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I.  lntredwetjon

1.

General Situation

The petrochemical industry in Trinidad and Tobago wae born in
1945%. The birth was the outcome of advances in refining
technology snd the first petrochemical was in fact a by-product
of the refining operations,

In 1959, natural gas began to be used as a ravw material for the
petrochemical industry in Trinided and Tobago.

At present ihe petrochemical plants shown in the following table
are in operstion in Trinidad and Tobago.

Plants i

Production
Companies Llante capacities _in 1968
Texaco Inc. Nonene 250 bbls/d 31,477 bdls
Dodecene 100 " 54,067 "
Di-isobutylene 150 " 44,915 "
Bengene ) 214,602 "
Toluene ) 3,000 " 356,622 "
Xylenes ) 19,215
Cyclohexane 720 " 158,475 "
Normal Paraffines 1,500 " 616,307 *»
Federstion Chemical Ammonia 1,500 tons/d@ 501,000 tons
Ammoniua Sulphate 270 " 78,878 "
Urea 220 " 68,528 "
Sulphuric Acid 190 " n.a.
Naphthenic Acid 100 " 17,246 bdle
Laver Brothers synthetic Detergent 10 " N.&.

As Trinidad and Tobago has only about one million population and has
no big industry which consumes petrochemicals, almost all the petro-
chemicals produced in Irinidad and Tobago are exported.

Recently, Amoco Trinidad, a subsidiary of Standard Oil of Indiana,
discovered the oil and gas fields in the Offshore Point Hadix area,
25 miles east of the island, and the toutheast Galeata area, 45 |
miles southeast. 12,000 - 20,000 bbls/day of condensate and 300 -
500 MMSCFD of gas are expected. Other developments are being done
by several other companies.



More recently Trinidad-Tesoro Petroleua Co., Ltd. was
established, owned equally by the Government of Trinidad and
Tobago and Tesore Petroleum Corporation of the United States.
i'he Government of Trinidad and Tobago expects the utilisation
of naphtha from Trinidad-Tesoro Petroleum Co., Ltd. as a raw
material for petrochemicals.

o sum up, the main characteristics of the petrochemical industry
in Trinidad and Tobago are the abundance of basic and first
generation petrochesicals, the absence of the petrochemicals of
upgrading stages and a limited domestic market of a little more
than one million resident inhabitants.

In order to increase the value added to the exporting products

the Government of Trinidad and Tobago is viewing with consideradle
interest the further expansion and diversification of its
petrochemical building blocks, natural gas and naphtha. This

has been made even more urgent by the recent discovery of vast
natural gas reserves and prospective naphtha from Trinidad-Tesoro.
The Government of rinidad and Tobago established liberal investment
incentives for pioneer enterprises, including tax holiday privileges
and accelerated depreciation allowvances. Firms may establish plants
in Trinidad and Tobago with foreign capital, or in participation
vith local industrialists or jointly with Government and private
entrepreneurs.

The Government of Trinidad and 'obago entrusted the Industrial
Developaent Corporation of Trinidad and Tobago with a petrocheaical
feasibility study.

The Contract between UNIDO and JGC

Based upon the request of the Government of Trinidad and Tobago,

the United Nations Industrial Development Organisation (UNIDO)
invited tenders for the execution of the assistance to petrochemical
industrialigation for Trinidad and Tobago in April, 1970.

Consequently, Japan Gasoline Co., Ltd. (JGC) was accepted by UNIDO
to carry on the assistance, thus the contract (UNIDO contract No.
70/36) between UNIDO and JGC was signed on August 21, 1970.



3.

Objectives of the Project

This study is meant to be a precursor to a major launching
and marketing project, possibly coupled with some feasidility
studies provided it can supply evidence for the existence of
a potential export market for petrochemicals fros Trinidad
and Tobago.

Its objective is to provide the Government with a reslistic
evaluation of the export sarket for a number of petrochemicals
which can be produced competitively from locally availadle raw
materials and/or basic intermediates.

This vill require reviewing and interpreting the findings of
the "Pre-feasibility Studies on Petrochemical Plants for
Trinidad and Tobago" prepsred by the Industrial Development
Corporation of Trinidad and Tobago, and evaluation of the
export possibilities for the products selected.

Further areas of assistance to Trinidad and Tobago in the
petrochemical field will dbe recommended as well.



11. conglusion and Recommendation

1. Conclusion

a) Raw Materials
We examined the most profitable selection from the group of
raw materials of natural gas, condensate accompanied therewith

and naphtha,

These raw materials were advised of their possibilities in
availability in Trinidad and Tobago and of their prospective
quantities, qualities and prices by IDC.

Presently a petrochemical plant of lrinidad Texaco exists in
Trinidad. lhe product streams are decided by Texaco's world
wide policy on their petrochemical production and sales, and
at this moment benzene, tolucne, xylene, cyclohexane and n-
paraffine are being produced and exported. ‘'herefore we
examined what petrochemical complexes would be proenected
from the combinations of petrochemical raw materials supplied
by lexaco petrochemical plant with (1) natural gas and con-
densate accompanied therewith (2) condensate only, and (3)

naphtha by caee study.

Namely we laid down the typical petrochemical complex scheme
which would produce as many kind petrochemical products ar
possible in marketability in world market upon the consumption
of the quantitier of raw materiale available in rrinidad and
Tobago, and calculated the production coxts und selling prices
of petrochemical products. ./ he result reveals that the complex
bared on the third type of raw materials, i.e., a combination
of naphtha with the petrochemicals from the Texaco plant, can
provide the more profitable producte than do the other two

types of complex.

o



v)

hisr was obtained mainly by reflecting the scale merit, in
other worde it means that the petrochemicals derived from

the complex of third type are safely competitive in the world
market from the view point of cost and price, but it presuppose
the availabity of sales network in world market, which will make
possible of the macs salee to maintain the high -tream factor of
the complex, and the huge investment for materialization of thie

big complex.

Exportabilities

Susmarized below are the possibilities of exporting the petro-
chemicale produced in Irinidad and Tobazo %o several regions of
the world.

(i) oIt eri
Uf the 18 selected petrochemicale, 13 commodities have
competitiveness in the export makretie, whereas the other

% commodities have not.

Competitive petrochemicale are: LVPE, HDi®, PVC,
polystyrene, acrylonitrile, acrylic fiber, b7, SBR,
maleic anhydride, caprolactam, polyaminde fiber, 7TUI,
and polyester fiber.

Incompetitive petrochemicals are: VCM, styrene, PG,
alkylbenzcne, and DNMT.

(1) n Americ
Although different in their developmental stages, the
petrochemical industry in Latin American countries is
generally a lately developing industry. Most of the
governments thus have b2en imposing high-rate customs

duties on imported petrochemicals or following the




import prohibition policy in order to protect and
develop their own petrochemical industries. For the
Trinidad and Tobago products, therefore, Latin America
will be no more than a spot market, and will never be

a market to which continuous exports are expectable.

(441) o, Furope
0f the 18 selected petrochemicals, 16 commodities are

competitive, with a exception of PG and SBR.

(iv) Southeast
Except for a few products, most of the petrochemicals

are imcompetitive.

Table II-1 (page 12 ) gives the delivered prices of the petro-
chemicalr forwaried from Trinidad and 'obago to each trade aresa

and the domestic prices of the corresponding products in each area.

c) Kates of Heturn on Invesiments
Table VIII-1 (pare 1.0) gives the rates of return on investment
with all petrochemicals in Case 3. Considering these data, the
most recommendable petrochemical complex under the given con-
ditions ie shown in Fig. II-1 (page 13), The overall rate of
return on investment with this most recommendable petrochemical

complex is 19,9%.

2. HRecommendation
1) Purther Investiation

In order to materialize the petrochemical industrialisation program
in Trinidad and Tobago, further investigation should be required
forcuesing on the following points:



e)

¢)

Launching and Marke ting Studies

Situations iu petrochemicals are vary by countries in terms of
demand and supply balance, prices, tariffs, and import policies.
It is necessary, therefore, to check by country oa the exporta-
bilities of petrochemicals while taking above factors into

consideration.

It is thus recoamended that the marketing studies should be
carried out in more details for USA, EEC and EFIA countries
including UK and Spain, where this report has found exports-
bilities.

Chronological consideration

In thic study all plants conetituting the complex were assused
to start up their operations simultaneously in 1975. But
practically the simultaneous start-up of all plants would be
imposeible, moreover the set-up of 100% stream factor from
the first year could not be achieved.

Therefore it is recommended that in addition to by-country
studies, the more detailed chronological market studies should
be carried out so that the more detailed chronological plan of
construction of complex could be formed. In other words the
poesibility of start-up of the complex of smaller scale than
%00,000 t/y ethylene capacity, which will be followed by the
gradual capacity incresse, should be ohecked.

Tie=up with International Petrochcmical Companies

Av a large-ecale (international scale) petrochemical ocosplex
ie assumed in this report (eince the Irinidad and Tobago
petrochemical irdustry has subetantially no market in her
country so that the T & [ petrochemical producers must export

alsost all producte and undergo severe competition in world




d)

market) the | & T petrochemical industry needs a huge amount

of investments .t only for mass production but also for mass
sales. Accordingly it is strongly recommended to get ties with
such international petrochemical companies 3s able not only to
invest a huge amount of capital but also to use their own sales

networks over the world.

Incentive Policiex

Incentive policies have been found eicc:seful in couwe countries
like Puerto Hico &nd etc. Government of these countries have
been adopting the elaborated policies such as tax exemption, of
which duration is made variuble by region, depending on priority
in rogional develovment and rpecial terms favorable to those
industries snd/or products which are contributable to the

national ecconomy.

Of the petrochemicale selected in this study, nylon ¢, for example,
will required approximately 1,400 workers, and will contribute to
the national economy through increased employment. (ome enecial
measures favorable to this product can be considered as an effective

means for the national econonmy.

i‘herefore, as an important factor influencing the materialization
of plan, some inceuntive wolicies should desirably be investigated
in a later stage when the project will have taken a more definite
shape. ouch investigation will, of course, have to be made from

a rtandpoint of national economy.

Hav .aterials

In this report, the study was performed bared upon the available
data at present of quantities, qualities and price~ with raw

materialse.




In Trinidad and lobago, the development of natural gas (con-
densate accompanied therewith) is being "roceeded by AMOCO Co. |
and the expan:iun of refinery nlant of I'rinidad Tesoro Co.,
which will be able to afford a large quantity of naphtha, is
under bluejrint. Although AMOCO and Tesoro adviced ug the
informations as accurately as poesible, at present stage the
ar:ured data wilh ras materials are not uvailable. It is
strongly recommended to closely follow the situations of raw
material developments to obtain the non-presumptive data.

£) Utiligation of Natural Gas

o

1t has been tound that natural gas is more disadvantayeous
as the starting uaterial than najhtha in producing petro-
chemicals in I'rinidad and Tobago. As & reeult, the natural
£as, now under development there, should have other channele

of utilization than as the raw material for petrochemicals.

It is thus recommended that further investigations should be
carried out on the possibilities of:

(1) Development of electrochemical industry using natural
gas as the fuel; for example, aluminus smelting, and
production of chlorine and caustic soda by means of
electrolytic processes.

(41) Estadlichaent of liquefied natural gas plant (1NG).

2) Orsdual Im lementction in Attainsent of the Hecommended retro-
ohesical Complex

Although the large complex should be recommended fros the view
point of competitiveness in world market, in the light of the
realities of the situation in the petroleuam induetries in Trinidad
and Tobago the recommended petrochemical complex should be imple-
sented in stages.



Therefore the start of petrochemical industry is recoamended
concentrated on the ravw materials of aromatics, cyclohexane and
n-paraffin which are presently produced and exported in Trinidad

& Tobago, and the following three pioducts are selected as the first
group from the view point of prospective availability of principal

and subsidiary raw materials.

(1) Nylon-t (2) Linear alkylbengene

(3) Maleic anhydride

Regarding the olefinic derivatives it is considered to start from
building a complex of smaller sise than the recommended objective
complex in which a smaller cracker exists as & core plant.

In this cuse the kind of end products must be lesser because the
capacity of production of a product should be of international scale
for competitiveness on price in world market, and it vwill be necessary
to confirm the security of whcle complex upon the amore careful and
more circumstantial examination in the marketabilities of these end

products.

As to the feed to this cracker, condensate is selected because con-
densate has an advantage over naphtha in price and the prospective
available quantity of condensate is large enough to this smaller
sised cracker on the present data.

The following products are selected as the second group sainly fros
the viev point of rate of return on investment. With butadiene
derivative, SBH is bustituted by BR (cis polybutadiene rubber)
since no styrene is planned to be produced.

(1) HDFE (2) #¢
(3) Acrylomitrile or PP
() mR



There is & possibility of combinstion of the first and the second
group as the third group.

The preliminary calculations on these groups for economic assees-
sent are shown in Annex T.

-1l =
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I1I tion Petroche 1 in the Worl

1. Petrochemical Industries in the 1970's

The petrochemical industries which achieved marvellous grovth in the
USA, Europe and Japan in the 1960's are expected to continue their
rapid growth in the 1970's. During the past ten years the petrochemical
industries in the USA and Europe have developed at an annual rate of
11-124 and this tendency is expected to continue in the coming decade.
The Japanese petrochemical industry is expected to show a ncarly 20%
growth for the coming several years and a more-than-10% growth for a
decade thercafter.

The following tables show a forecast of growth of petrochemicals
presented at the joiut symposium of the American Chemical Society
and the Chemical Institute of Canada beld in Toronto, Canada in May
1270. The figures indicated are generally considered to be of con-

pervative value.

Lthylene Output in the World (Upit; mjillion t/y)

970 1975 10

USA 7.5 12.0 18.0
4. Burope 6.0 12.0 19.0
Japan 2.4 4.4 7.0
Other kestern Countries 0.7 2.1 5.0 - 6,0

Anticipated Development of betrochemical Industries (Growth of kthylenme)

1970 « 1980

Other

Western
New Demand (millions t/y) 9.00  7.65  4.50 6.75 29.90
FEquivalent Capacity ( " ) 9.90 8.55 4,95 7.65 31.05
Existing Capacity to 5.40 2.7 1.3% 1.80 11.25%
be scrapped (")
Tot‘l Ne'ly 15.30 11~25 603‘0 9075 420 30
Required Capacity ( * )
Approx. No. of Plants 28 25 16 30 99
Approx. Total Investment 12,00 11.00 6.00 10,00 42.00

for Nev Installation
(millions §)



2.

The Advisory Committee for Energy of the Ministry of International
Trade and Industry, Japan, reported in July 1970 that the total
ethylene production in Japan will be 6.6 millions t/y in 1975 and
17-19 millions t/y in 1985. In industrialiged countries, the
petrochemical industry is becoming one of the key industries essential
to the development of the natural economy, in parallel with the growth

of the nation.

Many developing countries are proceeding with establirhment of petro-
chenical industries as a means of gaining their economic independence.
The petrochemical industries to be set up in the developing countries

in Aeia, Africa and latin America will be highlights of the international
industirial growth in tae 1970's.

On the other hand, however, the world-wide development of petrochemical
industries hes raised the cost of raw materials because of increasing
demands, and the increase in labor cost and investment cost due to
world-wide inflation is causing rises in operating cost. And yet, owing
to intensifying competition in sales and prices of petrochemicals in
world markets, it is impossible to raise the prices of petrochemicals
to the extent of fully absorbing the increases in manufacturing cost,
thus portending the world-wide trend to the so~called "profitless
prosperity."

Probleme Relating to Reduction in Product Price

Petrochemical producers in the world are making every effort to reduce
their manufacturing cost so as to avoid any decrease in profits.
Main steps being taken are:

a) Increase in plant sise

b) Higher stream factor

¢) Overall utilisation of each fraction

d) Purchase of low-price raw materiale

¢) Development of new techniques

-15 -




Increase in Plant yize

Due to the fact that the petrochemical industry is a typical
process industry which requires huge capital investment and
high fixed costs, the sige of petrochemical plants has been
increased year after year since the latter half of the 1960's
for "scale meriil" to reduce manufacturing costs to cope with

the increasing deuand for petrochemical: .

Fig I1I11-1 shows the economic efficiency of the increase in

rize of the ethylene plant, the core plant of the petrochemical
complex. Thie figure ccmpares ethylene manufacturing cost by

nige of plant. As the capacity is increased from 100,000 tons

to 300,000 tons and from 300,000 tons to 500,000 tons, the
ethylene manufacturing cost at 90% of stream factor will be reduced
by V.9 £/kg and 0.45¢/ky; respectively.

In the early 140's, the sige of an ethylene plant was 100,000
t/y to 200,000 t/y. At present the standard capacity ir 30,000
t/y to 500,000 t/y. During the period of 1970 to 1972, ethylene

plants having & capacity of 500,000 t/y are scheduled to start up

in succession in the USA, W. Germany, Italy and Puerto Rico. A
750,000 tons ethylene plant is being planned for 1974 completion
by Reinische Olefin Werk (ROW) in W. Germany.

With the installation of such large-size ethylene plants, the
larger-size other petrochemical production facilities are being
planned and built. The capacities of the largest plants by
product now in operatian or being planned are as follows:

Ammonia 340,000 - 500,000 tons/y
Methanol 340,000 - 600,000 tons/y
Styrene monomer 250,000 - 450,000 tons/y
e 200,000 - 300,000 tons/y
Ethylene oxide/Ethylene glycol 100,000 - 150,000 tons/y
Aromatics 500,000 - 600,000 tons/y
O-xylene 100,000 tons/y
P-xylene 80,000 tons/y
Phthalic Anhydride 70,000 tons/y
Telephthalic Acid 180,000 tons/y
DMT 100,000 tons/y




b)

Higher Stream Factor

The capacities of petrochemical plants are becoming larger and
larger to reduce the operating and manufacturing costs, To

achieve this, a very high stream factor is required. The Fig.

II1-1 shows also the relationship of the capacity and stream

factor over cthylene cost. Ethylene manufacturing cost is reduced
from 4.% ¢/kg to 3.4 ¢/kg when the capacity is increased from 100,000
t/y to 300,000 t/y. Hluwever, if the stream factor is decressed from
90% to 70%, the ethylene cost would be 4.2 #/kg and the scale merit
is lost., It is very important to keep a close relation with market
for maintaining the hiyher stream factor and im view of this,
marketing survey before the decision of the size of the plant would
be an important factor,

However, the petrochemical industries different from the electronic
or automobile industry and provides basic materials. The electronic
and automobile industries are industries of the "convergent" type
for assembling different kinds of parts supplied by their related
industries, while the petrochemical industry is the "divergent" type
industry providing primary products from which petrochemical deriva~
tives are produced and processed to final products for marketing,
that is, it is indirectly connected with the final demand through
several intermediate courses. The manufacturing scheme becomes
complicated as the processing course proceeds from basic products to
intermediate products, and the market survey itself becomes more
difficult,

Automobile Industry

—~——

Painting] [ Tire |

Cast metal] | Sheet metal | Electrical Galss

Petrochemical Industry

gl S

Synthetic | [ Plastice Synthetic| [Foods]

Painting

fibers rubber
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c)

4)

One of the problems in the petrochemical industiry is, therefore,
that the product oost can be reduced by satisfying the two
contradiotory conditionse of "plant sige increase™ and "higher

streazn factor".

Overall Utilization of Each Fraction

As a third means for reducing the manufacturing cost in the
industrialized countries, there is the overall utiligation of

each fraction from cracker.

In Japan and W. kurope where naphtha is used as raw material for
petrochemicals, the output of each fraotion from naphtha cracker

ie inevitably increased with the increase in ethylene capacity,

and overall utilization of such fraction is the key to larger plants.

Namely, the manufacturing cost varies depending on whether to
increase the added value by effectively utilizing fractions other
than ethylene as chemical raw materials or to use them only as fuel.

In Japan, utilization of ethylene for petrochemical (ethylene
consumption for petrochemical products over the total ethylene
production) has been more than 90% from the initial stage of
development of the petrochemical industry. The utiligation of
propylene and B-B fractions was 22% and 76.3% respectively in
1960. At present, these numbers have been raised to about 90%
and particularly the propylene market is even expected to become
tight. ‘loday, the utilization of each fraction is forcussed on
Cg fractions or Cq + fractiuns. In several years the utilisation
of these fractions is expected to exceed 90%.

Purohase of Low-Prioe Raw Materials

The manufacturing cost is sensitively influenced by the raw materisl
cost. PFig. 111-2 shows how ethylene cost is affeoted by the raw
saterial oost. Raw material at low oost is desired, but the
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World-wide petrochemical boom has caused the increase of raw
msaterial cost. In the USA, LPG is nov becoming short in supply
with the increase of demand for petrochemicals though it was in
surplus in the past. If lead is removed from gasoline, some
anticipate that with the increase of demand for propylene, butylene
and aromatics, the allocation system of petroleum import will be
reviged in the USA in the future and the main portion of the raw
materials for petrochemicals would be changed to naphtha or gas
oil. If thies is the case, the naphtha shortage would become
serious with the rising naphtha price.

In Japan, negotiations on raising of petrochemical naphtha price
are being conducted between petroleum refiners as naphtha suppliers
and petrochemical companies as purchasers. The raising of the
price was 28 /Kl last year; however, the increase to 83 g/K1 has
been recently proposed by the refiners again. In the future, &as
0il or kerosene or crude will be more used than naphtha.

In any way, the prices of petrochemical raw materials will be more

and more increased and never be decreased under the present situation.

Development of New Techniques

As in the past, the rapid development of techniques is one of the
characteristics of the petrochemical industry such as conversion
of raw materials, direct methods, simplicity of processing sche~e,
etc. Therefore, there is always anxiety that the present technique
will scon become obsolete by the development of nev techniques.

The earliest return of investment by gaining moré profit with the

reduction of cost is moat important.

It is also important to develop or improve techniquea by the manufacturer

itself; however too much weight should not be given to the possibility
of development of techniques by manufacturers as a tool for cost
reduction.

As discussed above, there are so many problems involved for reduction
of cost in the petrochemical industries in the world, and sanagement
of the petrochemical industries even in the industrialised countries
vill not be easy in the future.
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Fetrochemical Industries in Developing Countries

Many developing countries plan the inastallation of petrochesical
facilitiers for the 1970's and some of them will be realired.
However, the followins problems will be anticipated in the
industrialization of petrochemical industries in developing

countries.
(1) Domestic market it small.

(2) ‘here is no firm assurance of possibility of exporting
mo::t of the petrochemical products, though co planned.

(3) Funds are not available.

(4) As rav materials are limited in quantity, it is difficult
to commercialize the petrnchemical industry in as large &

scale a3 they can have international competitiveness.

The situation varics by each country and difficulty is anticipated

for realization of the projects in most cases as mentioned above.

In the case where there is sufficient internal demand for petro-
chemical products such as synthetic resin, synthetic fiber and the
presently imported petrochemicals can be switched to internal products,
the projects may be, with less difficulty, realized although the
relation between the marketing siluation and minimum economic sise of
plant, and availability of raw material should be considered. In

sany caces, in fact, the projects of this kind have been successful.

Un the other hand, difficulties will be cncountered in the case where

the local market is very limited and all the products are to be exported.
It would be right that the products sell if produced at lower cost with raw
materials at lower prices but the petrochemical industrics are flooded
with the projects with raw materials at lower cost and severe comnetition
will be encountered in the world market where industrialized countries

are fighting furiously.



The success of the petrochemical industries in Puerto rico is drawing
the world's attention; however, ruerto Rico is a territory of the UCA
und protected by the tariff barrier:s and all the products can be freely
sarketed in the UTA with no federal tax. [he tax system is left 1o the
Judgement of the Government of ruerto kico by which petrochemical
sanufacturer: are completely tax tree for 10=-17 yeare in order to
promote the duvelopm-nt of petrochemical industries. In addition,

the Governsent of Puerto itico is supporting the industrier in finaneing,
purchase of land, etc.

The most attractive point by petrochemical manufacturers in the USA is
that the raw material is available in Puerto xico at about 40-S0€ of
the price available in the USA. In Puertv itico naphtha can be imported
from Veneguela 0r irinidad and ‘obayo free of tax without any import
allocation. fuccess lies not only in the availability of the raw

material at low cost, bu. in pood marketing situation.

Therafore, in order to set up a petrochemical industry in a developing
country, it is essential to give careful consideration to long=-tera
industrialization policies on such factorr ar availability of low=cost

rav materials, securing of product markets, incentive policies, availability
of financing, and market development and joint development of natural
resources through regional cooperation.
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Iv.

Selection of Petrochemicals to be P yy n

1. Methodology

In the pelection of petrochemicals to be produced in T'rinidad and
Tobago, "Full Range Possible Complex" * wae checked in accordance
with the following steype.

*

1)

i)

111)

Full Hange Possible Complex i. shown in Fig. IV-1 of
"the tPrefeasibility Studiee on Petrochemical Plante

for Trinidad and Tobago" prepared by E.onomic Studies
and Planning Division, Industrial Development Corporation
of Trinidad and Tobago in Septesber, 1969.

The obsolete or commercially unproved processes are to

be excluded.

The materials which are chemically toxic or easily explosive
and not suitable for long distance transportation are to be
excluded.

Based on the esti-ated world-wide demand and supply dalance
in the future the petrochemicals which are anticipated not
to considerably expand in demand or which are assus 4 to
become dull in the demand/supply balance are to be excluded.

2. Selection of Petrochemicals

1) Procenser considered to be obsolete or comsercially unoroved

a)

Fthylalcohol ey A-etaldehyde (Obsolete)

Acetaldehyde production procesces prescntly ured are as
follows:

i) Oxidation (hydrogenation) of ethylalcohol
i1) Hydration of acetylene

11i) Direct oxidation of ethylens

iv) Oxidation of butane-propane

- 23 -
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The process of oxidation of ethylalcohol has veen used
for acetaldehyde production in USA and the procese of
hydfation of acetylene was used in Japan. However,

with the development of an ethylene direct oxidation
orocess by vonsortium fur rlectrouchemische Industrie

of Germany in 195) and with the commercialization by
Jacker and ioechet, this new process of ethylene direct
oxidation is adopted for all the acetaldehyde production

by taking advantage ot its low pruduction cost.

Frice Acetaldehyde FProduced
(#/1) (#/1v)
Acetylene o 37
kthanol b 6.9
Ethylene DeH 2.4

he oxidation of butane-propane is the process ezecuted
only by Celanese Co. of USA, The separation section of
this process is very complicated because various oxider
such as aldehydes, ketones, alcoholas and esters are
produced as by-producte.

The direct ozidation of ethylene is employed for production
of acetaldehyde.

1PA +» hcetone (Obsolete)

The followings are the acetone production processum,

i) IPA Frocess (Propylens -~ IPA — » Acetone)
i1) Hoechst-Wacker Process

(Propylene = "direc oxidation® —————s Acetone)

iii) Cumene Process (Propylem Acetons)
( Bengene ] > Cunene ..E:Plunol )

In USA, 725 of the total acetone produced in 1905 was by
IPA process. r[hie is due sainly to the fact that IPA

process has ite long history in thie field and that msost
of the facilities in USA were already paid out. In the
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petrochemical industry in Japan which started in 1960's,
42% of acetone production is by Cumene process, 42% by
Hoechst Wacker, 13% by IPA process and 3% by others.

The cost calculations in FCN July 26, 1963 and ECN July
19, 1963 issues indicate the advantage of Hoechst Wacker
process over IPA process as follows:

Acetone Produced 8/ton

IPA process 83
Hoechst Wacker process 81

In the Cumene process, acetone and phencl are sisultaneously
produced and the economic evaluation of acetone and phenol
is an important factor. Phenol is expected to be produced
ot about $156/ton and acetone at about $77/ton. Accordingly
the main process of acetone production inm the future will be
the Cusene process.

In this report, the following process is considerad for
acetone production.

Pro pylom] .
Benzene Cusene |

Isobutylene Forsaldehyde —— o Isoprene ———e Polyisoprens
(Commercially unproven)

The following table shows polyisoprene manufacturers in the
world in 1969.

Capacity
Nanufacturers FPlant locatien  (JQ00 t/¥) catalvat
Goodyear Orange, Texas, USsA 60 ilegler
Goodrioh-Gulf Orange, Texas, USA 47 iiegler
Shell Marietta, Ohio, USA 0% Li
Shell Pernis, Netherlands 45 i
USSR - 40 Ziegler

® including 9,000 tons (dry bese) of polyisoprene
latex




The production of polyisoprene rubber in 1970 is estimated
low in quantity compared with 2.9 million tones of $BR and
601,000 tons of Bk and is only about 4% of the total

eynthetic rubber production.

This lower percentage may be due to unavailability of

ismoprene wonomer at low price.
p

Jgovrene Monomer I'roducti

i'rogess
i) Ceparation from naphtha lIcoprene content of
cracked gasoline cracked gasoline is as
(extract distillation) low as 3 - 6%, _«
Therefore, the ravw materisl
ehould be available in
quite large quantity (ef:
Butadiene content of B-B

fraction is 40 - 50%)

i)  rropylene dimerisation - By Good-Year Co.
thermal cracking (GY-SD Process)
iii) Tsoamylene dehydroyenation By thell, Goodric!m-Gulf,
Enjav Jo.
iv)  Isobutylens formaldehyde By USSR (IFP Frocess)
v) Acetone - acetylene SNAM Process
vi) Isopentane dehydrogenation Houdry Frocess

The above isoprene monomer production processes have not

been sufficiently proven to succced in the commercialisation

from techno-economical view point.

Goodyear and Michelin

(France) planned to build the isoprene plant with propylene

dimerization process by joint venture in 137, however,

after techno-economical study this plan was abandoned.

In Japan, Japan Synthetic Rubber Co. planned to establish
Japan Isoprene Co. by 1972 jointly with Goodyear Co. and
introduced IFP process instead of GY-SD process, however
they have reportedly decided to use a process of separation

from naphtha cracked gasoline,

- 0 =
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The properties of polyisoprene rubber is almost same as

those of natural rubber, compared with Br (anti-abrasion
and lov heat build-up) and SBK (low price, good process=~
ability), so that its marketing is directly influenced by

natural rubber marketing situation. Recently, natural

rubber producing countries in Southeast Asia are making
more effort to improve natural rubber production in both
of quality and quantity. Furthermore, in consideration
of speculativeness of natural rubber market, one who
plans to start the production of polyisoprene rubber
should, they say, have close conneetion with big rubber

users such as tire makers,

Froam the above discussion, it is anticipated that many
difficulties would be encountered in starting the
production of polyisoprene in the developing countries.

Bensoic acid ————+ Phenol (Obsolete)
The following are phenol production process presently used.

1) Cumene Process (Cumene — Phenol + Acetone )
i1) Raschig Process(Bengene ——e Chlorobensens — » Phenol)
111) Toluene Process(loluene —» Bensoic Acid — e Phenol)

iv) Cyclohexane Process (Bengzene ——» Cyclohezane —— o

Cyclohexanol/hezanone — » Phenol)
v) Chlorination Process(Bengene——e Chlorobensens > Phenol )
vi) Sulfonation Process (Bengene — Bengone sulfonate —e Phenol )
vii) Direct Bensene Oxidation Procese (Bensene — Phenol )

These processes were used at the following ratio based on
the capacity in 1967 in the world.

Cumene process T
Sulfonation process 108
Chlorination process 10%
Others 10k




The production costs are calculated as follows:

Fhenol produced ($/ton)

Cumene process 156
Raschig process 169
Toluene process 170
Jyclohexet e process 183
Chlorinat.on process 195

Sulfonation process 176

In this report the cumene process iz adopted for production
of phencl.

Propylene —> Acetone
Bensene j Cumene —1__, pnenol

2) Dangerous Materials by Chemsical Properties

a) EO and PO

EO and PO are treated as & dangerous materials by the
followiny reasonaj

* Wide range of explosion limits.

® Vapour causes irritation of nose and eyes, loss of
equiledbruums, dyspnea and death.
Causes delay burn of the skin and also causes severe
burn of eyeball sccompanied by persanent i pectiment
when it is contacted.

Therefore, maxipua care is required for the handling of
EO and FO and the long distance transportation is costly
and not desirsble. In this respect, very little trade
of EO and PO have been made,

3) Selection from the Point of Macroscopic World Market

The petrochesicals after being checked by the above itess 1) and
2) ere shown in Fig.1V-2. 0Of these petrochemicals, the most
promining ones for marketing should be selected.




Table V-1 shows the supply and demand of the petrochemicals
shown in the Fig.IV-2 in the four areas (North America,
Latin America, West Europe and Southeast Asia).

The selection and exclusion is to be made, considering the
eptimated world-wide supply and demand balance and the
promising marketing situation in the future.

a) Selection of kithylene Derivatives

The folloving is the sumaary on the estimated market
in 1975 and it's annual growth rate up to 1975 of the
¢.hylene derivatives as a total of the said four areas.

(unit : 1,000 tons)

Lihylene Derivatives Growih fate Demand in 1975

i)  HDE 14.6% 3,342
ii) LDHW 14.4% 9,495
ii1) Styrene 13.1% 8,105
iv) PV 12,9 8,862
v) VoM 12.1% 10,150
vi) Polystyrene 9.% 3,113
vii) EG 7.0% 2,680
viii) Acetaldehyde 7.4% 3,188
ix)  Acetic Acid 6.4% 2,965
x) Butanol 6.1% 1,073
xi) Ethanol 5,00 3,715

Of these petrocheamicals, HDIE, LDPE, Styrene, FVC, VCM
and Polystyrene are selected from the point of view of
the higher growth rate of the market in the future.
The growth rate of EG, butanol, acetaldehyde, acetic
acid and ethanol are relatively low. As shown in
Table IV=l,n0 active expansion or new installation
programme up to 1975 are seen in the said four areas.
Accordingly, EG, butanol, acetaldehyde, acetic acid,
and ethanyl are excluded from this study.




b) Selection of Propylene Derivatives

e)

The following is the suamary on the estimated market
in 1975 and it's growth rate up to 1975 of propylene
derivatives as a total of the four areas.

(Unit : 1,000 tons)

Iropylene Derivitives Growth Hate Demand in 1975

i) PP 18.1% 3,309
ii) Acrylonitrile 14.%% 2,839
$1i) Acrylic Fiber 10.84 1,040
iv) P 9.6% 805
v)  Acetone 7.7% 1,868
vi} IPA 6.1% 1,753

PP, acrylonitrile, Acrylic Fiber and PG are to be selected.
Acetone is produced together with phenol by Cumene process,
as shown in the item IV-2.-1)-b). The expected growth rate
of both products up to 1975 are comparatively low,
Accordingly, it is thought that acetone and phencl
production by Cumene process should be excluded. The

sain end use for IPA is aceton. As shown in the ites
IV-2.-1)-b), acetone production is changing to Cumene
process or Hoechst Wacker process froa IPA process, and

the future growth rate of IPA is estimated relatively low,
Accordingly, IPA is to be excluded.

Selection of Butadiene Derivatives

The following shows the cstimated demand in 1975 and it's
grovth rate up to 1975 of the Butadiens derivatives as s
total of the four areas.

(Unit 5 1,000 tons)

Mutadiene Derivatives Growth kate  Demand in 1975
i) SBR 5.6% 3,820
1) BR 8.8% . 918
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d)

The growth rate of BR is exceeding SBR, however in the
light of the size of market, SBR is considerably exceeding
BR. BR has been spot-lighted for synthetic rubber by the
technique of it's sophisticated stereopolymerigation.
Polybutadiene made its debut while the problem of raw
material with polyisoprene has not been solved and has
grown rapidly, however there is still some prublems in
processing. BR by itself does not process well in
conventional rubber mixing and curing equipment so that

it is alvays used in conjunction with SBR or natural

rubber, and from the view point of properties of the

product BR cannot be used effectively in blends beyond ’
50 percent. Above the 50 percent level, tread cutting

and chipping become a problem. Most manufacturers of

passenger-car tires find that blends of BR with $BR in

the ratios of 20 - 256 work best in the tread formations

(in other words, SBR is used in this blend by 75 - 80%).

For heavy duty tires BR is used in a little larger percent

than for passenger tire, but is never used in non-blending

foram. Accordingly, the spectacular growth of BR in the
USA and Europe during the last these years does not
necessarily mean that it will excel the other general
purpose rubbers in absolute consumption. It will be
advisable for a nev comer into the rubber business to
start from SBi which has background of stable technique
with long history and is still supplying the absolute
quantity in the market. 1In this thoughts, 20,000 tons
of butadiene is to be used for the production of SBR
rather than Bi.

Selection of Aromatic Derivatives

The folloving is the summary on the estisated market in
1975 and it’'s growth rate up to 1975 of arcmatic derivetives
&8s a total of the four areas.




(Unit : 1,000 tons)

Raw Growth

Arematic Derivetives  Materisle _Rate  Demand in 1975

i) Maleic anhydride Bensene 13.2% 564
ii) Caprolactam " 12.2% 2,245
11i) Polyamide fiber " 11.7% 3,253
iv) Alkylbensene " 7.7% 1,315
v)  FPhenol " 6.7% 2,378

1) DI 17.9% 585

1) Polyester fiber 17.3% 3,129
1i) Dt " 16.4% 3,820
1ii) DoP " 12.1% 1,200
iv) Phthalic anhydride » 10.4% 1,798

Maleic anhydride, caprolactas, polyamide fiber, alkylbensene,
TDI, DM and olyester fiber are to be selected. Fhenol is
oxcluded as same reason as acetone shown in the ites b) of
this section.

Phthalic anhydride and DOP are excluded. 46,600 tons of mized
xylenes are separated 15,430 tons of o-xylene and p-xylene
each other. 12,800 tons of phthalic anhydride are produced
froa 15,430 tons of o-xylene and 23,700 tons of DMT are
produced froa 15,430 tons of p-xylene.

o-xylene|—{phthalic anhydride}— Do¥]

15,430 tons 12,800 tons

DNL oste
15,430 tons 23,700 tons

At present, the capacities of the largest plant of phthalic
anhydride and DNT are 70,000 t/y and 100,000 t/y respectively
in the world. In this situation, the plants with the capacities
of 12,800 t/y of phthalic anhydride and 15,430 t/y of DNT are
ROt coapetitive in the world market. It is not good idea to
take both lines. (o-xylene — +phthalic anhydride ~————»DOP,
P-xylene —» DNT ——» polyester fiber)

It should be focused on one line by capacity up. The line,
P=Xylens — —+ DNT —» polyester fiber, is selected on accouat
of the higher growth rate of demand than the line, o-xylene
— phthalic anhydride——>DOP.
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e) Selection of Other Petrochemicals

ihe growth rate up to 1975 and the demend in 1975 of
petrochemicals other than those in the item a) through
d) of this section are as follows:

(Unit : 1,000 tons)

Qther vetrochemicals  Growth iate  Demand in 1975

1)  Phenolic .esin 9. % 1,821
ii) Methanol 9.2 8,339
iii) Urea lesin 6. T4 2,259
iv) Ammonium Nitrate 2.7% 17,706

The demand and supply balance of methanol has become
tight from the later half of the last year to this
year in USA and Europe as shown in Table IV-~1l and Annex Q-1 |
and methanol manufacturers have much interest in the

new installations or expansion of methanol production

facilities. Particularly, larger size of plant is being
oconsidered using the recent developed ICI process. If
and vhen all these projects are realised, the total
capacity of methanol production would reach 10.8 million
tons per year as a total of the four areas by 1973, which
will exceed 8.3 million tons of the estimated total demand
in the four areas by 1975 and the present tight market
situation may turn to loose. It is felt, therefore, that
the nev installation or expansion of the existing methanol
facilities should be suspended. In this respect, it is
thought that it is very difficult for nev comer to market
the methanol by 1975. Accordingly, methanol is excluded
from thir study.

Phenolic resin and urea resin are produced by reaction of
phenol and urea with formaldehyde respectively. Since
methanol and phenol, which are raw materials for these
resins, are excluded from this study, there is no appreciable
advantage of the production of these resins even by isporting

the rav material.




The growth rate of amsoniua Ritrate demand is very low,
and the production capacity in 1973 is snticipated to
considerably exceed the demand in 1975 as shown in
Table 1IV-1. Therefore, it would be advisable that the
bev installation or expansioa of aamonius nitrate should
be suspended for a while by the same situation as
sethanol case.

3. Mook Diagras of Petrochesicals

The petrochemicals selected by above steps are showa in the
'i‘- IV‘}.
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1.

3.

4.

Remarks of Table I1V-1

Each area consists of following countries:

North America USA, Canada

latin America Argentina, Brasil, Colosbia, Central American
Countrieas, Chile, Ecuador, Mezico, Peru,
Uruguay, Venesuela and etec.

W. Europe FEC Countries, EFTA Countries, Spain and Greece

Southeast Asia Bursa, Casbodia, Ceylon, Hong Kong, India,
Indonesia, Japan, korea, Malaysia, FPhilippines,
Singapore, Taivan, Thailand and eto.

Demand in 1975 is based on the pudblished data. rollowing tabdle is the
references.

Demand in 1973 is calculated by the average annual growth rate between
1970 and 1975.

Capacity in 1973 is based on the published data.

Mefersnces:

A.
».
c.

D.
E.
|
g.
M.
1.
J.
K.
L.
R.
N,
0.
P,
Q.

Modern FPlastics Jan. 1970 P.97 -- 102
®Long=Tera Demand Forecast of Petrocheaicals” by CNC Corp.

"Development in the Organic Sector of the Buropesan Chemical Industry”
by Economic Commission for Europe

kagaku Keisai (Japanese Magasine) Oct. 1970 P.59 - 65

ECN June 26, 1970 P.10

CY March 18, 1970 P.5

®*Puture Furopean Cheaical Growth Patteras” by Dr. Robbert Rickles
Cansdian Chemical Process Oct. 1969 P.68

OFD Report Dec. 22, 1969 P.12

Hydrocarbon Processing, July 1970 P.132

Mydrocarbon Processing, Aug. 1970 F.117 -- 119

OPD Report June 1, 1970 P.3

ECK  April 4, 1969 P.6

ECK Sept.26, 1969 P.10 «= 12

*Asmoniua Nitrate Supply and Demand 1967/1977° by British Sulpher Corp.
C&EN Oct. 13, 1969 P.26

C &FR Dec. 15, 1969




FIG.1V -1 FuLL RANGE OF POSSIBLE C( RANGE OF POSSIBLE COMPLEXES

. | g = ]
- PRE S ENT PROCESSING o= FIRST ST LGE PR Y CE Sty —— i o Pyt - L ECTONT S TANE o COGNSUMER PRODULTS
NATURAI GAS [ e e T L
REFORMER {— METHA DL ‘ o - ME THAOL J . LF ’)Ml DEWYDE Preservative
T _J ME THACRVLATE;}-. L amingtes et
e {AMMONIUM SULPHATE | L
FERTILIZER . Fertihizers
COMPLEX pomme T [ S S T - AMMONIUM o
SUL PHUR AMMONIA g - NTH L AT _ ———--—4 Ntk ATD } NITRATE Expiosives.
(FFDCHEM) [t | MR
o - o Moiding . Adhesives,
[ UREA 1 ‘ o REA- Lo L OMinGtes, costing,
- J L FORMALDEHVDE Decarating structures
N [mpregnations | glues
CPHENOL - | g Browelinng, rubbe's,
FORMAL DEHYDE Flectricar _mpls
T Binders
GAS ! ETHAMN - ] - ;_ _ . o ‘ # l ‘ ':“’L -‘;L OMOL ACE YALDEHVD‘ ACETIC ACID e £ oters, (OLQUErs, efc
—tbod  SEPARATION PROPANF ETrvi AL MO i e L
UNIT . CRACRING S e n(,‘. e - h B o L
R -y —— - S ] s i [ Pipe and tubing , shoes
-‘{ VYL T OROE ——{ VNYL Tl ORIDE 1 v e = tithings , 1 incoats
—- — e e R Duilding poneis
s H POL YETHYLENE [ Packagng, hims, sheet.
LPG ’ s containers, wee ond

PEFINEMES

caoble insulation toys

){!Ahuﬂ ..L SO Cian L__. 1SOF R IHRAROL } "{ Acsront }" Solvents , chem ot

— e e j e

m?& oL ) [YNYLI’M h Ant ftreeze
“—'——.-{ ' i ox1DE ]
SHELL ‘ '_““—j - -

J Medic 3l eQuipment, toys
Hances, eechonic
TEXACO . - PUL YPROPYLENE o Sor _&m ,
\-——_‘.E_ HAPHT A —— j l %?m": b o
n— ar e — NAPHTHA ' e e i e = e _— = Fum sreehing, pie
——— ) - ' ] - _,__[ PLASTICS AND F loor ‘

STEAM —-{ Ote TR -ﬁ ACRY| CrTRILE AB S POOINE Floor tie, lamnehes
’{P‘,ES_[}__Q’L CRATKFR ‘ | = ACRY| GtoTRILE T T ‘ o ‘ Ruahff ) E xtruded shapes

—— . - ——— ' e e e e . o, s

r s Fipres, eppes gns

JLuu o { . Tt Fory - L. coatngs, decorative

ATRYL MTRILE ‘

- N punels . windows
rutL on ' ———— — B | [ Ppouy
) Sl Rypders
—- - PR |- L OPRENE = sopmet }. ‘
-{ aspiar ] _o e { S ] o orReE
I ﬂ JMENF ) "{ S IMENE ——— P JOL }'. Numerows Jsegne
" N |Y’(,S e e e e i [ N
EXTRACTION & g v- T Tyree . nausn'.oo
SEPRRAT ION L 75017‘0.?‘“(* , Dot ng Peeatner s
Y e - $ e e : l ————— - Laswia? an , ppe, fuume
o 1 comtonery lgnces
g . e T e DA o s Bl g
sttt ' = ~ T
: T t l BENZOC ACID | BENZOIC ACID | peenoL Numerous usoges
|h———{jo| UfN[ _— e e m e o

iy —_— - - Plasheisers

I l PHTHAL I CI0CTY L

CHEVCAL .-L NONENE _J ¥ 8 av AT R s AT R L- / ATMIDR L H b»mmurr },-c Piastics

| =S .- - - —— B e

COMAEX ‘————‘-{_“bcoc_ctﬂt““j rp';'s':f ”‘iz:{fr.c‘ / f mﬂ“’o“ﬁ"i TTDIMETRYL H POLYESTER Apporel . ﬂ?og;eﬂ»c
—— e e - - [ .." m

- META- wy_ ENE - META- xY ENE I t.tp'm“ M[ FIBERS & FILMS ond pack -

TEXACO ﬂC'CLWF“~[ j[ » L_ SEPARATION \ -t L_‘ SEPA—Q_E:‘I% | mﬂn’. mlﬂ fepe

V20 - PHTALIC | 7 POLYESTER L Flactrice insuighion

- e R
wﬁ_—_& - |Sowr'Lcm A B D E_)"E_!i!‘___f_‘ Tyre cord, plasticisor

e e T T YES L]
LENE —‘{ CYCLOME AN -—o{ CYCLOME RANE z‘”;}.cflﬁ Oyes
" Ym- AH‘ “LtN{ ———_ e y T

R I e e Tyre cord, cpporel
o ]

Y ORGATCE CYC SRl 8] PR ACTAM NYLON @ e GOIPOS.industrial
et NAPH THE N IC ACIDS | "‘[;c'.: an | S C v C LOWE X ANONE Cf o - e hreibiry sy rug

-————-.—h""u wﬂGJL — " V"‘A“L’K‘L m'“
{AL"VL BENJENE AcrYlL BENIENE SULPHONATES detergenty

SECTION 1 f SECTION 2




—
[ = A FORMAL OF 1 - p——en{F ORMAL DEHYOE. | - o
| REFORMEN F——-‘ METHANOL T ’{ —-{__unu utsgg,.}
1 _ — __j
el AMMONUM SUA FAT ANMONIUM i TRATE
PERTAIZER ] MTRIC ACID | =
[ NTRIC A ! A
' oMmLEx et ammona _
| NATURAL GAS}— 1 ot ; { o
PEOCHEN) bt umea core ]
= o W oz e T o7 -
NATURAL hore ]
GAS oo - - = ue
PROCE $5MG vem e eve ]
. ] ACETIC ACOID
e ,...{ ETHVLENE ACE TALDENY ACE T&L.DgHVD_(_ - :.:JJ
ETHANE PROPANE ‘ T ETHANOL ETHANOL | - BUMANGL
SUTANE £ G i
. 0 €0 e
CRACKING - _ t_ o Y;R!"f _+——.{ pqusty_g_!ﬁ:]
tond/or) - ETHYL BENZE" | ETHYL BENZENE ST
CONDENSATE 1 I | ] . tea_ |
- b CRACHING B-9 FRACTION : =
FUNDENCATE b cmonms | {onacnen sasnd | ] re | L
(o) - %o __. roO B - a
[ APHTHA | - RAPTTHA - | ERYLWYML_!”HH“M.__LMN
NAPHTHA P CRACKING - - R .
il AROMAT BUTADKENE
S < xmacron | omEn sceton | _
OVE RY X ' = R
ncoveny - CUMENE HENOL ___L’B_“O}_ﬂ(}ﬂ
W. i - - . P AJ_______,.-
; g -._?.-_.'___ - -—_—] 1
. - /4 | A
{  sonm A1 ‘ A
C - Pox v BT, < e I e e
SuTADE N = rarenone | L I L T N (G
! 44 unzeme |} I a B £C AwHYOROE | S e inewo
. Tl , PAN GASOLINE CO.. LTOD.
I | bpra nlL_AY | ‘{_*"_“" - g »  SABOLINE CO..
. : . ) ] f - or
IO roLvese  } — e PHTHALIC ANYORCE 02— e w-2
L CHEmCALS | [ aviene }___4 - L ot} ol PQL_VESY,"‘_'_'L_] THE PETROCHEMICALS
_ ' 1 ATLEIR — N TELEPWTHALK - oz e e & ] FOR SELECTION
i _ToRvkee e : it -F EXAMINED
' [ el "‘{ (_:mt*:m‘__[ { .~‘.‘.‘.‘_O~ L] o - L ma e T
{TEXACO) CYCLOME XANE - . e e e .
e '__‘_;_‘1' of | ALKYL BENZENE] N— L
} . ={ s - Panarne | DWG NO. ‘F Ol
| e ronm 168
o o SIS 88, VO
OUAED © S0° QAN SID GUD /00 A VLU SRMNIDINE CUEIPY 0% GRNUD FOREHEN
WD NN G0 GINN SN 4D O ¥ ABEN § S GINE ©. ¥ NN S 5 G O © R AR, D © G » o . R ©

SECTION 1 [ SECTION 2




ME THANE

—{ermone —

- e
WO TS U @ O &SNNSR SO 400 © P FRIDUITY 6F SNUD WORMNS 05, (95 100N, DRS00 SR OOY (N RIS FUDMOAMANEER AUIUIOTD &5 ONEI

SECTION 1




e
AR

1

o

"E:s-"!“"f_f

re ]

~{cmnomme -—¢

#41 liﬂ.

—fusic worronce

SECTION 2

[
»s
| A b L
. I 2 :
' 1 [N
< Y01 NS R 45
siscaviion [ opnsierd Y
N _ MVISIONS ¥
————={renmc aco | O W7 POLYESTER-F pro v |
- JAPAN GASOLINE CO. LTD. | 3
(HMON RIMATSUYL RABUSHING KAISHA, »
< Wm} s-mmon-r | | F6 w-3 -
iieuendas PETROCHEMICALS »
o 10 8€ PROOUCED «
LINER = NTAT oo
'L@gmu e —— 1 Y
1] FOL--1-
¢, SUPERIEN. SRpPOINeTD 05 UUTIIIN © SOV SUSUSH. 005 0000 (U0 MDY PUIPUI IS CADY OV GUIVEN FUIBIRNS OF INMID GNORMNS B0, OB vonm 138 84




v. Wmmww
1. Utilisation of Natural Gas and Associated Condensate a8 Raw
Materisls for Petrochemicals (Case 1)

1) Genersl

The situation of the davelopment of natural gas in Trinidad
and Tobago is cleared in Chapter I and the government of
Trinidad and Tobego oxpscts the nev petrocheaical projects
based on these natursl gas and associated condensate.

The informations about natursl &8s and condensate in
Trinided and Tobago are given as follows:

Natural das*®
e) Quantity 1 300 = 500 MMBCY/D (Prospective)
b) Coaposition Soapcnent Mol Percent

H8 1
H 0.35
c0, 0.36
¢ 94.48
c, 2.92
Cy 1.08

1c, 0.29

", 0.28
o 0.16
Co 0.07
c, 0.1

100,00

e) Pressure | 300 IG

4) Prioe s 15 4/MCY (This price vas adviced ot the
Second Meeting held in October, 1970
Setween IDC and JGC Mission).
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2)

tondengate*®
8) Quantity : 25 barrels per MSCF of ms
b) Quality : Arl gravity 40° - 57°

¢) Price

.

not quoted

®* ln addition to the iuformation provided by IDC,
we tried t0o have the more detailed informations fros
AMUCO International 0il Co, which is presently executing
the natural gas development offshore of Trinidad, but
unfortunately we were conceived that it was too early to
ret the assured and detailed informations due to the
comparatively early stage of its present development
and these data are the best available.

( Annex A a.4 B )

Calculation ot Coets of Basic Materials (kthylene, Propylens,
Butadiene and BiX) derived from Natural Gae and Condensate.

8) General Assumption in this Calculation

For cxamining the poesibility of natural gas and
condensate utilisation under these circusstances,
we calculated the costs of ethylene, propylene,
butadiene and BI'X on the following assumptions.

i) the quantity of natural gas and condensate are
respuctively 2,751,000 t/y (400 MMSCF/D) and
410,000 t/y,

i1) The composition of all natural gas is same sa the
above mentioned, although AMOCO notes that the
ultimate make-up of a gar production stream will
be a function of the relative amount of reserves
discovered and placed on production from different
areas in the concession, and the gas composition
could vary substantially from the data shown,

The API gravity of condensate is 49°.
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»)

o)

141)

Blook

1)

i1)

144)

iv)

The price of natural gas at plant site is
15 $/¥sCr (7.25 8/¢).

he price of condensate is 16.65 8/t which is
an average present export price of naphthas
from Triniied and Tobago.

Diagram of Estissted laterisl Balance

Natural Ges Processing!
Refer to Annex 7.

Pyrolysias:

Lthane, propane and butane fros natural gas

are thersally cracked by ethane, propane and
butane cracker. Condensate associated with
natural gas and pentane plus, vhich is recovered
froa natural gas, are cracked dy condensate
oracker.

Cas Compression and Aurification:
The product streams fros both crackers are
treated together in the sase treating plants.

Butadiene Extractiont
P-B fraction produced by pyrolysis is trested
to extract butadiene.

Aromatics Recovery:
Cracked gasoline produced by pyrolysis is treated
to recover bensens, toluens and xylemes.

The bdlock diagraa is shown in Fig, V-1.

Caloulation

Refor to Annex 7 and K.
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d) Recults

Amount (t/y)  Unit Cost (/%)

Ethylene 241,000 71.58 |
Propylene 101,600 50,00 |
Butadiene 29,900 113.34

Bensene* 109,300 59,2200

Toluene* (b6,500)0e (36.6)ee

Xylene* 17,700 43,2

Cyclohcxane* 19,500 e1.7%

n-laraffine* 73,000 90.57

* Taking the petrochemicals delivered from the existing

TEXACO Petrochemical Plant into consideration to give

this result. t}
** ‘oluene is dealkylated to bensens.

3) Additional Hemarks ‘

As methane ie & main component in the composition of the
natural gas, ve make the following remarks specially.

In this study the use of methane as a rav saterial for petro-
chemicale is limited to methanol, nitric acid and ammoniua

nitrate bepides ammonium, ammonium sulfate and urea since
othylene route is now ascertained or world-widely noticed
superior to acetylene route.

The use of methane may also be considered for fuel for power
generation to develop electrocheaical industry such arc aluasinum,
cauntic soda and chlorine. Furthermore sethane may be exported
to USA considering the increasing demand of LXG.

The overall and most effective utilisation of methane sust be
developed by taking the above into consideration. In this
study, hovever, the utilisation of methane as fuel or LNG source
is eliainated since the alusinus project may raise some political
probles vith other CARIFTA countries and the uzse of methane as

onergy source will require the extensive survey beyond of this
study, «nd furthersore these are considered not to belong to
the field of petrochemical industry.
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2. Utilisation of Condensate as & Rew Naterial for Petrocheaicals
(Case 2)

1) General

As the content of C, plus fraction in the natural gas of
Trinided, according to AMOCO Information, is in genersl
consideration too small for production of ethylene by
Pyrolysis of natural gas, we studied the possibility of
condensate utilisation without use of natursl 688 in
this Case 2.

2) Caloulation of Costs of Basic Naterials derived from
Condensate Pyrolysis

8) Goneral Assumption in this Caloulatioms
Sese as that in Case 1.

®) Bock Diagres of Estimated Material Belance
Shown im FIG. V=2.

¢) Caloulation
defer t0 Annex G and B.

4) Results
Aasunt (t/y) Unit Coat (8/t)

Bthylene 126,000 56.64
Propylene 75,500 50.00
Jutadiene 24,000 116.63
Bensene*® 105, 6000 59,3200
Toluene*® (64,800)0e (36.6)ee
Xylene*® 12,600 48,2
Cyclohexane* 19,5%00 61.7%
n-Paraffine* 73,000 90.57

® Taking the petrochesicals delivered from the existing

TEXACO Petrocheamiceal Plant iato consideration to give

this result. |
®¢ Toluweme ia dealkylated to bemsene.




3. Utilization of Naphtha as a iav Material for Petrochemicals
(Case 3)

1) General

In Trinidad and ‘'obago there exist the refinery plants of
YEXACO TRINIDAD INC. (350,000 bbls/day)and of Shell Trinidad
utd, (61,000 tbls/day). In addition to this refining capacity
the plan of the establishment of a 150,000 bbls/day refinery
is being proceeded by the Trinidad TESORO CO. Ltd.

Wwe visited [MXACO Head uffice to have their advice of naphtha
utilisation but TEXACO did not clarify the availability and

price of naphtha for petrochemicsl industry J
(refer to Annex C).

Ginee the delivery of naphtha for petrochesiocal rav material
will result inevitably in decrease of EXACO products of such
motor gasoline and sviation gasoline as produced froa naphtha
fraction, TEXACO will not be in a positive attitude to afford
naphiha for petrochemical raw material unless the price of

naphtha &o petrocheaical raw materiai ve at same level or
above the price of gasoline. Such a price of naphtha is
considervd at present undesirable in petrochemical industry.

At the Second Meeting held in October, 1970 between 1DC and

JGC Mission, the plan of the establishaent of a 150,000 bdls/day
refinery by the TRINIDAD TESORO CO. was disclosed and 1DC
adviscd us the availability of naphtha of approximately 1.2
million tons per snnum.

In these reapects it is preferadle to fora a petrocheaical
complex scheme not based on the utilisstion of naphtha fros
TEXACO but based only on the naphtha from THINIDAD TESORO.

In this connection 1.2 million tons per annua of naphtha is
large enough for supplying the petrochesical raw materials
to a Petrochemical Complex of international level.
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The inforsation about naphtha from TRINIDAD TESORO are given
as follows: (refer to Annex D and E)

Naphtha
e) Quantity : 1,200,000 tonl/your

d) FProperties :

Nephtha trom the indigenous crude

Crude Quantity Naphtha Cut Chesical Analysis

bols/day Boiling Range P 0 N
< s

60, 000 100 - 150 39 0 42 19

150 = 200 28 0 51 a

20,00 100 = 150 AT v 5 A

150 - 200 5 0 71 24

IBI' 1+ The 1BP of the naphiha will be determined by the
18 of the crude to be used.
EBP t approx. 4wW°F.,

6} FPrice 1 U = b-1/2 Usé/gml(Us) (22,02 Use/t)

d4) Crude i) be used (for reference) :
The input to the refinery would be & combinatios of
80,000 bbl/day of local (indigenous) and 70,000 bd1/day
of foreign-based (imported) crude.

The foreign crude would possibly be imported from Nigeria.

The specifications of the indigenous crude

Quantity Approx
bbls/day Chemical Analysis AFI % light % gar oil § fuel
P 0 N A CGravity fraction D.1.53%-57 oil

e
60,000 33 - 48 19 26 18.8 15.1 66.1

20,000 33 - 48 19 23 11.4 28.5 00.1

2) Caloulation of Costs of Basic Materials derived froe Nephtha
Pyrolysis

8) Genersl Assumption in this Calculation

The input of Nigerian Light Lzport Crude (lomay) is aseused
for this refinery.
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The specifications of the Distillate (50° - 175°C)
of Nigerian Light Export Crude (Domay).

Yield Specific gravity cheaical Analysis
% on Crude 60y / o0°F P 0 XN A

27 0.76 24 - 67 9

Block Diagras of Lhetisatcd Material Balance
shewn in FIQ, V=3,

Calculation
Refer to Annes H.

Hesults

Mmsunt (3/y)  UmAt Cost (B/%)

kthylene 30,000 45.54
Frupylens 200,000 44.00
htadiene ©%,000 158.81
Bengene? 199,000 57,440
ioluene® T 20,2000 36.6
Aylene® 46,600 48,2
Cyclohezane® 19,500 61.7%
n=araffine* 135,900 w57

*  Taking the petrochesicals delivered froa the
existing TEAACO Petrocheaical Plant iato
consideration to give this result.

88,800 t/y of toluene is dealkylated to bemsene.




4. Utilization of Benzene, Toluene, Xylene, Cyclohexane and
R-Paraffine supplied by Lxisting TEXACO Plant.

1) Genersl

According to the information provided by IDC, TEXACO
Petrochesical Plant in Trinidad is producing the
following chemicals.
(in 1908)
bbls/year t/year 8/t
Bengene 213,602 30,000 55.6
oluene 356,622 49,000 36.0
Xylene 19,215 2,600 48.2
Cyclohexzane 158,475 19,500 vl.7%
n-Paraffine 60,307 73,000 90.57

Since Trinidad and Tobago Govermment hopes both of the
utilisation of the prospective rav saterisls and the upgrading
of the existing petrochemicals in Irinidad and Todago, all of
these existing petrochesicals are subjected for upgreding as
such as possibdie.

Gencral Assumption

The quantities of these basic petrocheaicals delivered fros
TEXACO Petrochemical Plant depend upon TEXACO's policy, which
vill be &ffected by the demand in blending base for gasoline,
to vary year by year.

In this study it is assumed that these petrochesicals be
available at the same quantities and the same prices as
delivered in 1968 in every yvar.
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FIG. V-
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FIG V-2
BLOCK DIAGRAM OF ESTIMATED MATER M 'ATED MATERIAL BALANCE (Case 2)
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vI. Progess Study for Complex Scheme Planning

The schemes of the petrochemical complexes based upon the resources
of (1) Natural Gas and Condensate, and the petrochemicals deliversd
from the existing TEXACO FPetrochemical Plant (2) Condensate and the
petrochemicals delivered from the existing TEXACO Plant and (3)
Naphtha and the petrochemicals delivered fros the existing TEXACO

Petrochemical Plant were laid down respectively.,

The net production costs and the selling prices of the petrochesical
products delivered from these Complexes were estimated.

1. Petrochcaical Complex Scheme

With respect to Flant Capacity, in general, on the one hand the
larger capucity is the better to pursue the scale merit, bdut

on the other hand the larger cepacity causes the more difficulty
to keep the operating efficiency at high level.

As to the number of the petrochemical products delivered fros
the Complox, the more 1a the better to secure the Coaples as
whole against the fiuctuation in btalance ¢f demand and supply.

& Generally speaking in petrochemical industry, the
increase in demand draws a smooth upward curve with
years, but the supply increases stepwisely.

In other words even when the petrochesical industry
grovs steadily, the over supply for a short time is
not avoidable with almost all petrochemicals. This
gives rise to a difficult selling time or a decline
in price for a while with each of the petrochemicals
respectively.

80 it is preferable to constitute the complex with as
sany kind petrochemicals as possidle so that they
compensate each other their difficult time of selling.




2.

In these respects the aschemes of the Cosplexes were laid down
by the following criteria:

1) to constitute the Complex with as sany petrochemicals

selected in Chapter IV as possible,

2) to make the plant capacity as large as possible under
the limitation of the available amount of raw materials.

The propose: echeme:s are nut necessarily definiteve or may be
modified by one upon his philosophy, but these schemes must
make one obtain a realistic imagpe about a petrochemical complex
poseible in rinidad and ‘obago under the given conditions.

The proposed complex schemes are shown in Fig. VI=1, <2 and -3, |

Caloulation of Net Manufacturing Cost and Selling Price

The results are shown in Table Vel and refer to Annex W, l
a9 to detailed caloulation refer to Annex L. ;

In the calculation it i: assumed that the subsidiary saterials,

such as chlorine, lime, ammonia, oleus, sulfuric acid and nitrie
acid, and the raw materials, of vhich the requisite amounts are

saall, such as methanol, ethylene glycol will be supplied at the
international prices fros outeide of Complexes.

As to the end product via intersediate produced in the Coaplex,
the intermediate product is assumed to be supplied to the end
product plant at its selling price.

The selling prices were calculated in accordance with the method of
"Prefeasibility Studies on Petrochesical Plants for Trinided and
Tobago” prepared dy IDC only with the difference of sdopting tax
holiday provision,

In this connection the rate of return on investaent calculated by

the dincounted cash flov msethod is 10.% uniforaly with all petro-
ohesical products when 10% of C.I is taken as the met incomse in

every year vith every product disregarding the end or the intermediate
product .,
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3.

4.

Capital Investments, Utilities and Labours of Complex

Integrated capital investments, utilities (electric power,
steam, cooling water, fuel) and ladour are shown in Table
Vl-2. (refer to Annex P)

Comparison of Cace 1, 2 and 3

As Table VI-1 shows, the sost sdvantageous result wvas given
iﬂ C.B‘ 50

The main factors, that are considersd to produce the differences
in the net mamufacturing costs and selling prices with the ezamined
Caves, are the cost of natural gas processing, the scale effeect,
thg cost allocation among the besic saterials, and the givea or
estimated prices of rav materials.

Anong thea the soale effect is the most important factor to
favour Case 3.

The Complex based upon naphtha utilisation is mcet recoamendadle
as conpared with the other two Complexes.

Accordingly the following study adbout export poesidilities froa
Trinided and Tobago will be executed upon the petrochesiocal
products delivered froa Case 7 Complex.
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VI1. Market Survey sand Fxport Possi

1, HMarket Survey

1) FEthylene Derivative:
n: LD

Pulyethylene b jluyed & leading rcle in the develoupunent of
petrochemicail srnadustry. The following tal (- shows the percentaye
of ethylene uemard fur polyethylene over ti- total ethylene demand

in UCA, Uk and Japan.

Ethyiene Dewand for Polyethylene over the Total
FAbylone Degand o UCA, UK ond Japan (Unjt 5 1,000 tong)
Ub A UK an
‘fotal Ethylene Domand 5,400 8,400 300 1,520 720 3,107

kEthylene Demand for
Polyethylens 1,530 2,980 167 630 387 1,27

1 39,1 35.5  55.7  47.7 3.3 41.0

From this table, ethylene demand for polyethyleune production was

in the opder of 40 = Y of total othylene demand in these three
countries in 19¢H, FPolyethylene has made a great contribution to
the devolopment of petrochemical complex. Though, the percentage

of ethylone demand for polyethylene hae slightly decreased gradually,
the role of polyethylene in the petrocheaical industry will not
change.,

1.DI¥ demand has rhown a repid increase. From Table IV-1, total LDIE
demand in the four areas (North America, latin Amsrica, West Europe
and Southeast A-ia) in 1970 is estimated to be up to 4.85 aillion
tons. The growth rate in Southeast Asia with Japan as a leading
nation, from 1965 through 1970 is 22.1% in awmerage, which is the
highest of all, folloved by Latin America of 18,1%, The average

of the four areas is 18.6%. The rapid increase of LD is owning,
to & large extent, to the increase of fils and sheet consumption
for which sbout O% of total LDIE demand is utilised. While the
average annual growth rate of the consumption of fils and sheet




in WA, UK and Japan during the three years from 1967 to 1970 is
17.8%, 14.7% and 10.5% respectively, the growth rate of the total
LDFx. demand is 12.2% in USA, 11.9% in UK and Japan and the growth
rate of film and shect demand in USA and UK exceeds that of the
total LDFE demand.

End Use Pattern of LDIE in USA, UK and Japan

AL910 Eatimate)

(Unit: 1,000 tons)

7Y us Jagan
Fils and Sheet 780 53.0 134 54.6 35  55.0
Injection Molding 234 16.0 37 15.0 56 8.8
Extrusion “uating <7 14.0 12 5.0 82 12.8
Wire and Cable 17  11.0 e 9.1 54 8.4
Fipe and Conduit %6 2.4 6 2.4 7 1.1
Blow Molding 26 1.7 2% 10.3 24 3.8
Kote Molding 27 1.9 - - - -
Miscellaneous - - 9 3.6 64 10.1
Total 1,477 100 245 100 637 100
Lources 1 Ref. 1, 2, 3,

Next to fils and sheet, LDIL is used for injection molding. 1a USA
and UK, about 15% of total LD/ demand goes to injection molding.
The capacity of LDIE in the said four areas during the five years
from 1965 to 1970 was increased by sbout 4.9 million t/y wherebdy
the total capacity will reach 7.3 million t/y by the end of 1970.
In the meantime, the capacity per plant is becoming larger with
the sverage of 60,000 - 70,000 t/y per plant. In the past, the
average capacity of s plant was in tho range of 20,000 t/y to
30,000 t/y. Annex Q-2 shows the LDIE Producers vith present
and under planning capacity in the western countries.,

The following table shows LDFE prices in the main countries. These
are local delivered prices based on single deliveries in each couatry
@nd LDFE is being 501d to bulk users at the lower rate by 10-20% thes
these local delivered prices (Same study can be seid regarding the
other products).




LOP& Pri 0 the Main C I
(Unit : #/1v)

Grade Coun 1%5. 910
USA 16.2% 13
Uk 18.6 16
Injection Grade Japan - -
(10 ton lote) 4. Gersany 18.1 16
france 19.4 11.7
Italy 18.9 12.1
UsA 18.7% 12,75
UK 22.1 19
Inductrial File Crade Japan* 19 12
(10 ton lote) W. Germany 21,0 21.2
France 0.8 12.2
Jtaly 22.6 12.9
Us A 19.2% 15.2%
UK 25.0 21.5%0
Pipe Extrusion Grade Japan - -
(10 ton lote) ¥. Cermany 22.6 23.1
yrance 3.6 14.6
Italy 5.3 12.9

® Average prioe of LDIE in Japen
Source 1 Ref, 4

In the United States, the LDIE price was decresred by 3 - 6 cents/1d

in the past five years. In UK it was decreared by 2 - J cente/10,

in France and Italy by 7 - 13 cents. In vest Gersany, hovever, the
'prtcc har little fluctuated. In Japan, it is decreased by 6 cents.

In the other words, the price of LDFE was decreased by 15 - 20%

except W. Germany, during the period of 19v5 to 1970, in some instances
by 5UK such as pipe extrusion grade in Italy. However, in the begimning
of 1975, the price went up by 1 = 2 #/1d which vas initiated by Unioa
Cardide Corp.

I TR




The expected demand for LDFE up to 1975 will be lower than the
average growth rate for the five years from 1965 to 1970 in the

said four areas, but the demand vill be increased by 14.4% per

year and the total demand in the four areas will reach 9.5 sillion
tons in 197%. From the geoxraphical point, the growth rate in
Latin America is 26.34, the must remarkable of all, which exceeds
the annual average growth rate during the five years from 1965 -
1970, Southeast Avia is .1:0 cxpected to continuously increase

the demand, 'ay, aboutl by Lluf per year. Under these circumstances,
each manufacturcr is quite inlerested in the expansion of its
production capacity as seen frou Annex Q-2. Up to 1973, new
installations of 282,000 t/y in North Americs, 110,000 t/y in Latia
America, 1,966,000 t/y in W. Europe and 310,000 t/y in Southeast
Asia are planned.

To estimate the prices 1n 197% is very difficult, but it can be
said that such considerablc decrease in prices as observed during

the five yeur from 1905 to 1,70 would not take place. The decrease
in price during the past five years is due aainly to the effect of
scale merit by larger capacity of plant and rationalisation of
production facilities and circulation of product.

Hovever, considering that the:¢ countermeacures have nearly

arrived at an economic limit and also in viev of the inflation

of production cost, there is a symptom that the price of LD

will either resain at the present level or gv up rather than dowa,

)1, )

HDE is coampetitive with PP and PVC in many fields and its demand is

not #0 high as LDFE. ‘The percentage of HDIE for total polyethyleme

desand is around 22 - 30K. The increase of HDFE demand from 1965 to

1970 is 22.5% in total of the said four areas as shown in Table 1V-1,
which indicates the considerable increese of HDFE in its own sarketing
field in spite of the severe competition with PP and PVC. Geograsphically,
the demand has consideradly increased by as high as 21.7% in the aasual
aversge in Southeast Asia, followed by latin America of 21.4%.




The following table shows the end use pattern of HDFE.

End Use Pattern or HDFE in USA, UK and Japan

(1970 igtimgtc)

(Unit 3 1,000 tons)

USA Uk JARSR
Blue Mulding J08.0 D07 26.59 40.b 55.65 23.6
Injuction Molding 137.0 <L.0 204,18 2.2 80.15 34.0
Vipe and Conduit 39.8 1.9 24.6 4.0 6.2 2.6
Fil)b‘l' 3.( Oob 35021 ‘7-4 60.9 28“
Film and Sheet }003 517 3007[) 5.0 1bn6‘ 7;1
WQtu Yolding 15.8 3.0 - - - -
:Jiri' L\nd C‘bl' 22.6 ‘03 1‘)-08 5.2 - -~
ratrucion Coating 11.8 .2 - - - -
#niscellaneous - - 15.99 2.6 10.44 4.3

Total $¢8.5 100 615 100 235.98 100

sSource kKef, 1. 2. 3.

Tue mmin consumption of HDFE is for Llow molding in USA and UK,
oc.upying 50.74 and 4u.6/ respectively, fullowed by injection
sulding of 26.u% and 35.2% respectively. In Japan adversely,
34.0% of UDPE 1s consumed for injection molding end 23.64 for
blow molding. In France and W. Gersany, tlc came pattern is
observed as in Japan. "his is because that the plastic bottle
have not so widely spread &s in USA and UK.

In many countries, the used milk bottle is creating problem of solid
vaste disposal, however, if plastics bottle is more widely accepted,
HDFE demand will be further increased. The production capacity of
KDFE has increased 3.7 times from 1965 to 1970 and will became 2.9
million tons/y by the end of 1970. Annex Q-3 shows the present
end planned capacities by HDPE Producers in the western countries.
In the petrochemical industrialisation prugremme of developing
ocountries, it is general that the LDPE is planned prior to HDFE.
Proa this point, the plant capacities in latin America and Southeast
Asis except Japan is on the very low level cospared vwith LDFE,
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The following table compares the recent prices of HDME with those
of 1965.

LPPE Prices in the Main Couptries

(Unit : 4/10)

Countriea 1319
USA
UK

Injection Grade

(10 ton lots)

USA
Uk

Bottle Grade Japan

(10 ton lots) 4. Cermany
France
ltaly

* Average price of HOFE in Japen
Sowrce : HKef. 4

The prices have decreased in all the countries with considerable
decrease of sore than 40X in France. In even England where the
price is said to be most stable, the price went down by 10 - 1%,

The growth rate of the estimated HDIE demand in the four arees wp
to 1975 1ie slow in comparison with that for the five years from
1905 to 1970, but it is still expected that the demand vwill be
increased by about 14.6% per year in average, with particular
esphasis on Latin America where the demand is sxpected to increase
by more than 30% which would exceed the grovth rate for the five
years from 1965 to 1970, In Southeast Asia, too, the desand will
e still increased as high as 19% while in North America and

W. Europe the increase is expectud about 12 - 13% in average.

In USA and other developed countries, milk bottles and other glass
bottles are being changed from glass to plastics. Presently ia
USA, about 5 - &% of ailk bottles are of DIt plastics. FMillipe
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Petroleun Co. forecasts that the figure of 5 - 8% will be increased
to 2% by 1973. 1In such was, the conversion of bottles from glass
to plastics will be proceeded speedily. With regard to new
installations or expansion of HDM facilities, positive planning
has been announced same as LDPE. In Southeast Asia, the almost
doubling of the capacily in 1970 was announced while planning new
or additional fac’ .ities for 783, W0 t/y in W. wurope and ior
190,000 t/y 1n Ut was announced.

The price in 1975 will not be decreased to lary. extent since scale
merit and rationalization would be offset with the increase of cost
by increase of wayes. In USA, HDPE is being suld to big users at
about 16 - 17 ¢/lb. A director of Monsanto rcccntly indicated that
this price could be further reduced by 2 - 3 £/1b.

VCM

The raw material fur VCM has been rapidly shifting from acetylene
to EDC, as the ethylenc price has been decreasing with the scale-
up of ethylene production facilities. It 1s forecasted that Japan
will completely shift the raw material to EDC by the end of 1971.
The USA has already produced 8sp of VCM through LDC. In #. Furope,

however, production of VCM through kDC accounts for only 55k.

The VCM demand has rapidly increased. From 1965 to 1970 the demand
increased at an annual rate of 3Ux, and in 1970 the demand is

estimated to reach 5.10 million tons in the four areas as a whole.

EDC prices are given in the following table.

VCM Prices in Main Countries
(Unit : £/1b)

Grade Countries 1965 1970
USA 8.00 5.00
Japan 8.00 7.00

RTC W. Geraany T.7 6.8
France n.a. 7.6

Italy 8.0 8.1

- T -

|
1




(d)

The price in the USA has decreased from 8 £/1b to 5 £/1b and
Japan showed 1 ¢/1b decrease between 1965 and 1970. On the
other hand the prices in most countries of W. Europe showed

slightly upward.

The future demand for VUM mainly depends upon the growth rate of
the IWC demand. [t is estimated that PVC demand will increese
by 126 durin; he next five years and 'hat VCM will also show the
same growth r.te, reaching 10 million tons in 1975 in the four
areas as a whule. Whereas shifting of raw material to EDC has
nearly been completed in both the USA and Japan, shifting in

W. Europe will reach 8U% in total vinyl chloride production for

the next five years.

Pve

IVC, puralleled with LDPE, is a plastic having much demand. The
demand is expected to reach about five million tons as a total

of the said four areas in 1970. Geographically, as shown in

Table 1V-1 the highest in the growth rate is Southeast Asia that
is annual average of 2%, amounting to 1.2 million tons, followcd
by latin America of 19.4%4 amounting to 0.2 million tons and

W. Burope of 13.2% amounting to 2.19 million tons and North America

of 9.94 amounting to 1.4 million tons.

PVC is a material very widely used for many things and the following
table shows its end use pattern. In each country about 10% is used
for calendared sheet, wire and cable, flooring and pipe. The items
which have shown the most significant increase for these several
years are wire and cable, and flooring in USA, bottle and pipe in

W. Europe, and sheet, and wire and cable in Japan.
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knd Use Pattern of PVC
in USA, UK and Japan 196
(Unit : 1000 tons) 1

UsA

kEnd Use Congumption .2
Film and sheet 272.2 22.8 |
Calendering flooring 1277.0 10.7
Cuating flooring U4 2.6
Paper and textile 43.0 4.1
Proteciive and adhesive 40.8 3.4
kxtrusion film and sheet 68,0 5.7
Wire and cable 170.9 14.8
Otlier extruded products 190.5 10.0
Molding injection and blow 39.9 3.4
1"lastisol 56.7 4.8
Records 52.6 4.4
Miscellaneous 88.0 7.3

Total 1,192.0 100.0

'/

knd Use Consuaption %
Calendered sheet 20.4 15.8
Fabric and paper coating 11.2 8.6
Flooring 14.8 11.3
Belting 2.3 1.7
Cables 19.9 15.1
Other extirusions 6.8 5.2
Dipping, slush molding and 5.2 3.5

solutions
Footwear 5.2 3.5
Sheet and film 5.7 4.3
Extrusions 26.9 20.3
Records 4.5 3.5
Bottles 1.8 1.5
Other injection molding 3.9 3.0
Miscellaneous 3.6 2.7

Total 132.2 100.0
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Japan

End Use
Rigid

Rigid plate

Corgated plate

Pipe

Fittings

Sheet

Rigid fulume and gutter

Other use

Flexible
}'ilm and sheet general purpose
Film and sheet for agricultural
Leather
bxtrusion

Other use

Qthers

Wire and cable

Flooring
Fiber

Miscellaneous

Total
Source : Ref. 1, 2, 3.

The following table compares prices of PVC in the main countries.

Consumption %
35.9 3.7
74.5 7.8

232.6 24.2
20.0 2.1
833.0 8.6
34.5 3.6
46.2 4.8

108.5 11.3
35.7 3.1
75.5 7.6
55.0 5.7
27.2 2.8
94.1 9.5
24.7 2.6
12.2 1.3

6.2 0.7
961.1 100.0

PYC Prices in the Main Countries

Grade Countries

Usa
UK

Paste foraing grade Japan
W. Germany
France
Italy

- 4l -

(Unit

1965

24.00
l7.m
21.60
18.10

16.17

£/1b)
1970

24.00
17.06
17.50
17.60
15.00
17.10



Grade Countries 1965 1970

USA 16.00 14.00
UK 15.80 13.55
Purpose mech. grade Japan 12.50 11.00
W. Germany 15.90 16.30
France 17.60 12.50
ltaly 16.00 14.40

Source : Ref. 4

Of all the th. cmoplastics, PVC is a plastic which has showed least
fluctuation in price for the past f.ve years. In USA, UK and
Italy, the prices of paste forming grade have made no appreciable
fluctuation, but in Japan the price went down from 21.60 £/1b. to
17.50 /1b. 'The price of the purpose mech. grade went down in
all countries except #. Germany. The range of falling in price
is 2 - % £/1lb. except 5.10 ¢/1v. in France. Litile fluctuation
in IVU price is due mostly to the rising of chlorine price as
seen in the following table by the world wide shortage in chlorine

caused by increase of PVC demand.

Chlorine Price in the Main Countries

i ——— e S R

(Unit : g¢/1b)

Grade Countries 1965 1970
USA 3.25 3.75
UK 3.20 3.45
Liquid form Japan 3.21 3.46
W. Germany 2.90 3.50
France 3.10 5.40
Italy 3.60 3.80

Source ¢ Ref. 4

For this reason the PVC producers are making effort of reducing
cost by either converting the raw material from acetylene to

ethylene or using EDC Process or oxichlorination process.
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The increase in the future PVC demand may be lower than that for
the five years from 1965 to 1970 but 12.2% increase in annual
average will be expected, amounting to 8.86 million tons as a

total of the said four areas by 1975. In each country, considerable
increase in F'VC bottles are equally seen. It is expected that beer
bottles in Germany and wine bottles in France will be substituted
with PVC. However, the solution of the problem of treatment of

wasted PVC will be key to the dev-lopment of PVC in this field.

Most PVC manuiacturers are quite active in expansion of the facilities

as shown in Annex Q-4.

The price of PVC in the future will not be decreased unless chlorine
shortage problem is solved. 1In Europe and Japan, large size of
electrolysis cells are being installed in a positive manner,
however, this will not satisfy all the demand and there is little
possibility that chlorine price will decrease in the immediate

future. "The price of PVC will continue on the long side.

Styrene monomer

Styrene monomer is an intermediate with a wide range of used as

raw material for polystyrene, AHKS resin, SAN resin, styrene-
butadiene cupolymer, SBR, etc. During five years from 1965 to

1970 the demand for styrene monomer showed a high rate of increase

of 1/.1% in the four areas, and over 20% in areas other than North

America.

The following table gives end use pattern of styrene monomer in

the USA, W. Europe, and Japan.

knd Use Pattern of Styrene Monomer in USA, W. Europe and Japan
(Unit : %)

USA W. Europe Japan
Polystyrene 54.5 70.0 68.4
SBR 18.3 22.8 14.5%
Polyester resin 6.0 0.8 5.7
ABS lo.2 5.2 9.9
Miscellaneous 5.0 1.2 1.5




Polystyrene predominates in 55 - 70% of these areas, and SBR

is in second place, ranging from 15 - 23%.

The price trend for styrene monomer in the main countries is

as follows:

styrene Monomer Prices in the Main Countries
(Unit : £€/1v)

Grade Cuuntries 1965 1970
UGA 8.0V 8.00
Uk 10.20 9.00
Polymer grade Japan 13.10 7.60
#. Germany 13.20 4.20
France 10.00 8.10
Italy . 10.20 11.00

The 19fu price in USA has been the same as in 19¢Y, i.e.,
8 £/1b. 1n ltaly the price increased U.8¢/1b, whereas in
the UK, Japan, W. Germany, and France the prices fell.

Among them, Japan set a record of 42% reduction in price.

The future demand for styrene monomer is expected to grow

at a rate of 13%, and in 1975 it will reach 8.1 million tons.
The growth rates will be lower in all these areas, as compared
with five years between 1965 and 1370; in North America the
rate is estimated to be '/.4%, and the other three areas

will range from 10 to 14%.

Styrene is produced from high purity ethylbengzene, most of
which is, in turn, obtained by alkylating benzene with ethylene,
Therefore, price of styrene monomer is determined by the prices
of ethylene and bengene. The ethylene price is unlikely to be
lowered, because the scale-up merit has reached a limit, and
because the main raw materials for ethylene, i.e., natural

€as and naphtha, is unlikely to show a large reduction in

price. Meanwhile, the benzene price is estimated to increase

in the future, owing to the move to eliminate lead from gasoline.
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In view of the above price trends, and taking account of world wide
inflation, it can be estimated that the styrene monomer price will

either remain on the same level or increase.

Polystyrene

Polystyrene demand has rapidly increased as other plastics. The
total demand in the said four areas increased by 10.6% in average
for the five year: from 1965 to 1970 and will reach 2.0 million tons
in 1970. Geographically, the growih rate in Latin America and .
Europe is 11 - 14% while that in Southeast Asia is more than 30%
which is almost double the increase in the other areas. The
polystyrene end use pattern in the main countries is as follows.
Hecause of the different ways of classification by countries,
accurate comparison is difficult. In each country, however,
polystyrene 1s mostly used for packaging with 48% in UK, 27% in
USA and 484 1n Japan. 'The total existing polystyrene production
capacity in the said four areas is about 2.9 million t/y. This is

considerably over supply for the present demand.

End Use Pattern of Polystyrene (GP HI)

in USA, UK and Japan §12622

(Unit : 1000 tons)

usa
knd Use Congumption 5
Combs, brushes, eyeglasses, etc. 15.9 2.1
Drain pipe 20.4 2.7
Foamed sheet 31.8 4.2
Furniture 36.3 4.8
Housewares 90.7 12.0
Lighting and sings 19.1 2.6
Major appliances 12.7 1.7
Monofilament 2.3 0.4
Packaging 204.1 27.0
Radio and TV 31.8 4.2
Refrigerators 29.5 4.0
Small appliances 10.9 1.5
Toys 108.9 14.4
Miscellaneous 137.4 18.4
Total 751.6 100 (%)

Source : Ref, 2
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End Use

Packaging

Sheet, excluding packaging
Household and office appliances
Household and premium offer goods
Toys and novelties

Shoe heels

Light fittings

Cisterns and bathroom accessories
Combs, brushes and trinkets

Miscellaneous

Total

Source : Ref. 1

Japen
End Use

v

Refrigerators

Hadio

Other electric appliances
General machinery
Packaging

Toys

Office appliances

Total
Source : Ref., 3

Congumption
55.0
8.0
7.0
13,0
12.3
3.6
2.8
3.9
1.4
8.0

115.0

Consumption
13.8

14.7
9.1
35%.2
14.6
106.9
20.6
11.0

223.9

48

6-25
11
10.5

2.5
3.5
1.25

100.00 T ‘

2

6.2
6.5
4.0
14.7
6.6
48.0
9.3
4.7

100.00

The following table compares the price of 1965 with that of 1970.
In USA and W. Germany, there is no big change or slight increase

in the price. In the other countries the prices went down by

20 - 3%'

- 86 =



Polystyrene Prices in the Main Countries
(Unit : £/1b)

Grade Countries 1965 1970
USA 14.5 14.8
UK 18.7 13.5
General Crystal Japan - -
(10 ton lots) W. Germany 17 18
France 17.1 13.5
Italy 16.7 13.7
USA 21 3
UK 28 0.5
High Impact Japan* 20.8 11.7
(10 ton lots) W. Germany 25.8 29
France 24.1 18,2
Italy 23.2 19.7

* The average price of GP and H] in Japan

Source : Ref. 4

It is said in UsA that the industry needs at least 15 ¢/1b. in
flow cars for general purpose polystyrcne to get a return on
investment (wef. 9) and that polystyrene manufacturers are not

zaining much profit.

The anticipated growth rate of polystyrene up to 1975 is 9.3%

as total in the said four areas, reaching 3.1 million t/y

in 1975, The growih rate in North America, Latin America and

W. Europe are 10%, 13% and 6% respectively while that in Southeast
Asia with Japan is still very high as 15.%%.

‘'he new installation or expansion programs of polystyrene vary

by each area at present. In West Europe, the active programs of
new or additional 750,000 t/y polystyrene production has been
announced. In North America and Southeast Asia, new or additional
installation programs of 300,000 t/y and 84,000 t/y have been
announced. The polystyrene price is maintaining 15 £/1b. for

the past several years as stated previously and the price in the
future is anticipated to fluctuate within the range of plus or
minus 10% of 15 ¢/1b.
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2) Propylene Derivatives
(a) PG

The demand for PG has made a rapid growth with particular emphasis
on the increase in polyester resin consumption. Table IV-1 shows
that for the period of five years from 1965 to 1970 PG demand
increased by as much as 25.7% as a total of the said four areas.
Particularly in W. kurope the growth rate was remarkable and the
demand is expected to arrive at 300,000 tons by the end of 1970
which 1s as much as 5 times that of 190%. The growth rate in
North America and Southeast Asia is also high at 11% and 19%

respectively. The end use pattern of PG is shown in the following

table.
End Use Pattern of PG
(Unit : %)
U.S5.A. W. kurope Japan

Polyester Resins 45.1 22.7 55.1
Cellophane 17.2 32.0 8.2
Plasticizers 5.6 21.4 -

Cosmetics 12.7 16.0 28.2
Miscellaneous 19.4 7.9 8.5

In USA and Japan, 45 - 55% of the total PG demand goes to polyester
resins, however, in W. Europe 32% goes to cellophane and 22% to
polyester resin. Today plastics is substituting cellophane and

in the not distant future, PG will be used for polyester resin to

a largest extent. The following table compares prices of PG in
1965 with those in 1970.

PG Prices in the Main Countries
(Unit : €/1b)

Grade Countries 1965 1970
USA 12.50 13.00
UK 14.50 12.96
Standard Japan 17.10 19.10
W. Germany 13.10 13.50
France 12.70 13.80
Italy 12.30 13.70

Source : Ref. 4
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From this table, in all countries except UK the prices increased by

0.5 {/lb tu 2 £/1b due to the world wide strinsency of propylene

supply. The propylene shortage is anticipated to continue and PG

prices will keep the present level or will go up.

The future demand for PG will be increased by 10% on the stable

basis supported bty the expected raising of polyester resins demand.
ueographically, in w. Burope, the demand for iy shows a very rapid
increase such as about 3% in annual average for the five years from
1965 to 1970 and is cxpected to enjoy a stable increase maintaining
7% in the annual average. In USA, with the increase of the polyester
resin consumption, PG demand will be increased by about 12% which
will slightly exceed the demand for the past five years. In Latin
America and Southeast Asia the growth rate would be in the range of
16 - 174,

Acrylonitrile

Acrylonitrile demand has shown such a big increase as high as 22%
in annual average supported by the high consumption of acrilic
fiber. ‘The increase in W. kurope 18 304 that is the highest of
all arcas with 500,000 touns of consumption being expected in 1'/0.
The ¢rowth in Southeast Asia is also remarkuble with the growth
rate of 22.50 in average fur the past five years, reaching 416,000
tons by the end of in 1970. The end use pattern of acrylonitrile

is shown in the following table.

End Use Pattern of Acrylonitrile
in USA, W. buroupe and Japan

UA W. kurope Japan
Fiber 04.5 7.5
Plastics 14.0 15.%
Hubber 6.8 6.2
Others 14.8 0.8
Source : Ref. 3, 6, 7.
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In each country, (5 - 78% of acrylonitrile is used for fiber,
followed by plastic for which 11 - 16% of acrylonitrile is used.
Recently, in cope with the increasing acrylic fiber consumption,
construction ot acrylonitrile production plants are being mashroomed.
In W. burope, new installations or ¢xpansions were made up to 1.1
million t/y of acrylonitrile from last year and further, 598,000

t/; of additional 1nstallations by 1973 were announced.

The following table comparce the acrylonitrile prices in the main

countries.
Acrylonitrile Prices in the Main Countries L
(Unit : £/1b)
Countries 19thH 1970
USA 17.00 14.50
UK 16.50 14.15
Acrylonitrile Japan 20.60 13.20
RIC W. Germany 19.80 24.40
France 22.60 15.50
Italy 21.10 19.70
Source :  Hef. 4

In W. Germany, the price went up from 19.80 ¢/1b to 24.40 ¢/1b.
In the other countries the prices went down. Particularly, in
Japan and France, the prices went down by more than 30% and in
UK by about 14%.

With the development of Sohio Process, the raw materials for
acrylonitrile production has been changed from acetylene-
hydrogen cyanede to propylene-ammonia of low cost. This change
in the raw material has made & contribution to the production

of acrylonitrile in low cost.

''he forecast of the future demand for acrylonitrile depends, to a
large extent, on the increase of consumption of acrylic fiber for
which acrylonitrile is mainly used. As shown in the following
table, acrylic fiber demand in 1975 is expected to increase by
10.5% in North America, 22.8% in Latin America, 15.0% in W. Europe
and 12.0% in Southeast Asia.
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North America
Latin America
W. urope

SoulLiieast Asia

l'otal

Forecast of Acrylic Fiber Demand

(Unit : 1,000 tons)

Annual Average
Growth Rate

1969 1970 1979 1909-1970  1970-1

82 121 200 20.8 10.5

4 25 70 44.4 22.8
120 240 480 14.9 15.0
84 239 420 5.2 12.0
290 625 1,170 11.5 13.4

Influenced by such high increase of acrylic fiber, acrylonitrile

demand is also expected tu increase at the rate close to acrylic

fiber. In other words, acrylonitrile demand will be increase by

14.%%. Geographi

cally, the increase in Latin America is the highest

by 29/, but the quantity is very small such as 67,000 tons. In

North America, W.
11%, 14/ and 13%,
and Tv2,000 tous,

The acrylonitrile

the present level

Europe and Southeast Asia, the growth rate is
amounting to 860,000 tons, 1.1% million tons

rezpectively.

price in the future is anticipated to maintain

or to go up by the following reasons:

(1) Similar to the other petrochemical products, it will have

influence of cosl push by raising wages.

(2) Because of the anticipated world wide shortage in propylene

of raw material, no decrease in price is expected.

(3) It is conceivable that decreasing returns on the N. content

of fertilizers due to increasing competition in that market

could have the effect of raising prices for industrial

ammonia (Ref. 8).
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(e)

Acrylic Fibers

Acrylic fiber technology was first introduced in 1948, however
at the initial stages dyeing and other problems held back
appreciable market development. later, when such problems

were solved, and when improvements in the stirength of acrylic
fibers and 1ts excellent resistance to moisture, moths, mildew,
and deterioration caused by chlorine and sunlight were commonly

realized, the demand for acrylic fiber.: recorded a sharp increase.

During 1965 - 1970 the demand has beer. increasing at an annual

average rate of lu.y% in the total four areas.

The following table gives end use patterns of acrylic fibers
in USA.
knd Use Patterns of Acrylic Fibers in USA
(Unit : %)

Carpets and rugs 40.6
Seaters 20.0
Knit products (e.g., sweaters) 14.2
Pile tabrics 9.9
Broad woven goods 7.0
Blankets 4.8
Miscellaneous 3.5

lotal 100.0

Source : Ref. 11

Acrylic fibers also have so diversified deniers and uses which
are different with respect to countries, precise comparison is
almost impossible. The following table gives a few examples

of acrylic fiber prices in the USA, UK, and Japan.
Acrylic Fiber Prices in USA, UK, and Japan
(Unit : ¢/1b)

Usa UK  Japan
1.5 - 3 deniers 89 80 49-53



.,

Future demand for acrylic fiber is estimated to srow at an
annual rate ot J14, rcaching 1.04 million tong 1n the total
four areas. OI the four areas, W. Europe has an outstanding
inerease 1n dewnnd, and 15 estimated to grow at the same rate

a8 1n the past five years.

})})

JiP which wade 8 wauy cvbut as a fiber with most ideal property

was not widely acce;.wd tor fiber due mainly to poor dyeability.

Rather 1t ha. grown fur plastics in spite of 1ine material, it )
wus quectivnuble 1n ine 1nitial stage, that due to poor dyeability . ~‘
and difficulty 1n prucessing PP would take some share competing

with HDH and Pve.

However, with the improvement in processing technique and
appraisal of excellcnce of material, PP has shown a rapid growth
since 19c4 and Lhe growth rate was remarkably high, showing 37%
increase 1n average 4s a total of the said four areas from the
period of 1uyvhb through 1970. In Japan, Mitsubishi Petrochemical
Co., tumitomo Chemical Co. and Mitsui Petrochemical Ind. introduced
Montecatini's technique at the one same time, tollowed by Chisso Co.
which introduced Avisun's technique, whereby they made a great
contribution to the marvelous growth of higher than 54% for the
five ycars from 190% tu 1570, In North America and W. kurope,

too, large increase such as 27% and 329, respectively, in annual
average 1s expected for these five years. The end use pattern

of PP is shown in the following table.

Ind Use Pattern of PP in USA, UK and Japan
(1970 Estimate)

(Unit : 1000 tons)

Usa Uk Japan
knd Use Congump. % Consump. _% Consump. %
Injection and 221.0 54.9 47.5 50.0 27.5 48.3
blow molding
Film 48.5 12.0 14.3 15.0 15.7 27.3
Fibers 119.0 29.0 29.1 30.6 12.5 21.9
Sheet and pipe 9.1 2.3 3.0 3.2 n.a. n.a.
Miscellaneous 5.9 1.2 1.1 1.2 1.3 2.5

Total 403.5 100 95.0 100 57.0 100

Source : Ref. 4




J

From this table, ¥ is used for injection molding tov a extent

of 504, then for fiber and filament of about 3UK.

Annex Q - 8 shows PP producers with the present and planned

capacities in the western world.
The PP prices are shown in the following table, buring the past
five years, 'Y prices in all the countrie:: except W. Germany has

been decreased,

PP Ppices in the Main Countrie::

\ Unit : ¢/1b)

Grade Countries 1yvh 1970
USA JH0 21.0
Uh 2'1.4 24.2
uUeneral Purpose Japan* 2.7 1.4
(10 ton lots) W. Germany 2.9 36.2
France - 20.4
Italy 2H.4 22.8

* Injection Grade

Source : Rif. 4

he [P demand in the four areas is eXxpected to considerably
rncreate in the future with the increase by 14,11, amounting
to 3.5 million tons in 1975, Geograjhically, Loutheast A.ia
ls expected about 20/ growth, followed by W. hurcpe of 23,08
both of which are on the high level,

The 1P price may go down in the future since the Pi' price is
rather high compared with other polyolefine resin although the

world wide stringency of propylene is anticipated.
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%) Butaidene Derivatives

(a)

SBR

Consumption of synthetic rubber in the world has made a stable
increase at the level of 7.2% in the annual average shown in

the following table.

Consumption of New Riuber in the World

(Unit : 1000 L/Tons)

liatural Synthetic Ratio of
Year Total Rubber Rubber Synthetic Rubber
1960 5,bub 2,065 1,503 46.6 T
tl 4,040 2,128 1,913 47.4
e 4,799 2,220 2,173 49.5
63 4,449 2,230 2,365 51.5
b4 b,u5 2,260 2,745 54.8
65 5,308 2,380 2,908 55.17
66 5,81% 2,545 3,268 H5.2
o7 5,81% 2,467 3,348 57.6
68 6,6t 2,790 5,893 58.3
69+ 7,100 2,850 4,310 %9.0
T0% 7,410 2,900 4,570 6l.2
* Kptimute.
Source : lef. 4

gynthetic rubber outdid natural rubber in its consumption for the
first time in 196% and the share of synthetic rubbers is expected
to increase year by year and will occupy the share of 61.2% by
the end of 1970. Of all the synthetic rubbers, SBR has the
biggest share and in each country the share is more than 60%.
while in North America and West kurope the demand is now stable
with about 4% of the avera;e growth rate for the past five years,
in Latin America and Southeast Asia, high level of increase such

as 15.2% and 24.9%, respectively, is observed.

SBR has various uses such as tires, tubes, shoes, wire and cables,
belts, etc. As shown in the following table, tires and tubes
alone have the share of nearly 70 - 80%.

- YH -




>,

End Use Pattern of SBR in USA,

UK and Japan (1262)

(Unit : 1000 tons)

USA UK Japan
knd Use Congump. _%  Consump. _%  .onsump. %
For tire 458 (e]o] 50 15 120 B2
For non tire 216 52 17 25 26 18

Total o074 100 67 100 146 100

The prices of SBR are shown in the following table.

P i =

SBR Prices in the Main Countries

(Unit
Grade Countries 1905
USA 235.00
1500 grade UK 21.80
Japan 27.00
W. Germany 22.20
France 20.00
Italy 1¢.80
USA 17.775
1712 grade UK 17.70
Japan 21.20
W. Germany 18.10
France 15.60
Italy 15.00

Source : Itef. 4

: £/1b)
1970
230(”
18.00
25.350
19.30
17.00
20.40

17.79
14.75
20.40
15.50
13.50
15.60

In USA, the prices of both 1500 grade and 1712 grade remain
unchanged at 23 ¢/1b. and 17.75 g¢/1b. for the past five years.

In Italy, the prices in 1970 are 20.40 £/1v,

for both grade respectively with the increas

and 15.60 £/1b.
e of each 0.60

{/lb. from 1965, however, in UK, West Germany and France,

the decrease of about 13 - 17% for 1500 grad

are recorded.
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The future demand for SBR depends on the increase of tire for
which SBR is mainly used. In USA, no large increase of automobile
production is expected in the future. With this the increase of
tire production is not much expected. Accordingly, the growth
rate will be about 2.6% which will be under the annual average
growth rate for the past five years. In Europe, however, with
the expected increase of automobile production, the growth rate
of SBR would be about 4.3%. 1In Southeast Asia with Japan as a
leading country, the growth rate would be more than 11.9%.
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4) Aromatics Derivative..

(a)

Maleic Anhydride

Maleic anhydride is & basic chemical product as a unsaturated

bibasic acid and with many chemical reactions it has various

uses. The quantity used is not so high and the demand in North

America and W. Furope in 1965 was each 60,000 tons and even the

total of the said four areas is not more than 130,000 tons. At

that time, the production of maleic anhydride was surplus world

wide and effort was concentrated to the development of nev market. -
Owing to this efforts, the variety of uses as today were developed ) ‘

as shown in the following table.

knd Use Pattern of Maleic Anhydride
Uph 5.2

Unsaturated polyester resins 50
Fumaric acid 18
Alkyl resins 5
Agricultural chemicals 10
Copolymers -
Miscellaneous 17
Total 100
<apan
Unsaturated polyester resine 52.3
Sising 8.8
Stabiliger 3.2
Foods 3.6
Paint and ink 3.3
Agricultural cheaicals 3.6
Miscellaneous 15.6
THF 9.6
Total 100

Source : Ref. 6, 3.
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With the recent rapid increase of unsaturated polyester resins,
maleic anhydride alsu made rapid growth in consumption and the
growth rate is li.dm s a total of the said four areas for the
period of five yeui., from 109 to 1970, which is presenting
world wide shortay jproblems. To solve the shortage problem,
each manufacturer ias announced its expansion programs. Annex
Q-10 shows new or additional installation of 58,000 t/y in North
America, 72,000 t/y i w. lurope and “4,000 t/y in Coutheast
Acia with the capacity of one unit ranging from 20,000 t/y -

30,000 t./y. The capacity of one unit is becominy larger.

The tollowing table :hows prices of maleic anhydride in the

main countries,

Maleic Anhydride Price in the Main Countries

(Unit : ¢/1b)

countries 14965 1570
USA 14.4950 17.00
UK 13.70 18.14
10 ton lots Japan 18.20 14,70
W. Germany 10.40 1.60
France 11.10 18.40
Italy 11.90 21.30

Source : Hef. 4

“rom the above table, the prices are increasing in each countries.
In Ituly, price went up 2.3 times and in W. Germany and krance by
‘70 - «Uk. In Japan and USA where the prices are said to be relatively

stablized, the increase by i and 174 respectively are observed.

The fuiure demand for maleic anhydride is promising since the demand
for unsaturated polyester resins is expected to increase by 12 - 20%
in annusl average in Japan and USA and tetrahydrofuran which is a
raw material for Nylon 4 appeared in new field of maleic anhydride
demand. As shown in Table IV-1 the expected growth rate of maleic
anhydride in 1975 is 10.%% in North America, 12.1% in W. Europe

and 24.3% in Southeast Asia.
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(b)

The price of maleic anhydride is still continuing to go up due to
geriousg product shortage. fhe demand and supply is said not to
be balanced until 1972 and the tendency of the raising price will
further continuc. iluwever the price by 1975 will go down as same
level as that of 1965.

Alhyluenzenc

$ince alkylbenzenc wsade a debut as raw material for synthetic
deteryent after the World War 11 and its demand increased
conglderably with the rapid increase of synthetic detergent.

The ofticial statisticsof detergent consumption 1in the world is

not published cach yeur. The report of Henkel Company in West
Cermuny about production, consumption of detergent in 120 countries
igsucd in 19bb 1ndicates that the total consumption in the world
would reach .88 willion tons by 1966 as shown in the following
table.

World vroduction & Congumption of Synthetic Detergent §12662
(Unit : 1000 tons)

Per Capita
Arca Production Concumption Consumption
North America 2,567.5 2,939.6 11.7
Latin America 81.6 85.3 0.5
Central America 95.0 100.8 1.4
4. Europe 1,992.1 1,897.1 5.8
E. Europe 566.8 568.2 1.6
Asia 500.3 506.2 0.3
Africa 88.0 116.4 0.4
Oceania 65.8 68.5 4.8
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The consumption of detergent in the world is said to be
increasing by b - 7% each year. Based on the Henkel's report,
the detergent consumption in 1970 in the world would be about
7.5 willion tuus. I'his conciderable amount of synihetic
detergent consumption hay created a problem of pollution of
river and underground water since nard type detergent used

at he .5 18 poured into drawna, and rivers without being
desol ved by vactleria, causing the lowering of the funciion of

the drainage treatuwent.

To remedy thas problem, & brodegradable liniar alkylbenzene
sulphonates (LAL) was developed and tetrapropylbengzene sulphonates

(AKS) 1e being actively couverted tc LAS 1n the main countries.

In UK, & comnittee was ectablished in 1953 at the Government's
request and after many studies the cuuversion to LAS was made.
In Wwest Germany, a regulation was sct up in October, 1Yv4,
whereby biodegradable detergent of more than 80% by the
biodegradable test authorized by the regulation caun only be
sold. In USA stipulated by the lcygislation in W. Germany, the
industry voluntary converted the detergent from hard type to
soft type after July 1, 1965. 1In Japan, the conversion to soft
type was sturted in 1966.

Today, in UK, W. Germany, USA and Japan, the conversion to soft
type detergent has been completed, but in Italy and France, both
hard and soft type detergents are being used. In a world wide
seuge, it is assumed that about 65% of the synthetic detergent
is of soft type with the remaining 35% being of hard type.
Recently, higher alcohol and O -olefin other than LAB are
considered as ravw material to which attention is being paid.
Particularly, the development of technique for the production

of higher alcohol is progressing and the production from petroleum
has now been commercially proven which has made it possible to
supply higher alcohol as a raw material in a relatively low

price.
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Table IV-1 shows the estimated alkylbenzene demand in the said
four arcas in 1/0. The estimated demand in 1470 is 240,000
tons in Morth Am-r.ca, 127,000 tons in Latin America, 410,000
tons in W. kBurope and 134,000 tons in Southeust Asia. While,
in North America, alkyivenzene is 100% LAS, in Latin Amcrica
104 LAS, in W. .urope 714 and 1n Southcast Asia t7%. ‘he

following tabie shows aikyibenzene prices in the main countries.

Alkylue.zene Procey in the Main Countrics
(Unit : £/1b)

Grade ountries 1905 1970 - “
U A 9.7% -
Uk T.00 - 1
Hard Type Japan 15.20 11.40
bulk purchase W. Germany 9.90 Y.5)
France 7.30 6.90
Italy 8.00 9.90
USA - 10.50
UK - -
bott lype Japan - 15.10
bulk purchase W. Germany - 13.80
France - -
Italy - -

Source : iRef. 4

In USA and UK, a hard type dolergent is not being sold and the
prices are not shown in ECN Price lable. The prescent prices in
West Germany and France ure lower by 0.4 ¢/1b. than those in 1965,
however, the price in Italy is higher by 1.90 £/1b. than 1965.
Since the marketing of soft type detergent was begun around 1965,
the prices are not shown in ECN Price Table. The prices in 1970
ghown in the ECN Price Table are only those in USA and UK, but

the prices may be in order of 10 - 14 #/1b. in other countries.
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The increase 1n alkylbenzene demand in the future depends on

the increase cf synthetic detergent, conversion of the detergent

of hard type to scft type, and the development of higher alcohol
and { -olefin. ‘The increase of synthetic detergent 1is expected

to be slable al tnu rate 5 = 6. As a raw materisl of this
synthetic detergent, cither ABS, LAS, higher alcohol or & -olefins
are uscd. bFrow the tact c.at 1n Nori!. America and wost buropean
countries and Japan the couversion of hard type syninetic detergent
to soft type has been com, reted or .in progrusy. As the t idency

of uging sott type dutergent in the developing countries will be
anticipaled Lu Lecowe wore promirent from around 1975, ABS demand
will be decreased. ‘Therefore, a raw material of synthetic - AM‘
detergent will be selected frow LAS, X -olefin or higher alcohol.
Generally, L, hao more advaniage in price. Higher alcohol is mild
to skin bLecsuse of hish blodegradability and will be more used as

howe synthetic detcrgent.

From the above discussion, in North Amcrica and W. kurope the
increase of synthetic detergent derived from highcr alcohol is
expected while demand for alkylbenzene will 1increase at the low
level. In lLatin America and Southeast Asia, however, alkylbenzene
will be more used for its low prices. The demand for alkjivenzene
in Latin America is expected to increase by about 10% in annual
average, amounting to 205,000 tons in 1975. As for the Southeast
Asia, though Japan, the lcading country in this area, will convert
to higher alcohol in some portion, the total demand in Southeast
Asia is estimated 250,000 tons, which is 12% per year, in 1975.

Caprolacium

Polyamide fibers with caprolactum as the raw materials (Nylon 6),
vas first commercialiged in West Germany in the early 1940s.
Since then, Nylon 6 production has marked rapid increases in

W. Germany, Japan, Italy, and the Netherlands. From 1965 to 1970
the caprolactum demand marked a sharp increase of 19, and the

demand in 1970 is estimated to reach total 1.3 million tone in

the four areas.




The caprolactam prices in 1965 are compared to those in 1970

in the following table.

Caprolactam Prices in the main Countries

(Unit : £/1b)

1960 1970

US A 41,00 24.50

Uk n.a. n.a.

trake, bag. Japan 52.30 1¢.70
W. Germany n.a. n.a.

France n.a. n.a.

Italy n.a. n.a.

Source : Ref. 4 \‘

Caprolacltam prices 1n kuropean countries are unknown, for the prices
arc not given in the KCN Price lable. The price in the USA was
41.00 ¢/1b 1n 19u5, sharply fell to 24.50 £/1b in 1470, Likewise,
in Jupan, & counsiderable decrease trom 32.30 to 18.70 ¢/1b was

recorded in the same period.

Future demand for caprolactam is strictly dependent upon Nylon 6
demand. Previously it was believed that the share of Nylon b
exceeded that of Nylon o, but recent estimates show that Nylon 6
accounted for nearly 50%4. As given in Table IV-1, it has been
forecasted that the demand for total polyamide fibers will increase
by 11./%. Growth rate for caprolactam is also estimated to come
cloge to 12.2%, with the demand reaching 2.2 million tons in the

four arcas as a whole,

Future prices of caprolactam will generally be upward, since the
price of benzene, the raw material, will either remaining on the

same level or increasing.

Polyamide Fiber

Since the development of nylon by E. I du Pont de Nemours & Company
in 1939 as the first noncellulosic fiber, the demand has made a
rapid increase. 1.1 spite of the recent high competition with
polyester fiber and acrylic fiber, nylon is still enjoying its

largest share as shown in the following table,
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World Consumption of Synthetic Fiber
(Unit : Million tons)

1969 Consumption Share

Polyamide fiber 1.8 40.9
Polyester fiber 1.4 31.8
Acrylic fiber 0.9 20.4
Other synthetic fibers 0.3 6.9
Totul 4.4 100.0

Polyamide fibers are made from long chain polymers in which
recelving amide groups (- CONH -) form an integral part of the P \‘
main polymer chain. They are widely known by the generic term

“"nylon", |

fhere are many kind of polyamide fibers as shown in the following

tablc.

The I'ype of Nylon & Developed Companies

Type Developed Companies law Material
Nylon bb Du Pont (USA) Adipic acid
hexamethylene-diamine
Nylon b trof. P. Schlach Caproactanm
(W. Germany)
Nylon 11 Aquitaina-Organico ll-aminoundecanoic
(France) acid
Nylon 610 Du Pont (USA) Hexamethylenediamin
sebacic acid
Nylon 4 Minesota Mining & 2-pyrrolidnne
Mtb. Co.

GAF Corporation

ICI America, Inc. |
(Usa)

Nylon 7 USSH 7-aminoheptanoic acid

Besides those indicated above, there are many types of nylons
such as Nylon 12, Nylon 3, Nylon 8 and MXD-6 although they have

not been commercially proved yet.
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Of all nylons, Nylon 66 and Nylon 6 have overwhelmingly large
share. At present, demand for Nylon 66 exceeds Nylon 6 in

USA, UK and France and vice versa in W. Germany, Japan, Italy
and Netherlands. 'The demand and capacity of Polyamide f{iver

in lable1V-1 include all these nylons. The total demand in

the said four areas for the five years from 1965 to 1970 is
more than 154 in annual average and is expected to reach 1.87
million tons by the end otf 1970, Geographically, W. Europe,
increase of 17.7%4 in annusl average is observed. North America

is the biggeutl warket for W. Europe. <The following table shows

end use pattern of polyamide fiber in USA. . \‘
End Usc lattern of Polyamide Fiber in USA
fire Cord 28.5%
Apparel 26.1
Home Kurnishings 27.3
lndustrial Uses 8.2
Other Conusumer Product 7.9

{ire cord, apparel and home furnishings are on the nearly same
line at about 28% in the end use. ‘'he end use puttern in W.
Europe is not known, but the share of tire cord is much lower
than USA and the share of apparel and home furnishings is

higher. The prices oi Nylon 66 and Nylon 6 in the main countries
in 1965 and 1970 are shown in the following table.

Nylon Prices in the Main Countries
(Unit : £/1b)

Grade Countries 1965 1970
USA 90.00 90.00
Nylon 6 UK 80.50 63.00
general purpose Japan 82.00 63.00
(10 ton lots) W. Germany 87.70 96.10
France 89.80 61.30
Italy 78.40 59.20
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Grade Countries 1965 1970

USA 90.00 90.00
Nylon 6b UK 80.50 63.00
general purpose Japan - -
(10 ton lots) W. Germany 93.50 102.30

France 101.80 91.60

Italy T6.20 70.00

* Averuge price of polyamide fiber in Japan

Sourc. ; Het. 4

From the above table, the prices of Nylon oo and Nylon 6 in USA
has not changed at the level of 9O ¢/1b. In W. Germany the
prices ot both Nylon tb and Nylon b increased by about g% from
1905 and in the other main countries, prices have all decreased;
that is, decrecauve by 20% for both Nylon 66 and Nylon 6 in UK and
by 31.y for Nylon 6t and 10.2% for Nylon 6 in France, and by
24.0% for Nylon 6 and 8.2% for Nylon 66 in Italy. "The expected
growth rate of pulyamide fiber is stable at 11.7% as & total of
the said four areas, reaching 3.25 million tons by 1975.
Geographically, the increase in Latin America and Loutheast
Asia is expected prominent such as 2%k and 17%, respectively.
The increase in North America and W. Lurope is also expected
stable ati 9%, reaching 1.2 million tons and 1.1 million tons,

respectively.

Annex Q - 13 shows the new and additional installations. At this

moment, the installations in North America are unexpectedly low.

This is because of 222,000 t/y of new or additional installations

already made in 1970. In W. Europe, the plan of only 69,000 tons

are announced. They are not much interested in the expansion in
W. Europe and Southeast Asia by the fact that they want to delay
their plan for the next time due mainly to the recent regulation
problem of fiber import by USA.
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TD1

Approximately 90% of TDI is used for the manufacture of urethane
foam. Accordingly, the demand for iDL is largely dependent upon
the demand for foam. As can be seen in the table below, the
demand for polyurethane foam marked rapid growth rates during

the past five years; 14.3% in the USA and 17.3% in W. Europe.

Demand for Urethane in USA

and W, kurope

(Unit : 1,000 tons)

USA W. khurope
1965 1970 1965 1970
Flexible foam 100 2130 144 290 “
Rigid foam %8 91 17 60
Surface coatings 12 27 12 28 |
Solid elastomers 6 11 4 12 |
Sealants 4 () - -
Fibers 3 4 7 |
Miscellaneous 19 ) 9 - 3
‘‘otal 182 374 181 400

Gource : Ref. 11, ©

With the increase in the urethane demand, the TDI demand also
increased rapidly. During five years from 1965 to 1970 the rate
of increase was 13.8% in North America, 17.6% in W. Furope, and
20.6% in Southeast Asia, respectively. The demand in Latin

America is unknown, due to inavailability of statistical data.
The TDI prices in the main countries are as follows:

TDI Prices in the Main Countries
(Unit : £/1b)

Grade Countries 1965 1970
USA 65.0 37.0
TDI 80% UK 51.3 37.1
Japan 20,2 17.2
W. Germany 47.6 41.8
2,4-isomer France 45.3 38.7
Italy 50.8 34.3
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The prices for 1970 represent a large fall over 1965 in countries
other than Japan. However, TDI has been running short for the
last two ycars everywhere in the world because of the rise in the

polyurethanc demand, and hence the price trend is upward.

As mentioned before, future demand for TDI largely depends upon
the demand for polyurethane. In light of Modern Plastics, future
demand for polyurethane toam 1s vased on the anticipation that
demand will grow at an annual rate of 11%, as seen in the table
below. A Japanese institute estimates that the annual average
rate of increase in the dcmand for polyurethane foam in Japan o
will be 22%. ‘I'hus, anticipation is that demand for polyurethane ' ‘
foam will considerably increase. |
Demand for Polyurethane Koam in USA
(Unit : 1,000 tons)

Flexible foam 114 196 503
Rigid foum 45 80 128
‘lotal los 270 431

Accordingly, a similar rate of increase can be anticipated for the
Dl demand. The demand is estimated to be 17.2% in North America,
lo.1% 1n W. Burope, and 23.1% in Southeast As.a, respectively,
with the Lotal demand reaching 585,000 tons in 1975 in the four

areas as whole.

Future IDI price will be affected to some extent by the price of
toluene, the raw material for 'Di, because amount of toluene
mixed with gasoline is increasing, and toluene prices will enjoy

an upvard trend due to this mixing use.
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(f)

DMT

DMT 1s derived from terephthalic acid by esterification with
methanol. A preater part of DMT is used to make polyethylene
terephthalate, the polymer from which polyester fibers and films
are formed. rae DMi' demand, therefore, ic always in parallel
with the polyester fiber demand. As will be described later,

the pulyester fiter demand in the total four areas during five
years from lyoh o 1970 showed an annual rate of increase of 26,
In line with this rate, an increase of the DMI demand was 28%.
he dvwand is estimated to reach 1.79 million tons in 1970

in the total fuur areas.

‘'he DMI' price is not given in the price table in "bEuropean "‘
Chemwicul News"™ oxr "0il, Paint and Drug Hepourter", therefore,

price cuwparison uy country is impousible. At present, DMI is 1
reportedly on sales at & price of 15 - 17 cents per pound in the

UoA and 20 - 23 cents in Japan.

It is estimated that future demand for DMT will grow at a rate of
l'/s - sicilar rate to that in the polyester fiber demand - and

will reach 3.82 million tons in 1979 in the total four areas.

DM producers are now actively working on plans for new construction
and expansion of equipment, in answer to the strong demand for

polyester fibers.

In the USA, Amoco Chemical and Hercules have announced their
expansion plans to produce a total of 110,000 tons of DMT annually.
Du Pont and Eastman have already decided expansion of polyester
fiber equipment, 80 that plans will soon follow on the expansion

of DM! equipment.

1ln Europe, Hoechst announced plans to construct a 45,000 t/y
plant in W. Germany and a 84,000 t/y plant in the Netherlands,
aiming at completion in 1972. ICI is planning on construction of
a nevw plant at a cost of $24 million. Thus, iburope as & whole

will have capacity of 1 million tons per year by 1973.
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(g) Polyester Fiber

Since the original patents on polyester fibers have expired
in most countries, the original producers - ICI and Du Pont -
have been joined by many other companies. This is partly
because of the strouyg demand for polyester fibers and partly
because of its fierce competition with other synthetics in
nearly all textile markets. During five years from 1965 to
1970 the total duwund in the four aceas has increased at an
annual average rate of 26.6%, warking the highest rate among
the thrce major synthetic fibers. Polyester fiber is divided
into tw. forms - stuple and filament yarn. Staple is generally
combined with other materials into a polyester/cotton,
polyesi.r/wool, o ,olyester/rayon blend, to take advantages
of such qualities imparted by the polyester as abrasion
resistance and wrinkle resistance. the latter, filament
yarn, is mostly used 1n knit goods (particularly textile

yarn) and in tire cord.

The following table gives end use pattern of polyester fiber

in UiA.

rnd Use Pattern of Polyester Fibers in USA

(Unit : %)
Broadwoven apparel and home furnishings 44.5
Bed sheets 7.1
Carpets and rugs 8.2
Jersey and other knite 4.6 -
bouble knits 3.2
Industrial use 2.7
Fiberfill 5.9
Miscellaneous 1.2
Staple total 5.4
fire cord 11.0
extile yarn 11.0
Industrial use 2.1
Carpets 0.5
Filament yarn total 24.6
Total 100.0
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Polyester fibers are made in & large and changing variety of
deniers number of filaments per multifilament yarn and grades
by countries. ''nis makes it difficult to compare the prices

and follow up the price history.
The following table gives some examples of polyester fiber
prices that are comparable in USA, UK and Japan.

Polyester F,ber Prices in USA, UK and Japan
(Unit : £/1b)

UL A Uk Japan

pilament 50 deniers 180-185 150 161-164 -
100 deniers 163-168 140 145-151
s taple 61-63 bo-67 54-62

1t is estimated that future demand for polyester fibers will
mark the highest growth of all three major synthetic fivers,
s0 that in 1975 polyester demand may catch up with that of

polyamide. For the total four areas the demand is estimated
to grow at an annual average rate of 17.2% by 1975, reaching

4$.1% million tons.

Now construction or expansion programs now announced are given
in Table Q-14, which indicates 285,000 t/y in USA and 210,000
t/y in ¥, Europe.

- 112 -



2.

Customs Barriers and Other Hegulations

1)

GATT

Almost all ccantries have customs to nrotect their domestic
industr:es and L0 waintain the financial income and uvalance

ot payment. ‘thc cualows policy is based on tariff autonomy
and the cuitows wyu'tw and tariff rates differ by each country
which are very cluso .y reiated to the nations economic and

diplecmatic nulices.

In the World saaic ol 1Y50's, each nation tuok policy ot higher L
taritl, allocation of 1mport material and exchange contiol to ‘
maintuin the nation. cwployment level. fThis policy leu to the |
ruliang Of protectiviacw, which created the interruption of the

devedupiment ot the international trade with the depression grown.

From this bitter experience, the first tariff negotiation was

held 1n Geneve in 1947 and GATT (The General Agreement ol ‘lariff

and ‘‘rade) was draftes and came into effect on January 1, 1948.

GALY 11 Lo provide a framework within which negotialions can be

beld for the reduction of tariffs and other trade barricrs and

fur «mtudying the results of these nepctiations in a leyal

instrument. In accordauce with the fundamental principles of

GATT, s1x main negotlialing gessions were held. 'The negotiating

sesslon 1n 1964 - 1967, so-called "hennedy Hound™ was the most

slgnificant one that has been held. In thie Kennedy hound session,

it was promised that tariff be reduced by 50% for the period of

five years up to 1972 and each nation is now the procees of the

reduction of tariff.

I'wo procedures are being considered for the reduction of tariff.

a) o reduce tariff on January 1, 1968 by 20% of the difference
between the standard taritf rate and the final concession rate
and tu continue to make reduction by 20% on January 1 of each
year up to 1972. Australia, Austria, Canada, Chile, Ireland,
New Zealand, Peru, Portugal, South Africa, Switgerland, ‘lurkey,

USA and Yugoslavia are.
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b) lo reduce the tar:ft on July 1, 1968 by 40% of the difference
vetween the laadara tariff rete and final concession rate
and then to muk: reduction by 20% on January 1 of each year
frow 1970 Lo 172, The following nations are taking this
¢ . Czechorivvakia, Denmark, FEC (6 countries), Finland,
wrveee, Isenel, Juapan, Norway, Spain, Sweden, Trinidad and

fovapo ana Uk,

It e wod that thee Larift concessions agreed upon involved over

$10 1aliton 1n intorcatconal trade und 00,000 different commodities
and Lhai the countries which directly participated in the nepotiations
repre, nted aoproxim iy rd of 1otal world trade. At the General
Seselon 1 Autumn of 10/, the policy of (1) trade of i1ndustrial o ‘“‘
materinl, () trade «t arricultural products and (5) the development
of truve of the develoang countries has been decided.  Presently,

a meas urc Lo further rewove the tariff barriers after the complete
vxeculiun of the hennedy hound and also to take off or reduce the
trade btarriers are beliys diccussed. In this way GAI' is now a
trearui'e to the development of the international trade. The

execution oi the kennedy noind has made 1t a rule to reduce the

tarift collectively, not 1.dividual reduction by each country.

In the broader aspect ot tioe development of the international

trade, tne tariff barrier: and the other obstacle for the trades

will be undoubtedly diwmini: hed in the future.
Customs 'fariff{ and Other liepulations of Lelected Petrochemicals

Annex li-1 shows for quick reference, tariffs in W. kurupe, North
Amcrica, latin America of the selected petrochemicals. When i1mposing
duties, there are two systems ‘1) Ad Valorem Duties Oystem which is
based on the prices of the imported commod:ties and (2) Specific
Duties r.y:item which is based on number and size of the imported
commoditie:s, Ad Valorem Duties System is being employed by EiC
countrics, oweden, Canada, Bragil, Argentina, etc. and Specific
Duties Lystem by Venezuela. In USA, Mexico and Peru, the combination
of Ad Valorem Duties System and Specific Duties System is employed.
The assessable price to be applied for duties in Ad Valorem Duties

System varies by each country as shown in Annex R-1 .
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Annex R - 2 shows the import taxee other than duties in each
country. This 1s mainly intended for financial incomes,

reflecling economical and polytical situations of each nation.

As stated above, rates of duties and other import taxes vary by
gach nation eud yct these rates have a great etffect un the export
prices. Accordingly in the actual practice of export, full study

should be made of the duties and the related information in each

nation.
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3. Export Possibility of Selected Petrochemicals

1)

Delivered Prices

In the case where selected petrochemicals are exportd from
Irinidad and ifobago to North America, UK, other countries of

W. Burope, boutheast Asia and Latin America, the rough delivered
prices for users in these areas and countries are estimated as

indicated in Table VII-l.

Primarily, the delivered prices are to be calculated at the time
when these petrochemicals are produced. However as there are so
many uncertainties such as custom duty and other taxes, freight
rate and insurances in each area in the future, calculation
based on assumption of these uncertainties will only widen the
range of the observational error. In this study the calculation
was made based on the present freight rate, insurances and custom
duty and other taxes. 7The calculation method and assumption

employed are as follows.

Delivered Price = Selling rrice + Freight Charge +
Insurance + Custom Duty and Other

Taxes + Other Expenses

(a) The freight rates are subject to change by the size of the
ship, amount to be loaded, the liner services established
or not, whether the ship has cargo on one trip or round trip.

In this study the following freight rate was used.

Liner Hate for Solid Products in Bags or Bulk

Port of Spain - US East Coast US $24.00/M.7T.
" . Europe US $19.25/M.T.
" Argentina Us $23.00/M.1.
" Japan US $33.00/M.7.

Source : Ref. 9, 10
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Liner Rate for Liquid Cargoes

Port of Spain - US East Coast US $25.00/M.7.
" W. Kurope Us $22.75/M.1.
" Argentina US $25.75/M.7.
" Japan US $43.50/M.7.

Source : Ref. 9, 10

The information given relates to ships of a size between
2,900 - 10,000 tons, Under liner terms all expenses are
paid by the shipping company. All the vessels engaged in
transporting liquid cargoes like those under consideration
operate on a long term contract basis to manufacturers and

neither tramp nor liner rates are available.
Insurance

The insurance rate depends upon the properties of commodities,
frequency of occurance of risk at the port and during the
navigation and the scope of damage compensation. In this
study the following equation was used for the calculation

of the insurance.

Insurance = (CIF price x 110%) x 2%
Import Duty and Other 'laxes

The number for 1970 in Annex R-1, 2 was employed for

the calculation of the import duty and other taxes.
Other Expenses

This item includes agenda or commission paid to distributors

or miscellaneous items which are not included in a) - c¢) and

these expenses are calculated at 10% of CIF prices of all

products.




2)

Export Possibility of Selected Petrochemicals

As mentioned in Section III-1, in the developed countries in
petrochemical industry such as USA, Japan, UK, W. Germany,

and France, the chemical companies are making efforts to
reduce the costs of petrochemicals by such steps as scale-up
of plant capacity, development of new process and integrated
utilization -t raw materials in order to cope with the ever-
intensifying competition in both the domestic and overseas
markets, and these countries ere far superior to other in
international competition. 1n these countries the demarnds

of almost all petrochemicals are selfsufficient and they are
exporting a conciderable portion of their production into the ’ \‘
internativnal market. [herefore, Trinidad and ‘obago petro-
chemical industry have tou compeat with the big chemical
companies of the developed countries in the world market.

It is almost difficult at presént to kriow exactly how many
qu:ntities of petrochemicals can be exported to each area or
country. In this respect, it seems necessary in the future to

conduct a more detailed marketing study for each country.

In this report, pricer of the petrochemicals delivered from
Trinidad and cbago arc compared with domestic prices in each
area, to examine the competitiveness of the ‘W'rinidad and Tobago

petrochemicals in + ach area.

The export possibility is not determined, of course, by the low
prices only, but also by the supply and demand balance of a
product, custom duty osystem and'the specific circumstances
under which individual users are placed. ruture surveys will

be necessary to analyse these latter factors.

Table VII-1 ~ives comparisons of the delivered prices of the
petrochemicals from Trinidad and Tobago to each area and the
domestic prices of the corresponding products in each area,

wherein both prices are calculated in a manner described in

the previous paragsraprh., These comparisons reveal that in

general, most of the /-inidad and obago netrochemicals are

- 113 -



kept competitive in W. Europe including the UK, whereas in
Southeast Asia those products other than maleic anhydride,

and DMT are not competitive. In Nuorth America, 13 commodities
including LDPE, HDM, maleic anhydride, etc. are kept competitive,
while other Y commodities including VCM, styrene, salkylbenzene,

etc. a&are not.

a) Fxport possibility to North America

The following table show: the competition of Trinidad and

Tobago Petrochemicals in North America market.

Competitive Incompetitive

1. LDPHK 1. VCM \‘
2. HDIE 2. Styrene

4, Ve 3. PG |
4, Polystyrene 4. Alkylbenzene

5. Acrylonitrile 5. DMT

6. Acrylic fiber

7. PP

8, UBR

9. Maletic anhydride
10. Caprolactam
11. Polyamide fiber
12. 1D1
12, Polyester fiber

Final products such as plastics, synthetic fibers, synthetic
rubber, etc. are competitive, whereas intermediates such as

VCM, Styrene, and DMT are not competitive.

O0f the 1% competitive petrochemicals, acrylic fiber, polyamide
fiber, polyester fiber, PP, and SBR have rather large
differences between delivered and domestic prices. On the
other hand, differences are small between the two prices of
acrylonitrile, LDPE, HDME, and polystyrene. If market
situations for the latter group worsen, then there is a fear
that those products of the latter group can hardly stand in

the markets.
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I'xport possibility to UK

‘'he United hingdom has adopted the preferential tariff
systen tor the goods imported from the Britich Commonwealth
of nations, and thus petrochemical: are imported tax-free
from these nations. This gituation enables most of the
petrochemical: from Trinidad and lobaso to stand competitive

in the Uk market.

Fxpory possibility to Gther West European Countries

All the products, except {Bii and PG, are competitive .n
other Jest lluropean countries. However, differences between
the delivered and che domestic prices are small in LDPE,
VCM, styrenc, and polyamide fiber. Depending on futurc
changes in the market situations, therefore, these producte

may lose their competitiveness.

Fxport possibility to foutheast Asia

“ince it is difficult to obtain data on average domestic
prices of petrochemicals in each Coutheast Asian country,
Table VII-l (ives only domestic prices in Japan., Japanese
petrochemicals have been occupying very large market shares

in Southeast Asia, so tha. domestic prices of petrochemicals
are inevitably influenced by the prices in Japan. The exports
prices of Japanese priducts forwarded to Southeast Asia are
lower than domestic prices in Japan. It can be said,
therefore, that those products are not also competitive in
Goutheast Asia, unless their prices can compete against the

domestic prices in Jaypan,

In view of the above discussion, most of petrochemicals are

incompetitive in this area, with exceptions of maleic

anhydride, and DMT. (The delivered price of SBR is lower

than the domestic price, however considering the existence
of the biggest suppliers of natural rubber in the world such
as Malaysia and Indonesia, there is no possibility to export
SBR to this area.) Southeast Asia is far distant from

Prinidad and Tobago, and freight charges will be high,




e)

accordingly. Furthermore, Southeast Asia has long been large
markets of Japanese products. These circumstance makes almost

impossible the exports fron Prinidad and Tobago to this area.

kaport Possibility to Latia Anerica

CIF prices are c.mpared here, pecause of the difficulties

in obtaining date on average domestlc prices in Latin

America. Accurd::g to these comparisons, most of the
commodities are competitive. J[he Prinided and Tobago netro-
chemicals will be able to takc a more advantageous position

in Latin America, than do the products from the USA or W. Burope,

owing to the clouse distance to the markets.

Petrochemical industiries in the latin American countries are
on different develo uent stages. Yor example, Mexico, brazil,
and Argentina have already established their own petrochemical
industrice and will go on to further develop them. Venczuela,
Colombia, Peru, and Chile, on the other hand, are now beginning

to start their petrochemical project.

Bolivia, chile, Colombia, scuador, and leru have organized the
Andean Group with a view to tax- free trade of petrochemicals
among the Group nations, while setting up an agreed high tariff
barrier against those petrochemicals imported from outside the

Group, so that their own industries may be protected.

Even Latin American leading countries in this field -~ Argen-
tina and Brazil - have been applying high tariff rates to petro-
chemical imports, because their own industries have just been
induetrialized and thus have only weak competitiveness. vheir
high-tariff policies are extremely severe, as can be seen in the
following table, which shows 30/% or more of tariff rates imposed

on major gpetrochemicals.
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Products Argenting Brazil

LDPE 100 45
HDFPE 100 45
VCM 60 30
PVC 100 55
Styrene 60 *
rulystyrene 100 55
Acrylic fiber 70 20
PP 60 55
Acrylic fiber 70 30
PP oV 55
SBR 100 *
Maleic anhydride * 37
.Alkylbenzene n.a. 37
Nylon 6 70 20
Polyester fiber 79 Z0

* less than 30%

In Mexico, petrochemical inductries has developed under the
mexicanization policy. At present, the prcportion of self-
sufficiency of petrochemicals is more than 80%, and imports

of petrochemicals are decreasing year by year.

Thus as long as CIF prices are compared, the Trinidad and
Tobago products are still competitive in the Latin American
market, however, all irdications of the present market
situations are that Latin America won't be a market for
continuous exports, but only a spot market (i.e., a market
for emergency imports on the occasione of unbalanced demand

and supply).
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VIII. The Rate of Return on Invegtmer

1.

FOB Prices at Trinidad

Calculation of rates of return on investments necessitates determination
of selling prices of each selected petrochemicals; especially determination
of FOB prices in the case of Trinidad and Tobago, where total petrochemicals

will have to be exported.

FOB prices vary by market; a product may be exported to a market at a
dumping price, while it may be exported to another market at a highly

profitable price, so as to bring a proper profit on an average.

Now that markets concerned, or volumes of sales in each of them, are

not fixed, we had difficulties in determining, by country, the reliable
FOB prices and the volumes of sales. We, therefore, tried to obtain an
average FOB ;rice at Trinidad, which would be able to stand in the world

market, in order to calculate the rates of return on investments.

The FOB prices at Trinidad were calculated according to the following

equation:

FOB price = Domestic price - (Freight rate + Insurance +

Custom duty and other taxes + Other expenses)

ViI-3)-1) gives figures of all factors included in this equation, from
which the FOB prices at Trinidad were calculated for the products sent
to the USA, UK, France, W. Germany, Italy, and Japan. From these

prices was then obtained an average FOB price at Trinidad.

Accordingly, it is noted that the findings on the export possibility to
each area, do not always coincide with the findings on the rates of
return on investments calculated upon an average FOB price at Trinidad

of each melected petrochemicals.
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The Rate of Return on Investment

The rate ot return on investment with each petrochemical product was

calculated by the discounted cash flow method.

The results are shown in Table VIII-1 and for detail refer to Annex 0.

The calculation was done upon the following assumptions.

1)

2)

3)

4)

5)

The factory price of the petrochemical is arsumed equal to the
T4 FOB price which is shown in the above section VIII-1.
In other words the profit is taken as the balance between the

net production cost and T&T FOB price.

All of the plant capital is invested by a year prior to the start

of operation.

The project covers the 10 years period after the start of operation.
The declining balance method of depreciation for 10 years is used

and the salvage value is nil.

The tax holiday provision for 9 years is adopted, and after the

5th year the corporate tax rate of 45F is charged.

As to the final product which is produced via intermediate product
in the Complex, the consolidated rate of return on investment is
calculated. For example as to PVC (expressed as VCM-PVC), VCM

is delivered to PVC plant at VCM net manufacturing cost, and the
cash flow obtained from PVC selling is taken as the cash flow to
VCM-PVC consolidated plant.

As to basic Materials (ethylene, propylene, butadiene, bengene,
toluene, xylene, p-xylene), the uniform rate of return on investment
of 10.3% (net income of 10% of C.I) is used and these basic materials

are not subjected to consolidation.

Recommended Complex Scheme

The recommended complex scheme was derived by examining the rate of return

on investment with each petrochemical product, and is shown in Fig. VIII-l.
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Annex A. Informations about Available Materials and Utilities
provided by Industrial Development Corporation of
Trinidad and Tobago.

1. Raw Materials

(1) Natural Gas

(a) Quantity 300 - 500 MMSCF/D (Prospective)
(b) Composition Vol % C1 95 (Approx)

C2 )

(Approx)

03 )

HaS, COp, N Negligible
(¢) Pressure 300 PSIC
(d) Price * 15 US £/1000 SCF

# Amoco has not as yet quoted a firm price for their
natural gas to a petrochemical manufacture in Trinidad
and Tobago. This price was advised by IDC at the Second
Meeting between IDC and JGC Mission.

(2) # Naphtha from TEXACO

(a) Quantity Any Quantity available from Texaco
(v) Properties S.G. Not Specifie
Boiling Range "
S. Content -
(¢) Price 33,30 TT $/ton

# Naphtha from Texaco Trinidad Inc (TTI) is produced as
specialty naphthas for sale to various customers who
would in turn utilise it for specific purposes. TTI
does not at present produce naphtha for naphtha cracking
hence any specification on this cannot be obtained. The
price given in the study is an average export price of
naphthas.




(3) Naphtha from TESORO

(a) Quantity 1,200,000 t/y (Prospective)

(v) Properties

Naphtha from the indigenous crude

Naphtha Cut Chemical Analysis

Crude Quantity Boiling hange P 0 N A
bbl/day °C wt %

60,000 100 - 150 3 0 42 19

150 - 200 28 0O 51 21

20,000 100 - 150 217 0 5 21

150 - 200 5 0 71 24

IBP : The IBP of the naphtha will be determined by the
IBP of the crude to be used.

EBP

Approx. 350°F

6 - 6% US ¢/gal
(22.02 §/t)

(¢) Price

(d) Crude to be used (for reference) :
The imput to the refinery would be a combination of
80,000 bbl/day of local (indigenous) and 70,000 bbl/day
of foreign-based crude which would possibly be imported

from Nigeria.

The specification of the indigenous crude

Approx
Quantity Chemical Analysis API % light % gas oil % fuel
bbl/day P _0 N A Gravity fraction D.I.53-57 _oil
60,000 33 - 48 19 26 18.8 15.1 66.1
20,000 3 - 48 19 23 11.4 28.5 60.1

*
2. Other Raw Materials from Texaco and Fedchem

Quantity Specification Price
(1) Benzene - - 118.5 TT$/ton
(2) Toluene - - -
(3) Xylenes - - 84.8 TT8/ton
(4) Cyclohexane - - 12%.5 T18$/ton
(5) N-Paraffin - - 21.6 T78/bdbl
(6) Ammonia - - -
(7) Urea - - -




3.

* fhe prices quoted in the study for these petrochemicals are

based on the average f.o.b. price of the chemicals. With no
idea of the quantity of each chemical to be demanded, the

suppliers were not in a position to quote & selling price.

Utility Conditions

(1) Steam 200 PSIA 0.044 TT¢/1b
(2) Cooling Water 1 T0¢/1000 gal
(3) Process Water 0 - 300,000 ¢gal/D 30 TT¢/1000 gal

300,000 - 650,000 gal/D 45 'T1T£/1000 gal

(4) Power Shown in Page 13 - 14 of "IDC pre-
Feasibility Studies"

(5) Fuel Pr 22.5610° BIU

Labour Cost

(1) Operator 2.8 T1$/Hr.

(2) Chief and/or Supervisor 4.3 TT$/Hr.

Relative cost of complete process plant.

U.s. (Gulf Coast) 1.00

T.T. 1.05

Basis of Calculation.

The cost calculation is done by following the basis shown in "I.D.C.

Pre~Feasibility Studies.”

Fob. Price of Petrochemicals (U.S. $/Barrel)

(1) Ammonia n.a.
(2) Urea n.8.
(3) Ammonium Sulphate n.8.
(4) Bengzene $7.11 *
(5) Toluene $5.04
(6) Xylene _$6.63 *




‘ 8.

(11)

(12)
(13)
(14)
(15)

*%

Nonene n.a.

Dodecene _n.a.

Cyclohexane $9.66 *
Di-isobutylene $8.08 "
Naphtenic acids $33.67 -
Normal paraffins $£10.80 -
Unfinished virgin Naphtha (Shell) $7.98
Special Naphtha (Texaco) $5.10
Middle Distillates §2.54

These are the average I'.0.B. prices for the year 1969. These
prices also take into consideration the variation that would
exist in shipping to different countries and the various

quantities shipped.

n.a. - not available.

Condensate

(1) Quantity
(2) Properties
(3) Price

AMOCO has stated that the quantity of condensate associated
with their natural gas is quite substantial. The Ministry of
Petroleum and Mines, has calculatéd that this quantity could
support an economic sized ethylene plant of approximately
200,000 tons/yr of ethylene. The condensate has a boiling
range of approximately 60 - 100°. No price, not even some
assumed or estimated value could be arrived at.
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September 9, 1970

File: ODG-422-414

Re: Gas Condensate Data

Trinidad

Mr. Hiroshi Yashiki, Managing Director
Japan Gasoline Company, Limited

New Ohtemachi Building

2-1, Ohtemachi 2-Chome, Chiyoda-ku
Tokyo, Japan

Dear Sir:

Your letter of August 20, 1970, addressed to our
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parent company, Standard Oil Company (Indiana), regarding

operations offshore of Trinidad has been forwarded to
Amoco International and its

this orfice for handling.

subsidiaries are responsible for oil and gas operations
outside North America, including operations in Trinidad

and Tobago.

Unfortunately, most of the questions raised in your

letter cannot be answered at this time due to the
comparatively early stage of our operation in Trinidad
We are still involved in exploratory
drilling and are unable to answer detailed questions

and Tobago.

concerning development plans.

We w1l not be in a position to predict output of
natural gis and condensate nor their prices for quite
We are, however, furnishing you the attached
tabulation ref'2cting a composite analysis of gas from

some time,

two areas within the concession which have been found to

be gas productive.

ranged from 40° to 57°.

The amount of condensate associated
with the gas varies, but very roughly would be on the

order of 25 barrels per million cubic feet of gas.
API gravity of conventionally separated condensate has
We hasten to caution you that
the ultimate make-up of a gas production stream will be

The



a function of the relative amount of reserves discovered
and placed on production from different areas in the
concession. Therefore, gas composition could vary
substantially from the data shown in the attachment.
Nonetheless, this is the best information we have
available.

Thank you for your interest in our company and its

. operations. Our Manager of Gas Sales, Mr. Robert M. Dunham,
may be in contact with you in the future when such appears
appropriate from the evolving situation in our operations.

Very truly yours,
7

. ‘



COMPONENT MOL PERCENT
HZS Nil
N, 0.35
002 0.36
¢y 94.48
02 2,92
03 1.08

16‘ 0.19
nc‘ 0.28
CJ5 0.16
Ce 0.07
Cq 0.11
100.00

Weighted average of Southeast Galeota and Offshore Point Hadix
Analysis 9-16-69



JAPAN GASOLINE CO,, LTD,

Subject: Memorandum Date: 30-31 July 1970
Talking with TEXACO Ch. H. Matsui

1) TEXACO is not, always, in a position to give any~-
one a long term assurance or guarantee of supplying raw materi-
als such as naphtha because of existing coamitments,

2) The quantity and price of raw materials are always
subjects to be discussed with customer,

The supply of unlimited quantity of raw materials
is not considered as a realistic watter,

However, it is TLXACO's policy to do cverything
possible to supply the oil and chemical raw material need of
Trinidad Industry, The requirement of any potential customer
would be carefully investigated and evéry effart made to supply
on & commercial basis,

3) At present Trinidad and Tobago refinery's products
are exported to United States, Puerto Rico (Umbn Carbide Corp,),
Europe, etc,

4) TEXACO has no plan to expand the crude capacity of

refinery plant in Trinidad and Tobago in near future,




Annex D-1  Information about Naphtha from Trinidad and Tobagd. . _ | .,NU.A!‘:A_
Trinided and Tobago .
INDUSTRIAL CEVELOPMENT CORPORATION {717~ o

P. O. Box 949, Pert-of-Spain, -,._:_1—:_" T e
Cables :  {DCCRP. Trinidad, W.l. Telepgioness -3 77’)1-52'295 "v— -
VAR Sa R
Please Quate Ref. No. when replying. December 30, {970, e B
[ | et
/e
Mre. Takayuki ITwaki, F,._'.‘f -
Japan Gasoline Company Limited, TN L A A -
New Ohtemachi Building, infﬁi$ﬂi“JL-"'w‘-T{fﬁ'k SR e B e '
2-1 Ohtemachi 2~chome, Rl el S ‘r N B S .- ‘
Chiyada - Ku, /J T ‘,7',“.} f}‘ ):,
Tokyo, Japan. . I/l i§,$' Tﬂ&lj’”}
e A ) S

Dear Sir, |

Reference is made to your two previous lstters of December 10 and 23, 13970,

Ue welcome the news that UNIDO has ducided to revise the deadline for sub-
mission of the final report to late February 1971 and that you will now proceed
to add a study of Naptha Utilization to the Interim Report,

Re your inquiry in your letter of Docember 10, we wish to advise that the
following are the specifications of tho crude to and Naphtha from Trinidad-Tesoro's
proposed 150,000 bbl/duy refincry:-

Naphiha The IBP of the naphthea will be determined by the IBP of the crude to
Qapieha |
be used and will have an end point of approx. 350°F, The approx.
price in Trinidad would be 6-6%2 cents (Us) per gqll.op“’(l_JS) and this

price should be assuned in your study,™ """ -

Cruda The inpul to the refinery would bo a combination of lacgl (indigenous)
and forcign-buocd (imported) crude in approx. a l:d ratio. The foreign
crude would pozsibly be inported From‘ﬂiq?ria and the indigenous crude
would pessess the following specificationss

[N,

Approx.
Quantity Chemicel Analysis R.P.I, % light ¢ gas oil % fuel oil
bbl/dey PO N A Gravity fraction D,1,53-57
60,000 53 - 48 19 26 18.8 15.1 66,1
20,000 33 -~ 48 19 23 11.4 28,5 60,1

We hope that tho information provided would assist in ths complotion of the
studics, and look foruward to meeting with you to review progress,

With best wishes for 1971,

. A
Yours' sincérely,
’\",- : . o . T~
..’ S C { [N
< ) .
“€1ldgn |G, warner,
Genera) Mansger,

-9 -




Annex D-2 Information about Naphtha from Trinidad and Tobago

Trinidad and Tobago
INDUSTRIAL DEVELOPMENT CORPORATION: ™ = ..

P. O. Box 949, Port-of-Spain, — _.:, U
Cables: IDCORP Trinidad, W/.I. ;“_ﬁ\~\ﬂ’_,_{£".221épm:5;. '
- '."[.‘ T e - 37{91 - 37296
Please Quou}(‘gﬁﬂiw}ieln replying, © o .'\ '_';_( o bk 2 2k ( LTRT 4 o /¢
Rt e P T
- /I""‘.{"‘ IPs '—‘-"Ja‘nu;.a;r J‘d 0
4 ise) A3 T N .53 3 R
R e e o Y. AU DR - i"'\ i‘ 'f&
Takayuki Iwcki, ' T ;[ﬁf‘,—;,e:;. _
Japan Gasoline Co. Ltd., AR T *-‘
Nex Ohtemachi Building, Vgiiﬂ";§ﬁ~ 1
2-1 Ohtemachi 2 - Chors, Ry 73
Tokyo, Japan. Loy rkal ) |
| [T
Dear Sir, e

Subsequent to my letter dated December 30, 1970, wherein infor-
pation on the chemical and physical properties of the cruder to be pro-
cessed on, and naphtha from Trinidad - Tesoro's proposed refinery wvas
provided, the following analyses on naphtha cuts are hereby detziled:

Crude quantity Naphtha Cut Chemical Analysis
bbl per day Boiling Range P 0 N A
¢ Weight per cent
60,000 100 - 150 39 © k2 19
150 - 200 28 o0 51 2l
20,000 100 - 150 27 O 52 2l
150 - 200 S 0 71 24

We hcpe that this additional information would facilitste the
completicn of the studies.

& Earle C. Baccus,

L |
46. 1 4 for General Manager, ‘

.;. Industrial Development Corporation.
@ai B 2

- 10 =

Yours faithfully,
T C -
{/ck” . ‘__) N S PSIRE U




Annex Lk, Technological Base Data

1. General

In view of the stage of this study which is meant by UNIDO as a
precusor to a major launching and marketing, the cost data have
to coincide with the general standard of petrochemical industry
in the world rather than to be selected from the wost favorable

ones that are inherent to the specific process.

The data used in this study were taken from the publiched literature
and our data bank, and always were examined carefully not to be

special data that are resulted from the specific process.

We used the same general assumptions as those used in "Pre-feasibility
Studies on Petrochemicul Plants For T"rinidad and Tobago" supplied by

Industrial Development Corporation of Trinidad and Tobago.

Utility Cost

The costs of utilities were given by Industrial Development Corporation

of Trinidad and Tobago and are as follows:

(a) Steam : Pressure 200 PSIA
Cost 0.48 §/t

() : Cooling water 0.001% 8/t
Sea Water 0.0007 $/t

Process Water 0.040 $/t : O - 1136 t/day
0.059 $/t: 1136 - 2460 t/day

Fuel 0.446 $/10° Kcal

Power :

Rate D1 (Less than 199 KVA at 230V)
(Less than 350 KVA at 400V)

Basic charge : $3.58 x Maximum KVA in a month

Supplementary charge : £0.8/Kwhr, less than 30,000 Kwhr/month
£0.65/Kvwhr, more than 30,000 Kwhr/month




3.

Rate D2 (200 KVA - 3,999 KVA at 2.4, 4.16, 6.6, 12, 33, 66 KV)
Basic charge : $3.58 x Maximum KVA in a month

Supplementary charge : £0.75/Kwhr, less than 50,000 Kwhr/month
£0.60/kwhr, 50,000 - 250,000 Kwhr/month
£0.50/Kwhr, 250,000 - 500,000 Kwhr/month
£0.58/Kwhr, more than 500,000 Kwhr/month

Rate D3 (More than 4,000 KVA at 33, 66, 132 KV)

Basic charge 1 $3.45/KVA, 4,000 - 9,999 KVA
$2.82/KVA, 10,000 - 14,999 KVA
$2.45/KVA, 15,000 - 19,999 KVA

$2.07/KVA, 20,000

Supplementary charge : €0.75/Kwhr, less than 50,000 Kwhr/month
£0.60/Kwhr, 50,000 - 200,000 Kwhr/month
£0.50/Kwhr, 200,000 - 500,000 Kwhr/month
£0.375/Kwhr, 500,000 - 1,000,000 Kwhr/month
£0.30/Kwhr, more than 1,000,000 Kwhr/month

As regards electricity the Trinidad and Tobago Electricity Corporation
(T & TEC) quotes three rates for the large scale supply of electricity
in the "Electricity Tariff Industrial Rate" ss written above. In this
study the electricity is assumed to be bought from T & TEC not by the
individual plant but by the complex as a whole.

The petrochemical complexes proposed in this study use 74,013 Kw,
50,027 Kw and 119,391 Kw of electricity respectively and the average
cost of this electricity is calculated 0.0065 $/Kwh.

Chemical Cost
The cost of chemical used in this study is assumed equivalent to
world market price.




4-

5.

6.

Capital Investment
Capital investment consists of Process section and Utilities &

General Service facilities.

The former is "battery limit", and the latter is set up at 20

per cent of "battery limit".

Labour Cost
The wage rates are as follows:

Operator 1.40 $/nr
Supervisor 2.15 $/hr

The payroll burden is taken at 5% of total labour costs.

Selling Price Calculation

The calculation was made on the assumption of net income of 10% C.I

every year.

All capital is assumed to be financial through borrowing and a full

7 per cent interesi payment is charged.

As special investment incentives, tax holiday provieions under the
Aid to Pioneer Industries Ordinance is applied.

The selling price is a factory price or FOB Trinidad and Tobago
(the inland transportation cost in Trinidad and Tobago is
neglected).

- 13 -



Annex F. Processing of Natural Gas and Production of Basic Materials
from Natural Gas and Condensate.
1. Capacity of the Plant of Natural Gas Processing:
This plant is designed to feed 400 MMSCFD of natural gas (2,731,000 t/y).
The basis for the above capacity is:
1 year = 330 days.
2. Condition and Composition of Feed Gas:
The inlet pressure of the natural gas is 300 psig.

The composition of the feed gas is as follows:

Component Mole percent

HyS Nil

Np 0.3%
Co2 0.36

€1 94 .48

C2 2.92

Cz 1.08

iCy 0.19

nCy 0.28

' Cs ' 0.16
Ce 0.07

Cq 0.11

100.00

3. Products from Natural Gas Processing Plant:
The products given hereunder are assumed:
thane

(a) Product Specification

Cy 1.0wt, %
Cy 3.0
100.0

- 14 -
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(b) Ethane Recovery Ratio

40% Minimum

(e) Product phase
Liquid or Gas

Propane and Butane

(a) Product Specification

03 .

U4 ) 96.0

Cy * 0.5
100.0

(b) Propane and Butane Recovery Ratio
95%

(e) Product phase
Liquid or Gas

Note:
Methane ir assumed to be used for LNG and no specification
of product.

Pentane plus product is assumed to be used with condensate
for petrochemical feed.
4. Process of Natural Gas Processing:

The following processes are recommended as a method of recovery
of ethane, propane, butane and pentane plus from the natural gas

mentioned above. (refer to Fig k-1)

(a) Gas washing Process

(b) Drying Process

(¢) rre-Flushing and Demethanizing Process
(d) Fractionation Process

(e) Refrigeration Process

- 15 -
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5. Estimated Investment Cost for Plant of Natural Gas Processing:

The preliminary

plant is estimated as

Total cost

Kstimated Material Balance and Product

Gas Processing:

$11,500,000,

investment cost for this natural gas processing

opecification of Natural

— ™ liethane| (390 MM SC¥D
2,512,000 t/y)
Feed —e!  NATURAL Ethane | ( és:ggg It,%})u
(400 MM SCFD GAS Propane| (18,067 Lb/Hr
2,751,000 t/y) 64,906 t/y)
PROCESSING > Butane | (11,518 Lb/Hr
41,379 t/y)
rentane| (12,479 Lb/Hr
44,831 t/y)
Stream Peed Methane FEthane ‘ro pane Butane Pentane
JName Gas Product  Product Product Product Plus
C1  41.548  41,5%9.0 9.0 - - -
Co 1,284 669.0  605.0 10.0 - -
C3 475 58.1 11.8  400.0 5.1 -
iCy 84 4.8 - 2.0 77.1 0.1
nCy 123 5.1 - 0.2 116.7 1.0
Cg 70 1.1 - - 0.7 68,2
Cg 31 0.1 - - - 30.9
Cqy 48 - - - - 48.0
N> 154 154.0 - - - -
Co2 158 - - - - -
HoS - - - - - -
Total 43,975  42,431.2  625.8  412.2 199.6 148,2
(Lb-MOL/Hr)
Lb/Hr 760,219 699,280 18,875 18,067 11,518 12,479
MMSCFD 400 390 5.7 - - -
MW 17.30 16.32  30.l10  43.83 57.70 84.20

-16-




7.

Estimated Utility Hequirements of Natural Gas Processing:

Elec. o 4 Cooling Fue
- Stean (10° Lb/h) v (102
(Kw) 900 psig 200 psig 45 psig (GPM) BI'U/Hr)

Acid Gas Removal 415 29.8 4,100

& reclaimer

Separator, 1,900 399 49.0 12.8 38,400

Fractionation %

Refrigeration

Dryer 50 1,200 12.0

‘lotal 2,365 399 78.8 12.8 43,700 12.0

8.

Estimated Production Costs of Ethylene Propylene, B-B fraction and

Cracked Gasoline.

Shown in ‘lable F-1.

Ethane, Propane and Butane are recovered first by Natural GCas Proceseing
and feeded into the respective cracker. The streams from these crackeres
are combined with the stream from Condensate - Pentane plus Cracker to
be treated by the same equipment of Compression, Purification and
Refrigeration,

-17 -
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Annex G. Production of Basic Materials from Condensate Pyrolysis

1.

Capacity of Flant of Condensate Pyrolysis:
This plant is designed to feed 410,000 t/y of condensate.
The basis for the above capacity is:
1 year = 330 days
Property of Condensate:
The API gravity of condensate is 49°.
Estimated Production Coets of Ethylene, Propylene, B~B fraction
and Cracked Gasoline.

Shown in Table G-1.
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Presently TEXACO is producing:

Benzene : 30,000 t/y @ 55.6 $/t
Toluene : 49,000 @ 36.6
( case 1)

23,900 t/y of benzene is recovered from natural gas and condensate so
that we have total 53,900 t/y of benzene. On the other hand 17,500
t/y of toluene is produced from natural gas and condensate so that
we have total 66,500 t/y of toluene.

Considering the general trend of scale-up of capacity in petrochemical
industry, it is preferable to convert toluene into benzene by dealkylation
to scale-up the amount of benzene when the amounts of benzene and toluene

are not large enough.

Toluene from natural 17,500 t/y €36.6 §/t
gas and condensate

Dealkylation

>, Toluene from TEXACO

49,000 t/y @36.6 $/t 55,400 t/y €62.74 8/t

Benzene from natural 23,900 t/y @55.6 8/t
gas and condensate

Benzene available

Benzene from TEXACO

30,000 t/y @55.6 8/t 109,300 t/y  ©59.22 §/t

As regards benzene we have 55,400 t/y @62.74 $/t by dealkylation of
toluene and 53,900 t/y ¢55.6 $/t. This gives us 109,300 t/y of benzene

©59.22 §/t.
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( Case 2) Toluens is converted into bensene.

Toluene from 15,800 t/y ©36.6 8/t

condensate
{Dnulkylution

49,000 t/y ©36.6 8/t 54,000 t/y ©62.88 §/t

Toluene from
TEXACO

Bengene from 21,600 t/y 655.6 8§/t

condensate

Bensene available

Bengens from
TEXACO

30,000 t/y  ©55.6 8/t 105,600 t/y ©€59.32 §/t

o As regards bensene ve have 54,000 t/y ©62.88 8/t by dealkylation of
toluens and 51,600 t/y ©55.6 $/t. This gives us 105,600 t/y of bensene

€59.32 8/t.
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( Case 3 )

Toluene of 88,800 t/y out of total 109,000 t/y is
dealkylated to bengene. (The balance of 20,200 t/y

is used to produce TDI)

Toluene from
Naphtha

60,000 t/y ©36.6 8/t

p—-——tnd TOluene

900 t/y ©36.6 8/t 20,200 t/y

Toluene from
TEXACO

49,000 t/y ©36.6 8/t

Bengene from
Naphtha

95,000 t/y ©55.6 8/t

D1

88,800 t/y ©36.6 8/t

m ' z
iDealkylation}

74,000 t/y @60.56 $/t

Benzene from
TEXACO

30,000 t/y 055.6 8/t

+»{ Bengene available

199,000 t/y ©57.44 8§/t

As regards bengene we have 74,000 t/y ©60.56 8/t by dealkylation of
toluene and 125,000 t/y @55.6 $/t. This gives us 199,000 t/y of bengene

057.44 §/t.
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Annex L. Calculation of Manufacturing Costs and Selling Prices of

Petrochemicals

The method of calculation of manufacturing cost and selling price is
that executed in "Pre-feasibility Study" prepared by I.D.C. with
exception of adopting the Tax holiday provisions.

1. LDPE

2. HDPE

3. VCM

4. PVC

5. STYRENE

6. POLYSTYRENE

7-1. PO

7-2. PG

8. ACRYLONITRILE

9. POLYACRYLONITRILE-F
10. PP

11. SBR

12. MALEIC ANHYDRIDE
13. LINEAR ALKYLBENZENE

14. CAPROLACTAM
15-1.  NYLON-6 (CHIP)
15-2.  NYLON-6 -F

16. TDI

17-1.  P-XYIENE

17-2.  TFREPHTHALIC ACID
17-3.  DMT

18. POLYESTER-F
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Annex M, Figure of Selling price of Petrochemicals V8
Manufacturing Capacity
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Annex N. Calculation of Consolidated Manufacturing Cost of
the End Product

In Annex L,the manufacturing cost of the end product is derived from

the selling price of the intermediate product. (In this case, the
profit is taken as 10% of ¢.I in every year with every product

disregarding the end or the interuediate. In other words the rate
of return on investment is taken as the uniform value of lO.‘j% with

every product).

In this Annex N, the consolidated manutacturing costs of the end products
were calculated. Namely, wvhen the intermediate product is converted to
the end product, the profit obtained by selling the end product must
cover the both of the capital investments of the intermediate and the
end product. So the manufacturing cost of the end product is calculated

by consolidating the intermediate product.

¢c-1. VCM - PVC

c-2. STYRENE - POLYSTYRENF

C-3. STYRENE - SBR

C-4. ACRYLONITRILF., - POLYACRYLONITRILE-F
C-5. PO - PG

C-6. TEREPHTHALIC ACID - DMT

c-7. TEREPHTHALIC ACID - DMT - POLYESTER-F
C-8. CAPROLACTAM - NYLON 6 (CHIP - FIBER)
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Annex P.

1.
2.
3.
4.
5.
6.

Capital Investment, Utilities and Labour of Coaplex.

Capital Investment
Electric Power
Stean

Cooling Water
Fuel

Labour
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Annex Q-1.
PRODUCERS OF METHANOL

(Unit : 1000 :/ )

Planned
Capacity

Present

c cit Remarks

Companies Location

Air Products and
Chens Inc.

Allied Chem

Borden Chen

Celanese
Commercial Solvents
Du Pont

Escambia Chenm
Georgia Pacific
Gulf 0il
Hercules

Mercury Chem
Methchem
Petroleum Inc.
Monsanto

Rohm & Haas
Tenneco Chem
Union Carbide

Valley Nitrogen
Producers Inc.

(end-1970)

Michaud, La 300
Pensacola, Fla 60

South Point,
Ohio

Geismar, La.
West Coast
Bishop, Tex.
Sterington, La.
Belle, W, Va
Huron, Ohio
Orange, Tex.
Sobine, Tex.
Pensacola, Fla
Plaquemine, La
Military, Ken.
Hercules, Cal.
Louisiana, Mo
Plaquemine, La
Artesia

First Mississippi
New Mexico
Texas City, Tex.
Houston, Tex.
Houston, Tex.

S. Charleston,
W. Va.

Texas City, Tex,

early 1973




Comganien

Chencell

Imperial 0il

Methanolacq
ONIA

Ste Chim des
Charbonnages

Ugine Kuhlmann (a)
" (b)

Ste des Produits
Azotes

BASF

Union Rheinische
Braunkohlen
Kraftstoff

Elf Mineral 01
Erd8lchemie GmbH
Veba-Chemie

ANIC
Montecatini-Edison

Aamoniaque
Synthetique
et Derives

Planned
Capacity

Present
Capacity
(end-1970)

Location

Clover Bar
Cornwall
Montreal,
Sarnia (Ont.)

Pardies
Toulovse
Mazingarbe

Harnes

Lannemezan

Ludwigshafenm
Wesseling

Speyer
Dormagen
Gersenkirchen

Pisticei
Castellanza
Brindisi
Novare
Ferrandina

Porto Torres

Rotterdam

Willebroeck

Remaris




U K

SWEDEN

NORWAY

AUSTRIA

SPAIN

BRAZIL

ARGENTINA

MEXICO

TAIWAN

KOREA

INDIA

PAKISTAN

AUSTRALIA

IRAN

Companies

BP Chemicals
ICI

AB Swonska
Salpterverken

Norsk Hydro

Oesterreichisch
Hiag Werke A.G.

Abonos Sevilla

Alba SA
Metanor

Cia Gasco

Industria Petro-
quimica National

Pemex

Chang Chun Petrocheam

Taesung Luber Ind.
Taespung Ind. Corp.

ICI

National
Petrochemical

Location

Grangemouth
Heysham
Billingham

Kvantorp

Heroya

Fischamend

Sevilla

Cubatao
Bahia

Pilar

Puebla

San Martin
Texamelucan

Heinchu

Seoul
Ulean

Botany, NSW

Kharg Island

- 105 -

Present
C
(end-1970)

65
180
100

28

33

45

16

45

16

45

40

40

n.&.

Planned
Capgcity

310

50

60

180

Remgrks

end 1972

late 1972

1970/71

1970/71




Present Planned
Lecation Capagity Capacity Hesarks
(end-1970)

Chemicals Phosphates Haifa
DOR Cheaicals Ltd. Haifa

Egyptian General Alexandrias
Petroleun

Occidental of Libya  Benghasi




UsSa

Sompanies

Allied Chem

Columbian Carbon
Dow Cheamical

Du Pont
Eastman Kodak
Enjay Cheaical

Gulf 0il

Monsanto

National Distillers

& Chem Corp.

U.S. Industrial
Chenm Co.

Phillips Petroleum
Rexall Drug & Chem

and E1 Paso Products

Co.y Jouv.
Sinclair-Koppers
uce

Chemplex

Cosden 0il &
Chemical

Dart Industries

(Unit : 1000 t/y )

(end-1970)
Orange, Tex. 11
Clinton, La. 45 |
Lake Charles, La. 100 |
Freeport, Tex. 171 /\q
Plaquamine, la. 95
Orange, Tex. 193
Victoria, Tex. 95
Longview, Tex. 113
Baton Rouge, La. 95
Cedar Bayou, Tex. 95
Orange, Tex. 95 136
Texas City, Tex, 63
Houston, Tex. 1%
Tuscola, Ill. 68
Fasadena, Tex. - 10 1972
Odessa, Tex. 135
Port Arthur, Tex. 79
Seadrift, Tex. 154
S. Charleston, 54
W. Va.
Taft, La. n.a.
Texas City, Tex. 100
Torrance, Calif. n.a.
Whiting, Ind. 55
Penuelas, Puerto - 136 im
Rico
Clinton, Iowa 80
Calumet City 10
Odessa, Tex. 136

- 1lu -




]

CANADA

FRANCE

WEST
GERMANY

ITALY

Companies

Canadian Ind.

Union Carbide of
Canada

Dow Chem of Canada
Thio-pet Chemical

Cochime (BASF)

Ethylene Plastique
(1c1)

SNPA

Soc Lorraine des
Polyolefines

Aquitaine-Organico

Union Chimique
Elf-Aquitaine

BASF AG

Rheiniache Olefin
Werke GmbH (ROW)

Erdolchemie GmbH
Folienwerke Saar

ARCD (Astalti Bitusi
Cementi Derivati Spi)

ANIC
Sinoat
Montedison SpA

Runianca SpA

Societa Italiana
Reeina (SIR)

Location

Edmouton

Montreal

Sarnia, Ont.
Montreal East

Berre 1'Etang
Carling
Lillebonne
Mont

Mont

Balan
Carling

Gonfreville
Balan
Balan
Gonfreville

Ludwigshafen
Wesseling

Dormagen

Ragusa

Gela, Sicily

Priolo, Sicily

Brindisi
Ferrara
Cagriari

Assonini
Sardinia
Porto Torres

- 10 -

Present Planned
Cappcity Camcity Demarke
(end-1970)
30
45
n.a.
1
65
60
100 60 1972
50
30
100 70 1972
100 140
- 75 1971
130 170 -
- 75 1971
18 12 1971
500 240 1972
100
- 30 1971
40 40 end 1971
65 15 1971
80
90 60 1971
30
- 45 1971
- 55 1973
15 - -
36
100 - -

/\‘




SWITZER-
LAND

DENMARK

FINLAND

AUSTRIA

SPAIN

Companies

Societa Italiana
Resina (SIR)

Liquigas SpA

Dow Cheam Europe
1CI (Holland) NV

DSM

BASF Antwerpern NV

Union Carbide
Belgium NV

USI Europe NV

BXL
ICI
Monsanto Chem

Shell International
Chen

Bakelite Xylonite

Unifos Kemi AB
Union Carbide and

Superfosfat Fabrivks

Aktiebolag

Unifos Kemi AB

Danbritkem A/S

Pekema Oy

Danubia Olefinwerke

Alcudia SA

Aquitania-Iberia SA

Location

Sardinia

Sibari

Terneusen
Rogenburg
Besk-Geleen

Antverp
Antwerp

Antverp
Zwijndrecht

Grangesouth
Wilton
Favley
Carrington

Grangesouth

Stenungsund

Stenungsund

Copsnhagen

Porvoo

Schwechat

Puertollano

Prat de labregat

Present
Capacity
(end-1970)

80

Planned
Capacity

Remarke

1971

1972/1973

1972
1974




SPAIN

VENEZUELA

COLOMBIA

CHILE

BRAZIL

ARGENTINA

MEXICO

JAPAN

Companjes

Dow Unquinesa SA
(Imhausen)

Calatrava SA

Unicar Petrogquisica
CA

Poliolefinis
Colombianas SA

Empresa Nacional
del Petroleo

Eletroteno Industrias

Plasticas SA

Union Carbide do
Brazil SA

Poliolefinas LTDA

Imperial Chem Ind
Ipako

Industrias Quimicas
Argentinas Duperial
SAOC

Pemex

Idemitsu Petrochem
Industiry

Chisso Petrochemical/
Denka Petrochemical/
Marugen Petrochemical

Chisso Sekiyu Kagaku

Japan Polychemical
Kasei Migushima
Miteubishi Yuka

Mitsui Toatsu Kagaku

Nihon Olefin Kagaku

Location

Tarragona

Puertollano

El Tablaso

Barrancaberseja

Conception

Elclor

Cubatao

San Lorenso
Ensenada
San Lorenso

Poza Rica

Reynosa, Tas

Chiba

Goi
Tokuyama
Mizushima
Kashima
Yokkaichi
Sakai
Ohita

- 710 -

Present
Capacity
(end-1970)

28

22

16

63

10

14
12
23

46
26

30

20

1

28 B88L

30

Planned
Capscity

14
82

12
12

1

10

30

Remarie

1972
1973

1972

1911
1975

1971
1972
1972

191

1973




Companjes

Nihon Unicar

Nippon Polychemicals

Ube Kosan

Japan Qlefin Chem

Mitsubishi Petro-
chemical

Mitsui Polychemicals

Nippon Petrochemicals

Sumitomo Chem

Sumitomo Chiba
Chemical

Asahi Dow

(Dow/Asahi Ches)

Mitsubishi Chemical
Industries

USI Far Fast Corp.

Dow Chea and
Chungja Fertiliger

Avvind Petrochea

Union Carbide of
India

Gujarat Olefines
Project

The Alkali & Chemical

Corp. of India
Koyali Complex

ICIANZ

Union Carbide
Australia

Location

Kasumigsura
Kawasaki
Tokuyama
Yokkaichi
Sakai

Goi

Ohita
Yokkaichi

Ichihara
Ohtake
Kawasaki
Ohe
Chiba
Anegasaki
Sodegaura
Kawvasaki
Misushime
Misushima

Kaohsiung

Ulsan

Present Planned

Capacity Capacity
(end-1970)

35

64
50
100
35




PAKISTAN

ISRAEL

IRAQ

UAR

SOUTH
AFRICA

ALGERIA

Petkim Petrokimya
AS

Barica Chemical

Valika Chemical
Industries

Israel Petroches
Industries

State Authority

Egyptian General
Petroleum

African Explosivee
& Chemical Industries

Karbochen

Sonatrach

Location

Ismit
Aliage

W. Pakistan
Karachi

Raifa

Alexandria

Midland

Sasolburg

- 112 -

Present

cameity
(end-1970)

14

10
50

17

22

45

Planned

Remarks
15 1972
45 1978
w -
68 1972




Annex Q-3.

PRODUCERS OF HDPE

(Upit : 1000 t/y )

Compgnies

Allied Chem

Celanese Corp

Chemplex
Dow Chemical

Du Pont
Gulf 01l

Hercules Inc.
Monsanto

National Distillers
National Fetro Chea

Phillips Petroleua

Phillips Puerto Rico
Core

Sirclair-Koppers

ucc

Aaoco Chemicals
Sinclair-Koppers Co.

Dow Chem of Canada
Du Pont of Canada
US Industrial Chem
Union Carbide Canada

Present Planned

locatioh  copacity Camcity

(end-1970)

Baton Rouge, La. 137
Buffalo 11
Orange, Tex. 11
Tonawanda, N.Y. 11
Clear Lake -
Houston, Tex.

Clinton, la.

Bay City, Mich,
Freeport, Tex.
Plaquamine, la.
Orange, Tex.

Port Arthur, Tex.
Orange, Tex.

Parlin, N.Y.

Texas City, Tex.
Houston, Tex.

La Porte, Tex.

Deer Park

Pasadena, Tex.

Guayama, P.R.

Port Arthur, Tex.
Seadrift, Tex.
Chocolate Bayou
Port Arthur,Tex.

8‘"“ ’ ont .

Montreal

Bemaris




Manoléne
Naphthachimie
SNPA

Sté Industrielle de
Polyolefines

Sté Normande de
Matieres Plastigues

Aquitaine-Organico
Veba Chenmie

Hoechst

Pheinische Olefin-
werke GmbH

RUhrcheaie AG

Vestlen GmbH

BASF AG
Wacker-Chemie

Montedison

Solvay Italiana
Starlene SpA
Rumianca Spk
ANIC

Societa Italiana
Resina (SIR)

Sarda Polimeri Spi

DSM

Dow Chemical
International NV

Polyolefins SA

Planned

Present
Capacity
(ond—1970)

Gonfreville 15
Lavera 55
Balan -
Le Havre 60

Lillebonne

Balan
Gonfreville

Hoechst
Knapsak
Wesseling

Oberhausen-
Holton

Gelsenkirchen
Marl
Wesseling
Burghausen

Brindisi
Cagliari
Rosignano
Assenini
Cagliari

Gela

Solbiate Olona

Sardinia

Beek
Beek

Capacity

Remarks
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UK

AUSTRIA

SWEDEN

SPAIN

ARGENTINA

BRAZIL

JAPAN

Cogpanies

BP Chemical (UK)

Shell International
Chemicals

Hoechst/éMV

Unifos Kemi AB

Calatrava SA

Dow Unguinesa

Dow Quimica
Argentina

Imperial Chemical
Industries

I pako

Electroteno Ind.
Plasticas

Kasei Mizushima
Nippon Unicar
Asahi Chemical Ind.
Chisso Corp.
(Chisso)

Furukawa Chemical
Ind.

Japan Olefin Chem.

Miteui Petrochemical

Ind.

Location

Grangemouth

Carrington

Schwechat

Stenungsund

Puertollano

Tarragona

Bahia Blanca

Eneenada

Ensenada

Sao Paulo

Migushima
Kasunigaura
Migushima
Goi

Chiba
Kawasaki
Mizushima
Kavasaki
Ohita
Iwakuni
Ichihara
Goi

Nissan Chenical Ind.
Mitsubishi Chea Ind.
Mitsubishi Petrochea

Mizushima
Yokkeichi

- 115 -

Present
it
(end-1970)

44
25

18

11

32

50
35
23
30
30
18
30
70
38
50
123

20

Planned
ci

26
20

30

25
40

22

11

60

60

60

20

Remarks

1971
1972

1971

1972

1972

1972

1972

1971

1973

1973



5

JAPAN

KOREA

INDIA

TURKEY

S. AFRICA

Companies

Sumitomo Chem

Jdemitsu Petrochem
Ind

Kanegafuchi Chea
Tokuyama Soda

Dainippon Ink &
Chemicals and
Toyo Soda

Korea Pacific Chem

Polyolefins Ind(PIL)

Petkin-Petrokimya

Hoechst

(end-1970)

Chiba
Ohe
Chiba

Kashima
Tokuyama
Yokkaichi

Ulsan

Thana ,Maharashtra

Aliega

Johannesburg

- 116 -

Present

20

t

Planned

c

30

30

20
30
30

30

50

Remariks

1971
1971
1972

1972
1972

1972

1974

1972



Us a

Compgnies

Air Reduction
Airco Chemicals &
Plastics Div

Allied Chem
Plastics Div

American Chem

Atlantic Tubing &
Rubber

Borden Inc.

Thermoplastics
Products

Continental 0il

Thompson Apex

Diamond Shamrock
Plastics Div

Dow Chem

Escambia Chem
Ethyl Corp.
Firestone Tire &

Rubber, Firestone
Plastics Co., Div

Annex Q-4.

PRODUCE PVC
(Unit:

Present
Location Capacit

zend-l9705
Calvert City, Ky. 55
Painesville, O, 90
Long Beach, Calif. -
Cranston, R.I. 45
Bainbridge, N.Y. n.a.
Compton, Calif. n.a.
Dempoplis, Ala. n.s.
Illipolis, Ill.
Leominster, Mass. ) 114
Aberdeen, Miss. T0
Aberdeen, Miss. n.a.
Assonet, Mass. n.a.
Deer Park, Tex.
Delaware City, Dol.) 110
Midland, Mich. 36
Plaquamine, La. n.a.
Pensacola, Fla. 23
Baton Rouge, la. 68
Perryville, Md. 52
Pottstown, Penn. 57

- 117 -

1,000 tons)

Planned
Capacity

34

30

Remarks

197

1972



US A

Companies

General Fabricators,
General Tire &
Hubber Cao., Chem/
Plastics Div

B. F. Goodrich

Goodyear Tire &
Rubber

Great American
Plastics, Hooker
Chem Corp.,

Ruco Div

Keysor Chem

Lasco Industries
Micron Chem Products

Millmaster Onyx,
Onyx Chem Co. Div

Monsanto
Hydrocarbons &
Polymers Div

Neville Chem

Pantasote, Eleanore
Chem Div

Reichhold Chem,
Blane Chem Div

Richardson,
Polymers Div

Present
Location Capacit Capacity Remarks
Zend-l970$

Van Nays, Calif, n.a.

Ashtabula, O. 34

Avon Lake, O.
Henry, I1ll.

Long Beach, Calif.
Louisville, Ky.
Niagara Falls, N.Y.
Pedricktown, N.J.

)
)
g 290
)
)

Salem, N.J. n.a.

Niagara Falls, N.Y. 36

Plaquemine, La. 36
Fitchburg, Mass. 18
Burlington 55

Township, N.J.
Hicksville, N.Y. 4.5
Delaware City, Del. n.a.
Saugus, Calif. 27
Montebello, Calif. n.a.
Brooklyn, N.Y. n.a.

Jersey City, N.J. n.a.

Springfield, Mass. 68

Neville Island, Penn. 34

Passaic, N.J.

Point Pleasant,W.Va. 35
Mansfield, Mass. n.a.
W. Haven, Conn. n.a.




US A

CANADA

Y,

FRANCE

Companies

Stauffer Chea,
Plastics Div

Tenneco Chenm,
Tenneco Plastics
Div

UCC, Chem & Plastics

Operation Div

Uniroyal,
Uniroyal Chem Div

American Chemical
Conoco Plastics

Olin

B F Goodrich Canada

Monsanto Canada

Shawinigan Chem

Imperial 0il

Aquitaine-Organico
SNPA)

Pechiney-5t. Gobain

Rhone-Poulene
Solvice

Ugine-Kuhlmann

Present Planned

Capacit Capacity Remarks
(end-1970)
Delaware City, Del. 68

Location

Burlington, N.J. 64
k. Brunswick, N.J. 86
Flemington, N.J. 34

S. Chaleston, W.Va.

Texas City, Tex. ) 145

Painesville, O. 61 ) ‘
Long Beach - 34 1971
Oklahoma City - 22.5 1971
Assonet, Masas. 57

Kitchener 13.6

La Salle, Que. 11.3

Montreal 27.1

Sarnia, Ont. 20.4

Balan 35 30 1971
St. Auban )

St. Fons ) 240 200 1973
Montlucon )

Roussillon 40 40 1971
Tavaux 140 40 1971
Brignoud 70 70 1971

- 119 -



W. GERMANY

ITALY

Companies

BASF AG

Deutsche Solvay
Werke AG

Dynamit Nobel AG

Farbwerke Hoechst

Chemische Werke
Huls AG

Longa Werke AG

Wacker-Chemie GmbH

Societa Chimica
Ravenna

Montecatini-Edison
Spa

Polisarda SpA

Polymer SpA
Pogei Ferrandina

Quirina Spa

Solvic

Societa Italiana
Resine

ANIC

Rumianca

Location

Ludwigshafen

Rheinberg

Troiadort

Gendort
Hoechst
Knapsack

Marl

Weil
Brughausen

Knapsack

Ravenna

Porto Marghera
Brindisi
Cagliari, Sardinia

Porto Torres
Sardinia

Terni
Ferrandina
Assemini
Sardinia
Ferrara

Solbieta Olona

Ravenna

Cagliari, Sardinia

- 120 -

Present

Planned

Capacity Capacity Remarks
end-1970

100

70

70

90
12
70

270

12

175

40

240

60

70

75
40

30

50

70

50

50

275 1975
50 1971
30 1971
45 1971
60 1971

130 1973 -
75 1973
30 1971
60 1971

120 1973
70 197
50 1972
70 1975
60 1971
30 1975



NETHE RLANDS

BELGIUM

UK

SWEDEN

NORWAY

FINLAND

SWITZERLAND

PORTUGAL

AUSTRIA

Companies

Shell Nederland
Chemie NV

Dutch State Mines

Badiphil NV

Solvic SA
B P Chemicals (UK)

ICI, Plastic Div

BXL Plastics
Materiale Group

Stockholms Super-
fosfatfabriks AB

Norsk Hydro Elektrisk

Pekema Oy.
Muovi Oy.

Neste

Lonza Ag

CIRES (Companhia
Industrial de

Resinds Sinteticas)

Halvic Kunststoff-
werke GmbH

Location

Pernis

Beek

Antwerp

Jemeppe-sur-Sambre

Baglan Bay
Hillhouse
Fleetwood, Lancs
Aycliffe

Baglan Bay

Stockvilksverken

Herya

Neartaly
Porvoo

Porvoo

Zins

Estarreja

Hallein

- 121 -

Present
Capacit Capacity Remarks
end-1970

50

50
90

140

180

15

50

50

18

12

18

Planned

110

50

50

25

90

170

45

80

80
15
30

1972

1972

1973
1971

1972
1975

1971

1972

1971
1971

’~v‘



SPAIN

GREECE

CHILE

ARGENTINA

BRAZIL

COLOMBIA

Companies

Compania Aragonesa
de Industrias
Quimicas

Etino Quimica SA

Hispavic Ind SA

Resinas Poliesters

Oxycros

Monsanto

Chemical Industries
of Greece AE

Esso Pappos Chemical

Petroquimica/
Dow/Enap

Dov Quimica
Argentina

Consorcio Paulista
de Monomero

Ind., Quim Electro
Cloro SA

Brag Kkesinas
Vinilicas

Union Carbide do
Brazil

Carburos de
Colombia SA

Present Planned

Location Capacit Capacity Remarks
Zend-19705
Sabinanigo 2 8 1972
Mangon del Cina 15
Torrelavega 50 50 1971
Miranda de Ebro 30
Hernani 20
Pietollano - 80 1971 ’ ‘
- 200 1972 |

Mongon 30 60 1972
Thessaloniki 12 |
Thessaloniki 18 |
Concepcion 15
Bahia Blanca - 55 1972

35 15 1971
Eleclor - 10 1971
Eleclor - 18 1971
Cubatao - 15
Medellin 6

- 122 -



VENEZUE LA

MEXICO

JAPAN

Companies

Instituto Kengolano

de Petroquimica

Monsanto Mexicana
Geon de Mexico SA
Promociones Ind
Mexicanas, SA
Osaka Petrochea
Senpoku Petrochem

The Japanese Zeon

Kawasaki Organic
Chemicals

Sun Arrow Chemical

Toa Gosei Chemical
Ind.

Kanegafuchi Chemical

Ind.

Sumitomo Chemical

Mitsubishi Monsanto

Chem

Tekkosha

Chisso Corp

Kureha Chemical Ind

Location

Zulia

Lecheria
Mexico City DF

Puebla, Pue.

Osaka
Osaka
Mizushime
Takaoka

Kavasaki

Tokuyama
Tokushima
Takasago )
Osaka
Kashima
Kikumoto
Sodegaura

Yokkaichi

Yokkaichi
Sakata
Migushima
Goi

Nishiki

Present

Planned

it Capacity Remarks
(end-1970)

30
30
30
100

30

30

55

115

50
50
17
108

36
30
24
24
120

25

60

30

1971

1973

1971



JAPAN

INDIA

Companies

Shinetsu Chem Ind

Nissan Chewical Ind

Nippon Carvide
Industries

Nikka Chem Ind.

Mitsui Toatsu Chem

Gunma Chem Ind.
The klectro Chem
Ind.

Tokuyama Sekisui
Ind.

Shriram Vinyls
Plastic hesin Chem

Ahnedabad Mfyg «
Calico ‘Prainting

Assam Ind Develop-
ment Corp.

Chemical & Plastics
India

Gujarat Olefines
Project

National Organic
Chem

Location
kashima
Nacetsu
Tokuyama
Goi

Uogu
Hayatsuki
Mizushima
Nagoya
Osaka
Shibukawa
Qume
Chiba

Tokuyama

Kota
Sahupuram

Bombay, Maharastra

Moran-Lakwa

Mettur Dam

Thana, Bombay

- 174 -

Present

Capacit Capacity
Zend-l9705

€0
73
30
50
17
50
84
72
30
48
51
36
36

20
16

20

22

20

20

Planned
Hemarks
60 1971
30 1971



TURKEY

SOUTH
AFRICA

ALGERIA

KOREA

TAIWAN

PHILIPPINES

Companies

Petkim Petrokimya
AS

African Explosives
& Industries

Sonatrach

Daehan Plastics
Kong Yong Chemical
Korea Chemical
Wupoong Chemical
Tong Yang Chemical
Formosa Plastics
Co.

China Gulf Plastics
Co.

Cathay Plastics

Yi-Fang Plastics

Mabuhay Vinyl Corp.

Location

Aliaga
Yarimca

Igmit

Shikda

Tejon
Ulsan
Kimhe
Kung San

Inchon

Kaoshing

Tovfen

Chvnan

Manila

Present
Capacit Capacity Remarks
Zend-19705

43
26

26

19
19

3

30

21

15

D

Planned

91

100

1974

1972




Annex Q-5.
PRODUCERS OF POLYSTYRENE

(Unit : 1000 t/y )

Companies Location gresgzt giann;: Remarks
(end~1970)
US A Cosden 0il & Chem Calmet City 95
111 84
Dart Ind Inc Joliet, Ill
Holyoke, Mass - ‘q
Ludlow, Mass 64
Santa Ana, Calif
Solar Chemicals Leominster, Mass 27 17.8 1971
Houston, Tex
USS Chemicals Haverhill, Ohio 90
US Steel Corp Haverhill, Ohio - 90 1971
Alabams Binder Tuscaloosa, Ala n.a.
& Chemicals
American Petrofina Chicago, I11 - 45 1972
Amoco Chemicals Joliet, Ill i
Badiasche Products S. Kearney NJ
Jamesburg NJ 36
Borden Bainbridge NY )
Compton )
(Los Angeles)
n.a.

Demopolis, Ala
Illiopolis, I11 )

Leominster, Maas)
Brand Plastics Medina, 0 5
Torrance, Calif 5
Willow Springs, I11 16
Cities Service Hicksville NY 5
Dow Chemicals Torrance, Calif )
Allyns Point,Conng
Hanging Rock, ) 417
Midland, Mich g

Riverside, Mo
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i
55 1972



US A

CANADA

Companies

Diamond Plastics
Foster Grant

Gordon Chemicals

S.C. Johnson & Son
Onyx Chemicals

Monsanto

Morton Chemicals
0. Brien
Pennsylvania Ind
Polymer Ind
Purex

Reichhold Chemicals
Richardson
Scholler Bros
Shell Chemicals

Southern Petrochem

Polymeric Resins
Sinclair-Koppers
UBS Chemicals

Ticonderoga Chemicals

Union Carbide

Mobil 0il Canada
Monsanto Canada
BASF

losion Tt P g
(end-1970) |
Calif 23
Leominster,Mass 95
Oxford, Mass
Worcester, Maas 11
Racine, Wisc
Jersey City, NJ
Addyston, 0O n.a.
Long Beach 170
Calif \.‘
Springfield,Mass n.a.
Ringwood, Ill n.a. |
S. Bend, Ind n.a. 5
Clairton, Penn n.a.
Springdale, Conn n.a.
Bristol, Penn n.a.
Chicago, Ill n.a.
Harbor City,Calif. n.a.
Elizabeth, NJ n.a,
#. Haven, Conn 14
Elwood, NJ n.a.
Marietta, O 36 |
Houston, Tex 18 i
Tulsa, Okla 18
Wilmington,Mass n.a.
Kobuta, Penn 136
Cambridge ,Mass -
Lemont, Ill g n.a.
Marlboro, Mass
Leominster, Mass 45.4
Bound Brook, NJ
Marietta, O 84
Lasalle 9
Lasalle, Que 9
Greater Montreal 8
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Companies Location g:"e?: glan::;d! Remarks }
(end-1970) 4
FRANCE Union Chim E1f Gonfreville 90
Aquitaine
Dispersions Villiers St. 5 20 1971 |
Plastiques Paul
Plastichimie Ribecourt 65
Monsanto Wingles 28 31 1971
Aquitaine- Gonfreville - 90 1971
Organico Mont 65
SCC, Ugine Kuhlmann Dieuge 20 80 1975 R
Huiles Goundronset Vindin le Vieil 6 ‘
Derives ]
Plastugil Lyon Vaise 13
WEST Huls Marl 30 170 1973
GERMANY BASF Lundwigshafen 175
Dow Chemicals Greffern 60
Bayer Leverkusen 10
Row Ludwigshafen n.a.
ITALY Montedison Mantua 100 12
Ferrara 57
Dow Chimica Italiana Livorno 16
Magguchelli Castiglione 15
Montesud Ferrara 100
Petrochimica
SIR Macherio 20
ETB (SIR Group) Porto Torres 15
BELGIUM BASF Antwerpen NV Antwerp n.a. n.a. 165 total ca-
Belgochim SA Feluy 45 pacity in 1971
NETHER- Polumer Fabrieken Breda 110
LANDS Breda
Marbon Chem 15
Terneugen 30
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VK

SPAIN

BRAZIL

COLUMBIA

ARGENTINA

MEXICO

JAPAN

Companies

BP Plastics
Shell Chem

Distrene (Dow)

Sterling Moulding
Plastics

BXL
Monsanto Chems

Kaylis Chem

BASF Espanola
Monsanto

Plasten
Dow-Uniquinesa, SA

Arrahona

CIA Brasileira de
Plasticos "Koppers"

Idrongal (BASF'
Bakol

Dow Colombians

BASF Argentina

Monsanto Argentina
SAIC

BASF Mexicana, SA
Monsanto Mexicana

Union Carbide
Mexicana S.A.

National de Resina
S.A,

Japan Polystyrene
Ind

Kanegafuchi Chem Ind
Assahi Dow

Dainippon Ink & Chem

Location

Stroud, England

Carrington

Barry, S w
Stalybridge

Manningtree
Newport
Bolton

Tarragona
Monzon
Valencia
Bilbao
Sababell

Sao Bernardo

Guaratingueta SP
Sao Caetano SP

Cartagena

Rosario

Zarate

Santa Clara
Lecheria

Kawvasaki

Takasago
Migzushima
Kawasaki

Chiba
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Present

Capacity
(end-1970)

18
35

70
40

14
32
6

33

25
25

12

5

30

n.a.
N.a.

n.a.

n.a.

50

25
150
41

40

Planned

Capacity

23
10
70

22

50
23

Remariks

191
197
1972

1971

1972

1971

1972
1972




Companies Location greeegt éﬂang:? Remarks
(end-1970)
JAPAN Nippon Polystyrene Kawasaki 46
Nippon Steel Chem Kimitsu 14
Tobata 32
Toyo Polystyrene Ind Osaka 34
Kawasaki 51
Denka Petrochem Ind Chiba 41
Mitsubishi Monsanto Yokkaichi 56
Chem
Idemitsu Petrochem Tokuyama 16
Teijin Limited Sakai - 25 1972 o ‘
INDIA Indoplast Thana 24
Gujarat Clefines Gujarat 14
Project
Polychem Goregaon, Bombay 10
Koyali, Gujarat 14
TURKEY Petkim Petrokimya Yarimca 15
A3 Aliaga - 32 1974
Izmit - 15 1972
AUSTRALIA Badocol Chem Altona 5
TAIWAN Tai Ta Chem Kaohsiung 3
KOREA Miwon Seoul 8 4 1971
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PRODUCERS OF ACRYLONITRIIE

(Unit : 1000 t/y )

Present Planned

Capacity Capacity
(end-1970)

Companiesg Location Remarke

Fortier, La 82 10
Memphis, Tenn 80

American Cyanamid end-1971
Du Pont
Beaumont, Tex 100

Monsanto Texas City, Tex 55

Union Carbide

Vistron
(Soshio Chemical)

Goodrich Chemical

Imperial 0il

Ugilor

Erdtlchemie
Hoechst

Montedison
Sincat
Acrilsarda
ANIC

DSM

Border Chemicals
Monsanto Textile

Sateri Oy

Alvin, Tex
Institute, W.Va
Lima, Ohio

Calvert City,Ky

Sarnia

Saint Avold
Yvours

Kbln-Worrlngen
Knapsack
Munchsaiinster
Plattenhofen

Porto Marghera
Priolo
Cagliari

Gela

Geleen

Grangemouth
Seal Sands

Planning
end-1972

end-1971
end-1971

197

mid-1972
end-1972

end-1971

end-1970

end-1971




SPAIN

BRAZIL

MEXICO

JAPAN

J

INDIA

KOREA

TURKY

Companies
Paular
Fisiba
Pemex

Asahi Chemical
Industry Co.,Ltd.

Mitsubishi Chemical
Industries, Ltd.

Sumitomo Chemical
Co., Ltd.

Sumitomo Chiba
Chemical Co.,Ltd.

Mitsui Toatsu
Chemicals Inc.

Mitsui Petrochemi-
cal Industries Ltd.

Nitto Chemical
Industry Co., Ltd.

Showa Denko K.K.
Ube Kosan Co.,Ltd.

Government

Manjustiree
Industries

Tong Suh
Petrochemical

Petkia Petrokimys

Location

Puertollano

Minatitlan

Migushima

Kawasaki

Mizushima

Niihama

Chiba

Senpoku

Otake

Yokohama

Otake

Kawasaki

Ube

Koyali
Barui

Ulsan

Ismit

- 132 -

Present

(end-1970)

15

83

52

60

43

16

72

42
79

Planned
Capacity

40

26

16

27

15

Remarks

end-1971

ond-1971

1971

Beginning'7l
n "',1

end-1971

1973



USA

CANADA

FRANCF.

W.GERMANY

ITALY

NETHERLANDS

BELGIUM

UK

Axmex Q"7 .
PRODUCEKS OF ACRYLIC FIBER

Companies

Du Pont

Monsanto

Union Carbide

American Cyanamid
Tennessee Lastman
Dow Badische

Jourtaulds North
America

Du Pont of Canada
CTA

Courtaulds

Bayer

Phrix Werke

Sudaeutsche
Chemiefaser

Monsanto

Chatillon

Snia Viscosa

Anic

Italiana Fesine

Du Pont(Nederland)
Fabelta

SEFI

Courtaulds

Monsanto Textiles
Du Pont (UK)

Present Planned
Location Capacit Capacity
Zend—l9705
Camden, S.C.
Waynesboro, Va ) 113 20 (1971)
Decatur, Ala 102
South Charleston, 15
W. Va
Pensacola, Fla 54
Kingsport, Tenn 20
Wwilliamsburg, Va 4%
Columbia, S.C - 22 (1971)
Maitlant 15
Colmar 21
Coquelles 16 11 (1972)
Dormagen 122
t#iamburg-Neumunster ) 11
rrefeld
kelheim 43
Lingen - 16 (1972)
Porto Marghera 45
Cesano Maderno 20 15 (1972)
Villacidro 4
Pisticeci 12
rorto Torres 1
Dordrecht n.a.
Tubize 15
Hautrage - 10 (1971)
Coventry
Griasby ) 95 86 (1971)
Coventry 2
Coleraine 39
Maydown 23
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Remarks

wm

S

Y5

tw

| #2]

w2

w

L2

mwm nwm




Present Planned

comparies Location Capacit Capacity Remarks
Zend-19705
S PAIN Cyvanenka Prat de Llobregat 11 18 (1971) S
Guimicas Altamira iranda de kbro 7 S
tetrofibra Jaragoza - 14 (1972) g
COLOMBIA Fibras Acrilicas Manizales - n.a. S
BRAZIL Rhodosa Inductrias Sao Jose dos Campos n.a. S
Fisiba camacari 8 S
Noracryl Joao Pessoa - 4 S
ARGENTINA Hisisa Arpentina  Baradero 4 S
MEXICO Celulosa y Derivados Atequiza 7 S
Fibras Acrilicas Cotaxtla
Celanese Mexicana sucapu - 7 (197%) S
PERU Bayer Industrial Lima - 6 (1971) S
J APAN Asahl Ghe@ical Nopgoka ) 45 4 S
Industry Co.,Ltd. Fuji
Mitsubishi Rayon Hiroshima 50 S
Co., Ltd.
Japan txran Saidai ji 48 N
Industry Co.,Ltd.
Toray Industry Inc. Ehime 30
Touhou Vesron Mishima 33
Co., Ltd.
Kanegafuchi Takasago 13 S
Spinning Co.,Ltd.
TAIWAN Nan Ya Plastics kaohsiung 9
Tong Hwa Synthetic Hsinshu - n.a.
KOREA Oriental Synthetic Ulsan 7 3 (1972) S
Fiber
Hanil Syathetic  Masan 4 4 (1972) S
Fiber
Hankook Synthetic - 6 (1971) S
Fiber
INDIA J.K. Synthetics  Kota 4 12 (n.a.)
New Swadeshi Mills Baroda - 4 (n.a.)
Tata Textiles Koyali - n.a.
ISRAEL Israeli Chemical Ashdod 2 S
Fiber
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Remarks: Y Filament
S : Staple

.

M : Monofilament
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US A

CANADA

FRANCE

WEST
GERMANY

Annex Q-8.

PRODUCERS OF POLYPROPYIENE

Companies

Hercules

Alamo Polymer
Amoco Chem

Dart Ind

D. Shamrock

Shell Chemical

El Paso Products
Hexene Polymers
Phillips Petroleum
Alamo Industry

Avisun

Diamond Shamrock
Eastman Kodak
Enjay

Novamont

Imperial 0il

Naphtachimie SA
Soc. Normande
Matieres

Soc. Industrielle
des Polyolefines

BASF
Hoechst AG
Vestolon GmbH

Rheinische
Olefinwerke

Location

Lake Charles
Parlin
Pasadena
Alvin

Odessa
Houston, Tex
Woodburg, NJ
Odessa, Tex
Odessa, Tex
Pasadena, Tex
Houston, Tex
New Castle
Brazoria County
Deer Park
Longview
Baytown

Baton Rouge )
Cedar Bayou
Neal

Sarnia, Ont.

Lavéra
Lillebonne

Gonfreville

Ludwigshafen
Kelsterback
Gelsenkrichen
Marl
Wesseling

- 1% -

(tnit

Present

Capacity
(end-1970)

165
36

32
113
68
41
40

10

136
36

34

15
12

35
14

24

Remarks

: 100C t/y )
Planned
Capacity

80 1971
13 1971
68 1971
23 1971
60 1971
32 1971
b1

5 1971
40 1972
85 1971
12 1972
6
46 1973




WEST
GERMANY

ITALY

NETHER-
LANDS

BELGIUM

UK

AUSTRIA

SWEDEN

SPAIN

BRAZIL

CHILE

JAPAN

Companies

Farbwerke Hoechst
VEBA Chemie/HUls

Montedison
Polymer Spa
Liquigas SpA

ANIC

Rotterdamse
Polyolefinen

Shell Nederland
Chemie NV

Amoco Chem Belgium

ICI

Shell Chemical

Danubia Petrochemie

Esso Chemical AB

Paulas SA

Agro Brazil-Empreen-
dimentas Rurais SA

Supercarbon Petro-
quimica SA

Petroquimica Chilena
SA

Idemitsu Petrochem
Japan Olefin Chenm
Mitsubishi Petrochem

Location

Frankfurt-Hbchst

Scholven

Brindisi

Ferrara

Present

Capacity
(end-1970)

60
6

60

Cagliari, Sardinia -

Terni
Sibari

Gela

Pernis

Rotterdam

Geel
Wilton
Tees-side

Carrington

Schwechat

Stenungsund

Puertollano

Aratu

Conception

Chiba
Ohita
Kashima
Yokkaichi
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52

40

30

60
30
45

20

14

15

60
60
90

Planned

Capacity

30

60

60

45

45

100

60

45

13

13

16

15

20

30

Remarks

1971

1973

1971

1972

1972

1971

1972

1971
1972

1972

1971

1971




™

JAPAN

INDIA

KOREA

TURKEY

Companie

Mitsui Senpaku
Petro-Chem

Showa Denko
Ube Industry

Tonen Petrochemical
Mitsui Toatsu Chem

Tokuyama Soda
Toyo Rayon
Sumitomo Chiba Chem

Sumitomo Chem

Mitsubishi Chem Ind

Mitsui Petrochemical
Ind

Chisso Petrochemical
Asahi Chem Ind
Chuubu Chemical
Alembic Chem Works

Kuktae

Petkim Petrokimya AS

Location

Osaka

Ohita
Sakai
Chiba
Kawasaki
Ohtake
Sakai
Tokuyama
Chiba
Chiba

Ohe
Niihama
Mizushima
Anegasaki

Goi

Yokkaichi

Koyali

Ulsan

Aliaga
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Present Planned

Capacity Capacity
(end-1970)

33
30
30 30
- 20
s 30
80
30 30
30
- 30
90
50
30
- 30
55
110 35
- 30
11
- 20
- 35

Remgrks

1971
1971
1971
1972

1972

1971

1973

1972

1972

1974

=




",

US A

CANADA

Annex Q-9.

PRODUCERS OF SBR

Companies =~ Location

American Synthetic
Rubber Corp.

Ameripol Inc.
Ashland Chemical Co.

Copolymer Rubber
& Chemical Corp.

The Dow Chemical Co.

The Firestone Tire
& Rubber Co.

CAF Corp.

The General Tire
& Rubber Co.

BF. Goodrich Industrial
Pralusts Co.

The Goodyear Tire
& Rubber Co.

W.R, Grace & Co.
Hooker Chemical Corp.
nillips Petroleum Co.
Shell Chemical Co.
Sinclair-Koppers Co.
Southwest Latex Corp.

Standard Brands Chem-
ical Industries Inc.

Texas-US Chemical
Industries Inc.

Uniroyal Inc.

Wica Chemicals Inc.

Dow Chemical of
Canada Ltd.

Polymer Corp. Ltd.

(Unit :

Present
Capacity
(end-1970)

125

192
60
125

20
358

20
90
15

335

15

66.5

97
20

31
148

26
11.5

10

140

139 -

Pl
Ca

1000 t/y)

anned
t

Remarke




c . Location Present Planned R K
orpanies oca c if Capgtit emarks
(end-1970)
FRANCE Compagnie Francaise 95
des Produits
Chemiques Shell
rirestone-~-France SA
Goodyear Chemical 4
Products
Michelin & Cie, 10
Clermont-Ferrand
Polymer Corp.(SAF) 140
WEST Bunawerke Huls GmbH 180
CERMANY ) emische Werke 10 |
Huls AG
Dow Chemical GmbH 45
Synthoner Chemie GmbH 14
ITALY ANIC SpA 135 50 1971
Grace Italiana SpA 1
- NETHER- Dow Chemical 11
LANDS (Nederland) NV
Marbon NV 10
Shell Nederland 135
Chemie NV
BELGIUM Petrochim NV 45
UK Doverstrand Ltd. 10 10 1971
Dow Chemical Co. 6
(UK) Lta.
Dunlop Chemical 10.5
Products Div.
The International 170
Synthetic Kubber
Co. Ltd.
Mardon Chemical 30
Uniroyal Ltd. 15
SPAIN Dow (Spain) 20
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e/

ARGENTINA

BRAZIL

MEXICO

JAPAN

KOREA

AUSTRALIA

INDIA

TURKY

Comrpanies

PASA Petroquimica
Dow Quimica Argentina

FABOR
Petrobras Quimica SA

Adhesivas Resistol SA
Hules Mexicanos SA

Negromex SA

Asahi Chemical
Industry Co., Ltd.

Japan Synthetic
Rubber Co., Ltd.

The Japanese
Geon Co., Ltd.

Lacster Corp.

Sumitomo-Naugatuck
Co.' Ltd.

Takeda Chemical
Industries

Korea Synthetic
Rubber Corp.

Australian Synthetic
Rubber Co., Ltd.

Dow Chemical
(Australia) Pty.Ltd.

Synthetics & Chemicals
Ltd.

Petkim Petrokimya AS

Location
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Present
Capacity
(end-1970)

43
2

60
20

-3

26

281

150

12

30

Planned
C

15

26

Remgrks

1974

1972

1970/1971

1973




Present Planned
Companies Location c (t c if Remarks ]
(end-1970) |
SOUTH Synthetic Latex 2 |
AFRICA Co. (Pty) Ltd. |
The Synthetic 35

Rubber Co.(Pty) Ltd.

ARGERIA  Ste des Monomer  Skikuda - 50 1975 |
de Synthese ‘ ‘
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US A

CANADA

FRANCE

WEST
GERMANY

ITALY

Annex Q-10.,

PRODUCE F MALFIC YDR

Companies

Allied Chem

Koppers
Monsanto
Petro-Tex Chenm
Reichhold Chems

Tenneco
USS Chems

Monsanto Canada

CFMC

Société Chimique
des Charbounages

Pechiney~Saint
Gobain

Reichhold Beckacite

Ugnine Kuhlmann

BASF
DIA Chemi Anlagen

Palycarbona Chemie

Ruhrol Chemiewerk

Bombrini Parodi
Deilfino

Montedison

SAVA-Ftalital

Present Planned
Location Capacity Capacity
(end-1970)
Moundsville 9 11 1971
W. Va
Bridgeville Pa 15.4
S5t Louis Mo 47
Houston Tex 23
©lizabeth N J B.6
Moris Ill - 27 1971
Forda N J 10
Neville Island Pa 18.1
La Salle 3
Villiers-St-Paul 5
Drocourt 3
Chauny 2.4
Niort 5
Villers-Saint-Paul 13
Ludwigshafen 4 8 1971
Schkapau 2.5
Meebeck-Meere 12
Battrop 20 1 July 1971
Colleferro 7.5
Porto Marghera 5
Rho 4
Scangorosciate 15 15 1971
Bergamo 10
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(Unit : 1000 t/y )

8 2nd half 1971

Remarks




BELGIUM

UK

AUSTRIA

SPAIN

BRAZIL

JAPAN

Companies

Chimique de Selzaete
UCB

Bp Chems
ICI
Monsanto Chem

Burts and Harvey

osw

Industrias Quimicas
de Luchana

Resinas Poliesteres

Industrias Quimicas
Resana, SA

Mitsui Toatsu
Chemicals Inc.

Mitsubishi Chemical
Industries, Ltd.

Japan Catalytic
Chemical Industry
Co., Ltd.

Takeda Chemical

Nippon Oils & Fats
Co., Ltd.

Dainippon Ink
Co., Ltd.

Dainippon Ink Co./
Kyowa Yuka Co./
Hitache Chemical

Location

Zelzaete

Havre-Ville

Wondelgem

Salt End

Ardeer Ayshire

Newport

Belvedere

Linz

Luchana

Miranda de Ebro

Onuta
Senpoku
Nagoya
Migzushima
Kurosaki
Fukita

Hikari

Qita

Yokkaichi

Yokkaichi
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Present

Capacity
(end-1970)

1.5

3.6
3.3

18
5.4
22

Planned
Capacity

70

18

11.7
12

12

10.4

Remarksg

1971

early 1972

1971

early 1971
1972

early 1972
late 1971

(===-)

1973




US A

FRANCE

WEST
GERMANY

ITALY

BERGIUM

Annex Q-11.

PRODUCERS OF ALKYLBENZENE |

Companies

Atlantic Refining

Continental Oil

Monsanto

Union Carbide

Witfield

Anmerican Inter-
national Refining

Produits Chimiques
Shell
Petrosynthese

Dss¢ Standard

Chemishe Huls
Rheinpreussen
Wibarco

Sicedison
SIR

Petrochim SA

Compagne des
Chimique Produits
Shell Belle

(Unit : t/y)

locavton P00t P pemny
(end 1970)
Atreco, Tex 22,700
23,000
Baltimore, Md. 68,000 o
100, 000 : ‘
St Louis, Mo. 68, 000 |
68,000 1
Institute, W Va. 68,000
68,000
Watson, Cal 13,600
20,000
North Claymont, 36,300 45,000

Del.

Grand Couronne 30,000

Berre 50,000 |
Gonfreville 40,000 |
Port Jerome 30,000
Marl 50,000
Humburg 18,000
27,000
Mantua 24,000
Borgaro Torinesse 15,000
Mailand 30,000
Porto Torres 60,000
Antwerp 12,000 10,000
Belle 70,000

- 145 -




BERGIUM

NETHER-
LANDS

UK

SPAIN

ARGENTINA

BRAZIL

MEXICO

COLOMBIA

JAPAN

KOREA

TAIWAN

Companies

Esso Chimie SA
Petrosynthese SA

Shell Netherland
Chimie NV

Grnge Chemical

Monsanto
Shell Chemical

Petrogyimica
Espanocla

YPF

Empressa Carioca de
Productos Quimicas SA

Pemex

Empresa Colombiana

de Petroleos

Nissan Conoco
Nippon Atlantic

Nippon Synthetic
Detergent

Mitsubishi Petro-
chenical

Esso Chemical

Chinese Petroleum
Corp.

Location

Port Jerome

Gonfreville

Pernies

Grangemouth
New FPort
Shell Haven

Cadix

La Plata

Sao Paulo

Azcapotzalco
Cudad Madero

Barrancaberme ja

Chiba
Kikumoto
Kawasaki

Yokkaichi

Ulsan

Kaohsiung
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Present
Capacity
(end 1970)

40,000
25,000

n.a.

15,000
16,000
35,000

50,000

20,000

25,300
25,300

30,000
20,000
38,000

47,000

Planned

Capacity

40,000
25,000

15,000

15,000

18,000

25,000

Planning

19M

1972

1974




AUSTRALIA

TURKY

Companies

Shell Chemical

Petrokimya

Present Planned

Loaation  cappcity Capacity Hemike
(end 1970)

8,000

Tenit 10,000 10,000
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U.S.A.

W. GERMANY

ITALY

NETHERLANDS

BELGIUM

UK

SWITZERLAND

SPAIN

MEXICO

COLOMBIA

Annex Q-12.

PRODUCERS OF CAPROLACTAM
( Unit: 1,000 tons)

Present Planned
Companies Location capacity capacity Remarks
(end-1969)
Allied Chemical 135
Dow Badlsche 100
Columbia/Nipro 22 50 1972
Union Carbide 22
Bayer 123 o ‘
BASF 140 20 1970
Montecatini Edison 75
Rhodiatoce 9
Snia Viscosa 68
SIR 12
ANIC 20
Italiana Chemica Dow - 80 1972
DSM 110 10 1970
Bayer 70
BASF 60 120 1971
Nypro 20 50 1972
Emserwerke 16 5 1971
Productos Quimicos 20 20 1971
Esso 20
Rio Tinto/BASF 20
Productos del Aquitram - 35 1971
Cicloamidas SA, 15 50 1971
Salamanco
Monomeros Columbo- - 16.5 1970

venezolanos S.A., Barranquille
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.,

India

Korea

Japan

Turkey

Companies

Gujarat State

Fertilizers

Toyo Caprolactam

Dongz Yang
Caprolactam

Allied Chemical/
Chungju

Mitsubishi
Ube Kosan
Toyo Rayon
Nippon Lactam
Fuji Steel Co.
Honshu Kogaku

Petkim
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Present
C cit
(end-1969)

10
7.2

96
105
98.5
40
25
14.4

Planned

20

25

25

Remarks

1970

1972




USA

Annex -13.

PRODUCERS OF POLYAMID FIBERS

ies

Du Pont

Monsanto

Allied Chemical

American Enkaeer

Firestone Synthetic
Fibers

Beaunit Fibers

Fiber Industries

Courtaulds North
America

Fibers International
Rohm and Haas

North Carolina
Textiles

Location

Seaford, Del.
Martinsville, Va.
Chattanooga, Tean.

Richmond, Va.

Camden, S.C.
Parkersburg, W.Va.

Pensacola, Fla.

Greenwood, S.C.

Columbia, S.C.
Hopewell, Va.

Enka, N.C.
Lowland, Tenn.
Central, S.C.

Hopewell, Va.

\

Elizabethton, Tenn.
Itowah, Tenn.

Greenville, S.C.

Le Moyne, Ala.

Guayama, Puerto Rico

Fayetteville, N.C.

Fuquay Varina, N.C.
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Present
Capacit
end-1970

45 )
45 )
45 )
27 )

5)
64 )
32 )

5 )
18 )

1)

95
43

95
9

36
41

20

45
36
20

36
11
1

(Unit : 1,000 t/y)
Planned
Capacity Remarks
NY 66 ™S
NY 66 Y
NY 66 Y
NY 66, N-44 Y
45  (1974) NY 472 Y
NY 66 Y
N-44 Y
NY 66 YS
NY 66
NY6,66,610 YM
NY 66 ™
NY 66 M
NY 6 ™
NY 6 Y™
NY 6 YS
NY 6 ™S
NY 6 ™
18 (1971) NY 6
NY 5 ™
NY 66 YS
NY 66 S
NY 66 YS
NY 5 ™
NY 66 Y
NY 6 ™
NY 6 Y




US A

CANADA

Companies

General Polymer
Hanover Mills
Nylon Engineering
Dow Badische

Industrial Wire
& Plastics

Chadbourn
Newton Filaments
Wellman

Nypel

Sauquoit Fibers
Soo Valley

Uniroyal Fiber
& Textiles

Enjay Fibers
& Laminates

Deering Milliken

Monofilaments

Du Pont of Canada
Courtaulds Canada
Millhaven Fibres

Union Carbide
Canada

Firestone Textiles

Location

Wilkes Barre, Pa.
Yanceyville, N.C.
Lowell, Mass,
Anderson, S.C.

Spirit Lake, Iowa

Gainesville, Ga.
Homer, N.Y.
Johnsonville, S.C.

West Conshohocken,
ra.

Scranton, Pa.
Columbia, S.C.

Shelbyville, Tenn.

Odenton, Mi.

Laurens, S.C.

Grottoes, Va.

Kingston
Cornwall
Millhaven

Aroprior

Woodstock
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Present

ameitr Cameity
end-1970

n.a.
1

n.a.

25

n.a.

n.a.
nl‘l
n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

31

NY

NY

NY

NY

NY

NY

NY 6,

NY

NY

NY

NY

NY

NY
NY

NY

Remarks

66
6
6
6

66,610

66

66

66
6

6

M

M

YS

YM

YM

YS

™M




Present Planned

Companies Location C it Capacity Remarks
iend-1970$
FRANCE Rhodiaceta Besancon ) 82 NY 6, 66 YS

Lyon - Vaise )

CTA Valence 6 NY 11

Vaulx - en Velin 9 NY 66 Y
Norsyntex Saint-laurent-Blangy 8 NY 66 YS
Courtaulds Coquelles n.a. NY 6 Y
Polyfibres Saint - Nabord 7 NY 6 Y
Chomarat Marriac n.a. NY 6 Y
ETS, Nysam St. Quentin n.a. NY 6 Y

W.GERMANY  Glanzstoff Oberbruch ) NY 66 Y
Obernburg ) 85 )
NY 6

Kelsterbach) 15
Hoechst Bobingen 10 NY 6 ™
Bayer Domagen 29 NY 6 YS
Rhodiaceta Freiburg, Rottweil 14 NY 66 1S
Zehlendorf Barlin-Zehlendorf 5 NY 6 Y
Phrix Werke Hamburg-Neumunster 5 NY 6 1S
J.P. Bemberg Wuppertal-Oberbarmen 5 NY 6 Y
ICI (Europe) Fibres Ostringen 20 97 (1973) NY 66 S

Offenbach - 40 (1971) NY 66 YS
Du Pont(Deutschland) Uentrop 14 NY 66 Y

ITALY Rhodiatoce Casoria ) 50 NY 66 YS

Pallanza )
Snia Viscosa Cesano Maderno )

Varedo ) 50 NY 6 S

Castellaccio )

Villacidro 5 NY 6 Y
Orsi Mangelli Forli n.a. NY 6 Y

- 152 =




ITALY

NETHERLANDS

BELGIUM

LUXEMBOURG

UK

FINLAND

Companies

Bemberg
Ambrosiana
Omnia
Radici Fil

Chatillon

Anic
Fratelli Franchi
Aquatex

Torcitura Di
Borgomanero

Enka

Fabelta

Bayer
Monsanto

ICI Fibres

Courtaulds

Monsanto Textiles

Plasticisers
Svenska Rayon

Kone Cy

Location

Gozzano
Pietra Santa
Delebio
Casnigo

Ivrea )
Vercelli )

Pisticei

Canapale

Milano

Breda )
Emmen )
Arnken
Zwijnaarde
Antwerpen

Echternach

Pontypool )
Doncaster )
Gloucester )

Spondon )
Aintree )

Dundonald

Drighlington
Alvenas

Kenmi
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Present
Capacit
end-~1970

5
n.a.
n.a.
n.a.

24

10
n.sa.
n.a.

n.a.

n.a.

15

nﬁ..

14

113

45

14
3 .

n.a.

n.a.

Planned
Capacity

23

5

(1971)

(1971)

Remarks

NY

NY

NY

NY

NY

NY

NY

NY

NY

6
6

NY 6

NY

NY

NY

NY

NY

NY

66

66

66
66
66

66
6

6

YS

YS
YS
1S



Present Planned

Companies Location ?g_:%:f_;’%y Capacity Remarks
SWITZERLAND Viscose Suisse Emmenbruecke ) 41 * NY 66
" Widnau ) NY 6 Y
Ems Industries Ems n.a. NY 6 1S
Feldmuhle Rorschach 5 NY 6 Y ‘
SPAIN SAFA Blanes 11 NY 66 YS ‘
Seda de Barcelona Alcala de Henares ) 10 NY 6 YS ‘
Madrid ) NY 6 Ys -
Inquitex Andoain 2 NY 6 YS
Solace Torrelavega 5 NY 6 YS
Fibras Esso Zaragoza 6 NY 6 Y
PORTUGAL CIFA Sobrado T % NY 6 Y
GREECE Vomvix Athens 3 NY 6, 66 Y
TURKEY SIFAS Bursa 13 NY 6 Y
Islon Sentetik Istanbul 2 NY 6 Y
MEXICO Celanese Mexicana Ocotlan, Toluca 5 NY 6 YS
Nylon de Mexico La Leona 1 NY 6 YS
Fibras Quimicas Monterrey 1 NY 6 ™
Fibras Sinteticas Mexico 2 NY 6 Y
Fibrasomni Ixtapalapa n.a. NY 6 M
Kimex Tlalnepantla - Planning NY 6 Y
Plastica Moderna Tlalpan n.a. NY 6 M
Productos Plasticos  Puebla n.a. NY 6 M
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BRAZIL

ARGENTINA

CHILE

COLOMBIA

PERU

Companies

Rhodia Industrias

Textilquimica

Celfibras
Nailonsix

Brasileira de
Sinteticos

Soutex de Roupas
Fibra

Rhodia Nordeste

Ducilo

Nuevas Industrias
Prenyl

Hirlon

Fibras Industrisles
Valenciana Argentina

Petroquimica
Sudamericana

Cordonsed Argentina
Sumar

Nylinsa

Hilazas Vnylon
Enka de Colombia

Nylon de Colombia

Manufacture Nylon
Manufacturas del Sur

Retex Peruana

Present Planned

Location Capacity  Capacity Remarks
end-1970
Santo Andre 34 NY 66 1S
Agua Branca, Sao n.a. NY 6 Y
Tose Dos Campos
Sao Bemardo do Campo 6 NY 66 Y
Sao Paulo n.a. NY 6 Y
Osasco n.a. NY 6 Y
Rio de Janeira n.a. NY 6 Y
Americana n.a. NY 6 Y
Cabo n.s. NY 66 S
Berazategui 4 NY 6, 66 Y
Mercedes 3 NY 66
Hernandez-La Plata 1 NY 6 Y
Ravson 0.4 NY 6 Y
San Justo n.a. NY & Y
Quilmes n.a. NY 6 Y
Buenos Aires n.a. NY 6 Y
Olmos-La Plata n.a. NY 6 1S
Arroyo Seco n.a. NY 6 Y
San Joaquin 5 NY 6 Y
Maipu n.a. NY 6 Y
Barranquilla 5 NY 6 ™
Girardota 2 NY 6 Y
Itagui 1 NY 6 Y
Vitarte 4 NY 6 Y
Arequipa n.a. NY 6, 66 Y
Ventanilla n.a. NY 6 Y
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>,

VENEZUELA

URUGUAY

ELSALVADOR

JAPAN

INDIA

Companies

Inversiones Aragua
Fibras Quimicas
Hilados Flexilon
Hisisa

Sloawak

Filpersa

Toray Industry Inc.

Unitika Co., Ltd.

Teijin Ltd.

Kanegafuchi Spinning
Co., Ltd.

Asahi Cheaical
Industry Co., Ltd.

Toyobo Co., Ltc.

Ube Kosan Co., Ltd.

Nirlon Synthetic
F&C

Bombay Nylon
Century Fnka

J.K. Synthetics
Gujarat Polyamides

Garware Nylons

Delhi Cloth & General Madras

Present Planned

Location Clg‘gitx
end-1970

Maracay 3%
Valencia 1
Caracas n.a.
Estacion Manga 0.5
Montevideo 1
San Salvador n.a.
Aichi )
Shign ) 85 5
Okagaki )
Nagoya ) 11
Shiga )
53 5
3
Mihara 32
Bofu 34
Nobeoka 29 3
Tsuruga 29
Ube - 1 (19m1)
Goregaon 4
Thana )
Pimpri 2
Kota 3
Udhna 2
Pimpri 1
- Planning
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Remarke

NY

ws

™



o/

INDIA

ISRAEL

KOREA

PAKISTAN

TAIWAN

IRAN

PHILIPPINES

THAILAND

Companies

Modipon

Shree Synthetics
Ahmedabad Mfg
Stretch Fibres India

Guptalon
Rogosin Industries

Korea Nylon
Hanil Nylon

Tong Yang Nylon

Bengal Fibers
Dawood Cotton Mille
Fazal Nylon Mille

Pylon Industries

United Nylon
Lien Yu Industrial
Kuo Hwa Chemical

Jang Dah Nylon

Location

Modinagar
Bhopal
Ranoli
Nagour

Ludhiana
Ashdod

Taegu
Anyang

Ulsan

Karachi
Landhi
Lyallpur

Chittagong

Toufen
Liutu
Panchiao

Hsin Tien

Heieh Chin Fishing Net Kaohsiung

Ta Ming

Sherkat Sahani

Texfiber

Toray Nylon Thai

Tainan

Teheran

Taytay

Bangkok
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Present
ci
end-1970

3

0.5

n.a.

10

n.a.

- WU [+

0.5

Planned
Capacity

3
1 (1971)

Planning

Remarke

NY 6, 66

NY 6

NY 6

NY 6
NY 6
NY 6
NY 6
NY 6

NY 6
NY 6
RY 6

NY 6



Present Planned

b,

Companies Location ty  Capacity Remarke
end-1970
AUSTRALIA Fibremakers Bayswater 18 NY 66 M
Fibremakers Penrith Penrith 3 NY 6 ™
United Carpet Mills Thanastown n.a. NY 6 Y
NEW ZEALAND Fibremakers wiri 2 NY 66 YS
Holeproof Mille Shannon 0.6 NY 6 YS
SOUTH AFRICA South African Nylon  Bellville 15 # NY 66 YS
Plastex Isando n.a. NY 6 M
UAR Misr Pour la Rayonne Kafr-el-Dawar 1 NY 6
NY 6 ]
(2111 (2111 L 2211 [ 2222 ] #4444 (2201 [ 2117
Remarks : * : Estimate
NY : \Nylon
Y : PFilament
8 : Staple
M : Monofilament
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USa

CANADA

FRANCE

Companies

Du Pont

Beaunit Fibers
Tennessee Lastman
Carolina Eastman

Fiber Industries

Monsanto
American Enka
Allied Chemical

FMC

Phillips Fibers
Hystron Fibers

Goodyear Tire &
Rubber

Wellman

S00 Valley

IRC Fibers
Newion Filaments

Firestone
Synthetic Fibers

Dow Badische

Millhaven Fibers
Du Pont of Canada

Rhodiaceta
CTA

Annex Q-14.

PHODUCERS OF POLYESTER FIBERS

[.ozation

Iinston, N.C

0ld Hickory, Tenn)

Wilmingston, N.C

h.lizabethton, Tenn

Kingsport, Tenn
Columbia, S.C

Shelby, N.C )
Calisbury, N.C

Decatur, Ala
L.owland, Tenn

Xoncure, N.C )
Fopewell, Va

ront Royal, Va)
Lewistown, Pa

rocky Hount, N.C
Spartanburg, S.C

Point Pleasant, W.Va

Johnsonville, S.C
Columbia, 5.C
Painesville, Ohio
Homer, N.Y

Hopewell, Va

Anderson, S.C

Millhaven

Morrisburg

Besancon

Valence
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Present
Capacit
end-1970

Planned
Capacity

304 146 (1972)

44
91
50 31 (1971)

265

57
28 6 (1971)

23 36 (1971)

40 50 (1972)

18
45

n.a.

11

n.a.

14 16 (1972)

23
14

57

Remarks

Ys
YS

S
IS
YS
S

YS
YS

YS
1S

YS

YS

Y



W .GERMANY

ITALY

NETHERLANDS

UK

SWITZERLAND

AUSTRIA
PORTUGAL

SPAIN

Conranies
Glanzstoff
Hoechst

Spinnfaser

Du Pont
(Deutschland)

ICI (Europa)
Fibres

Zehlendorf
Faserwerke Huels
Rhodiaceta
Phrix-Werke

Rhodiatoce
Generale Resine
Chatillon

Anic

Snia Viscosa
Italiana Resino

Enksa

Hoechst
ICI Fibers

British Enkalon
Courtaulds

Ems-Gel senberg

Viscose Suisgse

Austria Faserwerke

Finicia-Fibras

SAFA
Seda de Barcelona

Location

Oberbruch )
Obernburg

Bobingen
Bad Hersfeld

Kassel-Bettenhausen

Uentrop

Ostringen
0ffenbach

Berlin-Zehlendorf
Marl

Freiburg

Kreis Deggendorf
Casoria )
Pallanza

Vibo Valentia

Vercelli )
Ivresa

Pisticei

Cesano Maderno )
Varedo

Porto Torres

Breda )
Fmmen

Limavady

Jilton )
Kilroot

Antrim
Carrickfergus

Domat

Widnau
Lenzing
Portalegre

Blanes
Prat de Llobregat
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Present

Capacit
Zend—197oi

60

100

16
5
23

16

12
24

26

12
23
20

41

77

11

10

25

14

Planned
Capacity

59 (1971)

(1973)
(1971)

[0 Vo]

15 (1974)
6 (1972)
12 (1972)

16 (1973)

33 (1971)

3 (1971)
23 (1971)

9 (1971)

5 (1972)
n.a.(1971)

Remarks

1S

1S

1S
Y5

1S

1S

b &

- W



Present Planned
Companies Location Capacit Capacity Remarks
iend-1970§
GREECE Polyetma Athens - 1 (1971) Y
VENEZUE LA Fibras Quimicas Valencia 1l YS
Hilados Flexilon (aracas n.a.
Sudantex Maracay n.a.
Fibras Sinteticns Maracay 1 S
COLOMBIA Polimeros Colombianos Medellin 1l YS
Celanese Colombiana Yumbo n.a. S
Enka de Colombia Girardota 1l YS
BRAZIL Rhodia Industria Santo Andre 3 YS
Quimicas
Rhodia Nordeste Cabo n.a. YS
Cotonificio GCavea Rio de Janeiro 1l S
Textilquimica Sao Jose dos Campos 3
Polynor Joao Pessoa - n.a. YS
Soutex de Roupas Rrio de Janeiro n.a. Y
Safron Salvador n.a. YS
ARGENTINA Copet Peccar 4 YS
Petroquimica Olmos - La Plata 3 YS
Sudamericana
Sudantex Azul 3 S
Nahamias Buenos Aires n.a. Y
Rhodiaseta Argentina Quilmes n.a. Y
MEXICO Policron de Mexico La Leona n.a. S
Celanese Mexicana Cootlan 1l Y
Toluca 1l S
Fibras Quimicas Monterrey n.a. YS
Kimex Tlalnepantla n.a. Y
Nylon de Mexico  La Leona - 3 (1971) Y
CHILE Quimica Industrial Maipu 1l S
Fibro-Quimica Santiago S
Sumar San Joaquin 1 YS
PERU Celanese Peruana Lima 3 YS
URGUAY Slowak Montevideo n.a. YS
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JAPAN

TAIWAN

KORE A

PHILLIPPINES Filipinas Synthetic

Companies

Toray Industry
Inc,

Teijin Ltd.

Kurare

Toyobo Co., Ltd.

Japan Ester Co.,
Ltd.

Asahi Chemical
Industry Co.,Ltd.

Shinko Ester cCo.,
Ltd.

Kanegafuchi
Spinning Co.,Ltd.

Toyobo Pet Code

Hualon-Teijin

Kuo Hwa Chemical
Asia Cement

Hung Chou Chemical
Lien Yu Industrial
Nan Ya Plastics

Shinkong Synthetic
Fibers

Yu Ho Fiber
Daehan Synthetic
Fiber

Sam Yang

Sun Kyong-Teijin
Tai Han Industrial

Korea Polyester

Location

Mishima
Mishima )
FEhime
Tokuyama
Matsuyama

Matsuyama
Ehime
Saijo
Tamashima
Tamashima

Tsuruga
Iwakuni

Iwakuni

Okazaki
Okazaki

Nobeoka
Toyohashi
Boufu

Tsuruga

Toufen
Panchiao
Hsinpu
Kuishan
Liutu
Taishan
Chungli

Tao~-yuan
Pusan
Chonju
Suwon

Taegu
Taegu

Manila

)
)
)

Present

ca it

Zend-19705
30
37

39

30

24
15
16

2l

Planned
Capacity

n.a.
n.a.
n.a.
n.a.

N.&.

n.a.

Remarks

Y

o

~ < W

YS




THAILAND

INDIA

TURKEY

AUSTRALIA
NEW ZEALAND

SOUTH AFRICA

Convanies

Teijin Tetoron

Toray Nylon Thai

Location

Rangsit

Bangkaen

Chemicals & Fibres Thana

Ahmedabab Mfg

Indian Organic
Chemicals

J.X. Synthetics
Swadeshi Polytex

Nirlon Synthetic

Polylen Sentetik
Sancak Tul

Sasa Suni
Fibremakers
Holeproof Mills

Hoechst Fibres &
Chemicals

South African Nylon Bellville

Remarks: Y .

Ranoli

lanali

Kota
Kovinagar

Goregaon

Bursa
Istanbul
Adana

Baywater
Shannon

Milnerton

Filament
Staple

Monofilament
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Present
Capacit

zond-1970;

n.a.

n.a.

6

n.a.

1.5

Planned
Capacity

n.a.

n.as.

n.a.
n.a.

n.a.

Remarks
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Remarks of Annex R-1

l. American Selling Price
2. Market Prices in the export countries

3. Higher price whether invoice price or official price decided
by Ministry of Commerce and Industry of Mexico

4. Appropriate price in import price

5. Higher price whether CIF or official fixed price by government

As the concession rate of the listed countries without EEC, UK, Usa
and Japan are not written in the List of Custom Tariff of each country,
the tariff in 1968 and 1972 are excluded.

Abbreviations : £/1b ... Cents/pound E/kg ... Escudo/kilogras
P/kg ... Pesos/kilogrea So/kg... Sols/kilogram

B/kg ... Bolivar/kilogram av ..... ad valorem

Source : List of Custom Tariff of Each Country

Chemical Product Data (published by ECN Chemical Data Services)
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BELGIUM

FRANCE

WEST GERMANY

ITALY

NETHERLANDS

UK

Annex R-2.

OTHER IMPORT T

TRANSMISSION TAX:
7% of the duty paid value {this tax is payable,
in effect, at the same rates on goods produced

in Belgium).

VALUE ADDED TAX:
23.45% of the duty paid value (this tax is also
payable at the same rate, on goods produced in

France) .

IMPORT TURNOVER TAX (Einfurhunsatzatouor):
11% assessed on the duty paid value including
transport charges up to first place of desti-

nation in Federal territory. (less rebate of 4%)

ADMINISTRATION FEE:

1% levied on c.i.f. value.

GENERAL TURNOVER TAX (I.G.A.):

4% of the gross landed value. Also levied
on the invoice value of the goods, in each
subsequent transaction.

COMPENSATORY TAX:

2.4% of the gross landed value. This tax is
levied only on importation.

VALUE ADDED TAX:
12% of the importers' selling price.

NONE

SALES TAX of 10% levied on both imported and
locally produced goods, Certain rav materials
are exempt.
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NORWAY

SPAIN

PORTUGAL

USA

CANADA

MEXICO

BRAZIL

ARGENTINA

VENEZUELA

SALES TAX:

13.64% on imported and locally produced goods
on the final calculation of cost. Some raw
materials and products for agricultural use

are exenpt.

HOME COMPENSATION TAX:
10% levied on the duty paid value

None

None

SALES TAX:

12% of the duty paid value (not collected at
time of importation on materials used in
manufacture or goods imported by licenced

vholesalers.)

SURTAX:

3% of the total duty payable. Certain Imports
are also liable to an IMPORT SURCHARGE of 10%
ad, val. f.o.b.

MANUFACTURED GOODS TAX:

4% of duty paid value. Imports are also liable to
Port Charges, Warehousing Charges, Despatcher's
Commission and Merchant Marine Fund Contribution.

SALES TAX:

10% of the landed value (levied on imported and
locally produced goods). Imports are also
liable to FREIGHT TAX and STATISTICAL FEES.

Imports liable to Consuliar charges based on the
value of the consignment.
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COLOMBIA

PERU

JAPAX

SALES TAX:

3% of the selling price of all goods whether
imported or locally produced

CONSULAR FEE:

1% of the f.o0.b. value.

SURCHARGE:

10% of the c.i.f. value.
FREIGHT TAX:

4% of the freight charges.
STATISTICAL TAX:

1.5% of the c.i.f. value.
PORT HANDLING CHARGE:
13/27 soles per ton.

SALIES TAX:

5% of the selling price.

None
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Annex S. Maximum Pruchase rrice of Raw lMaterial

tince at the present time, firm committments on prices from the possible

suppliers of raw materials could rot be obtained, (the price utilized in

the report are actually r.iwedow prices based on world market or export

prices), the estimation of a maxizum purchase price of ceriain raw

material was required by .. especially in the case that the supply of

raw material could be expected only from the existing Petrochemical

Plant (TEXACO) ard no Com: iex based upon the prospective raw materials

could not be materialized, A maximum purchase price of raw matérial was

derived by following assus :ions. \‘

1)

The selling price 1s 1%. FOB price '

2) Rate of return on investment is 10.3;5 uniformly with every product.

(Net income is 10% of Capital Investment)

The results are shown as follows:

(1)

Maleic Anhydride —_ 5 Benzene

For selling maleic anhydride of 23,400 t/y at 197.2 $/t

(T&r FOB Price), 30,000 t/y of Benzene must be required at |
69.72 8/t.

TPI ———— Toluene
For selling TDI of 30,000 t/y at 596.4 $/t, 20,400 t/y of
toluene must be required at 223.53 $/t.

Linear Alkylbenzene — ., Benzene

. yn-Paraffine

For selling L-Alkylbenzene of 71,600 t/y at 148.7 $/t,
73,000 t/y of n-Paraffine and 27,200 t/y of bengzene must be
required respectively a) at 102.82 $/t and 55.6 8/t or

b) at 90.57 §/t and 88.58/t.

Nylon-6-F___ 4 Caprolactam ___,Cyclohexane

For selling Nylon-6-F of 18,000 t/y at 1,177.7 $/t, 17,700 t/y
of Caprolactam at 424.23 $/t or 19,500 t/y of Cyclohexane at
157.37 8/t must be required.
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(5) DMT-—— Terephthalic Acid ——, P-Xylene _—___5 Xylene
For selling DMT of 52,700 t/y at 304.4 $/t, 45,300 t/y of
terephthalic acid at 237.72 $/t, or 34,000 t/y of P-xylene at
109.09 8/t, or 40,000 t/y of Xylene at 55.67 $/t must be

required.
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Annex T.

Preliminary Calculations for Assessment of Stepwice

Implementation.

Group 1

Group 1 consists of meleic anhydride, nylon-6-F and linear
alkyl benzene. ''he following calculation was based on tho

assumption that:

for maleic anhydride; 32,000 t/y of benzene will be supplied
at the price of 55.6 §/t by Texaco,

for nylon-6-F; 19,600 t/y of cyclohexane will be ' ‘
supplied at the price of 61.75 8/t

by Texaco,

for linear alkylbenzene; 19,000 t/y of benzene will be
supplied at the price of 55.6 $/t
and 51,000 t/y of n-paraffine will
be supplied at the price of 90.57 §/t

by Texaco.

The net manufacturing costs are shown in Table T-(1)-1-3

(there are shown the manufacturing custs based on the different
plant capacities for understanding the scale effects - depend-
ing on the available quantity from Texaco). The rates of
return on investment are calculated and shown in Table 7-(1)-
4-5 and Figure T-2.

(The scale effects on rates of return on investment are shown

in Figure T-3 for reference)

Group 2

Group 2 consists of HDPE, PVC, BR, acrylonitrile or PPjand
m:leic anhydride. The following calculaiion was based on

the assumption that:
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410,000 t/y of condensate will be supplied at the price of
16.65 3/t by AMOCO and the API gravity of condensate be 49°
(rather heavier cut), and the composition of condensate was
roughly estimated from this API gravity to anticipate the
quantities of ethylene, propylene, B-B fraction and cracked
gasoline etc. derived by thermal cracking thereof.

(Condensate Cracking Section is same as in said Case 2)

Condensate cracking gives 128,000 t/y of ethylene, 75,500 t/y
of propylene and 24,000 t/y of butadiene.

As to ethylene derivatives, two end products, 70,000 t/y of
HDPE and 106,700 t/y of PVC, are anticipated and the capacities

of both of them are of international scale.

As to propylene derivatives, there is a possibility to choose
acrylonitrile or PP. The simultaneous production of both of
them are considered not appropriate because the given quantity
of prcpylene is not large enough to give two products at the

same time.

The rate of return on investment of acrylonitrile (36.3%) is
larger than that of rp (23.0%), but the transportation of
acrylonitrile (poisonous) neede th~ special tanker or special
caution. Furthermore ane can utilize the sales network of
HDPE and PVC for PP, so PP is prefered to acrylonitrile as

a whole consideration.

Condensate cracking gives also 21,600 t/y of benzene, 15,800 t/y
of toluene and 10,000 t/y of xylene, and it is assumed in this
case, differ from Case 2, that the latter two (toluene, xylene)
will be exported at the prices of 36.6 8/t and 42.4 $/t
respectively. As to benzene derivatives, 16,900 t/y of maleic

anhydride will be produced.
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The net manufacturing costs and the rates of return on
investment are shown in Table - (2)-1-5, Table -(2)-6-7 and
Figure T-2.

For assessment of the overall rate of return on investment
with the complex, PP (not acrylonitril)vas entered in the

complex.

Group 3

Group 3 consists of combination of Group 1 and 2.

It is assumed in this case that 21,600 t/y and 10,400 t/y

of benzenes will be supplied respectively by condensate
cracker and Texaco to produce 25,000 t/y of maleic anhydride.
The matter cornetcted with the combination of Group 1 and 2

concerns only the quantity of benzene.

iegarding the products derived from other than benzens, the
combination of Group 1 and 2 means only the arithmetic
addition and no mutual connection. With respect to the net
manufacturing costs and the rates of return on investment,

one can easily figure them from the data of Group 1 and 2.
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