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s asSUE OF the Industrialization and Productivity Bulletin is mainly devoted to industral

development programming and, in particular, to programming data for the chemical
and petroleum industrics.

In the first article, Professor Victorisz summarizes a body of technological and economic
information on heavy chemical production processes, to be used in programming the
development of the chemical industry in the developing countries. This information should
prove especially valuable in the presclection of promising lines of chemical development, as an
aid in preparing more detailed feasibility studies and for use in interindustry analysis.

In the second article, Professor Manne presents programming data to be used in planning
investments in the petroleum refining industry, in such a way as to allow for a wide varicty of
process alternatives and product-mix options. These data arc also intended for prelimmary
project cvaluation and interindustry cconomic analyscs, although they should be <upple-
mented with specific information on local conditions.

The third article, written by Profcssor Pronikov, deals with problems of mamtenance
and repair of machine tools in developing countrics. Since most developing countries are
handicapped by a shortage of industrial cquipment and machinery, they must import various
kinds of cquipment while they sct up their own industries to producc these goods. As the
existing stock of machinery in the developing countries increascs, problems of repair and
maintenance become more urgent. This article offers solutions to some of these problems.

This issuc of the Bulletin concludes with two notes prepared by the Policies and Pro-
gramming Division of the Centre for Industrial Development, Department of Economic
and Social Affairs. The first summarizes the report of an interrcgional conference on the
development of petrochemical industries in the developing countrics, held in Tehran
in November 1964; and the second is a succinct account of an interregional symposium on
industrial project cvaluation, held in Praguc in October 196s.
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Programming Data Summary for the
Chemical Industry

By THOMAS VIETORISZ

THE CRIGINAL VERSION of the present paper was written for the meering of the Expert 1Warking Cronp on
Indusirial Development Programming Data, held at United Narions Headynarters from 17 to0 19 Muay 1961
The wunerical data included in that persion were taken fom the nupublished interin report of the Latin
American chemical indusiry study (Hietorisz and Szabo, 1959). The first phase of the study, tuitiared and
supervised by the present anthor, was nndertaken hy Joint working party of the United Nations Lconomic
Commission for Latin America (ECLA) and the Chilean Development Corporation. T'he dota that had heen
tncorporated in the stdy originated, in tmrn, in carlior work reported npon in several hooks and arrickes
(Isard and Schooler, 1955, Isard and Vietorisz. 1955, Viewrisz. 1936; Isard, Schooler and Vietoriss,
1959, and Airov, 1959 sce the hist of references at the end of this article).

In the comse of this earlier work, the anthor initiated a card ple on individual 1echmical processes which
was weant for use in studies of the kind represented by the Latiu American chemical indusiry study. "The format
of the file was especially suited to kecping up 1o date and expanding this type of information which by it pery
wature is in constant flux. The file was considerably revised and expanded in the conrse of the first phase of
the Latin American study. The techuological information fixed upon for the purposes of numerical computations
represented the status of this file approximately as of 1958, These were the data that appeared in the first version
of the present Programming Data Sumimary.

In the meantime, the Latin American chemical indistry siudy entered its second phase, which inpolved
thoronghgoing revision of all materials, including techuofogy. ‘The present anthor did not participate in the
second phase. The final report of the study has recently heen published in Spanish in Urited Nations, 1 .a
Industria Quimica en América Latina (Sules No. 64.11L.G.7); an English translation is in the process of
preparation. This document coutains a detailed discussion of tedmology (anmex X1V with niver y techmical dat.
tables, and anwex XVHI with further data on cconomies of scale).

Recently, the author has beenasked to revise his 1961 Pre-inpestinent Data Summsar y for publication in the .
Bulictin. Tiie body of the discussion in this 1961 document is largely complementary to the material conraned
in the receutly published ECLA report rather thaw overlapping with it; the munerical data and some aspects
of their presentation (for example, acconnting cost itenss) have, however, heen superseded by the very extensive
revisions to which the entire techmological marcrial has been subjected by ECLA during the second phase of
the study. This poses a dilemma: to publish the 1961 coefhcients now would certainly he futile in view of the
fact that they have been superseded; to publish a discussion without expliat reference 10 a particular sct of
coefhicients would, on the other hand, serve the nser poorly. Thereore the author has decided 10 replace his 1961
tabulation of data in the " Pre-Investment Data Summary for the Chemical Industry” by the techwologica!

Dr. THoMAs VIETORSZ, Professor of Economics at The New School for Social Research, New York. US A,
has been associated with the United Nations as a regional expert in industrial development programmmny
with the Economic Commission for Latin America (ECLA). He alrcady contributed to this Bullerin a
“Preliminary Bibliography for Industrial Development Programming”, published in Nos. 5 and 6 of the
Bulletin. Dr. Vietonsz has also prepared studies for several United Nations mectings, includimyg the Inter-

regional Conference on the Development of Petrochemical Industries in Developing Countries held n
Tchran, Iran, in November 1964, and the Interregional Symposium on Industrial Projece Evaluanion held
n Prague, Czechoslovakia, in October 1965. His article is a revised edition of a paper which he submitted to
an Expert Working Group on Industrial Development Progi animing Data at United Nations Headquareers
mn May 1961,
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armex X1V of the ECLA document, complemented by a short section from annex XV I of the same source, and
to make reference o this numerical information consistent with the presentation of ECLA.

It is obvious that the revised ECLA materials will in due conrse of time suffer the same obsolescence as
the superseded 1961 coefficients. It would thercfore be urgent to establish the material in the form of a punched-
card file that permits periodic updating, expansion and printing of the revised version with a minimum of
effort. The maintcnance and continuous updating and expansion of a prnched~card pre-investment data file for a
well-studied industry, such as the chemical or petrolenm refining industry, by a small staff including two or
three engineers and economists should by now be well within the realn of possibility. The best way of defining
the exact contents and format of a file, the exact procedures to be nsed in its updating and expansion, the
organization of such an effort and the ways of establishing satisfactory communications between the users of the
information and the central staff require uroent professional disenssion,

GENERAL SURVEY OF PROBLEMS

INTRODUCTION

Planning objectives
HIS PAPER EMBODIES a summary of technological and
economic information relating to a number of heavy
chemical production processes. This information is meant
to be nsed in connexion with programmung problems of
the chemical industry in under-developed countries.

Data such as presented here are intended for use in the
presclection of promising linvs of chemical development,
as an aid m the preparation of more detailed feasibility
studies and as a source of information for use in inter-
industry analysis.

In connexion with the task of preselection it should be
noted that detailed engineering surveys of individual in-
dustrial branches or feasibility studies relating to individual
projects typically represent outlays in the tive-tigure range:
thus it 1s not feasible to submit hundreds of potential lines
of development to such a deailed analysis. In general,
industrial cconomists without detailed specialized know-
ledge will have to make preliminary evaluations of those
lines of developmient which merit 1he investment of the
considerable sums of moncy needed to carry the prelimin-
ary proposals to the stage of detailed feasibility studies. For
preselection  purposes, an approximate  description of
technological alternatives, such as can be achieved with the
aid of data summaries like the present one, appears cn-
tirely satisfactory. At this stage, a wide roverage is essential
in order to insure aganst the risk of overlooking potentially
attractive projects. Technical specialists are generally not
required for the preselection stage, but an effort should be
madec to include in the data summary technical inforination
of a critical nature which, if overlooked, might invalidate
the conclusions, such as, for example, purity requirements
or specifications of raw materials. Nevertheless, even in the
absence of such technical specifications, the data summaries
can be useful in that they help to discard all obviously un-
cconomical alternanves.

At the next stage, the preparation of dctailcdfeasihility
studies, any process which should have appeared unduly
advantageous owing to neglect of the limitations on
punty or other iactors of a detailed technical rature will be

discovered and discarded. At this stage of feasibility study
preparation, the participation of technical specialists is
essential. Recent experience in Latin America has indicated
that, in the preparation of a development plan for the
chemical industry of one country, the technical =xperts and
the information summarized in the present draft have
played complementary roles in the formulation of feasi-
bility studics. Thus, it can be confidently asserted that
while the data presented here are not enough in themsclves
tor preparing such studies, they arc of great valueiin system-
atizing and speeding up the work of the experts and in
aiding the process of communication (which is often very
difficult) between these experts and the general industrial
development planner.

In the progression from the coneeption of an idea to a
concrete project the stage following the preparation of
feasibility studies is detailed project enginecring. It should
be stressed that the programming data summaries are nor
meant tor this task.

The present prograniming data are also incended, tinally,
tor usc in connexion with interindustry and resourse-
balance studies. For this purpose, they will have to be
aggregated or will have to be integrated with other types of
information, usually of a statistical nature. As a typical
example, if a projection is to be prepared for the industrial
wector of a developing country which has not had signifi-
cant amount of chemical activity at the time the base
historical data for the industrial sector had been collected,
data summarics such as these can greatly facilitate the in-
dispensable modification of historical coefficients.

Purpose of the present data summaries

The data included here can be accepted for tentative use
in concrete planning problems, bue considering their pre-
liminary nature, caution is indicated. This caution would be
most properly exercised by recurring to a larger measure of
advice and assistance from technical experts even at the
preselection stage than would be the case with data which
had alrcady undergone a more extensive process of testing
in concrete applications. The data represent recent techno-
logical practice; however, no matter how carefully such
data are revised at a given moment of time, they become




rapidly obsolete syan after publicanon. One of the ob-

Jectives of presenting them in this paper is to provide

background for the appraisal of the methodological prab-
lems connected with the collection, organization, present-
ation and application of such programming data tor the
chemical industries,

A cavearisin order concerning the place of origin of these
data. Largely, they represent United States and weestern
European practice: the problems arising in transterring
such data from ane country to another will be discussed
turther  under “Transferability  of the data  beeween
countries”

In the tollowing pages, a4 bricf description will firse be
given ot the organization and use of the present data
summary ; thereatter, some of the main questions raised by
the mcthodology which has been followed will be ex-
p|nn (I.

ORGANIZATION AND USE Ol 11E DATA SUMMARY
Corerage

The tocus of attention for  this programmming  data
\ll""“-."’y haﬂ bCC" on (h(‘ Pr(‘dll(’(i(‘" (‘f&l r('l)rc‘t‘]l(il(i\'(‘
number of homogencous chemical commadities, such as
ammonia, acids, alkalis, chlarine, fertilizers, plastics,
detergents and organic mtermediate products.

The ficld of the chemical industry can be defined to
comprise, besides the production of chemicals proper, a
number of other related industrial branches. On the ane
hand, the production of certain raw materials which the
chemical industry uses can be classed as parts of the
chenmcal industry; thus, the production of salt from sea
water or brine, the separation of certain constituents of
natural gas and the like can be classified as chemical in-
dustrics. On the other hand, many so-called “chemical
end-products” are Iogically thought of as belonging to the
chemical industry, such as plastic materials, rubber, ferti-
lizers, insecticides and phamaceuticals.! In addition to these,
there are a number of important industries and industrial
branches in which chemical-type processes predominate
and which are closely related to the chemical mdustry.
These industrics are often referred to as the chemical pro-
cess industries: for exam ple, chemical metallurgy, pulp and
paper. or petroleum refining.

The principal raw materials of the chemical industry,
chemical end-products, chemical process industries and the
most important chemical-using industries are listed below.

PRINCIPAL RAW MATERIALS OF THE CHEMICAL

INDUSTRIES
Hyvdrocarbons .. Petroleum, natural gas, liquefied pet-
roleum gase, fuel oil
Caubon ... ... ... Coal, lignite, graphite, coke, petro-

leum coke

! See the detinition of the chemical industry in United Nations,
Iuternational Standard Industrial Classitication of All Economic Activities
{Sales No.: s8.XVI1L7).

Other minerals Sulphnr, e, hmestone, phosphate
I‘U(k,pl\tl\\llllll\.III\.ﬂlIt\r\P.IT.\.Ill\l.
przment materuals

Raw muaterals of

organic ongin o Cellulose,  fas and oty waxes,
naval  stores, bones  and e,

mMolases, agricultural wastes
Other .. ... .. oo Metals

PRINCIPAL CHEMICAL IND=-PRODUCTS

morgame ... Fertizers, copper sulphace, prgmenes

Orgamic ... .. Solvents, dyves, pharceuncals, -
\\'('tll'ltlt'\. ]‘cstl(klt‘\_ |h'r|\l\'l«lv\
dcu'rgcnt\. esentrd HII\. CONMICTIOS,
perfimes, explosives,  tetracting
lead

Plistics atd resins, svithetic tibres,
rubber, adbesives, ghie and gela-
tne, g

Ongame polviiers

Compounded and
miscellincous
produces. .. Pant and varmshi; o, faes and
waxest  photosensitive surtaces
(fihm eee)

CHEMICAT PROCESS INDUSTRIES

Chemicals

Chemical end=products

Thermo-clectric POWCT generation

Water puritication and waste water treatment

Coking of coal

Petroleum  retining, mcluding  toppmy,  ra kmg,  vie-
breakimg, coking, polymerizacon, alkylation, retorming,
hvdrogen treating, dcsulphurizmg cte.

Cement, hime, gypsm and wagnestum products

Ceramics and glass

Chemical metallurgy of terrous and non-terrom met |

Electrothermal products; abrastves

Leather tanning

Textile dycing and finshing

Pulp and paper

PrINCIPAL CHEMICAL-USING INDUSTRIES
Agriculture (fertilizers, insecticides, pesticides, herbicides)
Baitery manufacture (acid, lead sulpl\.ltc, additives)
Construction (plastics, pamt and varnish, adhesives)

Food processing (acids, perservatives, cleaning fhids, disin-

fectanes)

Glass (sodium sulphate additives)

Leather (tanning agents)

Metal fabrication indusirics (prckling acid, plastics, pamt .nd

varnish, rubber)

Pulp and paper (pulping chemicals, bleaches, adhesives)

Soap (alkalis)

Textiles (alk+his, detergents, dves, bleaches, resins and ad-

hesives for sizing)

Wood preserving (creosote, tar acids, morganic salts),

Wood products (resins and adhesives, paint and varnish,

waxes, bleaches)

Electrical industries (plastics and resins)

In the present programming data sumimary, only a
limited number of chemical cammadities have been -
cluded. The sclectian of these was based on a recent saidy
of the chemical industries in the Latin American region
performed by the United Nations Economic Contniisston
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for Latin Amcrica (ECLA).2 For the first phase of this
study, a total of seventy intermediate and final products
were selected, regarded as the most mmportant in the
United States, cither from the pomt of view of annual
tonnage or annual value of production. The  initial
list was narrowed down by excluding from further con-
sideration those products for which the total market in the
Latin American region in the foresecable future did ob-
viously not justify the establishiment of a plant of mimimum
size. Of course, the size of the smallest cconomical unit of
production itself depends on local cost and price consider-
ations and cannot be accurately determined without an
extended analysis: nevertheless, for the purpose of sctting
orders of magnitude, it was deemed satisfactory to rely on
ostimates of the minimum  economical plant size in the
United States.

Ontline of planming methodology

The study of the development of the chemical industry in
A given country can be carried out i the following
stages

() First, w1 mrarket analysis, the magnitude and diversiey
ot the existing demand for chemicals is examined. On the
basis of this intormation, the demand is projected for a
target year in the future.

{h) The technological problems connected  with the
productive processes used for making these chemicals are
then considered, the corresponding manufactures being
grouped into industrial complexes in order to allow for the
cconomies of scale obtainable i the production of inter-
mediate chemicals.

(¢) On the basis of these technological data, the needs for
intermediate products and raw materials are worked out
which correspond to the projected demand for the final
goods that arc considered.

(d) Taking into account the information obtained on
raw matcerial requirements and a detailed inquiry into their
availability, the localities likely to be best suited for the
establishment of chemical industries are selected.

(¢) The nexe stage is to determine the typical costs of
raw materials, services and labour, taking into account the

* See Umited Nations, La Industria: Quiwica en Awierica Latina
(Sales No.: 64.11.G.7), and T. Vietorisz and Z.. Szabo, The Comunon
Market and the Developwent of the Chemical Industry in’ Latin: America
(1959), unpublished interim report  (Spanish) of  the  Latin
American chemical ndustry study undertaken by a Jomt working
party of ECLA and the Chilean Development Corporation, at
the conclusion of its first phase. The version published in 1964 is
based on a thorough revision of this material by a study group of
experts who visited a number of Laon American countries to verify
and retime the preliminary information and caleulations, The pub-
lished version does not include, however, much detailed information
that had been cluded i the mterim report. Since the present
author did not participate n the sccond phase of the study, he has not
had access to the revised versions of the detailed unpublished macer-
ul referred to above. Consequently, materials will ae times be ¢ited
from the 1949 reference i they are not available in the 1964 report.
Such materials are cited on the sole reponsibility of the present
author and should in no way be construed as committing any other
mdividuals or organizations to particular points of view that may be
advanced here.
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current prices of these inputs and their Opportunity costs.
At the same time, the market prices of the chemical
studies and the transport costs of raw materials and finished
articles are compiled.

(f) Using all this material, an analysis is made of the
profitabilitics and the social benefits of the manufacturing
processes studied at the locations selected

The toregoing outline refers to the sectoral study of
chemical production. While isolated sectoral studies are
entircly feasible and at the present stage of the art constitute
an important torward step in almost any under-developed
country, the methodology is conceived so as to allow
fiting of the sectoral study, in turn, into the over-all struc-
tural study or development plan for an cconomy as a whole.
It 1s not the purpose of this paper to explore the conditions
under which this integration can be achieved most advan-
tagcously. Thus, it is only bricfly noted that an recrative
process is envisaged between the over-all structural stadices
for the cconomy and individual sectoral studies. In other
words, an interindustry model containing perhaps up to
hfty scctors is proposed for the rconomy as a whole, which
1s constructed in such a way that it should yield approxi-
mate social accounting prices (or opportunity costs) for the
most important strategic resources of developiment. Initi-
ally, this interindustry model is to be based principally on
historical data derived from statistical sources. The social
accounting prices estimated by the use of this model can be
complemented or, in case of extreme data scarcity, can cven
be replaced by social accounting prices based on simpler
estimating techniques (suchaas the cousideration of marginal
resource-using - activitics). Given the social accounting
priccs, together with the observed market prices, individual
sectors—amonyg others, the chemical sector—can be studied
by methods such as the one proposed above. The criterion
for including or excluding a productive activity in the
development programme for the sector is some combin-
ation of the private profitability and social benefit criteria
based, respectively, on market prices and on socialaccounting
priccs. The programme sclected for cach sector becormes the
basis, in the next step, for the modification of the historic-
ally derived structural cocfficients of the cconomy-wide
model. The social accounting prices are then estimated
again on the basis of the altered model, and the procedures
of sectoral evaluation arc repeated in order to determine if
the change in social accounting prices does or does not
lead to significant modifications of the previous develop-
ment progranime for the scctor. The iterative procedure is

!In comnexion with the comparative study of profitability levels,
it should be pointed our that an analysis designed to determine the
optimum geographical distribution of production produces slightly
ditferent results according to whether it is based on (a) a comparison
of costs, which is tantamount to presupposing that the internal price
structure s determined by the interaction of production costs in the
country with world prices or (b)) on a comparison of profitability
levels caleulated exclusively on the basis of the world price structure.
For the purposes of most studies, the latter hypothesis can be adopted
as being simpler and more realistic. Results will also differ to sowc
extent between studies that are concerned primarily with a given
target year and dynamic (multi-period) studies.




repeated until the discrepancies between rounds are re-
duced to a tolerable level 4

Principles of organization of the progrannming data

The information embodied in this data SUMNErY is in-
tended, in accordance with the toregoing section, to be
used tor making profitability and social benefit estimates,
The summary does not, however, contain information of
local nature, but only information that is believed to have 4
general applicability. Accordingly, all information relating
to markets, the availability of raw materials and other
resources in individual countries, as well as all price-type
mformation is excluded from the summary. The focus is
rather on the presentation of technological data which are
mtended for world-vide application.

Cost and profitability cstimation relating to chemical
processes 1y widely used in the investment decisions of
private firms. The simple idea underlying the preparation
of such estimates can, however, be claborated in a way that
transforms it into a powerful tool of cconomic develop-
ment programming.

(@) First of all, programming the chemical sector in an
under-developed  comtry implies investigating o large
number of processes and an even larger mmber of process
combinatons, owing to such factors as plant integration
and competition between alternative pracesses and raw
matcrials; moreover, the evaluation for cach process or
process combination has to be perfarmed repeatedly in
order to explore the effects of partial variations in the price
structure or the effects of replacing market prices by social
accounting prices. Therefore, it is essential to systematize all
computations in such a way that they can he undertaken quickly
and mechanically on the basis of a condensed set of reference
data, cither by computing clerks or potentially by modern
high-speed clectronic computing machines.

In order to achieve this systematization, it is necessary
to separate the technological data from pricing information.
In so far as possible, all inputs and outputs of a given pro-
cess are to be expressed in physical or engineering nnits
(tons, cubic metres, kilowatt-hours, man-hours etc.); then
the appropriate local price can be applied to cach input or
output item. When the physical amount of such an input
or output item is multiplied by its price, the total value of
the cost or revenue contribution due to that item is ob-
tained. The sum of all revenue items minus the sum of all
cost items gives the net revenue (or loss) for the process.
This net revenue (or loss) or its ratio to some normalizing
quantity, for example, investment, can be used as the crite-
rion for evaluating the attractiveness of individual processes.

4 See, for example, United Nations, Programming Technigques for
Economic Development (Sales No. : 60.1LF.3) and Formulating In-
dustrial Developmem Programmes (Sales No. : 61.1LF.7), chapter 2, as
well as T. Vietorisz, “Sector Studies in Economic Development
Planning by Mcans of Process Analysis Models” in A. S. Ma 1e and
H. M. Markowitz eds., Studies in Process Analysis—Econo»?, - Wide
Production Capabilities (New York, 1963) and Planning of the Chemical
Industries at the National Level, United Nations Interregional Con-
ference on the Development of Petrochemical Industries in Develop-
ing Countries, 16 to 30 November 1964, Tehran,

The separation of technological coethicients trom pricing
information achicves several essential objectives:

(1) It permits the nvestigation of how the technological
coctficients vary between different locahities or different
countries. In many cases, it will be found that these co
cthicients are transterable fre m one conntry to another
without a significant distortion of reahity, whereas the
money values ot individual IPULs O outputs can vary
widely for the same processes due to the varation of focal
prices, If the technological coethicients are transterable, this
tacilitates greatly the programming tasks - developmy
countries, as it permits the use of data derived fronn soure o
m more highly industrialized countries,

(i1) It the technological coefficients are mvariant between
locations, alternate Jocal prices can be apphied m o mech-
anical tashion to the same technological skeleton, thereby
permitting a great simplification and systematizatnon ot
computations connected with locational studies,

(i) Computations can be performed on the basn ot
given set ot technological cocfficients, asing alteriarch
cither market prices (to estimate private protit) or social
acconnting prices {to estimate social beneti, asualby i the
form of the direct plus indirect contribution to national
income). The use of social accounting prices has recerved
considerable  attention m recent vears and improved
methods are now becoming available tor estimating them
As indicated previously these prices cannot be denved tor
any one industry or sector in isolation, since they express
the value of resources, such as labour, capital, torcign ex-
change and invididual commodities in function of the
interaction of all sectors and the resulting over-all structure
of the economy. The need for using social accounting
prices in the process of programming gives additional
cmphasis to the scparation of technological cocthaents
from pricing information because all statistically denved
value data for individual Mput or output items contam
implicit market prices which must be replaced by the
appropriate social accounting prices for this type of
analysis. This can be done only it the technological cocthi-
cients arc known in physical (enginecring) unit.

(iv} Price projections for future years in connexion with
industrial development programniing are always difficult
and uncertain. Under such conditions, it is not enaugh to
evaluate alternate lines of development under a single
set of prices, but it is cssential to test the sensitivity of the
conclusions to variations in the price parameters. Sensitivity
analysis involves the repeated computation of solutions
for different v:'ues of the pricc paramncters and makes
it all the more essential to set up the calculations syste-
matically. The separation of technological coefficients
from pricing data is again a basic prercquisite for achicving
this end.

(b} The technological data pertaining to related processes
have to be organized in such a fashian as to perair defining
quickly and efficiently the more important process combinations or

8 See references cited in foot-note 4.




Ceomplexes™ whieh have to be subjected to evaluation. 8 Pro-
cesses can e related (1) through the common use of sone
importint saarce resource, such as the inpnt ot 2 raw
nuaterial oram meerniediate product: (i) through the pro-
ductien of the sune ontpu: (i) mosequence, that is, when
A antput ot a EIVED Process tornis mput to another pro-
coss Complexes bult up out ot related processes have
araat practicalimportance methatsnch conplexes oteen turn
ot to he cconomncal even when they are composed of pro-
cesses which are mdividuadly not aetractive, For example,
soveral processes usinge ethvlene as an mtermedute-product
mput can jomtly render posible the production of cthylene

onaLirge enongh seale to result ina substaneial lowermg of

s producton conts this Towermg of the cost of cthvlene, m
v, can reduce the production costs of these cthylene-
TN PIOCesses to the }‘Ulnt \\||crr (||L'_\' l\u'ﬂnlt' CCONONIC-
Al artractve,

I order to pernne the quick and sy detimnon and
evaloation of many different deerative complexes, the
technological data pertainmg o individaal processes
have o be semdardized mepresentanon and grouped meo
Livger umies which canbe handled by micchanical comput-
m.L; rontmes. The development programme tor the chemi-
aal mdustry of 4 coumtry comsises ot - collection ot such
u\ln}\l('\\'\. |(l\.|“)‘. 1t \\nllltl lw \lu'\lrcd to \Clc(t thc l)(‘\t
combnation ot processes for cach complex and the best
combination ot complexes for the mdustry, in other words,
to ~scdect an opamun development prograimme tor the
mdustry. In pracoce, the ann oteen has to be more modest
amd ovpraally consses i the detiniaon of a4 reasonable
numnber ot alternative programmes which appear u priont
attracnve, the spelling out ot their imrpheations i detail
with the amd of the progranimmmg data which are available
and ahe selection of the best alternative based on this limieed
sample e, of course, ot advantage to organize the pro-
grammmy data e sich ctshion that, while relving on the
pracncal procedure outlined above tor the immediate
tutnre, these data should alvo lend themselves cventually to
analvas by more sophisticated mathematical models, that
1. ol the Vprocess analvan” tvpe. whenever these modek
become powertul enongh to handle large concrete pro-
granminmg situations.* bor the tine bcmg, the unportanee
ot cconomies of scale m the chemical mdustry poses an
obstacle to the use ol conventional opumizing models
because 1t imtroduces “non-convexity” mto the mathe-
matical tormulinon wineh cannot vet be routinely
handled: however, new techmgues which are currently
bemy developed, especrlly: meeger programming,® show
cnough promne o suggest thae the orgamzation ot the
doam contormiey with the needs of n.athentatical modeks,
should be given consderable werght. In detining chenneal
complexes, the objectve w to create . meermediate level

NG lad B W Schooler and L Victorsg, Tudiearal § osmie
Plov Dty avand Regonad Devdoprocs (New York, 1gsg),
SOAS Minneand HE MO Markownyz, op .

Soo b Netones, badoaiad Docepiens Plainne Nlodicle with
Foorono oo o Indiccaluling s 1go g

otanalysis half=way between the unit activity and the over-
all development programme ot the chemical industry. The
ateempt is made to group together activities in such a way
that cach complex may be malvsed as a more or less selt-
contained umie, pernntting, the compilation of a dc\'clop-
ment programme tor the industry trom these complexes
as building blocks. In other words. it is desired to enclose
all the serong interactions between individual activitios
within the contines ot a single complex, leaving only weak
hnks between activities that are grouped in separaie com-
plexes. This ateempt cannot be entirely successtul, as a tew
major links alwavs rentun between complexes; neverthe-
less, the concept ot complex iy a0 very usetul one for
practical purposes, since it perinits t]n'mlng attention on .
linneed number o activities at o time. The major con-
nextons remaning between complexes are suthaently tew
m number so that, when the ndependent analysis ot in-
dividual complexes leads to discrepancies i the develop-
nent programme tor the mdustry s a whole, one or two
iterations Will reduce them to olerable levels,

The complexes given in tgures | through VI are built
around acetvlene, sodivm=chloride clectrolysis, phosphoric
aad. ammoma, ethylene, benzene, and propanc-butane,

respectively.® Ay indicaed previowly, the groupmy ot

aetvities nito complexes has been based  on technical
criteria; however, there is a sulhicient element of Hexibiliey
in the delintation of individual complexes o nake it
worth while to adjust them to the specthic: programming
tisk m hand. The complexes as given here have been
adjusted to the needs ot the ECLA chemical mdustry study;
other applications might be beteer served by different
groupines,

It should be noted that the detinition of complexes is g
matter of convenience rather than ofncccssity. It would be
possible to pass from unit activities dircetly o industry
progranmmes, especially it the selection of an sptimum
programme  could  be  undertaken by mathematical
mcthods, There are, however, strong indications that cven
in the lateer case it wonld be convenient to have complexes
O mrermediate-level unies of analvsis i order to facilitate
the testing and adjustment ot industry programmes.

Description o, I«'('/mo/o_qy'“

(@) The technological data can be best organized by
employing the “activity vector™ concept of mathematical
programming i a generalized torm. The use of actual

* These figures are taken trom Victorisz and Szabo, op. cit., 1959,
Sumhir diagrams are ako given in United Nations, op. cit, 1964,
amex X1V, pages 251, 254 and 255, and 259 to 261, as well as i
hard, Schooler and Vietorisz, Op. UL pages 72 to 77,

" The table of techmeal dats m the tirst version (1961} of this
data snmary has been replaced by material from annexes X1V and
XVHI of United Nations, op. ae, 1964, In addition o standardized
tables covering ninety production processes, these annexes give @
detailed discussion of many problems of technology and method-
ology. Reterences to these annexes will heneetoreh be given in the
torm “ECLA. annex XiV™ or "ECLA, ammex X VI with page
numbers reteremg to the Spansh edition (the only one available at
present ).
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SYNTHESIS GAS COMPLEX: FIOWSITEL L OF PRINCIPAL COMMODTIIS

* Coke oven gas appears here as an mtermedute produay, as it 1 pro-
dineed i another comples,
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prograomning madels s, however, often extraordimanly
dithealt awing to the presence of cconomies of seale and
the resulting mathematical problem ufmnu’un\'cxity that
has been indicated i the previous section, The retention of
the activity-vector coneept is Justificd under these circun-
stanees by ewa consideranons -

(1 Whle tormal programnung madel employing, tor
example, integer programming nught often wot be justitied
tor the analvais of o given problem owing to the experi-
mennal mature of such models and the unosually heavy
requiraments they pose in regard to computing abihity,
there are a minber of approximative methods which make
1t possible o obtain biirly geod solutions together with
pounds on possible turther miprovement by relinvely
simple methods

(1) I the absence of an optinizmg model, the activity-
vector concept s sl highly actractive as an auxiliary
mcthod ufsunnn.mling technologcal information, since it
pernnes the exploration obimany potential process combin-
anons ander difterent assamed parameter values in g rapid
and svstematic fashion,

For the present purpose, cencralized acnviry is detined as
the basic technological clement ot the mtegrated -
dustrial complexes, that i, process of chemical trans-
torimation  with mputs and  products which are casily
identitiable and umque. While an ordinary ACENITY 4y
conventionally represented by a colunm (vector) of hgures,
m a generahzed acovity the sine representatian covers
enly those mputs and products that are praportional to the
scale of production: the latter have to be supplemented by
addinional parameters reterring to mpute whose variition
with scale i nanlinear.

P Near-aptimom solunions can ofien be oblamned by the so-Called
Ieepest=aseent, one-move atgonthin®”, and bounds on inrtha
sprovement are furmshed by hinea programmnng solnuons 1o the
dnatproblem . gnormg mregralny consramis, Sec Victoring, opan,
faor-not 5
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Binzin COMPLEX: Frowsieen on PRINCIPAL COMMODITIS

* Propylenc appears here as a prinnars commodity, as ws prodaciion
has been Jeti ontade the complex: s g refinery operation

For cx;nnplv, the process tar prudm'ing ammonia trom
natural gas may be represented by the fn”nwing hgures
reterring to the finear mputs and produces ;12

AMMIOINIA FROM NAITURAL GAS: FINEAR INPLU IS

Produc
Anunom,
Inpnts
Natural [LX
Caustic soda

I metrn ton

1,500 m?!
o 0004 MEtrC ton
Catalvsers, chiemicals and ros alees 82 per metne ton
I'.Icaru' pnm'r, . R 120 l\\Vh

Waeer o 25wt

M;ltlu‘ln.nim”y the clements of these vectons reprosent
quotients strictly determined between the mputs and pro-
ducts of 4 specitic technical process. ™ Iis also assumed that
such quotients are constant. When 2 technical process
allows a vamble compositon of raw materials and a
variable distribution of products, the whole series of
variations must be expressed by means of an adequate
number of vectors of individual activitics,

" ECLA, annex X1V, activity No. 10, page 206,

' The mputs of secam, water and tuel gas arce not, snicely speak-
g, proportional to scale in the chemical mdustry. However, in
weneral studies (though not i the preparation of individual pro-
wees) they may be considered as such with an allowable margin of
error. See bsard, Schooler and Victorisz, op. cit., page $1.W. Isard
and E. W Schooler, Location Factors in the Petrochenncal Industry with
Special Reterence v Future Expansion o the Arkansas White-Red
River Basin (Washington D.C . 1y $), pages 21 to 23 and references
there ated, and ECLA, annex XV, page 246.)
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PROPANE-BUTANE COMPLEX ! FlOWSHEET O PRINCIPAL COMMODI LS

* Butylene, propylene and butanc appear here as primary commodities,
because their separation Trom refinery fractions has not been meluded m
this complex.

The components of the above vector are expressed in
physical units, except tor the item “catalysers, chemicals

and royalties”, which is given as a value total. The use of

the latter representation suffers from the shortcomings
discissed carlier, but the error committed will be small
when the items are of minor importance (like auxihary
chemicals used in small amounts) or stable in price (like
royalues that are independent of location).

() The vector described above includes the breakdown
ot those inputs which expand proportionally as production
grows. Certain nputs vary in a nonlinear fashion. The most
tmportant of these are: fixed capital investment in buildings
and ¢quipment (reterred to hercafter simply as “invest-
ment”) and direct operating labour (referred to hercafier
simply as “labour™).

In considering this latter point, it can be assumed that the
ratio between investment or labour inputs on the one hand
and plant size on the other can be expressed in the following
cquation

N Xo (S So)f
where Xy 1s the input of the productive factor at the base
production scale (reference scale) Sy X is the mput of the
labour or investment factor which is to be estimated for

the production scale S, and Fis o empinl exponential
cocthicient which may Huctiate mmencally between the
limitsoand 1. '

The exponential cocthicients I bemyg known tor cach
process—on the basis of pracucal experience m the chemical
industry—the cconomies in unit investment and labour
requirenents resulting from any mereae i production
saales may be measured, always provided that basic -
tormation is available on investment and Labour mputs tor
one given plant capacity. These coefficients, together with
the technological cocfhicient relating to the mputs which
merease lmearly as production rises, must be known m
advance and can then be mcorporated mto a “technology
matrix” for the chemical industries. b the case of ammoinu,
the basic data pertaming to the noulinesr bibeur and -
vestment requirements are the tollowing 11

AMMONIA: NONLINEAR INPUTS

Plant capaciry Dot
{tons per davy
Labour

Workers perslate . 100 -
200 1o

300 )2

$00 s

Supervisors per sl SO 10 200 2
Over 200 3

(tons per vean
Investmnnt
Millions of dollars

...... 30,000 N
108,000 1
180,000 10

These data specity given mput levels tor stated plant
capacities. The conversion from daily to yearly capacity 1
undertaken in this case on the assumption of 360 operating
days per vear? The data have been plotted on double
logarithmic co~ordinates in figure VIIL It can be seen that
both the labour and the capital inputs follow very closcly a
straight line correlation such as corresponds to the formula
given above, The f exponent can be obtained from the
hgure by calculatmg the slope of the correlating line: o
the accuracy of the drawing and with the correlating lines
ploteed visually, the exponent for labour s 0 472; for m-
vestment, 0:764. A similar plot, based on the lower points
of the ranges for supervision, g1Ves an exponent of 0 500.

In ECLA, annex XVIII (page 295) the value of the in-
VESUMENt cXponent is given as 0-73 1 1O CXponents are shown
tor labour and supervision. One other nnportant itenr of
intormation to be found in the lateer locus gives the range
ot scales (18,000 to 180,000 tons/year for ammonia) within
which the constantexponent function can be assumed to
approximate adequately the nonlinear input relationship.
Below this range, the application of the function is highly
questionable; there are indications that the exponent tends
to fall, that is, there are stronger nonlincarities than des-
cribed by the function. Above the upper imit of the range,

I Foot-nate 12, low. ¢t
' This conversion factor s tound v ECLA, snex XIV, page 247,
1t varies between processes.
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AMMONIA T FCONOMIES OF SCALE

the ccononies ot seale tend to weaken and the exponent
approaches vahies of the order of 088 t0 0°92.18
(¢) The calculanon of imvestment and labour mpnts

and depreciation may be caleulated by expressing them as
suitable pereentages of investment and;or labour. In ECLA,
annex X1V, supervision is given m detail for several scales

required tor varions plint sizes permits the estimation ot
certan accounting costs which may be expressed as per-
centages of these two items. Following the estabhshed
practice i the United States chemical indistry, costs such
Ay supervision, pn_\'rnll overhead, phnt mamtenance,
cquipment and operating supplics, ndireet production
cost, general othee expenditure, insurance, capital charges

VA Nee FCT AL annex XIV page 248,

16

similarly to dircct operating labour (this has already been
inchided 0 the small labour and investment table for
ammonia above), maintenance and depreciation are given in
percentages of fixed investment; and “general expenses”,
meant to include primarily mdirect production cost and
general office overhead, are given as percentages of the sum
of dircet operating labour and supervision. For ammonia,
these items are:!?
Y FCLA, annex X1V, loc. ait.

e - = i~



Pharmaceutical industries in several counries. TOP LEFT: Laboratory tech-  Toluca, Mexico. BotToM LEFT: Filling terramycin intravenons soltion
nician performs quality control test in vaccine production in a plantin  ampoules in a plant in Kobe, Japan. sotrom RGHT: Labelling tabler
I'eneznela. TOP RIGHT: Packaging line iu a pharmacenticals factory in  containers at a plant in Morcno, Argentina




Maintenanee .. ...
Deprecianion ..o
General expenses .

3 percent
X per et

100 per cent for 50 to 250 tons per day

R0 per cent for over 250 tous per day,

As can be seen, maintenance and deprecation follows the
ceconomies of scale characterizing fixed investment, smcee
they are proportional to this item: while general expenses,
m addition to tollowing the cconomies o seale of direct
operating labour and supervision, show further cconomies
ot scale i relation to the latter,

(d) Finally, the needs tor working capital must be added
1o the needs for fixed capital in higuring accounting charges
on the total investment embodied in the process. The basis
tor cstination of the lateer s total out-ot-pocket expense
during a stated period of time that may vary between one
and three  months 18 Process-by-process  data, while
apparently available during the second phase of the ECLA
fatin American chenical indusery study, have not been
published.

Examples and practical applications

() The over=all approac. the representation of tech-
uology in the chenmeal industries which is given here was
first developed by Tsard and Schooler (op. ¢it.) for the case
of somie three dozen individual production processes and
simple sequences of such processes. A number of concrete
calculations are given in this publication in ¢ mnexion with
the exploration of the locational advantages of establishing
manutacturing, facilities near the raw material sources as
agamst the markets ot petrochemicals i the United
States.,

The study is based on the concept ot locational cost
differences. The location ot 4 given process or of a simple
Processing sequence s analysed by itselt, independently of
the imfluence ot other Tocational decisions pertaining to the
same region or the sane industry, A model based on loca-
tonal cost ar cost-benetit ditferences berween two geogra-
phical points s the simplest formulation of the problem of
focational choiee: only two alternative locations are con-
sidered at one time, and the productive process is assumed
to be dentical i regard to scale and structure at both
locations. Under these assumptions, it is pm‘sibh‘ to com-
pare the protic or the net soctal benetit levels at the two
locations without reterence to the absolute magnitudes of
the cost or benefie contributions by individual input or out-
put items, since 1t is cnough to know the cost or benetie
differences due o cach item These are obtained by mulu-
plving the physical amount of cach input or output by the
difterence between its local prices at the two locations. This
method has two powerful advantages over more complex
techmgues of analysis: hirse, geographical price Jdifterennals
tend to be casier to determine and ore stable than absolute
price levelss and second, o reclmological parameters need ro
Le determined for items associated with wear-zero price differen-
tials. The nonconvex labour and capital mput tunctions do

w ECLA, annex XV page 2935 e olso annex X1 page 244.

[

View of u nylon intermediates nnit of a chemical plant in Texas, United
States

not create a difficulty in this model, since the scale of pro-
duction s a constant,

(h) As a next step, the consideration of larger complexes
of activities was tackled in a subsequent study dedicated to y
the exploration of the locational advantages of chemical
industries in Pucrto Rico.® In this study, calculations have
been  performed  tor refinery-petrochemical-fertilizer-
synthetic fibre complexes. exploring a number of variants
and cvaluating their advintages and - disadvantages tor
ditferent points of view.,

The study maintains the methods ot locational cost-
benetit differentials as the foundation of the analysis, even
though a set of secondary corrections are adopted to deal
with major disparitics between the structure or scale ot
production at the competing locations. The model com-
prises about six dozen acuvitics, including some for
petrolcum retining and synthetic fibrc production. The
important advance of this study is in the simultancous con-
sideration of complexes of interrelated  activatics. This
permits the analysis of the cconomies of scale which resule
from the simultancous demand of several processes for a i

given intermediate product, the transport cost savings ob-
]

1# See lsard. Schooler and Victorisz, op. cit. See also J. Airov, The
Location of the Synthetic Fiber Industry (New York, 1959).



tained at a given location when suceessive lnks of a pro-

cossing chain are operated jomtly, the joint demand ot

several processes for raw matenals, serviees and transpore
tacilitics, and other problems of mutmal locational -
Hiences beeween ndividual processes. The nonconvex
labour and capital input fimerions charactenstic of chenneal
processes do not permit the application of the nsnal lincar
programming techmgues to this locational stndy, but the
data are orgamzed and presented with the aid ot the con-
cepts of mathematical  programming - which include
generalized activity vectors, resonree balances and linnita-
tions, and teasible programmes, The quantitative imvestiga-
non consists i the detailed exploration of more than
thirty programmes, sclected on the basis of process com-
binations which appear a priori attractive, but withont an
.umlytic.ll ATLCMPL LO ATTIVE 3T AN OPHNNIMI PrOEranmnic,

() The tirst phase of the Latn Amierican chemical in-
dustry study (Victorisz and Szabo, op. ait, 1950)20 was
bascd on the experience of this carlier work it was directed

explicitly at the estimation of absolute costs rather than ot

cost differences, for a varicty of chemical production
processes,  complexes composed o these processes and
alternate over-all programmes to satisty the demands tor

20 See the mtrodnctory note té this articke and tooe-note 20 See (¢)
below tor the second phase.

major chenmcal produces i all regromal markess me Caom
Amecenica. The abandonmient ot the severe limntavons of the
locational cost=benetit ifference approach and the deating
mstead with absolnee price levels has poronreed e ex-
ploraton of locational cquilbrium tor kev produgton
sites - five countnes twelve market areas coveng i
CPRIre region and over saxty production acovines. Owng
*o the nonconves nature ot the Labour and capital mplﬁ
bunctions, tormal opamization has agam been avonded
wstead, a mumbar ot aleermative progranimes which
appeared apriornateractave wthe conre of the v estigation
have been explored by means of detarled computations
The mdustrial complex approach2tmitated by the sty
mentioned under (h) above has been carned tireher by this
\tlld)‘. In addition o t.lklng meo account the mteractuons
between productve activities withm the conrplexes and
thus obtammg realistic estimates of potential cconomies of
seale, the individual complexes have been used here s
means of decomposimg the over-all programmimyg prob-
lem mto a4 number ot reasonably selt-contamaed sub-
problems. In regard to locational choree, cach complexrs
taken to behave as a e, very i as theaghoarwere o
single activity rather chan a combmaton ot sevenl

A1 See alw the preceding discussion ot comploxes nader “Ponoples
ot organization of the progranmmng daa”

Checking the automatic distribution of synthetic yarns in one of the largest chemical plants in Colombia

V]




N achine plling of urea bags in a lactory in Clina (‘Taiwan)

activities. The internal structure of the complex, neverthe-
less, can be adjusted to the local requirements of cach geo-
graphical production site. The over-all programme for the
mdustry serving the entire region can then be picced
together from the complexes which arc used as building
blocks. rather than trom individual productive processes.
[his leads to a great cconomy of effort and to the ready
idenaification of programmes that can be regarded  as
J privriattractive, since it makes it pnssiblc to tocus attention
on a himited number of activities ata time,

The quantitative exploration of alternauve programmes
v greatly facilitated in thisstudy by a tortuitous relationship
between the paramicters characterizng the cconomics of
wale, product demands and transport costs. 1t so happens
that the cconomies ot scale obtainable by serving additional
markets from a single plant generally dominate transport
costs n the entire range of demands which are of interest; in
other words, it is more cfficient to serve all markets from
one plant than to split up the markets between two or more
plants, given the assumptions of the particular model
chosen for analytical purposes.22 This is plausible when it 1s
noted that the total market projection for 1965 tor a given

2 One exeeption noted was that ot (simple) superphosphae
tertithaer,

chemical product m Latin America (m the group of chen*-
cals that have been considered in this study) v generally of
the order of magmtude of a smgle very large-sized modern
plant. Thus, the analytical problem s reduced to selecting
the best smgle plant location trom among several alterna-
tive locatons. A simple way ot doing this is to trace profits
as a tunction of plant size tor cach productive location in-
dividually as markets are added one by one in the sequence
ot their protitabihtics. 23 It the relationship between the
paratacters of the model were a different one, however,
this smple method would no longer be appheable and g
more powertul method would be needed.

In selecting alternazive progranimes tor detailed compu-
tation, it 1s generally assumed that the production of nter-
mediate products is meegrated with that of final products.
Thistsan excellenta priori supposition as long as the rchition-
ship between the paramicters of the model tavours single
plant locations over split locations. In this regard, itis noted
that, apart from cconomic: of scale and transport costs, the
dominant locational forees in the model are fuel costs
(which also detine petrochemical raw material costs) and
capital costs. The influence of the latter two factors on nter-
mediate products is likely to run parallel to their influence
on tinal products: thus, 1t 1s unlikely that the transport cost
savings afforded by an integrated operation would be out-
weighed by the possible disadvantage which arises when an
intermediate product has to be produced, not atit own best
location, but at the best location of a given final product.
When other than single locations may occur, however, the
force of this argument is greatly reduced, because a split
location for the final product has to be considered scparately
trom a split location for the intermiediate product.

In a few cases, a major mtermediate product forms a
strong link between different complexes?? whose optimum
locations differ. These cases are handled in the study by
also considering cach of the alternative locations as possible
sites of a combined plant serving both complexes.

(d) The methods and technological data developed in the
course of the foregoing study have been given a practical
test in connexion with the preparation of a chemical in-
dustry development plan by the Government ot Chile.
This plan constitutes an integral part of the over-all in-
dustrial and cconomic development plans for this country.
The chemical industry development plan was prepared
with the participation of national and international tech-
nical experts in industrial chemistry and chemical engineer-
ing. One of the sources for the preparation of this plan was
the information gathered in connexion with the first phase
of the ECLA chemical industry study which had been

28 This sequence usually coincides with the sequence of geogra-
phical proximaty : thas the scquence is different for each alternative
plant locacion.

HFor example, styrene based on the intermediate product
cthylene forms a link between the cthylene complex and the pro-
panc-butanc-synthetic rubber complex, since GRS synthetic r T
1s produced from butadiene and styrcne. Thus, a possible joint
location of the cthylene and propanc-butane complexes 1 of
nterest.




Production of anvibiotics in the sterile area of a plant in Isanbuel, Turkey

undertaken by a working group jointly with the Economic
Development Corporation of the Chilean Government 28
(¢) The methodology of chemical industry studics was
carricd a step further by the detailed investigation of the
role of nonconvexities in one part of the Latin American
regional market problem. In a paper by Victorisz and
Manne, “Chentical Processes, Plant Locations and Economies
of Secale”, in Mannc and Markowitz (op. cit.), the produc-
tion of nitrogenous fertilizers was selected for more de-
tailed investigation. The complex to be studied comprised
the production of anmonia, nitric acid, sulphuric acid,
ammonium nitrate and ammonium sulphatc:: technological,
pricc and demand data were taken from Victorisz and
Szabo (op. cit, 1959). Two major simplifications were
introduced to make the computational problem more
manageablc. First. the five separate activitics of the complex
were reduced to just two stages, the production of ammo-
nia from a hydrocarbon feed stream and the production of
mixed fertilizer (ammonium nitrate and ammonium
sulphate in fixed proportions) from ammonia. The amount

% The Chilean development plan referred to here has appeared in
mumeographed form in the version whose summary voluine bears
the date January 1961, See the list of references at the end of this
article, under Chile. The present author does not know whether
this version was later revised or not, nor has he any knowledge of the
daia on which any revisions may have been based.

ot tertilizer produced was measared i ammonia equivalent
units, that is, in the weight of ammenia mpnt rcqnlrcd to
produce the given amount of fertlizer. Second, the non-
proportional cost iter.s in the production of anmmonia and
fertilizer were approximated by a tixed cost and o hinear
variable cost. By means ot these simple devices, the two-
stage production of tertilizer and its distribution 1o the
different markets could be made formally equivalent o the
two-stage transportation ot antmoma trom the ammona
plants to the tertilizer plants and trom the teruhzer
plmlt.\' to the markets. The transport costs trom anmaoma
plants to fertilizer plants and from ferdlizer plnes o
markets were increased by the amount of mme production
cost at cach location of origin, and thus production did not
have to be formally considered as a process disemet trom
tramsport. A given ammonia or tertilizer plant location
could, however, be considered as an origin for the respec-
tive transport activity only it the fixed cost associated with
that productive location has already been incurred. Thus
the chemical plant location problem was formally reduced
to what is known as a two-stage “tixed charge transport
problem™.

The purpose of tormulating this model was to venity the
asimnption thar the production of intctmediate conmmrodi-
tics (like anmmonia) could be itegrated into a4 complex
with the production of final commodities (like, terahzer)
without a significant distortion of reality, and, m par-
ticular, that the locational pattern obtained by an optimum
solution to the reformulated problem would coincide with
the locational pattern arrived at heuristically. Ie was turther
of great interest to investigate the distribntion ot near-
optimum solutions and to obtam some indicanon ot
whether there was a reasonable chance of tinding some such
near-optinum solution in the course of @ henristic mvesu-
gation. The method of attack was a complete enmeranon
of all locational alternatives, in this case of 1,024 zcro-one
combinations of fixed charges at mdividnal annmona and
fertilizer locations. The resnlts contirmed the validiey of
the heuristic approach for this case and mdicated turther
that there were a great many near-optinmn solutions, m
other words, that the optimum to the nonlincar-nonconves
prograniming problem in this case was & Hat racher than
sharp onc.

(1) The same selected problen was alo invesagated by
means of integer programming and by hnear-program-
ming and steepest ascent approximations. The nteger pro-
gramming formulation yielded only lower bounds on the
total cost rather than actual solution valnes; these bounds
were, however, quite close (Vietorisz, op. ., 1954). In
the same study, the static cost-minimization approach tfora
sclected target year was generalized toa multi-period tornmu-
lation that attempts to define not only the best location of
productive units at a given moment of time, but abso the
best time-space pattern of capacity expansion. One par-
ticularly interesting preliminary indication that showed up
in this study concerns the advantages of time phasing the
cexpansion of capacity at more than one supply pome m

21




wich a way that whenever a deticit oceurs at one pont there
N a surp]us at the other. With suthiciently low transport
costs, such time phasing and the making g.,nnd of temporary
deficies by mutual exports can be substantially cheaper than
mdependent growth of capacity at both locations. This
result goes bovond the verification of the heuristically ob-
tamed resules of the Latin American chemical mdustry study
and poines the way to o potentially attractive institutional
arrngement within the Latin American Conmmon Market.

(¢) The final report of the Latm American chemical
mdusery study whose first phase was deseribed wnder (¢)
above was recently published by the United Nations (op.
at. 19oy). During the sccond phase ot the study, the
empirical materials were thoroughly revised and greatly
expanded by a working group which visited the key coun-
tries covered by the report,

While the emphasis of the interim repore (Vietorisz and
Szabo, op. cit., 1959) was on an attempt to determine the
fondamental teatures of locational cquilibrium for the
industry  covering the entire Latin American region,
deliberately entting across fortuitous imstitutional features

which stand in the way of joint supranutional planning of

this industry within a conmmon market, the tinal report has

been directed toward the more immediate needs of

Laboratory exaunation and testing of finished yarn in a uylon factory ar Berasaregni, Argentina

development within this industry, taking as a basis present-
day imstitntional realities within the region, together with
such changes as can be reasonably anticipated within the
time horizon of the study. As a result of this diference in
emphasis, the description of the present status o the in-
dustry, the details of demand projection, the survey of
resource availabihities and prices. and the representation ot
technology have been greatly improved tor inclusion in
the final report; at the same nme, the presentanon ot the
extensive analvtical contents of the interim report pertain-
ing to locational cquilibrium within the region has been
dropped and the results are only most sparingly reterred to.
The final report concentrates on a detailed presentation of
all background materials, leading up to an analysis of pro-
duction costs tor nincty  chemical processes considered
individually or in mmplcxu at production sites within
seven comntries of the region. The scales of production
correspond cither to the needs of these individual countries
or they are determined by possible integrations between
selected countries: however, the optimum  division ot
markets between alternative production sites as a function
ot the interaction of production and transport costs is not

taken up in any significant detail. 1t is, nevertheless, in-
dicated that cconomies ot scale tend to weaken consider-




ably near saales of production corresponding to the inte-

gration ot the seven countries studied and even near the
scales corresponding te the three largest ndividual coun-
tries; as a result, near these scales the balance berween
ceconomies ot scale and addioonal transport costs, as the
marker ot a given production site is expanded, tends o
lead to a Hat optnunt and to a fack of marked cost differ-
encesbetweenalternauve programmes embodving a greater
or lesser degree of integration. This conclusion s entirely
in line with the resules of the guantitative mvestiganon of
sub-optimuimn programnies in the study discussed under (¢)
above.

(h) The idea of tme phasing has recenty been apphed
to the plamning of chenncal industries in India (A, S, Mane,
Fhe Canstic Soda Industry. Cambridge, Mass., 1964). This
report 1s the atest example of the systematic application of
programming data to the study of this imdustry 1 the
context ot a practical planning sitvation. The technological
mtormation has i this case been taken from Indian sources.
but these have been double-checked againse the data con-
tamed i the Laon Anierican chemical indusery study, an
the ewo sources have been tound to be consistent.

(i) Ot the many quanttative programming seadies of

the chemical industry which are undoubtedly being under-
taken in countries with centrally planned cconomies, this
author has had an opportunity to review to date only one
(). Komai and others, Mathewnatical  Programming of the
Development of Hungerian Synthetic Fiber Production, Buda-
pest. 1963). Of the studies discussed, this one is probably the
closest to operational planning; tar this reason, 1t i very
neeresting that the basic conceptual tframework ot the
model used and the description of technology incorpor-
ated in this study are completely consonant with the other

studies discussed so far. In particular, the description of

cconomies of scale is undertaken by mcans of the fractional-
power  tunction discussed under “"Description ot tech-
nology™ (h) above. The model tocuses on the exploration
ot graater or lesser degrees of autarchy in synthetic fibre and
chemical-intermediate production versus participation in
mternational trade m the prndm‘ts ot this sector under
different assumptions. The sensitivity of the conclusions to
vanious paramieters, particularly to the torcign exchange
rate, the tuture price levels of individual  chemical
products and passible correlations between changes of the
latter, as well as to capital, labour and material coefficients is
carctully analysed. The mathematical method employed
tor improving the solutions of the model does not guaran-
tee that the optimum solution is actually reached, but it
makes the attaimment of a ncar-optimum solution highly

probable. 26

26 This mathemarical method is of mterest for its own sahe.
While the nonconvex programming methods cited carlier have
heen based on the approximanon of the fractional-power cosi
function by means of a hixed cost and a lincar variable cost, the non-
lincar objective functions are retained in the last study as they are
ongmally formulated, and their values are calculated at extreme
points of the polyhedron of feasible solutions. A focal optimum can
always be attained by a path moving over neighbouring vertices.

In the tollowing section, o number of conceptinal and
pracacal problems connected with the comptlanon and e
of the programmmg data simmary will be discused

CRringue

It is believed that the data and methods prosented me this
paper are ot mimediate practical valie tor mdosirial
development plainnmg m the les developed wreas. The -
tormation presented here s, as mentioned aboy e, alreadh
been relied on to some exeent i the preparation of at feav
one chemical mdustry development plan w0 1aan
Amencan country: e addinon, mtormation of parth
difterent onigm but organized wthe same format e (1)
above—is bemg apphed directly as a backgronnd o prac-
tical planning dectsions,

The materals pertaming o the chemical mdiniry have
been collected and subjected to testing ma long senes of
roscarch studies conducred at diferent mistircatnons, Some of
these studies have been bieHy discissed above.27 Av o
result of this accmmulation of anaceriaks, 1t probably trae
that the chemical indusery is at present better explored trom
the pome ot view of mdustrial development plinnnig than
most other mdustries of comparable breadth,

In addition, other chenical process tvpe mdoseries have
also been studied by methods which are closehy relaeed o
the one described in this paper. Among these are petrolenm
retming, cement and the chenneal metallurgy ot sieel-
making. 2¥

In view ot the toregomyg, the methodology emploved m
regard to the chenncal ndosery (and tie related chenneal
process industrics) may serve m LI WAVS s L1 Prototy
tor the organization ot data pertaining to other mduistvies
Theretore, it is necessary to subject this entire methodolog
to carctul scrutiny i order o diselone 1 limrtanons and
weak spots and to indicate lines of needed improvement

The tollowing discnssion will be orgamzed aronnd hive
central topies: the vector concept, capial mvestment.
acillary  process, transterabiliey of the data hetween
countries and pracucal apphication.

The vector concept
(«) The concept of a generalized actviey vectonr as de-
tined in this paper, that s, allowig for nonlmear Labour

Once o focal optimun s anamed, 1 method w offered tor tesnmg
this is also an over=all opumum. The test i based onnereasing the
curvature of the objecuive tuncuon, wherehy the carrent venes
often rendered sub-opnmam, and .« move 1o other verices s onigin-
ated. By appropriate changes of curvature restniaed to differam
subspaces, a variety of new paths are generated, some ot winch man
mclude vertices that have obective-function values below ihe
tormer locat optiviam.

2 See dalse the repons of the Commussartat général do plan de
maodernisation ¢1 d'équipanent, comnussion de moderisanon des
industrics chimiques (Government of Frmee): as well as Uned
Nanons, Swdics in Econovnes of Indistry - Coment, Nurogenous
Fenilizers Based on Natwral Ga:: and Bulletin on Dndwstria _ation and
Produciivity, No. 6 (Sales No.: 63.11.B.1), pages 6710 77.

W See Manne and Markowiz, op. it and Manne, “Program-

ming Data for the Petrolenn Refinmg fndostry ™ me this 1sue ot
the Bulletin.



ad Capral mputs, s central to the orgamzation ot all tech-
nological utormaton m - chis daea sunmary. It should be
pomted one that the powertul simphticanon underlving
this concept consises i the wdea ot replacing an n=dimensional
production function by (n-1) neo-dismensional Junctions 2® 1t s
alwavs cavter o think e two dumensions than e mam
discnsions: tw o-dimensionad tunetions can be represented
mohe plaine ot the graph paper and dhea signficance can
Hf.t(‘ll lw gl'.l\p(‘d at gl.lllu'. lor cx.lmplc. thc acaveny
vector rchitmg o ammonta production, under " Des p-
ton of technology™ (0 Tists wix commaodities; meaddieron,
the nonlmear part given under (h) and () adds six mor
tems s labour, Gapial, supervision, mamtenance, depre-
aaton and general expensess These twelve resources are
meerrelated by tunctional relanonsing which. s niow
general torm. would require twelve dimensions to des-
cribes Nevertheles, s an aceeptable damphificinon o
asunie that among the twelve varables of the production
hmction, not eleven are mdependene bt only one. We can
choose the quantiey of v one of the twelve resources as
the midependene vartable and aall e the Vseale of pro-
ducoon™ I this paper, the oatput of ammonia has been
chosen to tixthe scale: 16 s convenent to se s a seale
mdicator one ot the commodities which VATV 1 proportion
to (‘.l('ll ntll(‘r.

Gven the seale. cvery one of the eleven remaining commoditie.
con he related 1oon withow the need of aking the other 1en
cormmodines o account. The _ﬁr.\l IRPOFLANE  assqinpnon
relating o activary vecors is that this can he done withount a signi-
hamt distortion of realiny.

Fhie second assmmption 1s thae all impues and onepurs exeepr
lahour and capital and acconnting iwems depending upon these
vary proportionally 10 sale: I the case of tuel, power and
steam mputs, deviagons trom proportionality are known
to oceur bt chey are generally small enough o be toler-
able. There as sonie evidenee, however, that under un-
lI\lI.l“) \Ill.l“ \t.ll(‘\ nf OPCTAtons, \ll('ll AN are llk(‘l) to l)('
encountered under cereant condiions m developmyg coun-
tries, the mputs of some commodiues, especnally auxiln
chenmcals. cme become abnornially lagh oW to poor
recovery 40

Fhe third assimpnon rclares 1o the froa towai=power labour and
captalinpue funenons discassed under “Deseriptions ot
techuology™ (). There v a0 good deal ot supporting
evidence concermmug the general shape of the relationship 3

* Another kev concept pertannng 1o vecono s addiisiry, o b
discussed latar

“ONecalae OV P Michelens T honmaal Devdopman i Colom-
b Chenncad Trgmarnme Prooece (New York, June oo, Pages
4010 40

Thae OO Clnleons USivcrenehs Lactor Applics 1o € apler
PLnt Coas™, Chemndd Tigmccnng i(Now Y orko, Apnl g pages
2o g P Schotield, T ow PLint Coss Vary wih Sizes,
Chenneal Trgmecune, Oaober g land and Schoaler, opou
Pagey 20 1o 23 and reterences there oned L 1 Victorn, Regional
Provramny Models and the Cand Suidy o a0 Retiery Parodicmnal
Syuthen, Lihar Indistnal Complin 1or Piucne Rio, Massacbhuset s
e of Teclmology - Cambidge, Mase rgaa idoctoral disser-
Liion . pages 3o 8 and acterences theve aned | Isard, Schoole
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but Large devaations are known to occur. These are in part
related to the vague detimnon of” the mpues, for example,
the lack of ditferentiation between direceand mdirect labor,
or between mvestment monew planes and additnons to
existing plants. A closely related reason tor these deviatons
mav e the inexace dehmitacion of che process to be
Juanacterized, thacis, the lack of detmiagon of whae, it any,
ancillary processes are included (ehis issue will be discussed
later m more detail). In addition to deviadons trom the
function, there is the question o suitable upper and lower
limits o the tractional-power variadon. The upper Tomt
nosaally ssamated by reference o the largest existing m-
stallinon, but new planes are conseanely breakmg the exise-
my records of size. Above dis Tinne many unet mpues re-
man comstant, but - tace the Tinieis not sharp. Difterent
pleces of equipment have mdividual size Timits, and this
resules meagradual rather than an abrupt tranation trom
cquipment-size micrease to duplication, with a consequent
cHectonimvestimentand operating labour mputs. In addition,
ccomones - design, engmeering and conmmon ancillary
facilities (see below) eend o contimue bevond che upper
bt of the range: as a resule, the cconomies-ot-seale
exponent tor capital approaches about o-9 rather than
unity 3 At che lower hmaie the uncertaintes are even more
cntical. There 1s no good way ot detining mmimunm econo-
mic plne size, excepr by reference to a concreee price
constellanon. Someames techiical minima can be found,
for example, as given by the smallest size of standard
cquipment thae can be purchased or the technical deteriora-
tion of the process below 2 certam plane size. Nevertheles
sich mimma can otten be regarded as niore apparent chan
real. smee the sizing of seandard cquipment as well as it
destgn can be taken to be adjusted o the conditions typical
of the more mduserialized couneries, and consequently
changes m design objectives could introduce an element
of Hexibiliey cven with regard to the “techuical nini-
mum” plne size. There s some evidence which mdicaees
that below the lower linnie of the APProxumating range
the exponent ot the cconomies-ot=scale function rends
lnf;l”.33

With known values of the exponents in the nonhmear
mput tunctions the gencralized activity vectors can be repre-
setted by o column of pairs of mmbers in which the first num-
ber denotes the cocfficient (nput or outpue) correspondmg

and Vicornz, op. A, pages s2to s&: Fo T Moore, "Econonnies of
Sale Some Suanstical Evidenee™, Quarterly Jourmal of Economics
tHarvard Umversiey Press, Cambridge, Mass.), May 1959, pages 232
1o 245, | Haldr, Economies of Swle in: Economic Derelopmen (Stan-
tord Univerty, Calit ), November 1960, ECLA, annex XEV, pages
247.nd 248 and ECLA, annex XVIH, pages 293 to 295,

Y order 1o take imo accountibe slackenimg off of ccononies of
sile bevond the upper it of the approxoiatimg range, a hyper-
bohe tunction 15 proposed m Koman and others, op_ at., page 135,
whidhnasympronic to s Ime of proportional variation at very Large
swtles nview ot the fact that m such large scales an cxponent of
approximately 00 1s more appropriate than an exponent of unity,
the tunenon could be redetined so that it wonld be asymptonie to'a
funcuon with the above exponent.

B8 ECLA, annex X1V, page 24K,

—E



to unmt scale and the second number denotes the exponent
applicable to the resource in question. For proportional in-
puts or ontputs this exponent s cqual to iy, When a
processis represented in this form, it is convenient to choose
the reference scale m such a way that it falls within the
range ot the nonlincar approximating function, Thus, n
the case of ammonia, it is not convenient to choose one
ton af ammonia output to fix the reference seales of the

proces, since the production scale of one ton Per vear s

totally: meaningless except in the tformal mathenaneal
sense. Ttis tar more sensible ta chaose mstead the Tower or
upper limit of the range, or some round number within the
the range. For ammonia, 36,000 tons per vear has been
chosen as the reference seale#t the generabized acovan
veetor based on this choiee s shown i the tble enotled
“Mustrative generahzed activity veetor,”

Hhwsteative eencralized actoary vecor

(Praces: Ammaonta from natural ga-)

Rl'\(‘llﬂ ¢

i Cocthoent [ promene

Ammanu ...

Naturalgas .o

Cauvsacsada oo oo
Catalvsers, chemcab and covaloes
Elecenie pawer ..o

Water .. ...
Directaperating labonr (stat) ... ... Men

Thousands af metric tans pervew W |
Millions of m¥ per vear 4 |
Ibamands of metric tons per vear D149 1
Thousands ot dollars per vear -2 '
Millions ot k Wh per vear

Millions af m? per vear 0 1

FEER |

R Y [RE Iy

Fixed capitab nvestment Milhans of dallars N 0y

Source: ECLA, annex XTIV, activity Noo o, page 266, Lincar inpues per ton ot ammona have been recads whated Tor 1y earh
output of 36,000 tons. The labour mpat corresponds to the production scale of 100 tons per dav, conserted 1o Cvearly i by
the factor of 360 operating daye por vears thie faotor 1 taken froas ECLAL annes XTIV, P 247 Tho datunec appenmg ion dins
production scale is 7 men per shitt. This s converted to the given staff requirement on the bases of 4 man-shates Pt dave on the
tollowing considerations: a g4-hour week, so weeks per vear, s pard holidays (30 hoars) dedacted from vearls workine hom

tigured on former basis: complete coverage of all hours of the vear (365 - 24 hours): this viclds %760 2160 37055 man-<hiles
per day. The labour exponent is taken from figure VL the Gpital input from activiey Noo 1o and the capatd exponent hiong

ECLA, amex X VIIL table A, page 295.

The inputs and outputs corresponding to any other scale
within the approximating range can be obtained trom such
ageneralized activiey vector by mcans of the formula:

x,., a, "(.\’I'r ﬂ|',)""

where the subscript j indentifies the activity in question and
i dentifies the resource (input or output): a, | is the nput
ot output coefhcient of the i-th resource and a, s the input
or output cocfhicient of the scale-determining resource (in
this case, ammcnia): X, and X, | are the total inputs or
outputs of the corresponding resources at a different scale,
and f, , is the constant exponent characterizing the resource i
within the activity j. When tbles of generalized activities
organized i this fashion are available for a number of
processes, the total input or outputs corresponding to any
given programme ot activity scales can be obtained readily by
mstructing a computer to operate on the above function,
substituting the proper arguments.

In the principal technological tabulation found in ECLA,
annex X1V, the ninety activity vectors listed in detail have
been presented in the form of cocfficients referring to the
lincar part, together with nonlinear inputs in absolute
magnitudes specitied for different scales. In other wards, the
fractional-power input function for labour and capital has
not been utilized in the presentation, even though itis dis-
cussed in detail in the accompanying notes in relation to
capital. In this regard, the presentation differs from the one
followed in previous technological summaries, for example,
in Isard and Schooler, op. cit,, Isard, Schooler and Victorisz,

op it and in the it version af the present programmniang
data summuary. None the less, m ECLA, wmex X VI
capital coefficients tor selected reterence seales, 1ogether
with applicable exponents and the range of validity ton
the latter, are given tor a smaller mumber (ergbteen) ot
chemical processes.

The advantage of the procedure tollowed m the ECT A
document lies in s ability to present factual mtornition
without having to make an assuniption with regard to the
proper correlating function tor nanlinear inpues. This ad-
vantage is particilarly notable at very small or very Tge
scales, which would fall ouside the proper approximating
range tor a constant-cxponent correhating tuncnon. Other
reasons advanced tor avoiding  the presentation ot the
parameters of a correlating tunction are the tollowmg 9
insufhcient data; lack of homogencity in published -
vestment information with regard to specitication of the
process, anaillarics, reserve CAPACILILS, Provision tor tuture
expansion and safety factors i design: and lack ot exact
detmition of the approximating interval tor comtant-
exponent functions,

While this method of presentation will lead o a ligh
degree of reliability in the published figures and may thus
be the best way of presenting the technological mtorn-
tion underlying a study with the objectives ot the ECLA

34 This choice fallows the one m ECLA, anuex XVHIE tor repre-
senting ccanonies of scale m regard to capral. this annex, bowever,
docs nat give a complete generahzed acniviny veaor,

3% See ECLA, annex X1V, page 24K,




chennieal mdustry studvsee carlier discussion under
“Examples and practical applications™ (¢)- - presentation is
probably not the best for the prrposes of programming

data sumimaries. In the practical planning applicaton of

such summarnices, the exploracion of variants of mvestment
projects ditferimg in regard to scale is often of the greatest
mterest, and a gh degree of precision m the cstimating
paramcters can be readibv sacnticed for the ke of having
smiple mcthods e hand that will vield correet orders of
magnitude, The comtant-cxponent coreelating functions
serve thas end adunrably, and s of sccondary Importance
that they are somewhat unreliable near the limits of the
approximuating range. 1t s of course essential that ther
application should not he pushed bevond the e ot what
thewr accuracy will bear,

Given theswe coniderations, it becomes 4 matter of

opiion and even of temperament at whad level of aceuracy
programmung data are to be regarded as menting arcula-
tion. There are those who mamtain that duts that are not
highly reliable are certam o be misused s such persons will
part wath data only atter much chee king and then only with
great trepidation, There are others who argue that too
many plammg decisions tend to be taken memnvehy or on
the basis of Hivnsy facte torn out of context: ander such
condinens, a4 weH-established sample approach comple-
mented wiath data that represent correct orders of Magni-
tude cannot fail to do some good. The author has long,
argued tor the laeer approach and, in line with it would

hke to see the revised ECLA data presented in the torm of

f'r;utinn.ll-puwcr approximating functions, accompanied it
neeessary - by such cautiomary comments as may be re-
quired m-cach particular case. As the data seand NOW, it s of
course possible to fie corrchiting functons to them as has
been dove above (see figure VI and as has m tact been
done tor cighteen proceses m ECLA, annex X VI )t w,
however, desirable to ficsuch functions to the tull set of
available pome for cach actvity, rather than only to the
selected pownts mcluded in ECLA, ainex XIV. In the cases
where the scatter s very large or where only a single
pomeis available for an activiey, 36 any knnwlcdgc that may
be derived from a comparison with other (('('Illl(!l()git'.lll)'

similar processes must be brought to bear on the selection of

representative: paramctens: thus, m the case of 2 smgle
pome, the exponents of other similor processes may be
applied. (It none are available, i the L Nstance an expo-
nent of 07 tor capital and o-2 for labour may be preferred
as a stopgap measure.) Itis, however, most essential that
such udgements be exercised by experts, for example, a
working grou, of engimeers and cconomists who have con-
ducted a study of the industry, rather than by a plamcr
using the data summary who finds himself foreed to im-
provise i tilling gaps; and that the expert judgements
concerning  the numerical values of the paramcters be
accompaniced by an appraisal of their probable degree o
reahabiliey.

in ECLA, amnex XIV, Nos. 20, 26, 32, 40, 64, 77 and 4o are
sigle-pomt acnvities.
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On the basis of the above discussion, the vector concept
can be regarded as 4 suitable basis for orgamzing the
technological mtormarion in the chemical and many other
chenmical process type mdistries. In addition to the data
mchuded in generalized activiey vectons, such as presented
m the wble (or cquivalent technological descriptions),
supplementary material is needed m regard to the tollow ing
e
Approximutmg range: fower aud upper hnnes of validiey

ot constant exponeit
Accoumting items and ancillanies
Workimg capital requirements
Maturaton period and construction period
Intormation concernng restrictions with regard to addin-

viey within famihies of vectors.,

Fhe problems concerning the Approximating range have
alecady been reterred to above, Proklems concerning the
other 1tems nfsupplclm'm;lry mtormaton required will be
taken upn subsequentsections.

(h) Takmg the vector conceptas a pomt of departare, the
question arises as 1o the proper level of detail 1o he represented.
A umt activity ¢ be used, from the conceptual pomt of
view. cqually well to deseribe (1) an exceedgly detailed
process seep (tor example, the oxidation step i the prepara-
toi o synthesis gas m annmoenia manufacture from natural
gas by the Texaco partial oxidation process); (i1) an entire
transtormation process emploving 4 given technology
(uch as the ammonia process indicated above) (m) an
aggregate of proceses (such av . entire ferilizer plant
comprismg ammona production and s transforniation
nto mtrogenous tertilizer); (iv) an entire industrial branch :
(v) an enare industry or industrial sector, For the purposes
of this data sunmnary, the unie activity has generally been
detined at the level of a self-contained chemical transforma-
ton process, that s, at a level above the process step, but
below  the typical  chemical plant comprising  several
pma'sscs.

Alternative routes of transtormation can be represented
by alternative activity vectors. These alternative vectors
may differ m regard o raw materials, service mputs or
product assortments. When the diffcrence between techno-
logical aleernatives arc shght (as tor example in the casc
of different processes for converting a given raw matcrial
mto ammonia) one or a tew of the several alternatives can
be taken as representative of all; or some weighted average
of the altermatives may be adopted. Larger differences in
raw matcrial (for cxample, natural gas versus fuel oil for
ammonia production) call for distinct alternative vectors.

Ammonia production points up the case of a continu-
ously  variable composition  of the feed-stock inputs
beeween wide hmits any gascous or liquid hydrocarbon
MIXLUre can serve cqually well as the starung matcrial.3?

¥ While only two ammonia production processes (based on
natural gas and fuel oil) are included in ECLA, annex X1V, three
nnmonia processes (based on natural gas, retinery gas and coke oven
gas) have been induded m Vietorisz and Szabo, op. cit., 1959 and
aght ammonia activities (based on hydrogen, methane, ethylenc,
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I'his case differs trom the stpler situation prevatling, tor
example, with regard to chlorme and caustic production by
clectrolysind® where the proportions of major mpues and
outputs are fixed with alimose complete rigidity by the
laws ot chenncal tranformations. In addition to feedstock
proportions, prodnct assortiaents are often contiuously
varuble, as i the case of the distribution of principal and
by-products n response to different (‘rm‘king conditions n
the mannfacture of cthylene and propylenc trom naphtha. 39
Substitution possibilitics may also exist hetween priniary
tictor inputs, such as hbour and capital. T all of these cases.
the production tunction can be approxmated by a set of
actvity vectors which substitute a limited number of
representative proportions tor the  continuons range of
variation. As the number of vectors used for the approxi-
mation mereases, errors due to this source tend to diminish-
thus, for practical purposes, any desired degree of approxi-
mation to a continnous range of variation is feasible,

The above disenssion raises a question us to the appro-
priate degree of detail which is to be induded in 2 pro-
gramming data summary. For any given application, the
criterion s to suppress all detail which does not have a
substantial effect on the solution, This, however, mtro-
duces circularity into the argument: the sensitivity of a
particular solntion to the degree of detail in the data ought
to be known before the data can be organized; in the case of
programnung data sammarics, morcover, the kinds of
solutrons which might be obtained by the use of these data
ought to be anticipated.

The only possible way of dealing with the present
dilenmima s the use of trial and error. By such trial and error
the degree of detail meluded in the present programming
data summary has been found to be more or less suitable
tor the problems to which these data have been applied
heretofore, including some development programming
applications. In broader versions of this data sumniary it
might be advantageous to include data representing differ-
g degrees of detail, in order to allow the user to select the
proper level of detail for his particular problem on the
basis of the natur. of the problem itself, 40

cthane, propylenc, propane, heavy residual oil and cycle oil) have
been published m [sard, Schooler and Vietorisz, Op. Cit., pages 44
and 45.

38 See ECLA, ainex XIV, activity No. 6, page 265.
® Ibid., activity No. 21, page 269. This activity represents one
typical product distribution taken from a contipuous range of

product outputs. The same applies to activities Nos. 19 and 20,
pages 268 and 269,

4 For example, in Isard, Schooler and Vietorisz, 0p. cit., pages 40
and 41, six prototype refineries are given as individual actvities
representing the operations of a refinery as a whole. In this study,
the emphasis was on the exploration of petrochemical production
possibilities, and it was not considered essential to take up in full
detail the question of the best internal structure of a retinery as a
component of an integrated refinery petrochemical complex. In
other cases, however, the feasibility of certain petrochemical opera~
tions may hinge on the exact structure of the refinery: in such cases,
it will often be indispensable to consider more detail, for example at
the level of disaggregation represented by Manne, “Programming
Data for the Petroleum Refining Industry ™ in this Bulletin, There is

In the particular case of capital-libour substitution. the
existing experience mdicates thae this possibility is only ol
mmor importance m the chemney| processes presented. In
the core of cach process, that s, the chemieal transtorma-
ton el there s otten o opportmity ae all for the
snbstitntion of capial by direct operating Libour. There
some possibiliey of substituting i the amallary proceses,
sch as maintenance, maeerigls handiing and the like, by
the sigmificmce of this is not large, smee the proportion o
the total wage bill e the production cont of chemicals "
low cven in such 4 high—\\'.xgc country as the Umnited
States: the potental capial savings, nevertheless, mern
turther stndy.,

(¢} Some key rechnological factors of deision making it
regard 1o the programming of the development of the dreneal
sector renain ontside the present deseription of 14 huology.
For cxample, n the evaluation of the prospects of the
cthylene complex (see fignre V) for my given comtry, the
.wailability of ethane in natural gas or rcﬁncr_v gases, or the
availability of cthylene m refiery gases is ot decisive im-
portance. Whether cthane shonld  be separated  trom
natural gas or whether the operating conditions of certan
retinenies should be modificd in order to mcrene the
cthane or cthylenc vields are decisions which affece the
entire analysis of the cthylene complex, but they have not
been covered here. Similar omissions concern the produc-
tion costs of salt; the separation of propanc, propylene,
butanc and butylenes from retinery gases; the costs of col
miing and limestone quarrymg; the determination of the
opportunity costs of fuels. All of these have been omieted,
as they would cury ns too tar ont of the tickl of the
chemical indusery proper. The omissions relating to re-
fmerics are covered by 4 complementary data summary ;4!
taking care of the other omissions requires special cost
studices in cach practical application. In 1 broader version of
the present data summary, 1t might be worch wlle 16 fill
some of these gaps; this depends, however, on the tnung
and nature of the coverage of these industrial or extractive
actuivities by data summaries of their own. It snch data
summaries can be expected in the near fueure, duplication
would be undesirable; if not, however, supplymg the peru-
nent data would perform a usctul practical pnrpose.

(d) I programming applications of the data in all data
summarics, the question arises as to their sndcro-economic
significance. Do these data represent averages or marginal
values from the point of view of the cconomy as a whole?
Do they represent averages or best practice > Which of
these aleernatives should they represent? Should  they
perhaps be expanded to describe distinetly cach alternative?

Except for capital investment, which will be discussed
separately below, the average versus marginal problem
does not anise unless unit activities are defined at a higher

no reason why these two levels of aggregation of retineries might not
be included within the same progrannmng data summary,

% See Manne, *“Progamming Daa for the Petroleun: Refinmg
Industry”, in this Bulletin,
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fevel of aggregation than the ones presented here, When
actvities producing a common product are aggregated,
some of which use one kind of resource and some another

hind, 1t may happen that expanding the scale of use of

the common product one resource hnmtation is reached

carher thanr another, In this case, average cochicients of

resonrce use would differ trom margimal ones. A simple
dlustration 1 the case of cthylene production. Up to the
linne of availabiliey, it s genenally more cconomical to
separate out existing cthylene thae is mixed with refinery
gases than to produce cthylene by cracking. It all ethylenc-
sty and producing processes are aggregated into a single
mdustrial branch, and toral cthylene production is above
the hmit mdicated, average production coefficients are
cearlv more favourable (owing to the inclusion of cthy-
lene separation) than marginal ones. As long, however, as
cthylene separation and cthylene via cracking are kept
apart m-the torm ot distinet unie actvities, the average
versus marginal distinction: due to this source cannot arise.

The distinction between average coefficients and those
reprosentmg best practice is also an mmportant one, but the
data sources so far used have not been suthiciently accurate
to allow a carcful distinction. Since most data have been
obtamed trom recent sonrces referring to new installations
m the United States and Europe,32 they can be taken to be
reprosentative of hest practice i these countries shortly
before the time of publication, rather than of the mdustry
average. However, since technological change 1 some
branches of the chemical industry is exceedingly rapid, the
best practice ofonly a tew vears ago nnght no longer be the
best practice ot today. While the data n ECLA, annex XIV
represent a recent revision, turther mtormation wonld be
desirable on the rate of replacement of obsolete cquipnient
m the mdustrialized countries in order to make possible
Judgement concerning the lag of average practice behind
best current practice. One imdication of the rate ot obsoles-
cence could be derived from mternal (as distinguished from
taxable) depreciation allowance on different classes of
cquipment.” The present data summary has not been ox-
tended to the analysis of these issies.

A different aspect of the problem of best practice versus
average mdustry practice is connected with the cthiciency of
cuterpriscs - non-indnstrialized countries. The data in-
chided i thus summary reter to technology as it exises
today m the industriabized conntries, The transterabiliey of’
these data to non-indwnstrialized countrics, together with the
corrections tor lesser ctheiency which might become
necessary, will be discussed under “Transterabiliey of the
\|;lt;l bctwﬂ'n (mln(n(‘s".

() Technological change: any data summary s subject to
obsolescence, and the task of keeping it up to date 15 1in-
avoidable it it is to continue to be usetul, e s snubiteed,
however, that the task ot keepmg an exnting data summary

Y ECEA amex XTIV, page 247, toot-noie b,

SRy, Current Depreciation: Allowances - 4n Lraluwanon and
Critiom, Fordham Umiversiy Press, New York, 1955,
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up to date is less oncrous than the sk of sctting it np
originally. Once an acceptable data SUMMATY 1s i existence,
the methodology of organizing and presentmg it can be
taken largely as standardized, and new information can be
added av it acerues. M

It there s a systematic way of’ sclccting an optimum
programme on the basis of the available unit actavities, it s
not necessary to chminare technically obsolete activities,
since they will not be included in an optimum solution it a
better alternative vector exists. Nevertheless, the chmina-
tion of superseded vectors will save tinie and computa-
tional cffort and is worth while. Care has to be exerased,
however, in classitying a vector as superseded. This can be
decided mnegmivocally only it all coethicients of the new
vector are at least as favourable as those of the old onc; that
i, the amount of any mput (or noxious waste product) i
cqual or lower and the amount of any output is cqual or
higher (with the former exeeption). In many cases, new
veetors may not be superior to old ones in this serict sense,
but may rather represent changes, such as labor savings at
the expense of additional investment or savings on the input
ot some raw material at the expense of an increase of some
other input. The new vector in these cases can be superior
to the old one inder cerain price configurations and in-
terior under others, Generally, the motive for such techno-
logical “improvements™ is an advantage of the new vector
under the price constellation prevailing in some industrial-
1ized country; itis, however, not a toregone conclusion that
the same will apply under the prices, especially the social
accounting prices (as distinet trom the market prices) in
non-industriahized countrics. Whenever there is a donbt on
this score, it 1s best to leave the old veetor in the technology
matnix alongside of the zew one, and to allow the process of
programming itself to lead to a choice between them,

(1) Problems of batch size, mumber of shifis and cquipment

exthility, which play a role of central importance in some
. Y play p

industries and industrial branches, are of minor significancc
in relation to the processes covered in this data summary,
although they mighe be more mportant in some related
industrial branches not yet covered, such as dyes, pharma-
ceaticals and other fine organic chemicals. To begin with,
almost all of the processes are cither of the continuous Alow
type or are undertaken in batches of sufficiently long dura-
tion to iply round-the-clock operation of the process.
The production of bicalcium phosphate and triple super-
phosphate fertilizer canstitutes a possible exception, to-
gether with some of the typically smaller tonnage organic
processes connected with detergent manufacture: for these,
one- or two-shift operation is conceivable, but not probable
and most unlikely to be economical in a non-industrialized
cauntry. It should be noted, however, that this aspect of the
problem of representing technology has not reccived
sufhicient attention so far and 1nay merit some additional
explaration,

" 1n this connexion, see the suggestion advanced in the intro-
ductory note to this article.
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Equipment Hexibiliey 15 the term used to denote che
utthzation of the same cquipment tor different productive
nses. This is noe typical of the processes covered, as in these,
cach process is gencrally associated with highly specialized
cquipment which is unsuieed to any other production task.
T'wo known exceptions to this generalization comprise the
production ot propylene tetramer (which can be under-
taken i che same cquipment used for producing polymer
gasoline in retineries) and the first process seep in the pro-
duction of phenol from benzene via cumence (which can be
indertaken in the alkylation cquipment used for the pro-
duction of alkvlace aviation gasoline, also in refineries).
In these two cases, cquipment Hexibility allows the pro-
duction ot chese chemicals in conpimetion with avianon
gasoline in batches of varying lengths superimposed on
processes which are essentially of the continnons ow tvpe.
This permies tull wtilization of the cquipment even if the
chemical demand is fow or ﬂuctuuring, owing to the fact
that spare capacity may always be used tor aviation o=
line production,

In contrast co most of the chemiceal processes covered here,
cquipment Hexabiliey and the prevalence of the bateh size or
lot size problem is a characterisie of the metal-working
industry, where a machine is sec up for a jJob loe, run for g
tew hours, days or weeks, and then torn down to be re-
placed by a new sctur on the same basic equipment. It is
anucipated that chis same kind of batch size problem will be
a central feature of some chemical industrial branches not
yet covered, which are characterized by a tew simple
classes of organic-chemical transtormations underaken in
standard cquipment, leading to a wide varicty « closely
refated end-products. As mentioned before, these include
dyes and pharmaccuticals, and other organic product
groups such as insecticides, herbicides, tungicides, deter-
gents, emulsifiers, surtace active agents, cssential b,
pertume ingredients and so on. The fact that attention has
so far been focused on hcavy homogencous products has
led to the neglect of this entire class of problems; however,
this gap will have to be tilled in the future. It is hoped that
this efore will be facilitated by the experiences accumulat-
mg i the meantime in relation to the methodology
applicable to metal-working processes.

(¢) A fmal problcm, connected with the vector con-
cept, though by no means the least inportant one, relates
to the issue of additivity. It is assunied that unit activity
vectors, operated at any chosen scale, are additive in the
sense that two such vectors taken in conjunction have 4
total of cach commodity input or output which is the same
as the algebraic sum af the nputs or outputs of the ndivi-
dual vectors. As a first appraximation, this assumption can
be accepted provisionally for almost all of the vectors in-
cluded in the present data summary: yet the known im-
portance of external economies and the cconomies ace ruing
to the integrated operation of several processes at a large
resulting scale of total productian in the industrial develop-
ment of developing countries makes it mandatory to ¢x-
plore this issuc further.

It two unit activities are cosely related. that s, 1t the
degree of deail entering che representation of 4 Proces
becomes fine enongh, che general statement regardimy the
absence of cquipment substitntion can ne longer be mam-
tained. In such cases 1t can be asumied, on the contrary,
thatall or part ot the cquipment lends itself reasonably well
to cither process variant, In the case of pertect subsutnta-
bilicy, instead of adding the investment and operation
labour requirciients of the ewo variants (each calculated on
the basis of its own seale), the toral investment and operai-
g kibour requirements are to be calenlated on the basis of
the combined scale of the two variants, leading to sabstan-
tially lower total requiremenes. Among the actviey veetors
ocanrring in ECLA, annex X1V, several falies exist
withm which such a combination of scales mav be preter-
able o the asumption of addiivity: these are acetvlene,
activities Nos, 12, 18 and 19; ammonia, activities Nos, 16
and v methanol, activities Nos. 1y and 15, cthyvlene,
acovties Noso 29, 240 25 and 26, and sulphune acd,
activites Nos, v and 2. For hmieed substientability. an mput
that is mtermediate berween chose corresponding to com-
plete additiviey and o pertect substtutabihey will be most
appropriate,

In chis connexion it should be noted thar, while the
assumption of additivity overstates the total libour and -
vestment needs of these related processes whenever they
ire in fact used inan integrated tashion in given plant, the
combination of scales will fead to the Opponite crror
because the lexibility of equipment between related vt
distinct uses is not pertect. Moreover, the conversion of
cthciency of inputs to products in the conibined operation
will also be somewhat lower: if the combmation consises of
successive batches of the variants processed in the same
cquipment, the methaency will be caused by stare-up and
shut-down needs: if teed-stocks are actually mixed, the Toss
ot efficiency will be duc to the divergence i optinim
operating conditions (temperacure, pressure and so on)
required for cach individual teed-stock. Whether the -
vestment and labour requirement gains due to the combina-
tion of scales are offset by incthciencies depends on the
divergence of the variants,

In the case of the integrated operation of widely diver-
gent processes, the assumption of simple addiaviey 1
better than in the case of close variants and constituees a
workable first approximation. Yet, even in such cases,
there exist analogous  scale-combination  effects, which
have so far been entirely neglected and which comsatuee a
weak link in the methodology given i the presene
version of the programming data summary. Every process
represented by a unic activity in this data summary s in
reality an aggregate of several processes: a core process
(which may consist of several steps) and ancillary processes,
such as steam and power generation, materiab handhng,
mamtenance, transpore within the plant, storage, emplovee
services and the like. In the estimating methodology based
on the use of the unit activities, these ancillary processes are
taken into account only in an approximate fashion, without
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alowmg far the faar that they may have mdependent
cconomies of scale of their own, which can in SONIE €ases
be as intportant as the economies of scale associated with the
core processes. 43 The estimating procedure allows for the
cconomies of scale of these ancillary processes only in so far
as it includes them in fixed investment or relates them pro-
portionally to the direct investment and operating labour
needs of the core process. Thus, the independent expression
ot these cconomies of seale s suppressed, and no account
«anbe taken of the fact that the mtegration of several core
processes mtoa smgle plant will lead to an increase in the
scale of the ancillary processes, with consequent economies
ot scale which can an tines be as mrportant as the cconomies
ot scake of the core pracesses themselves,

The problems raised by the handling of capital invest-
ment and by ancillary processes witl be discussed i the
toll YWIDE ACCtIons,

Capital investiment
(@) Tt was mentioned i the previows section that one of
the problems in the representation of technology tor the
chemical mdustries s the mtegration between core pro-
cosses and ancillary processes ur chemical plants. This leads
to . uncertainey in- published hgures concerning tixed
capital investnrent, sintee it s gvncrally not speciticd which
ancillarics are and which are not included in the global
mvestiment tignre, Ideally, mvestiment figures onght to be
specttied separately tor the core process and for the ancillary
processes, and i this case o separate programme correspond-
g 14 cach possible mtegration between core and ancillaries
could be caleadated on the bisis of the given coefficients.
However, the data on which such a detailed breakdown
night be based are hard of access, Generally, published data
arc isufharently specitied i the tollowing respects:
Kimd and scale of ancitlanes meluded in the global invest-
ment fignre
Exact specitication ot the techmical miture of the core
Process
Design tolerances, satety factors and other considerations
attecting practical performance versus design capacity
Capacaties of individual cquipnient components or sections
of components (these capacitics may not all correspond
to cach other, leaving some slack in certain ACCHONS,
while the over-all capacity 15 d-termined by the section
with the lowest capaciey)
Provision tor tuture CXpansion,

 Meam and power generanon are among the most nnportant
amctllary processes, I the mnt acnvitios given m this paper, steam
nd power inpuis appear exphenly, permitting the coimation of
therr costs enther on the basis ot unilitics pichased trom outade or as
wparate complemenary acuvities. Steam and power production
veaon are not given here, but cost estimation pertinmg to these
commodities is discussed in some detail m the tollowng reterences :
Isard, Schooler and Viciorisz, op. a; ECLA, siex XV Umieed
Nations, “Electricity n the Chemical Industry™ (mvimec geaphed
docmment E CNLoc oy and Tiro4), Noveniber 1954 and H, Argui-
ntarand [P O'Donnell, “Energy for Process Induscries”, Chemica!
Enginecring, July 199,

H

At the very least, globai investment tigures ought to
indicate whether a given datum refers to new plants at new
locations, new plants at cxisting locations, balanced
additions or unbalanced additions.

(h) The defects of published data make it essential to
complement such information with other sources, priniar-
ily the data of engincering and construction firms that can
refer to their own recent experience in providing well-
specified figures. It may also be possible to obtain from
such sources estimates for several plant scales or for variable
teed-stock or product compositions that arc homogeneous
with regard to the other main determinants of investment;
the labour and capital cxponents in the nonlinear approxima-
ting functions derived from such homogeneous sets of data
pomts are likely to be considerably more reliable than
tunctions fitted to a small number of points subject to con-
sderable scatter owing to uncontrolled variables. There
has been an attempt to base the information included in
ECLA, amnex XIV on such sources to the extent
possible. 48

() mvestment dataappearing ina programming data sum-
mary ought to be adequately dated. While most data in
ECLA, amex XIV are apparently of recent origin, it
would be desirable in the future to refer all investment
information to a standard point of time by the use of some
price index, such as the Enginecring News Record Con-
struction Cost Index for the United States. This could be
done for data derived from United States sources with a
comparatively modest cffort. The problem of comparing
United States data with data derived from sources in other
countries 15, however, a more difficult one, which has not
been tackled explicitly up to the present time, Further work
i this dircction is desirable, especially since the United
States 15 4 high-cost supplicr of ndustrial equipment and
many developing countrics can benefit by relying on other,
lower cost sources ofsupply.

(d) One of the major shortcomings of the present pro-
gramming data in ECLA, annex X1V is the fact that all in-
formation rclating to mvestment is given merely as a lump
sum expressed in dollars, without a breakdown of the
components of this investment in physical terms. Thus, all
investment information is weighted by the mplicit prices
in the countries from which the data were gathcred.

In using lump-sum investment data, two main problems
anisc, First there is a difference in construction costs between
the country which supplics the data and the country where
the data are to be applied. Generally, if all equipment is
mtported, the Lo.b. costs of this equipment will have to be
raised by the amount of overseas transport costs; at the saine
time, erection costs may be lower in the developing
countrices than in the more industrialized ones. Thus, the
two factors affecting the comparison of construction costs
tend to offset cach other. For preliminary orientation pur-
poses, it is often appropriate to assume that the United
States plant cost consists of 70 per cent materials and

46 ECLA, annex X1V, scction 2, pages 247 and 248,
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cqupment costand 30 per cent mstallation and crection cost.
More detailed information on this point, process b_v pro-
cess, could be assembled with a relaviveiv modest expendi-
ture of effort which would result in an important improve-
ment of the data. 47

Second, in making a chemical ndustry development
plan for a country which alrcady has some metal-working
mdustries, it is desirable to separate those classes of cquip-
ment which can be domestically manufactured from those
classes that comot. A sample analysis for tive processes
performed on the basis of conditions pertainmg in Chule has
indicated that therce 15 a wide divergence between individual
chemical processes with regard to the proportion o
domestically  procurable capital cquipment items:  the
varation ranged between one-third and three-fourths.
Evidently, no reascnable generalization can be based on
these data. It might, however, be suggested, as a compie -
misc between supplying  bare lump-sum  imvestment
tigures and the very oncrous task of curing complete
construction and eqmpment breakdowns for cach process,
that all canstruction and equipment be clissitied into four
or five principal classes according to the case of domestc
procurementin developing coantrics of differing degrees ol
development. In the first class would be the simple crection
tasks and simple canstruction and in the fifth class the most
complex and difficult manufactured equipment items.,
Thus, the foreign exchange outlays for alternative develop-
ment programmes could be estimated in 2 short-cut
tashion, and rcliance would be placed on a ualitative
appraisal of the level of development of the domestic metal
warking industry.

(¢) Design and construction lead times and the maturation
pericd of inve.tment are topics in reyard to which there is
hardly more available than a bare beginning. A recent
paper by the Umted Nations Centre for Industrial Develop-
mentds presents a literature survey, suggests a detinition for
matnration period and tabulates some of the available data.
The only reasonably firm infarmatian relative to the
chenical industry that can be derived from this source is
that the construction periods for this industry, together with
iron and stecl and coke, are relatively loug. In the some-
what related industry of pulp production, a rough estimate
of constructian and maturation periods has * cen six and
two years, respectively. It should be noted 1t the defi-
nition of a maturatian period attempts ta nieasure the
number of years over which the investment in a plant is
unproductive on the average; that is, the waiting periods of
different investment components are weighted by the
amount of investment involved to arrive at an average.
Where an acceptable social rate of return ar market rate of
interest that can be used as an effective yardstick far

47In ECLA, annex XIV, page 247, it is indicated that the net
balance may favour some of the less developed countrics to the ex-
tent of 10to 1§ per cent.

48 United Nations, *Maturation Period of Investment in Selected
Industrial Projects” (mimeographed document E'C.s 42), January
1964,

measurmg the social rate of retarn on mvestent i Ko,
the meerest charge on construction capital s aceeptable
sabstitute tor the exacet knowledge ot the naearaton
period. The mvestment hgures reported e ECEA, simex
XIV mclude such meerest churges, together wich all de-
sign, engineerny, start-up and otler expenditures, m other
W nrd\‘. th(' ﬁxml mvestiment s n‘pnl't('\l O 1 s .lllul
Ctarn-kev” basin. Even o, the know fedie ot the deagn
lead tmes and total construction pertod s esseneat tor the
proper tmng ot other plinnmy deasions thae ne i wath
given chenmeal project. Tt s desirable thae ehe cxntimyg dat
be complemented i this direction.

Ancillary processes

(@) In the methodology given m the present program-
ming data seoimary, certam accountimy costs have been
estimated - see “Deseription of technology™ () above  on
the basis of direct operating labour, supervision, and fixed
mvestiment (plant and cquipmient) requiremients, L hese
csimates are not wholly satistactory; the reson bor
mclading then in the present form i the Lick of vutticre e
stady of this matter to idenuty a beteer alternative 1 Apare
trom supervision, the accountmg tems mcluded e the
deseription of technology  supervision,  mamtenance,
depreciation and general expenses  violate the general prin-
aple of separation between technologica! coethoenes and
pricing data.

The origin of these accounting 1tem estimates s twotold.
In part they represent physical mpats due to the operation
of ancillary processes; and in part they have the nature of
purcly financial charges whose  physical counterparts
cannot be readily identificd,

Ancillary processes as distimgished from core Processes
have been mentioned before. A more complete lise of
ancillary processes follows:

Supervision
Power and steam generation

W in dsard and Schooler, op. at; Victors, op. aie, ons, dsard,
Scrooler and Victonsz, op. ., and Victoring and Szabo, op. o,
1959, a slightly different version of estunation w oven which,
nevertheless, s based Lirgely on the same underlymg assumptions
The diference 1s that i the references baod a Lirger mmber o
items were estimated than i the deseription of eechnology as given
by ECLA, amnex XIV. these estimatmg percentages, morcover,
were not adjusted to the needs of developmg «cantries, but were
derived directly from United States usage. While the notes accom-
panymg ECLA, annex X1V, do not sate exphionly to what condi-
tions the cstinating percentages given there are taken to apply, s
apparcnt that they have been defined with the needs of the Latm
American chenical industry inimind. A further difference hies in the
handling of supervision: m ECLA, annex X1V, this item 1s handled
as an cxphit input described in physcal umits, not as an estnating
percentage based on labour. Thisis clearty supertor to the use of 4
percentage figure, however derived. Apart from <upervision, the
percentages given in the histed sources are reasonably consistem
with the pereentages given in ECLA, annex X1V, Tne mam differ-
ence s that in the latter source, mmor items have been omiteed, and,
on the other hand, individual estimates are presented for cach pro-
cess; whereas in the carher hsted sources standard percentages were
applied to all processes. These percentages will be found for example
n Isard, Schooler and Victonisz, op. o, page 9
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Provision of other plant services (water  purttication,
sewage and waste disposal, compressed air, vacuum,
lighomg, hot water, heating)

Mamtenance, repair and replacement of capital cquipment:
() productive equipment and buildings; (h) roads, vards,
storage cte.

Storage and invcnmry mamtenance

Materials handling, internal transport

External transport connexions: loadmg and  imloading,
tcnninals,jnining arteries

Laboratory and technical MSPection services

Protection:: fire, poliee, satety services

Employce services: firse aid, wash-rooms and  locker
rooms, cafeterias

Ofhee services

Insurance.

In so far as the accountimg cost estimates reter to con-
crete physical counterparts, they lump together into large
value categories a wide collection of physical mputs of
diverse sorts. They thus provide an ostimating short cut
and avoid the listing of all mputs individually and the
application of a correct price to cach input. They do this by
applying implicie prices to the inpues: in other words, the
estimating tactors are derived from practical cxperience
with certain value totals based on the market prices of the
various inputs.

A list of accounting cost items of a financial nature
(fmancial charges) which have no readily identifiable
physical counterparts follows:

Payroll ovaihicad : fringe benefits, social security, bonuses,
vacations ctc.

Depreciation charges (as distince from physical capiedl
consuniption)

Taxes

Interest on invested capital, including working capital,

(B These timancial charges are more dosely relating to
pricing type information than to physical inputs. Payroll
overhead based on existing practices can be determined for
any country in the same tashion as s wage structure; it
docs not form a part of the intended coverage of the pro-
gramming data summary. Taxes and interest rates are in
the same category. Depreciation charges have in part the
nature of pricing type information in that they are ateri-
buted as a percentage (like interest) to the fixed capital
mvestment. This percentage charge is assigned in some
uniform fashion year after year and bears no strice relation
to the aceual consumption of the physical stock of capital
goods in the productive process. In part, nevertheless, there
15 a physical basis for depreciation charges, since more
durable types of capital stock, such as buildings and carth-
works, arc assigned lower depreciation charges than less
durable ones, such as machines. In the evaluation of pro-
cesses from the point of view of private profitability, a
depreciation rate based on the reasonably expected lifetime
ot capital goods is appropriate; however, in describing the
process trom the point of view of planning, it would be
essential eo be able to define a capital consumption profile

R

over the ite of a plan, mcluding the specitication of expec-
ted mamtenance mputs over the vears and 4 probable
termmal replacement daec.

(¢) In regard to the accounting cost items which do have
physical counterparts inthe varicus ancillary processes, it
appears appropriatc to suggest that these processes be
studied as individual winie activaties and that their inpue
requirements be specified as closely as possible m function
ot scale. Untortunately, this Appears to Talse \ome nrajor
problems: (i) The requirements of ancillary processes per
anit ot core process are often hard to specity; m fact, to do
so would probably require a revision ot all individual une
activitics trom this pome of view, It cannot vetbe accurate-
Iy toreseen to what extent such a revision will be justitied by
an ancrease n the accuracy of description. Possibly, only a
tew major ancillary-proecss categorics mighebe covered in
detail, and some aggregative approach might be used for
the rest. (i) While some andillary processes can be handled
by the methodology appropriate for chemical process type
industrics (steam and power generation, water purtfication,
other plantservices), others clearly cannot. Maintenance and
repair are predominantly meaal-working activities and have
to be handled by the methodology appropriate to that in-
dustrial scctor. Still other ancllaries have characteristics of
their own, such as storage and inventory maintenance, in-
ternal transport and materials handling, protection scr-
vices, ofhice services and insurance. Inventory and insurance
services, tor example, must be attacked from 4 statistical
point of view quite distinct from the methodology of the
usual process descriptions.

These problems appear important and difficult, but they
are surely not insuperable. It is emphasized, however. that
this problem arca needs thorough and extensive future
rescarch it the present shortcomings of the data summary
are te be significantly improved upon. It should be borne
in mnd especially that, according to many indications,
developing countries often suffer from inefficiencics in the
arca of ancillary processes as great as or greater than in the
arca of the core processes themselves.

(d) Onc fmal note should be added regarding capital-
labour substitution. Preliminary considerations indicate
that the range of possibilities in this regard is greater i the
ancillary processes than in the chemical core processes
themsclves, making a study of this problem of special
interest to developing countries which are on the point of
industrialization.

Transferability of the data benween countries

Before discussing the problems n this arca, it is worth
stating that the data incorporated in the present summary
have already been transferred from country to country
several times. Originally developed for a study of petro-
chemical location problems in the United States, the tech-
nological coefficicnts, after suitable complementation, have
been used for analysing the possibilitics of establishing a
chemical industry in Puerto Rico. Thereafter, again
through reliance on some complementation and a modest
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amount of revision, the same cocfficients embodied in
unit activity vectors have been used for analysing the
locational structure of the chemical industry in the Latin
American regional market. Finally, essentially the sanie
technological data have formed the basis, in the hands of
technical specialists in co-operation with industrial ccono-
mists, for the formulation of a concrete chemical industry
development plan in Chile, and hav+ played a significant
role in similar studics in at lcast two other countrics (sce
"Examples and practical applications” above).

Some of the problems of transferring the data have been
discussed in previous sections. Under “Capital investment””
construction cost comparisons and domestic versus im-
ported equipment needs have been discussed; in the pre-
ceding section, the problem raised by accounting costs and
the adjustment of their estimating percentages to local con-
ditions has been mentioned. No definitive solutions could
be suggested at this stage, except for the indication of
possible lines of attack of these problems for future
revisions of the data sunmary.

Two additional considerations will be mentioned here;
the issue of commodity proportions (including factor pro-
portions) and the issue of production efficiency:

(4) With regard to commodity proportions, including
factor substitution possibilities, differences in raw material
availabilities and differences in product assortments, it is
sufficient to mention briefly the well-known fact that no
adequate amount of attention has cver been given to the
design of technological processes for the specific price
constellations  prevailing in many non-industrialized
countrics; thus, it is not surprising that the cxisting techno-
logical altcrnatives often do not appear advantageous under
the conditions prevailing in these countries. This fact docs
not indicate an inherent lack of transferability in the
technological information from industrialized to devclop-
ing countries, only an insufficiently broad exploration of
the technological choices open to any country.

(b} In developing countries, it is often encountered that
the entire production possibility function is shifted in the
direction of less efficiency; in other words, less product is
obtained with an identical input of production factors, or
larger amounts of the inputs of all factors are required to
produce a given quantity of product. This shift is often
expressed by saying that the individual productive factors,
cspecially labour, have a lower productivity in developing
countries than in industrialized ones.

Care has to be excrcised in keeping apart several in-
fluences each of which tends to lower productive efficiency.
Labour productivity might indeed be inherently lower;
however, low-grade management will also reveal itself in
low measured labour productivity, regardless of the in-
herent efficiency of labour. The same result may also be due
to poor snpervision at the foreman level. While all of the
foregoing influences originate within the firm, low pro-
ductive efficiency might also be caused by outside factors
over which the firm itself has no control, such as erratic
Auctuations in demand due to haphazard regulatory

activities, unrchable raw material deliveries, delay in
receiving replaicement parts for cquipment and many
similar factors. A better understanding of these factors
appears essential for improving the prediction of compara-
tive productivitics of technological processes transferred
from industrialized to less developed countries by the use
of correction factors or other means of adjustment.

Summary: practical application

(a) The major sources of error connected with the use of
programming data summary for the chemical industry, in
its present form, can be summarized as follows :

(i) Deficient estimation of accounting items

(1) Additivity assumption for unrelated  vectors:
neglect of  cconomies  of saale of ancillary
processes

(i) Lack of allowance for physical capital consumption

profiles over time

(iv) Insufficiently specified investment figures

(v) Lack of critcria for comparative productivity
corrections

In addition to the sources of error specificd above, the
gradual obsolescence of the technological information will
introduce ever-increasing sources of error unless the data
summary is kept up to date.

(b) The major omissions which restrict the use of the
data summary and should be remedied are the following:

() Capital investment: more breakdown needed, at
least in relation to construction costs and imported
versus domestically produceable items; data on con-
struction and maturation periods nceded

(i) Ancillary processes: detail required at least on main

sources of cconomics of scale

(ii) Unless covered by separate profiles, estimating

mecthods for steam, power, hydrocarbou separation,
coal mining, salt production, limestone quarrying
etc. have to be added

(¢) In addition to the above errors and omissions, the
programming procedure may be subject to errors commitred
outside the range of the programming data summary. The
principal sources of error in this area arc:

(i) Market projections

(i1) Price estimation, especially social accounting prices

(iii) Neglect of important non-quantifiable factors

(d) In sum, do the above sources of crrors and omissions
preclude the use of the programming data summary for planning
applications?

It is submitted that planning is an art, not a science. By
the very nature of industrial development planning,
decisions cannot be avoided: not making a decision is also
a decision. In so far as decisions must inescapably be made,
they should be based on the widest information available.
When well-cxplored theorctical methods are available to
aid in the decision-making process, they should by all
means be relied upon. Where no such methods exist,
reliance must be placed on rules of thumb. Where no rules
of thumb cxist either, a decision must still be taken, so
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any bit ot imformation that may be brought to bear on the
problem is surc to be of help.

Given these premises, a wide and comparatively well-
organized body of information such as is discussed i this
data snmmary camot fail to be uscful regardless of its
shortcomings, provided that its limitations are carctully
borne m nind.

Accordingly, the tollowing suggestions are made:

(i) In using the programmng  data summary  tor
planning applications in its present torm, the Many possi-
bilities of crror suggest that heavy complementary relianee

be placed on advice and revision by technical experts n
industrial chemistry and chemical engineering.

(i) In using this programming data summary as a proto-
type for other data snmmaries describing other industrics or
industrial branches, the problem  arcas specitied m o the
second halt of this paper, under “Critique” should be given
special attention,

(i) The major sources of errors and omissions should be
corrected and the corrections incorporated into a4 more
detimtive tuture version of this data summary.

ANNEX
NUMERICAL INFORMATION®

ACTIVITY 1ABIIS

* The mmerical information supphed in the first version ot this data
sumnary (Umited Navons, “Pre-mvestment Data Sumniary tor the
Chemical Induostry”, mincographed docament IDP EWG. 5,12 May g6,
tables 1 to 3) has been replaced by the following material m United
Natons, op. at, 1064: amex XTIV (Technology ™, DAY 204 to 286,
comprsing mnety actvity tables) s and amex XV Economies of Sl
m the Chemical Industry™, section 2, Eeonomies of apital” paragraphs
sto a3 including table A, and the tibudation m paragraph 12, pages 204 to
298).

Note: Reterence to “tons” indreates metrre tons, and to “doliar” Unitedd
States dollars, anless otherwise stated.

A-1 SUTPHURIC ACID Process: Contadt from Nudplig

Outpnt.
Sulphunicaad. o000 00 Tans !
Steam . A FUIT 12
Tipnt:
Sulphur ..o o Tens O 148
Electric power .00 o AWh 38!
Water ... R TR 22

Labour:

Capacity (thousands of tons veary 18 Lo 300
Workers shitv ..o 0 1o}
Supervisory staft it .. o 1to 2

Muintenance: 2:§ pereent

Depreciation : 6 pereemt

Overhead: 140 pereent

INVISTMINI

Clapacity in thonsands

of tons year Thowsands of dollin

IN 380
MO 6H00
S Roo
10O . o 1,350
160 ... 2,000
00 . e, 3.400

4 Vanes according to the saale of production

A-2 SUTPHURIC ACID

Process: Contact rom sidphinrons yases

Ctpant:

Sulphuric acid . . Tons 1
Steamn® L

Input:
Sulphurous gases® ... .
Elecincpower ... ... L. kWh 45
Water ... .. m3 40

1abow

Capacity thonsands of tons seary o 100 Jon
Workersshatt 0 L S N 4 6
Supervisens statf shate o0 ) 2 !

Mamtinane
Depreciation
Overhead:

Ri peroent
6O per cent
120 per aent

INVISTMIN

Capaaty i thorsand
bt year

Fhowsands of dollars

W A, QOO
L . 1,200
R . . . e 1,800
foer o S . . 4,800

# The recovery of steam, which van s according to the temperature and
continuity of the gases, ocaurs at 4 mmimnm ceacentration (6 per cent
SO2) of sulphurous gas.

" M SOg content: 4 per cent (240 3 of pure SOg gas per ton o1
A ld).

A-i. NITRIC ACID

Output:
Nitric acid (100 percem) ... .. .. Tons I
Steam . ... Tons 073
hput:
Ammomia ... Tons 029
Miscellimeous” and royalties . . . .. Dollars ton 6
Electricpower ... .. ... kWh 190
Water ........................ m3 90

Labour:

Capacity (thousands of tomns, ycar) 5O 46
Workersshift .. ................ 2
Supcrvisory statfishife ... ... 1to2

Aaintenanee: 3 per cent

Depreciation: 6 per cent

Overhead: 100 per cent

INVESTMENT

Capacity in thousands

of tons; year Thovsands of dollars

L 650
20 e e e, 970
46 1,700

* In the form of §6 to §8 per cent acid.
" Includes losses of catalyst : approximately o8 grams of platinum,




A-4. SODIUM CARBONATE

Ontput:
Sodium carbonate . Tons 1
Surplus power | kWh 300

Input:
Sale. .. Tons 163
Limestone Tons 13
Coked o Tons 00y
Ammoni Tom 0002
Fucl . . 1,000 heal 1,h00
Electric power” AWh
Water tor cooling m?* =0
Pure water . it 15

Labour:
Capacity (tons dav) - 100 150 300 H00 1,000
Man-hours ton .. .. L O $4 N 45 4
Supervisory statt shite 2 ] 4 N 0

Mamtenanc e 2 percent

Depreciation. S8 pereent

Orerhead: 40 peroent

(30 per cent trom 300 10N d.l) j

INVINSTMENT!

Capacy i thonsand.
o pear

Thowsands of dollar.

RLLI
sS4
oK ... .
206
oL

7,000
5,000
12,200
18,600
20,000

* Replaceable by 900,000 keal (fael, gy
" Own production incladed.

“ Does not machide installations for the prodacnon of raw naterialbs

A-<. SODIUM BICARBONATE

Pricess: Solvayd (carhonation of soda)

Otput

Sodium bicarbonaie .
Tupee:

Sodium carbonate .. ...

Carbon dioxide (COyg) ... ..

Fuel ...

Electric power ... 0L
Labour:

Workers shift . ... .

Supervisory staffishift . §to
Maintenance: 3 per cent
Depreciation 7 per cent
Overhead: S0 per cent

Tons 1
T'ons 003
Tons 027
1,000 kel $00
KkWh 60

3 for sotons day; § for 100 tons, day

INVENTMENT

Capacity it thonsands
of tons/ year

Thowsauds of dollars

........... 160

550
800

* Usually m a umit attached to a sodium carbonate plant; the figures

show the additional investment required.

A-6. CHLORINE AND SODIUM

HYDROXIDE Process: Mercury cathode
Owmtput:
Chlorine (99 t0 99 s per cent) . .... Tons X
Sodium hydroxide (98 per cent) . Tons 1'14
Hydrogen ............. e m3 306

Tupur:
Sule

..... . Fon [
Mcreury . hyg oo
Graphite . Ay AN
Other chenmicals Dollars 1on A
Fuel ... e Lo keal ARETY
Electric power AWh Lo
Water ... .. . . m* N

Labour:
Capacity (thousands of tons s car) Uptose oy to v on
Workers shity .. 2o J0 .
Supervisary staft st :
Maintenanee: 4 per cem
Depreciation . O per eent
Onwerhead: 40 per com
INVINOMINT
( S Il)' m 'Ih‘” 'l’”ll'
aftons yea Howaand 0t
10 N
L IR SRR QaKun
N0 [IASENEN]
150 ..o 20, T o
A-= HYDROC HLORIC AC D
Ontpat:
Hydrochlone aad (32 per ceng Tos I
Inpus:
Electric power ... .00 L. AWh 2
Water ... m? 4
Chlorine .......... ... .. . Tons NIy
}")'dl'(\g(‘ll ........... Tons ooyt
Labour:
Capaaity (thousands of tons vear) T
Workers shite ... o 2
Supervisory sttt shate . oo
Maintemance: 4 per comt
Deprecimion: X per cent
Orerhead: S0 per cent

INVINTMENT

Capacity in thosand.
of tens year

expressed in ferm

of 100per cent acnd

Hhowands ot dolie,

VO .. LIS
20 .. Hs0
& Normal concentration.
" Obtained as a by-product of chlorine prodadcion.
 Usually forms part of another plant (chlorine-soda)
A-8, CALCIUM CARBIDE
Output:
Calcium carbide .. ... . . Tons | 1
Inputs:
Limestone .............. Tons 1R 10
Fumacecoke... . ... ... Tons 008 T
Cokeforhme ........ ... Tons 015 013
Electrode paste ... ..... ... Tom 0032 0018
Electric power ... ... ANWh g0t g300  1goo
Water ....... ... ... ms 140 100
Labour:
Capacity (thousands of tons
year) ... IS 30 100
Workersshift . ..... ... ... 25 30 40
Supervisory staffjshift . . . .. 2 2 2

3s



INVISIMENTY

Capaaty m thesamd.
af tons year

Phowsands of dollars

™ 2,300
20 1.500
Y 6,600
Pew) 10,800
20K 18,000
i plants wath s Crpaaty below <0,000 tons per vear
" Indades plant tor lime producnon
A-y CATCTUM OXIDFE (quickhnie)
Omtput
tton ¢ a0 . Tans 1
Carbon dioxide (€ Oy) Tons 1-2
Input
Lnnestone Tons 195 to 2.2
Cakes . Tons 017
Miscellancous Dollars tan 020
Elearne power hWh N

[ ahony
Workers shafe ...
Snpervisory staftho Lo
Mantenance: 2 percent
Depreciation. 6 per cent
Overhead : RO per cent

2 up to 180 tons day
6 up to 600 tons day
§ to 1, up to 600 tons day

INVISIMIN]

Capadty in thousands
of tonrs year

Thoucamds of dollars

8 For use in classical vertical kiln,

b Usually meegrated wath other products

A-10. AMMONIA

Process: Natural gas

Owmtput :
Ammoma . ... . .. Tons 1
Input:
Naturalgass ... ........ ... m 1.500
Causticsoda . ... ... . Tons 0004
Catalysts, chemicals® and royalties . Dollars ton 20
Electricpowers. . ............... kWh 120
Water ......................... m3 29
tons workers.
1.abour : day shifi
Workers shife........ ... . er 100 ”
200 10
3oo 12
500 L
men
shitr
Supcrvisory statt shift ... S0 L0 200 2
More than 200 4
Muaintenance: 30 per cent
Depreciation: 8-0 per cent
Overhead: 100 per centfor 5010 250 10ns, day

%0  per cent for morc thean 250 tons:day

16

INVINTMEN

Capaary i thowsands

of tons year Thousands of dollar.

108 . 11,000
VRO .o 16,000

% 800 m3 of gas and 1,200 kWh were considered as an alternative (see
fucl oil process, 1able A-1,).
b Monocthanolamne, lubricating oils, ctc.

A-t11. AMMONIA Process: From fuel wis
Outpur:
Ammonia . Tons i
Stecam Tons o8
Input:
Fuel oil o Tons 08
Causnesoda ... oo Toms 0°004
Catalysts, chemicals and rovalties . Dollars ton 20
Electric power . kWh 1,100
Water .. ... .. S ooomd 20
fons worker.
Labour: day shin
Workers shift O [ 7
300 12
More than 500 1s
men,
shifi
Supervisory statfyshaft 50 10 200 2
More than 300 4
Maintenance: 3-oper cont
Depreciation: 8.0 per cent
Orerhead: 100 per cent up to 250 tons;day

80 per cent up to 500 tons/day

INVESTMENT
Capacity in thousands
of tons_year ‘Thousands of dolars
36 5,500
108, 12,000
oL 17,000

* The use of less clectric power (compression turbines instead of electric
motors) was examined as an alternative. In that case the fuel oil input rose

to 1-25 tons, the electric power input fell to 130 k Wh and investment rose
by 6 per cent.

A-12. SYNTHIETIC GAS FROM

FUEL OIL Process: Partial oxidation with oxygen
Outpur:
Gastatysopounds...... .. ... . . m3 1,000
Steam at4oopounds ... ... ... Tons 0'70
Inputs:
Oxygen (9spercent) ........... Tons 038
Other minor ingredients .. ... .. Dollars/ton 130
Fueloil ..... ... ..... ... .. Tons 036
Electnicpower ... .. . kWh 20
Water ... oo m3 $0
1abour :
Capacity (thousands of m3/day) ... 100 140 170
Workers'shaft . ........... . ... 2 2 2
Supervision 1 1 1
Maintenance: 3 per cent
Depreciation: 7 per cent
Overhead: 60 per cent




INVESIMENT

Capacity in thousands

of m3/day Thowsands of dollars
120 ... 1,560
ISO . oo 1,750

* Compusition variable, about 40 to 48 per cent CO and 45 to 60 per

cent Hy,

A-13 OXYGEN

Output:
Oxygen (99-s per cent at 450
pounds) ........ ... .. Tons
Nitrogen, minimum ... ... .. Tous
Inpat :
Air m3
Lubricants, miscellancous, cte. . . . . Dollars, ton
Electricpower ........... ... .. kWh
Water forcoolng . .... ... . m3

Labour:
Workers shitt .

Supervisory
staffrshift ..
Maintenance: 2§ pereent
Depreciation: 6 per cent
Overlicad: 70 pereent

Jton (trom §00 to 200000 tons)

INVISIEMEN G

1

1+60 (about
1,440 m3)

1.850

DI

§00
40

lupto §0,000 tons; 2 workers shift
up to 200,000 tons year. 4 above 200,000 Tons

Capadity in thousands
of tons year

Thoweands of doltas

20
SO
100 .
VSO L
JOo .

Rou
I,200
2,000
3,200
4,450
7,600

A-14. METHANOL

Process: From synthetic gas

Output :
Mcthanol ..., ..., Tons
Input
Syntheticgas ... .. oom?
Fuel . 1,000 kcal
Steamn v .. Tons
Electricpower . ... ... . kWh
Water forcooling ......... .. . 103
Labnur:
Capacity (thousands of tons year) . 6 10
Workers/shift . .......... .. . . .. 6 8
Supervisoryseaff. ... . .. .. 1
Maintenance: 4 per cent
Depreciation: 8 per cent
Overhead.: 60 per cent
INVESTMENT

2,000
800

2
1,100
3so

jo

12

Capacity in thousands
of tons/year

Thowsands of dotars

30

800
1,100
1,§00
2,800
3,050

% Unrefined: (CO ; Hg), goto 95 per cent
" Requires about 120,000 m? of synthetic gas/day.

A-15. METHANOL

Proe

o5 Lrom natural gas

Output:
Methanol ... ... ... Tons

Inpue:
Naturalgas ... .. . coooom?
Catalysts and chemicals ... .. Dollars ton
Miscellancous  matenals  and

royaltics. .. ... Pollars ton

Fuel ........ . ... . . 1,000 keal
Steam Tons
Electricpower ............ . . kWh
Cooling water ... ... ... ... . m?

Labour:
Capacity (thousands of ton, year) . . LR
Workers/shift . .......... . .. -
Supervisorystaff. . ... .. . . . 1

Maintenance:  2-5 per cent

Depreciation: 7 per cent

Ovrerhead: 40 percent

INVISIMINT

LI 1883

[RARTE)

I 1o
080
1
Ny

it

S8
1o

Capacity in thosands
of tons year

Phewand. o dollars

(\_41)()

9,720

A-io. ACETYIENI

Procese. From cidcnon carbide

Outpue.
/\l'\'[)‘l\'lh' P Tons
Iapue:
Coarbide o000 00 Tons
Miscellancous products . Dollars ton
Electnepower ... kWh
Water ... m?

Labour:
Workers shift

4 tor ntore than 20,0

Supervisory statt § up to 10,000 tons; 11

Muintenauce:  2-5 per cent
Depreciation: 6 per cent
Orerhead: 60 percent

INVISIMINT

N
Ton

4

2Up o 3,000 tons; 3 Up to 20,000 Loy,

10 tons vear
p to 30,000 tons

Capacity i thowsand

of tous, pear . Hicriwmds of doll
73 ... 1090
4'88 ............. 120
19°2 7o
288 Qi
Process: From natural ga-,

A-17. ACETYLENE

partial oxidation wenh oxygen

Outpnt:
Acetylene ... Tons
Recoveredgases .. ......... .. .. 1,000 keal
Input:
Natural gas (5,960 m13) ... .. . 1,000 keal
Ammonia® . ... .. .. v . Tons
Kerosenc, losses». .. ... .. ... .., Tons
Causticsodas ... ... ... .. . ... Tons
Miscellaneous and royaities . . ... Dollars
Electricpower .......... ... ... k Wh
Treatedwater .. ......... ... Som?
Untreated water, for refilling .. . .. m?

1
17,000

§2,500
003s
0'140
003§

22
1,800
10
45

37



Labour

Capaaty (thousands of tons year) . t3-6
Workersshift . ... ... A
Supervisory statt siift ...

Muaintenance: 35 percent
Depreciation: 10 pereent
Overhead: NO - pereent

273 43
7 ] 11
2 2 i

INVESTMENT

Labour:

Capacity (thousands of tons year) . 27 54 Yo
Workersshift .................. ¥ 12 14
Supervisory staff shite ... ... 2 ] 3

Maintenance: 3 per cent

Depreciation: 10 per cent

Orerhead: 100 to K0 per cent

INVISIMENT

Capacity i thowsands
ot tons year

Thowsads of dolhar

Capacity i thersands

of tons year Thowsands of dodlars

136

AR

S.850
9,400
13,300

2T 10,200
S40 o 16,000
Qo ... 24,500

o inded e U Miscellimeoas™,

A-in ACTIYLENE

Provess From naphtha,
partidd cxndation wath oxyeen

Chepnt .

Accrviene (9o 8% per vent.) Tons 1
Crade aronatics Fons a6
Bipan
Naphtha thghe) Tons Vs
Ovgen: o tomt .
Mcthanol Fous o020t
Kerosene .. Fons 0ogot
Scrubberanl Coo0 F'ons PR
Ammonma Fons 003N
Canstie soda e Tons oo2eh
Miscellancous, rovaloes, et Dollars ton 1800
bucl o 1,000 kaal 12,800
Elecine power kWh 06
Freatedwater . 0 oo m 14
Uirre ncd water tor retillimg m N
Labom
Capaaty ithousmdsol'tons veny s 273 -
Wonkersshile . - \ il
Suparviory sttt shift 2 2 .
Mot Jpercent
Dypreananon 1o er cent
Operlicad Noperent

Cuapracty o oo -

RTINS

INVESEAMENTY

Phewsod o ol

0,200

Loy, us

l4.,‘m)

CProduction mcdnded
i luded
CInclundes onvpen mint

Miscellencoan, rovalnes, on

A-to THUIYEENT AND ACEIYHINE

I'h'u i
wandation wath oxyeen

oo naplitha,

Chitput -
Ftlyylene, vg per cent
Acetylene, v9-g per cem
By -products

l’l]'lll
Lightwaphtha . . .

Miscellimeons, " 1ovalties, et

bl

Llcame power .
Pure waar

Woter tor cooling

1 onis i
1 ons o
1aons [EE
1ons HEEN
Dollary 1om 20
1,000 haal 0,300
k“'h NS )
md 1
md 1,200

A Resdial aromatic erls
Uncndes amrer ah kerosene and Hushing orls (100 and 120 kg respec-
nvelviomethanol (20 k) o soda ez k) and annmoma (17 kw

A-zo. ACETYLENE: EFHYLENE (3o:70) Process HTEP (Hoechst process)

Outpur:
Ethviene 0 o000 Tons I
Acetylene Tons 043
Residual gas 000 1,000 heal 9.%00
Residual and Tons o

Inpue:
Naphtha Tons 208
Oxvaen' . oo . o md (1.740)
Chenncals, solvents and boenees Dollars ton 1500
Fuel . 1000 keal 18,800
Steam . Tons 2
Elcctne power AW 70
Fremedwater .00 m 12
Woaner torcooling . mi 1200

I abonr:
Capaaty (thousands ot tons vear "
Workersalute .00 1y
Supervisory statt shate . ;

Manttenane:
Depreaanen
Orerhond

3 peroent
to I‘\'l’ cent
100 per cent
INVISTVMIENG

C oty o thonand.

Fisrsands of dolla

TS yodt

O3 8 . 20,000

Chehivngmonaphthn
“roducnon mcdnded
s Indidesovveen

A-2t L BIYIENE-PRODPYLENI

Process: Naplulug cracking

Ontput

Ethviene . Tons 1
Propyvlene e Tons 0000
Fhe gastand micthane Tom 060
PG, o Tons 0123
action Tons 0420
Goooshme o0 Tons 114
Fael ! Tous 0'4%
Steam Fons 1-09
Inpou:
Naphtha ..., e Tons 48
Chemicals, catalvaes and rovalnes . Dollars ton 6-00
Fucl . 1,000 kcal 7,150
Electric power .. kWh 1,100
Untreated water wd 200




1 abour:

Capacity (thousands of tons year) . 30 to 80

Workers;shaft ... ... 0

Supervisory staff-shafe .. . 2
Maintenance: 3§ per cent

Depreciation ¢
Overhead: L8}

per cent
per cent

INVESIMEN

apacity i thousands

of tous/ycar Phowsands of dodlar .

AN 0,600
TT 8 11,000
1227 . 15,000

CGas, 2o percent g 183 ke
s, g pervem CHy g1 kg
Clow pravi.

A-22 FTHANE 8

vor Separatron of matoral ga-t

Ontput
! Ethane

Tons 1
Fhgher tractions (Cy=Cy) L

(accordimg to
composition af gas)
Jupnt:

Chemneal (glyeols, oils, etey Dollars ton 120
Volume of the cthane ¢x-

tracted from natural gas.. m? KO0
Fuel . L 1,000 heal 3,000
Llcctnepower 00 AWh 25
Untreated water. ... ... ... m? 1

Fahour;
Capaaity (thousands of tony

yoari oo S0 10 60 01 to 180
Warkasshale o0 3 0
Supervisory staft shate . 2 2

Maimtename: 205 per comt
Deprediation: 7 pereent
Overhead: 60 pereent

INVISTMENT

Coapaaty ot amds

chhms o Hionsands of dedlar

N B . e R H0O
i e e 798}
SN t.O30
X% .. e e 1 R50

USC0 §,000

& Condinon: Natural gas wath 6.to 14 per cent ethane. Recovery o to
20 per cent. Maxinnnm avestinent: Corresponds to plim installed tor
cthane separanon. The separation of Ca-Cyand gasoline does not require
wdiienabmvesnnent. The mpnt corresponds to the minimun anributable
1o cthane

" Variesaccording to the ongmal concentration of ethane.

Provess: Separanion of natoral ¢e:

A-23. ETHANE

Movitenance:
Depreciation.:
Overhead

3 percent
10 per cem
100 per cem

INVISIMENT

Capaonty m thowsand.
o s yen

N

10

28
Ho
10

Fhoaeeand- ot dollar

200
228
100
N
QOO

CConditons: Gas contanmng 10 to 20 per cent ethane: Recovery 1510
20 per cent. M msestienm, cquivalent 1o proporgon atinbntable 10
cthane. Remander tor SCPAraon of Cy, € and wavoline, mcase ot Las
plant abready w existence and addimons for ethane recoven

" Reduenon m vohime charcated cav throngh extracoon ot abane and

other o constnuents

A-:y FTHYLENE

Chtpaut :

Ethylener Lom
Inpuat:
Ethance Tons

Vanous chamcals and otner
Fuel, net

Dallars ton
1.ooo heal

Steam Tons
Electnic power AW h
Water e m!
abour:

Capaaity {thousands of tons

year) A . \ 1
Workers shite . 3 |
Supervision L 1 1

Muanttenange:
Depreaation:
Overhead:

Y peroent
TOO PUT CCnt up to 20,000 toliy Vel

RO Per Cent up to 100,000 Lol v

OO PCT CENt OVET 100,000 Lons v el

INVINENINT

Capaaty in thensinids
of Lt pear

5.
10 ..
20, .
Ho)
OO

Proves.

Lahane cacking

[T
4 00
oot
\
Qo
AN
N Ho oy
N - N
1 N i

Fhoeaond ot deli o

1,800}
2,700
4,000
TL700

141, SUK)

O Fhe gas recovery compensates tor the tad conimiphion

" Frgnre varies

Proces Separatnnr and cracking

A-2< ETHYIENE

)
; Ontput: Ounput:
Ethe o0 oo Toms | Ethylene (g apercent). .. N RUIN
hiput: Propylenc-propane . ... ... .. Tans
Minor chiemicals. ... 000000000 Dollars ton 1:20 Butanes and higher fractions. ... Tom
Gas*shrmkage™ 00 T 1,400 Nuatural gas, Cy ¢+ Calnvdro-
Fuel .......................... voookcal 5,000 carbons ..o om?
Elecenicpower .o kWh 50 Input;
Water ... 4 Retnerygas ... .. - oom?
Fabowr - Fudgas ... ... 1o heal
Capaaty (thousands of tons Minor chemicalsand other -0 0 Dollus ton
VOIT) oo S tO 60 60 to 70 Steam Lon
Workersshift ... ... .. L 4 6 Electric power ... o kWh
Supervisory staft shift 2 Water forcoolmg ... . m'

atetliane i refinery g

|
0 4y

(224

290"

3. 800
3400
SN
Y2
200
10



Labour :

Capacity (thousands of tons) ¢ to 20 60 100
Workersjshift .. ...... . .. 4 A $ 7 ]
Supervisory staffishife . . . .. 1 I 1 2 3

Maintenance : 3 per cent

Depreciation: 9 per cent

Overhead: 100 per cent up to 2,000 tons

RO per cent up to 100,000 tons
60 per cent over 100,000 tons

INVESTMINT

Capacity in thousands

of tons year Thowsands of dollars
S, 1,680
0. . 2,400
S . $, 100
6O 7,000
too . ... .. . 9, S0V

* The recovers of propane-propylenc, which is present i the mitial
gases, depends on the type of yras; see note * of this table for batanes.

P The residual gas (el gas) contams inert gases (N, CO), hvdrogen,
methane, cthane. Tts calontic value can be estmated at a maximam of
6,000 caljmil,

¢ The treated gas is assumed to have o composition «onsidered rep-
resentative in retinenes as follows

peroent peroent
Methne 25 Propylene 6
Iydrogren 1y Nurogen )
Lthane 1 COL Uy "0
Ethylene - Hydrocibons ?
Propane 12 Cy .. . /
A-26. FtHIYLLENE Process: biretmer pt
Outpnt:
Ethvlene ... . ool 1o 1
Fuel al, disullanion Barrch 147
n-Butane . ... .. o o Barrels 03
TEL liqud .. ... . o . Litres 6.20
luput:
Chensicals and catalysts Dollars ton 080
Licenees and other | Dollars ton 3
Gasalme .0 .. Barrels Xm0
LPG. Barrels Y.
Residual fuel ol . . Barrels 1470
Electric power ... . hWh 240
Water torcooling . m# 600
Labour:
Capacity (thowsands ot tons ycar) 0
Workers;shett ... . o )
Superviston L. o 1
Mututenance: 4 per cent
Depreciation: 10 per cent
Overhead: 8o pereent

ENVINVEMIN

Capadity in thawsads

of tons pear Thowsamds of dollars

OO0 . 8,000

* Example worked oun on the basis of 60,000 tons per year in 4 $0,000
WSDY retimery (O and Guas fournal, 24 July 1961).

Input:
“Propanc-propylenc” so per cent . Tons 2.2
Auxiliary products ... ... ... Dollars;ton 2
Steam ........................ Tons 21
Electricpower ... . kWh 12

Labour:
Capacity (thowands of tons year) . to 30
Workersshift. ... ... .. 2 4
Supervisory staffisheft .. . 1 2

Mainteuance: 3 per cent

Depreciation: 7 per cent

Overhead: 60 per cent

INVESEMENT

Capacity w theands
1_‘”4"]\ yuar

Thonsands of dollar «

0. . . 360
228 . e . 610
0. e 900

Processes: Udex and

A28 PETROCHEMICAT BENZENI. hydroalkeylanon

Ontput:
Benzene (99 pereeind). . Tons 1
Parathn spirits e Barrels 211
Residual tuelonl .0 00 Barreh 40
Fuelgas ... .. ... ... ... .. 1,000 keal 1, 500"

hiput:
Charge ..o .00 000 Barrels 12N
Gaswith hvdrogen .. L. Tons orogod!
Catalysing chemicals and rovalties . Dollars ton 7:50
Fuel .. .00 00 0 0 toooked 0,300
Steam ..o 0 Toms 32
Electicpower .00 .00 0 kWD 240
Waterforcooling ... . . . 100

Labour

Clapactey (thousands of tons vear) | 2010 100

Workers shitt ..o . 1
Supervisory statt st . A 2
Maintewance: 4 pereent

l)(','r('('ialidll.'
Overhead.

% per cent
too per cent

INVESMIMING

Clapra ity i thasand,
of tons, year

* Fypical characteristics of “refined spirit™: density, 110 kg barrel;
octane rating with cm3 TEL :85.

b Residaal gas: 220 m? at 6,800 ke hm?; 83 per ceut methane: o-§46
kg md.

“ Typical composition of charge: benzene 17,3 per cent of liquid
volume and toluene 94 per cent of liyuid volume. Hydrocarbon for heating
64°6 per cent (Lg-Cq) of liquid (Depentamized reformate, platformer).

‘i Gas with hydrogen: hydrogen s4 per cent by weight; C-Cgq 28 per
cent by weight: 0:040 tons equals approximately 270 m3 and 820,000 kcal
(d o skgm3d).

A-2~ PROPYLENE Process: Separation by distillation

A-29. CYCLOHEXANE Process: From benzene

COngpe
Propyleacggpercent ... ... Tons
Propane (LPG) ... Tons

- -
[¥]

40

Output:
Cyclohexane (98/99 per cent) . .. .. Tons 1
Steam ... Tons Qs




Inpur:

Benzene e Tons 097
Hydrogen orhydrogen-rich gas . 0075
Catalysesand royalies ... Dollars ton 10
Electric power .00 L kWh 1s
Water . m? 24

1. abour :
Capacity (thousands of tons vear) . 10 S0 Over so
Workers shite ... . 1 2 3
Supervisory statt shite ... L. 1 1 2

Maintenance: 3 per cont

Depreciation: 8 per eent

Overhead : 60 tO 140 per cent

INVENTMENT

Clapaciry it thonsamds

of tons pear Thewsands of dollar.

48 ... .. P 250
0. ... ... e 3160
L 480
T e 1,000

A-j0. PARAXYIENE Process: Separation by crystalli zations

Chetput :
Paraxylene (98 perecent) ... ... Tons 1
Mixed paraxylene® ... Tons 0s
Input:
Udex extract equivalent to 15 tons
for mixed xylenes. .. ... ...
Incrt gas and other nunor consti-
tucnts” ... Dollars;ton 050
Steam .o L Tons o8
Electric power ... L kWh 700
Water for cooling . .......... ... m? 90
Labour:
Capacity (thousands of tons) .. . 4's 227
Workers'shift ... ........... ... 1 2
Supervisory staffishife ... ] 1
Maintenance: 3 per cent
Depreciation : ¥ per cent .
Overhead: 100 per cent

INVESTMENT

Clapacity in thonsamds

of ons; year Thonsands of dollars

. T . Q00
0. 1,600
2y 3,000

8 Example used as basis: 7:7 10ns of xylene unxture. Recovery is 60 to
70 per cent of the paraxylenc contained in the exiract (Cs).

¥ Unseparated paraxylene present in the mixed xylenes.

¢ Includes losses of refrigeranis and 2- 5 kg of nitrogen.

A-31. ORTHOXYLENE Process: Separation by distillation

Outpt:
Orthoxylenc (ys percent) .. ... .. Tons 1
Recovered  in - mixtures  (mixed
xylenes) ... Tons 03
Input:
Orthoxylene in xylene mixture* .. Tons 13
Fuel ... ... .. ... .. .. ... 1,000 kcal §,000
Electricpower ............ ... .. kWh 110
Water forcooling . ............. m? 20

Fabonr:

Capaciey (thousands of tons year) From sio 30
Workers slate ... C i
Supervisory sttt shafe . 1

Maintenance: 20§ percent
Depreciation: N percan
Overhead: 100 pereent

INVINIMING

Capaaty i thousand.
of tons year Hhoisands o doll i

$8 FE S . J50
VO .o 680
27 e . loe

* 53 tons of xvlenes and ethyvibenzene derned frong a sepatation (LUidex
withapproxmately 20 to 25 percont orthoxylene content

A-32. PETROLEUM NAPHTHALENE rocese Hydroatkyhanon

Output
Naphthalene ... ... .. oo Toms 1
Aromaticnmaphtha ... . . Tom 07
Heavy residue ... ... ... Tons 047
Inpur :
Heavy reformated . ... Tons 1:90
Hydrogen ....... ... ... e (Recovered)
Fuel ... ....... .. ... .. .. 1,000 kcal 2,700
Stecam ..o v Tous 0-00
Electricpower .. ... ... ... kWh 100
Water forcooling . ....... ... . m? 200
Chemicals catalysts and rovalties .. Dollars ton 060
Labour:
Workers,shift............. .. .. 3
Supervisory staffishite ... 1
Maintenance : 4 per cont
Depreciation: 6 per comt
Overhead: 100 per cent

INVES IMENI

Capacity in thonsand:

of tons, year Thowsands of dotlar

228 2,000

* 60 per cemt benzene, g per cent toluene, 27 per cent xylenes and higher
fractions.
" Higher aromatics, mono- and dimethylaphthalenes.,

A-33. DICHLORETHANE

Output:
Dichlorethane. . ... ... .. Tons 1
Tuput:
Ethylene . ............... .. .. Tons IETE
Chlorine ..................... Tons o-%0
Stcam . ... Tons 1
Electricpower ...... ... ... ... kWh !
Water ... m? 40
Labour:

Workersshife............... § up to 15,000 tois; 7 up to

72,000 tons; 9 up to 108,000

tons
Supervisory staff shift ........... 1 up o 36000; 2 up to
108,000
Maintenance: 4 per cent
Depreciation: 8 per cent
Overhead: 88 per cent



INVISIMEND

Clapacity in thowsand,
of tons! year

Thousands of dollar s

S 700
L 1,800
T $,200

A-34 EIHYLENE GLYCOL

Output

Ethylene glyeol ... ... . Tons !

Inprat:

Ethylene ... . . Tons 0-Ro
Chlorine ............ ... . . . Tons 150
Lime (calciumooxide) ..., .. . Tons 1-40
Causticsoda ........ . . .. .. Tons 002
Seam ... Tons 12:00
Electric power ........ ... .. kWh 220
Water ... in?d 140
Miscellancous chemicals, catalysis

androyaleies . ........ . .. . Dollars.ton H-00

Labonr:

Capacity (thousands of tons'year) . 2 5 20
Workersjshift . ....... ... .. .. 5 6 10
Supervisory staff/shift ... .. ! ! 2

Maintenance: 3 per cent

Depreciation: 8 per cent

Owerhead: 60 per cent

INVES i MENT

Capacity in thowsands

of tons| year ‘Thousands of dollar.
2 827:¢
L 1,440
20 e, 2,900

A-35. PLIENOL

Process: Fopropylbenzene

Output;
Phenol ... ... .. ..
Acctone ........... ... .. . ...
Gasoline (premium) .

Input :
Benzene............. . .. .
Propylene ... ... ... ..
Auxiliary products and rovaltie. ..
Steam ... L
Electric power .
Watcr

Labour .
Capacity (thousands of tons year)
Workersfshite. .. ... ..
Supervisory staff/shift

Maintenance: 3 per cem
Depreciation: 7 per cent
Overhead: 4010 60 per cent

INVESTMINT

Tom ]
Tons o6
- Gallons 24
Fons 1-09
Tons 0-42
Dollars tons 150
Tons k]
kWi R0
net 100
s 10 15
X 13 1§
' s .

Capacity in thousamds
ot tons, year

Thousamds of dollar g

1,500
§,700
7,600

A-36. PHENOL

Process: Chloration

Output:
Phenol..... ... .. .. ... . . Tons I
Various by-productss ... ... Tons 015
Sodiumchloride. ... ... . .. .. Tons 14
Input:
Benzene......... .. .. ... ... . . Tons 1-01
Causticsoda ........... ... . . . Tons 1'10
Chlorine ........ .. ......... . Tons 1:01
Other chemicals and royalties . ... Dollars/ton 12:00
Fuel ....................... .. 1,000 kcal 7,500
Electricpower ........ .. .. . ... kWh $00
Untreated water ... .. ... . m3 220
Labour:
Capacity (thousands of tons, year) . 2 [ 10to 1§
Workersishift......... .. . 6 7 10
Suparvisory staffjshife .. ... ' 1 2
Maintenance: 3 per cent
Depreciation: 7 per cent
Overhead: 40to 50 per cent
INVESTMENT
Clapacity in thousands
of tonts year Thousands of dollars
S 3,600
10, 6,000
L JE 8,000

# Dichlorobenzene 60 kg, oxydiphenyl 60 kg and diphenyl ether 30 k.

A-37. PHENOL

Process: Sulphonation of benzened

Output:
Phenol ........... ... .. .. ... . Tons I
Sodium sulphite . ... ... Tons 12
calciumsulphate .. .. .. ... .. . Tons 16
Input:
Benzene......... ... .. .. . ... Tons 092
Sulphuricacid. .. ... .. . ... Tons 220
Causticsoda ......... .. .. .. . .. Tons 1'10
Calcium carbonate ... ... .. Tons 1:60
Fuelpetroleun ... ... ... ... ... Tons 0400
Steam ... Tons 2
Electricpower ... ........ .. . ... kWh $00
Untreated water ... ........ ... m3 600
Miscellaneous chemicals ... ... .. Dollars/ton 3-00
Labour:
Capacity (thousands of tons/year) . 31tos $to1s 20or more
Workers/shift ... ....... ... .. .. 4 14 18
Supervisory staffyshife . ... ... ... 1 1 I
Maintenance: 4 per cent
Depreciation: 8 per cent
Overhead: 50 to 80 per cent

INVESTMENT

Clapacity in
of toms year

thousands

Thousands of dollars

Y6 2,100
L 2,400
1O 3,100
L 3,800
* Minimum capacity 3,600 tons per vear.




A-38. FORMALDEHYDE 2~ per cent

Process Oxadat w oof wethanol

Output:
Formol (37 per coney ... Tons 1
Steam ... . ... ... Tens 032

Inpus :
Methanol ........ . ... Tons 043¢
Catalyst, miscellaneous and licences 1)ollars ton S 00
Elearicpower ... ... ... . k' Wh 77
Untreated water .. ... . ... m? 24
Pure water ... ... e . m? !

Labowr:
Workers/shaft . .. ... ... - 3 (1,000 t0 20,000 tons vear)
Supervisory staffishife . ... .. S

Maintenance: 5 per cent

Depreciation: 6 per cent

Overhead: Ro per cent

INVESTMENT

Capacity in thousands
of tons!year

Thowsands of dollars

16

20......

150
180
jou
400

A-39. ACETAI DEHYDE

Process: From ethyleve, oxidation by air

Output:
Acetaldehyde ...... ... . Tons 1
Input:
Ethylene (99 -7 percent). ... ... . Tons 07
Minor chemicals, catalysts, and
licences ..... ...... .. .. .. . .. Dollars/tor 6
Steam ... Ton. 13
Electricpower ........... ... . .. kWh 175
Coldwater .......... ... .. . .. m3 1§
Waterforcooling .......... ... m? 20
Labour:
Capacity (thousands of tons
year) ................... Upto1s 15to6o 60and over
Workers/shaft .. .. ... . .. 3 4 Sto 8
Supervisory staffishift . .. ... I 1to2 2
Maintenance: 6 per cent
Depreriation: 8 per cent
Overhead: 80 per cent
INVESTMENT
(apacity in thowsands
of tons/year Thousands of dolars
IS 1,67¢
0. 2,400

A-40. ACETALDEHYDE

Process: From acetylene

Owutput:
Acetaldehyde .......... ... Tons I
Input:
Acetylene .......... .. . . Tons 0620
Causticsoda ........... .. . . . .. Tons 0:00§
Nitric acid (so percent) ... ... . .. Tons 0007
Sulphuricacid ........ ..., . . . Tons 0:001
Other chemicals and licences . . . .. Dollars/ton 1-00
Steam ... ... L Tons 2
Electricpower ............. . kWh s
Water ..................... . .. m3 130

1abever
Capacity (thousands of tons v ear) Uptor.
Workers shitt . '
Supervisory staff shite I

Mamtenance: 4 per cent

Depreciation : $poreemt

Oxerlead 60 per cent

INVEN TMENT

Capacity i thowsand.
of tons year

1 pto o
¢

Fhowsands af dollar

iz
1,0¢%y

A-41 ACETIC ACID

Outpue:
Acctic acid 99 per cent Tons

Input :
Acctaldchyde . oo . Tons
Catalysts and minor chenneals Daollars ton
Steam. .. . Fons
Eicctric power ... S kWh
Water tor cooling . . S

Labour:
Capacity (thousands of tons vear) . Up o 1o
Workeesshafe. . ... .. Co !
Supervisory staffishaft . . .. 1

Maintenance: 4 per cent

Drpreciation : 10 per cent

Overhvad : 100 per cent

INVESTMEN T

Procese from acetaldehy de

0

AR

3

Fgo
1o

L"\ to o

4

‘

Capacity in thousands
of tons/ year

Thowsamds of dollar<

IR0
600
1,000
2,500

A-42. ACETIC ANHYDRIDE

Procew: From acetaldehyde

Outpue:
Aceticanhydride ... ... .. Toms 1
Inpui:
Acetaldechyde . ... ... .. .. Tens 12
Catalysts# and chemicals . . Dollars;ton §°0
Fuel ..... ... ... .. ... ... noookcal 1,200
Steam ........... ... .. ... Tons f
Electricpower ........... . ... kWh 280
Water forcooling .. ... ... . m? 700
Labowr:
Capacity (thousands of tons
year) .......... ... Upto7 Uptors Owverts
Workers/shift ... .. ... ... .. 4 6 R
Supervisory staff/shift . ... ... i i b1
Maintenance: 4 per cent
Depreciation: 10 per cent
Overhead: 80 per cent
INVESTMENT
Capacity in thousands N _
of tons|year Thonsands of doflars
4 800
9., 1,300
B 2,100

* Manganese or cobalt and copper acetates.
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A-43. PHTHALIC ANHYDRIDE

Process: From naphthalenet

Ontpus:
Phthalic anhydride .~ ..
Steam e
Input :
Naphthalene ... ..
Other, rovaltics and catalyses .,
budl oo
Electnicpower 000
Water for cooling ... ...
Treatedwater ...
Labour:
Capacity {thousands of tons
vear) oL R EX
Workers shilt ... ...
Supervisory staffishift ...
Maintenance: 3 percent
Depreciation. 9 per cent

Overliead: 100 per cent

Tons 1

. Toin 1
Tons 114
Daollars ton 15
1,000 kcal XKoo
kWh h IR
m# i
m? '

toyd 1to 1o Morethan 1o
S 7 10
1 2 2

INVESTMENT

Capaaty i thorsands
of tons, year

Thowsamds of dollars

..... 270

25
1,000
1,300

*Scale sutable from 1,500 tons per vear

upwards.

A-44. PHTHALIC ANHYDRIDE

Process: From orthoxylene

Ourput :
Phthalicanhydride ... Tons 1
St o Tons 400

Input;
Orthoxylene .. ... .. .. Tons 123
Catalyse ..o 0 Dollars:ton 2:50
Chemicals and royalties ... .. Dollars ton X-00
Fucl ..o 1,000 kcal 3,200
Ekctric power . . kWh 1,370
Treated water . ... . .. m3 10
Watertorcooling ... ... m? 14

Lithowar :
Capaciry {thousands of tons vear) | 5 10 0
Workers shift ... ... .. . } I 5
Supervisory staft shaft ... 1 1 2

V\aintenana ¢ 1§ per cent

Depreciarion N percent

Orerhead : 100 per cent

INVESTMEN |

Capacnty of thoveam !
ot year

L hovsands of dodlars

1o, R F
20 o e
to

2,100
1.200
4.800
6,000

Lo MALLIC ANHIYIIRINE

Uhitput
Maben anbydiede

Meen € aridyie oxndaton
of henzen

Fom '

v X n

Tupur:
Benzene. . e Tons 1°28
Various chenncals and caealvses Dollars ton 12
Steam . e . Tons 1
Electric power . e kWh 2,400
Water for cooling .. oo 100

Labour:
Capacity (thousands of tons year) . 1 4
Workers shate D X
Supervisory seaff shift . 1 2

Maintenanee: 4 percene

Depreciation: 8 per cent

Overhead: 100 per cent

INVESIMENT

Cuapaaity i thowsands
oftons pear

‘Fhousands of dollars

LS 960
. 2,100
A-46. BISPHENOL
Owtpur :
Bisphenol ... Tons 1
Input:
Phenol ... ... ... .. . .. Tons 093
Acetone ................ .. . Tons 031
Sulphuricacd.......... . Tons 0:004
Toluene e Tons 0-038
Electric power .. kWh 100
Water ... m? 10
Labour:
Capacity (tons;year) ...... ... ... 3,000
Workers'shife.. ....... ... .. . 2
Staffshift. ... .. e 1
Maintenance: 3 per cent
Depreciation: 8 per cent
Overhead 150 per cent
INVESTMENT
Capacity i thowsands
of tons year Thousands of dollars
o 1,100
A-47. AMMONIUM NITRATE
Owtput :
Ammoniwinnitrate ... ... . Tons 4
Input:
Ammonia.............. ... .. Tons 021§
100 per cent mitnicacid ... Tons 080
Fuel ......... ... .. .. ... .. . 1,000 kcal 100
Electricpower ......... ... . kWh 3o
Water ..o m?3 8
Labour :
Capacity (thousands of tons year) . Upto 36 36 to 160
Workers shate ... - 2 4
Supervisory staffshife ... 1 H
Mannenance 3§ percent
Depreciation : 8 percent
Overliead: SO pereent




INVESTMENT

Capacity in thousands
of tons/ year

Thousands of dollars

36 8s0
SO 1,000
1200 1,§50
160 2,000

A-48. AMMONIUM SULPHATE

A-s0. PHOSPHORIC ACID

Ontput:
100 per cent phosphoricacid . Ton,
Residual caleium sulphate ..

Input:
Phosphorite (315 pereent) ... 0 Tons
Sulphunicacid. . ... - Tons

Auxiliary chemicals and  imisedl-

laneous . .. - Dollars ton

Fuel ... .. . 1,000 heal
Steamn oo 0 Tons
Electricpower ... . KWh
Untreated water ... . .. . mi
Labour:
Capacity (thousands of tons
year) ... 10to 0
Workersishift ... ... ... . Ft
Supervisory staff shift . ... ]
Maintenance: 4 per cent
Depreciation: 8 per cent
Overhead: 60 10 100 per cent

INVESIMENT

Jota by

Procce g Sulphorn aod
—

1

24
190

1O
[.300
(B3N]
(423
15

60 to Qo
(4]

2

Capaaty in thousands
of tons yedar

Thosands of dotlars

6OO
90
1,450
2,500
4,000

4 Contains loocrer cent HyPOy or 734 per cent PgOs. The true concen-
i

tration as obtaine
S0 per cent Pg()s).

n the processis only 70 per cent HgPO), (approxmmately

A-s1. TRIPLE SUPERPHOSPHATE

Owmtput :

Triple superphosphates . ... Tons
Input:

Phosphorite (31/32 per cent) .. .. Tons

Phosphoric acid (100 per cent)® ... Tons

Minor chemicals. .. ... . Doilars ton

Electricpower ... ... . kWh
Lahour:

Capacity (thousands of tons

yeary ... 10to 70

042
0 4°

8oto 200 Upto g4ou

Output:
Ammonium sulphate. . ... . Tons 1
Input:
Ammonia........ .. ... . Tons 0-260
Sulphuricacid ........ ... . . . Tons 0:760
Steam ... Tons 02
Electricpower . ... ... ... ... kWh 24
Treatedwater. ... . m3 20
Labour:
Capacity (thousands of tons vedry . 30 30to 100 Over 100
Workers/shift..... ... .. o2 3 1
Supervisory staff shitt ... . 12 1 I
Maintenanc. . 3 per cent
Depreciation: ¥ per cemt
Overhead: $0 per cent
INVESTMINT
Capacity in thousands
of tonsyear Thowcmds of dollars
24 _ R 210
SO 160
100. e ce $50
180....... R e 800
A-49. UREA Process: Withowt 6:1 recycle
Owutput.
Urea ... .. ... . . . Tons 1
Input:
Ammonia ... .. ... Ton IS ]
Carhondioxide . ... . Tons 1 (maximum)
Fuel ... ... . 1,000 kcal 1,260
Electric power ... .. ... . kWh 185
Water ............. .. ... . .. m? 8
Labour:
Capacity (housands of tons ‘year) Upto3s Uptoryo
Workers/shift........ . ... . 8 12
Supervisory staffishitt ... ... i 2 3
Maintenance: 3 per cent
Depreciation: 8 per cent
Overhead : $0 per cent
INVESTMENT
Capacity in thousands
of tons| year Thousands of dollars
27...... e 2,200
3 2,700
RS 4,800
170 7,700
330 13,500

Workers,;shift ... ... ... 3 6
Supervisory staff shift ... ... 1 2
Mantenance: 3 per cent
Depreciation : 6 per cent
Overhead: 100 per cent
INVESTMENT
Capacity in thousands
of 1oms; year Thousand of dotars
OO .o $50
120. 800
200, ... 1,100

* With a PgQ)s content varying between 46 and 48 per cent.
® Generally used in the form of 70 to 75 per cent acid (0-6 10 0-6< tons),

A-32. SIMPLE SUPERPHOSPHATE (1810 20 per cent PgO)y,)

Owuput:
Simple superphosphate . ... ... ... Tons 1

45




Input:

Phosphorite (31,32 percent) ... ... Tons 062
Sulphuricacid. .. ... ... . . Tons 038
Electricpower ............. .. kWh B
Labour:
Capacity (thousands of tons
year) ... ... ... ... ... 72t0108 150to 250 Upto 360
Workersshift ... .. ... s 7 8
Supervisory staff shafe .. ... 1 1 2
Maintenance: 4 per cent
Dapreciation: 6 per cent
Overhead : No per cent
INVES TMEN]

Capaaty in thowsamds
of tons,; year

Fhousands of dollars

2T 160
108 480
SO o e <80
280 9s0
R L5 1,260
A-si DICALCIUM PHOSPHATE
Oretprst
Micalcrom phosphate (39 40 per
cene) . oo o Tons 1
Input:
Phosphate rock (32 33 percent) ... Tons 130
Hydrochlonc acid 100 per cent. ... Tons 068
Calcium oxade . e ... Tons 026
Fuek . o 1,000 kcal 680
Electes power .~ 0 0 . kWh 120
Water . o mA kK
Auxihary chenncals and heences .. Dollars ton 230

1.abour
Workers shift

- buptozotons/day; 8 up to 150 tons;

12to 230 tons/day
Supervisory staff shafe .. 2 up to 70 tons/day; 3 up to 150;
4upto 230 tons day

Muaintenance- 35 per cent
Depreciation 7 percent
Owerhead 00

per cent

INVESIMENI

Labour:
Capacity (thousands of tons, year) . 20 80
Workers;shife . ............. . .. 9 10
Supervisory staff'shift . ... ... .. 1 2

Maintenance: 4 per cent

Depreciation 7 per cent

Overhead: 80 percent

INVESTMENT

Capacity in thousands
of tons year

Thonsands of dollars

2. ..

* Tyvpe with 60 to 62 per cent Ka().

A-ss. PVC, POLYMER Process: Polymerization
Outpit:
Polyvinyl chloride (PV(.) . Tons 1
Input :
Vinyl chloride, monomer . .. ... Tons 1-06
Other products and reagents .. Dollars ton 22
Fuel petroleum . .. ... ... . . Tons 04
Steam ........ ........ . .. Toms oh
Electricpower ........ ... ... kWh $50
Water ... ... ... ... ... m? 75

Labour :
Workers shift $ up to 3,600 tons; 8 up to 20,000 tons;
10 up to 60,000 tons

1 up to 3,600 tons; 2 up to 20,000 tons;

3 over 20,000 tons

Supervisory staff shift . . .

Maintenance : 4 percent
Depreciation : 7§ per cent
Overhead :

100  percent

INVESIMEN|

Capacry i thowsands

of tons year Fhowsands of dollars

L $$0
WO 1.400
40 3,300
OO 4,500

Capacity in thowsands
of tons J-ly

Thousands of dollars

700
1,000
1,700
2,400

* Varies from 0-6 to 09 tons according to the type of phosphate rock and

the efficiency of the extracting process,

A-s4. POTASSIUM SULPHATE

Ontput:
Potassium sulphate C
Hydrochloric acid, 100 per cent . ..
Input:
Sulphuric acid, 100 percent ... ...
Potassium chloride (60 per cent) .
Fuel oo
Electnic power ..

46

. Tons i
Tons 041
Tons 062
Tons O-Ngn
1,000 kcal 1,000

. kWh 100

A-s6. POLYVYNIL CHLORIDE Process: From calcium carbide

Outpur :
PVC (polymery .. ... ... . Tons 1
Inpur:
Calciumcarbide . ... ... . . Tons 1-50
Chlorine ... ... ... . .. .. . . Tons 072
Hydrogen ......... ... ... .. .. Tons 0'02
Auxiliary products ... ... .. Dollars ‘ton 26
Fuel petroﬁ'um ................ Tons o4
Steam........... ... ... . ... Tons 1's
Electricpower ... .. . .. . . kWh 1,040
Water ............ ... ... ... m? 120
Labour :

Workersishift .. ... . 12 up to 3,600 tons; 18 up to 20,000
tons; 22 up to €0,000 tons
Supervisory staff shift .. ... 4 up to 20,000 tons; 6 up to 40,000

tons; 7 up to 60,000 tons

Maintenance: 4 per cent
Depreciation: ¥ per cent
Ovrerhead: 8o per cent




INVENTMENT

INVESTMENT

Capacity in thousands
of ton s year

Thousands of dollars

D 1,330
6 1,870
10, ... . 2,500
40. . 5,900
60 8,000

A-$7. POLYVINYL CHLORIDE

Process: From acetylene

Output:

PVvVC
. luput:

Acetylene ... ..
Chlorme ...
Hydrogen...... ... ..
Miscellaneous and chenncals |
Fucl petroleum . . ..
Electric power . . ..

Labowr:

Workers shift . ... . oy

Supervisory staffjshitt .. 4

Maintenance: 4 per cent
Depreciation: 8 per cent
Overhead. 8O per cent

Water ... ... .

Tons 1
. Tons O 48
. Tons 072
Tons 002
. Dollars ron 26
.. Tons 04
. kWh 1,000
. m3 120

up to 3,600 tons.year; 13 up to
20,000 tons; 1§ up to 60.000 tons
up to 20,000 tons year, 6 up to
60,000 tons

INVESIMENT

Capacity in thousands
of tons| year

Thousands of dollars

1,200
1,650
2,200
S.150
7,100

A-s8. POLYVINYL CHLORIDE

Process: From dichloroethane

Output:

Workers/shaft . . ....... . . .

Polyvinyl chloride (PVC) .. ...... Tons 1
Hydrochloric acid (100 per cent) .. Tons 067
! Input:
Dichloroethane . ..., .. .. . . Tons 1-80
Fuel petroleum ov.. Tons o2
Steam ................... ... Tons 7
Electricpower ......... . ..., kWh 1,000
Water ........... . m3 360
Labowr:

. 1§ up to 10,000 tons, 20 up to

60,000 tons
Supervisory staffjshift ... .. 4 up to 20,000 tons;, 6 up to
60,000 tons
Maintenance: 4 per cent
Depreciation: 8 per cent
Overhead: 80 per cent

Capacity m thowsands
of tons- year

Photands of dollar

25 Y0
10. 1,600
40 .. 3,500
60 .. 4.000

A-. VINYL CHLORIDE, MONOMER Proces

From calonom carbrde

Output:
Vinyl chloride . Tons
Input:
Calctum carbide . ... . Tons
Chlorine . . e . Tons
Other chemicals Dollars ton
Steam ... . Tons
Electricpower ... . . .. . kWh
Water ... ... .. . ... . m3
Labour:

Workers/shaft

Supervisory staff shift
S Up to H3,600 tons

Maintenance 4 per cent
Depreciation ; 8 per cent
Oneerhead: 75 per cent
INVESTMENI

142
ONHKR
]
07
450
45

S 7apto 3800 tons, 1o UP 1O 21,200 tons
12 up to 63,600 tons
. 2Up to 21,000tons 4 Up to 42,400 10N,

Capacity in thousands
of tons, year

Fhovsanuds of dollar,

268 .. ..
616

166
636

{30
770
1,100
2,700
1.500

A-60. VINYL CHLORIDE, MONOMER

Procecs From acerylene

Outpur:
Vinyl chloride . Tons '
Inpur:
Acctylene ... ... Tons 046
Chlorine . .. .. .. e Toms o-ON
Other chemicals and reagents .. . Dollars ton N-ou
Steam ... . ... . . Tons 07
Electric power ... . kWh 400
Water ... ... .. . m? 45
Labour:
Workers/shift . ... ... .. S upto 3,800tons; 7 up to 21,200 tons;
10 up to 63,600 tons

Supervisory staffishift . .
4 up to 60,000 tons

2Upto21,200tons; 3 up to 42,400 tons,

Maintenance: 4 per cent

Depreciation: 8 per cent

Overliead: 70 per cent

INVESTMENT

Capadity in thousands .

of tons/year Thousands of dollars
265 . 400
6:36 ... .. .. 5$0
106 . 800
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A-6r. POLYVINYL ACETATE

Process Polpmerization

Ontput:
Polyvimvl acetate
Inpur:
Mononmier. vinyl acctate
Steam .
Elecrric power
Warer ...
I abour -

Capaaty (thousands of tons

year) ..

Waorkers shatt . .. o

Supervisory statt shift
Maintenance. 3 percent
Depreciation: R petcent
Overhead. NO per cent

Tons

TUH\
Tons
AWh

m?

2to s

INVISTMENI

102
a7
nH
17
Sto 1o Over 1o
) 7
1 M

Capactty i thowsands
of tom year

Fhowsands of dollars

Input:
Benzene
Ethylenes ... .. .. .. . ...
Minor  chemeals,  catalysts and

rovalnes. .

Fuel ... ... ... ... .
Steam .
Electric power .
Water

Labour:
Capacity thousands ot tons
VOAR) L 10
Workers shite ... 6
Supervisory statf shate . ]
MMantenance. 3 per cent
Depreciation : ¥ per cent
Overhead: 40, 60 per cont

Tons Oyl
Tons 014

Dollars ton 28-00)
1,000 keal 6,200
Tons 20
kWh 104
m? $00
20 40 6oy
(N [ 2
1 2 2

INVESITMEN|

Capaciry o thowsand.
o tons pear

§ howsamds of dollar

$. 2,400
3 Noo 10, o 3,600
s 1100 20, .. $,.200
10 1,700 $O 7,500
1% 2,200 %) N, 800
% Gases with 30 to 60 por cent ethylene can be used.
A-62. VINYL ACETATE (MONOMER) A-64. POLYSTYRENE Process. From styrene
Owtpret: Owutput:
Vinyl acctate Tons ] Polystyrene Tons I
Input. Input-
Acetylene ... . Tons 0°33% Styvretie ... o Tons I
Acetic aad® . Tom 0774 Miscellancous chemicals® and
Chenncals and catalyss Dollars ton $°00 rayalties . e Dollars ton 20
Steam Tons k] Steam Tons 1
Electric power ... kWh 500 Electric power kWh 450
Water ... ... .. m 600 Water .. m3 20
Labour : Labour
Capaaity (thousands of tons Capaaity (thousands of tons year) jto1o 10 t0 20
year) . R 2to s Stols Over 1% Workersshoft ... ... 20 40
Workers shatt . ..., .. 3 s L] Supervisory staff'shafe . 4 s
Supervisory staff shitt . 2 2 } Mantenance: 3 per cent
Maintenance: 3 pereent Depreciation: 7 per cent
Depreciation: N per cent Overhead: 40 per cent
Overhead: RO per cent up to 10,000 tons
60 per cent above 10,000 tons INVESIMENT
INVESTMENT Clapaaty in thousands
of tons year Lhowsands of dotlars
Capacity in thousands
of tons; year ‘T howsand. of dollars 10 1,000
3 1,400 * Those indade acetic aad, benzovl peroxide, nitrogen gas and others.
LI 2,700
20 4,500
2 Pure or “glacial ™.
A-65. POLYETHYLENE Process: High pressure (low density)
Owutput :
Polyethylene. ............. . . Tons 1
npwut:
Ethylene (ninimum 9g9-7 per cent) Tons B
A-63. STYRENE Process: From benzene and ethylene Minor chemicals® and royalties. .. . Dollars ton 1800
Steam ..o Tons i
Owutput : Electricpower ............... .. kWh 200
Styrene .0 Tons 1 Water ... m? 13




Labour :
Capacity (thousands of tons

year) ... 1to s 10to 30 35to 7y
Workers shift . . o 10 16 20
Supervisory statf shatt ' 2 2
Maintenance: 3§ percent
Depreciation: 10 per cent
Overhead: NO  peroent

INVESTMENT

Capadity in thowsands

of tons'year Fhowsands of dvilar,

Yoo . 4,500
N . o o 7,300
L I . R 11,000
jo. ... ... e 15,000
SO ... .. . . 19,000

* These include methanol. NaOH (20 10 <o kg), benzovl peroxide
(20 kg), exc

A-66. POLYETHYIL ENE Process. Low pressure (Ziegler)

Owmtput :
Polyethylene . . Tons 1
Input
Ethylene (more than yg per cent) .. Tons 112
Minor chemicals and royalties ... Dollars ton 1400
Steam, high pressure .. .. . Tons 117
Electricpower .. ... .. ... kWh 1.3%0
Waterforcooling .............. m3 900
Pure water . ... ... m? 20
Labowr :
Capacity {thousands of tons. year) . 10 30
Workers/shaft .. ... ... ... .. .. . 20 26
Supervisory staff shift ... ... ... 3 i
Maintenance: 1§ per cent
Depreciation: 10 per cent
Overhead: NO  percent
INVESTMENT
Capacity in thousands
f tons year Thousands of dollars
S e 5,300
KO . 9,000
K S 11,700

A-67. POLYESTER RESINS (typical formulation)s

Owtpmt :
Polyesterresin ..... ... ... .. .. Tons 1
Inpwt:
Phehalicanhydride ... .. ... ... Tons 0174
Maleic anhydride . ...... ... ... Tons 0354
Ethyleneglycol .......... .. .. . Tons 0308
Styeene ... L Tons 0300
Minor chemicals and royalties .. .. Dollars/ton 3
Fuel petroleum . ... ....... .. .. Tons ol
Electricpower .. ......... ... .. kWh 400
Water forcooling ...... ... ... m3 110
Labour :
Capacity (thousands of tons/ycar) . 4 10
Workersshift . . ............ .. .. 4 7
Supervisory staff/shift ..... . ... . 1 1
Maintenance: 4 per cent
Depreciation: 10 per cent
Overhcad : 120 per cent

INVINIMING

Coapacity i thowsands
of tons year

3.
10.

Piinevands of dollare
LYS 8]
1, too

& There are muany vananons according to the ine 1o which the reun

put.

A-6M CELLULOSE ACFTATE (Rake)

Omstput:
Clellulose acctate Tons 1o
Recovered acetic aoid Ton 175
Input:
Cellulose o Tons 0"
Acetic anhydride . Tons 20
Sulphuric acid . . Tons ol
Miscellaneous chenncals, losses, et DPollan ton 40
. abowr
Capacity (thowands of tony
vear} .. . 2104 Hto 2o Ohver 2o
Workers shaft . . 10 s 29
Supervisory staff shift 2 2 3

Maintenance 3 percent
Depreciation - 8 per cent
Overhead o per cent

INVINTMENT

Capadity in thousamds
of toms year

1 hoswsands of doliars

16
10..
20 ..

2,800
$,000
7,700

A-69. ADIPIC ACID

Proces< From cyclohex.ne

Output:
Adipicacid .. ... . Tons 1
Input:
Cyclohexanes .. ... ... . . . Tons 08¢
100 per cent nitricacid ... ... ... Tons 1:20
Chemicals, catalysts and licences ollars,ton 42
Fuel .......... ... .. . 1,000 keal 1,100
Stcam ... Tons 10
Electric power ... ... .. o kWh 600
W ate . m?
Labowr:
Capacity (thousands of tons/year) . 1 s 10
Workers/shife . .......... ... . .. 3 10 12
Supervisory staffishift .. . .. 1 2 2
Maintenance: 4 per cent
Depreciation: 8 per cent
Owerhead: 60 per cent
INVESTMENT

Capacity in thousands

of tons] year Fhousands of dollars
1. 2,500
L 2 4,300
1 P 5,400

2 96 10 98 per cenl. Two=siep oxidation pracess with mean 1otal yield of

70 per cenl.

o)




A-70 AIMPONITRYL Process From adpic acrd

Owmtpur :
Adipomitry] Tons 1

Inpur:
Adipic acid . Tons K2
Ammoma . Tons V-4
Auxihary products and heences — Dollars ton o
Fuel . . 1,000 h¢al 1,200
Steam . Tons 29
Electric power - AWh 1o
Water . m?

1 abour:
Capacity (thousands of tons/vear) ! 5
Workers shift ... .. . » 10
Supervisory staff shaft 1 1

Maintenanec 4 per cent

Depreciation 9 per cent

Overhead : KO per cont

INVESEMIN)

Capacty n thoreand.

o tons year Fhonesaend s of dofia

1 RN
16 2,880
S o 4320
A-71. HEXAMETHYI ENEDIAMINE Process From adponine,
Output :
Hexamethylenedinnme Tons '
Tipur:
Adiponitryl Fous 1oy
Hydrogen . Fons O o™y
Catalysts, royalties, ot Bollirs ton 10
Steans . Tons 1o
Electric power . kW h e
1 ahour -
Capacity (thowsands of tons v car 1 \
Workers shitt . f ~
Supervisory staff shate | I
Muauntenance s peroent
Depreciatien N puroent
Onveread SO per cent

INVESITMINT

Clapacrty i thomsands
cHons e Pl of dell,

| .. PR 2,640
16 A . R 050
S.o . S 4,750

A-72. NYLON SAIT (6-6p

Output:
Nylonsak ... ... . .. Tons 1
Inpur:
Adpicand oo Tons 0645
Hexamethylenediamime ... .. Tons 0§20
Auxiliary products and royalties Dollars ton 24
Steam L o .. Tons Y
Eleceric power .00 L kWh 240
Water ... o0 m?

1.abour :

Capaaity (thousands of tons vear; .

Workersshife. ... ... ..

Supervisory staff shift ...
Maintenance: 3 per cent
Depreciation. 8 per cent
Overhead: 40 per cent

1 44 to
2 3 5
[ t 2

INVESEMENE

Capacity m thowsand:
Hrons year

1 howsands of dotlar «

[

16
3. PO
10. .. e

g14
1,06C
1,300
1,842

COr hexamethvleneduamme adipate

A-m1 NYION 66 Process Polymen zanon and spininy
Ontput -
Nylon -6 Tons t
Inpnt
Nylon sale Tons 1:02
MisceHancous and rovaltes Bollars ton 0
Steam Tons $2
Elecerc power kWh 2,200
Water m? 1,030
I ahonr
Capadity (thousands of tons year: 0" 3 43
Workers shatt . . X th 20
Supcrvisory staff shate 2 2 2
\Mainrenance 4 pereent
Deprecianon N per cent
Overhead 60 per cent
INVINITMING

Capaarty i thowsands
o yean

Lhorsands of dolla

S10
1,000
1.300

Aoy C APROIACTAM

Process From cycohexan

Chitput
Caprolactan S
Amimomum sulphate ..
Inpus:
Cyclohexane
Sulphur ... .. ... .
Ammoma ... .. .,
Sulphuricacid. ...
Fuel petroleum .
Steam
Electric power ... ... .
Pure water ...
Water forcooling ............ ..
Misccllancous and rovaltiess .. .
Labour
Capacity (thousands of tons

year) ... ... 2°%
Workersshift .. ... ...... 24
Supervisory statf'shift .. . .. 2
Maintenance: 3 per cent
Depreciation: 4 per cent
Ovethead 60 per cent

Tons t
Tons 43
Tons P2
Tons 090
Tons 170
Tons 30
Tons 004
Tons 24
kWh 2,400
m3 40
m3 .200
BoHars ton 80

36 6 10 12°2§

28 36 46 40
2 1 3 3




INVESTMENT

Capacny i thousands
of tonsyear

Thousands of dollars

4,000
§,000
7,000

. 9,650

11,200

*ncluding imter alia 07 100 of carbon dioxide, 20 10 o kg of benzene

solvent) and other nunor ingredients.

A-75. “NYLON 6" OR
POLYCAPROLACTAM

Procew Polymerizanon and spinnug

Ontpu :
Nvlon 6 (spun) ... ... Tons 1

Input.
Caprolactan . ... ... . .. . . Tons 108
Catalysts and rovalties . .. Dollars ton 40
Titanivm oxide ... ... ... Kilogranimes 10
Steam .. Tons
Electric pmMr ................. kWh 400
Pure water ... .. ... . ml 20

1 abour:
Capaaity (thousands of tons vear) . 3 7 10
Workers shift . ... ... .. . .. ¢ 6 9
Supervisory staff shife ... 2 2 2

Mantenance: 3 per cent

Depreviation: g per cent

Ovrerhead: RO per cent

INVESTMENT

Capacity w thousands
of tons year

Thonsands of dollars

2,400
3,300
1,800

A-26. DIMETHYL TEREPHTHALATE Process: From xylene
Ouiput:
Dimcthyl tere phlhalau .. Tons t
Steam ... Tons 3
Input:
Parixylene ... . . Tons 068
Mcthanol ... ... . Tons 007
Miscellaneous and royalties .. .. Dollars, tom 40
Fuel ....... ... ... .. ... .. .. .. 1,000 kcal 1,560
Electric power ......... ... . .. kWh 1,150
Water ............ ... ... ... .. md 21
1 abour:
Capacity (thousands of tons. ycar) s 27
Workers/shift . . I, 4 7
Supervisory staﬂ'/shltt ........... 2 2
Maintenance: 3 per cent
Depreciation: 8 per cent
Owerhead: 60 per cent
INVESTMENT
(apacity in thousands
of tons|year Thousands of dollars
S e 4,000
2 10,500

* Net consumption after subtracting the recovery
production,

during polyester

A-77. POLYESTER FIBRE®

Output:
Polyester tibre .
Iuput:
Dimethyl terephthalate .
Glycolethylene ... ... .
Miscellancous, rovalties, e, .
Fucl . .
Stc.lm
Electric power ...
Water ........ ... ... . ..
Lathour:

Workersshift ......... ...

Supervisory staff shift

Maintenancr: 4 per cent
Depreciation: % per cent
Orrrhead:

40 per cem

Tons 1
Tons 0-R6G
Tons O
Dollars ton §0-00
1,000 heal 60

.. Tons 0

. AWh SA0
m?

..... 20

INVES TMING

Capuaty in thonsands
of tons year

howsands of dodlar

1,100

* Estinmared paetly on the basis of Nylon 6-6 (table A=~y

A-78. BUTADIENE

Mocess From normal butavie

Oniput :
Butadiene o
Combustible gas. ... . :
Cs and higher hydroc arbons (to

gasoline) . .

Input:

Butanes . .
Catalysts and minor Lhenn(nh o
Fuel ... ... .. .
Steam ...
Electric power . ... ...
Untreated water . ..
Treated water ... .. .

Labour:

Capacity (thousands of tons/vear) .
Workers/shift. ... .. .

Supervisory staff'shift ... .. .
Maintemance: 4 per cent
Depreciation: 8 per cent

Overhrad: 60 per cent

Ton 1
1,000 heal 6,800
Tons 004K

- Tons 164
bollars ton 10
1,000 kcal ¥, 500

. Tons 1

- AWh 2,100

.om? 200
m# N

20t0 30 40
12 18

INVISITMENI

Capacity in thousands
of tons year

Phowsands of dodlar

20
40 ..

0,000
8,000
4,400

8 9710 98 per cent n-butane and 2 per cent isobntanc.

A-79. SBR RUBBER

Process Copolymeri zation

Output:
Styrene-butadicne rubber . ... L.

Input:
Butadiene ...... ... ... ... ... ..
Styrenc . ...l
Variousreagents® . .. ... ... ... ..
Fuel ............. .. ... ... ...
Steam
Electric power
Treatedwater ... ...............

Untreated water

Tons 1

Tons 07s
. Tons 02§

Dollars,ton 6200

1,000 kcal 4,000

Tons 20

kWh 400

m3 2

m3 400



Labour:

Capacity (thousands of tons, ycar) . 20 40 70
Workersshite. ... ... ... 18 26 32
Supervisoty statt'shife ... L. 2 4 6

Muaintenanee : Jpercent

Depreciation: X per cent

Overhead: 120 per cent

INVIESTMENI

Clapacity in thowaids

of tong year Thousands of dollars

2000 o 8,000
40. . 13,000
O 20,000

* Including 43 kg soap, 200 kg salt, 5 kg mercaptan and 2 kg persulphate,

A-8o. CIS-POLYBUTADIENE

Output.
Cis-polybutadienc rubber . ... ... Tons 1
Input:
Butadicne (98-5 percent) .. ... ... Tons 10y
Chemicals, catalysts and royalties. . Dollars, ton s
Fuels ... . 1,000 kcal 1,000
Electricpowers. ... . ... ... ... kWh 2,000
Waters ..o m? 00
Labour:
Capacity (thousands of tons/ycar) 13 27
Workers/shife .............. .. .. 15 24
Supervisory seaff;shift . ... ... 2 3
Maintenance : 3 per cent
Depreciation : 8 per cent
Overhead: 100 per cent

INVESTMENT

Capacity in thowsand,

of tons year howsand's of dollars

.............. e 8,300
14,000

Note: Generally in 20,000 to 45.000-ton plants which can alternatively
produce other sintlar polymers.
* Figures are estimates and similar to those for butyl rubber.

Process: Copolymerization
of Vsobutylene and isoprene

A-81. BUTYL RUBBER (OR GR-l)

Owtput:
Butylrubber ....... . ... . ... Tons 1
Inpwt:
Irobutylene (inCq). ... ... ..., Tons 1=
boprene. ............ ... ... ... Tons oo3j"
Miscellancous and royalties ... .. Dollars/ton SO
Fuel ............ . ... ... ... .. 1,000 kcal 20,000
Electric power ... ... ... ... kWh 900
Water forcooling . ..... .. R S L 8oo
Treated water ... ......... coooomd 120
Labour:
Workers,shift . ... ... 8
Supervisory statfishite . ..., ... .. 3
Manttenauce 3 per cent
Depreciation: 8 per cent
Overhiead: 100 per cent
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INVESTMENT

Capacity in thowsands

of tous year Thowsands of doliars

* The separation, which is carnied out in the plant, is in practice quantita-
tive,
" Varies between 2 and 3 per cent according to the type manufactured.

A-82. CARBON BLACK (o1l furnace) Process: Furnace

Ontput:
Carbonblacks ... ... ... .. .. .. Tons 1
Input:
Residualoils .............. . .. Tons 2
Fuel,gas .............. . .. .. 1,000 kcal 4,000
Electricpower ............... . kWh 1,200
Water forcooling .............. m? 60
Labour:
Capacity (thousands of tons year) . 4to 8 10 40
Workers'shift......... ... c 12 20 10
Supervisory staffishife . ..., ... 2 2 3
Maintvuance: 3 per cent
Depreciation: 8 per cent
Overhead: 60 per cent
INVESTMENT
Capacity i thowsands
of tons; year Thousands of dollars
B C 1,900
6 e 2,300
10 .. . e 3,000
200 . L R 4,500
Q0. 6,800
NO . 11,000

* Represents the usual types (HAF, ISAF, SAF) used as rubber stiffeners
1N LYIC covers.
" With high aromatic hydrocarbon content.

A-83. CARBON BLACK (gas furnace) Process: Furnace

Owutput:
Carbonblacks .. ... ... ... ... ... Tons 1
Input:
Naturalgas .................... m? 6,000
Electric power .............. ... kWh 1,100
Water ........................ m? 60
Labour:
Capacity (thousands of tons/ycar) . 4to 8 10 to 40
Workers/shift............... . .. 12 30
Supervisory staffjshife . ..., ... .. 2 2
Maintenance: 3 per cent
Depreciation: 8 per cent
Overhead: 60 per cent
INVESTMENT
Cupacity in thousands
of tons! year Thousands of dollars
S, 1,400
0., 2,000
0. 3,200

* Types: FF (fire furnace), SRF (semi-reinforcing), HMF (high modular).
Applicable to thermal types (pigments) with variations in yield.




A-84. TRISODIUM PHOSPHATE {(anhydrous)

Output:
Trisodium phosphate. ..., ... ... Tons 1
Inpnt:
Phosphoric acid, 100 percent . .. Tons O-6RD
Sodiumn carbonate .. ... .. . . ... Tons o078
Causticsoda .. ... . . . Tons 028
Fuel oo 1,000 kcal 3,000
Steam oo Tons 2
Electric power ... .. .. .. .... kWh R0
Untreated water . ... .. .. .. .. m3 400

I abour:

Capacity (thousands of tons, year) . Below 10 Over 1o
Workersshift. ......... . ... . . 6 10
Supervisory staffjshife . ... ... .. 1 2
Maintenance: 3 per cent
Drpreciation: 8 per cent
Orerhead: 70 per cent
INVESTMEN |
Clapacity i thousc nds
af 1ons. pear Thowsands of doars
O 400

....... . 780

Note: Another commiercial form: hydrate (12 molecules of water),
2-4 tons being the equivalent of 1 top of “anhydrous”.
* Wet process acid . ess than 0-61 tons with dry proces- aend

A-85. SODIUM TRIPOLYPHOSPHATE

Output:
Sodium tripolyphosphates ... Tons i
Inpwt:
100 per cent phosphoric acid* . .. Tons 0-90
Sodium carbonate . .. . .. e Tons oK
Minor chemicals and other® Dollars ton 15-00
Fuel .............. . . .. . 1o000keal 1,200
Steam ... .. ..... . . Tons 3
Electricpower ... .. . | | kWh $0
Water ............ ... .. ...om? 80
Labowr:
Capacity (thousands of tons
year) ... ..., Below 10 10t0 30 Over 30
Workersishaft ... ... . .. X 10 s
Supervisory staff'shift . . ... .. 1 2 2
Maintenance: 3 per cent
Depreciation: 8 per cent
Owerhead: 60 to 80 per cent
INVESTMINT
Capacity in thousands
of tons/year Thousands of dollars
6. 00
L 960
$O. ... e 2,100

& Wet process type.
" Including small yuantities of barium carbonate, active carbon,
oxidizing agents, etc.

A-86. TITANIUM DIOXIDE

Owmtput:
Titanium dioxide . .. ... ... .. .. Tons 1

Input:»

Sulphuricacd..... .. . . . . Tons 40
Omemee ... . Tons 32
Minor chemiicals and mniscellancous Dollars ton 1500
Fuel ... ... . . ... . 1,000 haal 2,000
Electric power . ... kWh 40
Water . S . Cooom? W
Labous :
Capacity (thousands of tons year) 10 20 40
Workers shift . . . R 20 24 o
Supervisory staff shife . ., .. . 2 N t
Muintenance: 4 per cent
Depreciation: 8 per cent
Ovethead: 60 per cent

INVES IMENT"

Capacity m thowsands
of tons, year Fhowesasds of dollars

o ...... e e LR
20 14,000
29 e e e . L th, 200
40 ... e 22,800

* Figures for services estimated from cost data.
" According to published figures covering nine plints,

A-%7 PROPYLENE TETRAMER

Onrpui
Propylene tetramer .. . . ... Tons '
Propanc gas (LPG). .. .. .. .. .. Tons <
Heavy polymers, togasoline. .. . Tons 02
Input:
Propanc-propylenes ... . . ... Tons (AN
Catalysts, minor chemicals, ctc. Dollars; ton 6-00
Fucls,gas...... ......... ... .. . 1,000 kcal 11,300
Electric power . ......... ... kWh 2158
Water for cooling ....... ... m3 7h
Labour :
Capacity (thousands of tons
year) ................ . Uptore  12to1x 2n
Workers/shift ... ..... .. .. . 2 3 5
Supervisory staffjshife .. . 1 2 :
Maintenance. 3 per cent
Depreciation: 8 per cent
Overhead: 80 per cent

INVESTMEN1

Capacity i thonsands
af tons year

Thousands of dollars

25 ... . - A . SO0
6. L L 000
:s-j e . . . 750
Q2......,. R . . . [71,19)
140 . ..... e L 1,200

2 2% per cent propylene by volume

A-88. DODECYLBENZENE

Owtput:
Dodecylbenzene. ... ... L. Tons M
Residual alkylates . ... ... ... .. Tons 038
Input:
Propylenc tctramer .. .. .. ... Tons 092
Benzene........... . ... .. .. Tons 050
Catalysts, chemicals and royaltics . Dollars ton 10
Fuel ....... ... ... ........ .. 1,000 kcal 1,500
Steam ... L Tons 2
Electricpower ............... .. kWh 120
Untreated and cooling water . . . .. m3 20
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1.abour :
Capacity (thousands of 10ons
year) ... 10y §StO10 201t0 10
Workers shife ... ... .. 2 3 5
Supervisory staff shife ... 1 | 2
Maintenanc: 1 per cent
Dupreciation : ¥ per cent
Overhead : 150 per cent (below 5,000 tons)

10O per cent (Over §,000 tons)

INVISIMENI

Capacry i thowvand.
dHIeR pear

Thotsands of dollar

28 . . o L 6H30
4 o . o o 780
10 . P Lo A . . 1,250
o P . . . P 2,500

A%y ISOPROPYT ALCOHO

Ontpur.
bopropylalcohol i, - Tom 1
Inpue:
100 percent propyvlener 0 Fon Gy
Snbphuricand . — Tony 01
Other chennials Dollars ton 100
Seame e Tons O
Elcetric power . .. .. AWh 33
Wacrlorcooling .. n? 200
Labour :
Capacity (thonsmds o tons yvear) 1S to so
Workers shite .. 4
Smpervisory seaff shife .. 1
Mamtenance- 4 per cem
Dvpreciation: 69 per cent
Overhead 60 pereent

INVINIMENI

Capaaty w thous, o,
ol tons year

Fhowsand of dollar s

15 S . . .. Hiy
4 e 1,143
L 1,067
P o . 1,440
SO §.22§

* Propanc-propykene with 6o percem propylene s used ; the propane i
1woovered

A-go. ACETONE Proves From popropanol (11

Ontput:
Acetone ... . Tons |
Combustible pass .o 1,000 heal QOO
liput:
lopropanol. ... Tons 1:20
Catalysts, miscellimeous and royal-
tes oo Dollars ton 1500
Steam o Toms 13
Electric power ... ... . KWh 20
Water forcoolng ... BETE Too
Labour
Capacity (thousands of tons vear) . 1o
Workers'shife ... ... 2
Supervisory staffishift ... 1
Maintenance : 3 per ceme
Depreciation: 10 per cent
Overhead: 120 per cent

AR}

INVESIMEN |

Capacity s thosands

of tons, year Thowsands of dollar .

10 330

Remarks: Mummnum scake - 1,000 tons per year.
* Vireually hydrogen

ECONOMIES OF cAPITAILY

A curacteristic commion to both the chenncal and the Process-
g industries s that the it mvestment (Investment per ton ol
annnal capacity ) deereases as the size of plant and facilities increases.
The reltionship between the cost of two plants of different size
18 not direethy proportaonal to cherr respective productive capaci-
tes. Although it varies for different processes, it generally obeys
an exponential tunction ot the type:

1 ((fl)‘l

e \Cy
mwhich Cyand € represent different productye capacities and |,
and 1y are the total mvesement necessary i the two cases © The

exponent alpha, which s wwally called the capital factor, pre-

«ents a number of variations as between different processes and
varies mthe case of a single product according to the range of
capacities that is being considered. It is debatable whether 1 chen-
cal process can be characeerized on the basis of a constant value ot
Apha appheable to v aize of plane: experience has shown thae
alpha s differene values e the lower range of the known
capaeties,

This fact indicates that the ccononues of scale are high
the case of the low producuye capactties, the reason being that i
iy ipossible to reduce the size of sonwe clements of the processing
cquipment (heat exchangers, pimps, agitators, tilters, distillation
columns) below cereain techmaally teasible linnes, The resule
that certam eqmpment components unavoidably have « rehatively
excessive capacity. For lngher productive capacitics, the ¢xponent
alpha tends 1o become stabilized and to assume 4 value which 1
characterstic for the process. This continues until a new level of
capacities i reached ae which some elements of che equipment
st be duplicated because they lave reached the maximam
feasible wize for single units. At that level the capital factor m-
creases in value and tends o uniy.

The capital factors derived from an analysis of the invesement
needed for eighteen chemical processes at different levels of capa-
Ay range trom 0§ to 0-8 and the characteristic cconomies from
22 10 40 per cene in the transition from 4 nominal production
sale Cytto a triple scale Cy. The investments considered relate to
tully: cquipped plants and include their physical components
(installed processing cquipment, buildings, auxiliary facilities and
the like): design, engincering and erection costs, and in general the
wsual overheads. They are therefore equivalent to the concept of
turn-kev cost for complete plants not integrated into induserial

" S foot-note a.

“ Among the tirst works published on the capital factor in various
chencal industries are those by R. Williams, Jr., “Six-tenths Factor
Aids m Approximating Costs”, Citemical Engineering, December
1948 and H. Chilton, op. cit.

! The scale of production used as the central term o1 comparison
Co i referred to below as the scale of reference or base scale and
corresponds roughly to the criterion of “economic size” for each
case studied,



———

UNIT INVESTMENT, ECONOMIES OF SCALE AND CaritaL Fac ToR

Percentage of ln Co
CCONOMIEs Unit tavestment Seale of
obtatmahle trom of reference reference

Product mrestmertt (dollars 1om) Tton) Fxponear 2"
lmpmpanol i1 242 .000 0
Caloum carbide . 41 16~ 15,000 ORLO O 6
Polyvynil chloride I LT 6,000 088
Calowm oxide I 14 15,000 058
Buw . L 600 10,000 0ig
Acety .. carbide e | $.8%0 oo
Acctaluchyde 1= 100 20,000 Ot
Carbon black it 100 10,000 O-SN 10 (O
Ethylene . . i $70 10,000 i
Titanium dioxide 4 1,200 3,000 il
Crea o i s 33,000 eh=
Acetylene (from natural Ras) N 408 13,600 Lty
Styrene o S 2 2%0 1O,000 T
Polycethylene (high prewure) 12 402 S0 087
Mcthanol .. o 22 444 10,000 0N
Chlorine-soda 12 140 16,300 0O O 0 Ro
Ammonia . a2 139 30,000 o
Sulphuric aaid 1= I8 10,000 0-%0

] lo 1
*Eqaat o 3 00
Ll

where: Ty mvestinent per 1o per vear at the soale €.
Ly mvesmient per ton per vear at the seale €
" Valud for the ranae Cyro €y

complexes winch might provide an additional cconomy, particu-
larly i the form of jointly used general facilities. These mvest-
ments accordingly represent nothing more than an over-all figarre
subject to appreciable variations as the result of local conditions
sich as wages, labour productivity, topography and the avail-
abihey of supphes. Such local conditions are of course responsible
tor the considerable vanations from comntry w conntry between
plines with similar production capacity. The degree of care and
expense devoted to matters of relatively secondary importance,
such as the tvpe of construction used for laboratories, offices and
so on or the facilitics provided for the staff, also makes it difficult to
compare the corresponding investments in two or more planes ot
cqual capacity,

The most probable values of investments at the different capaci-
tics were expressed in teris of unit investment, thac is, the capital
cost per ton of annual capacity. A capacity or scale of reference Gy
with its corresponding unit investment, was established for cach
product. The unit investments at other capacitics were comn-
pared with chis, the differences being expressed as a percentage of
the unit investment Iy of reference, The products analysed were
arranged in a descending order of the percentage of the ccono-
mies obtainable from investments that would triple the capacity
Co. It was found that the resulting cconomies would range be-
tween 22 and 40 per cent of Jo. The “Unit Investment, Economics
of Scale and Capital Factor” table shows the values of the ecomo-
mies of scale for this capacity relationship (from Co to (),
together with the value of the investnient of reference lo, the
productive capacity at the scale of reference Co and the resultant
capital exponent in the range Co to Cy,

It must be admitted that these values of the economies obtain-
able from investments that would triple the capacity of reference
are to some extent a reflection of the criterion on which the

selection of the capacity of reference was based. For example m the
extreme cases relatively high scales of reterence {tor sulphnn acid,
100 tons a day) or relatively low ones (for sopropanol, s produce of
the petrochemical type, 6,000 tons per vear) were chosen, In other
words, it 4 plant of the tyvpe usually tound i Laem Amenica
(30 to 50 tons a day) had been adopted as the wale of reference for
sulphuric acid, the cconommes of investment resulting from an
merease i capacity to beeween 9o and 150 tons 4 day would be
more than the 17 per cent calculated and, msecad, wonld smount
to more than 20 per cent,

In the cases examined, it is posaible, strtmg trom 4 given
minmmum level, o determine the range of capacities m which
economices of scale are significant. These ranges are s follows:

Lons year
Isopropanol . 2,000 (0 {0,000
Calciuni carbide . . .. . . $,000 to 60,000
Polvvinyl chloride . . . . . 2,500 L0 40,000
Calcium oxide . . . $,000 (O 100,000
Butadiene . . . . . o $,000 to 60,000
Acetylene carbide .. . 2,000 t0 20,000
Acetaldchyde ............... ... 1g000t0 60000
Carbonblack . ......... ... .. ... . 4,000 (0 30,000
Ethylene ...... ... ... . . . 10,000 t0 60,000
Titanium dioxide ... .. ... 4,000 t0 10,000
Urea ............... .. ... 16,000 to 165,000
Acetylenc (from natural gas) . 10,000 L0 45,000
Styrene ... e $,000 O §0,000
Polyethylene (hagh pressurc). ... . 6,000 t0 12,000
Methanol . ... . .. e $,000 to 60,000
Chlorine=soda. .. ......... ... .. .. . . 6,000 to 35,000
Ammonia ...... ... .. . 18,000 to 180,000
Sulphuricaad ... 10,000 to 100,000

The firse figure approximates to what, with due allowance for
local conditions, is considered to be the minimuin capacity,

$s




References

United Nations, Industrializarion and Productivity Bulictin No. 1o,
“Programming Data tor the Petroleum Refining Industry”
(SalesNo: 6611 B.6),

-Industrializarian and Produ-tivity Bulletin No. 6, “Pre-

lmmary Bibhography for Induserial Development Progran-
ming” (Sales No.ag 11.B.1),
————Clement, Nitrogenons Fertdizers Basedon Netural Gas (Sales
No.: o3 1L1B.3), Studies in Economies of Industry Nov, 1.
Programming Technigues Jor Economic Development (Sales
No.:6oIlLF.3).
La Industria Quimica i Amdrica Lunna (Sales Nov:
()4.".(;.7).
—huternational - Standard - Classification of A1 Foonom
Activitis (Sales No.: s8. XVIL7).
~Fornmlating  Industrial Development Programmes (Sales

No.: 61 ALF.7), I)cvclnpmcnt Programmmy Series No. 2

“Electricity in the Chemical Indnsers™ m mmcographed

document E CNLnTand 1104, 3 November 1954,
="Pre-lavestment Data Summuay for the Chenneal

Industry”, mumcographed document IDP EWG.s, 12 M

1961,

—"Planning of the Chenmeal Industries at the National

Level”, Inter-Regional Conference on the Development of
Petrochenucal Industries in Developing Countnies, Tchran,
November 1964 (ST/CID. PET CHEM CONE. 1),

Chile, Economic Pevelopment Corporation, National Program of
Economic Development for the Next Decade, 1961-1970, part Band
annex PB -4-V, Santiago, 1961 (mimeographed).

United States, Treasury: Department, Internal Revenue Scrvice,
Tables of Uscful Lives of Depreciable Property, Bulletin F, Wash-
ington D.C., 1955,

Airov, )., The Location of the Synthetic Fiber Industry, The Techno-
logy Press and John Wiley and Sons, New York, 1959.

Arguintar, H. and O'Donnell, J. P, “Energy for Process In-
dustnes”,  Chemical - Engineering,  McGraw-Hill Publishmg
Company, New York, July 13, 1959.

Chilton, C. H., “Six-tenths Factor Applics to Complete Plant
Costs”, Chewmical Engineering, Apnl 1950.

Haldl._].. Economies qt'.\'mlc in Economic D(':'clorun'm, Mcemoran-
dum E-7, Stanford Umversity, Calitornia, November 1900,

Isard, W. and Schooler, E. W., Location Factors in the Petro-
chemical Industry with Special Reference to Future Expansion in the
Arkansas-White-Red River Basins, Diepartment of Commerce,
Washington, D.C., 1955.

Isard, W., Schooler, E. W. and Victonsz, 1., Industrial Complex
Analysis and Regional Development, John Wiley and Sons, New
York, 1959.

4}

lsard, W. and Victonisz, T., Indusinal Complex Analysis and
Regional Development wwith Partienlar Reference 1o Puerto Rico,
Procecdings of the chinn.ﬂ Science Association, vol. 1, 1955.

Kornay, J., Tardos, M., Verden, F.oand Frev, T., Mathematical
Programming of the Der lopment of Hungarian Synthetic Fiber
Produetion (in Hungarian). Hungarian Academy  of Sciences,
Center ftor (fnmputéng Tc(hmquc\', Iind.zpcxt, 1903 (Nmeo~
graphed).

Manne, Ao S and Markowitz, Ho M. (eds.), Studics in Process
Analysis; Economy-wide Production Capabilities, monograph 1%,
Jobn Wilev and Sons, New York, 1963,

Munne, A. S, The Canstic Soda Industry- - Plant Size, Locanon and
Towe Phasing, Report No. 2, Massachusetes Institnee of Tech-
nology, Center for International Studies, Cambndge, Mass,
Febriary o, 1904 (mimicographed).

Michelsen, O. P, “Chemical Development m Colombia”,
Chemical Engineering Progress, Amencan Institute of Chemical
Engincers, New York, June 1960.

Moore, F. T., “Economies of Scale—Some Statistical Evidence”,
Qnum-rly _]mmml (y' Econowics, Harvard Umversity Press,
Cambridge, Mass,, Mayv 1959.

“Quick Esimation of Steam Plane Costs”, Petrolenin Refiner,
Houston, Texas, May 1959,

Ryvan, J., Current Depreciation: Allowances—An  Evaluation  and
Criticism, Stndies in Industrial Economies No. s, Fordham
University: Press, New York, 1955,

Schoticld, B. P, "How Plant Costs Vary with Size”, Chemical
Engincering, October 1955,

Victorisz, T., Regional Programning Models and the Case Study of a
Retivery Petrochemical Synthetic Fiber Industrial Complex  for
Puerte Rico, Massachuisetts Insntute of Technology, Cambridge,
Mass., 1956 (doctoral dissertation).

“Sector Studies n Economic Development Planning by
Mecans of Process Analysis Models” in Studics in Process Analysis,
monograph 18, John Wiley and Sons, New York, 1963.

Industrial Development Planning Models with Economies
of Scale and Indivisibilities, Regional Science Association Papers,
vol. X1l 1964.

Victorisz, T. and [Manne, A. S, “Chemical Processes, Plant
Location, and Economies of Scale”, in Studies in Process Ana-
lysis, nonograph 18, John Wiley and Sons, New York, 1963.

Victonisz, T., Szabo, Z. and others, The Common Market and the
Development of the Chemical Industry in Latin - America, joint
report (in Spanish) of the United Nutions and the Chilean
Development Corporation, 3 volumes, unpublished (summar-
ized in United Nations, mimeographed document (E/CN.12/
$25, 25 April 1ysy).




Programming Data for the
Petroleum Rcﬁning

Industry

By ALAN S. MANNE

SCUPL AND PURPOSE

HE SET OF tables and the figures which follow arc for
T world-wide use in planning petroleum refining in-
vestments. They are set up in such a way as to allow for a
wide variety of the process alternatives and product-mix
options confronting the refiner. These programming data
are intended both for the purpose of preliminary project
evaluation and for inter-industry cconomic analyses. How-
ever, they should always be supplemented with whatever
specific information s available on local conditions. It
should be a comparatively casy matter, for cxample, to
adjus the crude oil compositions shown in table 2 and bring
them into linc with the propertics of the crudes that are
locally available.

In assembling these data, an atempt was mude to
strike some sort of reasonable compromise between simpli-
city and flexibility in use. For example, in the interest of
simplicity, no distinction was drawn between the octane
numbers of various straight-run gasolines. In the interest of
flexibility, however, there is no typical octanc number
shown for finishcd motor gasoline. Instead, there is in-

Dr. MANNE of Stauford University, California, has acted as con-
sultant to governments and industry on problems of indutrial
planning and programming, a ficld in which he has made many
research contributions. He has participated in scveral United Natious
meetings including the Inter-regional Conference on the Development
of Petrochemical Industries in Developing  Countries, held in
Tehran, Iran, in November 1964, and the Semivar on Industria)
Development Programming in the Latin American Regiou, held in
S8 Paulo, Brazil, in March 1963. This article is a revised edition ofa
paper which he submitted to an Expert Working Group on Industrial
Development Programming Data, held at United Nations Head-
quarters in May 1961,
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cluded a tetracthyl Iead biending chart so that the user can
insert whatever octane number specthcation scems most
appropriate tor his own purposes.

These charts and tables are predicated npon the use of
typical raw materials and typical operating conditions for
the various refincry processes. It is altogether likely, how-
ever, that there will be individual cases where the yields of
major products ditfer by as much as 1 10 per cent from
those indicated here. The initial investment costs are
probably accurate to within 24 per cent. The yields of
minor products such as coke and retmery gases are even
more variable, and may be in error by asmuchas 50 per
cent. Also subject to crrors of similar maguitude are the
inputs of refincry fuel, sulphuric acid, caustic soda, clec-
tricity and manpower. (These latter cocfficients were
estimated through United States Census data on total in-
puts per barrel of crude charged to refineries in 1954.1)

ARRANGEMENTS OF CHARIS AND TABLFS

Investnient costs for individual process units are subject
to considerable cconomies ot scale—typically in the form
of a “six-tenths exponent” relationship. In order to reflect
these economics of scale, investment costs are shown as a
function of plant capacity in figure Il All investnient costs
arc stated in terms of 1960 dollars and refer to plants
operating round the clock 365 days a year except for normal
maintenance downtime,

All current inputs and outputs are measured in terms of
physical units: barrels, pounds, kilowatt-hours, ctc. These

1 The United States Census data provide no support for the hy po-
thesis that there arc economies of scale m terins of the fota! nuniber
of refinery employees. It is generally believed, however, that there
are such economics in terms of direct operating labour.
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View of an ! refinery i Argenting

current mputs and outputs are not subject to significant
cconomies of scale, and are assembled here in the form of an
acovity analysis arrav— alternative “processes” for pro-
ducing the vanous “iems”. Altogether, the tables include
sixty-nine rows tor the various items cyuipment capacity,
raw matenials, intermediate streams, and end producs.
There are seventv-four columms, one tor cach of the
alternative processes: primary fractionation,  visbreaking,
catalytic cracking, motor gasolne blending, and the like.

The various mput and output How cocticients are listed
m tables 2 through 10 and in figure 1L Two kevs to this
matcrial are provided. wable 1 and figure 1. Table 1 con-
tams a complete list of the sixty-nine items, their units of
measurement, and a st of volume-weight conversion
tactors tor the liquid materials. Figure 1 provides an over-all
view of the processing relationship and of the connexions
between the various activity analysis tables.

In order to illustrate the use of this material, table 1
contains a complete retmery balance for a case mvolving
prinary  fractionation, catalytic cracking and  product
blending. The gasoline blend employed i this example
also serves to illustrate the use of figure 111, the cthyl lead
blending chart.

W8

Petrolewm blending area of a rctinery in Pakistan

PETROCHEMICAIS MANUFACTURING

These tables have been constructed so as to provide
comsiderable detail on the potevtialities for petrochemicals
prroduction, It is because of this attempt at detail—as well as
because of the fact that refinery gases altogether represent
such 2 small fracion of the total output of the various
cracking and reformimg processes—that the yields of indivi-
dual gas streams (e.g., item 47, butylenes) are subject to
potential crrors of as much as | 50 per cent. This means
that a prediction of the total yield of, say, butanes and buty-
lenes is likely to be considerably more accurate than that for
butylenes alone.

In addition to refinery gascs, there is onc¢ other major
raw material supplied by petroleum refineries to the
chemicals industry—aromatic chemicals. These aromatics
appear here under a catch-all heading—benzenc, tuolene
and xylenes, item 37. In the immediate future, it is safe to
supposc that the petrolenm refiner can trade off these
individual chenicals against one another on a barrel-for-
barrel basis. In the long run, however, this barrel-for-barrel
trade-off possibility inay disappear, and refiners may be
faced with shortages of naphthenic materials in the charge
stocks utilized for catalytic reforming.
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SCHEMATIC DIAGRAM OF TABLES AND FIGURES
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Laying a pipeline near the Ras Tanura rofinery at Al Hasa, Saudi Arabia

The reader who is particularly interested in the program-
ming of petrochemical investments should consult the
informative case study on Puerto Rican possibilitics by
Isard, Schooler and Vietorisz (1959).

OMISSIONS

Two of the usual motor gasolinc specifications—the 50
per cent point and the F-2 Motor method octane rating—
have been eliminated from these tables on the grounds that
they were likely to be redundant. In any detailed application,
it would be essential to check further upon the gasoline
blend, and to verify that these restrictions are, in fact,
satistied.

Certain obsolescent refinery processes have been omitted
from consideration here: thermal cracking, thermal
reforming, and gasoline polymerization. Each of these
processes has the advantage of low capital investment costs
and of low royalties. However, the octane number of the

gasoline product is so poor that new mstallations of these
types would be quite unusual.

Many units of auxiliary refinery equipment do not show
up here in explicit form. Their installation cost is already
included in the auxiliary equipment for primary fractiona-
tion, for catalytic cracking or for onc of the other plant
units. Among the omissions of this type are: gas fraction-
ation, vacuum distillation, chemical treatment, crude and
products storage, and plant utilitics. It is largely because of
the omission of all this auxiliary equipment that line 1A
(topping and atmospheric distillation) appears so much
lower on figure 11 than does line 1 (primary fractionation
and auxiliary cquipment for complete refinery).

One major type of processing cquipment—hydrogen
processing and sulphur recovery cquipment—has taken on
increasing importance, but has nevertheless been onntted
here. The sulphur content varies so widely amony straight
run fractions—anywhere from o2 to 5 per cent by
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investment cost for process units
(Mitions of 1960 dollars)
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weight-—that it would be extremely misleading to set down ;
a single number that is intended to be representative of
world-wide conditions. If sulphur removal appears worth
investigating, this is best done on the basis of the particula
crude oils that are locally available. Tables 4 and § contain
one strategic piece of information in planning for this typc
of processing—the hydrogen yiclds from cracking and
reforming. According to Slyngstad and Lempert (1960), it
takes approximately o-2§ pounds of hydrogen in order to
remove one pound of sulphur.

SOURCES OF DATA

All sources arce hsted in the references below. Major
rehance was placed upon Nelson (195¥), a work that should
be corsulted by anyone with a scrious interest in petroleum
refining. The staring point of this entire analysis—the
primary fractionation yiclds appearing in table 2 below —
was taken directly from Nelson, figure 4-3, page 9o.
Anong the other key estimates taken directly from Nelson
are those on investment costs for the following equipment
categories: (2) visbreaker; (3) Huid coker: (4) lube oil

Partial view of the petrolevwm exporting port in Kuwait

manufactormg; and (14) topping and anmosphenc dnal-
lation,

Each of the muajor construcnon and cngmeermg com-
panics provides usetul reprints npon request. Among these
reprints arc the papers by Curry and Haag (1930) and
Curry and Schnabel (1960) drawing upon the expenence of
the Universal Ol Products Company. Al uwvestment costs
not denived trom Nebson were adapted trom thewe two
papers. These investment costs checked fairly closey wath
reports on complete plants comstructed by the MW
Kellogg Company.

The catalytic crackmg and retormmg vickds were based
on two articles in the Ol and Cas Journal (1955) dealmy,
respectively, with Houdnlow catalyti crackimg and with
Houdriforming. These data agreed tairly closely with thow
of Nelson and also of Read and Wemert (1946). The de-
tailed compusition of refinery gases produced by crackimg
and reforming processes came from two sources Nehon
page 417, and Sutherland and Belden (195%).

ILLUSTR. I'VE EXAMPLE

The illustrative example in table 1118 bascd on a plamt
refining $0,000 barrcls por day of 30 AP crude ol Two
types of process cqupment are employed - primary
fractionation and catalyn - cracking. In addinon, there arc

Operating a molecwlar sti’l in a research labormory in New Jersey, United
States. The still is used Jor distilling and pwrifying materials used m the o
production of petroleum additives ,,:‘,.,;,,,-(m yne facilities for blending a » anicty of end prod-ces: motor
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Figwee 111

TETRAETHYL 1BEAD SUSCEPTIMLITY CMART

Towasthyl it (Wi por guitem)

72:6 and an F-1, 3 ml TEL, of 8¢ 3. In order to meet an B0 octane number specific

(Reprr ed by permission of the Ethyl Corporation)

lend has an F-1, Jear, octane -ating of

xample: B

'.

necessary to add 0.9 ml TEL to each gallon of wae blend.
N.B. It v customary to hinut the lead concentration o a maximum of 3-0 ml per gallon,
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gasoline, JP-4 jet fuel, dicsel fucl, and so forth. The motor
gasoline 1s to mecet an 80 octane number specification. All
cracked refinery gases arc to be reserved for petrochemical
manufacturing, except those butanes required for mecting
the Reid vapour pressure specification ot the gasoline
blend.

Each column appearing in table 11 is derived by simple
|“l|ltiplicatiﬂn ff(““ th(‘ C(Yff(‘ip(“ldi”g (()Ill"ln ]ist(‘d
previously in tables 2 through 10, Columns 2-6, for
example, specifies that for each barrel of charge of 30’
crude oil, there are the following nputs: 1-0 unit of pri-
mary fractionation capacity, and 1-0 unit of refinery fuel,
among others. Among the outputs per barrel of crude
charge are the following: 0-10 units of straight-run material
in the 100-250" fraction and o0-14 units in the 250-400’
traction. Accordingly, 50,000 barrcls of daily charge will
require an input of $0,000 units of primary fractionation
capacity, $0,000 units of refinery fucl, ctc., and will pro-
duce outputs of 5,000 units of straight-run material in the
100-2¢J° fraction, 7,000 units in the 250-400  fraction, ctc.

Totals for cach of the rows in table 11 appear in the
right-hand column. This column indicates that on balance
the refinery requires the following inputs among others:
50,000 barrels of daily fractionation capacity, and 22,500
barrels of daily catalytic cracker capacity. The plant is
self-sufficient with respect to refinery fuel. The daily output
of hydrogen gas is 9,000 pounds, of methane gas, 84,000
pounds. The figure for the daily motor gasoline output of
20,000 barrels docs not appear explicitly in this right hand
balancing column, but instead shows up in column 7-12,
row 0.

In order to complete this cxample, use must be made of
the charts for investment costs and for ethyl blending.
According to figure II, the investment costs here are
reckoned as follows:

Fopiaent Il
capnity Heestment
tharrel imnpllons

per day R A IATN

1. Primuary tractionation ... . . $0,000 2000
5. C ml\m cracker ... ) 21500 62
TOTAL INITIAL INVESTMI N 32

Figure T emables us o calculate the mputs ot tetracthyl
lead required to meet the %o octane number specthication
for motor gasoline. From wble 11, columny 2-1, ~-», ~-4.
7-7 and 7-8, we already know the tnllu\\m\, abone the
motor gasoline blend :

50. Motor gasoline

produwce .o 20,000 barrehs per day
$2. F-1, clear, motor

gasoline. ... 1,451,300 octane=barrels per das
s3. F o, 3 ml TEL, motor

gasoline. ... ... .. 1,705,500 o tane=harrels per day

Dividing the number of octanc-barrels per day in the
blend by the 20,000 barrcls per day of motor gasoline
product, we note that the octane number ratings are,
respectively, 7246 F-1, clear, and 8¢-3 F-1, 3 ml TEL.
according to figurc 11, these two points indicate that in
order to reach the 80 octane number specification tor the
motor gasoline blend, it will be necessary to add approxi-
mately 0:9 ml of ethyl fluid to each gallon.

The total ethyl fluid input tor motor gasoline blending,
therefore, is shown in row 54 as 756 litres per day: 76
litres— (0-9 ml per gallon) (42 gallons per barrel) 20,000
barrels per day - (1,000 ml per litre).

The reader who is interested in sccing jnst how this type
of ethyl fluid blending relationship may be fitted into the
activity analysis format should consult Kawaratani, Ullman
and Dantzig (1960). For more general references on lincar
programming applications to petroleum  refining, sce
Symonds (1955) and Manne (1958).
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Table 1
LIST OF ITEMS AND OF VOLUME-WEIGNT CONVERSION FACTORS

Item API of
num- typical Barrels® per
ber ltem U'nit of measurement® liquid metric ton

1. Primary fractionation capaciey . ... Barrels of daily charge —

2. Visbreakercapaciey ...l Barrels of daily charge — —

3. Fluidcokercapacity ........................ Barrels of daily ch;:fc — -

4. Lube oil, wax and grease capacity ... Barrels of daily product — —

5. Catalvtic crackercapaciey ... Barrcls of daily charge — —

6. Catalytic reformercapacity ............. ..., Barrels of daily charge — -

7. Aromatics XEraction capacity .. ..., Barrcls of daily charrc -— —

8. Alkvlationcapacity ... L Barrels of daily alkylate

product — —

9. lsomenzation capacity ... .o Barrels of daily charge — —
10. Rebmerytuel ... ...l 700,000 BTU per dav - —
11. Cruccoil,io APL.. ... ... .. ... ... ..., Barrels per day 10 63
12, Crudeoil,12 APL ... ..o Barrels per day 12 64
13. Crudeoilig AP ... Barrels per dav s 65
14. Crudeoil,20°APl ......................... Barrcls per day 20 67
15. Crudeol, 25 APl ... ... .............. ... Barrels per day 25 7°0
16. Crudeoil, 30°APL ... ... Barrels per day 30 72
17. Crudeoil, 36 APl ......................... Barrels per day 3 74
I, Crudcoil g0  APL ... oo Barrels per day 40 7°6
19. Crudeoil,gs AP1 ... .................... Barrels per day 45 79
20. Crudeoil,so APl ....... ................. Barrels per day $0 LR
21, Straight-run fraction, 100-250 F ............. Barrels per day 70 90
22, Straight-run fraction, 250400 F ........ ... .. Barrels per day 50 LR
23, Straight-run fraction, g00-5s0'F .. ... ... .. Barrels per day 40 7:6
24.  Straight-run fraction, ss0-700°F ............. Barrels per day 30 72
25, Straight-run fraction, yo0-9oo'F ..... ... .. Barrels per day 20 67
26.  Straight-run fraction,goo'F ................. Barrels per day 10 63
27. Visbreaker/coker gasoline . .......... ... ... Barrels per day 00 LR
28, Visbreaker/cokergasotl. ... oo Barrcls per day 30 72
29. Petroleamcoke. ... Pounds per day — —
30.  Lube, oils, waxes and grease products ... ... Barrels per day 20 67
31. Catalytic cracking charge stock ... ... Barrels per day 30 72

2. Catalytic cracked gasoline . ............... .. Barrels per day 60 8
33, Catalyticcracked gasoil ... oo Barrels per day 30 72
34. Catalyticcoke. ... Pounds per day — —
35.  Debutamzed reformate, o F-1,¢lear ... ... .. Barrels per day 60 K
36.  Debutanized reformate, 92 F-1,clear ... .. Barrels per day 60 LB
37. Benzene, toluene, xvlenes ... o oo Barrels per day 30 72
38 Naturalgasoline ........................ Barrels per day 90 99
39. Hydrogen ......... ... ... Pounds per day — —
4. Methane ...l Pounds per day - —
gr. Ethane . ... . Pounds per day — -
42. Ethvlene ... Pounds per day —- -
43. Propanc...... ...l Barrels per day 146 12°4
44 Propylenc .. ... Barrels per day 136 12'0
4s. Isobutane....... ... ... ... Barrels per day 119 -2
46. Normalbutane............. ... ... ... ... Barrels per day 111 10-8
47. Butylenes........... ..o o Barrels per day 104 10°§
48 Tsopentame.......ooo Barrels per day 95 10°1
9. Alkylate ..o Barrels per day 60 8
so. Motorgasolineproduct .. ... Barrels per day 60 85
s1. Reid vapowr pressure of motor gasoline ..., .. RVP-barrels per day — -

» Barrel referred to is the U.S. barrel of 42 gallons.



‘Table 1 conted

Item

APl oy
nim- typnal Harrel\® pea
ber Trem Ulnat of measurements hapand metric ton
s2. F-i,clear,motorgasoline ... L Octanc-barrels per day
s3. F-1,3ml TEL, motorgasoline . ............ .. Octanc-barrels per day
s4. Tetracthyllead (TEL) ............ ... ... .. Litres per day
§$- s agsaviation gasoline .o Barrels per day 60 N
so. JP-qjetfucl ..o Barrels per day 50 X0
$7. Solventsandwaphthas ... Barrels per day 50 N
s Kerosene ... Barrels per d.\) 40 =0
s9. Diesclfueloil ..o Barrels per day 10 T2
60. Distillacctuclonl ... Barrels per day N 70
o1 Asphale ... Barrels per dav 10 03
62, Residual tucl ol ..o oo Barrels per day 1o 01
6. Coal oo Pounds per day
64. Naturalgas ..o Thousands of cubic feet
per day
6s.  Sulphuric acid (100 per cene HaSO ) Lo Pounds per day
66, Causticsoda (100 pereent NaOH) ... .. Pounds per dav
67. Electricalenergy ... ..o oo Kilowatt-hours per day
o8, Peak clectricpower ... L Kilowatts
6. Manpower oL Lwmplovees
1 hl’l(’ 2
PRIMARY FRACIIONATION
Clrude ol practionation
- Natorat
Irem " 12 15 20 2% 10 3s q0 48 N wrolin
num- ml il wil il orl wl wrl orl ml ol fractiomanon
ber Item 21 ) (2 (2 3) (¢4 ) 26 (2 0) (2 -) (2 & {2 9) (2 10) (r
1. Primary fractionation
CAPACIEY . 1°0 1o 1-0 10 1-0 10 1-o 1o 10 10
10. Refineryfuel ..o 1o 10 10 1°0 1o 1o 1o 10 1o 1o
1. Crudcoil,10 API ..., .. 1o - -
12, Crudeoil, 12 APL ... - 1°0 -
13. Crudeoil, 15 APL..... ... : - 1o
14. Crude oil, 20 APL. .. ... .. 1-0
15. Crude oil, 25 APL..... ... )
16. Crude oil, 30 APL...... .. )
17. Crude oil, 35 APL. ... .. - : 10
18, Crude oil, g0 APL.... .. .. - - 10
1. Crude oil, 45 APL..... ... - - . 10
0. Crude oil, so APL... ... o
2. Straight-run fraction, 100-
260 F ... 0 0-02 003 0°0§ 007 o010 014 I8 027 O 43 0 4
220 Straight-run fraction, 250-
0o Fo 003 0-03 003 0-0o¥ o1l o1y 016 0y 020 020
23 Straight-run fraction, 400-
ssoF. ... ... 007 00y 010 013 016 T 017 0 IN 010 TN
2. Straight-run fraction, sso-
20$€0F. . ... ... 010 013 0106 o1 o'16 AT 016 oty o1y 012
5. Straight-run fraction, 700-
yoF........ ... ... o'l14 010 o1y a0 ) 01y 017 017 ol 007
20, Straight-run traction,
o F. ... ..., 000 0§57 047 01y 031 02§ 0-20 013 0°OR 003
38 Natural gasoline. ....... .. — — — - — - — - 10
45. Isobutane ............... — - - — - - - 008
40. Normalbutane .......... — — — — — - — - 024
48, lsopentme ... — — — — - - — — : 01y
6s5. Sulphunicacid ........ .. 1S -1t 11 s s 11 1S 11 1 11
on. Causticsoda .......... ... 021 021 021 021 021 021 o2 o2 o 021
07. Electrical energy” .. ... . 37 37 37 37 37 37 37 37 37 17
o8, Peak clectricpower . ... .. -0°16 016 016 016 016 o016 016 016 016 016
. Manpower .............. -0'02  -0'02 002 0-02 0'02 002 002 002 002 0-02

® In this table and the followin‘x tables a minus sign () indicates net inputs.

¥ 3-7 kilowatt-hours per barre|

of crude= (24 hours per day) (0-95 onstream factor) (peak 0-16 killowates per barrel of crude).
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Table 3

VISBREAKING, COKING AND LUBE OI11 MANUFACTURING

1rereakemg Clekitg
S0 per S0 per S0 per &0 per Lube il
Item CORE QU LeRE s crnp s CemE s manifc-
- ol yield orf yreld orl yiehd oil yield g
ber Trem (i1 (+ 2 (40 (3-4) (4%)
2. Vibreakercapacity Lo 10 10 -
3. Flunid cokercapacity ... 10 i-0
4. Lube ol waxand grease capaaty - 10
25, Straight-run fraction, 700 9oo | — - i0
26, Stenghi-num fraction,goo b+ oo 10 1'0 10 10 -
27. Visbreakerjeoker gasoline .o o1 0'0% 022 003 —
2R, Visbreakerfcokergasoil .0 oo 050 00 0°$0 0-Ro
29, Petrolenmcoke. oo oo No'O 50°0 -
30, Lubc oils, waxes and grease products — 1°0
40. Mcthane ... 24 14 64 4C -
g1, Ethane ... oo 20 1-° 76 47 .-
2 Ethylene ... e 07 o4 20 1°2 -
43 Propanc....o. 0020 0ol2 0'0§3 0'033 --
44 Propylenc ... 0012 0°007 0033 0°020 -
45, Dbobutme ... ... 0002 0001 0:004 0003 -
46. Normalbutane ........... 0000 0003 001§ 0009 -
47. Butvlenes......oooo 000N 0-005 0'022 0-01}
62. Resdmalfuclodl ..o 035 026 — — -
Table 4
CATALYTIC CRACKING
Alternate charge stocks Alternate recycle ratros
Strarght- Straight- Strarght- Visbreaker, Cyde, Cycle, Cycle
Htem mn, n, mn, coker, fresh resh fresh
snem- joo-550 §50-m00 b roo-goo I gus oil =025 00 80 12—
ber frem (-0 42 (+3) (4 (+-5) (+-6) (-2
5. Catalvtic cracker capaaity ... .. - — — — 125 —~1'50 220
23.  Straight-run fraction, goo-sso F .. 10 — — —_ — —_ _
24.  Straight-run fraction, ss0-700°F . . - 10 — — _ — _
2. Straight-run fraction, 700-900 F .. — - 10 — — — .
28.  Visbreaker/cokergasoil .. ... — — — 10 — — —
31, Catalytic cracking charge stock ... 1o 1°0 10 10 - 10 10 - 10
32, Catalvtic cracked gasoline ... .. — — — _ 04l 0§54 065
33.  Catalvtic cracked gasoil ... — — — — 050 031 o132
34. Catalyticcoke ...t -- —- — — 150 17°0 27°0
39. Hydrogen ....... ... — — — — 04 06 09
40. Methane ... — — —_ — 39 56 77
41. Ethane ... — — — — o +s 63
42. Ethvlene ... — — — — 36 3 743
43. Propanc ... - - — — 0016 0019 002§
44. Propylenc.........ooo — — — — 0-038 0046 0-060
4s. lsobutame ..................... — — — —_ 0-046 0066 0-087
46. Normalbutanc ................ - — — — 0-008 0010 0-013
47. Butvlemes ...l — — — — 0:042 0'049 0065
ON

et

e o
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Fable s
CATALYTIC REFORMING AND AROMATICS PRODUCTION

Aild reforming Nevere reformng
Strargi- Mraggh- Stoangli- \rv.::clrr:

frem rin, mm, mn, rum, 1roomatn
nHm- 1o 250 1 280 goo I roo raeo 2a0 o ! prodicion
ber (s n (5-2) (s 5oy Y

6. Catalvtic reformer capaciey ... 10 to 1°0 10

~. Aromatics CXtraction capacity ... 10
21 Straight-run fraction, 100-250 F . 10 ) o
22 Straight-run fraction, 250-400 F ... 10 i

15, Debutamized retormate, 80 F-a, clear 0yl Oyl

16, Debutanized reformate, 92 F-1, clear : 0N} 0Ny t-o
17, Benzene, toluene, xvlenes ..o - 0y
., Hvdrogen ................ ... ... 42 42 14 14

40. Methane ..o o oL 13 13 20 20

1. EBthane ..o 21 21 04 My
43 Propame ..o 0-01% 0018 0080 0-OS0
45. bobutane ... o0 L 0-0r1 0011 002§ 002
46, Normalbuane ... o L 0016 0016 0037 03T

Table 6
ALKYLATION AND ISOMERIZATION
Alkylanen

lriem Propylene Butylene Botane
am- ltem Ared feed Pomer S afion
her (6-1) (62 (e 3

v Alkvlationcapacity ... 1°0 )

9. lsomenzationcapacity ... ..o 1°0
$4. PIOPVICNC ... .. e e 050
4S5, dsobutane.. . ... 072 004 Lo
40. Normalbutanc ... ... ... ... ... ... . ... — - - 10
47. DButyienes. . ... ... e 03N
49. Alkvlate ... 1c 1°0
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'rJl' v
HLUSTRATIVS
(Crude charge==s50,000)

Cataiyne crackig Motor gasoline blending
Cride oth Strarght= Straighi- Straight- Swaight- Catalytic Motor

fem Pation- rin, ., Cyde fresh nm, i, racked Normal qusoline
ntim- aon s50 con [oocee gee ] 080 100280 I 250-400 I gasoline  Lobntane bitane product
her Trent (2 6 4 2 4 0 (4-0) (=-1) (= 2) (") f=7) (r-8 (-12)

1 Prunary fractionation « APty SO0 - . —

o Catalvoc cracker capaaes . - 22500 - _

1o, Retinery tuel 000 . . §aL000 — -

16, Crude ail, 30 APL. . . 10,000 — — _
2 Straght-rim tracnon, 100 250 b $.000 000 . — —
2 Steaght-run fracton, 250 goo b =000 - 6,000 o —
23 Straght-rim tracuon, goo sso b X000 _ - — —
24 Straght-run tracaon, $50- 700 b X000 5,800 . _ _ . - _ .
5 Straght-run fraction, 700- 900 | . G800 TR - — . . _ —_ _
0. Straight-run traction, goo b o 12,400 - - _ _ _
Coye tlvtic crackmg charge stock LLA00 4,300 15,000 - - — _
1o Catdvocorached gasoline . K100 — : - o

11, Catalyac crached gasoil . - 4,650 -- - 8,100 - - —

14 ( .llJI)‘th cohe .. 244,000 - — - _

. Hydrogen. .. . 4,000 . ~
10 Methane .. . X400 _ R

g, Ethane ..o 6,400 - - -
42 kthylene oo . . ~, $00 - - _ .
1. Propane . RS . - — . -
44, Propyiene . o . . R .
45 bobutane . . o . 260 - -
6. Nornual butane . 150 - - . - 150 _

37. Butylenes .o . . . ~34 . __ _ - _ _

0. Motor gasolme produa §,000 6,000 8100 750 150 20,000
1 Red vaponr pressure of mator gasolne - §0,000 12,000 1,000 8,760 9,750 200,000
52 B, dkear, motor gasolme 284,000 342,000 737,000 22,750 14,450 1,451,300
st oy aml TER, motor casoline 176,000 430000 786,000 78,750 15,750 1,70, §00
54 Tetracthyllead (TEL) A — o . __ — 746
s P ggettuel _ — _ _

sy Diescltuel ol . B - e _
60 Duistallate tuct ot . - . - - _
02 Residual tucl ol R _ R . — _ —
65, Sulphuric acid (100 per cent HabNO $7.400 ; _ - -
o6, Caustic soda (100 per cent NaOH) - 10, $00 — — — - - _—
¢ Flecencalenergy o o0 L L IR0 . _ - —
o8, Peak clectric power . A X,000 -- - _ — — — _

o) Manpower . e 1,000 - - -




oo O -

\MPLE

arels per day 30° API)

Distillate Fuel sources
1P-4 Jet Diesel Suel vil Residual
fuel: fuel fuel il Catalytic  Residuai
end 2 oil Blend 1 Blend 4 blend 3 coke fuel ail Net inputs (- )
18-5) (9-2) (9-3) (9--6) (9—t0) (10-2) (10-12) or outputs ltem
- — - — — - -- — 50,000 barrels of daily charge  Primary fractivnation capacity
— - — — - —22,500 barrels of daily charge  Catalytic cracker capacity
- - — — $,100 44,900 0700,000 BTU per day  Refinery fuel
— -- — — - — -- $0,000 barrcls per day Crude oil, 30° API
— — — — — - - — obarrels per day Straight-run fraction, 100- 250 |
1,000 — — - - - obarrels per day Straight-run traction, 250-400 F
1,000 - - 7,000 - —_ obarrels per day Straight-run fraction, 400 -$<o |
- —2,500 - — ~ — o barrels per day Straight-run fraction, §s0-700 |
- - - — o barrels per day Straight-run traction, 700-900 |
- - 12,500 - obarrels per day Straight-run traction, 9oo' F
— — - - o barrels per day Catalytic cracking charge stock
- - - — obarrele per day Catalytic cracked gasoline
- - 4,650 - - - o barrels per day Catalytic eracked gas oil
- — - 225,000 — o pounds per day Catalytic coke
- - - - — 9,000 pounds per day Hydrogen
- - — - 84,000 pounds per day Mcthane
- - — — 67,500 pounds per day Ethane
— - - B - - 79,500 Euunds per day Ethylene
- — - - - 28 barrcls per day Propane
- — - — — 690 barrcls per day Propylene
- — - - — - 240 barrels per day lsobutane
- - - - - obarrels per day Normal butane
— - - — - — 735 barrels per day Butylences
- -— obarrels per day Motor gasoline product
- -- - — a 0 RVP-barrels per day Reid vapour pressure of motor gasoline
- —- - — ooctane-barrels per day  F-1, clear, motor gasoline
- - ooctane-barrels per day  F-1, 3 ml TEL, motor gasoline
- — - - - — — -- 756 litres per day Tetracthyl lead (TEL)
2,000 — — - — — 2,000 barrcf:‘pcr day JP-4jet fuel
- 2,500 — — - - — 3,500 barrels per day Diescl fuel oil
- 7,000 4.650 8,300 — - 3,350 barrels per day Distillate fuel oil
- — 20,800 — 4,950 15,850 barrels per day Residual tuel ol
- - - — - — : — §7,500 pounds per day Sulphuric acid (too per cent TNy

- 10,500 pounds per day

- 183,000 kilowatt-hours per day
- 8,000 kilowatts
— 1,000 employees

Caustic soda (100 per cent NaOl1)
Electric encrgy

Peak electric power

Manpower

liem
Hum=
ber

1

O
9
60
62
[{X}
06
67
68
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Repair and Maintenance of Machine Tools
in the Developing Countries

By ALEKSANDR S. PRONIKOV

RiGARDEESS O 1R stage of development and the conrse of development they have chosen, and whether or
ot they possess particular branches of industry, developing conntrics setting ont nu the path of independent
industrial development suffer on acute shortage of industrial cquipment and machinery of varipus kinds. Many
developing comtries are already being obliceid — and still more will be so in the futwre - 1o import parions kinds
of cquipment, maching tools and other machinery while at the same time establishing their mon indnstries 1o
produce these goods, The existng stock of machinery and industrial equipment in the developing comntries
will thus considerably inerease. As a result, the developing rountries are being confronted with problems of
repairing and maintainng all this stock of machimery, machine tools and industrial cquip-nent. Proper scien-
tific oreans zaiion of the repair aml maintenance of a mmmy s machinery and indu.trial equipment can con-
stderably extend the latter's useo! fife and thus weet part of the constantly growing demand for new machine
tools and equipment,

Metal-working wachine tools occnpy o central place in the entire complex of industrial cquipment and
machoery, Withont a stork of cffcent machine tools industrial development is inconceivable in any country.
The vxperience of thy developed conntries shows that the wsejuf life of wachine tools can he guite long. There
are machine tool now inonve i developed ronntries that were built over twenty years ago, and i some cases
cren carlier, Avording 1o the Amernican Machinist Metilworking Manutacturing of 13 May 1963, the
nmher of wadchime tools over i years old in the United Stares in 196 ¢ ammounted to 64 per cent of the conntry’s
entire stock, amd the vorresponding frgure Jor the United Kingdom was 39 per cem, for Framee 38 per cont,
for the Federal Republic of Gernuany 35 per cent and Jor the Union of Soviet Soralist Republics 30 per con.
.\'nlr/y ot ot of eeery fipe wmachme wols in these rounteies 1s orer ety years old,

Awecll-oreaned repaie and imaintcnance sysien isoan cssential weed of every stag of indnstrial develop-

ncene.
INTRODUCLION A comntry s stock of machie tools- its techmeal level,
ACHING toors, 1ok with wekdmg equipmen, structure and condition—to a wmlidcrnblc extent deter-
M occupy aspecial position in relanon to other machi- mines the national productive capacity and ability to solve
erv,such as that wsed in the texaks mdusery, transpore, light technical and economie prohlcnps independently.
industry, printing and so on, Machine took are wsed 1o The structure and growth of the machine tool stock are
produce parts of other machines, that w, o manutacture closely ¢ mnected with a country's level of industrialization,
uew machmes and instrumentsand repair existing ones, As the country develops, it continues to use general-
- —_ — — purpose machine took of normal accuracy, but it makes in-
PROVESOR PRONINOV, Doctor of Scocnees e Machne Tool Design, creasingly extensive nse also of precision tools, automatic
Professor of Medameal Engeenng and Recior ar ihe Moseoue tools and Tines, specialized tools tor specitic branches of
istitute of Aircratt Lechmology, was angaged as a comsnltat 1o ihe mechanical engineering, and heavy tools for parts of large
Centre for Indrsirl Devclopument 1o prepare i sody for sub- nachimes.
mission 1o the Comprtee for Iiduwanal Devclopmen ar ns hifih Thus, the figures in table 1 show the number of types o
sesston, e is known for s ok on the refiadiliy of machine 1ol machine tools put into production in the Soviet Union
anid their mantenance, anid for iy iheorctical rescarch on the wear of since the establishiment of a domestic machine tool industry,
ntcdune parrs amd on ot paramerers tor aplanned prevemiee and mdicate how the Soviet Union's need for machine
st Systeni. tools has grown as its industry has developed.
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Tabl 1

Number of typecom v prodicton ot TSR

Custegory of maciime 12 194 1940
tools produced

Precisson . 4 -
Automatic md
weme=automatic. 7 42 LR
Speculized . 6 1) 4
Heavv . .. . 3 < i
TOTAL, All TYPES 47 190 120

194°% 198 (X' A8} LRV S 130
pridnnee f
] iy BN 1S N0
40 [ LY 20 MRS fryon
47 141 140 Il Hro
12 o A % 30
R1] INg “NK T [

Given a stock of machine tools, the problem arses of
how to use thenm most efhiciently and extend thar usetul
litetime as dong as possible. This can be achieved only
through the orgamzation of a special repair and nainten-
ance svstem. This is a very serions problem, for modern
machme tools are highly complicated machmes which -
chide preasion devices, hydraulic and clectrical systems,
high-speed and power sransmission svstems, and auto-
matic and control devices.

The tunctioning of 1 machine tool's units and mechan-
s depends to a considerable extene on the methods used
ot operating, maintaining and servicing e It msnthient
thought is given to these wnethods, great waste of resonrces
and. maost important, of toreign exchange can resule. Such

waste s die 10 two factors whneh irse when urdw dig!
unis  and
prematurcly.

mechamsie are wken oot ot

Wyl

Fiost, there s an merease i ehe amome and cordmgly,
the cost of repair work. Oteen the repates i entad i
portmy spare parts. When the talure occurs i comph-
cated preasion partosnchasa preasion lead worew  the bush-
ings of a g borer, oy readimg mechansin or the ke, s not
alwayy possible to reparr and recondinen i Loacally T
nmy b\ .I\'UI('(‘(I l\\ .ld\'qll.ll(' HM'(hUL'\ ot U}‘('I.Ilhill ‘lllll
ervicmg.

Secondly, wear and breakdownsy marease adle tme m
repair and reduce the ool's ise coethicent., Convequently,
extra machife twols have to be acquired 10 do the ame

Techmcian adpnsting @ hori ontal turrct lathe i o United States antomobily factory L




amount of work, and shop spacc has to be incressed corres-
pondingly.

Furthcrmore, improperly repaired and mamtained
machine tools may fail to meet their technical specifica-
nons, particularly as regards accuracy.

Thus, it is important not mercly o acquire a stock of
machine tools but also to maintain 1t in efficient condinon,
which can be done by applying a repair and maintenance
system and developmg methods of ncreasing the rchability
and durability of equipment.

It is important to tram national personnel armed with
modem technical ideas in this ficld.

THE ECONOMIC ASPECT OF THE MAINI ENANCE AND
REPAIR OF MACHINE TOOLS

Expenditure on the repair and maintenance of equipment
accounts for a considerable proportion of production costs.
Rescarch has shown that cvery year approximately 10 per
cent of the stock of technical cquipment undergoes major
overhaul, 20 to 25 per cent mtermediate overhaul and go
100 per cent minor overhaul.

Operator at work on a grinding machine i a l ‘nited States factory
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The loss of nme and resources in keeping the stock o
raachine teols in rood order is substantial, depending to a
great extent on methods of operating and servicing the
machines and the technology and orgamzation of main-
tenance. For example, in an average-sized or small enter-
prisc the cost of major overhaul alone is normally up to 60
per centof the cost of 2 new machme in the case of medium-
sazed turning lathes, up to 40 per cent in the case ot univer-
sal milling machines and up to 7y per cent the case of
capstan lathes. le must also be remembered that betore the
major overhaul a machine tool undergoes two ntcrmediate
overhauls, each of which takes about halt as much labour as
a major overhaul, and six minor overhauls, each of which
takes about a quarter as much labour as amajor overhaul.

In addition, machine tools are periodically checked for
accuracy, lubricated and given preventive treaement.

Thus, the cost of mamtaining and servicing a machine
tool during one maintenance cycle (that is, up o and m-
cluding the major overhaul) is greater than the cost of a new
machine, and if maintenance and repair is badly organized
can be several ames greater.




Operating a small willing machine in a workshop in Bombay, India

A factor of no less importance in evaluating the ccono-
mics of maintenance is the idle time lost by equipment
during the various kinds of overhaul.

As an example, let us consider the periods of enforced
idleness for maintenance work on screw—cutting lathes and
cylinder-and~core grinding machines of average size and
complexity of design. These data are taken from the
standards for machine tool maintenance applied n the
Soviet Union (1)! under which maintenance of all equip-
ment is carried out in accordance with a special system
known as the “‘planned preventive maintenance system”.

The figures given in table 2 are for maintenance teams
working a single shift, and indicate how many days a
machine tool must remain idle for the given type of
maintenance.

As was stated above, under the present maintenance
system a machine tool undergoes two intermediate and six
minor overhauls before its major overhaul. Accordingly,
the number of days which a screw—cutting lathe, for
cxample, will lose for maintenance from the time it is put
into operation until its major overhaul is completed (i.c.,
over into the period of the maintenance cycle) will be:

114 6§ X 3+ 275 x 6= 40 days.

! Figures in parentheses relate 10 the entries in the bibliography at
the end of this article.

Tahle 2

Cylouder-
] Cirnnding
Lype of mamtenance Lathe e

Myoroverthaul ... o 1 1%
Intermediate ovethaal ... o 65 1
Minorovethaul ... .. ... .. . 275 1S
Accuracy checks ... ... I s

A machinc’s operating lite betore major overhaul, and
similarly between intermediate overhauls, depends to a
large extent on the methods of operation. For example, a
screw-cutting lathe working single shifts at a scries pro-
cuction factory and tuming out steel parts to 4 normal
degree of accuracy will have a working lite betore major
overhaul of four to nine years.

If the machine tool runs for cight years betore major
overhaul, it follows that the time lost tor maintenance will
amount to an average of five days a year. If the shop has
sixty machines with the same average maintenance com-
plexity as a screw-cutting lathe, the total idle time will be
300 days, that is, the maintenance crew will have to work
steadily all year round on maintaining the machines (not
allowing for lubrication and preventive and  other
measures).

If, becausc of insufficient attention to operating methods,
the maintcnance cycle is four years the relative volume ot
maintenance work will be twice as great.

These figures show that great attention must be given to
methods of maintaining and operating cquipment. We
have to know the reasons why a machine tool loses its
efficiency, and the methods by which its rcliability and
durability can be increased; and in maintaining equipinent
up-to-date technological proccsses and methods must be
applied. In addition, the equipment maintenance system
must be so organized as to act in advance to reduce the
progressive wear of equipment, bring maintenance costs to
a minimum and ensure the proper preparation and plan-
ning of maintenance work and the cfficient use of cquip-
ment.

CAUSES OF LOSS OF EFFICIENCY IN MACHINE TOOLS

In approaching machines and mcchanical systems, the
classical sciences such as mechanics attempted to idealize
the conditions in which they functioned. The errors and
inaccuracics caused in the actual performance of a machine
by component wear, temperature deformation, defective
materials, technological factors, ctc. were viewed as
aberrations from the performance of the perfect machine
and as undesirable and fortnitous phenomena.

Modern science, particularly cybernetics, takes a different
view of the errors in a given system. Errors and inaccura-
cies in 2 machine’s execution of an assigned programme (a
technological process, for cxample) are regarded as a
natural feature of any real system. The need thus anises to
investigate the sources and canses of adverse influences
acting on machines and to study the machines’ reactions to
then..
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A miachine cannot be completely isolaced  trom the
effects of its environment, nor can it be isolated from the
influence of the processes going on within aeselt as e
functions,

The units and working parts of a machine tool in an n-
dintrial shop are subject to the influence o energy in all ats
forms. which affect ies technical performance.

Mechanical energy is not only transmitted through the
varions working parts of the machme as it pertorms the
given technological process but also acts on the machine ava
wholc in the form of vibrations transmitted by other cquip-
ment rimning in - the shop, vibrations generated a8 the
machine is fed material, and so on.

The forces at work in the mache are the product both
of the technological process and of such torces as those
arsing from friction - kinematic couples or inertia m
moving parts, These forces cannot be strictly detined since
the very nature of their occurrence hound up wich
complex physical phenomena.

It s, indeed, this degree of indetimitenes ot the m-
Huences at work that gives rise to the errors and maccuara-
cles i the operation of mechamcal systemis,

Furthermore, even a constant toree produces wear,
detorntion and fatigae, that 15 canses a component’s
parameters o change with time.

Thermal cnergy affects machine parts as a result of luceu-
ations in shop temperature, the operation of driving gear or
clectrical equipment, or heat generated during the cutting
process.

These phcnomclla, too, affece the operation of both in-
dividual working umits and the endire machine. Studics
have shown, for instance, that as little as two hours’
exposure to the sun (ac mean laticudes) of the face of 4
cylinder-and-core grinding machine produces a shift in the
table guides, causing the table to deviate 45 microns trom
true linear displacement. Performance can be affected even
more by the heat generated in cleceric motors, bearings,
gear-boxes, hydraulic systems and the like. Thus. il
heating in the hydraulic syseems of power  heads
standard=unit machine tools can imerease ol losses and
decrease teed. As a resule, the duration of the wnrking
cycle in the machine or automatic machine line spon-
tncowly increases and productiviey talls. It is practically
impossible  to - make accurate allowance tor  thermal
cHects,

Chemical energy also has an effect on machine pertor-
mance. Air containing moisture and aggresive clemenes can
cause corrosion in various machine parts, Emulsion used to
cool a tool may drip on to essential machine parts, especially
the clectrical system, causing premature failures.

Operanng o memerically comrolled vertical walling imac hine e Urinted States plamt
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Electromagnetic energy in the form ot radio waves
(clectromagnetic oscillations) permeates the space around 3
machine, and may affect the performance of the clectronic
apparatus which is being increasingly employed in moder
machine tools.

Thus, all forms of encrgy attack the machine and its
working parts, initiating a great many undesirable processes
and creating conditions making for technically mferior
performance.

Before dealing with the methods by which these harmtul
mtluences may be combated, let us briefly examine the
processes that cause a machine to lose it working
cfficiency.

Some processes occurring i a machine and .|ﬂl'cting its
performance are reversible, since they alter the parameters ot
parts, units and the entire syseem within given limits with-
out tending to cause progressive deterioration.

The most typical example of a reversible process is the
deformation of machine parts and units which occurs under
the influence of external orinternal forces. The sources ot de-
tormation m machime tools include not only detormation

ol pars themselves b also deformauon ai siface

junctions, such as slideways, bearings and other linkages.

Detormation of parts and junctions aleers the relative posi-
tions of machine units, including the position of the tool and
the workpicce. The result isa loss of precision, the machine's
most important technical feature. When the forces change,
vo does the deformanion, and when the stress is removed
clastic recovery takes place and the machine parts re-
turn to their original positions. It is tor this reason that the
detormation process is regarded as reversible,

It circumstances arise i1 which the  torces change
periadically and very frequendy, vibration ot the machine
units occurs, that is, rapid deformation changes of minor
magnitude. Vibration also seriously affects the quality of
work. It usually resules in inferior surface finish,

Another examiple of areversible process is the temperamre
deformation of machine parts and units.

Heat production i the cutting zone or in friction
couplings and ambient temperature variations lead o
temperature deformations which alter the original positions
of machine units and consequently reduce precision. Thus,
obscrvation of the position of a lathe spindle has shown that
after some hours of operation (three to seven hours) the
spindle is gradually displaced owing to the heating up of the
headstock face. The displacement reaches 20 to 120 microns
and then stops, a certain degree of heat exchange being
established. After the machine has been switched off the
spindle gradually returns toits former position.

Machine tools can sometimes be adjusted to reduce in-
accuracies duce to temperature deformation, but this makes
their operation more difficult.

Accuracy of work is particularly aftected by temperature
deformation in precision units and framework members.

Whereas reversible processes occurring in a machine tool
lower its efficiency as compared with its potential perform-
ance in the absence of deformation, temperature effects and

the like, drreversible processes result m the progressive
deterioration of the machine’s performance with time.

The most typical irreversible processes in machines are
wear, corrosion, the gradual reditribunion of mtenal
stresses, and creep (the slow building np ot defornianons),

The most important cause ot loss of eticieney m machme
tools s wear nfllmchillc parts. Weaar s the rc\.ult ot a pro-
cess of gradual change in the dimensions of machine part
surfaces under the influence of triction. The process of wea
anses out ot numcrous complex phyvacal phenomena
occurring on the triction surtaces of machine parts. As the
surfaces interact they deteriorate and give ot minme
particles. At various pomnts ot contact the temperatire rve,
changes occur m the structnre ot the srtace lavers and there
develop chemical processes and processes conmected wath
the molecular attraction of the contiguous materials,

The most common types ot wear met with i machine
tools are the tollowing,

Abrasive avear, i which abrasve partckes tound on
triction surtaces attack the surtaces by cutting or soratching
and produce tiny chips. The particles msally enter the
Iuln i&.diug llui«l llnml i]lc uul\itlc .Illd ll.l\'('| \\'Ilh 1 to lh«'
friction surtace, but they can also be produced by wear m
the coupleitselt, or they may be hard sernetiral componenis
at one ot the abutting pares. In many cses, theretore
abrasive particles cannot be completely climinated trom
the friction surtaces of machine parts. Even with eticient ol
fileration and the isolation of triction surtaces, conditions
tor abrasive wear continue to be present. (2)

Farigue in surface layers manitests itselt m the scaling ot
minute particles of metal trom the contact surtaces of
machine parts. The appearance of tatigue in the surtace
Layers does not mean the complete breakdown ot the pa,
but there is usually a speeding up ot the destructive proces
(gradual chipping).

Plastic deformation (warping) of surtace layers is ustalhy
manifested in a displacement ot the metal beyond the con-
tact surface. It occurs as a friction, accompanying the pro-
cess of wear, and in the absence of relative shiding monon.
This type of failure is typical of materials having plaste
propertics.

In practice, the various kinds of surtace deterioration
develop concurrently, rarely occurrimg i pure torm. To
cach type of friction surtace there mrrcsponds a basic torm
of deterioration, determined by the mechameal properues
of the material, the lubricant, the magnitude of the strewes
applicd, the operating speed and other tactors.

All processes occurring 1 a machine, whether reversble
or irreversible, affect its  performance, causing crrors,
reducing the quality of the technological process and
necessitating periodic overhaal.

PRINCIPAL MEFHODS OF INCREASING FHE DURABILITY
AND RELIABILITY O MACHINE 1OOLS

A machine tool’s reliability and durability are the indica-

tors of its performance as a function of time: that is to say,

they define the magnitude and nature of the changes in its
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main characteristics which take place in the course of its
operation.

A machine tool must have high initial qualitative and
quantitative indicators; but that alone is not enough to
make it an efficient machine. Those indicators must be
maintained in the course of its operation.

The durahility of a machine tool is its ability to carry out its
operational functions with minimum expenditure tor the
replacement of worn parts, readjustment, repairs and ser-
vicing. The smaller the total moncy and time spent on
maintaining the efficicncy of the machine ol throughout
its period of use, the greater its durability.(3)

As the indicator of a machine tool's durability, we may
use the coefficient of durability v, which equals the ratio of
the operating time to the sum of the operating time and the
time the machine is out of action tor repair:

To ! . ()
To - Ty "o
1Y =
i1 !

where T, s the operating time of the machine tool;

Ty is the time the machine tool is out of action tor
repair;

T is the service life of the n™ part or unit of the
machine ool

= is the time (amount of work) required to reparr
the n'™ part or unit, including dismanting, re-
assembly and adjustment;

n is the number of repairable parts of the machine
tool.

The coefficient of durability may vary from o to 1. The
higher its value, the more durable the machine tool.

The time the machine tool is out of action depends on the
service life of its component parts and units and the amount
of work required to repair them.

Stoppages of the machine tool which lower its coefficient
of durability may have the following causes: breakdown of
individual parts; loss of efticiency of drives and mechan-
isms; changes in the initial service characteristics of the
machine tool (precision, freedom from vibration), and so
torth,

The coefficient of durability should be calculated on the
basis of the machine’s entire period of operation, or, at
least, of a period cquivalent to the length of its main-
tenance cycle (the length of time before a major overhaul
becomes necessary).

The reliability of a machine tool is the indicator of its
ability to carry out its functions continuously for a given
period of time.

Uninterrupted operation is an important requircment for
present-day industrial equipment. Flowline methods of
production, where the work is transferred from machine to
machine, and automatic production lines make it essential
for every unit to operate without interruption.

The reliability of a machine tool is determined on the

basis of indices of probability. It may be defined as the

NO

probability (p) that the machine will operate without
brecakdown for a given length of time under normal
operating conditions. If the probability that a machine tool
will operate for one year without breakdown is p—=0-95,
for example, this ncans that out of a large number of
machine tools of the model in question an average of s per
cent will lose their efficiency in less than one year of opera-
tion.

What does *‘loss of efficiency” or, as it 1s called in rcliabil-
ity theory, “failure” mean in relation to machine tools?
Does a “failure” occur, for example, when it becomes
necessary to change a drive belt or adjust a clutch?

The meaning of “failure” must be defined in the light of
analysis of the operating and servicing methods used for
machine tools of the given type. Brief “interventions™ by
the operator in the work process and the adjustment of the
machine tool, when provided for in the servicing instruc-
tions and resulting from the relative imperftction of the
machine tool itsclf, should not be included under the
heading of “*failure” (breakdown).

Thus. for example, the adjustment and replacement of a
tool, the adjustment of individual mechanisms and pre-
ventive maintenance are included in the standard running
adjustments and betwcen-overhaul servicing of many
present-day machine tools.

The more highly perfected a machine tool is, the fewer
such “legitimate” stoppages it will have and the more
suitable it will be for continuous operation. In order to
assess the reliability of a machine tool, therefore, we have to
take into account all interruptions of its operation (stop-
pages) which are not provided for in the servicing plan.

The most convenient period of time to select for the
operation of the machine tool with a given degree of reli-
ability is the period between two scheduled overhauls. The
higher the guaranteed probability of operation without
failure (p), the more reliable the machine tool.

Of great importance for machine tools is reliability from
the point of view of output quality, that is, from the point
of view of cnsuring the desired precision of machining and
quality of surface finish.

The production reliability of a machine tool, which is an
index of its capacity to continue to satisfy the qualitative
requirements of the production process for a given length
of time, can also be evaluated from the probability that the
machine tool will satisfy those requirements throughout the
period between overhauls or for the period before inter-
mediate overhaul, at which any loss of precision by the
machine tool is made good.

Reliability and durability are the characteristics which
define a machine tool's capacity to realize its technical
potential in actual operation, its serviceability and its degree
of pertection. To improve the reliability and durability of
machine tools, we have to combat the harmful influences
which result in loss of efficiency.

The designer, the technician and the operator always have
at their disposal a number of ways of achieving high indices

of reliability and durability.
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First ot all. the wachme must have high resistance 1o ex-
ternal influences, The units and mechanisis which make it
llp must b(‘ Sum(‘i(‘nt]y S[llrdy, must b(‘ bl“lt on [h(‘ fl'ill"t'
principle, must have the smallest possible number of mem-
bers, cte., so that they will withstand loads, undergo the
Icast possible deformation and be as free as possible trom
vibration. Wear-resistant anti-triction materials must be
used for frction (‘nnpk‘s. while all points of friction must he
protected from dirt and thoroughly lubricated. Obser-
vande Uf [h(‘s(‘ rlll(‘\ lily.\ [llt' f“l"ldﬂ(i()".\' f(“' g()()(] Wiar-
resistance,

The causes of possible failure must be borne in mind i
the design of the entire machine tool and its units, and pre-
cision mechanisms must be protected from shocks and
other infuences.(4)

The correct placement of driving gear, symmetry of
design and the use of materials with low coctlicients of
linear expansion help to improve a machine tool’s resistance
to temperature deformations,

Corrosion is combated by protecting the machinery with
special coatings and paints and by the vse of additives in oils
and coolanes.

The above and other similar measures will result in the
production of highly pertected machine tools of advanced
technical performance.

The latest advances in mcchanical engineering, materials
and chemistry (lubricants and plastics) are continually being
brought into usc in up-to-date machine construction.

The possibilities of combating harmful processes are not
unlimited, however. There are no completely  wear-
resistant materials, it is practically impossible to exclude all
but liquid friction in all mechanisms and there are no
materials which do not suffer deformadion and do not
change their dimensions with temperature Huctuations.

When it is also borne in mind that the sources of intermal
and external influences on the machine tool remain and that
increasingly exacting demands are being made as regards
output quality, it will be scen that the above methods of
combating harmful influences, while essential, are inade-
quate, being limited by the level of development of one or
another field of technology—for example, by the possibi-
htics of producing wear-resistant materials,

The second way to increase the reliability and durability
of machine tools is to nse the most highly rationalized methods
of operating and maintaining cquipment.

The method of operation of a machine tool to a great
extent determines its rate of wear and the rate of develop-
ment of other processes resulting in loss of efficiency.

Systematic supervision of the functioning of the machine
tool and of the lubrication of its moving parts, prompt
adjustment of its various mechanisms, regular care and
protection from accidental blows and damage are all
cssential conditions if the machine is to have the durability
tor which it was designed.

The system of planned preventive maintenance in
operation in Soviet factories embraces not only overhaul
operations proper, but also a complex of preventive

operations which torm part of the mter-overhaul servicing
\}'\tclll.

Both the machine tool operator and the miembers of the
maintenance st (fitters, greasers, belt-dnve servicemen
and clectricians) ke part in the imter-overhaul SCPVICHTE
operations.,

Inter-overhaul servicing mcludes checks to ensare that
the equipmentis i good condition, that it is being operated
correctly, that necesary adjustiments are bewg wade and
minor faults corrected and that proper labacation s man-
t;lim‘d.

In addition, the services included w the pertodical over-
hauls, such as cleaning, changing the oil and Hushing the
lubricacion system, and checking  the cquipment  tor
precision and rigidity, abso help to create proper conditions
tor correct operation,

In the operation of cquipment, the protection of tiictnon
surtaces from dirtas ot great Importae,

The proteciion of friction surtaces trom atmosphene
dust, abrasives and chips from the work material consider-
ably affects their wear-resistance.

It is particularly important to protect the surtaces it the
surrounding atmosphere has a high abraave content. For
example, when polishing machines are - operation
abrasive particles from the polishing dises wccumulate m
great quannties in the air and on the surtaces of the
machines.

In such working conditions, theretore, ratonal operating
procedures are extremely importane, .., changing and
tiltering of lubricants, protection of micchanisms trom
abrasives, removal of dust from the working area, removal
ot the products of grinding and polishing, tor example, by
magnenc separation, and others. ()

The nature of the material being worked s an important
tactor in the fouling of the machine surtace.

When cast iron is worked on lathes, imilling machines or
other machine tools, damage is cansed by scale or particles
of grit talling on to the mechanisms: m wne case of alumm-
ium alloys, the harmful elements are hard alummium oxides.
Thus, the rate of wear of lathe slides i light machining
operations, cven with shiclds (which only partially protece
the slides), is three to four times higher i the machining ot
aluminium alloys than in that of steel or cast-iron parts.

This demonstrates the need tor more effective ways of
protecting the slides in the machining of aluminium.

In some factories machine tools may be seen operating
without slide shiclds, the shides being protected only by
fele padding. Measurements have shown that in such cases
slide wear is two to three times greater.

In machine tool operation, therefore, carcful attention
should be given to the use of various protective devices to
prevent fouling of key parts. (6)

Itis of . 2atimportance when operating machine tools to
ensure that the lubrication system tunctions withoue meer-
ruption. Defects in the lubrication syseem may canse
accelerated wear and the breakdown of key parts of the
machine. For example, if the Alow of oil to dhie spindle ot a
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polishing machine 15 cue off, not only are the skeeve
bearings damaged but the spindle is often heated to the
point where heat cracks appear on its surface and it breaks
down, While working with machine tools, operators have
noticed that abrasive and other dusts in a state of suspension
in the air settle on the bed guides and combine with the oil
to fori an abrasive mixture.

This accelerates the process of wear, especially if the
machine with viled slides has been idle for a time. The
extent of wear may increase by 3o per cent. For this reason
experienced workers clean the slides thoroughly at the
begining of their shifts, particularly after non-working
days.,

Wear depends on the hardness of the abrasives falling into
the lubricant. In ascending order of abrasive capacity these
particles may be rated as tollows: steel and cast-iron flings:
scale; grit; and cutting particles from polishing discs.

Itis also desirable when operating machine tools to check
the wear of their key parts, particularly the shides. This may
be done with special wear gauges developed in the USSR,
(5.3) which mcasure precisely the amomt of wear of the
shides in industrial operation, The extent to which deteriora-
tion can be corrected depends on the methods and techno-
logical processes employed in machine tool mamtenance.
In wear-rosistance, accuracy and other  characteristics,
reconditioned parts or units should be as good as new
ones.

The system of maintenance should be so organized that
the restoration of the cfficiency of equipment requires a
minimum expenditure of time and resources.

A third way of improving and maintaining the technical
characteristics of a2 machine tool is to isolate the machine from
harmful external influences. This method is particularly
applicable in the case of precision machines which are
required to turn out a high-quality product.

Thus, in order to reduce temperature detormation,
precision machines are placed in special temperature-con-
trolled rooms or shops cquipped with special devices to
maintain the desired temperature, usually 207 C.

For example, co-ordinated boring machines, which are
required to be (xceptionally accurate in performance, are
generally operated in temperature-controlled rooms; where
that is not possible, cach machine is placed in a separate
room, where is can be better isolated from temperature
changes, dust in the atmosphere and the vibrations of other
machines.

Insulating machines from vibrations is also one of the
nicthods of increasing their precision. Many machine tools
and other machines and equipment operating in any part of
a factory subject the bed on which they rest to periodic
stresses. The resulting vibrations are transmitted to other
machine tools and if they reach a certain degree of intensity
and frequency they can lower the quality of performance of
the latter substantially.

The usual method of insulating machine tools from
vibrations it to sct them on individual beds, 2 to 3 metres
deep in the case of medium-size precision machines and up
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to 5 to 6 metres deep in the case of some heavy and special-
purpose machines.

Although placing the machine tool on an individual bed
considerably improves its resistance to vibration, the pro-
cess is a laborious one and makes it difficult t0 move the
cquipment about in the shop.

To an increasing extent machine tools are being placed on
special resilient supports or vibration dampers. The resilient
component consists of stecl springs or grids, plastic packing,
rubber, cork, ctc. If they are given the proper degree of
rigidity, they damp vibrations transmitted from other
machines and equipment.

Devices for removing dust from the air and strict atmos-
pheric dust control are other widely used means of improv-
ing the accuracy of performance of machine tools. In some
cases standards are set specifying the permissible quantity of
dust particles per cubic centimetre of air. This procedure not
only is cssential in connexion with the manufacture and
assembling of certain key parts of instruments but also helps
to maintain the efficiency of the machine tools themselves,
since it considerably reduces the quantity of abrasives
which can fall on their friction surfaces.

Isolating the machine tool from temperature changes,
vibrations, dust and other external inHuences increascs its
cfficiency but this method, too, has its limitations,

First, internal causes of error remain, such as the heat
generated by the working mechanism of the machine tool,
abrasive particles produced by wear of the machine’s
parts, and vibrations produced by cutting and by the
operation of the mechanisms of the machine itsclf.

Secondly, complete isolation is difficult to achicve be-
cause external influences are variable and to a certain extent
indeterminate in nature. Thus, the intensity and character
of external vibrations affecting the tool depend on the
operation of other machines and vary quite widely, while
insulation from vibration is most cffective only for
vibrations of certain frequencics.

Thirdly, and lastly, the very principle of isolation from
external influences stems from an old non-cybernetic view
of mechanical error as something which can be eliminated.

For thesc rcasons there has been a growing tendency in
recent years to usc a fourth means of improving the effici-
ency of today’s complicated machine tools, namely, the usc
of special mechanisms which automatically regulate the para-
meters of the machine. The use of these mechanisms makes it
possible to maintain the fundamental characteristics of the
machine over a long period of use, through interaction
with the environment, through the automatic reaction of
the machine to changes in its operating conditions.

Like a living organism, a complicated machine should
possess the function of automatically recovering its lost
efficiency.

Such mechanisms are already being used on machine
tools, ranging from the simplest devices which automatic-
ally climinate gaps produced by wear, break the kinematic
circuit in case of overloading and ensure uniformity of stres-
ses within the mechanism, to systems which restore accuracy
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of temperature, cte. For example, the tollowing are coming
nto wse: automatic regnlation of the kinematic precision
of the rolling chain in gear-cutting machines; antomatic
regulation of the thickness of the oil layer in the slides in
vertical boring and tnrning machines: active control and
automatic. minor adjustments i polishing  machines:
automatic climination of vibration and imbalance i lathes:
automatic compensation tor wear in the tables of certain
types of machine tools, and other self-regulation systems. (%)
These automatic regulation systems are opening up broad
prospects for the development of reliable and long-lasting
machines, but they require that even closer attention be
paid to the methods of maintaining and operating them.
The more complicated the equipment nsed and the beteer
its guality, the more important the correct organization of
machine tol servicing and maintenance becomes.

ORGANIZAFIONAL PRINCIPLES FOR MACHINE 1OOL
MAINTENANCE AND SERVICING SYSTEMS

In order to keep cquipment permanently in- working
order with the mininmum expenditnre of timeand resonrees, it
IS NECEsSary to institute a maintenance system with strict rles
concerning the basic mceasures to be taken for this purpose.

In the Soviet Union, a wmiform planned  preventive
maintenance system has been specially worked out for and
s applied in all branches of industry. Now thirty years old
and steadily improved, this system has shown it great
possibilitics and the correctness of the imderlying organiza-
tional principles.

The basic principles are as follows.

1. All operations necessary to keep equipment i
working order are divided inte two gronps: (a) servicing in
the intervals between overhanls, which inclndes regular
checking of the equipment and correction of fanles, pre-
ventive measures, adjustment of mechanisms, and some-
ames replacement of quick-change pares, and () periodic
overhauls, which are carried ont in accordance with a plan
Lid down in advance and which represents the bulk of
maintenance operations.

2. Thelatter are subdivided into various types depending
on the scale of the operations. There areusually three types
ot overhaul: minor (type 1): intermediate (type 11), and
major (type HT). A machine tool which has imdergone major
overhaul mwst be able to meet all the basic demands
placed npon a new tool.

3. All overhauls ot a particular model of machine tool
under the plan are carried out at regular intervals, the inte-
vening periods being called “intervals between overhauls”,
The length of the interval is one of the main characteristics
ot the maintenance system and depends on the type of
machine tool and its operating conditions.

4. The maintenance system also fixes the pattern of the
maintenance cycle, that is, the number of planned over-
havls and the order in which they are carried out. Most
machine tools now have a cycle of nine planned overhauls,
m the following order : 1-1-11-1-F-11-1-1-111.

This pattern s the same for all tpes atd models of
metal-cutting  lathes and all operatig conditions. The
period of ime over which it is completed, e, the period
trom one major overhaul to the next, is known as the
mamtenance cyele,

5. The expenditure of Labour for a given tpe of over-
haulis indicated by the nummber of machine=hours and man-
hours allocated tor ie under the plan.

The relationship beeween the volumes of najor, miter-
mediate and wmimor overhaul work s the snne for all
machine tools.

6. Machine  tools are broken down  into different
Categories .u'curding to their degree of complexaty. kach
category 1s assigned a conventional coeflicient which conr-
pares the labour consimed by 4 machine ool i that cate-
gory with the amomt consmned by a standard tool. The
tool taken as the seandard was a general-purpose turming-
lathe of average complexity, whose libour cousumplion is
indicated by a complexity coetficient R 0.

<. The standard values tor the volume of overhanl work
arc average fignres and are nsed to phin the ol volume of
overhaul work in a workshop or enterprise. Deviations are
allowed for, depending on the actual state of a machine wol
when overhanled.

The basic idea behind these principles underlying the
mamtenance system is that by establishing 4 maineenance
cycle with a permancent pattern, prescrving AVCraEe ratios
between the volumes of work involved in the different
types of overhanl and comparing different types of cquip-
ment by placing cach in 4 maintenance cmnplcxity cate-
gory, it is possible to plan maintenance in advance and to
caleulate the labour, equipmentand time required.

On the other hand, the system allows for the varniety of
cquipment and working conditions to be found in in-
dustry. It provides tor different intervals between over-
hauls, allows for deviations from the average valnes for
labour consumption and lays down a whole complex of
preventive measures to prevent sudden breakdowns and
cummlative wear.

Standard rates have been worked out in the Sovier Union
tor determining the expenditure oflabour in maintenance of
technological equipment.(1) From the standard rates it is
possible to calcalate in advance the periodicity of mainten-
ance, the amoint of time and resources to be expended on
it, the amount of labonr and equipment required, the cost
of maintenance operations, the quantity of spare parts, and
other necessary data.

The standard rates are drawn np in such a way that the
labour consnmption in the overhaul of cach it of com-
plexity is determined;; this valuc is then converted for the
tool in question. Thus, according to the 1962 rates, the time
to be spent per maintenance unit should not exceed the
fignre shown in table 3.

These standard time rates are intended for planning and
calculating the labour torce required. In order to deter-
mine from them the nnmber of hours reguired for main-
tenance of a given model of machine tool, the figures given
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Nunther of houss
Oweerhtnls and preventive Medhanics, Muadhine
I U OPErdtions ot fule

Cleanmg oo 035

('hc(klng.u'(nr.u'\ R C L |

Mmor overhant (1) ... 0TS o 10
1 2

ltermediate overthanl (1) ..o tm.\_ o

Magoroverhaul () .00 000 20 1001

I hus, the Libonr consimpnon rano for planned overhaulss:
VAL 6123053001, orapprosmmately 1:4:60.

aast be multplicd by the complexity coctheient tor the
machine ool concerned. For example, i the case of 4
thread-grinding - machine with - complexity coctheient
R 17, 17:(26 - 10:1) 615 hours should be planned tor
major overhaul, 4oo hours for mtermediate overhaul, and
so-an The standards give examples ot how to make the
caleulations and tables of complexity cocthicients tor
different ty pes and models of machine tools.

Table 4 gives the most characterstic complexiy cocth-
cients tor certam ey pes of machine tools,

Table 4

Clompleviry

1ype of machnie tool coethoem

Lathes, medmwom=sized oo 913
Heavv dhes oo 17-19
Verncd dnlling machmes o000 3N

Radwal dnbhmg machwes 00 012
()lwn-\nlcjlgbnrcr\ 20
Horizontal borers, medwm-szed ... ... . .0 100N
Cyimder-grmding machines ..o o0 0
Gear-cmtmg machines, medimm=sized .o 10 12
General-pnrpose horizonal milling machines o N4
Plimng m.lc!unc\. medim-sized . 128

The fength of the mantenance cyele in hours i calculated
trom tormulas in which the operating conditions of the
tool are expressed by empirical coctheients,
For metal-cntting lathes the value of 1" can be caleulated
trom the tormula:
T 24,000 8) 49 53 54 hours,
where 4y is the cocflicient tor the type of production, with
values % 1 tor mass and large-serics production, %y 1°3
for series production and 4; 1+5 for small series and unit

production. The cocthicient 32 relates 1o the type of

material worked on the machine wol, with values 42 1 for
structural steel, %2 0:7 tor high-strength steel, 42 0°75
tor alluminium alloys and %2 0+9 tor cast iron and bronze.
The cocfhicient 4y relates to operating conditions, with
values %3 1 tor normal operating conditions, 43 0-7-0°K
tor dusty and hunnd conditions, %3 1-1-1-2 tor high-
precision tools in machine shop conditions and 43 1-3-1-4
tor tools housed separately. The coctficient 4 relates to the
wze of the machine wol, with values %5 1 tor light and
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medium=sized tools, 8y 135 tor heavy toolsand %1 -
tor especially heavy and special-purpose tools.
The formula for the interval between overhauls 1, with

nine planned overhauls pereycle. st :)— hours.

When cquipment is worked on a single=shitt basis, its
rated annual working time is 2,000 hours.

The inter-overhaul period can be determined roughly
from these tunctional relationships and then corrected i
accordance with the specfic operating conditions and
methods,

Suppose, tor exaimple, that it is necessary to determne
the duration of the maintenance cvele tor a heavy turning-
lathe (complexity cocthaent R 17, 54 1-35) working
two shifts in small=series production conditions (3 1-3).
The tool processes mainly high-strengeh steel and castaron

o7 oy

/Y R
R

o-8 ) and humdity m the workshop s

A

very high (53 0-7).
T 24000 105 OR 0T 101§ 27,0 o hoors, or
L. 27.000
[ -
2 - 2,000

7 years

t  g-5s months - the inter-overhaul period.

On the busis of these data, the machine’s mameenance
schedule can be drawn up and the labour consimed and the
time spent idly in maintenance can be determined as above.

There are three main systems of maintenance atindustrial
enterprises— centralized, decentralized and mixed.

Under a centralized maintenance system, all maintenance
work is carried out at the factory with the labour and re-
sources of a chiet mechanical engineer’s section and it
maintenance machine shop. This kind of organization s
typical for plants with asnall amount of cquipment.

Under a decentralized maintenance system, all kinds of
Maintenance operations—servicing between overhauls and
periodic overhauls, including major overhauls—arce carried
out under the direction of shop mechanics by so-called
“shop maintenance units”, which are general maintenance
squads. The maintenance machine shop under the chicf
mechanical engineer carries out only major overhaul of
complex units. In addition, it manufactures and recon-
ditions cqumpment parts for the shop maintenance units
when this requires special technology.

Under a mixed maintenance system, all kinds of main-
tenance, except major overhauls, are carried out by shop
maintenance units, and major overhauls (1! sometimes
intermediate overhauls of large assemblies) o, the main-
tenance machine shop.

SCOPE OF EACH TYPE OF OVERHAUL AND
DETERMINATION OF THE SERVICE LIFE OF
MACHINE TOOL PARTS

The scope of the planned periodic overhauls depends on
the design of the machine tool and the conditions under
which it is operated.
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Maximum permissible Class of
rrariation in diameter Precision Mavitmm permnssible wear of ides when
of workpiece at turnmng workpreces with lengths of up o
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A minor overhanl entails the replacement or recondition-
g ot a small number of worn parts and the adjustment of
the machinery, and checks that the machine tool is in
satisfactory condition and that its lubrication system s
tunctioning properly.

An intermediate overhmul entails a greater amount of
maintenance work, including the partial truing up of the
machire tool and che restoration of any prevision which has
been lost. It is carried ont without removing the machine
tool from its bed.

A major overhanl entails the complete restoration of the
cfliciency of the machine tool. The tool is normally com-
pletely dismantled and degreased and its parts are sorted, on
the basts of measurements and visual inspection, into three
categorics.

The first category covers serviceable parts which do not
need reconditioning and are fit 10 serve for another
maintenance cycle.

The sccondary category covers parts which require re-
conditioning because of surface wear, deformation or
other reasons. The most snitable reconditioning process is
specified tor cach part (building up the part by welding,
chromium plating or other methods, grinding to the recon-
ditioned dimensions, and so forth).

The third category covers parts which it is impossible or
uncconomic to recondition. Such parts are replaced with
new ones made to the same technical requirements. Ty pical
parts which fall into this category are roller-contact
bearings and friction clutch plates. In order that the various
parts may be correctly sorted into categories and their
suitability for further service in the machine tool properly
cvaluated, it is essential to set maximum permissible limits
of wear for them and establish their service life.

This is an extremely complicated matter, as the parts of
any machine tool have to satisfy the most varied require-
ments. So far, no completely satisfactory method of
calculating maximum wear levels has been developed.

The criteria (characteristics) of the maximum wear of
machine tool parts may be divided into two groups.

The first group comprises criteria relating exclusively to
the proper functioning of a given assembly or part. This
covers cases such as the breakage of parts as a result of wear
(the tecth of slow-speed worm gears), the wearing away of
the case-hardened layer, resulting in a sharp increase in the

rate of wear (the slide blocks of link gear), and the break-
down of liquid friction (slider r-type bearings).

In many cases, however, the functioning ot an assembly

cmnot be considered i isolation from the tune tioning of
the mechanism or the machine ol of which itis a part.

The criteria in the second group relate to the pertorm-
ance by the machine tool or mechanism of the timetions for
which it is intended. The most typical criterion of this
group, as far as machine tools are concerned, is precision of
machining.

Table 5. tor example, gives lises of figures calcalated by
the author which show, tor varions degrees of machinery
precision: the maximum wear of lathe slides (measured at
the point of greatest wear) which will permit those pre-
cision requirements to be satisticd. The fignres show only
the reduction in precision due to wear of the slides and do
not take into account the influence of other factors, snch as
the rigidity of the slide rest, the spindle and other pares and
wear of the cutting tool.

It will be scen from the table, that there is a direce con-
nexion between the permissible wear of the slides on the
one hand and the desired precision of machining and the
dimensions (length) of the workpicees on the other hand.
When the workpieces are short and a large allowance is
made for variations in their diameter the permissible wear
may be very considerable. However, operational and over-
haul considerations and the need to avoid vibration ot the
slide rest make it inadvisable to allow the wear to exceed
o2 mm,

In many cases the maximnm permssible wear of key
parts of each model of machine tool can be established on
the basis of practical overhaul and operating experience.

In order to determine the service life (1) of a part it is
necessary to know the naturc of the wear process in the part
as a function of time and the naximum permissible value
of wear (U,,,). As in the majority of cases normal wear

manx.

takes place at a constant rate (Y const.), for known valuces

ofyand U,_,, the service life of a part will be:
l ’ HEAN
T (2)
Y

The value of the rate of wear (¥) is determined cither or: the
basis of measurements or from experience of operation ot
machine tools of the type in question.
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Formula (2) for determining the service lite of machine
tool parts 1 ;lpplic.lblc to parts which are replaced only
when they become unserviceable, that is, when their wear

has reached the value U

o Quick=change parts which
are replaced when the mache ool is serviced between
overhauls fall into this category.

In the case of parts which are reconditioned or replaced
durmy the periodic plainned overhauls, the acceptable
values of wear (1) will be equal to or less than the
maximum permissible values(U, ) as the parts must not
become mmserviccable in the miterval before the next over-
haul. 1t the period beeween overhauls, that 1, the peried
between two planned overhauls, is 7, then over that
period of time the wear of the part will increase by an
amount Ty The maximum aceeptable amount of wear
() atter which it is essential to replace or recondinon a
part at the current periodic overhaul will theretore be:

oo U v (3)

v

Bearing in mind that vy == (where 1 is the service hite ot
"

the part betore overhaul), we have:

T (4)

whenee
r Lo, (s)
v
T

It a wiven periodic overhaul is the K™ sinee the List over-
haul of the part, then the service lite of the part will be
T KT, and the formula tor calcolating the aceeptable
wear will take the torm:

TSI (0)
K-

For example, a part has a case-hardened layer 0% mm
depth and the maximum pernussible wear is U, - 065
mm (8o per cent of the depth of the case-hardened layer).
Should the part be reconditioned '+, when measured at
the third periodic overhaul, its wear is found to anount to
05§ mm?

Ifwe caleulate U according to formula (6):

[, o065 0'49 MM,

3
we tind the part must be reconditioned; although its wear is
less than U it will not last until the next periodic over-
hanl.

If the maximum permissible amounts of wear and the
srvice lives of the main parts of the machine tool are
known, the scope of the various types of overhauls can be
detined more accurately, the durability ot the machine
tool increased and the cost of maintaining it reduced.

THEORETICAL BASES FOR ESTABLISHING THE MAIN
PARAMETERS OF A MAINTENANCE SYSTEM

The main parameters of a maintenance system are a
maintenance cycle pattern applicable to all machine tools

RO

and an inter-overhaul period which takes into account the
special features of the equipment and the way it is operated.

The maintenance cycle pattern and the interval between
overhauls must be such that through tuller utilization of the
service lives of the machine tool parts and assemblics,
other things being cqual, the equipment is idle for over-
haul for the shortest possible time. and expenditure o ats
overhauliskept to the mintmum,

In order to select the best valies tor these parameters, 1t s
necessary to determine how  their values mfuence the
durability of the machine tool—the coctficient 7, (s
tormula (1)).

When using formula (1) n connexion with periodie
overhauls it must be borne in mind that:

1. The periodicity of overhauls will be defined by the
minimum service life T, of the parts subject to periodic
overhaul;

2. At cach overhaul, all parts whose service life wll
cxpire before the next overhaal muse be replaced.

In order to analyse the maintenance cyele pattern, all
niachine ol paits which are subject o periodic overhaul
must be divided into groups according to length of service
Iite.

Each group comprises parts whose service life, 17, 1
within the range n Ty« T, < (n 1) T), where 15 the
ordinal number of the group of parts in question nd T is
the minimum service life, which determines the periodicity
of overhauls. For the #” group of parts, che periodicity will
be e Ty, as parts of the first group will be averhauled after
T, hours, parts of the second group after 2T, hours, and so
forth. The number of groups of parts (1) overhauled at the
periodic overhanls 15 determined  from the relation

no -2 where T 18 the service lite of the most durable

l I THas
Pllrt.

If the maintenance cycle patterns used are analysed from
this point of view, more advantageous variants than the
nine-period pattern may be found.

It is a fact thac although the pattern shows the first two
periodic overhauls as being of the same type (minor over-
hauls), this is an index only of their average scope. In
reality these two overhauls will be different from each
other, as after the period T, (the period between over-
hauls) the first-group parts will be overhauled, while after
the period 2T, both the first-group and the second-group
parts will be overhauled. The amount of overhaul work
carried out on the sccond occasion will consequently be
greater, although both are classified as minor overhauls and
the time and resources allocated for them are identical.

It can similarly be shown that the volume of overhaul
work involved in the first and second intermediate over-
hauls in the cycle will be different in cach case.

In the interests of more accurate planning of maintenance
it is therefore desirable that there should be not three but
four types of overhaul (the fourth type being termed a

complete overhaal).
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As the author’s calculanions show, (3.6) it v more ad-
vantageous from the pomnt of view of reducmg eqmpnient
dle time to use a six-period pattern with a 11 HE LTV
evele and a rano of volnmes of overhaul work ot
LI IRV 120406,

The change to a cycle pattern with four tvpes of over-
haul requires a higher level of mameenance organizaton
and will constitute a further development of the mam-
tenance system,

Attemipts are now bemg made m the Soviet Union to
mtroduce optimum maimtenance cvele patterns which take
mto account the work which has been done i ths field.
The existing mamtenance system, which has been o great
cconomic value to indusery, will thiis be turther developed
and perfected.

The length of the period between overhauls ( 1)) 1s that
basic parameter of the mamtenance system which retlects
the speaial features of the cguipment - question and - the
nature and intensity of ity operation. It must be determmed
ateer the mameenance cycle pattern has been selected, and s
this the sccomd 1k in establishing the basic parameters.

The aim deternming the length ot the period berween
overhauls and the mamtenance cycle pattern must be to
achicve the highest possible durability of the equipment.
The optimum period will be that which, other things beng
cqual, gives the highest coefficient of durability (or the
minimum  bos of machine time on overhauls, which
amounts to the same thing).

The main consideration in selecuing the optimum period
between overhauls (T, T,,) is to establish suck a ratio
between the amount of work carried out at the penodic
overhauls and the amount carried out in the course of
servicing between overhauls as will make possible the
minimom expenditure of labour on overhauls in the given
conditions.

When the length of the inter-overhanl penod s extended,
a larger number of parts will be replaced in the course of
the scrvicing between overhauls. The result of this is tha,
while the durability of individual parts is more fully
utilized during the servicing interval, the amount of assem-
bly and disassembly is increased.

On the basis of thesc considerations, the author proposcs

the following formula for caicnlating the optimuni mterval
between overhauls:

Lo '_Ks . (_': ‘ .‘) & vV 1) T ()

is the length of the actual interval between

averhauls established in practice;

K is the number of overhauls in the cycle
(K=60rk-g),

7, 15 the the actual time required for a complete
overhaul (in hours) for a length of cycle K- T,

T is the actual amount of time required for a
minor overhaul (in hours);

%> 11s a coefficient which indicates the increase

the amount of time spent on the overhaul of

where: T
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It changes are made e the overhaal and opoatimg con
diions ot the cquipment. the mecr-overhaal penad should
abo be adjusted accordmgly.

Improvements m overhaul methods, mhe durabihiey of
the mdividual parts, and w1 the design of miachine tools will
be tully efective momereanng the durability ot the cqp.
ment provided that the mam parameters o the mam-
tenance system - particularly the nmtenance avede pattern
and the length of the mter-overhaal penod —are correcthy
selecred.

ORGANIZATION OF MAINITENANCE SERVICES AL (1N
PLANT™

The organization of mamtenance work at the plant nune
provide tor the execunion of all tecimologiaal proceses
necessary for mamtenance operations, receipt of sparc parts
from the machme tool tactory and overhaul of mdividual
assemblies  or wmachine tools at specal mamtenance
centres,

As shown above, such orgamzanion depends upon the
tvpes and number of machine tools at the plant.

The plant’s mamtenance machine shop usually comprises
the following sections or wnits: (1) 0 machtne tool secoon,
(2) & heong shop: (3) a welding shop. n large mameenance
machine shops there is a turther department tor restoring
and increasing thie wear resistance of parts, with scctions tor
mcetalization, carome platng, comentng, heat treatment
and so forth.

The machine shop 1s haaded by 4 supenntendent.
subordinate to the factory’s chiet’ mechanial engneer, and
the various sections or units are headed by foremen, inder
the shop superintendent. Alo under the latter's authonty
arc a technological office, a plaimng office and  other
administrative units,

Shop mamtenance units, as has alrcady been shown, form
part of production shops. Their purpose 15 to carry ont
scrvicing between overhanls and to perform mdividual
repair work on all the various tvpes of cquipment mstalled
in each workshop. The scale of operation ot a shop mam-
tenance umit depends on the system of mamtenance fol-

lowed at the plane.



Under a centralized system of maintenance, m which
work is carried out exclusively with the labour and re-
sources of the appropriate workshops of the chief mechani-
cal engieer’s section, the shop  mamtenance  unie 1
responsible only for inter-overhaul serviemg, Where the
workshops of the chief mechanical engmeer’s section have
msufficient work, they are alse inade responsible tor this
type of servicing.

Under a decentralized system, the shop mameenance
units carry out inter-overhaul servicing ot mechanical
cquipment and all types of overhauls, except mator over-
hauls of the most complex units They arce also responsible
for servicing between overhauls and for minor and mter-
mediate overhauls of clectrical and diesel cquipment.

Under a mixed maintenance system, major overhauls ot
production shop equipment are carried out by mechameal
and clectrical repair shops.

The Model Regulations (1) recommend the establishment
ot shop maintenance units 0 workshops where the total
number of mamtenance and repair operations runs to up-
wards of 600-700. In small workshops independent
maintenance units are pot set up. Such shops are served by
so-called central districe units (one umie for several shops),
headed by districe mechanical engmeers, who are subordi-
nate to the chict mechanical engmeer.

Central district units are statted by squads ot fieters,
attached to production scctions, bavs or shops. The size ot
cach squad is cstablished n(‘(nrding to the labour requirc-
ments for the projected maintenance operations according
to an annual schedule and for carrying out the inter-
overhaul servicing of the cquipment assigned to the squad.

In choosing the particular system of maintenance for
the factory as a whole, account is taken of its effect on the
structure of the central maintenance service apparatus—the
chief mechanical engineer’s section. With a decentrahized
system of maintenance, when the bulk of the work
undertaken by the shop maintenance units, it 1s advisable
to augment the latter’s planming and accounting staft and
correspondingly to simplify the structure of the central
maintenance service apparatus, making the latter respons-
ible only for the methodical direction and supervision of
the shop maintenance units’ work.

The structure of maintenance services i the chict
mechanical engineer’s section also depends on whether
there is an independent chief mechanical engineer’s section
at the plant. If there is such a section, one of its functions is
to ensure the correct use and planned maintenance of all
power equipment,

An independent chict power engimeer's section is usually
sct up at large plants which have a large amount of cquip-
ment and use substantial quantities of power. In factories
using small amounts of clectricity and having small power
installations, a combined chict mechanical engineer’s and
power enginecr’s section is formed, which mcludes a
power engineering otfice and is responsible tor the work of
the clectrical and diesel shops.

In plants with large numbers of machime tools of the
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same kind and i mass production factories, it is advisable,
in order to cut down machine idle time during repair, to
carry out repairs by the umit system.

The essence of the umie system of repair is the removal of
machine tool units requiring repair and their replacement
with spare units, cither previously repaired, rebuilt or
newly purchased. In metal-cutting machines, such mter-
changeable umits include the headstock, the apron and the
carrtage saddle. the drive mechanism, the spindle casing,
the grinding and turret heads, cte. The range of nter-
changeable units and interchangeable parts must be made
more and more  comprehensive, and  the  rebuilding
(repair) of these units and parts must be centralized.

In addition to the unit system, there is the suceessive-unit
wstem of repair and overhaul, in which the units of the
asseebly are overhauled in - a particular sequence during
normal breaks in the operation of the equipment. During
mcal-breaks and on rest-days and non-working shifts,
diftcrent umts requiring overhaul are dismantled and their
worn-out parts replaced. The succesive-unit system s
particularly well-suited for the repair of standard-umit
machine tools and other tools where the various sub-
assemblics are individually designed. (9)

The more cquipment 1y standardized and the more its
individual units and assemblies are unified, the simpler will
the organization of maintenance scrvices become. It s
expedient, therefore, in equipping any given factory, to
use the minimum number of machine tool contractors.

In the Soviet Union, efforts are now being made on a
broad front to produce machine tools m various techno-
logical versions and types on a single basc, to standardize
regular machine parts and assemblies, and to unify con-
struction. These measures not only reduce the cost and in-
crease the quality of machine tool production but also
stmplity their repair and maintenance substantially.

TECHNICAL PROBLEMS OF MACHINE TOOL
MAINTENANCE

In the maintenance of machine tools and other equip-
ment, correct choice of the technical processes to be used
to restore the impared efficiency of the various units and
parts 1s important.

This is a somewhat complex problem because, firse, the
range of repairable parts is extremely wide; secondly, the
parameters of the parts have to be fully restored in repair,
and in many cases increased wear resistance and toughness
arc called for, and, thirdly, expenditurc on repairs and idle
time during repair must be kept to a minimum.

In addition to the ordinary methods of mechanical
machining, extensive use 15 made of clectroplating, metal
improvement processes, pulverization and other technical
processes to restore the dimensions of the worn parts. (10)
Processes to harden the surtace of parts and increase their
wear resistance and fatigue strength arc also used. These
include heat and thermo—chemical treatment, electric spark
surface toughening, and surface toughening by rolling and
shot-pecning.
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Tabl 6
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Maximum displacement ¢ relative o mandrel (mm):
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Talstock 003 03 w27 001 g0

I reparmg equipment, it may also become necessary to
moderiize mdividual units, replace some matenials by
others, and economize in the use of non-ferrous metals. In
some cases, theretore, bimetallic parts have to be made—
slider bearings, worm wheels and lead screw nuts, tor
example, using bronze for the fricion surface and steel or
cast iron tor the mam body of the part. Metallo~ceramic
parts arc also uscd—for example, iron-graphite bushings
and plastic parts.(11) All this calls for special equipment and
skilled labour.

In the repair of machine tools, particular attention has to
be given to the technical processes for reconditioning or
repairing certain parts, since their quality determines the
precision of the machine ol Normally, the most labour-
consuming operation is the repair of machine tool shdes,
since these determine the precision of movement of the
basic units of the machine and the accuracy of their relative
positions. The technical processes for repairing worn shides
are varied, and, depending on the circumstances, may be
carricd out by machining at the lathe, by the use of suitable
apphiances or by hand. The machining of slides by planing,
milling or grinding is the most cxact and productive
method of reconditioning worn slides. However, its use 1s
not intrequently limited by the tactory’s lack of machine
tools ot suitable size and adequate precision.

The repair of bed slides with the help of suitable apph-
ances necessitates no special cquipment; the appliances used
tor the purpose are of simple construction and can be made
at any machine-building plant. But the drawback of this
method is 1ts high labour consumption as compared with
machme work, since treatment with appliances normally
takes place at a slower tempo, and usually necessitates a
certain amount of manual labour preparing the setting
bases and some rather labour-consuming work i installing
and setting up the appliance. Nevertheless, it 15 often
preferable, because it can be carried out at the site of the
machine tool, so that the bed does not have 1o be dis-
mantled and reassembled, and time is saved on transporting
it to the repair shop and back. This method is bese suneed to
the repair of particularly large bed slides.

The repair of slides by hand (powdering, scraping, cte.) is
the most labour-consuming and outdated method, and s
permissible today only in one of the following cases: (1)
when the wear on the shdes is so slight that hand recon-
ditioning  requires less ume  than mechanical methods;
(2) when the equipment for mechanical treatment (machine
tools and appliances) has not yet been obtained or made.

The Soviet Umon has developed portable appliances for
grinding and clean planing machine tool slides in the pro-

cess of repair, mechanized scrapimyg tools and techimeal
processes and methods for machiming shdes with the we
of machine took.(10) Model techmical processes have abso
been developed tor repaining spindles, lead sorews, pre-
asion worm couplesand other key machine tool pares.

The overhaul of the h\dr.lulu equipment of machine
tools presents special features of its own, including technical
processes characterized by the use of precision and tinishing
work in the repair of hydrauhe cybinders (hommg) and
hydraulic pump parts (grinding), and by checking o en-
sure precise clearances and relative positiens - recondi-
tioned parts returned to use.

Units are assembled with the help of umversalband speenl
appliances ensuring correct and efficientassembly.

In order to make sure of accurate assembly we have to
apply the theory of dimension sequences ind compen-
sators,(12) since the method used to restore precision can
then be selected on rational grounds; for example, we can
regulate or adjust the part, use trial and error or fit a com-
pensator in one of the members of the sub-assembly.

Great importance for high-quality assembly attaches w
the checking and testng of the machine tool atter an over-
haul.

Besides the tamiliar tests for geometrical  precision,
cfficiency, machining precision and surface quality ob-
tained, mcthods of checking to determine the quality of
scparate sub-assemblics are also being mtroduced meo the
practice of machine tool overhaul.

We may mention first the rigidity standards and methods
of checking the rigidity of machine tools worked out n the
Soviet Union (13) For exaniple, in the case of lathes a load
is applicd to the spindle and tnlstock into which the
mandrels are inserted. Foree is ercated with the help ot a
special dynamometer, which exerts pressure on the man-
drel atan angle of 60 from the honzontal (in the direction
of total cutting thrust). Under the standards applied tor
normal precision lathes, the pernussible displacements of the
slide rest in relation to the mandrel are as shown in table 6.

By mcans of rigidity testing we can ensure a high repair
quality and detect any couplings requirmg more carctul
adjustment.

In the case of gear-milling, thread-grinding and other
precision machines, it is also desirable o check the kine-
matic accuracy of the mechanisms linking the rotation of
the blank to the movement of the tool. For this purpose
universal and specially developed tools are used.

The use of uchmtally advanced repair and testing pro-
cesses is essential to achieve high cffiaency and cconomy m
the overhaul of machine tools.
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Interregional Conference on the

Development of Petrochemical

Industries in the Developing

Countries

L HRST CNITED NATIONS Interregronal Conference on
T the Development ot Petrochemical Industries i the
Developing Countries was held in Tehran, Iran, from 16 to
30 November 1964, The mecting was organized by the
United Naticns Centre tor Industrial Development, in
co-operation with the Burcau ot Technical - Assistance
Operations of the Department of Economic and - Social
ARairs, and the Economic Commission for Asia and the
Far East (ECAFE), the Economic Commission tor Europe
(ECE) and the Economic Commission for Latim America
(FCLA), and was sponsored locally by the Government of
Irm. The Conference was attended by seventy-tour
participants nominated by governments from  twenty-
cight countries, cighty-three participants trom mdustry,
academic and rescarch mstitnees, twenty-three obscrvers,
and twenty-three representatives o the United Nations,
the specialized agencies and other intermational organiza-
tons.

As part of the Conference programme, participants from
developing countries took part in tield trips to the Abadan
retirery and Shiraz tertihizer plant in Iran, and petro-
chemical faclities in the South of France.

The Conferenee held a total of twenty-one working
sessions, in which one hundred and fifteeen working papers
and fitteen information papers were presented. Presenta-
tions were tollowed by floor discussions after cach session
or substantive item. The agenda of the Conference was
organized along the following main subjects: character-
istics of the petrochemical industry and prospects for its
development; aspects of demand and supply of petro-
chemical products; recent trends in research and technology
in the petrochemical indnstry; industry studies on raw
matcrials and basic intermediates, nitrogenous fertilizers,
plastic materials, synthetic rubbers, synthetic fibres and
sclected end-products; country studies, regional develop-
ment, financial and legal aspects of the petrochemical in-
dustry, and location factors in the petrochemical industry

and prospects tor regional development. The tollowmyg are
some of the important conclusions and considerations of the
Conterence !

CHARACTERISTICS OF FIE PEIROCHEMICAE INDUSTRY
AND PROSPECES FOR 1TS DEVEFOPMENT

Although petrochemical industrics are il concontratald
in the mdustriahized countries, developing countries have
shown increasing interest i the development ot petro-
chemical indusenies, and efforts at industrialization seem to
have comaded with a planned high rate ot investment
the petrochemical industry. The Conterence observed that
petrochemical industries are being planned and insealled by
those developing countries which have a lirge enough
market to absorb domestically a good part of the output,
and also by some developing countries with abundant
petroleum and natural gas resources which provide a cheap
source of raw matcerials for the mdusery. In this case, export
markets are expected to provide an important outlet tor the
production of these resource-based petrochemical planes.
Market-located petroleum refineries, which are now hemg
established in a2 number of countries, abso provide a basn
for the establishment of petrochemical complexes, Finally,
there are countries with an alrcady  existing orgamic-
chemical industry, which are substituting ol and gas tor
other traditional imputs, such as raw materials derived trom
coal or vegetables.

The Conference was of the view that the petrochcmal
industry is of strategic importance to induce further in-
dustrial development because of its high productivity and
its many hnks with other industnes, charactenstics whjch
are common to other mdustrics of imtermediate manutac-
ture like iron and steel, pulp and paper and industrnl

| The report of the Conference is avarlable as a Umtcd Navows
publication (Sales Nov.: 66.11.1B.14). A scparate United Nations pub-
lication, Studics in Petrochemical Industries (Sales No.: 66,118, 5) m-
cludes nost of the papers delivered at the Tehran mecting,
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m.lchincry. It has recently LTOWI At a1 IMPressive Lite i
the world cconomy, leading in the growth of other mann-
facturmg scctors, supplying new consimer products and
intermediates to a nmber of other industries and providing
substitutes tor craditional materials such as steel, lumber,
paper, natural tibres, soap, and the like. Other character-
istics of the petrochemical industry that were stressed at the
Conterence are the high degree of homogencity ard stan-
dardization of its products, owing to the continuity and
stability of its operations, its high capital intensity, the high
proportion of skilled libour, including the scientists and
technicims that it requires, the availability o many
alternative processes and inital raw matenials, and the hwh
rate of technological change prevailing in the indusery.

The petrochemncal industry s characterized b\ high
capital requirements and |.ur3.,c scale of operations. The
relatively large size reguired for cconomic operation is
Eimiting tactor in the estabhshment of petrochemical plants
m countrics where domestic demand s hinited. Economies
m capital investment typically range from 20 to 45 per cent
according to the type of production, when output i
tripled. Economies in production costs also arise from the
reduction in unit costs of libour and capital when output
increases. There is g great rmge of varation m the ccono-
mies in production costs between products with a great deal

ot value added, tor example, plastics and resing for syn-
thetic hibres, and basic intermediates, such as ammonia or
cthylene, obtained by one or two processing steps from o1l
or natiral g gas raw materials. While cconomies in pro-
duction costs will be around 10 per cent for the first group,
they will range between 15 and 4o per cent for the second
gronp, when output is increased by three to five times.

The Conference observed that the greatest cconomies can
be achieved when output is increased from the low to the
medinm size capacity range, whercas they tend o dis-
appear atter large capacitics are reached. Accordingly . some
developing countries could benetit to a large extent trom
potential scale cconomics while operating in the medium
size capacity range. Another important consequence for
developing countries is that, when cconomies of scale are
operative, the relative share of raw materials in total unit
cost rises with the increasing scale of production. So, while
the capital cost per unit ot ontbut is reduced. the contribu-
tion to the imit production costs of raw materials—in which
nany dcvclnping countries can claima comparative advant-
age—icreases. Thus, while total absolnte capital require-
mentsare higher with the inercased scale of production, per
umt capital cost will be mmmized and the potential
comparative advantage i raw materials exploited to the
maximim.

Conterence participants visiting the peteolenn retinng and porrodiamcal installations in Abadan. Iran

Y2

e e am




[Py v

i+ s DR < R

Labour requirements m the petrochemical industry are

rather fow tor unskilled workers, whereas a high propor-
tion ot engineers, techmcians and skilled OPCrItors 1
required. This could actas a major deterrent to the applica-
tion of modern petrochemical technology, since specialized
skills are i very short supply in most developing couneries.
Evanin countries where there iy a relanvely large, univer-
siev=trained protessional Clite, the engineers will have w
undergo specialized training in order to learn the operation,
control and maimtenance ot petrochemical stallagions.
Morcover, i most dcvclnping commtries there s a shortage
ot intermediate skills such as those of mechames, clec-
trictans, tool makers, welders. drattsmen, toremen and so
on, which are i relatively high demand tor petrochemical
plants.

Spectal skills and know-how are also embodied m the
three  technical phases of  constructing  petrochencal
tacilives: process design, mechanical design and construc-
tion. While process design would seldom be available trom
domoestic sonrees, many developing countries do have a
pool ot engincers and techmeians competent: enough to
undertake locally pare of the mechanical design and con-
struction engineering. The same is true of the engimeerng
and mdustrial tacilitics required for the tabricanon of .
major portion ot the plant cquipment.

Some ot the major components of the cost and steel
waght of cquipment requirements tor petrochemea
production are rather simple items, such as piping, valves,
storage tanks and structaral steel, which could be produced
in many developing countries. At more advanced stages of
industriahzation, the comstruction of more sophisticated
picces of cquipment, such as compressors. pumps and
generators could be added.

The Conterence observed that the co-operation of con-
structors, hicensers, foreign investors and engineering com-
panies with potential local supplicrs was necessary in order
to provide tor the possibility of local supply of such ¢quip-
ment. Provisions have to be made during the mechamcal
design phase so as to adapt drawings, raw materials and
construction specihications to the specific possibilities pre-
sentn cach country. Governmental policy should also play
a role in stmulating these arrangements. Furchermore, the
Conference  recommended  that the United  Nations,
through its appropriate organs, assist developing countries
m establishing national or regional mechanical design -
stitutes with the objective of promoting local manutacture
ot industrial cquipment for the petrochemical mdustries,
thus reducing the toreign exchange burden of the countries
concerned.

The mecting noticed that the majority of the existing and
projected petrochemical plants in the developing countries
are tor the production of ammonia and gitrogenous ferti-
hzers, and only a few for the productien of synthetic
rubbers and fibres. Fertilizer plants rank first on account of
the growing demand for nitrogenous fertilizers to increase
tood production and the casy availability of the necessary
technological “know-how”, whereas the production of

svirthetic rubber and Hbres, although 1t does vot call tor
Ingher capitab mv esement, requires amore complex tech-
nology. Ao in many devebopmy conntries thar dey clop-
nient would imply the subsatntion of erahition b industries
sonmetintes based on domestic raw materiaks,

Although there are many Tmuaaons and dithonboes
establishig a petrochenncal mdusers developimg coun-
tries, these conmtries abo have wonre advantages over
mdustriathzed  conmteries, In s respedt, the Conterene
observed that m most dey clopig countries there s a NS
ler structure of consimmer demand: consimiers can e
supphied wath a more himeed variety of produces, subject to
less raid specitications. When dhis witnation provails, rela-
tively lower production costs are possible. Also. wath
regard to raw maternals, some countres have abundant and
cheap raw materials tor the penochenncab mdintry, sich as
nataral gas and the energy to be denved trom e These
countnies could pursne therr own patrern ot mdnseral
development, accoumt bemg tken of the availabihey ot
petrochenncal substientes tor glas, paper. stecl prudiut\.
wood and natoral fibres.

The mectmg also called attentnion o the fact that conn-
tries now developmyg i petrochenncal imdusery could benetit
trom bemg late-comers to the ticld by naking use ot the
|Jtt‘\t .|\'.Ii|.lb|(‘ t(‘(hllolﬂg)'. It was stressed m thiy con-
nexion that developmyg conntries shonld try to avond the
pretalls of uneconomic size of plant and obsolescent pro-
ducts and technology by giving due consderation to the
latest techuologies bemg made available m the mdistrial-
12¢d conntries. The Conterence noticed that recent techno-
logical improvements nake possible the producnon ot
similar induserial and consumer products with lower m-
vestment and prodnction costs. Attention was called to the
tollowmg specitic ponts. I the tield of synthetic rubber,
the comtruction ot polyisoprene and en-polybutadiene
rubber plants should be carctully conadered as an aleer-
native to the more tradimonal SBR rubber supplyving the
synthene rbber needs ot the are mdusery - developmg
countries. In synthetic tibres, it a smgle tbre 1 to be
sclected. the choice wall probably tavone nylon as the most
versatile and highly sought synthene tibre tor mdusenal
and consimer nses. Polyester ibres regqmre o hagher
capital mvestment and more sophisticated technology: the
avatlability of know-how is at present hmmeed. Acryhe
tibres are i less demand because of the chmate prevaling
m many developing comtries. Wath reterence to nvlon
tibres, the production of cprolactam-based  NvIlon-6
mstead of Nylon-66 was suggested, becanse it reqinres 4
smaller ccononie scale, lower mvestment and production
costs, and the raw materials and know-how are readily
available. The ficld of detergenss was also mennoned as
another mstance where care should be exercased m makimg
a basic technological choice. While the trend wi the more
advanced countnies 18 towards biodegradable detergents
because of water  pollunon  problems, m developmyg
countries dodecylbenzene sulphonate may sall be 4 good
choice as a detergent for some tme to come.
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The Conterence was ot the opmion that the United
Nations should make an cffort to help the developing
countries decide what kinds of plants and processes they
should adopt i their petrochemical projects, and help them
obtan know-how and process design so as to reduce the

capital mvestment and cost of petrochemical production,

ASPECTS (F DEMAND AND SUPPLY QF PETROCIIEMICAL
PRODUCTES

The petrochemical industry has been characterized i the
recent past by a very high rate of growth. In all industrial
arcas of the world, chemicals based on petroleum and
natural gas have exceeded the growth rate tor the chemical
industry as g whole, as well as that of total industrial pro-
duction, This high growth rate may be explained, on the
supply side, by the increasing demand ot the chemica m-
dustry tor basic raw materials and the subsequent substitu-
ton ot ol and natural gas tor tradional raw materaals
such as coal. On the demand side, a number of these pro-
ducts show a very gh mcome clasticity of demand and
have been expanding by substituting and supplementing
other products: substitution m certam end-uses tor lumber,
glass, metaland papers synthetic rubber tor natural rubber:
detergents tor soap: supplementing s well as substitutimg
natural fibres by svnthene tibres, and so ong Gans trom
substitution have been greatly enhanced by iprovements
m the properties and development ot new apphications tor
petrochenneal products, as well as by the introduction of
new products wath speanalized properties and - extensive
promotion activites with respect to both mdustrial users
and consmmers. Furthermore, prices tor 1 number ot these
products have dechned mabsolute termis or relanve to
competmg products, thus giving turther impetus to the
substitution: process.

Althongh the fiest commeraal cheneal based o petro-
leum (sopropyl alcohol)  was produced m 1919-1920,
durmyg the carly part ot the contury world channeal pro-
dhiction grew ata very wodest rate, reaching an estumated
total production value of %10 billion* in the Liee nineteen
thirnes, The trend ot rapid growth did not become sig-
whicant untl atter the Second World War, By 1955 world
producnon reached x50 bilhon and by 1965 1t probably
exceeded S1oo billion. Although m 1950 the Unieed States
produced abont so per cent of total world output, owing to
the resargence ot the chenncal mdustry e Europe and Japan
this share his now been reduced o shghtly under go per
cent. By 1960 1962, cight countries ~Canada, the Federal
Republic of Germany . France, laly, Japan, the Umon of
Soviet Socialist Repibhes, the United Kingdom and the
Umited States- accounted tor three-quarters of the total
production; and the percentage of the total world market
held by these cight countries has been mercasing i the lase
tew vears.

With regard to mternanonal trade, total export ot chemi-
cal products throughout the world has grown trom over

* The wrm “hiion”™ sigmties 4 thousand milhon,
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$6 bilhion in 19sy to almost $8 billion in 1962, More than
go per cent of the world's chemical trade is conducted by
the European Economic Community (EEC) and European
Free Trade Association (EFTA) trade groups, the Umited
States, Canada and Japan. While chemical exports as g
pereentage of total production run at about 9 per cent, con-
siderable variation exists amony the different producimg
comntrics. The Federal Republic of Germany and the
United Kingdom export about 2¢ per cent of their
output.

Product-wise, recent trends mn the most M POTLEANT SCCtors
of petrochemicals, namely, plastics, synthetic fibres, wn-
thetic rubbers and nitrogenous fertilizers, were analysed as
tollows. For plastics and synthetic tibres, the major con-
suming centres are Australia, Japan, the United States and
wostern Europe, which account fer about Ko per cont ot
total world consumption. For nitrogenous tertilizers, the
above group of countrics have a lower share, namely 66 per
cent, with the vemaining share going mamly to the
centrally planned cconomies (18 per cent) and Asia (14
per cent). With respect to synthetic rubbers, the above-
mentioned  consuming centres, with the addition ot the
Soviet: Union, now also a major producer of synthetic
rubber, consume over go per cent of the world's total.

With regard to trade, available data for these tour
sectors indicate a rather high share ot trade n roral pro-
duction, ranging between 20 and 30 per cent. This rate
becomes even higher, ranging up to so per cent. when
mdividual products within these sectors and  individual
cumtries are considered. Western Europe is the major
miporting region and has ncreased its share over the last
decade mall tour sectors exeept mtrogenous tertihizers,
which share was kept approximately  constant. North
Amenca, on the other hand, recorded o relatively anall
share ot imports tor all products excluding nitrogenous
fertilizers, and Asia s developing as an important market
tort! -s¢ products.

Exp. rts issue from a s ill number of countries: pLhti(ﬂ
trom the Federal Republic of Germany, France, Ttaly, Japan,
the United kingdom and the United States; synthetic tibres,
trom these comtries and trom Switzerland: and synthetic
rubber trom Canada and the United States. Exports ot
merogenous tertilizers, however, are less concentrated. This
pattern ot exports rets ts the concentration ot production
facihties in-the same cou, rics. With respect to developimg
countries, a number of the, 1 have already begun o pro-
duce petrochemicals, but their share is relatively low.

The Conference considered estimates of potential con-
sumption of petrochemicals based m income clasticity of
demand and certain assamprions about annual rates of
growth for gross national product and population. It was
emphasized that, while these methods tor estimating tuture
demand are usetul, for a more accurate assessment 1 indivi-
dual countries or regions of potential need, they would
have to be supplemented by additional projections which
would take into account substitution factors and changes in
the pattern of end-uses. While these factors have greatly
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contributed m the recent past to the growth of consump-
tion, particularly with respect to plastics, synthetic fibres
and synthetic rubbers, they are usually difficuit to quanaty
and project. In this respect the experience of the industri-
Ay advanced countries may be used in part by the de-
vdnpm@, countries n the .|pp||(‘mon of market rescarch
techniques, in order to determine the extent of the market,
wentity the consumers and evaluate  their needs. This
iv particularly important in the petrochemical industries
because of the need to match  demand  with  the
muluplicity of products that exist in cach sector of the
mdustry.

The Conterence recommended  that the Centre tor
Industrial Development continue ats stadies, as well .
projections of  production, demand  and  trade in
petrochenncals in varions parts of the world, so that the
developing countries could undertake their petrochemical
projects with tull knowledge of the developments taking
place m this ficld. 1e also recommended thae studies be
undertaken on the substitution of traditional materials by
svitheties and or improving their quality with the help
of synthetic products, as well as on the new uses of such
products, to assist the dcvcluping countries in widening
their markets and providing a larger basis for the develop-
ment of petrochemical industrices.

While the more predominant pattern tor the develop-
ment of the mdustral sector in developing countries has
been primarily concentrated onimport substitution, this

policy is likely to result temporarily m the development of

high-costindustrics under an umbrella of heavy protection.
This is partcularly the case in those industries character-
1zed by signiticant cconomies of scale and for which the
local market is too small to pernnt cconomic exploitation,
Within this pateern of industrial development, the CXport-
oriented industries are also concentrated i the field of light
and labour-intensive ndustries, such as textiles, which have
been characterized by stagnant demand. An alternative to
this pattern of development has been suggested in a paper
presented by the Centre for Industrial Development to the
United Natons Conference on Trade and Pevelopmient
(UNCTAD), held in Geneva.2 1t s maintained dhat in the
long run developig countrics may attain faster industrial
growth and henee cconomic development by concentrating
through specialization on the development of certain
dynamic industries.

The importance of cconomics ot scale in the petro-
chemical industry cannot be over-emphasized, especially in
view of the small market of the developing countries for a
number of petrochemical products. One approach to the
efficient development of this industry may be throngh
pooling of regional, subregional or country demand. This
pooling of demand may be conceived on a partial integra-

2 United Nations, “Genceral Study of Exports of Manufaciures
and Scini-Manufactures from Developing Countries and their Role
in Development”, Proceedings of the United Nations Confererice on
Trade and Drvelopmmr. vol. IV (Sales No.: 64.11.B.14).

tionn basis tor a number of dvianme mdistries, such assteeh,
chemicals, metal-working and o o, or on-a broader level
ot cconomic meegration. This would make it possible 1o
take advantage of the cconomies of seale obtamiag m ths
industry and mav provide an ccononnye production base tor
entry mto the mternational market.

An important export outlet may be represented by the
Major  consuming centres, parmuhrl\ wostern Furope,
which s also 4 major importer ot petrochemical products,
This s ot interest to potential exporters from North Atrica
and the Middle East. However, the progres of western
Europe towards cconomie MECERION Proseins cerein
disadvantages to new entrants from outade the region;;
multilateral or bilateral trade agrecments may he entered
Ito as wavs tosecure markets.,

Markets outside the cconomically advanced connes
mayv also be sought, s i the case of possible expore of
mtrogenous fertilizers to Asa. Another outlet for thee
products may be the centrally planned ccononmies, Trade
between these and the «l(‘vclnping countries has dc\'clnpcd
primarily through bilateral trade and assistance agreements,
Further expansion of trade between centrally planned
ceconomies and developing countries may e possible tor
certain petrochemical products.

The entry of developing countries into the meernational
market poses a number of problems. I the shore i many
tactors, which may be attributed prinarily to lack of ex-
perience on the part of labour and management in new
production and marketmg  techniques and Operation,
tend to increase production and markcting costs. Unail the
mdustry acquires experience in- production m'lmiqnc\.
management and markeong, dircet and indirect measures
imvolving protection and promotion of indwstry, meluding
promotion of exports, may be required over aspectfied
period.

Plant investment is also higher i developing countries,
as compared w advanced countries, because of higher
capital cost. Addinonal investment in infra-stricture may
be needed. This investiment may be substantial and beyond
the meansavailable to single enterprises. Another important
intra-structure activity that requires additional capital and
trained personnclis that ot rescarch and development. Such
tactors contribute further to the higher cost of production.
Here agam, recourse may be had to both national and mer-
national assistance,

Another problem for new entrants iy that the meer-
national market in petrochemicals at the present time i
largely controlled by a small number of companics. As
stated carlier, a breakthough requires a concerted effort in
securing and promoting markets, including such measures
as international trade agreements. Various forms of joint
ventures between developed and developing countries may
provide access to the international market and a solution to
somec of these problems, including the supply of experienced
personnel for a wransitional period, technical know-how,
rescarch and development and experience in markceting
techniques, and training of local labonr and personnel.
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REGIONAL DEVELOPMENT AND COUNTRY $TUDIES

Asiaand the Far East

The comumpnion ot petrochemical products in- the
ECALE region has increased sharply in the recent past.
Between 19531954 and 19601961, the annual rate of
growth tor mitrogen ternlizers was 7 per cent. In 1960- 1963,
the annual rate ot growth for plasties and synthetic resins
was 21 per cent, that of non=cellulose man-made tibres, 23
per cent, and that ot svnthetic rubbers, 23 per cent.

Ihe production ot petrochemrcal products in the region
has abo grown rapidly. In 19601963, the annual rate of
growth ot mtrogen ferdlizer output was 145 per cent,
that of plastic and synthetic resms, 24 per cent, that of
non-cellulose nan-nnade tibres, 26 per cent, and that of
syuthetie rubbers, 65 per cent. Both production and con-
cumption of petroachemical produces, however, are sall
concentrated mainly in Japan.

The ECAFE region has been a net miporter of nitrogen
tertilizers, plastics, and synthetic resiny and rubbers. It was a
netexporteer ot non-cellulose man-made tibres. Japan 1 the
only principal exporter of non-cellulose man-made tibres.
The region s charactenzed by very Tow levels of con-
samption and production ot petrochemical products, with
potential tor expanding both consumption and production.
Ingon the percapita consumption of nitrogen tertilizers in the
region was 1-4 kitogrunmes, compared with 14-9 kilo-
granmmes in the United States, 10-8kilogrammesin the EEC,
3.7 kilogrammies in the EFTA and 35 kilogrammes in the
Sovict Union, i termis of nitrogen. For pl;lsti(\ and syn-
thetic resine, it was 04960 kilngr;nnmc i the ECAFE region,
as against 1404 kilogrammes i the United States, 9-7 kilo-
grammes in the EEC and %-86 kilogrammes in the EFTA.
For non=cellulose man-made tibres, it was only o-16 kilo-
gramme i the ECAFE region, compared with 17 kilo-
grammes in the Umited States, 1704 kilogrammes i the
EFTA and oy kilogramme i the EEC.

On the production side, the per capite production of
nitrogen tertilizers i the region was 143 kilogrammes,
compared with about 14-9 kilogrammes i the United
States, 18-7 kilogrammes in the EEC, and 11-7 kilo-
grammes in the EFTA, in terms otnitrogen. For plastics and
synthetic resing also, it was only o-81 kilogramme in the
ECAFE region, compared with 115 kilogrammes in the
EEC, and 94 kilogrammes in the EFTA. Per capita pro-
duction of non-cellulose man-made fibres was o017 kilo-
gramme in the ECAFE region, compared with 1-86 kilo-
grammes in the United States, 1°03 kilogrammes in the
EEC and o-87 kilogramme in the EFTA.

Various tactors impede the growth ot petrochemical in-
dustry in countries of the ECAFE region. Factors respons-
ible for the slow growth of the fertilizer industry were
brought out at the United Nations Quiference on the
Development of the Fertilizer Industry in Asia and the
Far East, which was held at Bombay, India, in 1963. The
price relationship  between crops and  fertilizers, lack
ot credit and of adequate  distribution facilities were
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considered to be the factors responsible tor the low level
of consumption in most countries of the region.

Although India, Iran and Pakistan arc in the process of
ostablishing petrochemical complexes wirhin their borders,
at present only two countries in the ECAFRE region,
nmamely Japan and  Australia, have developed a petro-
chemical industry. The major problem taced by these two
is the compettion from overscas supplicrs, which have
solid advantages of size, technology, access to cheap raw
materials, and highly ctficient financial and organizational
structures. In Austraha, with the climmnation of mport
heensing, the local chemical mdustry  including petro-
chemicals, became vulnerable to dumping by overseas
suppliers. Japan, which has attained mternational stature in
the petrochemical industry, has its own problems. The
small size of production units and the high price of naphtha,
which is the basic matenial for the petrochemical industry
in Japan, were listed as major problems. For example, the
capacity ot Japan’s maximum unit of cthylene i 1964 was
120,000 tONs per year, as against 2§0,000 tons in the United
States, 200,000 tons in the United Kingdom and 150,000
tonsin the Federal Republic of Germany. Price comparison
of selected petrochemical products showed that in Japan, in
1962, the domestic price per kilogramme ot polycthylene
was about So-s8 compared with the imported price ot
about So-51, that of polystyrene, about $o0-69 compared
with S0-36, and that of SBR about So-53 compared to
about So-4& tor the imported product.

The basic obstacle to the development of an integrated
petrochemical industry is the limiced market in most
countries of the region for the major petrochemical pro-
ducts, such as plastics and synthetic resins, non-cellulose
man-made fibres and synthetic rubbers.

Some countries of the region have already started to
make nitrogenous fertilizers from natural gas or naphtha.
Most ot the countries have plans to establish naphtha-
cracker complexes for the production of basic petrochemi-
cals. The Conference examined country studies reflecting
the experience and future plans in Burma, China (Taiwan),
India, Indonesia, Iran, Japan, Malaysia and Pakistan.

Africa and the Middle East

Taking into account the vastness of the African continent
the Economic Commission for Africa (ECA) has divided
the continent into tour subregions, namely, North, West,
East and Central. Branch offices of ECA have been opened
in three of these subregions. In this connexion, it was men-
tioned that with a view to promoting the industrial
development in the subregions of Africa, a conference on
Industrial Co-ordination in West Africa was held in Bama-
ko, Mali. The Conference has recommiended the develop-
ment of industries such as basic chemicals, fertilizers and
some petrochemicals, based on imported intermediates. It
was envisaged to hold similar meetings in East and Central
Atrica in the near future.

Some countries in Africa, cspecially those in North and
West Africa, which have huge reserves of il and natural




s Wt s

JOwg

gas, have already mitiated feasibiliey studies tor the develop-
ment of perochemical industries within their borders.

The potential tor petrochenncal development in some
countries of North Africa and the Middle East is based on
the existence of proved and abundant sources of hydro-
carbon raw materials, which at present are not being
nuhized to any great extent.

In the discussions that tollowed the presentatton of the
country papers and statements, there were ndications that
it would be more beneficial o plan petrochemical develop-
ment on a regional basis, rather than tor cach country in-
dividually. Furthermore, it was evident that, in coumtries
with abundant natural gas resources, the question ot ex-
port markets outside the area looms large in the planning
cRores. Tt was mentioned that regional co-operation is bemg
seriowsly constdered by some of the countries in this arca
with a view to dcvclnping a common market, Comury
studies and statements for Lracl, Kuwait, Libva, Morocco,
Saudi Arabia, Svria and the United Arab Republic were
prcwntcd.

Enrope

The growth of the petrochemical mdustry in Europe was
sower immediately after the Second World War than it
was in the United States. The reconstruction problems
which arose during chat period, the time lag in rechnologi-
cal progress; the policy of the oil companies in locatng the
referies near the oil or natural gas roserves, inorder to
avoid adding transport costs to the heavy capital costs, and
the cxistence of a well-developed  chemicals-from-coal
mdustry were cited as factors responsible for the slower
growth in Europe. At the end of the Second World War,
nearly all European countries were still dependent tor their
organic chemical produces on coal and raw materials of
vegetable origin. After modest beginnings, the petro-
chemical industry made great strides in the past decade in
western Europe. Production registered an almost cighefold
mcrease during the period 1953-1960, and investment s
estimated to have reached $3 billion in 1964. Increases in the
ficlds of plastics, synthetic rubbers and synthetic fibres were
significant.

Although refmery gases and natural gas arc the most
important sources of raw material in the United Statcs,
naphtha would be the major raw material for the petro-
chemical industry in Europe. From the experience of the
European countrics, it is evident that there is a close nter-
rclationship between the development of the petrochemical
ndustry and industrial development and technological
progress. In fact, the most rapid growth in the petro-
chemical industry has taken place in the highly industrial-
1zed countries, and it 15 only now that less industrialized
countrics such as Spain, Portugal and Greece are beginning
to build their petrochemical plants.

Concerning the structure of the European petrochemical
industry, there is a strong tendency towards vertical inte-
gration to provide for diversification and cnsure adequate
sources of raw materials, as well as outlets for sales. There

s also 1 considerable concentration of capial mthe wmose
important producer countries of Europe ro suppore the
heavy mvestment necessary not only tor fixed asets, but
also tor the rescarch required to keep pace with technologi-
cal progress. In the Federal Republic of Germany, tor mi-
stance, 75 per centot peerochemical production comes trom
only five companics, two ot them combmed with ol
companies; n the United Kingdom, aboue 24 per cent s n
the hands of one major enterprise: e falv, the imdistry s
largely controlled by three firms and therr subsidiaries and

Jomt ventures. Even m France, where the mose stk g

feature ot the perrochemical mdusery Apparent
dispersal, mose ot the basic teed=seocks are supphed by tive
trms only.

Nevertheless, Enrope’s petrochenical ndusery has noe
reached o state of maturity. In spite ot current over-
CAPACILY 1 SOMIC arcas, vestnents continue to be high
m research and development. Construcnon ACTVIEY 18 s
strongly; petrochemicals are considered the inost promismg
sector within the chemical mdustry.

With respece o Europe, the expeniences ot Poland,
Romania, the Soviet Union, Turkey and Yoagosla were
were presented.

Larm America

Although a tew small petrochemical plants were alreads
established i the region twenty  vears ago, the petro-
chenucal industry in Latin America really got started only
after the Second World War, The ndustry has atcempeed
to supply continuously expandmg domestic markets, but
because of the limitations in market size and the big mvest-
ments required, there are relatively few planes in the region.

A trend is noticeable toward the installation of complexes
or groups of plants which concentrate different s ot
production in one site, Examples were menvoned, m
Mexico, Argenting and Brazil. The structure of the in-
dustry m Latin Amenica is characterized by the concen-
tration ot production m state enterprises and foreign
ventures,

With reference to raw materials for the petrochemical m-
dustry, in Argentuna and Mexico the consumption of
natural gas has been growing steadily and long gas pipe-
lines have been constructed. In other countries of the
region, which have big supplies of natural gas, different
proportions of the gas are still being Hared according o
different patterns of utihzation. There are g.s18 million
cubic metres of oil reserves and 1,211 billion cubic metres of
natural gas rescrves. The refining capacity of Latm Amcrica
in 1963 was 2§ million barrels per day, 92 per cont of
which is accounted for by retimeries located m seven
countrics. The consumption forecast tor refinery products
in all of Latin America 1s 2-28 million barrels per day for
1970. However, not all the volume retined can be cone
sidcred from the point of view of petrochemical raw
materials, owing to the existence of relatively small distil-
leries dispersed over a wide arca in a number of countries,
Projects in preparation have taken this mto account; a
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number of countries are planning to crect new and bigger
units, especially for catalytic cracking and reforming. Also,
in some cases, special seeani-crackmg units will be installed,
espectally where there are no refining tacilities or supphies of
natural gas. Steam cracking is already being mstalled
Mexico and Braail.,

Comsumption forecasts were presented tor a sample ot
twenty-four petrochemicals tor 1970, For these products,
75 per cent of the total demand will be absorbed by
Argentima, Brazil, Mexico and Venezuela. The mam tields
ot growth will be plastics, synthetic fibres, svnthetic
rubber and detergents. Special attention is being paid to the
production of fertilizers, and it 15 expected that in 1970
Latin America’s production will be about 900,000 tons (N)
of nitrogenous tertilizers.

In the last decade, an accelerated process of import sub-
stitution of chemical consumer goods took place, but owing
to the relative completion of this stage, emphasis must now
be transterred to that sector of the industry able to produce
the primary and meermediate materials necessary to achieve
higher rates of growth. bt is in this respect that che petro-
chemical ndustry may play a very important role. Indeed,
it can be expected that petrochenncals will become the
maim arca of development in the chemical mdustry of
Latin Amernica,

Apparent consumption of chemicals in Latn America
was estimated by FCLA to be of the order of $3 billion
m 1959, with mports accounting tor about 30 per cent of
this total. For 1970, demand was projected to be ot the
order ot 88 bilhon. The share of petrochemicals in the total
was rather imited mo 1959, but is expected to ncrease
substantially by 1970. Since the proportion of imports ot
petrochemicals was much higher than the 30 per cent

FINANCIAL AND LEGAL ASPECTS OF

FINANCIAL ASPECTS

m sCARCTY 01 capital m developing countries, coupled
T with the tact that plants built on new sites there cost
much more than they do i the more highly industrialized
nations, where they can be integrated with existing manu-
tacturing umits and mtra-structure, and the immensity of
these infra-structure needs, poses particular problems tor
the financing of petrochemical ventures. The public sector
would have to weigh imvestment in petrochemicals againse
a number of altermatives, especially those where public
tunds are cssennial, that is, investment in soctal and ccono-
mic infrasstructure. However, availability of tunds tor
petrochemicals trom the private investor may likewise be
limited, because the bulk of such funds follows an invest-
ment pattern aimed at producing liquidity and a high rate
of return. Thus, the toreign investor, private or public, may

N

average for the entire chemical industry, the necessity of a
considerable import substitution effort is foreseen for petro-
chemical raw materials and meermediates.

Participants from the Latin Amenican countries re pre-
sented in the Latin American Free Trade Area (LAFTA)
expressed the tollowing view: “While petrochemical -
dustries are capital-intensive industries, there is a searcity ot
domestic capital in the area; a high toreign exchange com-
ponent of mvestment is required; economies of scale pre--
vail m the development of petrochemical industries: tull
utihzation of the locally available technology and skills is
necessary: a better allocation of resources and e .rkets 1s
desirable; and the possible solution rests i the concept o
complementation and integration of the petrochemical in-
dustrics in Latin America, which has already been recom-
mended by sectoral meetings to the Executive Connittee
of LAFTA in 1963 and 1964.”

State oil companies in Latm America have already taken
the imtiative and some have signed agreements to study the
complementing of their industrics in all its aspects, espe-
aally in the field of petrochemicals, staring immediatcly
with the exchange of technicians and technical information,
utilization of idle capacities and exchange of products.

This trend towards integration has found recent expres-
sion in the meeting held in Buenos Aires under the auspices
of Yacimientos Petrolfferos Fiscales (YPF), where all Latin
Amcrican state oil agencies were represented and the basis
tor joint action was discussed. The establishment of a per-
manent organization was expected to be achieved during
19654,

The Conterence reviewed country studies for Argentina,
Brazil, Chile, Colombia, Ecuador, Mexico, Peru, Trimdad
and Tobago, Uruguay and Venczucla.

THE PETROCHEMICAL INDUSTRY

be called upon to play an important part in the industrial-
ization of developing nations, especially since he has access
to technical skills and research upon which sophisticated
mvestment projects depend.

Since 1955, the flow of private capital from the main
highly developed countries has been around $4 billion
yearly. and by now is approximately equal to the total
volume of public aid. The direction of the two flows is,
however, quite different. Private investors have preferred
T atin America to Africa and Asia: in 1957, Latin America’s
net long-term forcign capital inflow was $1-5 billion, as
against $100 million in ten Asian low-income countrics,
with a population 3} times that of Latin America. The gap
has been filled, to an extent, by public funds. As of 1957,
total United States direct investment in ventures involving
less than 9§ per cent ownership was about $1-7 billion in
developing countrics, compared with about $4-7 billion in




mdustriahzed counenes. These hgures may be then as
representanve of the extent o which Unieed States busimess
participated m jomt ventures abroad.

State concerns like the Ente Nazionale Idrovarbun (END)
m ltaly and the Institue frangans du petrole (TFP) i France arce
tavourable o enterng jomt arramgements with other state
enterprises abroad and seck the participation of local govern-
ments. As a rule, companies m the Umited Kmgdom md the
Federal Repubhic of Germany are beteer disposed towards
jomt ventures than ther American counterparts. However,
it1s the smaller capital exporting coumtres, notably Japan
and taly, which have the strongest preterence tor this ty pe
of mvestment, Also very important are heemmg and tech-
meal assistance agreements, even m the absence of apital
participation by toreign firms,

The importance of jomt vantares m developmg countnies
has recently mcreased and foreign mvestors tend o shite
more and more o mmonty commitments, Among the
developimg countries, Latin America is the arca where Joint
ventures constitute the Lirgest proportion ot torcign m-
vestment: as of 1958, m Brazil they made up over 20 por
cent ot §3 bilhon worth of total direct toreign mvestment ;
m Mexico, 11 per cent of M8so555 billion of foreign
HIVOStCIE 10 1950-1957 was in ot ventures, and
mportant  partnership aringemenc ako oxst m
Colombra.

Jomt ventares are generally predominant in manutacear-
mg. typically the newer activities, which reguire extensive
funds and technical know-how petrochomial mdustries,
ot course, are very much included in this category. Partici-
pation by the local gencral public has so far been seanty
owing to the characteristic thinness ot the capital imarkee m
developing countries, but the sitnation has been improving
as timanaal isticutions and apital market mechanisi have
developed.

Developing countries have a tendency w preter jome
ventures because they permie local capital to participate n
the benetits of economic development, generaee a faseer
transmission of technical and organizacional know-how and
lessenthe danger of foreign cconomic domination. Itis some-
timesargued that these motives contrast to some extent with
the goal of maximizanon of torcign capital inlow in those
enes where local capital could have found aleernative
meams ot productive employment: and  that the require-
ment of joint parenership will have the effect of reduecing
the mBow ot foreign capital without generating offsctting
beucties tor local capital. However, even if this praposition
were correct, 1t underestimates the economic importance
of rapid transmission of technical and managerial know-
how.

In ganeral, the govermments of industrialized couneries
have sct no definite palicy with regard to joint ventures of
national companies abroad. Privace industry leans more and
morc towards acceptance of jont agreements in developing
countries. As for the changing rend towards forcign minor-
ity paraicipation, same companies in the industrialized
countrics feel that majority halding of an enterprise abroad

miphes the koss ot those teal and pubhc rebinons ad-
vantages which are denved trom local wennitic ation ot the.
venture

The nmber of Jome ventnres m perrochemncaiy
relavely hagher than i other idustries, parth because
there has recenthy been a gen vabshitt cow ards this torm o
mvestment, and partly becanse jome arrangenient schemes
are hghly sitable to petrochenn b projccts An anabvses of
the torms ot ownership of petrochemical projeces m de-
vcloplng connrries as of 1907 showed thae Py per cent ot
toragn imvesoments moall ircas was i the torm of jont
tocal foreign ventares. The percentage was rchinvely
hgher e Asia (41 per cent) than i Lann America (2 pe
cent): no- particapation ot local aapial metoregn entor-
prises exaseed i Atnica at that tine.

Wholly toreign veneures constituted 12 per cent ot all
Frivate ventures arranged accordimg to speatic casitica-
tions. They were relatvely fess nportie m Asi (23 per
cent) than m Laon Amenica (36 per cent). The proportion
of whollv local ventures was, mstead, simlar i both
regions: 36 per cent i Asva and 32 per cent i Lann
Amenca. Ol companies sponsored 12 out of 62 projects
hsted (19 per cent), and chemical companies sponsored
49 projeces (7% per cent), ol compames were relanvely
more active 1 Asia than m Latnn America,

Satc-owned and or <tare-controlled projects comprined
16 per cent ot all classitied projeets; the proportion was
rclanvely much higher m Asia (42 per cent) than e Faon
Amenca (30 per cent), despite the extensive activities of
state enterprises - the latter (notably PEMEX i Mexico,
PETROBRAS m Braal and YPEm Argentina).

The greater trequency of jome petrochenncal ventnres 1.,
Astais not to be aetributed to a bigher preterence of foreign
mvestors tor this torm of venture; on the contrary, il
compantes, which are generally less favonrably diposed
mwards_'nint venures, sponsor a rt'l‘mvcly groater nunber
of projects in Asia. The explanation lies i the regulations o
national governments. The same factor i probably res-
ponsible tor the lower number of projects wholly cwned
by forcigners in Asia than in Latin Amenica. The role of
state enterprises and national public mterventon m the
petrochemical  ficld in devdopmg countries W very
significant and tends o imerease i importance,

In general, the abihey of a petrochensical concern m a
developing country to finance its own expaision out of
retained carnings will be greatly imfluenced by the cconomie
policy of the government concerned and by the purpose
which lay behind its very establishment. The experience of
Japan was presented as a case study af a country that was
able, over a short period, w bring about through financial
and other measures a fast rate of development in the petro-
chemical industry. The significant growth of the Japanese
petrochemical industry began in July 1955 with the init-
anon of the Ministry af International Trade and Industry’s
development plans. The total investment in the chemical
industry up to that time was only about 390 million. With-
in a decade the investment in petrochemicals rose to about
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S9oo million. An addigonal $320 million in industrics was
expected for 1964.

The petrochemicals output in Japan w1963 was valued at
$500 million, with a sales turmover relative to fixed asset
mvestment of about 70 per cent. Fourteen new compames,
of which seven entered the ficld for the first time, were -
cluded - the First-term Programine for the development
ot petrochemicals i 1955, Tn the last five years, twenty-tonr
new enterprises were established, of which six were jome

ventares with foreign manutacurers, The total number of

lomtventures at the present tinie is abour ten.

OF the total mvestment of $goo million, $1%0 milhon
(20 per cent) was n the form of capital and capital surplus;
the balance of $720 milhon (%o per cent) was borrowed,
mostly i the form of loans. In comparison, the average tor
wmanutacturing industries in- Japan was 30 per cent capital
and 70 per centborrowings. The financing of new veneares
sall tends to rely heavily on oueside sonrces, although the
relanve share i declining as more and more intermally
generated resources become available from the aceelerated
pace of growth of existing enterpnses.

Ihe Government of Japan encouraged the implementa-
non ot the Hrst-term Pragramme tor pctrm‘hcmic:ll\' by
providing Treasury tunds, principally through the Govern-
ment=sponsored Japan Develapment Bank. Though chis
source of tunds amounts on the average to only about 6 per
cent of total mvestnents, and was as high as 10 to 1§ per
centm individual cases, 1t was a suthcient stimulus to bring
about jomt or co—operative timancing in the torm of loans

fronn hinancial msatutions, such as the Industrial Bank of

Japan, the Long-term Credit Bank, and the like, in com-
binaton with commiercial banks and truse banks. In addi-
non, sizable investments were made by the Japan Lite
Insurance Svadicate. The role ot government=sponsored
tnnds has tended o decrease, relanvely speaking, in recent
vears, onee the mtial obgective of liunching the new
- disery was more or less achieved. This source of funds i
experted to continue o be available, however. on a more
Ingghly seleceive basis.

L he raming of funds moov eveas capital markets tor petro-
chennaal development has assumed mcreasing miportance
m recent vears, particularly i view ot the somewhat nghe
domestic capital market. The growth potenual ot the n-
‘ustry, the qualiey of the avartable sechmical resources and
w 7 Mewade wope of marketing acovities have tended o
attra, Orengn tinds. One of” 8900 milhion invested m petra
$132 milhon was of toregn origin, most ot

aed o facthoies and fixed assers. Actaal,
torengu investw, ot amounted toabout Sso nnllion repre-
sentimy S20 nillag e know-how aibseribed s capital,
iptions and S 2a mallion in loans,

e
which was

sro uubhen monh w0
[t ventire companies . crh foragn participants, s ho s
sharcholders saust hold few s on o per cent of the visting
nghis require govermmentalappe val Separate government
authonzation st be songht 1o o vere know-how meo
non-cash share wbseriptions,ands s he case o regular

teos and rovaltes, tases are mnposed on @ Cach pavimenes,

I relanon to other major mdustnes me Japan, petro-
chemncal development depends less on the seennties muarket,
that 15, stocks and bonds, and relies mach more on borrow -
ings. The major stockholders are corporations and tinanaal
msntutions: only a tew petrochenmcal compames offer
stocks on the open market. Thus the tendeney ha. been tor
loans and meernally generated resonrees o provide the
bulk of fuads tor petrochenmcal ventures. n order -t en-
courage greater unhzavon ot meernally - generaeed re-
sources, the petrocheimcal mdustry has been allowed
|lb(m| d(prul.mnn sche dnlu which akso reflect the necd o
depreciate the assets relatively rapidly, m view ot the m-
herent hagh rate of obsolescence of” petrachenucal tech-
nologies.,

The dicussion at the Conterence mdicated thata wmple
cvaluation of petrochenneal pro]cct\' on the basis ot pro-

Jected commeraial protitabiliey, does not take meo account

problenis of a national character, such as toragn currencey
shortages, unemplovinent, exploation ot maral re-
SOUTCCS -l"(l th(' nmorg d\/".lll"( (‘(“]\'(‘qllc"("('\ rC\lII“"L‘
trom the development ot an industry, such as the spread of
mitiative, know=how, mdustrial skills and so on. The use of
shadow prices mstead of market prices was suggested as @
means of arrving at a satistactory solution. For example, it
labour s unemploved, the social cost af unemploved
labour is lower than existing wasze rates, Sinularly,
problems of foraign exchange shortages are of major mi-
portance, shadow prices could be used m the torm ot a
higher exchange rate i the evaluation procedure. This
could be developed turther m terms of net cont to the
cconomy per vnit of toreign exchange carned.

Discussion then centred on farcign exchange problems,
the shortage of torcign currencies and exchange conrol,
It is clear that nvestment decisions cannot be based solely
on considerations of fnrcign exchange savings, but for
many developing comntries with an adverse balance of
nternational payments, the question of net furcign CX-
change savings necessarily playvs an important role m -
vestment deaisions, Impores of tmished gnnd.s mvolving an
outHow of toreign exchange, which many developing
countries cannot afford, shoald be balanced againse possible
dometic production of the products, even if this entails
production at higher cost in local currency.

There was some debate as to whether public mter-
wational sources of tunds could be made available to de-
velop petrochemical industries at lower interest rates than
currently available. In the private sector, the Internanonal
Fmance Corporation is by its charter prevented from
providing loan funds at rates lower than those prevailing
in the estabhished capital markets. The question was raised
s to whether public international tunds shauld not be
looked upon as needed tor development ot petrachemical
mdustries i the same light as roads, dams, harbours, and
other intra=structure developments. No aswer was given
at the Conterence: it was suggested that the International
Bank for Reconstruction and Development (IBRD) be
approached by mterested parties. In this connexion, the



mectng noted the cRorts bemg made by the developmg
commtnies to set up within the United Nations tamily an
mternational finance mstitution to provide long=term, low

meerest rate development loans to industry m the develop-
g conntries, sice at the present e such assistance s not
avatlable trom meernanonal msaentions. Ie recommaended
that cHorts be contmued and intensified m that direction so
i toreahize this objecave. The need for long-term develop-
ment loan hmances for developmg countries tor the pro-
moeten and rapd growth of petrochemical induostries s
very urgent. The Conference recommended  that no
cRores be spared o st up sich an imeernational mstitation
at the ¢ arliest pnsslbh‘ date.

PATENIS AND LICENSING AGREEMENTS

Snice the available technology i the petrochenmaal
tickl hav been almost exclusively developed m the more
mdustriahized countries, 1t will have to be transterred m
some torin of patentand heensing agreement inthe course
otimplementing such mdustry in the developing comntries,

The bass tor any such agreement is the mutual recogin-
tuon ot the mature of the exclusive ownership of a new
technology. and the need to guarantee the owner that the
tme. moncey and cffort mveseed developig it wall be
protected trom competition by HNIGILOTS a8 sOon as it
becomes public knowledge.

The matter of concern to all, and particularly to the
reapient developing coumtries, relates to assurances and
measares toavoid over-cxploitation of the almost total tech-
mcal and financial dependence ot the developing conmtries
on the transter of an exclusive property. In the transfer of
technology by heensing agreements, essentially two forms
ot techmical propertices are mvolved. The first of these s
commonly referred to as a “patent” —an industrial properey
right contirmed by an mdividual government by decd, for
a tixed nnmiber of years, to make a product or use a
process. This right lics not in the possession of the scientific
or techmceal knowledge incorporated therein, but in the
exchisive night to use, and prevent others trom using, that
knowledge.

The second torm of property rights mvolves “know-
how™, “technical data” and similar technical knowledge
resulting trom the accamulated skills and experience of the
owner. Such rights, which have commercial value in the
adoption of new technology, are not defined by govern-
ment deed or document as in the case of a patent.

Licensing agreements are concerned with defining the
mutial rights and obligations between the licensce and
licenser, arising out of the proposed transfer of industrial
property rights. 1t must be emphasized that the licensing of
patent rights is deterinined solely by national laws, and
that these laws vary from country to country in the extent
to which cenain prodncts or processes are chgible for
patenting and the degree to which the patent owner may
excraise his monopoly. The provision of monopolistic
power can be abused and misused, as in fixing, patent
poohing and compulsory package licensing, which cannot

be yustiied m the public mterese. National patent Laws are
directed at control ot such restrictive pracowes.

It scems doubttul that the le zal strengeh ot patent laws i
any particular comntry afeces o anygreat exeent the
decision to obtain patents. The avartlable data alo seem o
mdicate that patent owners rarchy resort 1o hngation o
entoree thar proprictary nights. In the United Stares, ton
example, the 500 largest corporations were, on the i crage,
mvolved mless than ew o Liw wnes cach durmy the p-.'n‘ml
1940- 1938, The large dispaney between the nuniber ot
patents granted m developmg comtries, as comparcd with
the industriahzed countries, can probably he averibed o the
limited cconomi gams. There appearsto be hietle miterest
establishing » | tent porttolio m a commery where there 1
little hikchhood of developmyg the techimeal potential ton
producimg or usmg 4 productin the mmediaee tutare, This
1s particalarly trne i the petrochenncal tield, wirth s
relanvely ligh degree o techmaal obsoleseence,

I any cases 1o unhkely ehat apatent tor petrochenned
products or proceses could be advantageomiy merodneed
mto a developig country without the techmeal CO-Opera-
tion and collaboranon, that s, the proprictary know -how,
of the toreign licenser. Ths supply ot know-how, particu-
larly with reterence to developimg comeries, could melude
not only the establishment ot the plant and prttng 1t o
stream ) but also assistance in operation during the mral
vears, n the torm of management contracts,

The tcndcncy to participate n hccn\mg arrangemaents
covermg both the patent and the know-how s prevalentm
the petrochemical industry m the mdustriahized countres
These arrangements often include cros=licensmg mvolving
third partics and make 1t possible to enhst within a reason-
ably short ime the mose ap-to-date rescarch amd develop-
ment cfforts of competing organizanons. Petrochemical
technology is subject to rapid changes, and there are pres-
sures on the owners of propnctary knowledge to exploit s
process promptly, or face the possibility that the process
will be ontmoded and replaced by newer ones.

Although there mmay be wide vanations in the actial
torm of a hcense agreement, there are certam common
provisions. These include: defimition of processes, patent
rights and proprictary  knowledge, cxclusive or non-
exclusive nature of hcense, provisions tor exchange ot
techimical information, scerecy, time factor, royaltics and
compensations, engineering services and assistance, guaran-
tees, warrantics, liabilities and penalties, arbitration, force
majenre and assignability.

In the assessment and evalnation of proprictary technical
processes, the licensee from the developing country should
attempt an evalnation in terms of capital invesemient,
operating requirenients, product specification, royaley and
compensation, status of process development, commerdial
;lpplicatinn, prior record of licenser, services offered and sa
on. Given the findamental inportance of technology in
the mdustry, licensing agreements generally entail w very
sizable financial burden on the licensee, In this connexion,
the Conference noted the cfores now being made by the
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developmg comtries and the appropriate United Nations
organs 1 connexion with know-how heensimg problems
and transter of new technology. It recommended  the
tollowmg tor conaderatnion by these organs, parocularly
with reterence to the raprd promoton of petrochemical

mdusenies in the developmg countries:

(1) Licensmg know-how tees now bemg charged should
be reviewed soas to be levied comensurately with the size
ot the project, and notirrespective thereot.

(M) To provide meentives tor Tower hicensmy tees, 1t s
recommiended that governments of developed countries
provide to the heensers some form ot income tax rehet
trom know-how tees and rovaloes origmatng trom the
tramster - of  technologies to the developmg counenes,
espeatally m the tield of petrochemicals.

(m) In view of the developmyg countries” need to expore
some ot thar new petrochemical mdusery produces, 1t s
recommended that petrochamical heensing agreements tor
developmyg couneries should not be restriconve mthe above
respect. The developed couneries should encourage such
mpores trom the developmy countries by sharmg thar
own export markets with thar heensees methe developing
countrics, such measures are esential to the rapid prono-
ton and growth ot the petrochenical mduseries, as well as
to the reducnon of the burden of pavment forcign
currency through such export carmimgs.

With respect to patent and heensig agreements,  the
discnssion centred on evaluation of the cost of a heence
av compared wath the toal mvestment needed for a projece.

While some measure of the relanve cost may be obtamed
bv comparing the offers of alternative licence vendors,
much rehance will have to be placed on the reputation,
presaige, expernience and good faith of a partcular vendor.
Rovaley rates do vary a great deal from process to process,
They may be directly hased on actual expenditure mcurred
m the developmentof the process technology appropriately
amortzed over a penod of vears, or on g percentage ot the
sales price of the producrs: or they may be cvaluated m
terms ot the share of projected protiss over the hite of the
heensing agreement i the evene that 4 jomt venture
partnership s mvolved.

One representative then argued along the tollow g hines,
by mest developmg countries, the agnculeural sector,
prncipally tood  producnion, plavs an importane role
m the development  plans. Fernhzers are considered
necessary to merease food productvity, and the amm of most
developing countries 1s to make ferahzers available to the
armiers at the Towest possthle cost. This means thae the
capital cost of teralizer projects should be brought down to
4 mnmum; the latter mcludes rovalty tees, which must
be pad to a heenser and should also be mmmuzed. Tt was
pomted out that heensmg 1s one of the important factors m
developmg petrochemicals, and that the transfer ot wech-
nology to the developmg comenes should be made at
relatively low cost. This would, i fact, constitute a realistic
means by which the mdustriahized countnies could help the
developimg countries,

LOCATION FACTORS IN THE PETROCHEMICAL INDUSTRY

1 MAJOR FACTORS to be considered m deciding on the
T location of petrochemical mduseries were summarized
as tollows: potential demand, domestic as well as export;
availabilicy of raw materials; possihility of by-product
ntilization; markets and distnibution centres for the pro-
ducts: facilitics for transport of raw materials and fimished
products; availability of facilities such as water, power
and ctHuent disposal; prospects of expansion in the future
and availability of skilled labour.

Availability of raw materials and markets are considered
the most important factors in determining a smtable loca-
ton for a petrochemical plant. With natural gas 1t s
preferable to locate the plane near the source of raw
material. If, however, liquid petroleum feed-stock s
available, it may be possible to sct np the units near the
principal market or distributing centres. The ideal location,
of course, would be where the raw material is casily avail-
able in the neighbourhood of a large market.

A recent tendency in the more advanced comntries is to
concentrate the productionof petrochemical industrics near a
large refimery, because the imvestment per unit weight of the
product is thereby reduced considerably. However, it may
not be passible to set up units of comparable size in the firse
stage of industrialization i a developing comntry, because
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the delivered cost, say, per ton of nitrogen, to the farmer,
as well as the cost of production, are economically deter-
mmant. The diff culties and costs of transpart often dictate
that in a large country, petroleum refineries with capacity
of the order of 2 miflion tons a year may have to be set up
i a dispersed manner. This would itself set a limit to the
capaaity for fertifizer or ethylene production that can be set
up in the vicinity. For this rcasom, it may not be possiblc
initially for developing countrics to have units for ammonia
synthesis with capacities of the order of 600 tons per stream,
per day, and more, ar naphtha crackers for about 200,000
tans of cthylene per ycar, now regarded as optimum in
advanced countries. The actual size and location may have
to be decided after making an economic balance of the
econonmes of large-scale operation and the lower delivered
cost obtained by decentralization.

One of the most important petrochemical products is
synthetic ammonia utilized to produce nitrogenous ferti-
lizers, demand for which is increasing in all countrics.
All comtries also have a tendency to make this basic
chemical within their borders to the extent that they possess
the main raw material for the synthesis of ammonia,
namely, nawral gas or naphtha. One or both of these raw
materials are available from natural sources in a number of
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developing countries, although m some countries petro-
leum naphtha s derived from retineries operatig on
mported petroleum crudes.

In sclecting a siee tor a ferahzer factory, it 1s necessary to
ensure that water to the extent of 20,000 gallons per dav s
avallable per dady ton of merogen capacity. It s also
necessary to see that an adeguate supply ot water will be
available when the capaaey of the umit is doubled or erebled
m time. It the steam-retormg process is used tor the pro-
duction of synthesis gas tor ammonn, the regquirement of
power trom an external source s not large. The use ot
clecrrolytic hydrogen may be avoided o ammonia
synthesis, unless there are special reasons tor 1es use. The
rcason 15, to begim with, that clectrolyne hydrogen s more
expenave than hydrogen obtamed from other sources.
Also, a tertilizer tactory based on clectrolynic hvdrogen nes
up a large amount of power that s tar more valuable for
other mdustrial - purposes, parncalarly ma developing
country. The etHuent from a teruhizer factory which uses
hydrocarbon teed=stocks contams materials thae are harin-
tul 1o human and caceede health. Such etHuenes must there-
tore be rendered hariless by biological or other treatment
betore they are discharged mto a river sercam or estuary.

Among other petrochemicals, plastics, synthetic rubber
and synthetic fibres are most important tor developmyg
countrics. In many ot these countries, some demand tor
plastics alrcady exists. It is possible that this demand would
ncrease considerably if local production were available,
particularly in countries where, for instance, packing
materials such as paper-board and tin-plate are not available
locally. The three main plastics, polyethylene, PVC and
polystyrene, require cthylenc for their production. At the
present time, units for the production of these plastics have
been set up in some developing countrics, with capacity as
low as 5,000 tons a vear. However, cthylene has been
generally obtained from alcohol or other raw material
rather than from a petrochenical source. If cthylene is
derived from a petroleum source, it is much cheaper,
particularly in the case of largescale production. Some
developing countries might find it profitable to make
reciprocal arrangemients, whereby only one plastic s
produced in each country to supply all others taking part in
the agreement. Whenever a cracking plant is set up for pro-
duction of cthylene from petroleum feed-stocks, propylene,
as well as higher olefins, are produced at the same time; and
where the amount of propylene available is substantial and
ammonia is also available in the same location, circum-
stances are favourable for the production of acrylic fibre.
Similarly, under certain circumstances, it is possible to set
up the production of nylon. However, since in the ad-
vanced countries, production of this fibre is alrcady
organized on a very large scale and at low cost, the units
sct up in the developing countrics would have to be based
essentially on local requirements.

With respect to labour, fertilizer and other petrocheimical
industries arc capital-intensive and require a high propor-
tion of skilled labour. However, their numbers are not

large, and wsually e s possible to draw personnel trom
existimg mdustrics, such as seeel fabrication or rehimenes, and
tram them tor thar new responsibihties by organizing
short-term courses. It v aho desirable o dcpu‘tc ol
engineers abroad for craming i snlar factories, durmy the
period of tabrication and erccnon of miporeed and Tocal
plant and cqupment. Ma himery manotacturers are usiably
able o provide assistance momakimg the necesan ST -
ments, ‘ '

The Conterence took note of e ent dey «'|npnn'm\ m the
transport technology of hepund ammonma and cthy lene pro-
duced n large umes. Te was mentioned that a ume for pro-
duction of anhvdrous ammonia has alrcady been et up
m Trimdad, wath 4 producton Capaaty ot 230,000 tons,
thas capaaity wall shorely be rased to 500,000 tons of amio-
nia per year. This Large umie i bemg set up morder 1o pro-
duce ammonna at a very low price tor export. The mimo-
ma s stored i tankers ae atmosphenic pressure and o
temperature of nmnuas 28 F Speaal ships, oy well s
recaving termmals m- the inportmg countries, are pro-
vided to ensure that individual shipments of 9,000 tons ot
ammoma can be made. Te s clamed thae s system waill
assist the developmg countries to produce mitrogen tern-
lizers i a shovter time: ammoma would be nmiported and
ather used as such or i the form of feralizer compounds.

The position 18 sumlar with respect to the transport of
hquid ethylene. It was stated that the transport cost of
ligwd ethylene  decreases considerably when the ol
amount of cthylcm' trauspnrtcd to a smglc POME NICTeases
trom 10,000 to §0,000 tons 4 year. At the latter rat- the cost
of handling per ton of cthylenc is as low as $4 pe ton, It
was also mentioned chat the advantage of transport of
liquid cthylenc mcreases with distance, Whale in the case of
much larger demand it would be more economic to pro-
duce ethylene in a naphtha cracker, 4 developing comntry
requiring small amounts might tind 1t usetul to niport
liquid cthylene, in the initial stages.

In accordance with the above, it was suggested that gases
associated with petroleum crudes that are now bemg Hared
@ Iran, for example, could be used to establish an ammonia
unit with a capacity of 150,000 tons or more i a smgle
stream; it would then be profitable to transport the ammo-
nia to India, for instance, at a delivered price lower than
the cost of production in the inporting comtries. While
this would not provide an outlet for the entire volume of
gases that arc flared today i Iran alone, it might be one
mcthod of utilizing part of the gas. It was also claimed that,
not only would the cost of ammonia transported in this way
be lower, but also there would be a foreign exchange
saving in such inzports. On the other hand, it was pointed
out that in India petrolcum crudes arc imported to feed
refinerics set up mainly for the production of kerosene,
diesel oil and furnace oil, with a light fraction supplying
motor gasoline as well as surplus naphtha. If kerasene and
diescl and furnace oil were imported separately, they would
cost much more than the crude from which they are pro-
duced in a refinery. Under such arcumstances, the surplus
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naphtha has no foreign exchange cont. Theretore, any aal-
culanion which purpores to show that e cheaper mterms
ot torcign exchange to mport ammoma than to niake it
trom locally available surplus naphtha 1w based on
ceronconis assumption, e is theretore umhkely that a coun-
rey which hascn sarphin ot naphtha would be mrerested m
nnporanng ammonta, since this woukd aggravate the prob-
fenn ot sarplus naphtha disposal.

The Conterence has hetorear tw o papers winch deseribed
petrochennal complexes developed e Japan .md Mexaco,
rospectin v the Case ot '.|p;||l. 1t was mdicated how g
unt \t.nrrnl ot \\I[]l A NVery IUV\ \.Ip.ulr_\ tor (‘[h\l(‘ll\' .Illd
was gradually converted meo 4 aime wath capaanies coni-
parable to those o the present dav i advanced countries Ie
was albso stated tlmr‘ .||t|lnl|u|l m rerrospect it would Appear
that the orgmal wire was oo sicdband theretore unccono-
e mesize, e areated the necessary prelimmuary condinions
tor the subsequent butldmyg up ot a4 lirger petrochenucal
complex. The imts established e Mexaco alvo exeniphty
how Tocal requirements were miet by ostablishing these
U\Inplt‘\«‘\. ”l(‘ g\'ll(‘r.ll [RRIRTY |u\lnll\ (Ir.mn l’)\ a4 \[lld_\ ot
these papers were that the concentration o several pro-
ducmyg vt moa well-plinned petrochenneal complex,
sharmg raw matertals, mtra=seructure and overhead facih-
tescas wellas the nnhizaton ot resulomg by -products, tends
to counteract the necesiry ot very large-scale capacity tor
ceonomic producnon msmigle, wsolated  petrochemical
plants:and that the requirements tor cach country must be
thoroughly evaluated betore the size and complexiey of 4
petrochamical ume to be et up v a paracalar Tocanon can
be determmed.

Consderable discussion took plice e the Conterence

oy

about the possibiliey ot establishing unies with large capacity
tor production of ammoma ar locanons where natural gas
or assocuated gas are available at g very low cost. In thi
respect, reterence was nade to the case of Tumdad, where
anhvdreus ammona planes have been set up essentially for
vxport. AT pn\\lblc. hUV\ cver, th‘nr [h(' (‘X.mlpl(' nf Tl‘lllld‘nl

and Tobago will not be wenerally appheable. The success ot

ammonta manutacture - Tramdad w due Largely o
location near 4 very lairge and cost=consaous consumer
marker. Itsimlar arcomstances were avalable clsewhere
or it were posstble to make barter arrmgements berween
importimg and exportmg countries, mimonta unes of large
size could be established e focations where low-priced
hydrocarbon gas s avalable, However, at s Iikely thar
mamy developmg countries toreign exchange requurenients
would be agher tor imported anmonia than tor ammoni.
obtamed trom domesue production, where only g smull
portion ot the cost ot prodicuon would require torergn
exchange. Iy some developmg countnies there would be an
addivonal problem. since the existence ot substannul
retinery capaats set up for meeting local requirements tor
petroleum: produces gives rise to 4 substannal naphtha
surplus: under these arcanmistances, miports ot anmmonia
would not only create a problem ot disposil of the naphtha
surplus. but would also aggravate the problem of torcign
exchange.

Finally 1t was stated that smee the producnon of ammo-
nia does not teally provide an outlet tor g large proporaion
of gases thatare Hared todav m the Middle East and North
Atrica, some other solunion muast be tound tor the ualiz-
ation of these gases. One solution would be to use them to
produce cheap power tor encrgy-mtensive industrics.
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Interregional Symposium on Industrial

Project Evaluation

Held in Prague, C Zzechoslovakia, from 11 to 29 October 1965

NDUSTRIAL PROJECT EVALLATION s of strategic importance
I to industrial growth under any cconomic system.
Careful and systematic scrutiny of proposed projects based
on a thoroagh mvestiganion of their economic and techme al
teasibility is indispensable i selecting viable projects
and in committing  tinancial and  techmical  resources
o thcm. P()()r|y concerved or pnurl_v thned projects
mevitably result in considerable  waste of investment
capital. In addition, unless new projects are conceived
to attain full utilizanon within 2 reasonable tme, the
invested capital simply remains frozen in the form of un-
productive capacity, rather than being used more offec-
tvely elsewhere. In developing countries where the invest-
ment effore is by necessity correspondingly greater, and
where investment capital and savings are limited, it is
essential that the available resources be applicd in the most
productive way possible. Industrial project evaluation s,
therefore, of crucial importance in these countries because
ot the need to sclect only those projects having the greatese
growth potennal. Keeping the above considerations m
mind, the United Nations Centre for Industrial Develop-

ment has alrcady embarked upon a sustamed programme of

research, tramning and technical assistance in industrial

project evaluation, as a substantial part of its programme of

work in the field of industrial planning and programnung.

As the first stage of this continuing effort, the Inter-
regional Symposium on Industrial Project Evaluation was
held in Prague from 11 to 29 October 1965, undcr
the joint sponsorship of the United Nations and the
Government of the Czechoslovak Socialist Republic. This
Symposium constitnted the first international gathering
exclusively devoted to the consideration of issues and
problems in industrial project evaluation.!

Participants from thirty developing countries in Africa,
Asia, Europe, Latin America and the Middle East attended
the Symposium on a fellowship basis under the sponsorship
of the United Nations Bureau of Technical Assistance
Operations. In addition, there was substantial represent-

! The Report on the Interregional Symposium on Industrial
Project Evaluation, is available as a United Nations publication (Sales
No.: 66.1LB.II). Sclected Studies submitted to the Symposium
will also appear as a United Nations publication.

aton of other countries as well as ot regional orgamzanons,
national financial corporanons and plannmg organizanons
A large number of speaalises mthe tiekd of mduserial
project evaluanon alve atended the Sy mposinm m ahe
capacity ot obscrvers.,

The symposium exammed 4l revelane aspeas ot -
dustrial project evaluaion. Among the subjeces dealt with
were: the relation of the proposed project 1o the general
strategy of mdustrial development: cssenvial clemenes m
the preparation of a project; data and other mtormation
required for mdustrial project evaluanon, and the mstien-
tonal aspects of such evaluanon. The core of the discission
ncluded the ssues and problems connected with commer-
cnal protitabiliey and national cconomie protieabiliey, mecr-
indusery hnkages, manageral and technical skills, et .
survey of current practices and theonies i the field of m-
dustrial project evaluation, pricing problems with speal
reference to foreign exchange and toreign trade connder-
ations, and financial planning and 1es appraisal. The vanous
procedures and tools required for the follow-up and super-
vasion of approved projects were surveyed. The cneerta and
methods of mdustrial project evaluanon  followed 1
developing countrics, case studics illustrating them, and the
problems encountered i the evaluation of industrial pro-
Jects were haghlighted in the course of the discussion. This
discussion helped to clarify the scope of improving existing
cvaluation procedures and practices in the developing
countries, and to formulatc the programme of sescarch,
training and technical assistance recominended, including
also guide-lines for the future work of the Centre for In-
dustrial Development.

The various items of the agenda were examined against
the background of the specific goal of developing countrics
to accelerate their industrial developnient. Understanding
of the proper criteria and techniques of project evaluation
was considered vital to the realization of this objective.
With this in mind, the Symposiumi made a comprehensive
review of the state of the artand in particular the experience
of developing countries in industrial project evaluation,
including a survey of the organizational framework avail-
able for project evaluation and an acconnt of different
criteria used and techniques adopted in their application. In
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the conrse ot the dehbercions, several isues and problens
were highhigheed Jeadimy toa number of condimions,

owas tonmd rhar the conaderaimons apphed m evaluatmy
mduserial projeces - ditterent developmg conmencs vaned
m accordancc wath che avalabnhey and quanty ot dat,
wonlalnhies and <kalls ot personneland computing taahing,
which akho were largely @ refecnon of the Jiterent stages
ot thar (l\‘\'t'lliplln‘llt It v agrecd that there was wade
scopeand urgent necesity tor improving cxsting Practices
nid procedures ot mduserial proyect evaliation 1l deve-
fopmg commertes. Tew s abso evident that there woas o stgle
matorm set ot critera and e hingues that can be apphed
Al developmg commtnes. Criterta adopeed m devclopmy
comntries would depend on developmene goals and relanye
wonghts attached o thenn, while e hmgnes ot thar apph-
aon would depend mamdye on daea, skalk, contputing
bialities, ete. on the one hand. and cconomse svetems and
the torms of planmng and stages of development on the
other hand

An aindustral project shonld be cvaluated waithim the
tranework of the gencral stratery ot industrial develop-
ment which, m cssence, means the formulation ot mduse-
rial prionines for a given period of e These priontices
shonld take mto account potennals tor mport substitution
asowell as export promonon. Induserial secroral pro-
grammesshould be claborated on the basis of these priorines.
Ieernal consisteney s of vl mportance m tormulating
and co-ordmating the secroral programme. n examming
the relanon of the prupuwd project to other projects,
two types of relationships, 1e., compentive and comple-
mentary, should be distmginshed and carefully apprased.

Apprasal ot a project as well as its success depends
partly on the thoronghness and rchabihty ot project
preparation, which must necesanly: melude exhaustive
mvestigation ot ity techmcal, cconomic and  timandial
feasibaliey. In addition, a project report should pome out
how the proposed propect tits m with the hroad national
objectives and the devele pment programme of the country,

and shonld detaid the various uncertamues and margms ot

error i estimating coses and beneties. Although blucprints
and construction schedules are a part ot the timal (engineer-
ing) project report, the choice of a well-tried and conmmer-
caly successtul process of production and provisions for
sound designing ot the plant and scheduling of construe-
gon at mmimum cost should be clearly laid down in a
project report.

A project report should wicorporate comprehensive
data on private and social costs and benetits, torcign
exchange  effects,  engineering and  financaal  aspects,
availability ot techmeal know-how, availability of and
arrangement tor eraining technical and managerial per-
somnel, infra-structural requirements, mter-mdustry ctects,
arrangements tor the  even fHow  of raw  materials,
intermediates, componenes and  spare parts, rctuuling
and servicing tacilities, cte. The degree of detail and com-
prehensiveness  required may vary with the size and
complexity of the project.
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The sostemanie assesment ot dara and mformaton con-
tied m-project reports requires 1 wide range o skalls,
ospectallv me the tickds ot engimeering and technology,
ccononnes and accomtaney and timancral planning specitic-
Al concewved tor project appraisal. It was recogmzed that
there wasashortage of those skillv i developing countries
aswellas ot tacthties tormpartmg such skalls.

The Svmposiinm considered that there were certam issies
pertammy to the functions ot evaliatimg agencies and therr
orgamzanonal set-up which reqnred  turther  rescarch.
These isues are mentoned below.

Commeraal protiabihiey alone s nor asuthcient criterion
m developmg - countries secking aceelerated  industrial
development. National ¢conomic protitability occupies a
central place e vanous considerations apphed in appraising
an industrial project m developing countries. This s espe-
adlv erie m conditions of mtationary pressures, generated
by the development process where most of the proposed
projects may appear commeraally suceesstul,

Three methods, ie.. discounted cash How miethod, pav-
back or recoupment period and average return on invest-
ment, are available for estimating commercial profitability.
In selecung different methods of estimating commercial
protitability in developing countries, the carning streams at
different pomts of time should be taken into consideration.

The vital importance of national economic profitability
arses trom three sets of factors, First, the market mechanism
m developing countries (and even in developed countrics)
does not always reflect relative scarcities and consequently
true social costs of various inputs. Market prices should not
therefore be relied upon exclusively to allocate resources
amony vanious: projects. The ofhicial exchange rate repre-
sents not infrequently an overvaluation of the currency.
The market wage rate in economics with surplus labour
does not reflect accurately the social opportunity cost of
labour. The prevalent rate of interest often does not reflect
the relative scarcaty of capital or the productivity of capital
mvestment. National cconomic protitability is designed to
correct such distortions in mput prices. Sccond, commiercial
profitability, as conceived by the sgle entreprencur, does
not necessarily take into account various development ob-

Jectives such as stepping up the rate growth, expansion of

employment opportunitics, reduction of inequality among
vartous imcome groups and regions, ctc. These objcctives
are not only partially complementary with one another. It
is theretore necessary to attach relative weights to the
detned objectives. Third, the rate of interest in perfectly
competitive conditions is supposed to represent the time
preterence of the community attaching relative weights to
present consumption as compared with future consump-
von, However, pcrfect]y compcetitive conditions are not to
be found in any country and least of all in developing
countrics. In addition, in developing countries secking to
accelerate development, the vital issuc of decidin g the social
time preference between present and future consumption
cumot be left to the market mechanism.,

The tunctions of attaching relative weights to defined




development objectives and to the contributions of these
objectives belong to the highest plinning and political
authorities of the country. It is necessary to bring home o
these authorities the importance and imperative necessiey
ot making these judgements without which it would be
impossible to measure and assess adequately the national
cconomic protitability ot the proposed project.

Once the weights are given, itis operationally teasible to
assess and measure adequately  the national  cconomic
protitability of the proposed enterprise. The introduction
ot the measurement of national cconomic profitability will
be a major advance i improving evaluating practices in
developing conntries,

In addition to the measurciuent of commercial protitabil-
ity and national cconomic protitability, there are other
important considerations in the evaluation of industrial
projects which may or may not lend themscelves casily to
quantitative measurement. One of these considerations is
the inter-industrial aspect or linkage effects. It includes on
the cost side new supporting or servicing facilitics, parti-
cularly intra-structural facilities such as transport and
power, that may be required. On the benefit side, the out-
put of the proposed project may meet the input needs of
some other industries or sectors of the cconomy. In
addition, the proposed project may give rise to new econo-
mic activities in the form of cither forward or backward
linkage.

The importance of carctully examining the required
technical and managcrial personnel for the proposed pro-
Ject arises from the fact that rhe realization of expected
results depends on the efficie . operation of the enter-
prise. This appraisal essentially consists of an assessient of
the manning table of the proposed projects, scrutiny of the
organizational plan and examination of the availability of
skilled personnel, arrangement tor training of nationals, and
hiring of foreign cxperts on a temporary basis, and their
respective costs. This appraisal is especially important in
respect of functional managerial cadres (e.g., production
manager, sales manager, ctc.)

The shortage of skilled personnel in many developing
countries is a serious limiting factor o industrialization.
This can be solved satisfactorily ouly on the basis of long-
term planning of human resources. The available evidence
indicates that therc is a direct relationship between the value
added per employed person in a given industry and the
skill composition of the work torce in the same industry.
This relationship worked out on the basis of international
comparative data and long-term industrial sectoral pro-
grammes may be employed to forecast the skill composi-
tion required for various industries in the future. Measures
can be devised to adape and expand facilities for formal
education, vocational training, in-plant training, ctc. to
meet these demands,

It is possible and necessary to evaluate the contribution
of the proposed project in accumulating technical know-
how and in creating a pool of managerial and technical
personnel capable of operating other projects with similar

production processes. For this purpose 1t s helptul at -
dustrics are classitied on the basis of production PrOvesses.

The issue of the choice of Tocation of mdustrial planes 1
complex and mevitablv mterewined wath isues of regionl
and urban development. bt theretore necds to be taiekled m
A SCPARIEC SCMMAT OF SV posium,

Itas abso necessary o take mto accoant other consider -
ations such as the health of operatives, sategaards agamae
acadent, wr amd water pollution, cte. The mmmmum
standards tor them are or should be Laid down by the
government in the tor of legally binding obligations.

Accounting prices are an instrument for .lppl_\'ing the
criterion of national cconomic protitability. e may be
advisable, pending additional rescarch and accumutation of
experience and data, tor the dev cloping countries to adopt
partial solutions, working out accounting prices by means
of very simple mcethods for only those mputs (c.z., toreign
exchange and capital) which are in acute short supply.,

The evaluation of industrial projects m mthationary con-
ditions remains unaltered if the relative rate of increase in
all prices is uniform, However, it there i 4 change in the
composition ot relative prices under inﬂ;ltinn.lr)' pressures,
prices based on forecasts ot changes i relative prices tor
mportant commoditics and services should be used in
working out cost-benefit ratios.

Itis important to take into account foreign exchange cost
and carnings in the cvaluation of industrial projects. In
making these estimates and calculating net foreign ox-
change carnings or savings, it is often advisable to use an
accounting foreign cxchange rate in place of the ofticial
forcign exchange rate.

The objective of systematic tollow-up is to ensure that
the project follows agreed lines. Since no project is likely
to follow forecasts exactly because o changing conditions,
follow-up should be made through continuous reappraisal
of the project in the course ot implementation. Two issues
arising from follow-up descrve caretul attention:  the
commercial success (or failure) of a project is not neces-
sarily a valid guide to its success (or failure) in achieving
national cconomic objectives; and a project may carn
satisfactory or cven high return in certain local conditions
even though it is operated inefficiendy.

There is a genuine need o improve in the shortest timie
possible the existing practices and procedures of induserial
project evaluation. An cffective way of increasing the com-
petence of developing comntries in this arca wonld be
through the organization of training workshops at national
or subregional levels, under the sponsorship of the United
Nations and the governments concerned. The basic ob-
Jective ot these workshops would be to impart instruction
in the methodology of industrial project evaluation to
individuals responsible tor choosing among alternative
projects, )

There is also o shortage in many developing comtries ot
trained personnel who can adequately perform the task of
industrial project evaluation. The training of Tocal cadres
for this purpose and accamualation of expericnce by them
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will take considerable time. In view of this, the United
Nations” future activity in the ficld of technical assistance
should concentrate in part on:

(a) Providing the governments of developing countries,
at their request, with assistance in cvaluating existing or
mcoming industrial projects;

(h) Assisting governments of developing countries in
setting up specialized institutions or departments tor in-
dustrial project evaluation.

The deliberations of the Symposium brought forth
several issues in industrial project cvaluation on which
further rescarch and investigations were felt to be highly
desirable. It is recognized first of all that it is important to
link the procedures for project preparation, evaluation and
selection to an explicit and operative concept of over-all
industrial strategy. Sccondly, in order to ensure thorough-
ness and reliability in project preparation, it is necessary
to adopt sound methods and techniques which best suit
the requirements of developing countries. Thirdly, data
and information presented in support of a project should
integrate the results of a thorough investigation encom-
passing the engineering, cconomic, and fimancial aspects of
that project. Fourthly, a system for follow-up must be
devised to secure timely detection and correction of short-
comings of the project as well as to ensure continued
support for it. In view of the above premises, and taking
into account the more detailed considerations of the final
report, the Symposium felt that future activity of the
Centre should be concentrated in part and on a continuing
basis on the investigation of the following problems:

() Factors underlying the formulation of the general
strategy of industrial development for developing ccono-
mices at different stages of development and with different
sizes of domestic markets;

() Mcthodologies of sectoral (branches of industry)
industrial programming, cvaluation criteria for scctoral
programmes, cvaluation techniques for individual projects
within the setting of the sectoral targets, and claboration
of capital and other input cocfficients for the principal
branches of industrics as a tool of sectoral programming;

(¢) Functions and organization of work of cvaluating
agencies with special reference to - their  responsibility
regarding project developmentand implementation;

(d) Comparative cvaluation of the period of recoup-
ment, or pay-back period, and discounted cash flow
methods in estimating commercial profitability

(¢) Pilot studics in  co-operation with developing
countrics in the application of the criterion of national
cconomic profitability;

(1) A study clarifying the role of value judgements in the
calculus of national economic profitability and rclationship
between these judgements and the possibilitics for ful-
filling different objectives;

(¢) Trecatment of uncertainty in the cvalvation ot -
dustrial projects and possible solutions;

(h) methods of cvaluating management, requirements
and standards for the proposed projects;

(i) Required skill patterns for scctoral (branches of -
dustrics) development programmes or projections;

(j) Pilot studics designed to test the suitability of alterna-
tive techniques of using accounting prices in developing
countrics;

(k) The use of international prices for mputs and outpurs
and other methods for cvaluation of export industry pro-
jects with a view to integrating them in international
specialization, and

() Studies on follow-up practices in countries with
different cconomic systems.

In addition to the long-term and continuous programme
of work outlined above, the gap in the literature on in-
dustrial project evaluation makes cssential the preparation
of 2 Manual on Industrial Project Evaluation which can be
used by evaluating agencies and cducational and training
institutions in developing countrics.

The problems of location of industrics in the evaluation
and selection of industrial projects and the increasing
rclevance of this matter in the industrial development
strategy of developing countrics, as a result of the formation
of common markets and other forms of cconomic unions
all over the world, should also make it essential for the
United Nations to hold at the carliest time possible a scpar-
ate seminar or symposiumn on the complex problems of the
choice of location for industrial projects. The corresponding
agenda in this case should give special attention to the
problems of locations of industries in the context of re-
gional economic integration schemes.
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