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INTROLUCTIUK

The first United Lations Interregional Conferernce cn the Lovoteorment of
Petrochemical Industries in Developing Countrieg wun held 1p Toheran, Tran. toen
15 to 30 November 1904. 1

The Conference was organized by the Centre tor Industrial Deve lotment, ik
co-operacicn with the Bureau of Technical Assistance Operations of the tnit .
Nations Department of Econcmic and Social Affaire, the Pronomic Commirsion fer Asin
and the Far East, the Econcmic Commission for Burope ard the Econcmic Cemmivaion
for latin America. and it was sponsored locally by the Covernment of tran.

Developing countries, especially those with abundant petreleum und natural sus
resources, have shown increasing interest in the development ¢1 petrochemica!
industries. Ir the recent past, the petrochemical industry hus shown a very hich
rate of growth in the world economy. It isa dynamic industry which supplies
intermediate products to a numter of other industries and alro provides substitutes
for traditional materials, such as steel, lumber, paper, rutber, natural fibrea.
gUapSs, €LC.

The petrochemical industry is characterized, inter alls, Ly high capital
requirements end a large scale of operations. The relatively larrc glze required
for economic operation is a limiting factor in the egtablishment of petrochemiond
plants in countries where locul demand is limited.

The field of petroleum chemistry ie the gubject of intencive repearch and
development efforts and it is, as a consequence, undergoing constant technclogleal
change. Under the impact of such change, noew products and proccsses replses 14
ones, and nevw uces are discovered for existing products. 'The arcclersted rote at
which new productzs and processes are developed, together with the reductiue in
the econcmic life expectency of existing pruducts and marke te, demande subslantind

. new capital investment to embody thesc new technologies., ihie is spe iaily
relevant in the selection and transfer of technclogy to develuping ocubtrivi.

Taking into account the stove conziderations, the rurpese of the Tenlerenco:
wes to bring together respensible cfficiale at botk the policy raking apd the
technical levels frem developlng ccuntrier In Afriea, Asian snd the Fav bart,
letin America, Furcpe and the Middle Fast, snd experts from the petrtehomionl
industry in develuped countrieg, te disouss techinleal, coenumie snd polioy sspests
of the establishment snd ¢f mticn of petrochemical plunte in devedepine tunteios,

}; Project TI.0 of the werk progranme of the ittt tmtiers o TR 1

industrialization draws up ¥y the Tremittes Tee {0l bigo i1 £
gsessiuvn and approved by the [ornendo wrd Deogml Sounoin e ¢
¢f the Locnemic and Seelal Teoncfl, birtyeoisth oot :
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(4)

Industry studjes

Pupers relating: t¢ this pertion of the Conterenca agenda dealt with the
technological aspects of petrochemicel producticn. Data were bresented cn capital
and other inpat requirements, production costs, econcmies of scale and alternative
production precesses, The papers emphasized differentials in capital and othepr
CUBts asscciated with the transfer of the techriologies descrited to developing

countries,

Particular atiention wag rald to products and technologies that are

promiging for developing ccuntries. The suvjects covered were arranged under the
+ following headings:

(1) Raw materials and basic intermediates
M

(i1)

(11i)

(iv)

consultant to the Centre for Industrial Development, "The Petrochemical
Industries - Section II", which covered all basic products, or firgt-
generation petrochemicals. On raw materials proper, the papersg presented
covered different aspects of the utilization of natural gas, naphthas

for steam cracking and heavy oils. Extensive coveragz was given to the
paraffins, olefins and aromatics petrochemical building blocks, including
different production procesgeg relevant for develoring countries. A total
of nineteen working papers ang two information pPapers were presented by
industry experts, in addition to & presentation by the Special Fund of
the United Nations and an information baper by the Centre for Industrial
Development. on the utilization of natural gas,

Nitrogenous fertilizers

Papers presenteqd by experts from industry and academic and research
institutes covereg the main thermoplastics: polyethylene and other
polyolefins, mono- and polyvinyl chloride, mono- and polystyrene,
acrylics, and polyamides (nylon). Prospeets for the application of
plastics as construction materialg were specifically analysed in a
detailed paper submitted by the Battelle Memorial Institute,

Synthetic rubbers

The styrene-butadiene (SBR) rubber and the more recent butyl-rubber, and
stereo-rubbers, were covereq in papers_ precented by Centre for Industrial
Development consultants ang industry experts.




(v) uynthetlic fitres

The processes [OF the manufacture ci rolramides costen), rolioators
(dacron-terylene), and acrylic (orlen) ribres, were reviewe! Pnouevoml
working rapers contributed by industry oXpeits and Contre for Mdustrisd
Develogrment consultants. Opecial attentien uas paid te the ditteront
"rocesses available lor the producticn ol rolyamides.

(vi) Selected end-preducts

In this section presentations wcre made on the fellowine petrechemical
end-products: sulphur, carbon black, detergents, methancl and pesticlaes,

(e) Country studies

Participants from developing ccuntries and selected industrialized countrics
presented their experience in developing petrochemical industries. A total of
thirty country studies were presented, grouped as follows: in Asia and the
Far Esst - Burme, China (Taiwan),_lndia, Indonesia, Iran, Japan, Malaysia, Faklotan:
in North Africa and the 1iiddle East - Israel, Kuwait, Libya, lorceco, &nudi Arabin,
Syria, United Arab Republic; in Europe - Poland, Romania, Turkey, USOR, Yuroelaviag
in latin America - Argentine, Brazil, Chile, Colcmbia, Ecuador, Mexieo, Pery,
Trinidad and Tobago, Uruguay, Venezuela.

(f) Regional development

The United Nations regional cconomic commissions: the reonemic Commission for
Asis snd the Far East (ECAFE), the Econcmic Commission for latin America (LCTA),
and the Economic Commission for Iurop2 (ECE), prepared studice dcaliny with the
development of the petrochemical industry in their reglons. Thesc studies covered
items such as the production of petrochemicals, plans for new plonte, regional
markets, raw material situation, and special problems and features characterizing
the development of petrochemical industries in each regicn.

(g) Financisl and legal agpects of the vetrochemical industry

Studies precented covered aspects of the finsncial structure of the industey,
internaticnal resources avelilable for the development of petrochemical industries
in developing ccuntries, prevailing finsncisl and lepal arrangemente, and [Orms
of ownership: state, joint and private venturec. Papers presented by industry
experts dealt separately with petents, licenging and know=-new arreerents in the
netrochemical industry. The Centre for Industrial Levelorment, presentod a paper,
"Pinancing of Petrochemical Ventures ir Developling Countries", the Internaticnnl
Finance Corporaticn-tnternatienal Bank for Recenstruction and Development contripnbed
8 peper, "The Role of the Internatiocnal Finance Corporaticn in Fremetin Inducter’al
Ventures in Developing Ccuntries”, and the Busginecs and Inductry Arvicory Uommitteou
to the Organization for Econcmic Cooperaticn and Levelopment precertod o paner,
"The Role of Foreirn Investment in petrochemicnl vopufacture” .

(h) Locaticn factors in the petrochemical industry

Papers presented arder thisg item surveyed and apalysed Tucters g tin T the
lceaticn of petrcchemical plants, cich ag. rnatursl renourer o, Cive L8 krest

1
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markets, and the develerment of repionnl markets, taking into account foreseeable
ceoncmies ©f ceale, resicnal econcmic arrangements, international trade policies

and nevw technolorical develcpments. Special attention was given to new developments
in ccean transpertation techniques for ammenia and ethylene, and the trend towards
integrated production in petrochemical cemplexes. Studies were presented by

Centre tor Industrial Pevelopment consultants, industry experts, and participants
i'rem developing countries.

The precent report covers the above-described eight agenda items, giving in
each case a cynthesis of the subject as presented to the Conference and a summary
cf the discussion that followed. The report also includes the recommendations
and observations of the Cornference, and five annexes containing the programme of
the Conference, a list of participants, a list of the officers of the Conference,
the official messages and addresses delivered at the opening and closing meetings,
and a list of the documentation of the Conference.

Reccrmendations and cbservations of the Conference

At its concluding meeting on 30 November 1964, the Conference approved a
number of observations and recommendations.

The Conference reccmmended first that studies should continue on the
development of the petrochemicals industry, as well ag projections of production,
demand and trade in petrochemicals in the various parts of the world, go that the
developing countries could undertske their petrochemical projects with the full
knovledge of the developments in this field.

It also reccmmended that studies should be undertaken regarding the substitution
of traditional msterials by synthetic products and/or the use of synthetic products
to improve the quality of these materials, and also regarding the new uses of such
products, in order to assist the developing countries to widen their markets and
provide 2 larger basis for the development of petrochemieal industries.

It reccmmended that pre-investment data studies shculd be undertaken for
different petrochemical industries, such studies to include data on investments
ard inputs for variousz sizes of plant and various processes.

It also reccemended that studies shoculd be carried cut into patents and
licences for various petrochemical products, with a view to providing grester
knowledge abeut the varicus alternatives open to the developing countries, including
the evaluation of royalties and fees for licensing of petrochemical processes.

It reccmmended that the United lNaticns should assist the developing countries
under its prograrmes of technical assistance and through the Special Fund in
cettirp up technieal petrochemical institutes for carrying out research into the
deer o producty, making pre-investment and feasibility studies for the
rplementaticn of petrechemieal prejects, training technicians and undertaking

.t . v Ape s
ool regenroh,

voe k3

‘he Centeronee reccrmendedd that the United laticns sheuld also, through its
coureinte ¢reans, aceiot developin: ecuntries in estatlishing naticnal or regional
Proolenl desioroinstitutes, cith o view te proreting the lccal manafacture of
i itene ) Tndustrial equirrent “or the petrechemical industries, thus
€

rob voenchanss burder of the ceuntries ccncerned.
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1t alsco recommended that the recional ecc.omic cermissiong ©f the Jinitad
llations should prcmotc co-operation in the regions and betwern ceuntricys, with o
view to specialization by membter countries in the development ¢f' cpeeii’ie
industries, including petrochenicals.

The Conference recommended that the Centre for Inductrial Tevelopment cheuld
take steps to set up an approp:iate panel of scientists and technieal specinlists
of reccgnized standing and experience in the varicus aspects o petrochemicnl
{ndustry who could advise on problems raised by developing naticns and whese expert
guidance would be made available for assessing the gencral crientution of and
progress being made in the petrochemical field.

The Conference noted the efforts being made by the developin: countricz to
set up within the family of the United Naticns an internaticnnl finance institution
to provide industry in the developing countries with long-term lov inverest
development loans, since at the present time such assistance is not avalilable frem
international institutions. It reccmmended that effortc in that direcetion should
be continued and intensified; the need for long-term development loan financing
for the developing countries for the promotion and rapid pgrowth of petrechemical
industries was very urgent, and no effort should be gpared to cet up ouch an
international institution at the earliest possible date.

The Conference also noted the efforts currentdy beins made by the developing
countries and the appropriate organs of the United Naticns with repard to problems
of licensing know-<how and transferring new technology. 1t made the following
recormendations for consideration by these organs, with particular reference to
the rapid promotion of petrochemical {ndustries in the developing countriesg:

(_a;) Fees now being charged for the licensing of knowehow sheuld be revicwed
so that these charges may be levied in accordance with the size of the project and
not irrespective of it.

(b) 1In order to provide incentives for the lowering of licencing feeg, the
Governments of developed countries shculd provide liecencere with seme form of tax
relief in respect of income from such feec and from royalties originating in the
transfer of technologles to the developing countries, especinlly in petrochemical
fields.,

(g_ } In view of the need for part of the new production of the petrechenical
industries in the developing countries to be exported, licensing agresments should
not be restrictive in this respect. The developed countrics chould rnewiraie
such imports from the developing countries by sharing their ewn exnort murkets with
their licensees in the developing countries. Such measures are cgcentisl for the
rapid premotion and growth of the petrochemical industries el alee in crder YW
reduce the burden of forelgn currency paymchts by earninc {ren ouch coperto.

The Conference also recommended that the Upnited Untiens cheuld ~oncider the
poscibility of holding similar petrocchemical coenferences every tue ©f SRpeee pnnes
cc that the Aeveloping countries cculd keep pace with the rapid crnorccn tae
place irr the industry.

The Conference noted with appreciaticn in thst mennesitn Lo inuitatien
extended to the Centre for Inductrial Levelcprernt apd w1l the wartioiseto b L
Confrrence to hold the next cenference in llexico Gity, net duter Shen bt

-?0




1 alge noied with arpreciaticn the offer by the lMexican participeess.
representing Petrdleos lexicanos (PEMFX), to moke available to the Centys %
Industrial Development persenncl tc assist it in the following activiti=s

(2) The elatoration of market research studies on petrachemicals i s
develoning ecuntries. -

(t) 1The elaboration of country surveys for the establishment or e
?&tﬁé&s&i@%i industries in the develoning countries.

} The elaboration of investment programmes and feasibility -tudies N
pet mical projects in the developing countries.

The psrticipsnts in the Conference expressed their deep gratitude o
His Imperisl Majesty the Shahinghsh, and to the Government and people o7 |
the hospitslity extended to the Conference and in purticular Jor the
co-operstion of the mansgement snd staff of the National Iranien U1}
the srrangements for the organization and holding of the Conference.

The participsnts also expressed their thanks to the United inthons
Industria) Development for orgenizing the Conference and to th~ mesledy .
Conference secretarist for their untiring efforts in connexion wilh W 4
servicing snd conduct of the meetings, which had cont ibuted grestly %= g
succeczful achievenment of the aims of the Conference.




1. CHARACTERISTTCS OF THE PETRCCH::!ICAL INCUSTRY
AND PROSPECTS FOR ITS DEV' CFENT

(Agenda item 1)

1hls section of the Conference was devoled to a discussion of the penersl
eraracteristics of petrochemical industries and the main factors influenciny the
setablishment and development of these {ndustries in the developing countrices

peveloping countries, especially those with atundant petroleum and Astursd
smg resources, have shown increasing interest in the development of petrechesis
indh.ctries. The petroleum refineries vhich are beind eptablished in a nusbet &
peuptrier alse provide a basis for establishing petrochemical complexes. I
sadition, there are countries with an already existing organic-chemical [T
Jnjeh sre suhstituting oil and gas for other traditional inputs, such &g ras
mnterisls derived from coal or vegetables.

his industry ie regarded as strategic toc the inducement of further indnirind
jeve lopment because most of its cutput goes tc other producing sectors. 1t s
shie sharacteristic of {ntermediste manufacture with other industries, sueh s&
ipem and steel, peper and its products and petrelevn producte.

gtress was laid upon the following charscteristics of the petrochesloal
jdngtry, which shculd ve vorne in mind in establishing a progremme For ite
gyeiopment

{g) A high degree of product homogeneity and standardization, contimsity
and stedi ity of operations:

(§) Ak capitel intensity;

fg) A hnieh proportion of skilled lsbour, including scientists smd Lechais

é} The availability of alternative production processes and raw ssterisis.
hiah rete of technological change. 1/

{
apd 8

the high capital intensity and high rete ©f technological chapge isphs, 30 %
semeral rule, the need for a high rate of capscity atilization and the sxishesss
e -sepemies of scale.

It eutrut is tretled econcmies in capital irvestment range fpess & e
W mer lent, soccrding to the type of prcducticr. Ceonomies in presductiot
. .se stise ‘rem the reductior. in unit ceste ol toteur and capitsl. ke
reat range of variation in the econcmiec ir. proiuction coste Tetweer o

stics of Pc;trochcmiea} Ireguctries snd Fuecteyg Tepoio 7o

TPET/ CHEL/CONF. 115) .
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45 recards the martet situation, it was suggested that the prcducticn
capacity of 2 planned plant shculd be based on the assumption that at least 50 to
50 per cent of the neminal capacity will have assured sutlets in the lcecal markets
with tariff{ protection ir neccssary, or assured export cutlets, by means of long
term or bvarter contracts between Governments, or thrcuh co-operation with
international ccmpanies having access to specific export markets,

In order to solve the problem posed by the limited size of the market in nany
developing countries, the possibility is envisaged of market integration in
certain areas, to allow the construetion of units with large production capacities
The regional allocation of producing units, accompsnied from the very beginning
by trade agreement acts, may serve as a mutual guarantec of gupply, and also
permit the operation of each production unit under the most favourable technical
and economic conditions; and implantations of units which weuld be impogsible if
each country wanted to set up production of the entire range of products. 2/

Emphasis was placed upon the necessity ol careful planning before etarting
any development plan in the petrochemical field. This planning is necessary in
order to determine the actual situation and needs of the country concerned, and
it will also facilitate requests for financial acsistance from private or
international organizations by providing them with a sound bsgis.

Technological aspects

The following technological aspects of modern petrochemical industry were
brought forward as being relevant for develepir;g countries considering the
establishment of petrochemical irdustries: 10/

(2) Coreful studies must be made before erecting big units, such as, for
instance, a naphtha cracker, because of the techno-economic implications of guch
decisions, including the disposal of by.products.

(b) Developing countries shculd try to avold the twin pitfalle of uneconomic
plant scale, and obsolescent products and technology. Iue consideration should
be given to the latest new technolog,y.being made available in advanced countriesg.

(c) Recent technological improvements permit the production of similar
products with less investment and at lower cost. As an example, it was suggested
that caprolactam based liylon-G should be produced instead of Nylon-GG, because it
demands u smaller economic scale, investment and production costs are lower and
the raw materials and know-how are readily available.

In the major fields of industrial and consumer gcods, attention was called
to the following points:

(a) Synthetic rubber. The construction of polyisoprene and cispolybutadiene
rutber plants seems to be a less expencive approach towards supplying the synthetic
rubber needs of the tyre industry in developing ccuntries.

J/ CTee alse chapter VI, "Regicnal Develepment", and chapter VIII.

}Q_ Frovlume of cchnolory and Otrolescence in Petrochemical Industries for
Develevin - Countries (PLT/CHLI I/CCIF.33). Gce also chapter III, "Recent
trende in rescareh and technelo 5y in the petrechemieal industry".

-10-
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5.

) oSynthetie “ibrez. Fayen b0 rarl il bele o vhore D oout oo vhe o
ifr‘_rcrfgnt sonthetier Jltre. Tte rluce fg beins taren by nvlere T 2 ciiste e
la o te gelected Ty oo develoning nation, LU greald boonylens Toloootor ibeos
derard a ~ore scrhisticatol technelesy »ndl hicher capi ol frvertment SEEE
svailability o) knewehow is rere linitels aAcrylic Dllees ore e Lo d nd
recauge of the olimate prevalling in many deovelepine ccuntriesn.

{g) Plastics. The plastic with the troadest rancc 7 rroperties and
syrlications 15 polyethylene. Folryviny! chloride ard relyotrrene rank next in
iTTCriance.

{(d) Fertilizers. Teveleping countries may in most cases justiry laree
fertilizer pfants en the tasis of existins and potential demand rem arriculinre,
Amronia, urea, ammonium nitrate, armenium sulphate and complex tertilicers are
sreng the desirable choices.,

(¢) Detergents. The trend in developed countries iz towards biedepradable
detergents becsuse of water pellution problems, but for developing countries
dodecylbenzene sulphenate may still be a poed cheice as a deterpent for seme
time to come.

As regards the availability of the technology necessary to start a
petrochemical programme in & developing country, it wus pointed out that in this
respect it 1g much easier to egtablizh such sn industry today than it wns rome
VEArs arv.

Summary of digcussion

The discussicn that followed the presentation of the papers concentrated
mainly on the general factors conditioning the development of petrochemicul
industries, scme new technological trends, and the possibilities offered by
international coe-operaticen in this {leld.

As to the capital investment required, it was stated that the developing
ccuntries might reap some sdvantage by using a labour-oriented scheme to erect and
cperate the plants. It was also pointed cut that an increasingly larger part of
the equipment can bte fabricated in many developing countries, a fact which lccgens
the need for Toreign currency.

As regards production costs, it was argued that world prices shculd not be
the only criterion in establishin demestic petrochemical industries. Developling
countrics may have the protection resulting from the cost of transportation from
the developed countries and the tariffs imposed by their own Governmentc.

It was stated that the estatlichment of petrochemical inductriec gheuld be
considered as a means of improving the standard of living of the people of
developing countries by meeting their dcmestic demand, and to Leme extent of
sclving these countries' problems of balance of paymente.

It was suggested that the development of petrcchemical industries in
developing countries shculd be conceived within the frameworl of tine oyer-nll
eccnemic development of each ccuntry. It was peinted cut that in the cource of the
discucsions at the Ceneva Cenference cn Trade and Develornment, the developing
countries had strecsed the need of proteection for the ectablichment, o industrics

-17-




in the develunin: ccuntrics. In additicn, it seemed unfair to cempare the
rescibilities of petrechenical industries in the developing ccuntries on a cost
tacig with u.oce of the develojed countries and within certain limits, local
indugtry must Ve pretected in a develcping country.

A te the foreisn evchanpe difificulties prevailing in many developing
countrics, a cu” cstion was made that in appraising the problem of paying for
the foereirn exchange portion of the invectment a ccuntry should take into account
its econumy as a whole and not only the foreign currency savings and export
pessibilities deriving frem a particular nrofect.

Reference was made to the capacity range in which econcmies of scale were
larger for petrochemical plants and also to the prevailing trend in the petroleun
refineries towerds small units to supply a given market srea. It was also observi
that this micht be followed by petrochemical plants and complexes in the future.

It was pointed cut that sccount should be taken of the fact that there was a
differente in the products and a difference in the nature of the process between
petroleum refineries and petrochemical plants, and that the influence of capital
coct was more pronounced in petrochemical plants which were thus more sensitive
to economies of scale. Pctrochemical plants have to operate under more strict
controls, owing to the specifications of the products and the waste involved if
an operation miscarries. In refineries, on the other hand, a fault in operation
centrol does not mean a total loss of production in most ceses. Mention was also
made of the differing needs for trained workers, chemical engineers and supporting
steff. 1In the marketing of refinery products, for instance, only a limited
number of the personnel requires a technical background, while in the marketing
of petrochemical products, most of the personnel needs a chemical engineering
degree or similar technical training.

On the other hand, a case was mentioned in which a new fertilizer plant
erected in one country was put into operation without difficulty making use of
refinery personnel.

With respect to the market situation in developing countries, it was noted
that in many cases, the development of a domestic supply of a product stimulates
the demand for it. As an example, it was stated that the ccnsumption of detergent
in cne country had risen from 2,000 tons/year to 10,CCO tons/year two years after
the local production of this product was initiated.

In connexion with new technological trends, _]_.}_/ ccmments were made about the
new synthetic rubbers and fibres, especially polyisoprene and the polyvinyl
alcohol fibres with properties similar to cotton, and also about the possibilities
of polypropylene fibre as a general-use fibre. It was mentioned in this respect
that, in the United States, a plant preducing 30,000 tcns/year of isoprene rubber
wag operating in competition with natural rubber. As to polypropylene fibre, it
was stated that there had been a great increase in the use of this fibre in the
United States, and that most of the grevth of the preduct was due to its
utilization as fibre. The great difficulty, and the considerable 2o08t, involved
in introducing a new fibre into the market vas mentioned,

———————————

11/ See also chapter TIIT.
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As rerards internaticnal coe-cperation, 12/ the reints raiecd dealt raivly
with the pessibility of coe-cperation tetween countrics, sub-re iens and rociens,
and the availability of technical assistance from develeped countries and the
United Hations.

It was mentioned that Yacimientos Petroliferos Fiseales (YPF), the tate
petreleum ccmpany of Argentina, faveured the idea of market inteiration se that
large econcmic plants could be erected in developin;; countries.

last October a meeting took place in Buenos Aires, with the participation of
the State petroleum companies of latin America, to which the United Nations

 pconomic Commission for latin America and all the LAFTA sent observers. Al this
. conference, all the State petroleum companies agreed upon a number of peints,

s

R

including the joint marketing of surplus products and a wide exchange of
information on the latin American petrochemical situation. The problem of market
integration was also discusged. As a result, another meeting will be held in

_ Lima, Peru, in January, in order to prepare the ground for a lLatin American
. Organization to deal with the problems of petroleum and petrochemicals on an

interregional hasis

It was algo mentioned that Iran was negotiating with certain neighbeuring
countries with a view to setting up large and specialized petrochemical plants in
each country, so that all could be supplied with products at lower cost on an
exchange trade basis.

Several participants stressed the need for co-operation in order to establish
economical petrochemical plants in the developing countries. ‘Co-operation from
the developed ccuntries should be in the form of meking available technical
knowshow and the improvements already made in technology, and in the form of joint
ventures.

It was suggested that the United Nations could help the developing countries

by collecting and meking available to them the latest facts and statistical data

on what the developed and developing countries were doing in this field.

It was also suggested that the United Nations ehould make an effort to helys
developing countries to acquire technolegy and process designe, with a view to
reducing capital investment and the cost of petrochemical production.

Finally, stress was laid on the need for United Nations assistance in order
to help the developing countries to decide upon the type of plants and processes
to be adopted in their petrochemical projects.

_ _ _

12/ Cee also chapter VI.




t 3

II. ASPECTS OF DEMAND AL CUPPLY F ¥ %wus

(Agenda {tem 11}

Production, consumption and trade gatrtﬁmg

During the early part of this century, werid i
very modest rate, reaching an estimated value ¢i $ie, *E:
Over the past twenty years, the chemjcal industry tse b= 5
By 1955 production had reached $50,000 millics wid it ohil 4
$100,000 million by 1965. Eight countries, the Usited Maiue
the USSR, the Federal Republic of Germany, the Miled <o
Japan and Canada, acccunted for three quarters ef tesst peatls
In 1950, the United States produced sbout 5 poy 98t »f e B
but the resurgence of the chemical industry iz Buregs w .
share to slightly under 4O per cent. It may be meted -
total world market held by the stove elght ceustrise s Sass
past few years.

With respect to internatiomal trade, tetal = otk
throughcut the world has grown from over $6,000 wiiis
$8,000 million in 1662. Over 90 per cent of werld s
the EEC and EFTA trade groups, the United Stetes. ‘“wandh

Although total chemical eXport as s perees
9 per cent, considerable variation exists mung !
Republic of Germany and the United Kingdem espenrt shawt

production. Thies ig partly a historiesl pettern W W e
asgoclation with the Furopean trading greups .

In all industrial areas of the werid, ok
gas have exceeded the growth rate for the chems el i 9
the first ccmmercial chemicel (isopropyl sleshes ) el =
in 1919, the trend did nct become significamt wstii Ws s
organic chemical prcducts whick find their erigts & |
constitute a large ghare of total ch-miesis.

The papers presented describe recest tremds i i
petrochemicals, namely, plasties, synthetic fihees,
fertilizers. The major consuming Jentres fer §ia S
United States, Western Eurepe, Ocusnis 0l Jugas. W it @
total world consumption. For nitregescus ferti.imes e ae
have a lower share - 66 per cent: the FEMREE e AR s
planned econcmies (18 per cent) wni Asls ' ik s o ‘
rubter, the above-mentioned CORBUBLE? ceBSees, ia el
a major producer of gynthetio rutber, cotgame &4
Since 195, the share of the talted 2tates 12 e, <
while Yestern furcpe hag deve lepe 23 the 2s we sh e '
thege producteg,




s+ ss eot te teade, availatle data for theeo ccur gectors indise?
trade in tctal production, ranging et oeen 20 und Yo

son . preokiote within these sectors and individ 1 countrics e t
.2 cwsg Birher, ranging up to 50 per cent cr a nurber o
HTE IR &

- +rade in total production of plastivs, .vnthetic rubber on
Lae Peceeded ap lncrease over the last decsl..

#- wts ce trade indicates that Western Euror. is the major importite oo

4. s imcreaged te share over the last decade fcr all of the four secters -« 7

sewmrus fertilizers the share of which was kept approximatel® wewe?sot.

wae+ie, om %the other hand, recorded a relatively gmall shiue of imgerty

& ta. sacleding nitrogencus fertilizers, and Asia developed ug ay imysdd oo
s+ *Bis petrochemical product.

¥

wse#> s ~oncentrated in a small number of ceuntries: for plagties. T8
sasteg, *he Federal Republic of Germany, the ‘mited Kinrdem, Jnpsg. fieis
we-s: fer synthetlc fibres, Switzerland may Ye tncluded in additior te
. wpemtsied; for synthetic rubber, the United “tates and Canade are Wk
wseass. In semtrast, the export of nitrogencur fertilizers is lesy cerwentosiao.
gwssasp of epport reflects the concentraticn «f preduction facilities &
- captries. With respect to developimg ccuntries, 1 number buwe slrengg

S M ion of petrochemicals, tut their share is relatively lew: fes
=4 sii: vebber. symthetic fibres and plastics, their share ranged frem asdes
LM 1.3 wer test wrih

s goirenhenlioal industry has been characterized 1y a high rate of srewih

¢ wiilabls for ‘lestern Europe and the United States indicate a fapter gevwid
15 swoent years, for organic chemicals when compared with rates recetepd e
Menisais 88 well as total industrial preduction. Similerly, the foas

sig &7 petgechemlicsls, except nitrogenous fertilizers for Western furei:
gk aesani reteg of growth higher than totel chemicals and totul imsbasteised
siom. %a well 88 8 number of gelected products including textiles, veswst,

Mis Bigh growth rate may bte explained cn the cupply side by the tporess no

i ¢ e chemical industry for basic raw materials, and the subse pient
setiom of oi) end natural gas for traditicnal raw materials suck ag cesi.

f these producte have a high inceme clagtic ity ef
, wad Wave Yeer gaining by substituting and cupplementing cther predusts,

§<§:.tetion In certain end-uses for lumber, metal and paper, eto.t eyt ok

bc ‘ss seturel rukber; detergents for sosp; sutstituting and supplementisg

; fitres, etc. Gains throuwst cubstitution have twmen srestiy

t in the properties of snd development of new appl.owt i

g&% sica) proeducts, and by the introdueticn of new products with
! c2ad ppeperties and extensive premotion sctivities with respect te tetd
= Lui sew® sBd oCnEUmETrs. Furthermore, the prices for u number of the:
ke Smee e lined In absolute terms or in relaticn to competing pregsss, "8
i e Auhes lmpetus to the substitution proceet.
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IIT. RECENT TRENDS IN RESEARCH AND TECHNC LOGY IN THE
PETROCHEM1CAL INDUSTRY

(Agenda item III)

Sclentific research has played a very significant role in the petrochemical
industry in recent years, providing the basis from which many successful
technological developments have originated, and contributing to the spectacular
grovth achieved by the industry in the last decade.

Research and development activities in the petrochemical industry have led to
the discovery of new, and the improvement of existing, products, and the development,
from petroleum or natural gas, of new or improved methods for the synthesis of
petrochemicals hitherto avallable only from other sources. This phase, generally
called petrochemicals product research, is normally followed by the stages of
petrochemical process development, in which experimental laboratory productions
are scaled up to pilot-plant and, finally, to full-plant manufacturing.

Within these broad lines, special areas of research activity may exist
according to the specific needs of each particular industrial organization.

The papers presented in this portion of the Conference were designed to develop
A summary of recent research and development achicvements which might have a
oearing on petrochemical industrislization in developing countries, to emphasize
the need for investment in effcetive training programmes for research and
development personnel, and to describe a novel utilization of petroleum in the
production of proteins.

Petrochemical

Within the sbove-menticned frameWwork, recent scccmplishments in the general
area of industrisl and academic petrochemical research and development were
reviewed. 1/ "hey may be summarized as follows.

, In the field of raw meteriuls emphasie wes placed on the significance of the
liquefacticn methode developed for natural gas, as well as the utilization of
light paraffins in the preduction ef acetylene by controlled oxidstion.

Among the olefins, ethylene is by far the most important, being the basis for
many petrochemicals, such as polyethylene, ethylene exide, styrene, EPR rubber,
ethylene lichloride, ete. lention was mede of advances in ethylene technulogy,
cgpecially high geverity crackin~ of naphtha feedstocks, glving high ylelds with
8 oinleum of coke rermaticn, Reference was also made to the development of new
routes tased on ethyleme for the rroducticn of such products ag: long-chain
alcohole, acetaldehyde through direct oxidation, vinyl-acetate, chlorinated
eolvents, ete,




with resard fo propylene, some tew trends inelude: HERCEES SRR S SRR TS N
Vi purity propylens mencmer for polypropylone production,  nen Do v et
several products, such as isopropyl alecchel, tydrogen porveside, cerclois o i
qleckel, acetone and glycerine, in an interrated petrochenies b oy lor car 1o
nrom/lenc,

amrng the diclefins, recent developments in the preoducticn of butodions uid
iscprene were reviewed. Concerning tutadiene, emphusis was placed on tie trond
tewards utilizaticon of normal tutane - instead cr tutene - as Veedstock in the
dehydrogenation process. The main reascn f'er thic shitt is the prescul price
dirferential between butane and butene feeds.

Interest in isoprene has greatly increased recently cwing to the develorment
of "cis" polyiscprene rubbers cn a commercial scale. Among the availuble
processes, three were singled out as offering the possibility of using relatively

nt, ipexpensive starting materials ard requiring less capital investment thun cther
processes for the production of synthetic rutbers. These are: the Goudyear-
_cientific Design process consisting of propylene dimerization, iscmerizetion and
pyrelysis; the process developed by the Institut Frangais du Pétrole, whereby
isoprene is prcduced frem isobutylene contained in C, refinery streums: and the
SHAM process based on the reaction of acetylene and = acetone. These twc rav
materials are becoming more abundantly available and their price is declinong.

In this connexion, new trends in the production of acetylene were mentioned
including the partial oxidation processes and a new process consisting of the
decompcsition of hydrocarbon feedstocks, under high temperature, in an electric
plasma jet reactor. :

°p

With reference to so-called petrochemical end-products, special attenticn was
paid to the recent development of small size - "package" - ammonia plants and
their significance in the field of nitrogencus fertilizers, especially for
developing countries.

2/

Petrochemical research in orgenic intermediates=

The main body of this paper was divided into two parts. In the firgt, a few
major develcpments in petrochemical research which either have been or are soon to
be commercialized were cutlined. Among these were: (a) new reutes to¢ phenol,
tased on tolucne rather than benzene, requiring the oxidation tc benscic acid,
followed by oxygenation using catalytic amounts of copper; {b) oxidative smination
of propylene to acrylonitrile (in place of more conventional synthesle frum
acetylene); {c) new routes tu raw materials for conventional nylon-50, ae well ag
the preparation of other nylons from caprolactam, amincheptencic scid, snd
syclooctanone oxime, (d) new oxidation precesses for converting alkyl benrenes to
arematic acids, primarily for ultimate use in polyester fibres, amoeng them the
liguid phase air oxidation using scetic acid as the solvent, and a8 mangancge or
cobrlt oatalyst containing added bromine: (e) new methcds for synthesizing lsuprens
‘or uge in synthetic rubber.

secent Jrepde ip Petrechowical Regenych and Levelepront [PRT 000 70k, g,
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The paper demenstrated how almest every discevery in orpanic chemistry has
same intlucnce cn the petrechemiceal industry, and in its second part a tew cf the
major recent develepments in orpanic chemistry which are now affecting petrochemical
research vere menticned tri ©1y.  Thece inelude: (2) hydroboration of clefins and
other uncuturates,e for the synthesis of terminal alechols, aldehydes,
cycloprorane, et2.; (b) the use of carbenes, either in addition or insertion
reactions; (¢) recsearch on organic mclecules containing elements other than the
mere commen ones (CHONS), orranic ccmpounds containing fluorine, silicon,
rhesphorous, beron and the trangition elements being of special importance;

(a) valence tautcmericm, to synthesize new olefins and related cempounds; and
(¢) uce of new enerpy scurces and new uses for older energy scurces, as for example
light.

Petrochemical chemistry research in the macromolecular fl?ld')/

A large number of valuatble productc are cbtained by the various treatments to
which petrecleum is subjected in the refineries. However, volatile fractions
containing unsaturated hydrocartons are often also obtained, which cen be used as
raw materials for chemical synthesis. ioreover, the fractions that rfind less
demand on the market can be subjected to cracking treatments to obtain large amcunts
of' volatile unsaturated hydrocarbons. These compounds, such ac ethylene, propylene,
butenes, butadiene, can be suitably transforued into different moncmers, which, by
polymerization or pulycondencation, yield high polymers fit for the producticn of
plastics, textile fibres and synthetic rubbers.

By limiting the field of these materials to tne hydrocerbon polymers only, it
is possible to obtain a falrly wide serles of products that are of interest for
the area mentioned sbove. In thiz cage, olefine snd diclefins, obtained directly
by cracking, after the neceasary distillation snd purificatien processes, are
polymerized or copolymerized to products having a wide field of application.

Folyethylene ig obtained by pelymeriszation of ethyleme: in the last few years.
ite consumption has increased encrmcusly, beoause of its properties and lov cost,
Other hydroearbon polymers snd ccpelysere of vide use ccnslat of polylscbutene and
butyl rubboer {%sﬁkufeﬁmimm sopclveers ) anid Eﬁ*ﬁ&tmoﬂm rubbers. These
last are widely used ar senursl purpees rabbers snd sap be preduced or. 5 ocamercial
seale under advantagecus privce ~onditions, sterting f‘m rav aﬁ#iﬂg darived
Irem petroleum. The complets yae of nsstursts=d hydrocarbons obtsined frel crecking
wag made pesaible @:mtg ten years 8 by b dlzotVery ef the ﬁiﬁié %@%ﬁgﬂ
polymerization rrecesses, In part i%ﬁi&f, ;t m g#ﬁi&h '&& oxple
for which, prior tc the Mpsowesy, T
applications,

It war thus veerlbls o pruslacs
in steric ptructurs "
aeltine temporaturs,
1 empleyed feo the pro
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preperties sleng with an excellent recistance te derradaticrn ayonts. Theae no
rlactemers, the cemmercisl preduction of which has ctarted reeently, are exvoctod
to beccne. in due course, rubbers of wvide cormercinl uce.

In the field of diclerins, the new pelymerization procese alleowot the croatbion
of polymers baving identical physical and chemical }mu rties lc those of naturel
rubltscr and of puttapercha. i'urecver, a synthetic rubber obtuined trem Lutadiom
has elactic properties and atrasion resistance higher than thooe of natural rubber,
lhe field of nnionic co-ordinated polymerization has already copeneld now
poccibilities to the polymers derived Irecm petroleum, while Lhe research woerk in
progress will, in due course, give risc to new and impoertant developmente.

}
Research and devei~vment in the petrocheuical industry of the USdh—

The oil ~ofining industry of the USSR is the second largest in the world and
aentinues o develop rapidly, particularly by expanding secondary methods of
refinins. All nmethods of petroleum relining give abundant scurces of raw material
ror petrochemictry, The production of olefins can be more effective it liquid oil
preducts instead of gaseous hydrocarbons are used as a bagis. The main trends of
techniensl progress in this line are in the improvement of pyrolysis ovens - both
of the pipe type and of new designs - and in the creation cf effective separation
gystome,

In many cases, several methods of synthesizing identical or substitute
materinls are being developed and periected simultaneously. However, along with
thic process there is a permenent creation and introduction of new synthesis as
well., GSpecial mention should be made of higher demands on the purity of moromers,
which provides for high quality new materials.

Solid petroleum paraitins, and lately liquid onez also, become u basie for an
entire line of synthetic surface-active substances. lNew synthesis and new products
permit soneidersble reduetionz in capital snd operating expenscs.

e

A large pupber of microsorgsnisse, rich in proteins, can pgrow upon and drav
their osrbon frum hydrocariens, The regpesrch workers of the Soeidtd Frangalse des
’éﬁ?&i@g 5 st ipvers, Besr Parseilles, have studied the bGloaynthesic ¢f preteins

. petyeloun Praetiens.  he laborstery study mede it rerillle to find the
*%%‘#ﬁ sepdition: woat feveurstle for the mirrcblc species selectsd, which consume
e pupys) g?%?i‘ii% pregept tn certuln fractions of petrcleun.  This hes led te
‘he Alaesvery ¢ slevebielegiosl dewmxing, A seml.commercinl unit has since bLeen
“Engirarted,

ki%&% mg for the jorestion of the proeteins ie supplicd by semonis,
Augbry prodeces in very songldershle gquertities,




Che SEeCorroro fnloar i
Lhe r’l'”(«r*" NG erear, vt
rrojecied inductpeisd inoralla’ irn
ol rroteln concentrate necerrar e
fiurceg slread: italnes in the isie
coneamed produce up te 1 riloeva s
vi pure protein. (hic has bre om0 we

vhether in the veretable or i 82
ie dependent upon elimate, watsy, il
fermentation is independent o ;
order to increaze preduction

Petroleun Verseniation prebiess
50 per cent protein, in the 4?1‘ &
or smell. The {irst sorm ef atihisstes
rrotein supplementation of veresls §
animals, and in nesls.

It is, however, slzc rogeitls &
more elaborate proteing up te the
can have {laveure zimila: te moal =
for direct hur.u feerding wowews, &0
contirie for a lomg time befove % #
are tinally sccepled sz oenpistiely ¥

gt 2&3 xiﬂim tone ;ﬁ’i m‘




el heavily on techie . L L berrowin o

«° o ovitamoele. Guch cent i Jopondence upon e
tevelopment o loenl i nrocoenaes and oo
cren oo can oeagsily lead te oo octenee b the oo

w0 ien, participants asked for v oils sbout small
¥+ wme reinted out by the speakers b0 conventionsl aprend
sgxoinl nieces of equipment ati te withstand the hi
srmzgurer required in the ammoniz . nithesis process.  fuch st
smriz whieh may lead to maintenance —,Aelays and replucenent
~mntries. By introducin{; dragtic innovations i the s
+¢ and the maximum use of staniiriized parts, som eyt
mited Ctutes claim to be earsle of offeving small -
%:+100 tons per day of ammoni:) vhich can compete ceenesi

tsrre plants. In a conventienal plant, the converter weks fote
:, & j»!‘;%;fiﬁi% EE

1

« vetsel conlaining several beds .U catalyst and a hen
swgsire «laborate cranes for the vertical removal ol the corve et

s of §ts height (about sixty-five fect). Catalyst replucement st
s L& eostly and time-consuming. In the new design, this unit
s into ive vessels: a heat exchanger and four units cos’sinis

sies ersnee and rigging, as the spent catalyst can be remove 1 ¥y
swaswing the internal parte. The nev vessels are only frew @ el
48 4 a)ll] work can be done from crdinary portable sce.tel
sl the additional savinge afforded by the use of shtand o 5
% s ipeent, evoked great interest.

feom developing countries inquired in what monner the Unites
thes ln the process of choosins amcng the ulternative
§‘£§* %ﬁs.ir local conditions. It was utated in rvgig, i‘ﬁ*‘“

; gﬂ, ag an adviser or eie&ﬂn houge for authcy“"
' ﬁ.ﬁ gubstantive technological matters pertinent to fh@
sdeal industries in the developing countries.
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oot ehn o lesromntior vrecduet o o 0 v pircd rronor oy, i gl Jt
Proprderee ot fhee ehemion ] coprop it Ll vdrecsrton teedpte o o oot
vioedds b Porar e ween Shet wromat o0 yvaclds o e cenmitarnt SN S5 SR

videly, Gerecdinge apon e nupbtha gourco and clect eopae ity Lower el rap bt
rrices nod fredlobt car Cftoct Pe evecnomit ocrvets o s Lorie ditterencs in Llont
carscities. &orractiosl evample o3 talarobn oromaci oo production Drom petroleun
is civen in o comrunicaticon trew Jopan. ilf ince net ercwrh sroratic or napbthenis
crude ¢ils sre ovarlat le on the Jaraneso mocet tor rrecduction of arematice Ty to
cenventicnal UOF Flutferming=Jdey coulireticr, the petreehenionl inoustry hat o
rescrt te ethylene ry-vroduct Tiebt 31 1, irtreducing the WEF twe-gtore Lnitinin <=
Udex comtinaticn units. The econemics irvscived in thig scheme were diccuseod.

There remain: the provlom of the sepuration of . arcmatics, which pregent:
cericus difficulties tecsuse of the close teiling peints (see tatle on page 349).
11 four compenente ure today recovered as chemical feedstocks.  Tthyl tenroene,
purified by superfracticnaticn towerg with ur te 300 trays and veflux ratic cf
1:120, is dehydreogenztel to styrere. For the three igomeric xylenes, the principal
cutlet is oxidation tc the correspending dicarbexylic acids. The least difficulty
ig nccuntered in the case of ¢ -xylene which iz readily separsted by distillsticn.
The recovery of ethyl tenzene is effected by superfractionation and is of -concmic
interest only in cenjunction witk xylene production. However, production
continues to te based on alkylation of benzene with ethylene. Para-xylene's
importence Linges almcct exclusively on its role as intermediste preduct in the
manufacture of' terephthalic acid. It is impossitle to isclate it by distillation,
and fractional crystallization muet be used. lieta-xylene is the most important
member of C, arometics being used either as petrochemical feedgtock for isophthalic
acid menufatture or in gascline blends and solvente. An alternative solution is
tc isomerize mexylene tc para- and ortho-compounds.

Ancther process, which allewe for flexibility in intermediates procurement,
is the H-0il und Hy-C precesses ¢f Hydrocarbon Reseurch Inc., by hydro-cracking
using a novel reactor system. High sulpbur crude cils, which can generally ke
vurchased st lower prices, can te suitakbly processed in such plants. Heavy virgin
naphtha and H-Jil naphtha can be reformed tc yield aromatics after extracticn and
the lirht naphtha and raffTinate can be pyrolyzed to yield light olefins. Gas frcm
ull of these units can then te converted tc synthesis gae for manufacture of awmoria
and hydrogen _the latter for hydrogenation within the process). In this way it is
pessible to produce a vast range of ~hemical {ntermedistes from a heavy, high
sulphur, crude oil.

Y. Acetylene. The growth rate of acetylene is slow because of competiticn
from lower-priced ethylene and propylene. The major market for acetylene is FVC,
and it is likely that acetylene will continue to share this market with ethylene,
the chcice depending on hydrocarbon availatbility, price, and the chlorine talance
proktlem.

15/ Benzene bty Hydrcdealkylation using the Detol Prccess (PET/CHEN/CONF.6).
/ Arcmatics: Better to Import or to FEroduce? (PET/CHEM/CONF.23)
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Froducticn of Aromatics from Petroleum in Japan (PET/CHEN/CONF.99).
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Voo ocopventionnl proeoe s, e S T R I A ,
’Tf,'ﬁ’i"'v'l(.ﬁ;‘. it"f el oo Vurnin, raet oo RN ¥ I [ R S A . '
verture fo the reguired ave |, Tryomeiy, etcwrde pred :
ooodraticr o noet lere fn Uie ager Jros Pre by i o gn
Votn o roecvery and turitiont i bioh soeeunts oy opon!t J
vy Tt et o Fhe riact.
sectylope frem calolur-curbide ato s cost o of DY Ro b oot oer e

yebatively expersive tntermeldiate, when copparcd with  thylens w8 1 mverens
~i % ~ente per pound.  The various ncetylene processes bheed on hydrconyiens with
wrte in the renge of 71+t nents per pound ar etill noo cecnemiontly Aound st
verrarch ls aiming at chesper precessed. A pew procegs tased ob plsges v borad
b 1ot hes been developed on pilet plant geple, cenverty hydrcenvbony completods
»vopylene plus hydroge, heth of high marity, sc that m raarivioetien and
cepuraticr v ‘1litiss ars E‘ﬁf{ﬁi!“ﬂ"fi; e hydrocen senld e weed fer sEEenis
synthesio . 4 ds egtimatel Shat, with this precess, the sceljlens oad oo o
jewr to © cents ter pount. A emell plant for 10 millian pounde por maaor :
~etimated to cest lese than 71 milllem. 1

b, g-;.%_fgﬁ. Peaffin wax, 8 by-product of uke eil-refining, bag beon in
ase 8¢ rad materisl for chemicsl intermediateg fr: geversl decudes. e bulk of
these waxee are mebnly neparaffing, which ate sul jeet to cracking in order s
rreduce malnly neolefins in the runge of C,=7,_ .« By redigtilistion Ehey aee gt
irtc varicug fractioms of required chain 18ngth, the lower chais renee aery i

4& ray moterisl for oxecalechels, whilst the longer chein rangse sry daed foF
¢econdary slkyl sulphste detergents snd as an alkyl fractior for certain by yhethom
PO eBSEE,

In the last years, in view of the mere strintert claimg on the bioworadins
rruperties of detergents, neparsfing have zeined in lmportance., They &% b
separsted from petrcleum distillates ty @ modern technlgue, the = oty L jed
"wolecular sieves”. Synthetic aluminium gliloaten with evaotiy detined porc pifes
cerve ag adsorbtents; they selectively adsork paraffin with hicher s lecular wobt.
te melecular sieves catchk only melecules ©f & smusller dismeter than the pores
The adsorbed materisl cen be recovered Trom the sleves Ly tenting or by npplin
vacuum, and algu by expusing the gleve to ancther adocrbable Lut lower Feitine
hydrocarton., Thug, the rormel <, to O, peraffinz ¢Bn be rofoversd o o s bou sy
sieve by passing n-hexane over the si&'ﬁ‘%?&fi‘ﬂ pecovering 8 miztur o beth
n-paraffing. These two ‘ractions can then be split sEmin by distillstion.

There are already vericus ccmmercial processes ik cperat ivn, Luck sr eeriy
%

vy linde Company, Selective Finishing process by Texscc, the b preceps and be
Uplex process by UOF. 19/

, ,
17/ & Porroohenionl

vodern Methods for the Producticn of Arematice, lefing und Paraflfing
TPET/CHEL )

E/CA

~4le




erre iy rvees o e e trceba v Do vete 2 fee the g lact e oo
Pl debyde cntmacs )b Dy el sy plants, the procose o the M U
"ooubied e ektyd o slechel ng opav meterial, eithe
cotviral sourves s cr oypthetio uns ene cntedd, Jul T wms cletwed that cuch u
Chmrtovepairos et e et e oy rebeccohembond anit, eupneitics of 00
L S R Yers oy oarns omes sl berod rrderute, Tiader Pronch cenditions, the
e them e o s apwunt o Lo 0 ey cent gk Gve the price of the intake
Sy e oo st e el te ervertate snd ape well-cstat lighed procesces

Trtrats b fyramlt vt ek ce

Curmary o dipvuBpion

Jith recard e the cepacity of the lescq cemplex, it waz atated that the average
apscity de oo, L0y w2 of gae per day with s maxlimum pessible capacity eof
i, oy se wdidwy, snd that in ceneral ealy 1 per cent of the natural gas productic
iz uesld Tor petrochemical feedgtonk, vheress ) per eont s used ag fuel,

s opatlun ome oalged concorning the vaiues ssaigned to refinery cif-pages and

Fome in daran in comnes bon with nephtia steam orscking, It was stated that
Compe pmead Of Bhe ppies o repidual fuel o1},

Forerding e semerclsl production of olefing ir the lurgleWubrges Dand
axeker amd or the BADF Mluidized bed process, s ques’ lon wng relsed 8 %o vhether
these pinnte actuslly operate on crude ¢l intake. It wns gL:ted thet sithough
ks teohnioally perzible te use crude oil in these unite, it Ls not belng done
8L present, the scumemle feedatock belng nachthe.

It wns etated thet in evalusting costs releting tc naphtbs stesm eracking,
the value siver e propylene Ls lmportsut; vropylene osn be conaidered partly ac
1 aml partly se fuel. Higher hydrocartons csn be evalusted as gasoline after
detuvtios Bydrogesatiion coste, sctual opsts depepding on local condliticns.

In compenion with tne minimun scomemic eige of a paphtha orecker for developineg
ceantries. it wag otsted chat thie leponds on local conditions. In Burcpe the
winimm sconesle glee bae Pesn incrvensed te an aversse of 190,000 tong/ ysar, but
dnder ctoditions of pretectlon of dowestic production sgainst imported material, a
lewer elze moy be sounemionlly possible.

Hith reference e the ietol precess, Lt was ssked whether hydrodeslkylstion
16 2L cormmbenlly jurticled, when the price of tolushe approaches the benzene
price. I war stated that, amder such clrcumstences, the process is not econcmioal.

s tophexlon with the atess reforming precess of UNIA, & question wus reiged
whether arcmatic extracts cun slec be uned sg feedstock. It was stated that,
theareticatly, any hydrocarboh could be reftrmed, but it is essentisl to sutmit suck
fredatocks to trisl rune in s pllet plant in crder te evaluate the economic
tempibility .

Finnlly, 1t was naked to what degrec the ONIA reforming procer: 4iffers from
the conventicnal naphthe reforming procega; the reply wasz that there are esseatisl
Affer snees In the mechaniesl degien of the procese, and in the type cf catalyst

wped,
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IV. INDUSTRY STUDIFS (continued)

2. Nitrogencue fertilizers

(Agenda item IV-2)

The production of chemical fertilizers is a subject of concern to Governments
of leveloping ccuntries throughout the world. The use or variocus chemical
reriilizere, containing appropriate forms of nitrogen, phosphorous and potassium,
-an :ubstantially increage the yield and quality of agricultural crops. On the
reaiz of rough estimates, one ton of plant nutrients (N=P-K) can produce an average
.+ ven tone of bagic food, and in turn one ton of basic fcod provides appreximately
L, 00 calories per day for one year. At the present time, only a fow countries
nave achieved a high level cof tertilizer application. The world-wide annual
consumption of chemical fertilizers is 31.3 million tons of plant nutrientc.

1t was pointed out that in the developing ccuntries, which together account
for mere than two thirds of the world's population, the consumption of chemical
fertilizers is less than 15 per cent of the world total, whereas the more
industrisliged countries consume about 5 per cent of this production.

werld consumption of nitrogencus fert 11izers is expected to double by 1970.
Although the growth rate will vary videly among individual countries, the hipghest
rate of grvoth is expected to take place in the developing countries. These higher
grovth rates for nitregen fertilizers are due in part to the fact that the volume
production of these materials has recently developed more than phosphate and
yotash fertilizers, and in part tc the fmct that the crop responses to nitrogen
rertilizers are more immediately apparent.

The j rincipsal nitrogencus fertilizers are smmonium nitrate and Iimed ammonium
nitrate. These together account for more than one third of the total world
preduction., Ammonium sulphate and amme: ‘um nitrosulphate together account for
jugt under 30 per cent of world production. Urea, the fastest proving fertilizer,
gtill repregents & relatively minor portion of production, about “ per rent of
toial nitrogen consumption.

The nitrogenous fertilizers nre commonly compared on the basic of thelr
equivalent nitrogen content; ammonium sulphate contains 21 per cent nitrogen, pure
armorium nitrate 33.5 per cent nitrocen, and urea 45 per cent nitrogen.

Anhydrous ammonis {tself contains 8% per cent nitrogen and has bepun to be
used incressingly for direct applicetion to the goil. Ammenium nitrate will aleo
continue to grow, but the major growth will take place in urea, ammonium phusphate
and anhydrous ammonia. At the present time, the more industrialized countrics arc
slso those consuming the most nitrogenous fertilizer per capita. Amcri Lhese are
sume of the Western Furopean countries, the United States, Fastorn buropeeh
countries, Chine (Taiwan), and Japan, where the congumption of nitrogen per capila
varies from sbout & to 27 kilogremmes of nitrogen per capita. The consumptlon of
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nitrooon exceeds 1J0 kileorammes per hectare of arable land ir ean* e Coe
countries:  the stherlands, Japan, China (Taiwan), Beclgium and ti- =3

Korea.  The individual countries with the greatest total ccone mpt = - 2 s
fortilizer aro:

In Nerth and Ceuth Amerlica - the United Statey;
In Zurcpe - the UJSCR:

In Asie and Oreania - Japan;

In Africa - the United Arab Republic.

The main intermediate in the manufacture of the varicus nitmm%&
fertilizers 1s synthetic ammonia. Ammonia plents constitute the lsessd gow
capital investment in the manufacturc of nitrogenous fertilizere. 7 s 3
therefore to exemine carefully the varicus factors involved in the =
anhydrcus ammonie as the prime building block of the nitrogencus f«-%
industry.

There are many tactors intluencing the manufacturing cost ¢f sems
local in natire. The major items among these are the cost of raw s #

raw material and plant size. Commercially, ammonia is produced by #i
cecmbination of hydrogen and nitrogen at high pressures and tempersts :
aid of a catelyst. The nitrogen required in ammonia synthesie i: re%s iy
the air. 1In obtaining the hydrogen required for ammonia synthesis *hesa 3
wide diversity, toth in the processes employed and in the raw meterisis fbed
two main sources of hydrogen are the hydrocarbons and tle hydrogen 3
At the presgent time, the greater portion of the hydrogen for ammesis
obtained by reacting hydrocarvons with steam, oxygen or mixtures ef
substances. In e very few cases, ammonia is still produced from ~emi ; s
It 1is poseirle to use either 8 gaseous or a liquid hydrocarbon ar 3 == =
hydrogen for smmonia synthesis, according to the local conditions. & !
of raw material for hydro~en production, the transportation cost sumst =
intc account. For this reason, liquefied petroleum gases (LPG) have
limited use in ammonis preduction.

- Bumetimes Vecause ¢f the geographical conditions within a PArt s Gl e
ths cost of transport can rise to an uneconomic level. In this cees 4 e
will be economical. A small unit permits e developing ccuntry te wmsss |
with a much lover initiol investment for covering its fertilizer dess s
the minimum econcmic size of an emmonia plant varies with lecal o
it was suggested that mathematical models could prove useful i detgrs
optimal plant slze, locaticn and time phasing. A study of thie type g
in connetion with the pregramming of the nitrogenous fertilizer iy
India. 1/

1/ Plant Cize, location and Time-Fhasing - Introduction (PET/CHEp F ot
) %C?J%m and Time-Fhasing - The Nitrogencus Fertii:ses Bes s:ieyx
OFF 1027 . 8 e ;
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Toounp reperted that tuo methods are reec-ntd Soulatle ror the
Lo en dram petroloun hydrccarkons.,  ne o1 U R T AR I A
o otie purtial oxidaticn of toth pusecur cor 1o o cydrecarton
St owmethed g ecatalytic cteam reformin -, e 0 the recent deve e
cot cutnlysts fer this purpose, the use o0 oo v, thie slen o
Cvewns hue teen made possible. It wes alee point oot that the 1v-ri

oen trem catalytic reforming can be used in ¢ ~rnutbetury ot
wever with the development. of hydrogen treutirn @ ccesses In pobrotons
.o Ber arisen un increased demand for this tye-reo hoet hydrogern.

At the present time, petroleum-based feedst i ure digplocirs cond v
anulmcture of anmonia. It was shown that Japan hec - 1ready effected o o h
“vem coal vo petroleum-based ammonia processes, {inliny this route mere oee s
rd partial oxidation of crude oil has been uced ev creively. 2/ The oln
i -tween cteu- reforming and partial oxidation pree: mses is a mabber der:
seintive cust factors. In the places where low cc * electricity o avail at
.y be more cconomical to use partial oxidatien, . the sites where el

wnper, stour reforming appears preferable.

‘he menuacture of the variocus nitrorcncus tectiiizer materials derie
«nthet ic ammonia requires substential capital ' vostrent. Ammenia may b ow
“cr the processes to produce various nitrogencu: feptilizers. In turn the &
.44 ig obtained from ammonia by catalytic exidaticrn. Ammonium nitrate ma B
i{luted with varying quantities of limeston. te preduce limed ammonium nitests
crder to reduce the danger of explosion. Ammoria moy also be reacted with
rhesphorie acid to yield ammonium phosphate, or with carbon dioxide Lo prvikies sres
“sery product resulting from ammonia has, of ceurse. its particular techrwie: o,
iepending upon the state in which it ig to be districuted and ultimately i
cr. the farm. It was reported that concentrated complex fertilizers now tege =2
regential part of fertilizer production in Eurepe and in the United States. f%
‘ertilizers are prepared by reacting phosphate rock with nitric, phosphousis s
culphuric acid, followed by ammoniation and bleadins with potash salts. The
‘wrtilizers can be produced in a wide range of forrulations in order te chktss

tk
H

s

the begt combination for each particular soil amd crop.

In connexion with the expansion of the uge er rertilizers in apgricuitae.
ihe Conference was infcrmed of a scheme anncupced ty the Mexican State 011 Temgse
the Petrélecs Mexicanos, intended to contribute t the wider ise of fertiiisss;
Cexico. j{/ This enterprise proposes to make avelintle ammonia and nitote
t»ptilizers at prices sipnificantly lower than the-e at present obtalnine
#ill 1~ achieved by the construction of larce spmcnia and urea plante wi‘s s

cutput ¢. 1,000 tons of ammonia and 500 tens & urew respectively.

“urnary of discussion

Since ammonia is the principal intermediste ir producing all types of
nitrozenous fertilizers, the discussion of ccegte focused primarily upec R
sanufacture of ammonia. One of the principel ecst factors iz that of the

*

Recent Trends in the Ammonia Industry im Jars: {BET/CHE/CORF. 500
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llost of the acrylonitrile synthetic fibres are produced frem copo’ymers for
th: purpose of improving the properties of the fibre. Such fibres spun frem
covolymers are classified into fibres whose acrylonitrile content is 85 per cent
or more (acrylic fibres), and fibres whose aerylonitrile content is less than
05 per cent (modacrylic fibres).;

At the present time most acrylonitrile is produced from acetylene and hydroge
cvanide. An alternative route, in which propylene and ammonia serve as raw
materials, is becoming important in the production of acrylonitrile. This process
has the following advantages: lower cost and investment, srester potential
abundance of suitable rew materials, process simplicity, no necessity to handle
hydrogen cyanide, and high product quality.

Summary of discussion

Ag to the comparison between nylon and polyester as staple fibres, it was
uentioned that, in general, only polyester was used in large quantities as such.
liylon-6 is also used as staple fibre, but only in very small quantities and in
specialized fields, where it is admixed with other fibres to produce -extiles for
nilitary purposes.

Polyester fibres when admixed with wool in the ratic of 45 per cent:
55 per cent yield good spinning meterials with high crease resistant properties.
When admixed with cotton, a very high strength clothing material for men's shirtin
is produced. In this field nylon-6 is competing to some extent.

With respect to the question whether & developing country wishing to produce
man-made fibre should meke a choice between rayon (celluloaic origin) or :
petrochemical synthetic fibres, the meetinz was undecided, and it was pointed ocut
that this would have to be decided upon fo: euch case individually. By way of
{llustration, it was mentioned that one developing country had planned to increase
its production of rayon, ueing straw pulp as a starting material; however, because
ol shortage of straw pulp, the plan had to be abandoned and instead facilities
for polyester manufacture are being constructed.

It was pointed cut that in developing countries with a hot &n§ hunid climate,
polyvinyl alcohol might be of potential use as staple fibre because of its
resemblance to cotton in respect of moisture absorption, in addition to & number
of other desirable properties.

A question was raised relating to the Mid<Century process, end it was puinted
out that the varicus xylene isumers present in the feedstock cculd be oxidized
simultanecusly, to give a mixture of benzoic acid, isophthalic acid and
terephthal .. acid, vhich could then be separated and refined. Further, in answer
to a corollary question as to whether the preduction of phthalie anhydride can te
achieved by the same process, it was stated that the synthesis can be effected
and the dibasic acids and ‘he anhydride produced cen also be separated.

It was mentioned that in scme ccuntries, regearch was being conducted to
develer a new type of nylen usin: ethylene and carbon tetrachloride as raw
materials; hovever, no informamtion on the pronress of the regearch was disclozed.




A request was made for technical details of the Henkel procesc for the
manufacture of terephthalic acid using toluene as raw material. Owing to the ract
that the first Henkel plant based on this process, in the Federal Republic of
Germany, was only scheduled to go into operation iv the end or 190L4, no evaluation
of its perforuance could yet be made.




IV. IRIUSTRY CTUDIES (eontimmed)

By selected B~ Breiet i

(Acends item IVe5)

Under this item, varicus economic end techaclogics. sapects of the predurti
of some specific petrochemical end-products, mx’ sulpbur, esrben iﬁ;

iig e TR g B

detergents and methanol, were discussed. The ingortante of mitipe e
in the field of petrochemical industries wae alsc menticned.

?hspetrolmi@twmw:mammﬂMHWi
8 net producer since 1960. It was stated that in 1963, of the searly 30 aillies
long tons of sulphur mmammmmm;ngmm

Fresh sulphur . 30 per cent

Sulphur from pyrites 3% per cent

Bative sulphur ; : . 2 per cent .
~ Sulphur from natursl gas 18 per cent

Miscellanecus | 36 per cent

Recovery of sulphur frum natural gas is ususlly carried owt in twe nepei

- First step: Desulphurization plant unit vhere a,zs iz removed frem
the gas;

- Second step: Sulphur plant where HyS is turnt in order to rive sulpbmr,

Industrial separaticn of H.S frem natural gas can be schieved in severs]l my
all based on selective sbsorption. The most ccemmon proecegses in thig ceapex lop
were said to be the amine process and the Lot pctassium cartonate process.

The acid gases removed from the raw gas stream are regenersted from the
absorbing solution by heat and/or nreqenra differences, ther sent t¢ the sulpkur
plant. 1In the sulphur plant, pert of the H,S is burned with air to form S0, I
sulphur dicxide reacts with the remaining h%drcgsn sulphide, therety grﬁéuﬁiﬁg
sulphur, which is normally referred to as recovered sulphur. This procegs for ih
recovery of sulphur is known as the Claus process.
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V. COUNTRY CTUDIES

(Agends Iten V)

l. Acrie epd the Far East

Arong all the countries in the KCAFE teglon, Japen is the only —ne vhich
has developed the petrochemical industry to an international level, and toth
consumpticn end production of petrochemical Products within the reglon sre
largely concertrated in Jepen, Cuwe countries of the region have alresdy «tartes
to make nitrogenous fertilizers from netural gas or naphtha, st of the
countries have plans to establish naphtha crecker complexee for the myroduetion
of basic petrochemicels., A sumpery of their developments aud plans follows,

Crude oil production in Burma iz currently ebout helf a million toms
per annum, It has two refineries with a combined capacity of 1.2 million tons
per year, Crude oil is imported to supplement the local supply of feedstock to
the refineries, ‘

The presence of neturel ges was detected at Chauk oil fields during
exploratory drilling in 1960, It ie expected thet firm figures regurding the
size of the field will be available during 1965, If the gas .aserves are
substential, onz 69,000 ton per year uree plent will he installed, uring natural
gas as rav meterial, '

The consumption of plastic materials and synthetic fibres 1: expected to
inereace repidly in the years to come, but it is unlikely thet domestic productio
could be undertaken before 1970,

: Research work is in progress on the manufacture of detergents and pesticides
to explore the possibllities of using local rav meterials instead of imposted
intermediates, The Institute of Technology in Rangoon is row giving courses in
petroleun engineering,

China ( Taiwan)g-/

Since the discovery of substantial reserves of netural gas in Taiwan in
1960, a lertilizer plant baced on naturel gae has been built by a joint venture
of Chinese Petroleum Corporation, Mobil Chemical Company and Allied Chemical
Corporation, vith a capacity of 1C0,0C0 mt/year of urea and 45,000 mt/year of
amonia, This plant vas coupleted in late 196% and hes nov been successiully
put into operation.

1/ Petrochemical Ccuntry ‘tudies - Burua (PET/CHEM/CCNF. 48),
2/ Country “tydies - China (Taiwen) (PLT/CHEM/CONF.E6).
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1. A pev ssmonic plant of O per doy capact .y Beaed o abtarsl oo
to be built st Nsinechu,

AN
daction of pimseties nid olier

2 A stesm cracher capable of eracking 100,00 tona/yenr f e
to produce ethylene, progylens, ete,, fur the pro
chemicals,

3 An srommtic extrection plant of 20,000 tons per year scapacity o euply
the intermedistes for plastics and synthetic fibres production. The g sﬁ*%i &
of basic intermediates in 1908 it estimated to be:

Benzene 59000 Kle
Xylenes 6,000 Kle
Ethylene 15,000 tons
Propylene B,000 tonse

Indiay

The existing orgaenic chemical industry is of norepetr-lewsn origir und -
tased on traditional rewv materials such as alcohol from nolacoes, acetylene Crom

%/ Country Study - Indie (PET/CHEM/CONF.131) &nd Leveloprent i Betr leumsinged
Crpanic Chemicals in India (PET/CHEM/CUNF.1c).
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P&kistanz/

The search for ¢il in Pakistan ras already disclosed proved deposits f
about °C millien cuble feet »f natural gas, There are indicatiocns thet substantis
additional reserves will be proved, Indigencus production of -1l neet: about
<C per cent ~f the country's requirement. The search for ~il is continulng:
vigorously. The utilization of natural gas for the production of nitrogen
fertilizers 1s cnly now beginning., CDuring the last six years, the production of
fertilizers has risen from zero to 14C,0€C tons of urea, 70,000 tons of amronium
nitrate, and 50,0CC tens of ammonium sulphate,

The minimum additional requirements of nitrogen fertilizers in Pakistan are
estinated at 1,400,CC0 tons in terms of nitrogen, It is proposed to develop
the capacity for meeting these requirements in two phases, 450,00¢ tons by 1G6C
auad the balance of 950,00C tons between 1970 end 1980,

The petroleum refining capacity currently in operstion aud under installation
is of the order of 4,3 million tons per apnum and vill scon increase to at least
5./ million tons. Refinery products and cff-gases will be used also as
petrochemicael raw naterials,

Two petrochemical complexes will be set up, one in each of the two provinces
of the country, Each complex will be achieved in two stages, the firet stage
by 1970 and the second by 198C, The complex in West Pakistan will use natursl
gas to the extent of 55 per cent ~f its feedstock requirements, and the one in
East Fakistan tc the extent of 67 per cent of its feedstoek requirements, the
talance in each case being provided by refinery products, The total investment
in both complexes is estimated at Rs., 3,500 million by 198C, of which about half
will be invested by 1970,

Iran, Turkey and Pakistan are now engaged in mutual consultations with a view
to introducing the meximum.econouies in investment through regicnal cosoperation,
ard accelerating and enhancing the benefits that vill accrue from industrial
development in genersl in thess three countries, including the developoent of
petrochemical industries. The consultations now in progress should produce, in
the near Tuture, specific projects for implementation as Jeint ventures,

The potential for petrochemical development in scme countries of North Africa
and the Middle Fast is based on the cxistence of proved and abundant sourtes of
tydrocarbon rav materials which are at present not being utilized to any great
extent,

In the discussions that rollowed the presentation . f the country papers, sed
stutements, there were indicati-ns that it would be more repeficial to plan
petrochenical development -n s regional tasis, rather than 1or eseh couRtry
individually, lurtherrore, it vas evident that in the case [ o~ountries with
abundant natural ;a: rescurces, tpe question of export werkets utcide the apes
loop Iarge in the planning eif rtus, U was mentivned th * regl ral coecperating
Yo being vericusly occneldered by scue 5 othie countries in o is apes vith 8 view

2/ letyochend il [ndustyy i bact toedutan (PPT/OHEM/CORF, <=0,
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srvined personnel and for mere training inctitutions, particuluriy o e fiold
: petr-leun and petrochemicals,
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In 19%2, an amronia plant was inctalled, and in 1903 polyethylene and cuton
rluck were being produced on the basis of feedstoeks from Haifa hervinery.
rroduction of petrochemicals has risen by lhel5 per cent per annw: during the
perind 1998«1963, It is recognized, however, that the industyy 15 otill in ita
iiret stage of development. iMajor plans to expand the industry are row under way,
vith production primarily destined for the dcumestic market, The cource of
hydrocarbons for the development plans will le the refinery. Icrael clains
to be capable of dolng the civil engineering and manufacturing u nmajor proportion
~{ the chemical plant equipment needed for the abtove develupment:; in tact, there
nave been significant exports of industrial equipment from Icrael in the last
fev years, One of the significant factors favourably affecting the develcpment
1 petrochemical industry is the availability of trained personnel, and training
and research facilities of high guelity.

Kuval ﬁw

Abous 800 million cubie feet of gas are produced per day., A BOO tons of
nitrogen per day fertiliser plant is nov under construction as a Jjoint vanture of
the Kuwait Petrochemicel Industries Company with British Petroleum and Gulf Cil
(the respective shares sie G0, 20 and 2C per cent), A larger ammonia plant of
e tons of nitrogen per day is being planned primarily to export liquid smmonia,
The programme also envisages the construetion of a polyethylene plant and other
petrochemical units,

Libydd/

The recent discovery of sssociated naturel gas with a high content of higher
nydrocarbons 18 of major importances At the present time, there are no known
plans to exploit these resources for petrochemlcals as such, but iv was stated
that studies are under way to evaluate and sppraise the feasibility of cuch

ledv jEQ | =3

It is anticipoted that the associnted yss produced, swounting to 100,000 muct.,
©111 ve liquified and transported to Evrope, Ouch schemes are now under
¢ nsidoration and some i) companiec have submitted firm proposals to the Government,
The cateblishment of petrochemicals menufacture is eonsidered ecorowleally fensible
n the basie of Joint ventures,

s A

Lo tevelopment i tie Petroclemdenl Irdustry i 1:ruel (FeTfoha i fedivadl ).

I ruwait and Jvo Unllisestion (?Emf€ﬁ§§V€@ﬁ§.£;«).
- s letrockemicals in Litys (Porfellfe bl b




Mo rocccg/

There are some limited s-urces cf natural £15 ard petroleun hydrucartons iu
loroceo, but the reserves are considerably les: abundant than in neighbouring
Algeria., Plans are being made to establish a petrochemical industry using
natural gas from Algeria in conjunction with {ts use for thermic chergy. It is
considered thatonly such conditions will Justify the development of a viable
petrochemical industry tuscd cn ratural gas, since only a tzall fruction of the
¢as cun be used for this purpose, Plans are being contcmplated for a petroehemi
complex, principally for ammonia synthesis. However, the domestic demand for
nitrogen fertilizers is limited., Cn the cther hand, the country is one of the
largest sources of phosphate rock and exports it in large quantities. The plans
include the upgrading of the rock, possibly into ammonium phesphates, primarily
for export. The development of organic chemicals of petrochemical origi~ is
being studied,

Saudi Arabiaw '

Although Saudi Arabia is stated to have one of the largest hydrocarton
reserves in the world (about $350 mmsefd of netural gas and almost 1,90¢ ,0CC
bbls/day of oil are produced), there are no petrochemical plants in the country
at present,

Plans have been already elaborated, under an organization known as "The
General Organization of Petroleum and Minerals", to establish seversl petroehenic
entities, preferably on a joint venture basis., The plans also include the setti:
up of adequate tgchnical training facilities.

syriatd/

In 1959, a refinery was ecstablished at Homs to process 1 million tons eof
crude oil per year, Plans are now being prepared to build a nitrogencus
fertilizer plant, primarily for local consumption, based on naphtha feedstock,
Although the country has supplies of natural gas and crude oil in addition to
excess refinery products, the domestic market for petrochemicals is limited;
consequently, no detailed planning has been undertaken for this purposes Some
thought is being given, hovever, to planning within the fremevork of an Ared
common market, , :

ﬁni'l}gd Am,b, Re] ublicl'é/

The principal sources of petroleum hydrocurbons for nitrogenous fertilisers,
which are the leading petrochemicals produced in the country at the present time,
are refinery pas and naphtha from the Suez Refinery. The production of aromatic
intermediates and dodecylbenzene will start in Mareh 1965, The development of
other petrochenicals based cn steam pyrolysis of naphtha is now being uodertaken

13/ Country study - Moroecc (PET/CHEM/CCNF.127).

14/ Country Study - saudi Arabia (PET/CHEM/CONF.129),

18/ Petrochemical Industry - Syria (PET/CHEM/CONF.76),

1&/  Country Study - United Arab Republic (PET/CHEM/CCNF.128),
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S e skx % ,LCC tons in 10C3) i abtaiced rron methane
S N B o =% Fofai o wirwt of amronia is uced 9P tie nanutacture of
' .t is sxjected that in 1965 the total output of
remws s b o## be®™ million tons, and in LU, srtout three times

=i+ smesd o methane are produced, AS®En: these are:
pusade, seryd nitrile, vinyl chloride, vinyl acetate, acetic

© #wm f these producte, a 26,000 ton FVWQ ard a 5,CC0 ton
¥ w9 weer put on stream, Pesides the #xisting thermal
- wed*s, 2 1 21ldion tons capacity catalytic reforming plant
#8% Fagk otane pumber gasoline, the entipe range of aromatic

#yptends wad ethylrenzene, and a pyrolysis phait £ 35,000

sae b .4t toms/year propylene capacity, wild te put on

#nd £ whis peary & this basis, plants have ue@h cunstructed for

“ f We foibowioag produets: synthetic rubber {®,.00 tons), phenc
- ' %wey weetone 11,000 tons), detergems (1h,000 tons),

b yet been established in

el Sty but the first
e Than seviaages the realization of a pet ‘

wnicul industry,

- thermoplastic netiifial
- detergent rav uatgis
- synthetic fibres s
- earbon bl&CRo

- whilising

R eurrency for petrochemicals }

5y ete,, end importing -

a vegt¥ai bewsstest for the construction of plants ;@ the
¥ M mweio L dustsy, in the period 1950e( s, #« talled over

sl (PET/CHEM/CONF.77).
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4o outin Americu

Apparcnt o rsamption 1 ecrendeals in Lutin arerics was estimated by ECLA
ty e .t the  ygey of $5,00C willion i 1. ‘7y with imports acccunting for about
X per cert 1 this total, <o p L0, demand was projected tc e of the Lrder of
$5,000 1illi 1,

The share Lr getrochegicals in the total wae rather limited in 195y but it
is expected t¢ increase suts startially by 1)t Since the proportion of imperts
of petrochermiculs was much Lipker thar the aversge X per cent fur the whcle
chemical industry, the necessity 1 @ ocnsiderable effort towards import
substitution iz forepeen trp petr chemical rav saterisls and intermediates,

The Latin ameriesn countries represerted in JAFTA, having realized that

= while getrcehemical jirdustries sre *apital intensive industries, there is
8 soarcity of d.gestic eapitsl in the Gres, ela: that a high foreign exchange
component of investuent is required,

« econcmies of genle prevail in the devel puent f petrochesiesl industries;

« full atilizatios o the i ealdy svelisbis teckpology and skills !s

*~ & better all oostion f rescupews sed ™ wets i Seeirable,
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The petr chemlcal {ndustry in apecenting startea fn oG4 with tre production

t o toorropylealechel and several arcpetic hydrocarbtenas.  These productions were
Hf “or virst petrochemicsal activities in Latin averieca,

toyever, the resl developmernt f this industry huas only taken plice in the
st fev years, during vhich the fo llowing plants have veer pat int
oo tlack (19,000 tons/yesr), ethylene, polyethylene | 5,00C tons, year o
. iyetlylene in two plants), methancl (11,u € tons/year), carbon sulphide
4, 0 tons/year!s Cther min r plants rave beer put in operation and there are
sry other plants unfer constructicn. Awong these ls 4 petrochemicesl complex
r tie producetion of aropatios, tutadlene, (PR rubter, and 'tici prdueta,
“ie oeowplex will represent a total investment o §Ht wmillion, /’ besides these,
repe ape plentc belny vonrtructed 1o r the producticn f methan 1, 5 onnd 2y
iverta and detergents, Two fertilizer complexes will be huut in the near
Cature {ures, amacnium ritrate and asmonium sulphate ard rmixed 1

erationg

tilireral,

. “ongtruetion hes bteen arncunced recertly I 8 new chemical compiex for the
s; 4 produeiion of ethyleae sxide ard propylene xide, olycols, sthabolamnines and
.eyeral chloride Jeri utives,

Filans sre being prepared for a unlt & phoduce rav saterisls for nyloneic,
Hickh would be complessntary tc the alresdy existing tibre fndustries (p lyamides,
olyester and polypropylene ).

As sn Lllwstreticon, sowe patrclege statistion were seniioned; relinery
sl Ay %5 Argentios i8 15 silllon »” snd meturel - recerves s ount W Ut (0
%:i éiimé“& i

A m legsl ﬁﬁu
jscte solf presctes e i s




1. ditrogen fertiliczer plant designed to produce 340 tuns per day of ammcn
calcium nitrate,

e Fthyiene unit designed tc prcduce 57 tons per day.

% Fropylene unit designed to produce 20 tons per day.

L, SFR synthetic rubber plant designed to produce 40,0C0 tons per year.
From the above 1list, expansion is plenned for the following units:

(a) Ethylene - will be expanded to 1CO tons per day,

(b) Propylene - will be expanded tu €0 tons per day,

(¢) Ammonia unit of the nitrogen fertilizer plant with present capscity of
o tons per day will be expanded to 140 tons per day.

PETROBRAC hes the following petrochemical units under construction;

1. Butadiene - designed to produce 33,000 tons per year,

d¢  Ammonis - designed to produce 20C tons per aay.
3+ Aromatic extrection « designed to produce 100 tons per Aoy of bensens,

2 s 000 tORS per year,
5 Fropylene tetrsmer « SO tons per duys ’
hs  Lodocyliensens « 10,00 tons per pears
Se  Uren = O tine per oay,
6o Astieipccking fluid » AL,

Feaide: petp




cniv 1. The exictence >f a growing and sophicticated murkel tor tinal product
-1 vetrochemical origin, owing to the establichment, startive o 1osa, o0 o
s ocess industries.,

Local availability oi raw materials, chiefly light naphthas o
relinery by-products and great quantities of natural gas from pacoline plants
inztalled in the Magallanes 0il and gas fields, located in the soutboern part o
the American continent.

S The need for replacing imports and the pussibilities opened ror some
rnilesn petrochemicel producte in LAFTA markets, through sectorial complementation
arreenents,

There are at present in the course of realization a market study for
petrochemical products in the member countries of LAFTA and a technical and
econcnic feasibility study of the most promising petrochemical complexes that
c-uld be implemented in Chile during the next six years,

These studies are being made on behalf of the Corporscidn de Fomento de la
Preduceidn (CORFO), a governmental autonomous agency in charge of economic
development in Chile, and the Empresas Nacional del Petroleo (ENAP), CCRFO's
subsidiary in charge of oil production and refining in Chile,

“n the basle of the preliminary conclusione of the aboveementioned studies,
t}“e inplementation of the folloving pet-mcaea;ical complexes could be envisaged
. Chile between 1956 and 19703

{e) An ethylene complex, based on light naphtha cracking, whose principal
:iﬂ*?fﬁmtl vould be high prescure polyethylene, polyvinyl d?lorié&! vinyl
scetate, slcohols and solvents,

{E; An sromtic complex, Lased on refinery refurmate, whose endeproducts
uld be phthalic anhydride and polyecter resine fur fibre manuincture.

fg} An ammonie complex, Lesed on peturel gas, vhose endeprofuct vould e

The total inwestemat in the three comploxos vill ascunt b onore then o
© wsiliton, % per cent f whish vill come from loesd investors (U REU, ENAP
cod privete oapital), and the rect from forelyn loanc and investaerts

fojombin MR begen & ABbitious &' Repear yw of pets g 8 4
“3 m At present, the etr sheanieal in@ustry is o mp red o the ©lbovig

(ksy

be T festilioer piamtc itk & Gotal sapseity o 36, U0 L per gekr
itpgen, wsed LoReily s serlouitupe,




e Sotlmt ot vr duee 1yl e,
Ce cronstoreeti on pimntc oo nlactics.

rxeent natural gac tor the production of armonis, the -ther nnterials used,
curh an o lyethylene, FVC, caprilectem, ete,, are imported, In rder to eliminat
thece imports, the governienc petroleum company of Colombia (ECOPETROL) haz
preprred o serier ot projects ior the integration of the petrochemical industry
in C51 mbin and the ectablichment Hf a basis for future expansion,

Ecuado I‘("ﬁ/

Ecuador offers a typical example of a country faced with the problem of
establishing chemical plant: of an economical size. The internal demand is smsll
and this fact has precluded the construction of this type of plant. However,
the consuming population is growving at the rate of 3 per cent per year and is a
good market for chemieal products such as paints, detergents, fertilizers,
polyethylene and other chemical products., This is the reason why the local
authorities are optimistic about the initietion of petrochemical industries in
the not too distant future,

Y
g : It is relevant to mention that the export of fruits such as bananas reprecen
§ & geod market for plastic bags such as polyethylene bags. ‘
Mexica’i?-/
R

Mexico is carrying cut a very impressive petrochemical programme, with many
plants in operation ang many othere in the construction stage., The suceess of
the petrochemical industry in Mexico is partly attributed to collaboration
betveen the public cector and investors from the private sector. In order
to prorote and regulate this colleboration, adequate legislation has been
establiched. Thie legislation can be summarized as follovs:

Article 77 of the Mexican Constitution allocates to Petrdleos Mexicanos
(PEMEX) the periorming of the (irst chemical reaction or phyzical chenge of
hydrocarbons, or petroleum derivatives, Thus » 811 the besic petrochemical products
or rav materials must be manui'sctured by this company, operating in the public
sector, vhile the trenctormation of the basic petrochemical rav materiels into
finished products for sale to concumers is left to the private sector,

In order to establish peolicy as far as petrochemical development is econcerned
and to determine the tield of action of the public and the private sectors in the
petrochemical industry, the Government has created the National Petrochemical
Commission, vhich is composed 1" the Secretaria de Patrimronio Naciondl, the
Seepetarin de Industria y Comerci ., and Petroleos Mexicanos. The Petrochemical
‘omrdseion studles the fearibillty »f petrochemical projects and grants concession
for the construction ard operation of petrochenmical plants,

“3,/ ke Tuductrda Petroquinien en Ecuandor ( PET/CHEM/CONF, 104),
cof  The e cun Gove rnment and the Petrochemicenl Indurtry in ilexieo

J of!‘)c




ate

to

Cinee its establichment in 105, the Potr chenionl

cprroximately forty permits to o perate petrochemical plort. s,
.n these petrochemical plants has been allocated amongs the v b o cor v
rrivate cector as follows:
Cille oo o pe
Petrdleos Mexicanos (public sector) Ple s e
Private investors and Petrdleos Mexicanos
(mixed sector) e
Private investors (private sector) G
-
Total 33450 Seu

The above investments have resulted in plants operating, or in constructi o
for the folloving products: (1) amwonia and mixed fertilirverz, () ethyien,
(3) polyethylene, (k) ethylene oxide, (5) ethylchloride, () cthylene dichi ride,
(7) vinyl chloride, (8) urea, (9) emmonium sulphide, (10) dodecylben cne md
d-tergents, (11) butadiene, (12) styreme and polystyrene, (13) anrouatics (bem ene,
ethyl benzene, toluene, xylenes), (l4) cyclohexane, (15) carbon bluck,
(10) SBR rubber, (17) aceteldehyde, (18) acetic anhydride, (19) acctic wwid,
(z0) butyl, ethyl, and vinyl scetate, (21) methyleethyleketone, (70) polyester
fibres, 523) nylon=6 end nylone66,. (24) methanol, fuormaldehyde, (') acrylic
resing, (26) polyamides, (27) phthalic anhydride, (28) ethylere zlycclc,
(29) etharolamines, (305 caprolactean, (31) epoxy resins, (57) benzoic acid,
(33) insecticides, and, (34) phenol.

Peru is considering petrochemical development mainly in fertilizer producti g
There exists at present a fertilizer plant and the Empresa Petrolera Fiscul,
government agency, has projects for the construction of piants using natursi
gas as rav material.

These petrochemical plants are veing considered within the framework .f
LAFTA, which could bring about a complementation of markets and permit the
operation of large plants as part of & programme of economic integration,

Trinidud and Tobago already possesses a large fertilizer inductry dedicsted
almost exclusively to the export markets, In view of the availavility =f ~heap
rav materials, the establishment of further export industries iu beiug proscted
bty means of incentives such asg the supply of land and servicec; tax and duty
exemptions, etc,

Jru

The production value of the chemical industry, including petrochenmictry, o
cstimated at $US33 million and consumption at $US6M millinn. Forecusts £ the

N~

2/ Petrochemical Industry - Peru (PET/CHEM/CONF.77).
ji/ The Petrochemical Industry of Trinidad and Tobage (FET/CHRM/™1LEF. )
-/ Country Study - Uruguay (PET/CHEM/CCNF.133).
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1, cle and the Fur bact

1. revieving the development o the petrochemlosl industry in the FCaRb
tiy y it va: mentl ned tial the consumpti n in thds rep i o1 petr chemiend
poducts, sueh alc nd trogen fertilirers, plastice and synthetic rodinge,
~volladogic ssn-gpade rivres, and cynthetic rubbers, hao oo hich rates o
vtie Petueer 17555k and 1 CC~C1, the unnual rate o0 _rooth [ nitrogen
riilizEPE ¥EBE | PET cent, E-etz reen 100C=0 3, the annual rate of srovth for plastico
4 cynthetle resing was (1 per cent, that of ponecellulosic nansmade Uibres
ey gent, and that of gynthetic rubbers .3 per cent,

e oy Huetion of petro ehemienl P~ Aaucts in the resion has alse opowr
~opdd retess Between 100 and 1463, the sanual rate -1 srowth for ui troges.
tilizers was J&e5 per cent, that of plactic und synthotic resins % per cent,
. o nunecellulosic sanemade Tibres € per cent, and 1 synthetic rubbers
ser cénts

i th the production and consuaptiosn of petrochemiesl products, however, are
2111 moatdy concentrated in Jupan,

The BCAFE reglon has been » net importer of nitrogen fertiligers, plasties
wra aynthetic resins, aod syathetic rubbers, It was a net exporter of
*"?‘*Mﬂg mune=made [ibres, Japen io the only exporter of nonecelluluste
ciwchfie Tibres in the reglon. ,

e ECAFE veglon iz charsctericzed b very low levels o1 consumption and

¢ duction of gtﬁwmm mémt&, with pctentials for expanding both consumption

productions In 1061, the ner ite consumption of nitrogen fertilizers in

reglon vag lob kilogrammes 3 d with 14,9 kilogrammes in the United {tates,

L pilogresmes is the European Fconomie Community (EEC), %7 kilogrammes in

e Eurcpean Free Trade Asscciation (EFTA), end 3.% kilogrammee in the Joviet

cudcmy in tarss of nitrogen. For plestics and aynthetic resins, it wes

» 4 milogremeec in the ECAFE region as sgainst lh.b kilogrummes in the United

*%%ﬁs; 7 kilogresmes in EEC end 8,86 kilogramnes in EFTA, For nonecellulcsic
anesade fibres, 1t vas oaly 0,16 kilogrammes in the ECAFE region, rompared with

.o! ®ilogresmes in the United Jtates, 1,04 kilogramees in EFTA, and 4.9 kilogrammes

i ke EREOC,

Cn the production side, the per capita producticn of nltrogen fertilizers
' the region ves 1.3 kilogrespes compared with about k.7 kilogreumes in the
ted itates, 15,7 kilcgrammes in EEC, and 11,7 kilcogremmes in EFTA, in terms
altrogen, For plastics and synthetic resins also, 1t was only Uetl &llogramses
. the ECAFE recion, compared with 11,9 kilogreammes in EEC, and b klisgreomes
5 LF%e  Per capita production of ronecellulosic man-made [lbres was

it

rochemicel Industry in the ECAFE kepion 'PET/CHEM/CCIF.




“el{ kil rramues in the ECAFE regic n, compared with 1,5t .il.granmes in the
United States, 1,03 kilogrammes in the EEC, and 0.87 kiloprammes in EFTA.

There are various facturs which impede the growth of petrochenical industr
in the countries of the ICAFE region, Factors responsible for the slew prowth
the rertilizer industry were brought out at the recent United Nations Zonferenc
o0 the Develcpment of the Fertilizer Industry in Asia and the Far Fast whieh wa
held ut Bembay, India, in 1963, Price relaticrship between the crcps and the
Tertilizers, non-availability of credit, lack of adequate distribution faciliti
and inadequate measures tor promotion O fertilizer use were ccnsidered to be
the factors responsible for the low level of consumption in most ccuntries of
the region, The slov growth oI the industry is due to the shortage of foreign
exchange, lack of knowhow, shortage of trained personnel and an under-develcpe
infra=structure,

The basic obstacle to the development of an integrated petrochemical
industry is the limited market in most countries of the region for the major
petrochemical products, such as plastics and synthetic resins, nonecellulosie
man-made fibres and synthetic rubbers.

Although India, Iran and Pskistan are actually to establish petrochemicel
complexes in their countries, there are at present only two countries in the
ECAFE region, namely Japan and Australia, whieh have developed a petrochemieal
industry,

The major problem faced by these two countries is the keen competition free
overseas suppliers which have solid advantages of size, technology, sccess to
cheap raw materials, and highly efficient financisl and organizationsl structur:

In Australia, with the elimination of import licensing, the local chemieal
industry, including the petrochemical industry, became wulnerable tc dumping by
averseas suppliers., Japan, which hes attained internatiomal level in the
petrochemical industry, has its own problems. The small size of produetion und
and the high price of naphtha, which is the basic material for the petrochemical
industry in Japan, were listed as rajor problems. For exanple, the capacity of
Japan's maximum unit of ethylene in 196k was 120,0€0 tons per yeur, as sgainst
2%0,0CC tons in the United States, 200,00C tons in the Upited Kingdkn, snd
150,00C tons in the Federal Republic of Germany.

Price comparison of selected petrochemical products showed that in Jepan,
in 1962, the domestic price per kilogramme of pclyethylene was about 5§ cents
compared with the imported price of about 51 cents, that of polystyrene sbout
69 cents compared with % cents, and that of SAR sbout 53 cents econpared to
about 43 cents for the imported product,

e A; neﬁ

It wes stated that the Economic Commission for Africe has been very active
iu the promotion of industries, including the chemical industry, in Afries,
Taking into account the vastness of the African continent, ECA has 4ivided the
ccntinent into four sub-regions, namely, North, West, Fast and Central, and
branch offlces of ECA have been opened in three of the atcye subsregions. 1In
this connexicn, it was mentioned that with a view to prexcting industrial
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o7 the totsl investment of 200 »illicr, 1 o willic :
‘v l'erm eof capital and capital surplus and fthe balaneo of | I IR
" per cent) was borrowed, mostly in the toerm of leans. Inocare oo,
sverage Tor manufacturing industries in Jupun wag 3D rer conv oo i
rer cert, Terrovings.

The financing of new ventures gtill tends teo rely heavily cnocurv i o
~+1though the relative share is declining as wmere and mere vt rually e
rescurces beceme avallatle frem the thriving pace of growtli off exictin: - nto

The Covernment of Japan enccuraged the implementation of the rivet topn
rropramme Tor petrochemicals by providing treasury funds, principally thragh tis
sjcvernment-sponsored Japan Develerment Bank. Thecugh this scurce ot tunds amceunty
-n the averape to only about 6 per cent of total investments, running us hirh
10 tc 15 per cent in individual cases, it was sufficient stimulus to brine atout
icint or co-cperative financing in the form of loans frem Tinancisl instituticos
such as the Industrial Bank of Japan, leng-Term Credit iank, ete., in cembinetion

with commercicl banks and trust benks. In addition, sizable investments wer nock

vy the Japan Life Insurance Syndicate. Althcugh the relative rcle of Government-
spcnsored funds has tended to decrease in recent years, once the initial objective
of launching the new industry was more or less achieved, this scurce of tunds is
expacted to continue to be available on a more strict selection basic.

The raising of funds in overseas capitel markets for petrochumicul develoyment
has assumed increasing importance in recent years, particularly in view of the
scmewhat tight domestic cepitel market. The growth potential ol the inductry, the
quality of the available technical resources and the world-wide scope of marketing
activities, have tended to attract foreign funds.

out of the $900 million invested in petrochemicals, $132 million was of
toreign origin, mest of which was used for facilities and fixed sssete. Actuul
foreign investment was about $50 million, representing $20 million in know-how
subscrived as capital, $10 million in cash subscriptions and 120 million in lenn
form. The structure of investment in the Japanese petrochemical inductry ic shown
in the table belcw. Joint venture comparies with foreign participants who, ar
shareholders, must hold less than 50 per cent of the voting rights, require
sovernmental approval. Separate government authorization is requiret for convert br
uncwshow into non-cash shore subscription, and as in the case of rcrmal fece and
reyalties, taxes are impcued on all such payments.

investment pattern

1111100 L
Jupenese cwned capital 180 20
Financed by Jupsan Development Bank 50 5
Non-governmental co-cperative financing 590 65
Financed by Life Insurance Syndicate 30 . b
Foreign investment 50 6

900 106




Tr. relatior o otler pasor Industries v Jupuat,, petroe! cmicald ddevelopnmen!
deperde less orn the securities murket, il.c. stocks and tends, andt relicc nuch more
(n berrvevinges.  The major stockhiclders are corporations and {inarncial institutiong
uncl o ly a few retroctemicnl companies offer stocks on tie cpen marvket.  Atcut
yoper cent of all the Lond isgsueg in the cauntry are held bty finuncial institutic
and thesge fusucs arce mainly goverrment puuranteed tends, nunicipal btends, power
and ¢ther utility bonde. Cornsequently, it tug contirued to be difficult for
peetrechenical companies to issue new bends.

[hus the tendency has teen for loang and internally generated rescurces to
rrevide the principal svurces of funds for petrcchiemicel ventures. In order to
enccurape more utilization cf internally generated rescurces, the petrochemiral
industry hag bteen allowed liberal deprecistion schedules, a fact which also reflect
the riced to depreciate the asgets relatively rapidly in view of the inherent high
rate of obsclescence of the technologies involved in petrochemicals.

2. FPatents and licences agreements

It is recognized thut the availatle technology in the petrochemical field has
been developed almost exclusively in the more industrialized ccuntries and that in
the course of implementing such industry in the developing ccuntries, this
technology will have to te transferred through one form or another of patent and
licensing agrecments.

The basis for any such agreements is the mutual recognition of the nature of
the exclusive ownersghip of a new technology and the need to guarantee the owner
that the time, money and effort invested in developing it will be protected frem

. competiticn by initiators as soon ag it beccmes putlic knowledge.

The matter of concern to all, and particularly to the recipient developing
countries, relates to assurances and measures for avoiding over-exploitation of
the almost total techuical and financial dependence of the developing ccuntries on
the transfer of an exclugive property.

In the transfer of technology bty licensing agreements, essentially two forms
of technical properties are involved. The first of thege is comrcnly referred tc
as "patent" - an inductrial property right confirmed by individual Governmente ty
deed, for a fixed numter of years, for making a product or using s process. This
right lies not in the pogsession of the scientific or technical knowledge
incorporated therein, tut in the exclusive right to use, and exclude others frem
using, that kncwledge.

The second form of property rights involves "knowehaw", "tochnicel dats” end
gimilar techmical knowledge resulting from the accumalated skills and experience
¢f the owner. ©Such rights, which have commercisl value in the sdoption of new
tecknolory, are not defired by rsoverrment deed or document ug 1o the Case cf &
patert,

Licenzing sovessente sre concerned with Jefinlne the mutunl vichts snd
eblizntivhe between the llcetwmee and Lloenarr srisiss ot «f the prepcsed Sremgler
£f iedustrisd proverty rivBte. [t mmst e orplasized that the llzenging o7 pgtent
rigblg ig determimed siviy &7 mationn | lovs 3ad Pa' these ‘wws vary free cuptey
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fhe provision of mornpelistic power cunn Jead Lo abnee ard misuec o0 oo o 0
Crivingt, patent pooding, compolsory poekace Ticelsing, which eannot Le dnstivied
the public interest. National potent laws ave divcetod ol Mhe cordbre! o cael
costrictive practices.

It seemg doubrtful that the lepal strength of patent laws in any porticulur
cuntry aflfect to any great extent the decision to obtain patents. 7lhe availavle
Inta also seem to indicate thut patent cwners rarely recert te liticaticr te
.aforce their proprietory rights. For example, in the United States, the %0
1arrest corporations were on the average involved in less than twe law suits per
~orporation during the pericd 1949-1)58. The large disparity between the number
«{ patents granted in developing countries relative to the industrialized countrices,
can nrotably be ascribed tc the limited econcmic gains - therc appears to be little
interest in establishing & patent portfolio in a country where there is little
likelihcod of developing technical potentials for producing or using & preduct in
the immediate future. This would be particularly applicable in thc petrochemical

'1eld with its relatively high degree of technical obsclescence.

In any case, 1t is unlikely that a patent for petrochemical preducts or
rrocesses could be advantagecusly introduced into a developing ccuntry without the
technical co-operation and collstoration, i.e. proprietary kncw-how, of the
foreign licensor. Thiz supply of know-how, particularly with reference to
developing countriesg, could cover not only the establishment of the plant and
putting it cn the stream, tut alsc assist in the operation in the initial years in
the form of management contracts. The tendency to participate in licensing
arrangements covering both the patent and the know-how is prevalent in the
petrochemical industry in the industrialized countries. These may often include
crogs licensing involving third parties, thereby enabling the most up-to-date
research and development efforts of competing organizations to be employed within
1 reasonably short time. Petrochemical technology is subject to rapid changes
and there sre pressures on the owners of proprietary knowledge to exploit this
promptly, or else face the possibility of the process being outmoded and replaced
ty newer ones. '

Althcugh there may be wide variations in the actual formet of a licence
arreement, there are certain provisions that appear tc be common. Thege include:

(3) UDefiniticn of processes, patent rights snd proprietary knowledge;

(b) Exclusive or non-exclusive nature of licence;

(¢) Provisions for exchange of technical informstion;

(4) secrecy;

Qg} Time factor;

1) Poysities snd compensaticns;

fg} Imginsering servites ard assiztence; ’
k) ‘warwetess, varrspties, 1istilities and pensitles:
'3} mtttties,
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T the acoerorent wag evaolaation ~f rrencietsry teernios . rree sae., o
Licencee [rem the develeping cecuntry cheuld cttemrt an svaluation in terms of
~anivel investment, cperating roquirenents, rreduct especiflestion, reyslty and
conpensuticon, ctutug of precess develepment, cermercial aprlication, rrier re-ood
ol licensor, gervicers cifered, ete.

the foullowing case wus precented ag an illustration:

At the end of 1403, & United States ccmpany licenged a Japsnese ranufacturer
to uce the former's highepressure polyethylene process, The agreement, =ssentially
technical, is exclusive in character and is scheduled t¢ last for a pericd of
ten years. The mede of payment is as follows: the licengor is to recelve a fixed
licensing fee . (600,000 plus sn engineering fee of 5250,000; in sdditien, the
company is to enjoy a continuing royalty of 2.5 per cent of sales on the first
15,000 tens scld, 2 per cent on the next 10,000, 1.75 per cent on the next 25,000
and 1l.) per cent on any amount sold over 50,000 tons. Finally, the licensee will
centribute $5250,000 annually for the next five yesrs to the licensor's regesrch
fund. Since the contract applies to a 40,000 tons/yesr plant, the three cumponents
of total payment, fixed fees [}icensing plus englneering), percentage ruyslty on
sales, and research fumd contributicn have, in this cagse, sbeut the ssme financial
weight in the coupensaticn of the licensing compeny.

The aboveedescribed cage helps to grasp one relevant cherscteristie o
licensing agreements in the petrochemicsl industry; given the fundusesntal Inpertanc
of technology in the industry, such sgreements entall sz very sizable fﬁu&ﬁ
burden on the licensee.

It was btrought to the attention of the Conference that the 4llesms facing the
developing countries in their efforts tov produce petrochemicals is comterned with
the justification of an investment declizlon snd with *he facters thet wflect the
evaluation cf a particular petrochemical project or group of projeets. It is
rencenized that the yard-gtick of commerciel proefitebility 1s often used as 2
major guideline in evalusting projects. However, 1t waz pointed cut theat in maey
develuping countries ruch a yardestick ig not the only one *hat should be taken
into seeccunt, The question is often azked whether the develogmant of a petrochesic
industry should le regarded as 3 goli-evident and intecyel part ¢f the precess ef
indugtrializaticn, wherein conventional cousts sre move or less disresarded,
particulsrly in the initlal stages of the Jevelorment of the industry, T
discussion indicated that there wers no clespscut aBawers o this preblem. Por
exsmple, o simple evalustion cn the Pasls of prejected prefits in the commercisl
senze will not take is;%aa &e%et&g proklemg of 2 ~ations]l charecter pach o8 Mi%
currency ghortages, » cyment, expioitation ¢ nabursi m; g he wpos
dvrasie ecnreTences s&iﬁh regult (rom the deveicrmelit of sl (dustery, sack 2 U
spread ef f;ifz%tzfs@; bErewedun, indnete. sl zhills, sts, U5 the oiber band,
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~ral agpects

In previous chapters 3. scecw * Bma Row. .o " T
lustries in the advanced ccuntrisg ad 4 e
such industries in the develcplag cwme cebss v e e

~tviocus that a considerable exparcior & *s g w0 o we
“’ing. To ensure that this develepmms: 4o = T
ig desirable that locatior fsctevs sswwid % o
< r¢ established.

The major factors to be corgidersd i dox
~= the following:

1. The potentisl demand, &msetis o o' ¢ = =

2. The availability of rew

5. The poesibility of utilisetiee of hppisiging

k., Merkets and distritution owntres & s &

S Pacilities for trenspoet of ren Sl &
6. Avallability of facilities swes & Wiee.

7. Prospects of expansion in the Polmss
8, Avalilability of skilled labens.

In studying the factors determizisg ¢ =
‘ , svailability of raw materisis snd et W
b, 1t is preferable to locste the plant aﬁ i@
wover, liquid petroleum feedstoek 55 whhhialiey

gnits near the principel market e SlaA

seurse, -culd be one where rew material 4 sl 4
» lerge market,

A recent tendency in the advanced ssustsriae
; tmh&ical industries near s largs
t of the product is thercby redaced sl
msm to set up units of comparskle siss = &
i% s developing country. Thiz is sc, beswuse b=
tyegen to the farmer, 1s more impustast fhae B
feulties and costs of transport dictats Wl i »
fineries with capacity of the order ef 2 si jisé iﬁﬁ
.+ §m s dispersed manner. This weuld iteell & & o
#&ilizer or ethylene productics Lrat ceuld b 4% = oW

wfiide
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resecn Lboney Lot be pesclile ter o devedorin turdries te BRI RS
syntivesie with capacities f ‘the ¢vder of 90 tena yer otoeos yor o ¥ gy
naphtba crackers Cor o about 290, 0 tens €0 ob yieow grer yomy, v b wre i
repgarded gg the cptinmum in advanced “cuntries,  ihe actusl  Loe apd 0 ot e o
tave o be decided after dravin: ap sn ocoromd s talanee e ¢ ra wies g
gegale cperation und the lewer delivers:d oceat ebtalaed By de o entpn o9t s

me of the mest Important retroc embeal predists L0 aynthetic wlaern o Ay

derand for nitrogencus fertilizers |- i{ncressin in =il curteioe,  ihers 1«
a trend in every ceuntry to make this Yagic ~ ormicul witvin *te wuntyy, *s

extent thet 1t possesses the mojor raw materic] for tie zynthegis ci sppamia,
namely, natural gas or nuphtha. e or bt these raw sBteriaie are svaliast .o
frem natural sources in o numbter ¢f develeping stuntricog, slticugh ih sume “ohbtr |
petreleum naphtha is derived frem refinerier cpersting of imperted petre lous

* crudes.

In selecting a site for a fertilizer (nclory, it is necegssry ' . ehgurse ket

water to the extent of 20, )0 gallene ver day g svalistle per daj iy we «i

nitrogen capucity. It 1. ilse necesrury fo #ee tiat an sde gt sulply ¢f wuter

will be available when tie capacity oi the unit {2 doutled, er t wbl-d, tF *lms.

If the steam reforming process iz used for the preduction of gyttiesls gme ioy
oo ammonia, the requirement of pewer frem an externsl source le ot jarge. TEe use
: of electrolytic hydrogen may te avoided in smmonls syntBesis, ublese there st
speclial reascns for doing sc. Thiz is tecause, in the first piseoe, slsotreiytic
hydrogen is more expensive thun hydroger obtained frem other scuross. ALty »
fertilizer factory based cn clectrelytic hydrogen ties W & iarge btlook of pewer,
which ig far more valusble for other industiisl [urpcses, particulariy s e
developing country. The effluent from a fertilizer faotory using hydreosrben
feedstocks containe materials thet are harmful tc hmae amd ostile hesith. auck
effluents must, therefor¢, bte rendered harmless by titlegionl or cther tresteest
beforc they are discharged into u river stresm cor an eatuary.

Satisfuctory provision for water smnd offluent dispcasl iz therefvre sgsemtial
ir selecting a site for u fertilizer factory: the relative ocet of transport of
raw materials or finished products weuld te the cther imgortsat facter that wewld
have tc i~ taken into acecunt.

Ameng other petrochemicals, plastics, synthetis rubber and syuthetic fibtres
are the mest important for develcping ccuntries. In many of thege otuntris: seme
demand for plagtics already exists. It is posaftle that suck demsnd weuld incresas
coneiderably if local producticn wes aveilable, particulsrly is ccuntries where,
for instence, packing uaterials such as papertourd snd tin<plate sre not swnilstie
locally. The three main plastics: polyethylene, P and polyetyrene, riguire
ethylene for their pro@uction. At the prosent time, unite for the pre@uction of
thege plastics have been set up in sor. developing countries, with oapacity as low
as 5,000 tons a year. However, the e hylene ia generally cbtuined frem alovke}
or other raw material rather then frem a petrochemical scurce. If sthylens Lg
derived from . petroleum source, it is nwch cheaper, partisularly in the *sgc of
large-scale production. Some developing countries aight find it profitabie t¢ make
reciproeal arrangements vhereby only one plastic ls preduced in each country b
supply all others taking part in the sgreement. Whepever a aracking plart 14 set
up for production of ethylene from petroleum feedstocks, propylene, as weli %2
higher olefins, are produced at the same time, and where the sncunt ¢l propylene
availutle is substuntial and smmonis is ulsc availatle in the sare loeation,
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It was slac .tated that since the preduetion I ptnils dees not renlly provide
¥ it ﬁrr s large propertion of gages that are flared today in the dile Ingt
{ ;«:g%;; Frien, seme fther gelutles sust be fogpd for the utiliontlen of b
ez, e such selution weuld Pe to use them to produee power at kv cost srod
¥ ¢ ugs the rower for energy-intencive jndustriee.

Ancther suggestion for establishing a petrochemical imdustry wae mude with

reppett to onrbon black. Chuniel type carbon black i@ a product which requires :

ze volumes of methane. DBecwuse of the wasteful use ¢f methane in the rreduction
U omrbon bleck, as well sp constantly rising prices of nuturel gse in the nited
“tatee, offorts wr+ being made t¢ substitute furnece bluck for carbton black. The
“lured gepes culd then te used for the production of channel black for export to
~ther otuntries. Another possibility srizes frem the fact that in large refineries,
uoh s Abaden in Ires, it is poacible %0 recover sufflcient smounts of cexylene
xs well ag Lsvpentens from the reiinery to Jjustify the preduction of atout
1,000 tohs per yeur ¢ polyisoprene symthetic rubber. It woeuld probably be more
refitable to estaklish petrochemion) industries based on such raw meterisls in
ke first inctence, rather then to consider the use of the methane fraction of
Vimred guses.
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ANNEXES

ANNEX I
PRCGRAMME OF THE CONFERENCE

Mond 16 November 1964
10.0¢ Cpening of the Conference

l. Conference declared open by ifr, S, Lurié, United Nations,
Director of the Conference,

2e Message from His Imperial Majesty, Mohammad Reza Shah Pahlavi,

3+ Opening address by His Excellency the Frime Minister of Iran,
Mr, Hessam Ali Mansour.

4, Election of the Chairmen of the Conference,
D¢ Address by the Chairman of the Conference, Dr. M, Eghbal.

te Message from Dr. Vietor Hoo, United Nations Commissioner for
Technical Assistance,

Te Message from Mr., I.H. Abdel-Rehmen, United Netions Commissioner
for Industrial Development, :

8. Address by Mr. S. Lurié, United Nations, Director of the Conference,

12,30 Adjournment

Conference Chairmen: Dr. M, Eghbal, Iran

Discussion Leader: Se Teitel, United Nations Centre for
- Industrial Development

- Opening remarks
Rapporteur: Paulo Vieira Belotti, Brazil

115, ‘eneral Characteristics of Petrochemical Centre for Industrisl

industries and Factors Conditioning Development
their Development
B5. Petrochemical Industries = Section I Prepared for the United

Nations Centre fur Indvstrial
Development by the Institut

Frangais du Pétrole




33« Problems of Technology and Obsclescence Re iLandau
in Petrochemical Industries for Haleen Imternational Irae.
Peveloping Countries

Information Paper:

109, Petrochemical Developments JeWe Wouvlooel
Imperial Chemical
Industries Ltd,

Discussion

18,¢0 Adjournr.:nt
Tuesday, 17 November 196k

kem : of petrochemical products
Chairman: Ahmed Abdul-Rahmen Rifai, Kuwait

Discussion Leader: R, Abu El-Haj, United Nations Contre
' o for Industrial Development

' « Opening remarks
Rapporteur: Doddridge Henry Alleyne, Trinided and Tobago

Workl ers:
PET /CONF o
0. Recent Trends in Produection, United Hatiors Centre for
Consumption, Trade and End. - Industrial Development
Uses in Selected Petrochemical
Products
107. The Role of the Domestic Market United Nations Centre for

in the Development of Petroe Injustriel Development
chenical Industries and the : :

Need for Exports in relation to

Economies of Scale :

11, Recent Trende in the World - Pells Peungartner, P.L, Richards
Petrochemical Industry . Esso Chemical Company Inc,

10. Market Research « Essential to Fo0s Kaupp, ReFe Neu
Petrochemical Development Esso Chemical Company Inc,

49, Synthetic Substitutes of Natural D.M, Trivedi
Materials through Petroleum Synthetics nnd Chemicals Ltd,
Feedstocks

Digcussion

12.% Adjournment

154C0

Iten III, Recent trends in research and technolopy in the
petrochemical industry

Chairman: Ranjit Rai Pahl, India
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18,00

9.CC

Discussion Leader: Ne Beredjick, United Nations Centre for
Industrial Cevelopment

- Opening remarks

Repporteur: Abdul Rahman, Pakistan
Working Papers:
PET;E%COKF.
€0, Recent Prends in Research and N. Beredjick, United Netions
Development in the Petrochemical Centre for Industrisl Development
Industry
7« Recent Trends in Petrochemical Harcld Hart
Research and Devclopment Michigan State University
39, Recent Trends of Petryochemistry G. Natta, G. Crespi
in the Macromolecular Field Industrial Chemistry Institute
Solytechnic Institute of Milan
87, New Trends in Research and V.A. Khodakhovekaia
Development of the USSR Specialist on the Petrochemical
Petrochemical Industry Incustry
18, The Biosynthesis of Proteins Alfred Champagnat
from Petroleum Société Internationale de
, Recherches BP
1%, Training of Manpover "~ AeE. laurence
UNESCO
Information Paper: :
82, mtrﬂﬁiﬂﬂdstrg and Polymer Sels htlﬂ, H.Fe Mark
Production Folytechnic Institute of Brooklyn
Discussion

9& nt Yojno Dizdar, Yugealsﬁa
Discussion Leader:  Harold Hart, United Nations Consultant

- Opening remarks

Rapporteur: Mehmet Hayrettin Bezmen, Turkey
Working Papers:
PET/CHEM/CONF.,
33, Netural Gas as a Raw Material F.B. Korsmeyer
for Petrochemicals Mobil Chemical Company

10" -




19.

L1,

15.

5

119.

Petrochemicals from Natural Gas
- the lacq Experience

Use of Natural Gas and Natural
Gas Petrochemical Feedstock

Naphtha lteam Cracking and
Utilization of Prcducts

Production of Basie Petrochemicals
from Heavy Oils via the Herjl
Process

The Economics of Coal-Chemistry
vss Petrochemistry

Information M ers

126,

Utilization of Natural Gas in
Petrochemieal and Other Industries

Naturasl Gas in Kuwait and its
Qﬁl:ksatiog

asewsion

15,00 Working Papers (continued):

86.

3.

91.

De

ill.

35.

Basie Products or Firste
Generation Petrochemicals
(1.F.P. Section 1I, Chapters I,
11, 111, IV.1 to IV.h,3)

Modern Methods for the Production
of Paraffins, Olefins and
Arometics

Application of Advanced
Technology to Developing
Countries for Basic
Petrochemical Intermedintes

Ecoromics of Olefin and Diolefin
Production

Production of Ethylenic
Hydrocarbons by Cyclic Cracking

Technicsl and Economic Changes
in Etlylene Manufacture

Infornation Paper:

103.

Olefins vs. Acetylene -
Competitive Raw Meterisls for
the Petrochemical Industries in
Developing Countriec

2107

Plerre ii. Husso 1
Soeiété Nationole des Petrode.
d'Aquitaine

BeLe Bates, Reus PRoatriht
Pbillips Petroleum (o,

Se Hayashi und Y. Hirakawn
Nippon Petrocheéhicals (o, Ltd.

A R, Johnsun, C.'!s Ehrlich
Hydrocarbon Research lnc,

Eslle Nagelstein
United Nationg peecial Fund

United Hations Centre for
Industrial Development

Felsnl Mazidi
Kuwait Chemical Fertilizer Co.

Prepared for the United Hationo
Centre for Industrial Development
by the Institut Frangais du
Pétrole

KQRO Bisenlohr
Lurgl Geselluchaft fiir
Mineralblteknik wbH

HeRe Chawk, LeLe Caldwell
The Lummus Compeny

ReGs Craig, L.Ce Doelp,
A«Ke Lopwinuk
Houdry Process nnd Chenical Co,

A+ Roche
Office Nationanl Tndustriel de
1tAzote

P. Ereber
Bataafse Internaticnale Chemie Mi],
N.V. (Royal Duteh/Shell Group)

DeFs Othmer

Polytechnic Institute o krocorlyn




1640

9600

Discuscion

Adjournment

Thursday, 19 November 196k

Item IV-1, Rav materislc and basic intermediates (continued)

Chairman: Mustapha Tala, Moroeco

Discussion Leader: A, Brodowski, United Nations Consultant
- Opening remarks

Rapporteur: Fernando Sanchez, Mexico

Working Papers:
PET/CHEM/CONF.

28, Aromaties: Better to Import or  J.V. Andrews, R.E. Conser

to Produce Universal 0il Products
6, Benzenc by Hydrodealkylation ReGs Craig, L.C, Ioelp,
using ihe Petol Process AK. Logwinuk \
Houdry Process and Chemical Coe
€9 Production of Arcmatics from Ieaburo Watanabo
Petroleum ln Japan Japan Casoline Co, Ltd,

89. Optimum Combination of Petroleum R.G. lsmailov :
Refining and Petroleun Chemistry Azerbaljan Acedeny of Seiences

Processes
112, Hydrocarbous Steam Reforming in M. Roche ’
Tubes, for Production of Office National Industriel ds
Cynthesis Gas or Hydrogen 1'Azote
125. Natural anu Synthetic Alechol as M. Magnat
Competitive Raw Materials (an Groupe Centrale de Dyaamite
examplc of a Low Capacity Outlet) NobeleBozel
L, GSelected Processes for the H. Sinkeen, BASF
Produetion of Basic Chemicals and H.K. Kamptner, Farbwerke Hoescht
Intermediates from Petrol:aum JoPs Pelizaeus, Bayer
Hydrocarbons SeAoHe Wett.r, Chemische Werhe Hils
We Munde, Verbend der Chemischeu
| Industrie
Diseussion
Adjournment

- No Afterncon Session
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940

12,0
15,00

Saturday, -1 November 1904

Item IV-c, Nitrogenous fertilizers

Chairman:
Discusgion Leader:

- Opening remarks

Rapporteur:

i&arm% Papers:
PET/CHEM/CONF,

86, MNitrogen Fertilizers
(ICFQPO Section II, Chap, Vi?)

93 Ammonis Manufacture from
Petroleum Feedstocks

¥le NRitrogencus Fertilizers as
a Petrochemical Operation

3 Economics of Ammonia Pyoduction
in the Developing Countries

don Paper:

'&3. Processes for the Production
of Concentrated Fertilizers

%i@iﬁﬁi?ﬂ

Working Popers (continued):

102, Plant Size, Location and Time
Phasing - The Nitrogaious
Fertilizer Industry

56, Recont Trends of Amonia
Industry in Japan

Realization of Fertilizer

Produetion in a Developing
Country

63

T5. Natura) Gas Reserves in Mexicc
as & Factor of the Zocisl and

Carlos Vanrell, Uruguay
Alan C. Manne, United Nations Consultant

Ion Ghejan, Romania

Prepared for the United Natioas
Centre for Industrial Development
by the Institut Frangals du
Pétrole

As de Picciotto, DeCs Oweeney Jr.
Arthur D. Little, Inc,

Relde Ee&d, CQ&Q Slean *
Girdler Corporation

Se Strelzoft
Chemical Construction Corpe

Hﬂ Banthien
Hioechst=Uhde Internutional Gmbil

P.is Radha Krishnan,

Perspective Planning Division

T.V:Se Raima Mohan Raa,

Indian Statistical Institute

Alan 5s Manne, »

MeI.Te Centre for International
Studles

3¢ Kodama
Sumitone Chemical Co, Ltd,

Je Ayllon V., J, Oterc Re
Y.F.FuBe Lo 1mz

L.Cs Axelrcd, L.,E, Postwick,
B.G. M2ndelil.

The MeVie Kelliogg Company

Petrélecs Mexicanos

Economic Development of the Country

by nseans of Nitrogenous Compounds
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Intormation Papers:

5C.

Nitrogenous Fertilizers based on
Hatural Gas. (OT/ECA/T5 - Cales
Ho. £3,11.B.3)

Technical and Economic Aspects of
the Fertilizer Industry in
Pakistan

United Nations Centre for
Industrial D:velopment

Y.N. Kanaan
Chemical Engineer

Discucsicn .
18,00 Adjournment
Sund 22_November 106k
920 1tem IV-3, Plastic materials
Chairman: Ranjit Pei Bahl, India
Discussion Leadey: N. Beredjick, United Nations Centre for
' Industrial Development
= Opening cemarks
15152 Juan Tempier, Chile
86. Polyethylene and other Polys Prepsred for the United Nations
olefins, FVC and other Vinyl Centre for Industrial Development
Folymers - Polystyrene (I,F.P, by the Institut Frangais du
Section II, Chapterss III.1, V.1 Pétrole
to Vcloicﬁ’ VI.1l. to VIO‘FQQ)
20, Low Density Polyethylene « K+E:s Cusslett
The VWorld Market U.S: Industrial Chemicals Co.
53 Mono and Polyvinyl Chlcride ReAs Brown, H.As Huckins
| Scientific Design C3. Inc.
97. New Vinyl Chloride Process S. Gomi
Kureha Chemical Industry Co. Ltd.
17. Otyrene Resins for Petrochemical P, Sherwood
Growth R.G. Edmonds, The Badger Company
58+ Acrylonitrile-Butadiene-Styrene  T,E. Roney |
Copolymers Marbon Chemical Co.
Division of Borg Warner Corp,
14, Refining and Petrochemical Jerry G. Jenkins
Production by the Cosden 0il Cosden Qil and Chemica) Company
and Chemieal Company
Discuscsion
12,20 Adjouirnment

~-112-




15.0C Vorking Papers (continued):

34, Nylon

59 Growth of Plastics in
Developing Countries

8l. Plastics “rog ess

ko, Plastics as Construction
Materials for Developing
Countries

Information Paper:

88, Appl;cat.iéhs of Petrochemical
Based Flastics in Developing
Countries

L i

agsion der:

Lewis Iy Hatel
University o1 oxac

Bel'e Garud, oK, subbaroyan,

Pes Vachani

Pelhi Cloth and General Mills
CC). Ltdo

JeMe Goppel

Shell Internatio.al Regsearch
MLj, N.V.

Arthur P, Lien

Battelle Memorial In:titute

A. Griff
Edicon Technical Services Inc,

Ranjit Rel Bahl, India
Nicky Beredjick, United Nation- centre

for Industrial Development

86, Synthetic Rubbers: SBR, Butyle
Rubber, Ltereo-Rubbers: Polys
isoprene, Polybutadiene
(IOFﬁP‘ Section IIj Chapters:
IIX.3, V.3 to V.3.2.E)

52+ The Newer Synthetic Rubbers

Informetion Paper:

Tl Synthetic Rubber « as related to
Petrochemical Production in
Developing Countries

Diszussion

18,00 Ad journment '

Edno Oliveire Maia Branddo, Brazil

Prepared for the United Nations
Centre for Industrial Development
by the Institut Frangais du
Pétrole

Tuhin K. Roy
Seientific Design Co.

L.F, Othmer
Polytechnic Institute uf Brooklyn

Yondey, 23 November 156k

9.C0 1Iten IV=-5,

Chairman:

Synthetic {ibres

-11%-
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Discussion Leader: Levis F. Hatch, University of Tevas

- Opening remarks

Rapporteur: Lim Ho-Pheng, Malaysia

Ylorking Papers:

PET/CHEM/CONF.

86. Cynthetic Fibrec: Nylon, Prepared by the United Nations
Acrylics, Polyesters (I.F.P, Centre for Industrial Development
Section 11, Chapters: III.Z2., by the Institut Frangais du
Ve2 to V.2a500) Pétrole

13. The Production of Synthetic P. Seifert
Fibres on a Petrochemical Basis Inventa AG

57 Polyester Synthetic Fibre David Brown

Materisls for Developing Countries Hslcon Internstional Ine,

113, Contribution to the Manufacture Antar « Pétroles de 1l'Atlantique
of Polyester Fibres

27« From Crude 0il to Synthetic D, Natus
Fibres with special consideration Lurgi Gesellschaft flr Mineral¥ls
of Process Sequence for Polyester technik mbH
Type Fibres

* &b, Development of a Synthetic Fibre F, Thormann
Industry, zs for exsmple Nylone5, HoechsteUhde International. GmbH
in Developing Countries

Discussion

12,20 Adjournment

15,00 Working Pipers (con:inued):

A%, Synthetic Fibres of Polyamides Je Laub
Bane J, Zimmer AG

16, Methods for the Preparation of LeJ. Revallier
Caprolactam and the Synthesis of Central Laboratory of Staatsmijnen
Lysine from Caprolactam

51, Acrylic Fibres Y. Tsunoda :

L3, Experiences Acquired during a Maiio Geldn-Gémeg
S“udy for an Acrylonitrile Plant Empresa Colombisna de Petrdleos
(Ecopetrol)

Discus.ion

Item IV=6, Selected end-products
Chairman: Vojno Dizdar, Yugoslavia
Discussion Leader: ;ePs Lien, Battelle Memorial Instiiute

- Opening remarks

Rapperteur: Isca Iorahim Habbash, Saudi Arsbisa
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Yorking Fapers:

06s. Sulvhur Production Prepared tor the United “intion.
(I.F.P, Section II, Chapter 1V.8) Centre for Industrial ievel ot
: by the Tnstitut Frangaic du
Pétrole
83, Pei.roleum = A Major Source of Gino P. Giusti
Sulphur Texas Gulf Sulpiur Cu,
86 Carbon Black Production Prepared for the United Nutions

(I+FeP. Section II, Chapter 1IV.7) Centre for Industrial Devel. pmeut
by the Institut Franguis du

Pétrole
36. Carbon klack Production in CeAs Poluchi, CeA. Stokes,
Developing Countries KeAs Burgecs

Columbian Carbon Company
86+ Detergents (I,F.Ps Section II, Prepared for the United Na‘tions

Chapters III.b; V.k to V.4.%.0) Centre for Industrial Development
by the Institut Francais du
Pétrole
86, Methanol Production Prepared for the United Nations

(I.F.P. Secuion II, Chapter IV.6)  Centre for Inductrisl Developument
by the Institut Francais du
Pétrole

1k, Contribution of Petrochemistry to A. Charlet
Protection of Cultivated Lands Société Progil

Information Paper:

9. Multipurpose Reactor for the John B, Srroull
Froduction of Selected Petro- Wica Chemicals Ine,
chemical Intermediates and
End-Products

Discussion

18,0 Adjournment

orth ca end Middle Easti
Chairmen: Ahmed Abdule-Rahman Rifai, Kuwait
Discuseion Leader: HoK. Nieuwenhuis, United Nations Consultant

« Cpening reuarks

Raprorteur: Abdul Aziz Shnaber, Saudi Arabia
Working Papers:

PET?CHI&QCONF.

121, Libya B. Mangush
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127, borceeo Mustapha Tala

128, United arab Republic Mohamed El-Halfawy
129, Caudi Arabia Issa I, Habbash
78+ Syrie . Yassine Tabaa, Hicham El-Aass
Chairmen: Mustapha Tela, Moroceo
Diséussion Leader: N.P, Fedorenko, United Nations Consultant
Rapporteur: Rossane Gattoni-Celll, Economic Commission for Europe

Wnrking Papers:

17, Turkey Heyrettin Bezmen

110, Israel J.Cs LSbel, B, Toren

92. Yugoslavia V. Dizdar, C. Jenic, K. Mirkov
61, USSR NoPe Fedorenko

3. Poland K¢ laidler
130, Ronania I, Marinescu

Societd Edison
Key Tool of Economic Development,
A Cese History: Southern Italy

Discussion
12,30 Adjournment )

15,00 Asia and Far Fast
Chai rman: Carlos Vanrell, Uruguay

Discussion Leader: A«Gys Menon, Economic Commission for
) ‘ ' Asis and the Fer East

Rapporteur: U Tin Maung Aye, Burma

48, Burma ¥ Tin Maung Aye, U Kyaw Sein

.66, China (Taiwan) Te-Lin Yu, Shu-Hsun Ting
131s India Ranjit Rai Bahl
120, Indonesia . Sukasimir
116, 1Iran National Iranian 0il Co,

(2, Malaysia Lim Ho-Pheng

55 Pakistan SeAs Momen

2e Development of Petroleun~Based H.C., Bijawat

Crganic Chemicals in Irdia Union Carbvide India Ltd,

132s Tevel . prent of Japan's Hidec Addchi, Hisotosh! Yonaga

Petrochenical Industry
-116-




13.C0

9.C0

Discussig&
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ANNEX IV

VEGCAGES AND ADLRESSES

1. lessare from His Imperial iajesty, llohammad Reza shah Pahlavi

(Read by His Excellency Ghods Nakhai, Minister of the Imperial Court)

For quite a number of years ve have been looking forward to the day when the
development ¢f petrochemical industries would receive the attention it deserved
in the developing countries, It was, therefore, vith great enthusiasm that our
Covernment extended its whole-hearted lnvitaticn to the United Nations to convene
in our capital the first Inter-Regional Conference on the Development of
Petrochemicsl Industries in Developing Countries. It is, indeed, a great
privilege for my country to act as your host, and I take pleasure in extending
our warmest welcome to such a distinguished group of government officials, experts
and industry leaders, coming from all over the globe,

In a way it may be considered natural that this first Petrochemical Conference
should be held in Iran. My country is not only among the oldest oil producing
countries in the modern world, but also its assoclation with the use of petroleum
for various purposes is as old as its civilization.

Petrochemical industries have made phenomenal strides in industrialized
countries during the postewar era, Perhaps no other industry has experienced
such rapid scientific discoveries and technological innovations as petrochemicals,
New processes are being introduced continually, muking it possible to manufacture
new products vhich now literally number in thousands. These products which meet
{nnumerable needs have, to a great extent, redeemed the scarcity of traditional
rav materials, opening nev vistas for the welfare and prosperity of men.

So far, the developing countries have had & very meagre share in the growth
of petrochemical industries, although many of them are endowed with great
rezources for their development, No doubt, the establistment of petrochemical
industries in these countries has been hampered by the scarcity of capital eand
technical knowehow as well as their limited markets,

This conference provides the opportunity to identify the problems and seek
suitable and practical veys and means for their solution. It 1is indeed obvious
that sporadic efforts here and there are of little avail, The potentials for
the development of these industries in the developing countries are so enormous
that concerted effort is required to obtain optimum results. I em sure your
deliberations will contribute to the fulfilment of this long-felt necessity and
I wish you all che best of success,
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e Cpening Address by His Ixcellency Mre Hassan All luansour, brice Sivister 1 Lvo

Your [xcellencies, Ladies and Gentlemen,

It gives me great pleasure to welcome you to this United Belions loter-
Regicnal Conference on the Development of Petrochemical Irdustrics in Pevelopine
Countries. The rapid development of petrochemicals, which I ne ot the
distinguishing marks of the modcrn age, has led to petrochemical products
establishing themselves within a remarkably short pericd of tine as nececsitics
of every-day life, and has opened up new and great possibilities l'or the tuture.
This development, however, has tesken place mainly in the induslrialized countrices,
and the progress of the developing countries in this field has bLeen hampered by
many adverse factors and consequently has not been ac rapid as ve could have viched,

This Conference, as well as the ECAFE Natural Gas Seminar which is to follow
immediately aftervards in Teheran, afiords an excellent opportunity to examine
various aspects of this situation in order to provide certain juidelincc whereby
the developing countries will in future be enabled to achieve faster propress in
this fielde Ve in Iran have a special interest in the question of petrochemical
development on account of our enormous under-utilized reservec of natural pas -
amongst the world's largest - as vell as of the existence of huge petroleum
reserves and an advanced oil industry. The Government has, therefore, devoted
particular attention to the development of petrochemicals, has given it high
priority in the development plans, and has allocated to it substantial sums of
money.

We feel ihat there are great opportunities in Iran for the establishment of &
petrochemical and in particular & fertilizer industry. Here in this country are
sbundant and cheap supplies of natural gas conveniently located between the Far
East, Africa and Europe, and close to the scaboard; here also is a soeicty In which
structural changes, land reform measures and other reforms recently initiated by
His Imperial Majesty the Shah, have paved the way towards facter economic grovth
end mase consumption. In this improved environment there is btound to ke a heulthy
parket for petrochemical products, particularly fertilizers. Thus there is ample
scope for a petrochemical industry besed both on the home market ard on exporte
The establishment of such an industry in Iran, and indecd in wther countries
similarly situated and possessing ample undere-utilized reserves of natural pgas,
will not only render possible the explolitation of great netural resources now belng
wasted and bring great benefitc to the peoples of such countries; it will aluo
benefit other peoples of the world, helping them to raise their agricultural output
and their stendard of living generally., It will also lead to preater interdependence
between the suppliers of capital, the providers of raw materials and ihe consumerss,
The more such links that we can forge, the nearer ve shall be to world pesace.

An economic survey recently conducted in Asia and the Far bast irdicates that
the annual increase in food production in the area has been Cl.5 per cent, compared
with an annual growth of population of 2.4 per cent, and that per capita food
production in 156k barely equals the 1934 to 1935 level in this part of the worlu.
In our vorld of continually rising expectations, this is indecd & sorry state of
affairs, end its rectification is a great challenge tu our energy and initiative,
The increase in output of artificisl fertilizers affords one of the hest hopes of
repidly increasing the living standards of the developing countries, and of
attaining one of the United Naticns prime nbjectives = Freedocm from Hunger, Lueh

-131"




a development would also play its part in bringing sbout greater political
stability and lmproved prospects for a secure ard lasting peace. A hungry wcrld
is indeed o very unsatfe worlde.

Your [xcellencies, Ladies and Gentlemen, a large number of the moot eminent
experts in the field of petrochenicals are assembled here todey, end T am confident
that their discus-ions will lead to conclusions of the highest importance for our
economic welfare., It 1c my earnest hope that we shall all leave this Conference
richer in knowledge and inspired by new ideas that vill bear abundant fruit.

I wish you all success, and a happy and enjoyuble stay in Iran.




b1 Address bty His Excellercy Dre Manouchebr iphial, viadria: 1 tre " nrerencd

(Chairman and Maraging Directcr of the National Tranian 4l Coupany and
Leader of the Iranien Delegation)

Excellencies, Ladies and Gentlemen,

Vay I express my thanks at nmy election as Chairuan of this Conference, and
ny pleasure at having the honour to welcome you to Iran,

All over the world the developing countries are embarking upon a programme
of action to accelerate their rates of economic growth in ansver to the
legitimate aspirations of their peoples. This effort manifests itselr especially
in the domein of industrialization, In this respect, the petrochemical industries
can contribute a great deal to the growth of industrial potential and national
income. In fact, not only has important progress been achieved in the seientific
and technical aspects of the petrochemical industry, but alsu the increase in
derand and volume of productions have been such that they can only be described us
spectacular, The extraordinarily rapid development of the industry in recent yenrs
has, to some extent, compensated for the shortage of traditional rav materials,
Nowadays it is difficult to find an aspect of wodern life where petrochemical
products are not used directly or indirectly, and their importance as finished
or semi-finished products increasingly manifests itself in all sectors of the

econony.

Nevertheless, the development of the petrochemical industry in the developing
countries has not been as swift as in the industrialized nations, The purpose of
thi 3 Conference, corvened under the auspices of the United Nations, 1s precisely
to create s medium for the exchange of views on hcw to accelerate the development
of this industry in the developing countries,

In Iran, under the guidance »f His Imperial Majesty the Uhah, the development
progremme for the petrochemical indust-i~s has received pricrity, and varicus
projects are being studied or implemented on the basis of such favourable factors
as the presence of considerable reserves cf gas and the ex.stence >f u highly
advanced petrcleum industry., In order to centralize all effortc made in this
direction, the National Iranian 0il Company is about to create a National
Petrochemical Ccmpany. This company will implement all future projects snd will
co-ordinate all efforts in the private and public sector.

1 hope that in the course of our deliberations, the Iranian delegation will
heve the opportunity to present to you some of the existing problems on the
subject, and that it will profit from the exchange of views and the vast experience
of the participants of this Conference.

Excellencies, Ladies and Gentlemen,

Most of the countries represented in this gathering have consliderable
resources which could serve as & basis for the establishment of new petroctemlcal
industries. To achieve this objective, individual efforts on the basis ~{ national
planning are not adequate, What is needed is closer cu-operaticn between developing
and industrialized countries on the exchange of seientific and technical duta,
research, the preparation and implementation of projects, marketing ~f pr.ducts
and prcgrammes of investment. At the same time, regional cr aultilaternl
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er1latorati on in terms of specialization in certain industries and subedivision
f the work involved anong the developing countries can also be considered, By
the establishment »f large petrochenical projects duplication cl efforts may be

nvoided,
kExcellencies, Ladies and Gentlemen,

I hope that the work »f this Conference will efficiently contribute to the
uaderstanding of »ur common problems and will achieve tangible results for the

economic development .f our countries,
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L, Message from Dr, Victor Hoo, United Netions Commissiner 1ir
Technical Assistance

On the opening day of your Conference on the Develcpuerti 1 Fetrochenical
Industries in Teveloping Countries orgarized by the United Hatione in co=operntion
with the Government of Iran, I wish to convey to you my greetlns and expres. ur
gratitude to the Government of Iran and its officials for thelr eftrorts uand
their hospitality.

Several United Nations bodies, especially the Technical Assistavce Conmittee
and the Econcmic and Social Council, in corsidering the provision of technical
assistance to developing countries, singled out industrial development as
deserving a particular emphasise Petrochemical industries are stratepsic to this
development, We therefore are happy +that this Conference takes place under the
auspices of the United Nations. It is yet another of many examples I true
international co-operation of which we in the United Nations who are asscclated
with technical assistance programmes are proud. The internaticnal character of
the Conference is reflected in the participation in it of mcre than thirty
countrics coming from four continents of the world., The United Nations Cecretariat,
both from Headquarters and from the Reglonal Economic Commissions, UNELCO, the
Special Fund and the World Benk are responsible for a number of studies and pupers
prepared to assist you in your work. The several consultants serving the
Conference came from different parts of tne world. Finally, a great number of
Governments, through arother form of international co-cperation, namely
contributions made towards United Nations Technical Assistance, made the holding
of this Conference possible,

In the course of your deliberations, you will study meny anopects of the
petrochemical industry. The question of research and technclogy, location factors,
financiel and legal aspects, the question of the demand and supply 1 petrochemical
products and many others, The developing countries, whether they have their own
petroleum and natural gas resources or have only petroleum ref’rneries, all face
an important problem of finding practical ways for expanding, cr establinhing ard
running viable petrochcaical complexes as & part of their industrial developuente
I em confident that this exchange of experience and information among the developing
countries and with the drveloped countries will be of great value to all the less
advanced countries in finding & proper solution to many economic and technical
aspects of this question,

We in the United Nations wish you a successful and productive Conference.
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e Ceoomre croa Mre LoH. AbdeleRahuarn, United Nations Commissioner for
Irductrinl Dovel pment

Y ur bxcellencies, jir. Chalrman, Ladies and Gentlemen,

The rolding of & cornference on the development of the petrochemical industry
i1, the developing countries ic a [urther manifestation of the accelerating tewpo
which hag marked in recent yeurs the efforts of the United Nations in the field
£ economic development. It is in line with the drive of the less developed
nations to promote and accelerate by every meens their industrial development.
Thic drive has been ret'lected in the programme of action of the United Nations
Levelopment Decade, in which industrial development has been singled out as one
nt the areas of highest priority.

The hopes of the peoples of the less developed areas of the world for a
better life concistent with the possibilities of today's technology are based in
many countries on the creation cf & modern and efficient industrial sector, With
this in mind, the United Nations organs have devoted considerable attention in
recent years to the need to strengthen and enlarge the Organization's activities
in the rield of industrial development, The Economic and Social Council established,
only o few years ago, & Committee for Industriel Development, one of whose major
concerns ls to promote the most effective application of modern industrial methods
of production and menagement to the estsblishment and operation of industries in
the developing countries,

The General Assembly, mindful of the need to focus attention on the problems
of industrial development, approved last year a resolution concerning the holding,
not later than 1966, of an International Symposium on Industriel Development,
preceded hy appropriaste regionel and sub-regional meetings, Ve hope that this
undertaking will afford for the first time the opportunity of a full-fledged
examination of the brosd range of questions related to the industrialization of
the less developed countries. In e sense, such broadly conceived undertakings
ns the proposed International lymposium as well as the specialized meetings such
as this Conference on the Petrochemical Trdustry are ail aimed at a further
clarification of the basic issues of industrielization with a view to a fuller
robvilization of efforts under practical programmes of action,

One ol the cutstanding problems is the need for making available to the
developing courtries the fruits of sclentific and technological advances as a
basic tool in the struggle for development. Scientific and technological research
is still, by and large, a privilege of a small number of countries. Until
recently, it has been primarily oriented to the resource endowments and the
requirements of the already advanced countries.

It has oftern been thought that industrial development could nowadays be
telescoped by applying to the less developed countries all the existing
technologicel knovledge, But 1t cannot be denied that industry involves rore than
the technical process of production, It is therefore particulerly roteworthy that
this Conferepce i not limited to the purely technological problems, The papers
to be presented reveal, on the contrary, a high awereness of the economic and
cost aspects,

The fact nlone that a meeting such 23 this is teking place under United Nations
nuspices and thet so many distinguished speciealists have responded generously, by
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their writing and by their presence, to the call ot' the United intions, will oo
a source of great satisraction for all those concerned in the lers developed
countries with the task of accelerating industrial development.

I wish to express my deepest gratitude to the Govermment ot Iran trer haviy
so graciously offered its host facilities fur holding this Conlerence.

To all participants, may I extend my best wishes for the tullest success ot
your work,
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(. Addresc by Mr. J. Lurié, Director of the Conference

It has now becowe a truism to state that aecelerated industrializaticn is the
strategic element in the economlc development of the develuping countries. In
terms of productivity, diversification of output and income elfect, the
devel wuent of industry represcents a poverful instrument in achieving higher
standards of cocial and economic welfare among the populations of the less
developed countricc,

Arong the various industries that may come in for consideration in a
programme of industrialization, some sectors, because of their particular
technicel and economic characteristicc, the type of resources cn which they are
based and the nature of their product, are of a particularly dynemic character,
The establishment of such industries, in addition to its direct economic effects,
creates an impact area which exerts an over-all stimulating effect upon the rest
wl the economy.

The petrochemical industry is one of such dynemic industries. As could bve
seen from the figures quoted in the opening speech by the distinguished Chairman
of the Conference, Hig Excellency Dr. Manouchehr Eghval, the petrochemical
industry has been characterized by en extremely high rate of growth during recent
years. It has become a source of rapidly growing importence of a wide range cf
chemical products applied in a variety of uses, ranging from intermediate products
consumed in a great number of industries to goods in everyday use by the final
coneuner. There are now in the world sbout 1,500 plants in operation, and the
number of newiy ectablished plants is growing at a rate vhich will result in the
doubling of the existing production capacity within the next four to five years.
Most of these plants are located in the highly developed countries, while only
modest beginnings have been made in that direction by some of the developing
countries,

There are, on the other hand, many develeping countries which possess vast
resources of oil derivatives from their refineries and of natural gas, which are
sources of very low cost or even zero cost raw materials for petrochemical
industries, A valorization of those raw materials, with a viev to developing
industries producing a veriety of products for domestic consumption and exports is
becoming a major preoccupation of Governments as au important factor in the
industrialization of their couatries,

It is wvith this consideration in mind that the United Nations Centre for
Industrial Development has convened this conference, upon the recommendation of the
committee for Industrial Development of the United Nations, made at its third
session. The Conference has been convened under the programme of work ot the
Centre geared tu assisting Governments of developing countries in their efforts
to promote industrial development,

¢ can be seeu from the aide-mémoire of the Conference, the objective of
this meeting is twofold, One ig to consider the particular economic and
technologlenl aspects of the petrochemical industry from the special point of
view of the developing countrics., The second, equally important if not even more
vital, ‘bjective is to provide a torum for the discussion of policies to be
adopted by developing countries to promcte the develcpment of petrochemicel
industriec -n the basic of thelr resources,
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In dealing with the rirct arpect, the interntion i ot crely U

curvey of the technology and ceoncples 0 the potrocheniond tadutrios ol
in the hipghly inductrialized countries, but to concider snd conporeioe e
aspects trom the particular poict ot vicw ot the rojulronents g reooure
endoumente of' the develcoving countrice,  Thuz, 1Hor exemple, it ‘
various technological alternatives, cpeeial sttention 1o civen
meke possilble a lower per unit investuwent or to Lheose vhich sire becs cwaest b
the factor of cconomies of ccele vhich ic rencrally character’ tic of cnenie |

process industries., "The latter factor in particular is ot oo ool dnportane
regards the economics ol the petrochenical indu tries in the el pin conntriv.,

While many developing countriec, in tact prectically o1l counteices vepreconted
at this Conference, have abundant raw wmaterials wvhich could corve oA pednt
departure for a petrccheaical irdustry, wost 10 them are (ncing the protlon
limited domestic markets. Oince the petrochanicsl industirics are prortienlorly
sensitive to economiec of cire, these countrics are fzeed with th dilorre of
establishing either relatively cmell and uncconomic unite ory, chould toey decide
to install capacities beyond those of their warkets, unite with Llow mates of
capacity utilization, In both cascs, thic implies high cogtz of production und
low yields on the invested capital,

The ansver to this dilemme ic by no means an easy one and the diccussion
of this problem should be a wajor objective of thic Conference, In the Uirct
place, the potential size ol the domestic markets should be gauged, not in
terms of present consumption, but in the dynamic sense by taking into aecount the
future growth of demand with the expected over-all rate of growth, the develipment
of other sectors of the ecoromy ond the growth of consumer incomeo,

The past rates of growth or the past patterns of consumptiovn should be token
only as & starting point which does not necessarily prejudge the rates o1 futurc
development and in meny cases it will be well to bear in wind the well-known
adage that supply creates its own demand; the history of inducirial developuent
in meny countries has shown that the establishment of nev industries hes otten
provided a spectacular lmpulse to the growth of demand for their producti,

In the second place, there are the possibilities ot supplementing dopertic
markets by exports., The role of export markets in the irductrizlization of the
rav materials of the resource-gndowed developing countries lc apother arca of
discussion at this Conterence in which we have the oud furtunc te, hiave mgny
representatives from the petrochemical industry of the highly 8eveloped vountrics,
The latter countries possess not only the technical know-how but also extensive
merkets for the products of the petrochemicel inductries, purticulerly tho
intermediate products vhich require the cxistence of a sophisticated irductrind
structure. The technical, economic end commercial co=tperntion of nirhly
developed countries with the developing countries in the field o copmereislivation
of the latter's resources of petrochemical raw materials veuld ensple Lhe Jeveloplog
countries to esteblish viable irdustries I adequate ecoromic nizo. Bile the
progrese of industrialization in the developing countries will ensble then Lo nboors
in due course an increasing proportion of the internediate products delivered
by their petrochemical industries, in the esrlicr stegen of thelr deyel puoent
these industries will have to rely to & substantisl extent ornocxports, In thic

wey, the vicious circle of uneconomic operation end hish o oo, Yipdted o entie
markets and lack of competitiveress in outzide markets Loenune P bighooanh
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Arother vey out of the dilerma might be regicnal industrial integration
vhereby a pooling t national merketc »f a given region would provide for an
adequate economic size of production. This iipliec in turn country specialization,
each country being engaged in » line »f production which is wost appropriate to
ite endowment in recources, Instead of cach of the countries producing on its
own o wvide renge Hf products on an uncconcmic scale, regional integration would
provide for a sound poliey of inductrialization of the raw naterial resources
o1 the region.

May 1 be allowed to add, as a personal note, that having been detached for
gome time by the United Nations as Adviser to His Excellency Mr. Ali Khani,
Hinicter of Economy -1 Iran, I have been in a particularly fortunate position
to witneco the efforts vhich are being made by the Government of Iran to further
the industrial development of this country and, in particular, the development
of a national petrochemical industry based on the oil and gas resources of the
country. A number of petrochemicel projects are beirg studicd at the present
time by the Government in the context of the project of regionel economic
integration between Iran, Turkey and Pakistan, which is now being actively pursued
by the three countries concerned,

Before concluding uy statement I should like to convey, on behaif of the
United Nations and the Centre for Industrial Development, our sincere thanks to
the Government of Iran for its generous cosoperation in the organization of this
Conference, I would, in particular, like to convey our thanks to the management
and staff of the co-sponsoring organization in Iran, the National Iraniar Oil
Compeny, whose unstinting co-operation, generosity and highly efficient handling
of the arrangements for the Conference it is my duty and pleasure to acknowledge
here, I would also like to address our thanks to the members of the Iranian
Nationsl Committee and other institutions vhich collaborated in the preparation
of the Conference, May T conclude by formulating the hope that the labours of
this Conference vill contribute materially to the cause of promoting the economic
and social development of the poorer countries of the world,
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T Clisin: tatemert by His rxcellency Uro Jonouchohe 0001,
I the © nicrence -
The Petr chierndeal Conterence convened by the United Lotl oo Tac oot b
concluded,s Those of us who tock part In the neetirer durine o Inrt o0 e,

deys heave hed o unique s pportunity to exchangr, in orrocte cphove 0 omnoo, v
and cordiel discusciong, our variouc experience and teconio L oaaoviedoo volnt i
to the egteblichment and operation of petrochemiecal indwitricens I oo coawineod
that 81l participants trom the developing countrics bhave Leneditoed o voch
the Irenien delegation [row thece diccuscions and Lnst the lattor bave Loen of
appreciable acsisctance in the [uture implementati->u of the petrocheadcen] vro jjects
vhich they envisage,

The role and the magrnitude ot the petrochemical Industricc in the cconouy
of the c¢il and gas producing countries has been sufficicutly underlined i the
course of the discussionc, Important plans and programmes for the development
of petrochemical industries, production of chemicnl tertilizers and .f various
by-products of these industries are in the stage of ctudy and iaplementution
in Iran. '

I have the hope that this distinguished gathering cf heads of industries,
of experts and of oifficial representatives of various Govermments who have had
the oprortunity of familiarizing themselves with the problemsc or the petro . miecal
industries in the developing countries, will keep up che ~ontacts established go
that these countrieg will benefit {rom the coe=operation of the industrialized
countries in the ectablishment of their irdustries,

I vegret that other commitmenta have unfortunat. 7y prevented me {rom
attending ell the sessions of this Conference, However, I followed the
deliverations of this Conference with considerable attention, In this connexior,
I am happy to be able tu express umy thanks to our ViceeChairmen,

Messrs. Vojno Dizdar, Carlos Venrell, Mustapha Tala, Ahmed AbduleRahman Kifai
and Ranjit Ral Bahl, for the excellent manner in which they have presided ond
conducted the discussions., I em particularly grateful tu My, Lurié and other
members of the secretariat of the Conference, whose unforpettable services have
contribuied to the success of thie Conference.

I should also like to express the hope that you will have the opportun’ty

of revisiting our country and reneving the friendly contacts vhich you have zo
firmly established here,
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ANIIEX V

LCCUMENTATICN @ THE CCNIERENCE

PET/
CHEM/
CCHF, Title Author Lengusge*
1 PFrovisional agenda EFS
2 Provisicnal annotetied agenda EFS
% Economics of Ammonia Production S. Strelzoff EF
in the Developing Countries Chemical Construction Corp.
4  Selected Processes for the H. S%nksen, Bedische Anilin- und E F S
Production of Basic Chemicals Sode~Febrik
and Intermediates from Petroleum J.,P., Pelizeeus, Bayer
Hydrocarbons H.K. Kemptner, Ferbwerke Hoechst
F.A. Wetter, Chemische Werke Hils
W. Munde, Verbend der Chemischen
Industrie
5 Eeanﬁ&ies of Olefin and Diolefin R.G. Craig, L.C. Doelp, E
Production ALK, Logwinuk
Houdry Process and Chemical Co,
6 Benzene by Hydrodealkylation R.G. Craig, L.C. Doelp, E
using the Detol Process A.K, Logwinuk
Houdry Process and Chemicel Co,
7 Recent trends in Petrochemical Harold Hert E
Research and Development Michigen State University
3 Licensing of Process Know-How Jerry 0. Jenkins E
: . Cosden Oil end Chemical Compsany
g Multipurpose Reactor for the Jshn B, Sproull E
Production of Selectel Petros Wice Chemicals Inc. .
chemical Intermediates and
End«Products
10 Merket Research - Essentisl to F.0, Keupp, R.F. Neu EFS
Petrochemical Development Esso Chemical Company Inc.
11 Recent Trends in the World F.N. Baumgartner, P.L, Richards EF S
Petrochemical Industry Ess» Chemicel Co, Inc,
*

E - English, F - French, S « Spenish,
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PET/

CHEM/
CCRF. Title Author Lerimues
12 Development of Petroleum-Based Harish C. Bijawat b
Orgaric Chemicals in India Union Carbide India Ltd,
13 The Production of Synthetic Fibres P. Seifert Y
on & Petrochenical Besis Inventa
14  Refining and Petrochemicals Jerry G. Jenkins L
Production by the Cosden 0il Cosden 0il and Chemical Compuny
and Chemical Company
15 Nephtha Steem Cracking and Utili- S, Hayashi and Y. Hirakawa E
zetion of its Products Nippon Petrochemicels Compeny Ltd,
16 Methods for the Preparation of Dr. Ir. L.J. Revallier EF S
Ceprolactam eand the Synthesis Central Leboratory of Staatsmijnen
of Lysine from Caprolactam in Limburg
17 Styrene Resins for Petrochemical P,W, Sherwood - Consulting E
Growth .Chemicel Engineer, and
R.G. Edmonds - The Badger
Compeny Inc.
19 The Biosynthesis of Proteins Alfred Champagnat "EFB5
from Petroleum Société Internationale de -
: Recherches BP
19 Petrochemicals from Netural Gas = Pierre M, Husson CEF
The Lacq Experience Société Nationele des Pétroles
d'Aquitaine
20 Lew Density Polyethylene » K.E, Cosslett EF
The World Market U.S, Industrial Chemicals Co,
21 Financiel and Other Problems for T, Hireyama E
Jepan's Petrochemical Industry Mitsui Petrochemical Industries
‘ Ltd,
" 22 Ocean Transportation of Ethylene R, Boudet e Gazocéan, and EF S
end Other Basic Intermediates for M,H. Gertz - Purvin and Gertz, Inc,
H Petrochemicals : '
i 2> Patents and Licensing in the B. Kehn | £
L Petrochemical Industry Engelhard Industries Inc,
'»* 24 A Review of the Levelopment of C.V. Foster - Continental O{l ES
: the Petrochemical Industry in Ce.y aNd
E the United States and Argentina W.8. Coe - PASA, Petroquimica
g Argentine S.A,
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PR/

CHEM/

OlULF . Title Author Lerouere

on  Loontisn Foetsrs for one Chemical LoH. [hrdenson E
Intustries in Developing Ceientitic Desirn Cu. Inc,
Tountrices

A6 Come heopects of Findine and S.H, Chafkin E
Finnncine Petrochemicenl Projects Checehi and Company

#7  From Crude Oil to Synthetic L. Netus EFS
Fibres - with sprciel Lurgi Gesellscheft fur
considerations of process Minerelsltechnik mtH
scquences for polycster-type
{ibres

2% Aromatics: Better to Import J.W, Andrews and R.E. Conger ES
ar to Produce? Universal 0il Products Company

29 Licence Agreements on the G.M. Brooner and 0.,D, Edwards E
Petrochemical Industry Phillips Petroleum Company

%0 Petrochemicel end Carbochemicel Konstanty Leidler E
Processes in Polend vithin the Ministry of the Chemicel Industry
Period of 1955467 of Psland

51 Nesern Method: for the Production K.H, Eisenlohr EFPS
of Aromatics, Olefins and lurgl Gesellschaft fUr
Paraffing Mineraldltechnik mbH

%2 The Fetrochemical Industry as & Societd Edison S.p.A. EFS
Key Tool of Economic Development.
A Cuge Hictory: Southern Itely

%3 Problems of Technology and R. Landeu E
Obgolescence in Petrochemical Halcon International Inc,
Industries for Developing
{ountries

2 Hylon Lewis F. Hatch E

University of Texas

45 Pechnical and Economic Changes P, Braber EFS

in Ethylene Menufecture Bateaise Internationale Chemle
' Mij N.V. (Royel Dutch/Shell
Group)

%, Carbor Bleck Prcduction in C.A. Poluchi, C.A, Stokes &nd E

Developing Countries ¥.A. Burgess
Columbian Carbon Compeny
47 Nitrogenous Fertilirers us e R.M. Reed end C.R, Sloan EFE

Fetrochemicel Operetion

Girdler Corporation
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A r R AR

FET/

CHEM/
CONF, Title Anvther
3 Hetursel Gas »s & Row Metericol F.B. K.ramever

39

b

L1

k2

&3

49

50

far Fetrochemicnls

Recent Trends of Fetrochemiotry
in the Macrcmolecular Field

Plestics as Conestruction
Meterials for Developing
Countries

Use of Natural Gas end Hatural
Gas Liguids as Petrochemical
Feedstock

Venezuelan Petrochemical
Industry

&

Experiences Acquired During e
Study for an Acrylonitrile
Flant

The Beginning of Petrochemical
Industry in Colombia, The

Fobll Chemieal O ongens
G. letreo eoc G, Trespld
Imetitute ot Irnuctpisl Crerd:s
P olytechnic o IMilm

Authur ¥, Lirrn
Bettelle liemorinl Inctitute

B.L. Bates und R.G. Buatright
Phillips Petroleum Corypeny

Germsn Ctern Rusanove
Instituto Venczolano de
Petroguimice

Mario Galdn-Gémez
Emprese Colombisne de Petroleot

Mario Galdn.Géme:z
Eapresa Colombiane de Petroleos

Recovery of Ethylene and Propylene
and the Planning of & Polyethylene

Plant

Petrochemical Industries in
Chile

La Industrie Petroguimice en
la Repdblica Argentine

Petrochemical Country Studies »

Synthetic Substitutes of datural
Materials through Petroleum
Feedstocks

Technicel end Econcmic Aspects
of the Fertilizer Industry in
Pakisten

Juen Temp.er
Corporecibdn de Fomento de 1a
Produceisn

E ]
0, Gettl - Direccisn Generel de
Fabrieecliones Militares
R, Beltrumino - Secretaria de
Industria y Mineris *
E. Pasquinelll - Yecimiertos
Fetpolifercs Fisceles

Tin Maung Aye end Kyaw Sein
People's Cil Industry

DM, Trivedi
Synthetice end Chemlicals Ltd.

Y.i. Kenean
Chemicsl Engineer
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Production in & Developing
Country

YMFB, Le Paz

InC« A?:@l!‘&ﬂ, L.E. Bastﬁi&‘k and
B.G. Mandelik -

The M.W. Kellogg Company
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51 Aerylie Fibres Y. Tsunoida E
Asehi Chemlicel Industry Co. Ltd,
52  The Newer Synthetic Rubbers T.K. Roy E
Scientific Lesign Co., Inc,
5%  Mono &nd Polyvinyl Chloride R.M. Brown and H.A. Huckins E
. Sclentific Design Co. Inc,
54  Development of a Synthetic Fibre F. Thormann E
Industry, as for exemple Nylon-6, Hoechst-Uhde Internetionel GmbH
in Developing Countries
55  FPetrochemical Industry in Eest 2.A, Mcmen E
Pakistan Fast Pakisten Industriel
Development Corp.
56 Recent Trends in the Ammonia 8. Kodema \ E
Industry in Japen Sumitomo Chemicel Co. Ltd,
57 FPolyester Synthetic Fibre D. Brown 4
Meteriazls for Developing Halcon Internationsl Ine.
Countries
53  Acrylonitrile-Butediene-Styrvene  T.E, Ronay E
Copolymers Marbon Chemical Cospany
59 Growth of Plastica in Developing B,S. Garud, 8.K, Subbarcyan and E F
Countries P, Vachani o
Delhi Cloth and General Mills
Co, Ltﬁl
60 Recent Trends in Research end K. Beredjick E
Development in the Petrochemical United Nations Centre for
Industry Industrial Development
61  The Economic Aspects of Develops N, Fedorenko ;i,, : E
ment of the Petrochemical Central Institute of Mathematical
Industry in the USSR Economics of Moscow
62 Country Studies - Melaysia Lim Ho Pherg : E
Department of Chemistry F/M
6% Realization of Fertilizer Juen Ayllon V.and Jorge Otero Ri- §
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G4 Developing the Petrochemical H.K. Hicuvenhuis
Potentials of Horth Africa and Chemical Frojects Asso~iutos
the Persian Gulf Inc. -

Unitei lNations Centre for
Industrial Development

65 The Petrochemicel Inductry of D.H.N. Alleyne and E.L. Bertrund U
Trinidaed and Tobago Ministry of Petroleum and Mines

66 Industry Studies - Chine (Teiwar) Tc-Lin Yu and Shu-Hsun Ting F

Chinese Petroleum Corporation

67 The Economics of Internetional A.G. Bruno E
Distribution of Anhydrous W.R. Grace and Company
Ammonia

63 Factors Influencing the Location P.C. Livesay EF
of a Petruchiemical Plant American 0il Internationel Co.

69 Development of the Petrochemical The Secretarist of the Economic  E
Industry in the ECAFE Region Commission for Asia and the

Far Eest

70  Development of the Petrochemial Secretarist of the Economic E
Industry in Europe: Its Prcblems Commisgion for Europe f
and Potentislities

71 Synthetic Rubber - as related to D.F. Othmer E
Petrochemicel Produetion in Polytechnic Inctitute of
Developing Countries Brooklyn

72  Petrochemicel Industry - Peru Héctor de “nuza Reategui 8 E

e Euprese Petrolere Fiscal del Perd

73  Production of Basic Petrochemicels A.R. Johnson and S.W. Ehrlich E
from Heavy Oils vie the H«0il Hydrocerbon Research Inc,
Process

74  The Mexican Government and the  Petréleos Mexicanos (PEMEX) E
Petrochemical Industry in Mexico

75 Natural Gas Reserves in Mexico Petrédleos Mexicanos (PEMEX) E
as & Factor of the Sociel end
Economic Development of the
Country by Means of Nitrogenous
Compounds

76 Structure of Petrochemicel Petréleos Mexicanos (PEMEX) E

Developrent in Mexico - Reynose
snd Pajaritos Developuents
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(f Teip chemicel Incusiry - Turkey H. Bezmen E
Ministry of Energy end Natural
Resources
7% TPetrochemical Industry - Syrian Y. Tebaa - General Petroleum E
Areb Republic Authority
H. El-Aass - General Organization
for the Implementetion of
Industriel Projects
77  The Pattern of Ralsing Funds in S, Irie and T, Kotera E
the Petrochemical Industry in The Indnstrial Bank of Jepan Ltd.
Japen
30 Procegsges for Production »f H., Banthien EF
Concentrated Fertilizers HoechsteUhde International GmbH .
71 Plastics Progress J.M. Goppel EFS
Shell Internationel Research
ﬁij, OV'
32 Petrochemistry and Polymer H.F. Mark « Polytechnic Institute E
Production of Brooklyn
8.M. Atles - Bronx Communlity
College, City University of
New York
3%  Petroleum - A Major Source of Gino P, Giusti E
Sulphur Texas Gulf Sulphur Compeny Inc.
34 gyntaetle Fibres of Polyamidec J. Leub E
Hang J. Zimmer AG
35  The Petrochemicel Industries - Ingtitut Frangais du Pétrole, E
Section I for the United Nations Centre
for Industrial Development
R6  The Petrochemicel Industries = Institut Frangais du Pétrole, E
Section I ' for the United Nations Centre
for Industrial Development
87 TNew Trends in Research and V.A. Khodekovskala E
Development of the USSR Stete Committee on Petrachemica}.
Petrochemical Trnlustry © Industry
25 Applications of Petrochemicel- AL, Griff E

Based Plastics
Countrics

'n Developing

Edison Technicel Services Ine.
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39 Optimum Cimuinati-nof Petrolevm R.G, Tirrilov
Refining end Petioleum Chemistry Azerbod ton Acnieny 7 Vederen:
Processes

g0 Recent Trends in Production,

Cousumption, Trade and End-Uses Unmited Nations Cenire for Indur‘vibl‘
in Selected Petrochemical Development
Products
91 Appliceation of ‘\Jvanced H.R., Shawk and D.L. Caldwell N SR
Technology to Developing The Lummus Compeany

Countries for Basic Petro-
chemical Intermediates

92 Petrochemical Industry in V. Dizdar and K. Mirkov - Federal E
Yugoslavia Office for Economic Planning
: C. Jenic - Federel Sccretariat of
, Industry
% 9% Ammonia Manufacture from ’ A, de Picciotto and G, Sveeney, Jr. E
i . Petroleum Feedstocks Arthur D, Little Inc.
P
P gh  The Role of Foreign Invectment Business end Industry Advisory EFS
in Petrochemical Menufacture Committee to the Organizaetion
for Economic Cooperation and
Development
95 Planning of the Chemicel Indus« T, Vietorisz [0
* tries at the National Level International Business Machines erd
The New School for Sociel Research
96  Prospects of Development of G.P. Kene £
Petrochemicel Industries in Ministry of Industry and Supply,
India &nd Other Countries of New Delhi, for the United Hntions
Asiz end the Far East Centre for Industrial Development
A New Vinyl Chloride Process S, Gomi * £
Kurehe Chemicel Industry Co,
98  Cheracteristics end Prospects  T. Jano E
of Petrochemical Industry - Mitsuiishi Petrochemical Co, Ltd,

with &n cmphasis on the
Yckkaichl Complex in Japen

99 Production of Arcmetics from I, Watansbe EF
Petroleum in Japan Japen Gescline Company Ltd.

100  The Petrochemicel Industry in E.0.M, Brandéo, J.B, de Mudeiros E D
Brazil end 0,T., Peckolt
Petréles Brasileiro D.A,

-
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101 Mlant Size, Locavion and Timee  Alan 5. llenne E
Phecing - Introsduction M.I.T. Centre for Intcrnationnl

Studiec
1062 Plant Cize, Location end Time-  FL.H. Redhe Krishnen - Perspective E
Phasing - The it~ rmennur Plenning Institute
Fertilizer Indusury T.V.5. Reme Mohen Reo - Indian
Stetisticel Inctitute
Alan S, Manne - M.I.T, Centre for
International Studies
107 Olefins vs, Acetylene - D.F. Othmer E
C-ompetitive Raw Meterirls for Polytechnic Tnstitute of Brooklyn
the Petrochemicel Industries
in Developing Countries
10k 1Tn Irdustrie Petroouimice en Galo H. Selvador G. S
Ecuador Juntu Naclorel de Plenifacecidn y
Coordinacién Econdmice
105 Financing of Petrochemical E
Ventures in Developing United Nations Centre for Industriel
Countries Development
1066 Summeries of Working Papers * EF S
Contributed to the United
Nations Inter-Regionel
Conference on the Development
of Petrochemical Industries
in Developing Countries
107 The Role of the Domestic Market E
in the Developmeni of United Nations Centre for Industriasl
Petrochemicsl Industries and the Development
Need for Exports in Relation to
Economies of Scale
103 The Evolving Pattern of Petro- B, Sreenivestn « E
chemical Tndustry in Indie with Serabhel Group of Industries, and
particular refcrence to H.T. Bhevenani - Calico Mille
Gujarat and Bombay Repions
100 Petrochemical Tevelopmerts J.M. Woolcock E
Imperiel Chemicel Industries Ltd.
110 The Development of the Fetro- Joseph C. Ldbel and Benjemnin Toren E

chemicel Inductry in Isrsel

Ministry of Commerce and Industry
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111

112

117

11k

115

116

117

113

19

120

121

122

123
12k

Production of Ethylenic Hydro-
cerbons by Cyclic Crackirg

Hydrocarbnns Steem Reforming,
in Tubes, for Productlon of
Synthesis Gas or Hydrogen

Contribution to the Manufacture
~f Polyester Fibres end
Plasticizers

Contribution de le Pétrochimie
b2 la Defense des Cultures

General Characteristlics of
Petrochemicel Industries and
Factors Conditioning their
Development

The Petrochemical Incustry in
Iran

Planning of the Calvo Sotelo
Integrated 0il Refinery and
Petrochemicel Complex

The Role of the Internationel
Finance Corporetion in Promots
ing Industriel Ventures in
Developing Countries

The Economics of Coal-Chemistry
vs, Petrochemistry

Le Industria Petrogufmice en
América Latine

A, Roche - ofri o et gyl
Industvicl de L'A-te

J. Lemeive « GUFLGLU T O oppany

A. Roche - Office Notionnd
Indusiriel de L'A-ole

J. Lemnire - GUELWGUT. Comprny

ANTAR Péiroles de 1'Atlantique

A. Charlet
Société Progil

United Netions Centre for
Industrial Development

NHational Iranian 0il Company

A.L. Dovling end T,i, O'Here
The M.W. Kellogg Company

J. Chanmugam - on behelf of the
Internationel Finance
Corporation

Special Fund - United l=tions

Comisidn Economice pera Américe
Latina

The Possibilities for Developing B. Mangush

Petrochemicals in Libye
Petrochemical Industry in
Indonesia

List of Conference Participants

List of Conference Documents

Ministry of Petroleum Affair:

Sukasimir
Department of Besic Indusiry
and Mining
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10 Hetural and Zynthetic Aleohol M. Mapnat
as Compeitive Rew Meteriels arouge Centrale de Dynemite,
linbel-B =rl
100 Ketural Ges in Kuwvait enc itc F. Mrzidi E
Utilization Kuwreit Chemical Fertilizer Co,
127 Country Ctuar - Horoecen M. Tale F
S.4.M.1.R
17% “ountry Ctudy ¢ United Arab V. El-Helfauy E
Republic Industrielization Organizetion
129 Country Cfudy - Caudi Arsbie I. Hebbesh E
Ministry »f Petroleum and
Mineral Resources
130  Country Ctudy « Romenie I. Ghejen « L'Institut de E
' Recherches PETROCHIMIE
I. Marinescu - Ministire de
1'Industrie du Pétrole et
de la Chimie
11 Countpy Study - Indis Renjit Rei Bahl E
Ministry of Petroleum and Chemicels
, 132 Development of Japan's Petros H, Adochi end H, Yonoge E
: chemicel Industry Minfatry of Interrotionsl Trade
and Tndustry
1% Country Study » Urugusy €, Vanrell end M, Cratzmer E
174 Training of Manpower A.E, Leurence E

United Neations Educatlonel,
Sclentific and Cultural
Orpenization
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