af at least between 300 and 500 kilometres from the
chinker plantst®

18 | aginov, op. cit pp. 167-172.

1~

Appendix 1. Data and sources

INTRODUCTION

The data used draw theavily on current literature in
technical magazines, interviews with cement consultant firms,
as well as feasibility reports for plants to he established in
several developing conntries. Data relating to the experience
of the USSR were derived mainly from: loginov, Cement
Industry, Prospects and Development (Moscow, 1960, in
Russian) ; they relate to both industry averiges, as well as
madel plants. Data for the Federal Republic of Germany
are derived primarily from: Otto labahn, Cement ngineers'
Handbook. Data fur Japan are taken mainly from: Onoda
Cement Company, Som: Data on the Cement  Industry,
October 1961 (in Japanrse); Yasuhiko Fkeuchi and Masao
Sato, “a Test Survey for the Analysis of Supply Conditions,
a tentative estimation of production functions and capital
coefficients for the cement industry”, Keizai-Bunseki, Japancse
Planning Agency, 190 (in Japanese).

A. Raw maTteriaLs

There are four hasic chemical elements contained in cement:
calcium, silicon, aluminum and iroa, 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 rock (Ca, Si,
Al, Fe); marl (Ca); oyster shell (Ca); clay (5i, Al, Fe),

1

shate (81, A1 Fe); slag (by-product of pig ivon sincliing
(Si, AL Fe), sand (8i): calcium carbonate- -by-product -
(Ca); sandstorre (S1); banxite (A1), diaspore ( Al

The use of the above-mentioned raw materials u cement
production may be considerably limited when they rontan a
high percemage of an undesirable con tinent, such as nug-
nesiutt carhonate in - limestoae and  other calcarcous deposats,
or excessive sulphur content in gypsum or pyrites.

IR

LBy vel weet precesses The most ipportant factor deter
mining the choice s the water comtent of the pranary 1aw
material. H the water content is high, the wet process will be
chosen. This s the case with marl, granulated bLlast furnace
slag, and some clavs. If water content is vty low, the dry
process is preferred  Between these two cases, there s no
rule-of -thumb t decide between prewess or the other
The following major points enter i the final sdeison ® 01
wet process consumes 20 to 25 per cent anore fuel per ton
than dry process and very cheap fuel auay favour the wloption of
wel process; (1) consumption of power 1s less o the we

CHOICE OF PROCESSES

e

& qn the past, the wet process was preorred boecause i1 pirn
ditced more uniform cement than the 4 v process This 16 o
longer the case. Dry process equipment .an be designed to pro
dnce cement which is homogeneous enouigh for commercid

PUTpOses.




process, 4 to & per cent; (3 mtial fixed investment costs
about 1 por oot more e the dry process than an the wet
(4 aner: des diet o eenerally reteased in the wet
proccss than in the diy proces " bnothe wot process, water s
added 1o the raw matenials to produce the <luery which usually

continis 35 4 per cont water by waeht

PR ess

W Other processe The present stady robiatos 1o standard
Portkmd cement Cenint prodoction from papsam has heen
tricd onoa Limited wcade distrial conntries, Coment
s aloc obtadned s w0 bapnsbiet of the sulphoric acid manu-
facturing process that atibizes gypsim as raw mateniad, This
process i rather highly capital intemsive and in the opinion
of i ocauthority would ot ~tand  competition under nornrld
market conditions for sulplmr. This process shonbd not however
be dismissed attogether as nmreasthle, It s concavable thit
a country depedent on gyp=nim for the production of su'phor
may have sficcient demand for both snlpharic acid and coment,

~OTTIe

Other processes may e wentioned briefly 1 (1) processes
utihizing  Tdast fornace <Jags and industrinl waste, snch as
caleinm  carbomite (o by-praduct i manufacturing  caustic

b0 W, Dortland Cement Teclnoloyy
Chemical Publishing Co, Toe, 1047,

{ :\'cw Yt)l‘k,

wxhiY o) higher quality cem nts that require precision in
proportioning raw mix, and in <ome cases, special proeesses
and cqupment, as well as whlinonal storaee facilities. They
arc: (o) hich carly drength cementy b)) low-heat hardening,
wchiding “hydrauhe”™ coment nsedd mainly i mass and under-
witer  conerete construction,  patticularly  large  dams, (¢)
silplutte resisting cement,

o CAPACITY AND KILN TECHNOI OGY

Until quite recentdy, relatively small plants were considered
most ceomamie, The major economies of scale, it was felt in
the Dlmitedd States, were obtained at the level of about 250
thotsined tons per vear® .\ change in attitude appears to have
taken place thronghomt the world, and a trend toward larger
plants 15 evident 1 anost countries, From 1950 to abont 1960,
average capacity per plant in Japan has risen from 200 to 600
thousamd o 0 the USSR, from 200 to over 450, in the
United States, from 30O to 420, New plants of 2 and 3 million
tois per year are no longer a novelty, These changes are due
partly to mcreases in demand, but the advantages of larger
kilns and other scale factors are also a major element

W:u S M. Loesclier, Imperfect Collusion in the Cement
Industry (Cambridge: 1larvard University Press, 1959), p. 40.

Table 1-1. Trends in average number of kilns and eapacity per plant
in selccted countries, end of year

Tatal Avevage per plant
Capacity (Capacity
Numbey of Number of (i thousand Number of (18 thunsand
Country and year plants kilns tuns) kins tons
Japun :
1950 33 80 7,031 24 213
el Oct. 49 173 31,175 35 636
UNSK:
1450 62 192 12,472 3.1 200
14958 & 286 37330 34 430
1905 planned 102 384 75,000 38 738
{'nited States:
1950 132 45,855 300
1960 176 73,850 120
SOURUES S

lapan. Some Data on the Coment Industry: op. cit, po 90 Yasuhiko Fkeuchi and Masao

Salis,

“A Test Survey for the Analysis of Snpply Conditions; a temative estimation of

production functions and capital coctlicieuts Tor the coment imdustry”, Keisai- Bunse ki,

Fapanese Phummg Ageney, 1060 po 53,

USSR Losinoy, op it pp. 61, 77, amd 195, 1 1

Kholin, “O tipe 1 moshchnosti

mamechacmykb K stroitelstvu tementivkle zavoday (On the type and capactty of cement
plant~ slated for eonstenetiony ™, Tsement, Nou 2, 19538, p. 12,

United States, United States Barean of Munes, Minerals Yearbook for appropriute year.

The follbwmg table Jows stdard kilns and corresponding capacities for recently built plants in the United States and norms

for mode] plants in the USSR,

Table 1.2, Standard kilns and plamt caparcities, Canada, United States and USSR

Nomiy of bilus and drmension

{ apa. 1ty toms prr vear wdtamietor o lenath in moties)

1

Numier of kilns and dimension

YL oNs por v tdiameter < length in metrest

1. Canada and the | S10.500 2 kilns—3.50 X 306 X 1222
U neted States : 1000000 2 kilns— 503 % 4.57 X 488 X 140212
120,000 1 kiln 3058 0122 SN USSR
210,000 1 kiln -3 50 % 130 ; 23000 2Rilns 30 0 27 v 30 % 127
260,000 Fhiln 360 137 or 373 - L i 1RiLen 2 Rilnn—36 % 33 w36 N 1Am
340,000 Dkl S 102 : 7 20100 3 kilns—-3.6 0 33 = 36 15t
130000 2 kiline- 300 < 137 L0 2 il 3 170
TR IS Lo=si li".‘\l‘--\.u{l, Cit.
vy and the Unted =iaee Tease B Sy .““!‘_‘«' o —— Vot . . .. .
Po Sew Cerent Phan<" amed "Cuse Phstiay stedes of Pt Sl e s heted of one iiforne diameter they
Pt Cenwnt Phans Instatled o 1oX70 Ao dhondi o B tae o mere daneters extanding aver eertam lengths
IASIETUND LAY [T SN RS R AR atothe Koo,




Table 1-2 indicates tlat capacitics of up 1o JOOMO tons per The clectrical
year may be built with onc techmological line. In the United distribntion
States practice, starting with 340,000 tons, two or more tech-
nological lines prevail, In the USSR experience, twe techno-
logical lines start at 230,000 tons capacity. Returns to ~cale
and the advisability of continnous cememt production  while
overhanling equipment suggest the feasibility of planning ot
least two technological lines. Fonr technological lines are the

CHEEPMEDL HCM comprises - motors,  statters,
Boxes, eahles in the factory, transfornmers, high
and low voltage jonstallations, hehting, These costs dee not
inchede cost or power phant, Cad, tonmug the campany, in-
vestigat ton of matcrial, qud siarting up the quany, The '-‘mw
cost fienre wis nm!nplml Iy the following factors to arine
at the cstimated initial myvestment for the varion- Capacitn st

maximum under USSR planning norms, G35 for 100 tons per day |
From the point of view of developing comntries, the lower U84 for 200 tons o by |
limit to the range of scales may be of particular interest. 1.25 for 400 tons per day

Rotary kiln plants with capacities ranging between 35,000 and
50,000 tons per year have been built, Recent improvements in
the automatic shaft kiln plants (discussed below), that are 170 for 600 tons per day
particularly adapted to low capacitics, make them worthy of 260
close consideration in this regard.

150 for 300 tons per day

for 1,200 tons per daye

D). INITIAL FIXED INVESTMENT 2 Uwited States
1. Federal Republic of Germany Estimates of initial fixed investment were based mainly on

L . the cost of initial investoe { eighteen new plants built i

Total initial fixed investment for a rotary dry process plant the l";itv‘(‘l State :::‘:;m"m.”: ;::}:mm ;2;‘:\} lzl‘"“’ lb."'h m

. . f . a1 Mates N ' ; .
with a capacity of 300 tons per day is cstimated at 12 millien : 1w pertod 150 1o - Lase nstories

DM. The cost distribution is indicated in the following table. for cighteen new cement plants constracted during this period
o were published in Rock Products (May 1938 and May 1959,

Table 1-3. Fixed investment, Germany (Federal Republic Initial investment was adjnsted to prices in 1960, The index

of) plant A used was based on “Marslull and Stevens Annual Index ot
Comparative LEquipment Costs for Cement Mamfacturing” and
“Engineering  News-Record Index of Heavy Coustruction
Cosis™.f The price indices are given helow (they are weighed:

Thousand  Percentage
Item DM of tol

Cement-making machinery, crected 5,000 435 70 aui ‘ . :
Refractory material, installed .. . 300 26 per c-cnt for equipment, 30 per cent for construction)
Electrical equipment, installed ... ... 300 26 1956 RS
Buildings, foundation, silos. ... ... ... 3,700 322 1957 o Y
Workshop and laboratory. .. ........ 450 39 1958 -
Quarry equipment ... . .. o 500 44 58 . ) , :
Rail trades, water supply, dramage ‘ 400 35 1959 . e B
Vehicle pool and works roads. .. ... 450 39 90 . 100
Store (spare parts).. . 400 35

Torar 11,500 100.0 4 See: Otto Labahn, op. cit.

Sousce: Otto Labahn, Cement Engineers’ Handbook (Berlin e The factor of 1,200 tons per day was extrapolated.
. ¢ 3 +

1960). t Chennical Enginecring (March 6, 1961) pp. 115-116.
3. India
Table 1-4. Fixed capital cost per ton of capacity for various cement plants in India
Actual or
estimared Fived
investment in Plant tnocsiment Infliting Fixed capital
fired capital capacity per ton fuctor st pev ton
(in misllion (sm thonsand (i current indrys tn 1951 prives
rupees) toms) rupees) 1951 . 1.00 Cin rufees)
Year [83] (#4] (3 H (%)
1990 . ... . 56 100 56 2.06 115
19499 . ‘ R 94 50 189 115 217
1949 11.0 115 9% 1.15 116
1950 . 119 115 n4 1.11 115
1950 .. ... . 13.50 115 1z 1.11 130
1951 . o . 16.8 150 112 1.00 112
1956 .. . ... o 7.9¢ 100 79
195 . o 1204 - 200 60

Sorrck: G. Rosen, Industrial Change in India (The Free Press, 19585, pp. 103105 e
on p. 67,

2 The index was compnted by estimating a weighted average of the “Index for Cupital
Replacement Cost, 1938-1933: Chemical and Allied Plant”™ (for machineryy wird an index ot
sales value per ton of output of cement (for building costsi. The former was weinhined
twice the importance of the latter, based on the balanee sheet distribmtion o fised Gseets
between machinery and plant. The computed indines are ws folloss:

Year ks
1939, by
b T ¥ . If"'
1949 . 1
1950
195¢ Ce R At
P A hypothetical plant. ¢ An actual expansion, 4\ plinned espar v,

13




These data have not been discussed in the text as information
on the nature of the pluts involved was not available in
suthicient detadl to permit analysis.

4

The following estimates of eapital cost per ton of annual
outpit by the wet process were prepired by a United Nations

Other countrics

technical assistance expert for o South-last Asian country.
The data relate to 1935
Capital cost in pounde terling
por tom of annzal output
Capacity
o e With power tlant
lons per day [ ons pov yoar flant With utpower
200 Approx, 63000 17 1t
St Approx. 100,000 11 13
400 Approx. 125000 12 11

1t was estimated that dry-process plants with similar capa-
cities wonld cost between 10 and 20 per cent more. The invest-
ment cost for w J00-ton per day wet process plant, at 1055
prices, wias as follows:

Table 1-53. Flaed Investment. plamt D

Cost i thousard

1tem pounds derling

1 AN cement-mitking nachinery, inchading re-
duction gears grinding media (first charge)

and Tire bucks J5u
2% Electiie netors with switchgear and start

ers, cte, 83
t3) Generating plant steanmt turbo altermitors or

(3a) aidernabive-transfonmer station eguip-

ment (20 (20,000 155
CH Quarry cquipment-drilling maelines, one ex-

cavitor and dumpers, appros, 50
(5 Laboratory equipment 5
tt Nepidr weorkshop cquipteent and tools for

crectio 15
(71 Freight hy sea (no ansnrance), approx, S0
X1 Landing charees and duty, approx. n
t Tramsport to site 12
(1 Frection Guelnding onloading)y s 73
(1) Civil ensineering  work-building,  roads,

deains, ete, 280
(1) Ralway skdings 23
t 13y Fuel ol tanks Y
(1 Water supply mstallation and fighting 20
(15 Supervision, insurances and otfice expenses 40
(16) Contingencies and consulting engineering fees 100

Woith steant power plant, Torar 1,341
1,206

Aleruative with trans former station--Tor .

The following tables give details of fixed investinent for 6
plants. These data are based on feasibility reports prepared for
several developing  comntries and are based on unpublished
materials,

Table 1s6. Capital investment, plants B and C
(dry process), 1959

tin thousund dollars)

I'lant B
[BIINIREE AT Y
for vear)

Plant ¢
(60,000 tons

1tem for year)

Materials (1.0.b)

Quarry equipment 130 144
Kiln 363 480
Cement mill 112 144
Other mechanical equipment includ-

ing crushers, mills, ete. 324 416

14

Table 1-6 (continued)

Plant B Plant ¢
(1ou vou tons (60,000 tons
Ttem ter vear) ter year)
Storage,  meisuring,  and  control
conipment, laboratorics, ete. 639 836
Oceun freieht (10 per cent) 157 202
Fransport (o site (3 per cent) 48 o0
Sub-total materials  (1,775) (2,282)
Yrection:
Supervisory and professional labour 174 202
|.n\'.'l| Iil‘)ulll' 108 204
Frection equipment 57 57
Sub-tatal erection (429 (523)
Buillings, ete, 620 840
Auxiliaries 78 B3
Housing for I8 and 15 men 214 228
Design, 3.4 per cent and 5.6 per cent 174 214
Cemtingencies, 7.5 per cent 247 3
luterest, A per cent 212 269
Totar, fixed capital 3,749 4,757
W orking capital J1o 420
ToraL, capital 4,039 5177

Table 1.7, Capltal investment, plant E with annual capacity
of 200,000 tons (wet process)

Estimated cost, f.a.0. port

In thonsand In percen-
ltem dollars tage
Construction cost cstimates (1955)

Onarry and clay pit 86 1.0
Rock crushing 137 1.6
Clay handling 26 0.3
Raw mill 179 21
Flotation equipment 144 17
Slurry department 73 0.9
Burning sand coaling 908 10.5
Ceal handling and burning 147 17

Clinker grinding and gypsnm han-
dling o 212 25
Cement storage and shipping . 130 15
General, ete. L 385 45

Fleetrical equipment and transmis-
ston 379 44
Sub-total  (2,808) (&X)]
Power plant and anxiliaries 1,118 129

Building material, including hous-
ing and railromd 1,522 177
Spare parts 232 27
Ocean freight and insurance 793 92
Sub-total  (3,662) (42)
Design of complete plant ki 4.5

Uenstraction  and  installation  of
equipment o 718 83

Technical assistance during start-up
and initial operation 42 0.5
Sub-total (1,151 d»

I'reliminary engineering first and
second phase 140 16




Table 1.7 (continued)

Estimated cost. f.a.5. port

8 Cost is based on prices from the Federal Republic of Germany, Denmark and laly.
Quarry equipment and all electrical equipment based on United States prices.
b Building costs are based on structural steel frames and corrugated ashestos roofing and
siding for factory building and concrete wall or masonry construction for service and ofhce
buildings. Structural steel fabricated and shipped from Europe.
¢ Since cost of power plant is excluded, this item probably includes electrical equipment,
motors and other electrical items for distribution of electricity. In plant F, these items are

probably included under utilities.

15

lmmarrd st fas fort
In thowsand Inpeecon- - T -
ltem 'm’mﬂ' " Ca;t " Ttem I t’n‘ I:::"J " cr.::.
Preliminary (limestone  investiga- General coustraction nniter al SAv ' T
tion and anilysis) 75 0.9 Cement 20
Supervision and inspection 175 20 Lumber 190
Construction : Remforeing steel 1~1
Housing for plant persotinel 140 16 Structural steel buildings FEDS
Utilities for honsing area 25 0.3 Constenetion and erection equip
Access road to plant 20 0.2 ment 174
Communication facilities 50 0.6 Pol <upplies 3
Fence, paving and hghtmg for Administrative supplics 51
lower arcas 20 0.2 —
. Sub-total 7123
Construction sub-total (255) L
. Service costs:
Logistical support for contractors Preliminars .
and field pv. 55 06 n:-(-‘im""fm-'\ enginecying 137
Contingency for cost V'\rnatmn, ete. 300 35 JoMBn dee 1
Procurement {ee 87
Sub-total  (1,000) (11.6) Ifrm‘nn-mg‘m SCTVICeS 13
_ Cotstraction fee 174
GRAND ToTAL 8621 100.0 Construction services 715
‘ Supervision and inspection 238
Actual expenditures (9 April, 1959) Operational techmical assistance 04
Procurement costs: ——
Cement machinery and equipment 3,439 1,844
Power plant equipment. 1,159
Spare parts for machiery ... .. 363 GRAND TOTAL  RO6G7
Table I8, Caplial investment, plants F, G and Hr
(In thousand dollars)
Plant F Plant ¢ Dlagnt 1
335,000 tons 400,000 t.nt 478 0eet toms
annuad capacity annwal capacify annusl capacity
(et process) (et processy Glry provesiy
Forveign Local Foreign local Foreign loval
Hem currency CHTICRY  CUPVWORY  CHITFACY CHErEACY CUIECH Y
Quarrying . ...... .. ... .. . . 485 30 485 248 185 REEN
Raw materials handling and
storage e 347 216 1,080 510 1089 s
Milling facilities . 1,307 402 1416 466 1,550 21
Raw meal handling fac:htles 105 207 115 253 244 20
Burning and cooling . 2,388 871 2,464 1,0 2,283 O%0
Clinker handling AU 115 i 113 117 113 117
Storage, packing and 1oadnut . Jo3 592 M1 780 Ml 777
Plant service and buildings®. 262 264 262 284 62 R4
Utilities ... .. L1113 699 284 443 <64 427
Electric power and dastnbutume 1,015 86 1015 Sht
Mobile equipment 83 1 151 3 151 3
Site development ... M 296 35 282 33 282
Contingencies . 601 369 707 1w 717 490
ToraL 7,143 4,058 8,477 5462 8588 5,440
ToraL cost, local plus
foreign currency 11,201 13,030 14,028
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E. PROSPECTUS OF CEMENT PLANT EQUIPMENT screen; clinker crusher; dust collectors: ausibiary emergency

A list of equipment normally used in a modern United States dn\:c for kiln; coal storage, handbing, pnlverizing and buning
cement plant, summarized from case studies, is given below: cquipment, or fnel ol storage, heating,  pimping and burnmg
cquipment; clinker storage hin: gypsuin storage bin
1. In quarrying

3. For storage, packing and shippin
Shovel; .trill; truck; primary crusher, sccondary crusher, r

vibrating screen (in wet process if hard material used) ; apron Cement storage hin; packaging hopper, and machinery
feeder; conveyors, bucket feeders, travelling crane.
4. Poweer plant

2. In cement plant Stand-by generating unit.
Raw material : weighing feeder; air separator; ball or ring A .
roll mills; kiln feeder; dryers (for dry process) ; apron feeder; 5 Laboratory equipment
vibrating screen; conveyors, bucket clevators: slurry tank )
equipment (in wet process only). 6. Miscellancous
Chinker : kiln; weighing feeder; air scparator; cemeut'rooigr; Pumping cquipment, water storage, maintenance egnipment,
clinker cooler; bali milis; conveyors, bucket elevator; vibrating fire protection equipment.
F. DATA ON LABOUR INPUT IN VARIOUS COUNTRIES
1. Federal Republic of Germany
Table 1.9, Labour rcquirements,® plant A
(100,000 ton per year plant)
Number of Nusmber of
Item tworkers Item workevs
Quarrying ¢lime marl) Cement sifo (labourersy 3
Production (dritling and blasting) ... ... ... .. 3 Clinker store (crane drivers) 3
Shovel operators . ... L 2 Packing plant (packers) 1
Dumper drivers ... .. ... . ... 2 Packing plant (helpers) 3
Fitters and maintenance men. . . 3 Laboratory (helpers) 3
Store (labourers) 2
Quarrying (clay) Artisans (fitters) 3
Production (drilling and llasting) 2 Artisans (electricians) 3
Dragline operators L 2 General labour (helpers) 9
Engine drivers . e 2 Checkers (gate-keepers) 3
Fitters, maintchance men, compressor oOperators 4
—_— Torar, pigecy tasorr 53
2 Salaried
Plant . Works manager i
Preliminary crushing (labf)urers) ............. 2 Foreman burners 3
Raw material grinding (mill attendants). 3 Foreman fitter i
Cement grinding (mill attendants) ... ... .. 3 Laboratory techuician i
Coal grinding (mill attendamts) 3 Bookkecper 1
Kiln installation (burners) ... 3 Correspondence clerk I
Kiln instaliation (helpers). .. 3 e
Raw meal silo (labourers) ... ... ... . . .. . .. 3 ToTAL, INDIRECT 1LABOIR 8
Source: Otto Labahn, Cement Engineers’ Handbook, Berlin, 8 These figures do not include labour requirement i repair
1960. shop.

To prepare the cost estimates appearing elsewhere in this paper, it has been assnmed that
the same labour force is needed for smaller plants. The following estimates have been made
for lubour force requirements for 200,000 tons per ycar and 400,000 tons per year caprity

plants:
200 000 t.ng firet i) tons
per year per vodr
Quarrying s 28 R
Plant o 62 74
Salaried ‘ o L I U] 1]
Torar, 100 121




2. Jopan
Table 1.10. Labour requirements in Japan by depariments and seale of operstion, 1989

(Man-hours® per ton of coment)

-—y
Scale of operation in thousand tons per veay
Ali plants Under 200 to 300 to 400 to 600 and
(rpevation or depariment® coveted 200 200 400 600 over
Inrect labowr
Drying and mining 0.24 048 0.28 0.25 0.2 0.23
Fuel handling 0.06 010 0.06 0.08 0.05 0.08
Rotary kiln 0.0 036 0.23 0.2 018 018
Finish mill o1 0.2} 013 0.16 0.09 0.08
Sub-tatat 061 117 0670 o 0.54 0.54
fudirect labowr
Material and fuel porting 012 01R 013 012 6.10 0.12
Bailer and turbine 613 0.4 013 0.17 010 012
Power . : 614 8.28 0.18 0.le 0.11 012
Repair (by rcpair shop preper) 023 0.49 025 0.24 024 218
Repair (by department crew) .. 0.16 043 0 013 018 0.12
Packing 015 0.23 0.13 0.18 0.15 0.13
Sub-total 093 1.84 103 1.00 085 079
Torat 1.54 3o 173 1.69 1L.¥ 1.33

Sovrce: Japan, Ministry of Labour), Yearbook of labowr Statistics, 1960, p. 72.

* Production and related workers only. Excluded, non-production workers that inchde
supervisory and inspection workers not directly engaged in production operations, clerks and

technical workers.

® Quarrying operations apparently excluded.

Estimates of labour force for differem size plants were
made on the hasis of the above data relating man-hour per
ton of output to scale of operation, A man-vear of 2,440 hours
was assumed. Based on the above data, the following labour

force requirements were derived:
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Scale of oniput
{temg)

100,000
250,000
350,000
500,000




3. United States
Table 1-11. Labour requirements by type in three United States plants, 1953

(Man-hours per ton of cement)

Plant 1 Plant 2 FPlant 3

ceet o Clry prove (drep Plant 1 Iiant 2 Plant 3
et proces dry provess, ry process, e e dn e Cppg
&4 percont 97 per vent 91 per cent ‘8'1 ‘{ur; u-‘r::' ‘J«"rr:’r‘r‘-:. l@'[;‘{'.r";.n’l‘
u.lf’:lclly capacity capacety capacity cafacty ’.Apx'.ifv
ftem uiilszation) utiltzation)  wtihization) Item witiizaty n) whitateon) n;m.l.x‘.'u ‘n)
OFERATION AND FUNCTION ! Warchouse 0.02 002
Direct : Packing : ippi
. i g and shipping 020 0.15 ),
Quarrying 0.24 0.05 0.23 Admtutstraiive: "
Raw material preparation 012 0.16 0.16 o atranees
Coal crushing 0.05 0.05 . Technical supervision 008 012 —
Burning (kiln) 0.17 0.10 0.32 Clerical and oftice 0.06 0.22 0.3
Finish grinding 0.16 0.10 0.07 Laboratory 0.06 0.05 ..
1 ndcrfct H Guards 0.08 0.13 0.25
Repair ... .. 0.16 0.30 0.40 N — —
Power 0.09 0.08 0.2 ToraL 148 1.53 21
Source: Onoda Cement Co., Some Data on the Cement Industry, No. 12 (Oct, 1961), p. 45 (mimeographed, Japasnese).

4. USSR
Table 1-12. Labour requirements by departments and size of plant in
(Man-hours per ton of cement)

USSR, 1957

Annnal ontput per plant Avevage for
(¢n thousand t.ns) ofi plants .
! 2 ) i . Man- [
em i A s
Quarryingh . 0.09 0.43 0.25 0.18 0.27 73 .
Production shops (ex. quarry) 2D (1.85) (1.32) (1.06) {1500 (40.3)
Of which:
Crushing, milling and drying 183 1.20 1.04 0.71 0.98 26.3
Others® 1,38 0.68 <0.48 0.33 052 14.0
Auxiliary shopsd 398 261 1.89 1.39 1.95 524
Of which:
Repair shops - — — — 0.49 133
Material handling, truckmg and
packing e — - e — 102 273
Ohee . L — — — -— 0.44 118
Torar 728 492 3.66 263 372 100.0

Table 1-13. Labour requirements by operation in typical plants in USSR
(Man-hours per ton of cement)

Opecrations Ptoant 1 Plant 2 Plant 3 Plant 4
Production of clinker (all operations, includ-
ing quarrying and burning). — 0.39 0.31 0.79
Additive drying 0.37 0.03 0.29 0.35 3
Cement grinding . 0.25 018 0.22 0.32
Packing and filling 0,07 0.03 0.10 015
Repair and auxiliary shops 0.39 0.64 0.79 105
Transport-and-storage 0.62 0.45 0.59 0.78
Laboratory 0.06 0.07 — .
Torar. 176 1.79 2.30 3.24
Sovrce: A. J. Pen'kov, “O tekhniko-cko- of outpnt per year, or tons per worker per

year were converted to man-hours by assuming
an average of 2,280 hours per worker year,
See  Wrasnov, 1.0, Fhonomika stroitelmoi
industrii USSR (l‘lcnunmi('s of the Construe-
tion Industry in the USSRY (Moscow, Gos-
clinker. Plamt 2 has easily quarried chalk stroiizdat, 1960), p. 263, Non-worker per-
deposits as lime source (loginov, op. cit, p. somnel  (engineering  and  technical, clerical,
24). Plant 3 does not have its own limestone  kuards, etc.) are excluded.
source—huys raw materials and uses metal- b stimated as residuil,
lurgical by-products. e I'resumuhly the kiln department (hurning).
Seukce: Loginov, op. cit., pp. 113, 117 and 4 The hreakdown of “auxiliary shops” la-
122, bour is estimated from percentages given in
* Original data in workers per 100,000 tons loginov, op. cit, p. 117.
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nomicheskikh pokazatel’ iakh po trudu na
tsementnykll  zavodakh”, (“Techno-economic
lahour indicitors for cement plants”), Tsement
(Cement), No. 3, 1960, p. 20,

Note: Plant 1 does not produce its own




Table I-14.

Distribution of labour foree In plants of a
Soviet cement conthlne

(In percentaae of total Libowr vequirement)

Indwstrial

Table 1-15. Distrlbution of lnbour force in Soviet cement

industry, 1957

Labour fovce
Con pereentage

Item - f totaly
(peraiy ne labour force
()pcrnhnn of technological _cquipment tincluding Workers (production and anxiliary) and appreidices 842
intra-shop transport i hasie production) 232 L. . .
Cuarrying (raw material extraction) 6.1 Engineering and technical employees R7
Raw materiai transport (truck) 3 Clerical and otfice employees 16
Repair work--all typues Jo.2 - . .
. y . . 1he Y « . . N . stC.
Cement pucking and loading-and-unloading opera- Other {fanitors, watchmen, firenien, ete.) 35
tinns 12.8 —
Bulding repair and comstruction shops 4.1 ToraL Lapour romce 1000
81.7=

Source: M. F. lurov, “Nekotorye v.opror: Kompleksnoi
mekhanizatsit 1 avtomatizatsii” (Some problems of compre-
hensive mechanization and automaticn). Ts'ment (Cement),
No. 6, 1960, pp. 3-06.

& The remaining IR per cent are presumably non-worker
(technical, clerical, etc.) personnel.

Sovrek: Loginov, op. cit, p. 113,

5. Others

Data in tables 116 to 1-18 are derived from unpublished
sources. For additional information see section DD in this
appendix,

Table 1-16. Labour force for plants B and C

(Number of persons engaged)

Plant B with 66,080 Plawt C with 100,000
. tons capacity per year tons capacily pav yesr
TN - Supervisory Supervigory
\ and and
profersional profeszional
(foreign) Local (foreign) Local
Type of lobour oxres employees employees employens
. TN
Unarrying >~
Operator 3
Driver 4 6
Unskilled labour . 3 40
Piant production
Raw material, operator. ... 3 3 -
Kiln, operator ... e 3 3
Mills, operator . .. L. 3 3
Packing and shipping, operator .. . 3 i 3

Maintenance and repair:
Skilled
Unskilled

General plant, unskilled

Administration and technical
Laboratory :
Chemist
Assistant

Vleetrical technician:
Fngineer
Supervisor

Mechanical technician
Fogineer L
Supervisor

Administration
Nehisinistration manager
Tochnical manager .

Clerks

F,\-gw\'- , b,

Torat

—
o
P
0

3 5
» “
1 1
1 1 1 2
1 1
1 1
1 1
3 3
1 1
i 1
1 2 i 2
2 3
n oy Y 12




Table 117, Labour foree for plants F, G and 1

(Nwmber of pevvoons engacedy

Flant Plante ¢/ and Jiv
[ R AN AT e i fong
sty cafa ity
Fype of labonr por Neay) o Avdr)
Quarrymg 2 »
Plant (production)
Secondary criwching, surge pes,
storagy 23 Ri
Raw grinding 18 1Rs
Burning and clinker cooling kel 27
Finish grinding 1.3 18
Silos and baghouse 89 87
W arehouse 6 6
Maintenance 92 95
Yard labour 8 19
Sub-total 281 273

Plame D Flants voand LY
CREs G fons
T'yvpe of labour 1;.‘-‘:’“‘\'.. :;-.\V» r‘..‘vp‘:: I.:'v!

Administratice and techn, al

1aboratony 23 25

Technical 15 13

Admustration 30 30

Seeority 25 RE |

Sub-total 94 102

Miseellancous 14 36

Torar 411 4340

& W et process.

b Plants G (wet process) and H (dry process) are very
similar in dosign, and the projected staff is the same for hoth

with the exception that plant 11 requires an additional nine
men (not shown) in the raw grinding department.

Tuble 1.18. Distribution of labour foree by qualifieation, plants B and C
(In percentage of total)

Qualification Plomt B Plant ¢
Loeal . . . . 89.5 91.0
Unskitted . ... ... . 0.0 63.4
Skifled . 295 2.6
Supervisory amd professiomal . ... . ... 10.5 90
100.0 100.0

G. AVERAGE TOTAL COST
1. Federal Republic of Germany

Average total cost for the various capacities was computed on the hasis of informa‘ti‘m
available in Labaln, Cement Engincers’ Handbook. In the Handbook calculations were given
for 100,000 ton per year dry process plant. The plant uses lime marl and clay as raw material.

Talle 1-19. Average 1oial cost per ton related to capacity (wet process)

(In DAD

Casacity in thowsand tons pev vear
Itewm 13 a6 1og 204 LI
Salaries 1.93 0.96 0.64 0.43 0.23
Wagess 11.70 5.85 397 234 143
Raw material . ... ... ... ... ... 2.4 241 24 24 24
Fueld 13.80 13.80 13.80 13.80 13.80
Powere e 6.00 6.00 6.00 6,00 6.00
Packingd . ... ... ... ... ... . ... . ... 5.00 5.00 5.00 5.00 S0
Maintenance® . ... ... .. ... .. o0 3o 250 200 1.0
Overhead . 2.60 2.00 200 200 240
Miscellaneous!? 11.42 9.34 3 7.62 6,14
ToraL, above items  58.16 4R 36 44.63 41.62 3o4
Depreciation on fixed eapital 18.00 15.64 10.80 ER B 6.5
Interest on fixed capital 12.00 910 7.20 6.12 4.63
ToraL 88.16 71.10 6201 5692 S04

4 Includes wages in quarrying,

b Consomption of fuel for a wet process
assumed at 25 per cent (L3R nullion kilo-
calorivs pev ton) more than dry provess,

Constmption ol power in a4 wet process
assumed at 83 kKWh per ton, 6 per cent Jess
than dry process,

*HK per et packed

v Repair shop wages, spare parts, Inhrscants
Asstncd at 2 per cont of pitial fived mvest
Het _

£ axes, nteredt, sl sevurity contr
tiotts, directors” salaries, profits, honuses, sty
vy reserve, o, At TS perocent of averaoe
total cost

1



2. United States

The United States experience is based primarily on data from a case history study of
cighiteen new plants mentioned above and experts’ opimion. The following table stmmarizes the

espericnee of the United States:

Table 1.20. Unlted States cement industry, capital requirement, operating datn, input-output coefficlents related to
stundard capacities (wel process)

Capacity in thousand tons per year

1,000

120 2 Nl 40 X1 ito (2 kilns
o ki (! kiln tf Liln (2 kilng (2 kilns (2 kilns > 557
K KX 15 p jea o A37 0 344 < 122 Ree s 137 = 3.9 122 4.88 > 140.21
metres) mielresy metros) motres) metres) metres)t metres)t
CArtTAL REQUIREMENT (in thonsand
dollars) :
1. Fixed capitalt ............... 7,000 11,250 13,200 16,000 19,000 21,000 30,000
2. Working capital (6 days)... .. 210 320 380 480 580 650 1,040
ToraL 7,210 11,570 13,580 16,480 19,580 21,650 31,040
OPERATING DATA, THROVGH SHIFTS
AT Y0 PER CENT TOTAL CAPACITY
(in thousand dollars) :
1. Material and supplies
i cet material
Linte-tones
Claye
Gypsum ............coeus 2 38 46 60 78 92 180
Bags® .. ... ..., ki) ] 79 104 135 159 31
Supplies® . ... .......... 2 140 160 200 240 260 380
Torar 149 244 285 364 453 51 &N
2. Power, fuel and water:
Power ........covvuns veens 2 401 485 610 822 968 1,894
Fuel .. . .. . iiiiiiineaes . 256 450 54 710 923 1,089 2,130
Water ..........iiiiiienas 14 24 29 38 49 58 113
ToraL 497 &5 1,058 1,378 1,794 2,115 4,137
3. Manpower
(a) Direct labour ......... 400 s10 570 700 780 810 810
(b)Y Indirect labour:
Managers and supervisors 30 48 48 77 77 77 77
Chemists ................ 17 17 17 17 17 17 17
Office .. . .. . . ...... 17 Y/ 32 38 38 38 38
Others .. .. 19 24 Y. 34 “u 34 34
ToraL LX) 116 126 166 166 166 166
Miscelluneons and contingenciest 210 338 39 480 570 630 900
ToTAL, operating cost 1,339 2,083 2,435 3,088 3,763 4,232 6,884
PHVYSICAL INPUTS AND COEFFICIENTS
PER TON OF OUTPUT:
Limestone (in tons) 16 1.6 1.6 16 1.6 16 1.6
Clay (in tons) 0.3 03 03 0.3 03 03 03
Bags (number of bhags) 23 23 23 23 23 23 23
Power (in kW) .. . o 115 118 i18 115 118 115 115
Fuel (in million BTUY . . 5.85 585 5.85 5.85 5.8§ 585 $.85
Water (in cubic metres) .. .. . . 0.9 09 09 0.9 0.9 09 09
Gypsun (in per cent kilogrammes
of weight) _.................. 40 40 40 40 40 40 40
Maunpower (number) :
Direct labour :
Skitled ....... ... K] 19 21 26 29 30 30
Semi-skilled ... ... ..., 15 19 2 26 2 30 30
Unskilled ...... ........... 45 57 63 78 87 2% 9%
ToraLs 75 95 105 130 145 150 150




Table 1-20 (continucd)

Capacity in thowsand toms per vear

210

1ot

120 NG RE g3 1 [T
(1 kiln) (1 kiln 1 kil (2 ktins (S kns (2 kains ' LR
3122 35 130 RTINS K AR IR L O N N N I N PR T,
metres} metyosd metresh mefrosy Mmeire s [V RN L TEHLIAN
Indirect labour:
Managers and snpervisors .. 3 5 S 5 3 s 3
Chemists 2 2 2 2 2 2 2
Office 3 5 6 7 7 7 7
Others . 4 5 6 7 7 7 7
ToraL 12 17 19 21 21 21 N
F.CONGMIC  COEFFICIENTS, THREE
SHIFTS AT 90 PER CENT OF TOTAL
CAPACITY (in dollars per tom) :
Direct fabour .. . . ....... ... 3.70 2.68 248 233 200 1.76 g
Direct material and watcr. 0.67 0.67 0.67 0.67 0.67 067 067
Power 210 210 210 210 210 210 210
Fuel o 237 237 237 237 2.37 237 237
Indirect labour and overhead costh 3.37 3.1 297 282 250 2.30 Lol
Depreciation on fixed capital . . .. .. 493 4.50 4.36 405 370 347 RAR]
Interest on fixed capital. .. ... .. 389 3.58 34 320 292 274 2,00
AVERAGE TOTAL COST 21.03 19.00 18.39 17.54 16.26 15.41 118

Source: Table calculated from data supplicd by experts and
data given in case history study of eigliteen new plants issued
in Kock Products, May 1958, May 1059,

* Dumb-bell type kilus. Instead of one uniform diameter they
liave two or more diameters extending over certain lengths of
the kilns,

bIncludes plant and quarry equipments, buildings and stor-
age, land, excavation. Foundations and installations used.

H. 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 200,00
tons per year capacity. A cement plant with a capacity as small
as 25000 tons per year is possible with one 75-tun per day
kiln. These plants may be designcd for easy installation, making
them adaptable for remote locations. Another advantage is
the possibility of rclocation of such plants, provided that they
are designed with that purpese in mind, It is cliimed that
between 80 and 90 per cent of initial investment is recoverable.

Fixed investment is about 20 per cent lower than for an
eqnivalent dry rotary kiln plant, according to Labahn. No dati
are available on over-all labour requirements. According to
German and Swiss experience, fuel consumption is 0.85 to
1.20 million kilo-calories per ton of clinker.

Tliere are several important limitations of the use of auto-
matic 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

2

¢ Included in land depreciation,

4 Twenty per cent of production packaged,

¢ Refractories bricks, clay amd cement, maintenance and re-
pair parts, Tubricants, hand tools, and maintenunce insnrance.

f Includes insurance, interest, sales cost, office supplies, awdit-
ing and legal services, ,

¥ Includes labonr in guarry.,

b Tucludes supplies and miscellancous,

with either oil or gas firing. The limited maxiinum capacity
of plants equipped with shaft kilus s another consideration,
particularly where market conditions show promise of exceed-
ing the 200,000 tons per year limit.

Furthermore, cenent praduced by shaft kilns has Deen of
inferior quality  (less uniform) compared to product- of rotary
kiins, Several manufacturers of shaft kilns, however, seem to
Witve overcome this problem, largely through improsements in
raw material and fuel preparation equipment and technignes,
There is good reason to believe that a greater degree of tech-
nical know-how and operator skills i« required  than with
rotary kilne. The more conplex technelogy may be e im-
portant drawback 1o the use of st kilns in developing
conntries £

€ Sources on automatte Shaft kilns:
(i) Otto Labahn, Cement Engineers’ andbo d:
(i) Herbert Hnghes, “The De Rall Veutieal Kihe™, Mintng
Fugineering (Dec. 1956).
(i) Steven Gottlich, “Shaft Kilne Solve Fuel Problems in
Australia”, Rack Products (October 1059,

Rockwood, "Uniform Cement from Vertical

(iv) Nathan (. A
Kock Products ( March 1954,

Kilis in Australia’,




Appendix Il. Treads in production, consumption and trade

This appendix presents lackgromnd statistical data on cement
coverine mainly  the post-war period, althongh data for the
pre-war year~ 1937-1938 ure viven 1or reference privposes The
following is a swnmary o the trends as devived from the
availahle data.

Since M7 world production of ceraent has been steadily
increasing at the rate of 2 per cent per anum: a lower rate
of growth, 79 per cemt anmually, has obtained, however, in
the last decade, The fadtest growing rates are shown by the
Asian countries, the centeally planmned ¢oomomies, and the conu-
tries of the Middle Fast: North \merica registered the slowest
growth. These differentials in riaes of growth  resnited in
changes i the pattern of coment prodiction and in the share
of varions regions in total world production, Although North
America and Western Enrope together stilt account for the
greater part of world total outpit, their share has decreased
from 72.1 per cent in 1947 to SLO per cent in 1900,

The substantial increase in world production of cement is
reflected in the level of per capita consumption. Table 11-4
shows the level of per capita consumption and the historical
trend of this magnitude for a sclected number of countrices,

Western Furope has been the miost active region in interna-
tional trade. 1t has heen predominant in the export market
and maintained it< relatively high <hare of total world imports.
The trend, however, has heen towards a decrease in this share,

Despite the increase in local production of cement in devel-
oping regions of the world, they remained most active in the
import market, cxcept for Latin  America, which has con-
sistently reduced its share of total world imports, from 37.7 per
cent in 1947 to a low of 47 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, Asia, the Middle
East and the conntries of centrally planned economies show
an incréasing trend for their share of total world nports.
On the expurt side the shure of the developing countries of
the workd his increased from about 4 per cent in 1947 to about
27 per cent in 1960, Countries of centrally planned economies
recorded also a high increase in their share of the export
market.

The share ot North American countris in world trade,
despite their high share in world produc.ion, has been rela-
tively low.

Net trade as depicted by net exports and net imports by
regions (see chart 11-2) show that western Furope and comn-

tries of centrally planned economies have been net exporting
regions, Since 1932, however, the volume of net exports of
the former region has shown a declining trend.

Adrica, the Middle Last and lLatin America have been net
importing regions, with the latter region achieving gradually
a position of ~clf-zufliciency. Since 19531, Africa has recorded
a slow downward trend in the volume of net imports.

Asia bas been on the average a net importer since the war,

although the region has been approaching  self-sufficiency
snee 1955,

I the years immediately after the war the North American

countries were net exporters, after which followed a period
of self-sufficiency, a situation of net imports since 1953

World trade comprises a small sh.re of total world pro-
duction, and has indicated a moderat: downward trend (see
charts 11-3 and 11-4). This downward trend is explained
mainly by the increase in the production capacity of develop-
ing countries and consequently the share of local output in
total demand has increased while that of imports has declined.
This is indicated hy the significant decrease in the ratic of
imports to production in Latin America, Africa and Asia.

Table 1I-1. Raie of growth in cement production,
by regions

(Percentage per annum)

Area 1947.1980 1950-1960
Africa 9.0 72
North Awmerica 43 36
Central and South America 86 76
Asia 164 129
Middle 1ust 108 10.2
Oceania 2 6.7
Western Europe 9.0 64
Centrally planned economies® 139 116
WORLD AVERAGE 92 79

Source: Calculated from table I1-2,
* Including China (mainland) and North Korea.
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Chart 11-1A, World cement production, 1937, 1938 and

Chart 11-1B
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Chart 11-3A. Ratio of cement Import to production, world

total and by regions, 1937, 1938 and 1947-1960
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II. NITROGENOUS FERTILIZERS BASED ON NATURAL GAS

Introduction

In countries where natural gas is at present being
flared, efforts have heen focused on utilizing this wasted
and unreplenished natural resource. ’roducts derived
from natural gas are numerous although they have heen
concentrated mainly in the ficld of nitrogenous ferti-
lizers and raw materials for plastics. The products
discussed in this paper are ammonia, ammonium nitrate,
ammonium sulphate and urea.

Data on investment and other inputs as well as
illustrative cost structure are presented and analysed
for these industries. These data are hasically derived
from the United States’ expericnce and are obtained
from engineering consultants. Some data incorporated
in this part of the study were also based on surveys
made by experts and consultants for establishing such
industries in developing countries. Using these data as
a background, an attempt is made to point ont differ-
entials that may be encountered when applying these
data in developing countries.

The data used here are based on a given technology
for each of these products. Alternative technologies,
however, have been mentioned briefly in Section 1 of
this study. It should be noted that consideraticn of
one technology imposes a limitation on the scope of
analysis when related to developing countries, in which
case raw material and other input requirements as well
as local market conditions may dictate the use of
alternative technologies,

Section 1 of the study is devoted to a brief descrip-
tion of products, their uses and production processes.
Section 2 presents statistical data covering recent trends
on production, consumption and trade of these products.
Section 3 is dcvoted to an analysis of fixed investment,
labour and other inputs. In Section 4, an illustrative
cost structure depicting the United States’ experience
is presented and analyscd.

Section 1. Product description and processes

Aumonia (NH,)

Synthetic ammonia is a basic chemical which is con-
sumed mainly in the production of nitrogen fertilizers
in addition to several other industrial uses. It is ntilized
in the production of such products as ammonium nitrate,
ammonium sulphate :nd urea. In recent years the
direct application of anhydrous ammonia to the soil is
also coming into increasing use in the United States,
as will be shown later in this study. The main reason
for this rapid growth is that ammonia is the cheapest
source of nitrogen for agriculture, ouce the methods
of utilizing it directly were worked out. The fact that
its direct application requircs rather advanced farming
techniques and additional investment on the part of
the farmers would limit its use in the developing coun-
tries. Moreover, a solution of ammonia in water may
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also be produced and is often mined with other nitro
genous solutions. These sohtions may he injeeted
directly into the soil, Mowever, the need for specialized
equipment, although not as expensive il teehnically
advanced as for anhydrous anmnonia, wonll still ini-
pose some limitations on its use in nnder developed
countries. On the other hand, in these countries adding
ammonia in the aqueous form to irrigation water may
prove to be highly successful provided that proper
care 1s used in s application.

As regards other industrial uses, large quantities of
anhydrous ammonia are wilized for operating refrigera-
tion nuchinery hoth in storage and in transportation,
especially in the United States and in Europe, 1t is
also very useful in the engincering industries for nitrid-
ing. Its chemical uses iuclude the mamufacture of soda
ash by the ammonia soda process, the production of
hydrogen cyanide, acrylonitrile, and other products,

Carbon dioxide is prodnced as a Dy-product in
manufacturing  synthetic ammonia and, ‘when highly
purified from traces of oil, eam be used for the pro-
duction of solid carbon dioxide, or *‘dry ice”. This has
considerable application in the refrigeration industry,
notably for ice cream mumfacture, as well as in atomic
cnergy plants and in the engincering industries,

Ammonia can be synthetized by different rontes, hut
all of them imply the use of a large amonnt of hydrogen
for fixing the nitrogen extracted from the atmosphere,
The choice of processes for recovering hydrogen de-
pends essentially on availability of raw material. Most
of the recently built ammonia plants, however, have
natural gas as raw material. Producing ajmmonia from
natural gas involves one of two processes, the steam-
methane reforming process or the partial oxidation
process; the former process is preferred hecanse, inter
alia, it does not have as many operating problems as
the partial oxidation process, and for small i miedium
size plants it requires less amount of capital investment,

AMyonium NitrateE (NN (),)

One of the most important nitrogen  fertilizers is
ammonium nitrate. It has a high nitrogen content
(33.5 per cent)! and is a quick-acting fertilizer for
crops. Its use as a fertilizer was limited because of its
tendency to explode and it had the tendency to conlesce
in large blocks (*“tombstones”) instead of remaining in
a grannlated form more suitable to feed crops. This
inconvenience was overcome by granulating annnoninm
nitrate and coating the granules with clay or dintoma-
cious carth, Ammonium nitrate is also the starting
point of several explosives, Another nse of ammoninm
nitrate is in the manufacture of nitrous oxide, which
15 also used as an anacsthetic,

' Pure ammonium nitrate has a content of 35.0 per cent of
nitrogen.




The process to produce ammionium nitrate consists
of two stages; the first involves the oxidation of am-
monia to nitric oxide (NO), further oxidation of nitric
oxide to nitrie dioxide (N1, ), which is absobed in
water to form nitric acid. In the second stage, the nitric
acid reacts with the required quantity of amunonia to
produce amimonium nitrate.

Urea (N1I,/CO/N1)

It 15 a product of versatile use. Tts major use, how-
ever, is as a fertilizer, where its advantage lies in its
high nitrogen content, 46 per cent. It also has large
application as raw material for thermoplastic resins;
urea-formaldehyde compounds are used in glue and
plywood manufacture.

There are many urca processes in operation. These
include the 1. G. Farben process, Du Pont, Imperial
Chemical Industries, Montecatini, Dutch State Mines.
Pechiney-Grace, Chemico and Inventa-Vulcan, Am-
monia and carbon dioxide are combined under pres-
sure to form ammonium carbamate. This is dehydrated
to form urea and water. Unreacted ammonia and
carbon dioxide are released, which are recycled or
converted into by-products such as ammonium nitrate
or ammonium sulphate

AmymoniuM surpuate ((NH,), SO

It is a widely used fertilizer and has been in use
for many years, Ammonium sulphate presents some
advantages inn respect to other nitrogenous fertilizers;
it is easy to handle and ship and does not set in bulk,
as does ammonium nitrate. In preparing the con-
ventional mixed fertilizers, ammonium sulphate is re-
quired in order to give these fertilizers the proper
physical conditions,

Until twenty years ago, ammonium sulphate was man-
ufactured in the United States almost entirely as a by-
produet of the coke plants of the steel industry, When
the demand for nitrogenous fertilizers began to increase
during the war at a steadily accelerating rate, new
plants were built in which synthetic ammonia was com-
bined with concentrated  sulphnric acid to produce
ammonium sulphate,

As is well known, natural gas may contain sulphur.
This may be uvsed as an alternative source to mined
sulphur for use in production of ammoninn sulphate.
Certain countries have natural gas rich in hydrogen
sulphide (the so-called “sour” gas), such as ocenrs
in Arkansis, West Texas and Wyoming in the United
States. Methods have been developed for removing
hydrogen  sulphide to purify the natural gas, and
hydrogen snlphide thus obtained is wilized to nnke
sulphur or sulphuric aeid.

Where sulphuric acid is not available but there are
convenient deposits of anhydrite or gypsum (ealcium
sulphate), anmonium  sulphate can be made  using
cither of these nmnerals as a source of sulphur; this
alternative process 1s not used in the United States,
but is employed on a large seale in Western Farope,

Section 2. Production, consumption and trade

The use of nitrogenous fertilizers has been increasing
steadily along with other syuthetic fertilizers. Table 1
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below indicates world consumption of fertilizers for
selected years in the last two decades. The consnmiption
of nitrogenous fertilizers since 1947/48 has been in-
creasing at an average of roughty 500,000 tons per year.,

Table 1. World fertilizer consumpiion

(In thousund metric tong)a

Nitrogenous  Dhosphate Potash
Year (N) ('40z) (K Total
1037/38 2,485 3,678 2,960 0,123
1947/48 3,100 5,017 3,104 11,230
1050/31 4101 6.208 4,514 14,913
19535/36 6,630 7.840 6,830 21,300
1939/60 9,220 9,530 8,380 27,130

Sovrce: Food and Agriculture Organization of the United
Nations, “Long-Term Trends of World Fertilizer Consump-
tion”, Monthly Bulletin of Agricultural and Economic Statistics
(Rome, February 19623, p. 1.

* In equivalents of plant nutrients (active components).

The rate of growth for the group of nitrogenous
fertilizers during the post-war period has been faster
than that of the other two groups, namely 8.4 per cent
per annum as compared to 7.6 per cent and 4.9 per cent
respectively for the potash and phosphate fertilizers.
This resulted in an increase in the share of nitrogen
at the expense of phosphate. Whereas in 1947/48
nitrogen’s share was 28 per cent of total chemical
fertilizers, and that of phosphate 45 per cent, by 1960
the consuinption of the three major groups of fertilizers
was shared roughly equally by the three types of
fertilizers.

The various types of nitrogenous fertilizers are shown

in table 2 (p. 33). Anmonium sulphate and ammonium
nitrate share between them over half of the world total.
Ammonium sulphate, however, has been losing its pre-
dominant position and its share is being gradually
equalized to that of ammonium nitrate. Other ferti-
lizers that have decrcased their share in total con-
stption include ammonium sulphate nitrate, sodium
nitrate, caleium nitrate and calcium cyanamide.
. Urea, the newcomer to the field, and combined ferti-
lizers, have been increasing their share of the market.
The share of “other” fortilizers that include mainly
anhydrous ammonia, aqua wnmonia, ammonium nitrate-
water solution, and a combination of ammonia, am-
monium nitrate and urea dissolved in water, has also
heen increasing. Their use has been, however, confined
nainly to the United States.

The important consumers of nitrogenous fertilizers
are the advanced countries. Furope and North America
(mainly the United States) shared roughly 73 per cent
of the total world consumption in the two vears 1959-
190. Tn the same period, Asia followed with 14 per
cent, half of whicl was consumed by Japan alone and
the renuining by other countries of the region. The
Soviet Union accounted for 8 per cent of the balance
and the rest of the world § per cent.

The vnbakuiced pattern of world consumption may
also be indicited by the average consumption of nitrogen
per hectare of wodle land. Europe’s estimated con-
sumption an 19571959 was by far the highest, amount-
g to 24 kilogrammes per hectare, followed by North
and Central America 10.5 kilos, Asia 4.1 kilos, and




Table 2. World production of nitrogenous feriilizer by produci, 1954/55-1959 /60
(Percentages of total output, unless otherwise specified)

Ttem 1954/55

1985/56

1956/57

1957/58  10S850 10s0/ap
Ammonium sulphate ...... .. .... 3.2 316 300 287 285 260
Ammoniunm nitrate ... ... ... 252 248 230 24.6 236 248
Urea . .. ... ......... ... . 23 28 4.7 51 6.2 6.4
Combined fertilizers ... ... .. .. 5.1 6.0 79 8.3 87 95
Ammonium sulphate nitrate, so-
dium nitrate, calcium nitrate and
calcium cyanamide ... ... .. 16.6 14.2 148 14.3 12.1 1.1
Other .. ........................ 19.6 207 I8.8 19.1 210 223
ToraL 1000 1000 1000 1000 1000 1000
Torar, in thousand metric tons of
(N) 5,600 5,932 6,469 7,030 7.689 8,007

Source : Food and Agriculture Organization, of the United Nations, in A I Review
World Production, Consumption and Trade of Fertilizers, 1059, 1960. nnal Reviewe of

USSR 3.1 kilos; for the rest of the world, consumption
ranged between 1.2 and 1.9 kilos.

International trade in nitrogenons fertilizers com-
prised an important part of world output; export
averaged 28 per cent of the total production in the
two years 1959-1960. Europe is predominant as the
exporting region accounting for 65 per cent of total
export in the same period, followed by North America
15 per cent, South America (Chile) 6 per cent and
Asia (Japan) 13 per cent with the USSR handling
the remaining 1 per cent. Europe imported in the same
period 38 per cent of the total followed by North
America 23 per cent, Asia 25 per cent, Africa 9 per
cent with South America, Oceania and the USSR
sharing the remaining 5 per cent of the market. Table 3

Table 3. Production, consumption and surplus or deficit,
1985/56 and 1959/60

(In thonsand metric tons (N))

Surplur (4)
Region Production Congumption Dcﬁt‘i’: )
1955/56
Africa ................... 338 203 —165
America, North and Central 2,246 1,959 — 45
America, South .......... 27 *+ 12 +109
Asia ... 813 1,075 -3
Europe .................. 3,359 2,780 +440
Oceania ........ N 19 26 -7
USSR .......... .......... S00= 479 + 24
WoaLp ToTAL 7,202 6,634
1959/60
Africa ............. ... 59 230 —169
America, North and Central 2,860 2,845 —150
America, South .. ... .. .. 206 168 + 12
Asia ................0 ... 1,110 1,269 —223
Europe ................... 4830 3,968 +-897
Oceania .................. 25 33 — 8
USSKd . .............. . ... 740 709 + 31
Wortp TorAL 9,820 9,222

Source: Same as table 2.

* Estimate,
* Referring to July through December 1959,

summarizes production, consumption and surpluses or
deficits for two selected years by major regions.

An order of magnitude of possible future require-
ment for nitrogenous fertilizers in the developiug re-
gions has been estimated at 30 million tons by 19802
This compares with a low volume of 4 million tons
reported for these regions i 1960, By 1980 the world
total was estimated at 70 million tous, assuming a
moderate increase in the consumption of fertilizers for
the rest of the world. listimates for the developing
regions were derived primarily as follows:

(1) Targets of food requirements were set at 174 to
219 per cent of a hase year.® A moderate rate of growth
in fertilizer consumption was assmued for countries
that have already attained a high use of fertilizers such
as Japan and China (Taiwan).

(i) Average relationship between the value index
of crop production and input of fertilizers used per
aral'e hectare in forty-one countries in the years 1956-
1958 was established. This average relationship was
used as a basis for calculating the quantity of fertilizers
needed to attain the set targets.

It should be emphasized that the figures given above
are not projections of effective demand for fertilizers.
They are estimates of reguircments that may be necded
to attain defined nutritional goals uuder given assunp-
tions, These goals assume, ter alig, w sustained rate
of growth in agricultural output ranging between 2
rate of about 3 per cent for Africa, and of § per cent
for Asia and the Far East. To empbasize the magnitnde
of such a task, one may refer to the fact that a sustained
5 per cent growth in agricultural output has not heen
attained in the past by any of the world regions; and
only a few countries have succeeded in attaining such
high goals for a period extending over ten years, It
may be mentioned at this point that these production

2K, W. Parker, “Fertilizers and Economic Development”,
paper delivered at the Fertilizer Workshop, American bHociety
of Soil Science, Purdne University, February 1962, Listimates
for developing countries include 5.0 million tons for China
{mainland),

3 Set targets for 1980 (1960 — 1)

Africa 174
Asia and Far East 219
Latin America 194
Near East 190
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goals in agriculture compare favourably with those
incorporated in the development plans of various devel-
oping countries,

Section 3. Fixed investment and other inputs

Fixed investments: these include cost of processing
cquipment ;. auxiliney facilities that include utilities,
such as power and steam supply, and cooling water
facilities, ete., equipment for liboratories and work-
shops ; huildings and structures : erection cost for equip-
ment, building and structures: as well as miscellaneous
costs that include design aud engineering fees and
allowance for contingencics.

The major components of fixed investment for the
fertilizer plants under consideration are: process equip-
ment sharing between 25 and 35 per cent of total in-
vestiient, erection of process equipment between 10 and
15 per cent, utilities and auxiliaries between 10 and 20
per cent, Because most equipment is installed outdoors,
buildings for these plants include mainly facilities for
offices, control room, laboratory and workshop, and
they share a small part of total investment, roughly
between 5 and 10 per cent. The rest of fixed investment
goes to design and engineering fees and investment
overhead.

Table 4 indicates the fixed investment of new plants
in the United States for the severa! products discussed
in this paper. These costs represent plant investments®
and they refer to the supply and ercction of process
equipment required to manufacture the products in
given size plnts, They refer to small to medium-size
plants. The following are the additional costs that have
to he faced:

(1) Purchase of land on which to ercct thie plant
and its amenities ;

(i1) Installation of foundations, drains, roads and
fences ;

(iii) Transportation of equipment from the place
of purchase;

(iv) Installation of services, such as power and
steam supply

(v) Provision of cooling water facilities, including
circulation towers, if necessary ;

(vi) Construction :md equipment of laboratories and
workshops ;

(vi) Administration offices and medical services:

(viti) Canteens and Iavatories:

(ix) Storage and puacking facilities,

As a general guide, it can be taken that plant invest-
nmient should he abont doubled to arrive at the total
fixed investment of the factory.® If the site is in an
isolated area, provision of honsing and other amenities
is required for the staff and workers,

hwestment in the plants under consideration ob-
viously involves economies of scale; that is, total invest-
ment inereases less than proportionately to plant capa-
city. The imvestment fignres derived from the cipacity

1P aker, op cit,

51u the United States this investment is referred to as
“hattery linits”. The investment figures given in the text are
“turn key” and presented on a United States Gulf Coast hasis,

8 1n the engincering and trade circles of the United States
this is referred to as “grass roots invesiment”,

cocfficient given in this paper indicate that quadrupling
the capacity of an anmmonia plant would require tripling
total imvestiment,

There are several reasons for this well known he-
haviour of fixed investment. Doubling the capacity of
unit equipment, such as converters, heat exchangers
md prehieaters, would require less thun double the
steel, and labour requirements for producing larger
units also increase less than proportionally, with a con-
sequent decrease in unit cost of producing larger units
of equipment, A substuntial increase in plant capacity
would also require a smaller expansion in some of the
auxiliary facilities such as workshops and laboratories,
and erection cost behaves ina similar way.,

Table 4 gives the capacity exponent for several
products, It should be emphasized that these expounents

Table 4. Plant investment in the United States
(Total and per ton of annual capacity)

Plant inzestment

Anunaral Der ton of

capacity Total annual
(s tizon-  (in midlion capacity Capacity
Froductss sund tons)  dollarsy  (in delars) vm‘[ﬁcient"
Anmonia 60 4.1 2 0.88
Ammoninn nitrate 50 25 50 0.71
Urea o 40 2.0 065 0.07
Sulpliuric acid 06 1.2 18 0.65
Ammoninm sulphate 50 24 43 0.65

Souvkee: “Utilization of Natural Gas in Petrochemical and
Other Industries”; paper prepared by the Division of Industrial
Development in the Department of Economic and Social Affairs,
United Ninions, and presented at the Second Syniposium on
the Development of Petrolenm Resources of Asia and the Far
East, Teheran 1-15 September 1962,

& The ammonia plant is based on the slcam-gas pressure
reforming process, and it is assumed that gas engine driven
compressors woukl be used. The major cquipment required in-
cludes  steam  raising  capacity, primary reformer, secondary
refornter, CO} shift reactor, Co: stripper, CO absorber, CO
stripper, compressors, circulators, heat exchangers, NH, con-
verter and ammonia storage facilities,

The aminonium nitrate unit includes a nitric-acid unit of high-
pressure type. Ammoniwn nitrate is produced as prills. Major
cquipment included in the nitric acid plant is: air COMPressors,
ammoniit converters, waste heat boilers, absorption and hleach-
g columng, pumps and storage tanks. For the ammonium
nitrate plant, a nentralizer, evaporator, prilling tower, drier,
cooler and bagging equipment are required.

The wrea unit is of the “total recycle” type, and includes
facilities for prilling. Mijor equipment includes a reactor, first
amd second stage condensers, prilling tower, crystallizer, CO.
compressor, cotdensator, dryer, NI, pre-licater, first and sec-
ond stage distillers, urca solution coucentrator, filler press,
centrifuge, separators, pumps and drins,

The anmmonium sulphate plant consists of two parts, In the
first, sulphnr is converted into sulphuric acid, which requires
a sulphur burner, gas cooler, heat exchanger, sulphur dioxide
converter, sulphur trioxide absorption system, acid storage
tanks. The scconid plant requires vacuum crystallizer, cen-
trifuge, drying and bagging equipment,

"This is an engincering coefficient. It is the same as clasticity
of investment which implies a constant rate of growth for
total investment in response to changes in capacity. The follow-
ing fornmla defines the relationship with (a) as the constant
elasticity, (C) as capacity and (I} total investment :

C, T .

X

c, 1

This fu_nctinnal relationship when
shows itself as a straight line,

y
plotted on a logarithmic chart




are at best a first approximation aud are i no way a
substitnte for a detailed investigation of any particular
size plant under consideration, They are applicalle only
within a certain range of plant capacities,

Several points may be explored at this stage, It ois
well knowie that the dnercase i plant capacity that
vields retirns to seale cumot he expected indetinitely,
There is a maxtnmun capacity bevond which 1o retirn
to scide is possible and a further merease i production
can be achieved only by adding new wnits of production,
The maxinm plant capacity involved vary from industry
to industry and change of conrse with the technolo;
The economically acceptable plant sizes impose a linnt
on the other extreme, since hecanse of 1 steep rise in
unit cost of equipment with decrensing capacity, there
is 1 mininm below which it is not economically
feasible to operate. Sceveral eapacities are illnstrated
for most products under consideration elsewhere in the
paper, and they inclinde both small and Lirge scale
operations hased on United States experience. These,
however, are not necessarily identical with the mini-
mum or naximnm seales in the United States, 1t will
be kept in mind that these maxima and minima, par-
ticularly the latter, wonld vary from country to coun-
try, depending on the technological feasibilities as well
as the economic and market conditions in exach conntry
and plant location,

To illustrate this, in the United States, wnless nnder
exceptional conditions, it wonld be extremely unlikely
if 4 new ammonia plant were to be installed with a
capacity of less than 180 tons per day, and this would
apply to most Western European countries as well.
Under different economic parameters such as exist in
developing countrics, o minimum capacity as low as
30 tons per day may prove to he economical,

Capital saving may be derived from the integratiou
of several ferulizer plants on the same site. Such
saving is attained as a result of the utilization of
several common anxiliary facilities as well as of reduced
installation cost.  Fertilizer  complexes may  include
facilitics for production of ammonia, ammonium nitrate,
ammonium sulphate, and nrea. The factory wonld pro-
duce ammonia, part of which would be converted into
ammonium nitrate, part into urea and part into am-
monium  sulphate, thus giving a complete range of
nitrogenous fertilizers,

Two hypothetical examples of a large and a small
complex of nitrogenons fertilizers grouped in one
factory may be as follows:

Daily .'Ia,"a-'il.\' Daily .I':rm'ity
Produ (s {S.t.ms) (5. ting)
Ammonia e 140 520
Ammouniom nitrate ... ... ... 150 S00
Urea .. ... R 60 300
Ammoninm sulphate 150 500

& Ammonia required per ton of output: 0460 tons for am-
monium nitrate, 0.575 tons for urea, and 0.258 tons for am-
monium sulphate,

A United States consnltant firm that supplicd the
above information on these complexes estimated fixed
investment at between 20 and 30 per cent less than
when individual plauts of the stated capacities are built
on different sites,
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Anindication of the order of nagnitnde of gl
ditferential in fised investinen iy he taken from g
survey prepared by Gernan consnltant for e ntili-
zation of natural gas of o under developed conntry i
the Middle Fast. The survey was Tased on the es
perience of the Federal Republic of Germany with
adjnstment o the conditions of the Middle Fastern
contry. Assuming the porchase prives of cquipment
are the swme in both cases, the cost of ocean freigtt
aud msmance (hetween 13 qond 15 per cent of equip
ment cost) was added to the cost of equipment i the
Federal Republic to arrive ot the equivalem cost in
the Middle Fastern conntry. Whereas local wiges
were lower than in the Federal Republie, they were
more than otfzet by the additional ibonr required
becanse of Tower Tabonr perforvimee, Cost of Uiernn
personel required for erection of these plnts was
more than twice that in the Federal Repullic, Fu-
thermore, 3t was estimated that Tmilding amd - con
strnction nnit cost for practically all components of
constrirction wits hetween 130 and 300 per cent higher
e this ander-developed  conntry : the only exception
wiis the cost of asphadted roads which was estimated
half the Gernan cost,

The cost of investment for the Federal Republic of
Germany was recompnted by adjnsting for the acenn
freight and insurance on equipment, Tibone and con
struction costs, The resnlting figures showed  that the
cost of investment for the Federal Fepublic wai. he
tweent 10 and 15 per cent lower than that sngge ted
for the under-developed country, The inve tment co-
differential wonld be still higher than that sugee qed
by these figures but for the fact that in compnting the
ivestment cost for the Federnl Republie wome tens-
were left unadjnsted-—such as the cost of additionl
buildings required for cquipment on aceount of the
difference in climatic conditions in hoth countries,

Fixed investinent disoissed so fur vefers to direct
investinent in the plant proper; i developing connics
additional investment may have to be inenred in eco
nomic and social infrastructure, snelt v o ing and
other social wmenities for the Liour foree, tisport:
tion, power generating and  water sapplye feailities
This type of investment wonld vary fronm one conntry
or location to another and, i some coes 10 1y e
rather substantial, Sneh dnvestments, however, Lo
been treated independently of direct unetient el e
where in this study, since it affects puoduction coel
througli factors of production other 1 diveer nvest
ment, ie, cost of labonr, power, traneportation,
water, ete.




Operating capital umy also he mentioned at this
stage. In deceloped countries this may anount to about
between 25 and 30 per eent of fixed capital. 1ligh
operating capital 15 needed hecause of the  seasonal
characteristic of denund for fertilizers. It is expected
that this type of capital would he much higher 1 de-
veloping comatries heeanse of higher inventories and
costs of such items as spare parts, raw materials, etc.
The magnitude of the differential hetween developed
and under-developed conntries is not possible to aseer-
tain and research into this aspect is needed.

Other inputs: Owing to the large degree of mechani-
zation included in the design of such plants, the lahour
required for the actual operation of the plant itself
is small. Table 5 indicates operating labour required
for the various products under consideration, To
arrive at total labour requirement one should add main-
tenance labonr as weil as labour needed in operating
and maintaining the auxiliary activities. Total labour
requirement is at least twice that of operating labour.

Another important feature of labour input is the
economies of scale obtained with the increase in scale
of operation. The number of operators varies only
slightly with the capacity of the installation. Further-
more, supporting labonr in the auxiliary activities, such

Table §. Operating jabour requirement in nitrogenous
fevtilizer planis, Uniled States

Annual Number of Man-h:ur
capacsty tweorkers per per ton®
Plant (in toms) 3-shift day capacity
Ammeonia 66,000 12 0.36
Ammonium nitrate 82,500 12 0.29
Urea 40,000 9 0.45
Ammonium sulphale 50,000 12 0.48

Source: Same as table 4 .
& Assuming 2,000 working hours per man per year.

as maintenance labour, increases less than propor.
tionately to capacity.

It will also be noted that the possibilities of labour-
capital substitution in these industries are not very
great. The ‘“‘core” operations in these plants require
a highly specialized and automated equipment spe-
cifically designed for the chemical reactions ueceded.
It is not possible to modify the equipment specifications
without impairing the technical process or the quality
of product so as to accommodate for more intensive
utilization of labour at the expense of equipment. In
the auxili~ry activities, however (such as internal trans-
port, maimenance) limited labour capital substitution
may be possible. On the other hand, integration of
several plants into a complex which leads to sharing
of labour in the common auxiliary activities would
reduce labour requirement,.

So far as labour requirements in developing coun-
tries are concerned, it is unlikely that direct operating
labour in the plant proper would differ significantly
from what prevails in Jdeveloped countries, Such plants
are highly mechanized and the few men required should
be as qualified as their counterparts in the indus-
trialized countries, which is a question of training.
Contractors supplying such plants are experienced in
arranging training classes for operating and mainte-
tance men: some of tiiem would he trained on the job
w similar plants to become familiar with the operations,
Lahour requirements in auxiliary activities, on the
other hand, may be higher in developing countries
because of generally lower levels of performance and
of the possibility of some capital-labour substitution,

Other inputs include natural gas, utilities, water,
catalysts, chemicals, and sulphur. In Table 6 below
inputs required for these industries are given in physical
units per ton of product. So far as these inputs are
concerned, there are no economies of scale, such inputs
being correlated directly with the increase in output,

Table 6. Consumption of certain major Inputs per ton of ontpat
of indicated nitrogenous products

Natural gas
feedr
(in standard

Electricity i ater® Steam Sulphur

Product cubic feet) (in kI A (in galiong) (in tons) (in tong)
Ammonia 23,100¢ 90.75 5,170 —c -
Ammoniinm nitrate — 49.5 1,980 28 —
Urea — 330 3.850 1.5 —_—
Ammonium sulphate - 27.5 1,100 — 0.263

Source: Same as table 4

* Natoral gas with caloric value of 1,050

BTU per cubic foor
* Tt is assumed that waler unsed is recircu-

Section 4. Production cost

Estimated costs of production have heen constructed
for the several products under consideration. These
calculations are hased on rough approximations and
engincering coeflicients taken from United States' ex-
perience. They do not retlect actual performance of
any particular plant and are used here for illustration
purposes.

laled.; these fignres then refer only to water
lost in the operation (make-up water).

¢ An additional volume of 17,600 cubic feet

of nalural gas is used for fuel per ton of
output.

It is intended to use these data as benchmarks to
explore the differences in cost components that may
arise in an under-developed as compared to a devel-
oped country, namely, the United States. Table 7 sum-
marizes the share of the major cost components in
production cost,

This table indicates that in the United States depre.
clition cost rarges hetween 23 and 28 per cent of pro-




duction cost. As mentioned earlier, investment is likely
to be higher in under-developed countries as compared
to developed countries for the reasons enumerated
above. If one assumes the same rate of depreciation
and the same size of plants, then for a developing
country, an additional cost of fixed capital of the order
of 10 to 20 per cent would imply a rise in the cost
of production of about 2 to 6 per cent.

Because of inadequate maintenance—due to lack of
skills and organization—there will he a faster physical
depreciation of equipment which will have to le re-
flected in a_higher rate of accounting depreciation in
the under-developed countries, and heuce a higher
production cost would ensue. On the other hand, in
the longer run, an under-developed country that has
a supply of labour at relatively low cost should be in
a position by proper training of labour and organization

Table 7. Distribution of major cosi components and tolal production cost in the

and more intensive maintenance practices actually o
lengthen the physical life expectaney of equipn it and
machinery. In the louger rum, it may thus D expected
that depreciation would be spread over longer period
with possible reduction in production cost.?

Anotlier important aspect that nuy bhe mentioned is
the possible low performance in production in mnder-
developed countries as compared to production stand-
ards in advanced conntries. This iy be attributed
ninly to poor management and libour practices. Such
cases would result in an appreciable rise in unit pro-
duction cost hecause lixed capital charges have to be
allocated over a relatively small output,

TFor a further treatment of depreciation in - developing
countries, sce UUse  of  ndustrial Fanipment o Under.
developed Countries™ in United Natious Bulletie on Industrighi-
cation and Productizity, No. 4 (Sales No.: 60.11.13.2).

United Stales

(Per cent of total)

) Supervision Total

L . . Operating  and plant Mante- Cin dollars

Product Depreciation Intcrest  Natural gas  Utilities baur peneral nance Others lotal o tony
Ammonia 235 15.0 20,5 3.6 51 0.9 &3 7.9 100 REXTR
Ammonium nitratcb 239 15.3 12,50 15.5 61 87 a7 R3 110 BV RE)
Urca? 27.5 17.6 1L.6n 7.7 6.6 9.4 114 B2 100.0 000
Ammonium sulphatcb 233 14.7 6.5s 1.8 7.7 10.4 7 RSN 1000 RES]

Source: Data on fixed invcstment, labour and other input
requirements uscd in the calculation are ohtained from tables 4-6
and their source. Calculations of production umit cost were
made as follows:

1. Tpe capacitics used are: ammonia 66,000 metric tons,
ammonium nitrate 82,500, urca 40,000, and ammonium sulphate

2. Computations wcre based on 90 per cent of full capacity,
except for ammonia, 95 per cent;

3. Total fixed investment (grass roots investment) assumed
at double the plant investment (battery limits) ;

4. Maintenance at 4 per cent of plant investment except for
ammonia, three per cent. For the remaining investment, it was
assumed at 1.5 per cent;

5. Supervision and plant general 80 per cent of total labour ;

6. Deprcciation at 10 per cent of plant investment and 2.5
per cent of other investment;

7. Interest, insurance and taxes have heen calculated at
4 per cemt for interest, 1 per cent for insurance and 1 per cent
for taxes for plant investment; the same percentages were

The other important capital charge, namely interest,
accounts for 15 to 18 per cent of production cost. The
interest rate in the United States was assumed at 4 per
cent; in a developing country this rate would be much
higher possibly double if not triple that rate: this
represents an increase in cost of the order of between
25 and 40 per cent.

As indicated in table 6, a large volume of natural
gas is used only in the production of ammonia. For
the purpose of this study the share of natural gas in
the production cost of the other nitrogenous products
was computed indirectly through their ammonia con-
tent. In the United “tates, the share of natural gas,
both as raw material and fuel, constitutes a large
proportion of production cost, 30 per cent for ammonia,
about 12 per cent for ammonium nitrate and urea and
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applicd for other investment, except for insurance for which
0.5 per cent was nsed .

R Production cost includes neither packages nor packing;

9. Price of natural gas 23 ernts per 1000 enbic feet ;

1. Price of eleciricity 08 conts per kW ;

1L Price of water 10 cents per 1,000 gallons ;

12. Price of ammomia $34.63 per ton;

13. Price of stcam $1.65 per ton:

14. Price of sulplur $27.50 per ton;

15. Wages for operating labour assnmed at $3.15 per man-
hour and this includes fringe benehits.

& This includes natural gas used as feed stock aud fuel. The
percentages for fuel alone arc: for ammonin 127 per cent,
ammonium nitrate. 3.4 per cemt, nrea 5.0 per cem, and am-
monium sulphate, 2.9 per cent.

* Composite cost was calenlated to introduce the capital,
natural gas and other inpwts carried over from the ammonia
stage.

< Includes 189 per cent for sulphur.

7 per cent for ammonium sulphate. In a mnmber of
developing countries with abundant supplics of natural
gas, as a petroleum Dhy-product, the cost of gas may
be very low, particularly when the alternative cost
concept is used. In each case, the cost of natural gas
tends to pull production cost down, Thi. would affect
the production cost of wmmonia rather signilicantly,
although so far as the remaining products are con-
cerned, the effect may be limited,

With regard to Labour iuput in these prodiets, it was
mentiened carlier that wages in rdeveloping conntries
are, in general, lower than in advinced  conntries,
However, during the carly years of operation, it nay
be necessary to recruit foreign techuicians, including
some skilled Ibour at relatively higher salaries to
operate the plants. Lower labour performance i an-




other offsetting factor which will tend to result in &
higher Tabow:s it cost.®

As table 7 shows, plant maintenance may roughly
amonnt to between 9 id 11 per eent of production cost.
Proper plant maintenance in under-developed commtries
is an extremely important factor, Most of the plints
that have heen described in this paper should have
an operating rate of ntilization of % to 95 per cent at
full capaeity: any dechine in this figure will result in
a steep rise of production cost becanse of the high share
of fixed cost,

In the Tonger run, if programmes of regnlar planned
niamtenance are organized and enforeed, the wage cost
of maintenance of the plant should aetnally be less than
in_developed comtries once the skills have been ac-
quired, hecause of the lower wage rates. An ofisctting
effect s the magnitude of the inventories of spare parts
that st be carried o guard against an expensive
shmtdown : these are likely to be much higher in a
developing comtry which is far from the sonrces of
supply of equipment.”

The share of ntilities in production cost varies with
the products. 1t is relatively high in ammoninm nitrate,
16 per cent, and to a lesser extent in urea, 8 per cent.
In annnoninm: sulphate and ammonia, it is rather low,
2 per cent and 4 per cent, respectively, The items in-
chnded nnder ntilities in this stndy are fuel, power and
water. Cost differential will vary greatly with each
comitry. Countries having access to cheap fuel supply
wonld obvionsly have a cost advantage ; likewise coun-
tries endowed with hydropower potential would have
a cost advantage in power provided that they have the
advantage of cconomies of scale by operating moderately
large-scale power facilities. On the other hand, in
certain comntries. where cconomic overhead. inchuding
powcer, will have to be supplicd by the plants them-
selves, the cost of power and other utilities will he
relatively high because of the expected smaller scale
of operation,

A Driel mention of another type of input, namely
transportation, is in order because it affects the cost
of raw materials and finished goods. Certain plants
may have to provide for their own transportation
facilities. In such cases, the capital charge of fra-
structures and the possible under-utilization of trans-
port facilities uiy result in higher costs.

Other costs that are probably higher in developing
countries as compared ta advimeed conntrics are cata-
Iysts and chemicals, particnlarly when imported. Their
share in production cost, however, constitutes a frac-
tion of one per cent for most of these products, and
only a small per cent in the case of ammonium nitrate,
roughly 2 per cent.

It is possible to obtain savings in production cost
when related plants are integrated on the same site.
Snch savings are obtained throngh reduction of capital
chirges hecanse of the lower fixed investment required
fur the fertilizers complex mentioned above, as well
as redueed overhiead per ton of prodnet. Furthermore,

B liothe Tonger run, through a programune of labour training
amnd Petter managenent, the labour cost niy be expected to
be lower,

For a further elabaration on problems relating to main-
tenance i developing countrios, see Bulletin on Industriahza-
tion and Producti; 'v, Noo 4, ono et
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transportation cost will he reduced substantially for
raw niaterials when produced and nsed on the same site,
It may be conchided that cconomies of scale in the
form of veturns to scale in many components of pro-
duction cost, namely, fixed investment, Iabour, main-
terzmee, supervision and general plant expenses are a
predominant characteristic in fertilizer production,
The nnportance of the scale of operation on cost in
the developing countrics cannot he overemphasized,
since the generally limited local demand tends to im-
puze Timits npon the scale of production. Table § helow
indicates that the cost of production may vary by as
much as between 20 and 30 per cent.
Table 8. Variation in average produetion cost, small vs.
large capacity planis, United States?

(Uit co-cfiicient assioned  to smallest capacity)

Capacity S pium

fuvtor Ammeonia nitrate Uyea
I 1.00 1.00 1.00
2 0.87 0.89 0.89
A 0.81 N.83 0.82
4 0.76 0.79 0.79
5 0.71 — 0.75
O 0.68 — —

8 For methods of computation ansl soneee, see table 7.
b Small capacitios in_tons per year: 30,000 for ammonia,
SLOUO for ammonivm nitrate and 20,000 for urca.

This cost differential, due to scale, may very well
offset any advantages that may ensue from lower cost
of natural gas, even if one considers its alternative
cost as zero. It is important to select large enough
capacity plants so that with a relative advantage in raw
materiil costs, it would he possible for such projects
to compete more effeetively on the international market,
It is very likely that local warkets may not he large
cnough to sustain a moderately large seale plant for
a_particnlar ecuntry, but it may he possible to create
big enough markets through pooling regional demand.

The economics of investing in a plant, the caprcity
of which for some vears may he too large for the im-
mediate demand for its products, present a number of
problems, most importantly high production cost due
to under-utilization of capacity. The sclection of the
optinunn_ size of plant under conditions of growing
demand is considered elsewhere 10 ‘

High transportation cost and still more inadequate
distribution facilities for fertilizers niy impose a serious
limitation on the size of plant and hence limit the cost
advantages obtainable from cconomies of scale. On the
basis of unpublished material in the United Nations,
transportation cost for nitrogenous fertilizer by railway
averaged hetween S to 10 per cent of the price in a
developing Asian comntry. Dt the inadeqgnate services,
such as irregnlar deliveries, posed a serioms transport
problem for the distribution of the prodnet. This arose
from the fact that fertilizers were 1o he delivered in
bulk at an appropriate season. Several pruposals to
alleviate this prollem were discussed, among wlhich
were, tirst, nse of mator transport, secondly, installation
e "I‘lrufnh'ms of Sive of I'lant in Industry in Under-developed
Commries™ an- United Nuations Bulletin on Didustrialization and
Productivity, Nou 2 (800es No. - e,
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of relatively small-scale plants and, thirdly, establishing
transit stores at appropriate locations to replace the
companies’ storage, to be filled during the relatively
slack periods of transportation.

In order to retain the production cost advantages
obtained from relatively large-scale operations, the pro-
posal of transit stores was preferred. Fertilizers shipped
and stored during the slack transportation periods were
to be sold to farmers during the proper season.

In conclusion, it may he stated that production cost
in developing countries is likely to be higher than in
advanced countries, The combined capital charges are
high, roughly 50 per cent of production cost, and they
are expected to be higher in developing countries.

Further, the likelihood of operating at relatively low
capacities tends also to extennate the high production
cost in the developing conntries. An offsetting factor
is the natural gas, the cost of which may be lower in
some developing comutries: the higher capital charges
and the scale factor, however, nay very well offset such
an advantage, ] '

In the longer run, however, as the developing coun-
tries gain more experience in production technignes and
management, the differential in production cost may be
gradually narrowed. Further, in developing countries
where gas is being flared and large demand is obtaining
either locally or throngh pooling  regional  demand,
competitive production cost may ensue,
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