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SYNOPS1S

The Govermment of Kuwait requested UNIDO to conduct a feasibility
study on a synthetic rubber industry in Kuwait by utilizing its
indigenous raw material, and UNIDO entrusted Japan Gasoline Co.,

Ltd,, with this feasibility study.

This study covers product selection, technical study, economic

study and recommendations on the project.

Polybutadiene rubber (BR ) is selected as the most recommendable
rubber to be produced in Kuwait, The appropriate plant capacity
is recommended to be 35,000 tons per year. The recommendable
start-up date of production is set for 1981. The reasons are

as followst

(1) As a result of market study and demand forecast covering the
countries in the Middle East, North and East Africa, a part of
Zurope and West Asia as well as Kuwait, total prospective demand
for PR and styrene butadiene rubber (SBR ) produced in Kuwait is

shown below,

4900 _198) 1982 1983 1984 1983 1990
BR 16,000 17,800 20,700 23,h00 25,000 28,400 48,000
SBR 232,500 25,00 28,200 31,100 34,700 38,300 61,800

(1)




\

Since the synthetic rubber industry in Kuwait is highly export-
oriented due to its limited domestic market and some countries
have their plans to produce SBR first, the BR would be expected

to find much prospective market in the neighbouring countries.

(2) The following factors on comparison of BR and SBR are takenm

into consideration in the final selection of BR.

Since minimum economical plant size of BR (20,000-25,000 tons/year)

is smaller than that of SBR (40,000-45,000), the BR plant can be
expected to operate at a higher operating factor in the earliest

stage.

The BR production is expected to operate easilly because it requires .,
a lesser number of chemicals and it produces lesser hinds of grades

than those of BBR.

Technical Study

BR is produced from butane, which is the only curremtly available
indigenous raw material in Kuwait, via a series of processes which
consists of butane dehydrogenation, butadiene extraction and BR
production.

Information on these process technology and facilities such as the
nature of the processes, availability of licencing, description

of recommendable process including process flow scheme and major
equipment & machinery list, and brief description of offsite

facilities are presented in the report.

(14)




The plant will be located at the Phmaide Indunetrial Area which

has been selected for the setting up of an ideal induetrial

complen in Ruwait ecimce 1964,

Overal) comstruction period including detailed design and teot

eperation is estimated te be thiry-four monthe after ci.atrnc\lu.

Peor operating, managing and maintaining the plants, arcund 380

persoame! will be reguired,

The required number of persenme) with their gualifications and

a recoamendable enampls of the erganisation structure are presentioed

in the repert,

Sasmemis RindX

Tetal capital reguireannt is estimatod to be 93.96 aillien V.8,

dollars om a 1976 Basis,

Production costs of BD during a recemmondable projection poried

are sotimated as fellews!

1982
1988

1983

[ RN N ]

1990

They eore based on o butane feedstoch of 130 dollars por tem,
In viow of the fact that the current price of BB s arcund 830
dollars in the international aarbet, competitive position of the

Swvest-aade MR in the interncstions]l aarbet vould be wnfaveredls.

1,75 U. 8. ésllars per ten

o

3,077

1,09

(b))
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Though a cash inflow will turn into a plus in the second year
after starting the operation, the total cash inflow over the
entire study period is small compared with the capital require-
ment. It would indicate that this project is not economically

feasible.

The high production cost of BR is mainly caused by high price of
butane feedstock.

As a result of amalytical study on the production cost, the project
will beceme feasible if the butame is supplied at a price of

around 0 dollars per tom and butadiene production section is

scaled wp te 90,000 tems per year.

Rassmmendatisng

Vecational training is recommended for plant managesent and
eperation persenncl. The repert covers a recommendable training
precodures and curriculums for emgineers, foremen and operators

individwally.

It is alse recommended fer the successful implementation of the
preject that an implementing agemncy be set up and a partner wheo
has entensive experience in the rubber industiry be selected.

T™he selected partmer would be enpected te license BR production

technology and teo rend r technical and marheting assistance,

(iv)




1.

troduct

(1) Background

While the economy of Kuwait is mainly based on export of
petroleum and natural gas, its prograsme of economic
development has aimed at the industrialization of the
country based on a total utilization of hydrocarbon

resources,

One of the objectives of the Pirst Five-Year Economic

Plan which started in 1967 was to diversify Kuwait's

economy through development of its industries other than

04l and gas production sectors. In the petrochemical

field, The Petrochemical Industries Company was established
in 1963 for promotion of various segments of its petrechemical
industry based on Kuwait's natural resources. Presently

twe large fertiliszser plants are operating in Kuwait wsing
natural gas as rav material, and studies are alse undervay

on construction imn the mear future of olefine and arematics

plants,

In the Shuaiba area, which has bheen designated as the site |
for the adbove imdustries, utilities and port facilities
te suppert the imdustrial development are being constructed

or expanded by the Shuaiba Area Autherity.

These industrial preducts of Kuwait, as in the actual case




of fertiliger, are to be exported to its meighboring

countries,

Against this background, the Government of Kuwait requested
UNIDO to comduct a fearibility stwdy on commercialization
of the synthetic rubber industry under its ecomomic develop-
ment programme, who. in turn, emtrusted Japan Gasoline Co,,

Ltd., with this feasibility study,



(2) Opjectiye

The objective of this feasibility study is te provide
assistance to the Govermnment of Kuwait in establishing its

policy for viability of its symthetic rubber industry,

This study discrsses the most recommendable type of synthetic
ruwbber teo be produced that we have selected, and the appreo-
priate plant capacity and its start-up date that we recommend,
baserd on the inveatigation of the availability of raw
materials in Ruwait and the domestic and eaport sarkets

for its synthetic rubber,

Te this end, Japan Gaseline Ca,, Ltd,, is te preovide the
Qovernment of Rwvait with prel.oinary technical inferma-
tion on preduction techneology and facilitien and alse give

recommendat ions on plant managesent.




(3) Oytline of swnthetic Rubber

The present total world production of synthetic rubber
amounts to approximately 7.5 million tons. There are many
kinds of Synthetic rabber, each of which has varions

srﬂdt‘. .

Synthetic rubber is classified by their usage into general-
purpose rubber and spr-cinl-purpese rubber, As for general-
purpose rubber, its kimds are styreme butadiene rubber (aBR) .
polybutadienc rubber (BR) and isoprenme rubber (IR).

Because of their low prices, they are wsed in large volumes

as substitutes fer matural rubber in tire mamufacture,

Of the total preduction of all symthetic rubber, gemeranl-
purpese synthetic rubber account for well over 80%, of which

BER, DR and IR account for 63%, 14X and ™, respectively.,

With respect te special-purpese rubber, its hinds are

nitrile butadieme .whber (KBR), isecbutyleme iseprene rubber
(1IR). ethyleme prepylene cepelymer (EPR) and chlereprenes
rubber (CR). They account for emly less than 20% of the tetal
production ef synthetic rubber., They are supplied to the
fields of products requiring eil-vesistance, airtightness

and thermal resistance of rubber, Table 1-1 and 1-3 shew

the characteristics of these synthetic rubbers and their

present werlduide domand and supply situatien,




In response to the growth of automobiles and tires, world
synthetic rubber demands continued remarkable growth in the

past decade, at an annual average rate of as high as 8.8%.

However, though demands for tires are assumed to keep an

annual growth rate of more than 8% in East European countries
and developing nations in the years ahead, worldwide tire
demands would remain around A%, because of much lower growth

rates in North America, West Europe and Japan.

Accordingly, reflecting the tire demands, the annual growth

rate for world synthetic rubber demands are estimated at

approximately A.4%. On this basis, worldwide synthetic

| rubber demands in 1983 would be 12,100,000 metric tons/year.

This study discusses SBR and BR as promising products to
be preduced in Kuwait in comsideration of their wide uses

\ and the availadility of their raw materials.

[ 13
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13-1.Lathetis Rubber Maghei

) Barhet dimdy '

o) Dazanas_af Nethat Aty

The purpese af the sarhet study Iin the present study
1o te ferecast the sigpe of damestic and enport marbete

for the synthetic rubber te be produced in Ruweit.

Bueh forecast will serve as a basis for the seloction
of the types of synthetic rubber te be produced,
decinion of the plant capacity, and deternination of
the timing of start-up. ECcomemic evaluation of the
preject will alse be bDased amn this feorecast of the

Sarke t .

*) Samaizisa ia b sindisd

Presemntly there is ne monnfar turer of tire and other ‘
robder products in Buwait., Production of 11,800 tens/yoer |
of tire 10 deing plonned by 1970, but it would met be

Justified te set wp a synthetic rubber industry selely

dependent on this damestic tire production becaneoe

1te requiremontis for symthetic rubber weuld be only

around 5,000 tons/yeor.




e)

Thus, consideration te enpert marhets is necessary for

this study, Fiem a geographicol viewpeint, the Middle
Last, Rerth amd Fast Africa, Vest Asia and & part of
Burape are selected as potential marhet arecas, And
within the abeove arcas, ti.ose countries whe have their
domestic tive manwfacturing industries (including these
in the planning stage) sre chosen o8 subject countriss

of this marhet study,
The countries chooeon are oo followes:

Middle Bast: Bren, Ireq. Byria, Seudi-Aredia, Turhey

Berth Africa: Egypt., Lidbya, Budan, Tumisia, Algerie,
Merecce

Bast AMrica: Remya, Toancania, Zamdia, Lthiepis

Busrepe: VYugeslavia, Greees
Vest Asia: Pahistan, Indie

Iaihatalas) s£ Ramand Jacasanl

Netheds lagy of forecasting the doannd for synthet e

rudders in caeh countiry 1o summarised in Pig. 831, .

The fellowing 10 o Brisf Giseriptiaon of the hey stepe
®

of the feosecont,

*. [atimatise sl Prsssni Ranend .

Pomand for synthetic rubbers i 1979 to cottmated




in the following way based on the most up-to-date
statistics available as well as on the findings of
the field survey. For countries where only past
data are available adjustment to the 1975 is made
by use of correlation of rudbber demand with growth

of Gl'.

Ace

Demand for tire is estimated on the basis of such
data as the number of registered cars, production
and import of cars, and annual average rate of tire
replacement. For some of the countries, informa-
tton collected directly from existing tire mami-

facturers are also utilised.

Peor the annual average rate of tire replacement,
relevant data in Japan is used as a guide, that isj
1.37 tires for a passenger car, ).3 for a truck

and a bus, and 1.16 for a pick-up truck.

Te estimate the requirements for synthetic rubber
te make various types of tires, the total require-
ments for all kind of rubbers are estimated in the
first place, and then blending ratio of synthetic
rubbers is taken into consideration. For reference,

average quantity of rubber required for a

tire in Japan is & - 3Skg for a passenger car tire,

o l] =




24 - 30kg for a tire for truck and bus, and 4.5 -
6kg for a tire for pick-up truck. And average blemnding
ratio of synthetic rubbers for tire manufacturing
in the United States and Japan are as shown in the

following table?

Table 11-1} ve e Synthet

le tios

Synthetic Rubber

Natural

SBR BR Others Rubber
Passenger Car Tire 60 17 3 20
Truck and Bus Tire 27 10 3 60
Pick-up Truck Tire 60 17 b | 20

These figures are used as a guide but some adjust-
ment is necessary, because rubber requirements as
well as blending ratio vary to a comsiderable extent
country by country. For example, they are affected
by weather and road comditions. In matural rubber
producing countries, the blending ratio of matural
rubber is naturally higher, while in a country
where SBR is produced domestically a higher blend-
ing ratio of this synthetic rubber is comceivable.
In our estimation, such specific factors im each

country are taken into comsideration,

12 @




den:-Lixz Pxadnel

Peguiremente for synthetic rubbers for mon-tire
rebber products are cstimated in o similar vay

as woed in the cstisation of requirements for tire
sennfacturing. Majer men-tire wsages of eynthetice
rubber are for shees, sandals, and such induatrial
products as bdelt, hove, and tube, Demand feor these
ttome ave estimated on the basis of past production
and tmpert/enpert statistice and the requirements
for synthetic rubders are calcunlated based on o
ssoumed rubber compesitiont 2% - N MR »y

veight and o small guastity of other symthetic

robbere swch ae BB,

Toble 15-3 osheous the domand for MR ond R ef coch

country in 1979 cotimated by the above sent i oned

asthed.

o)) e

[ ——
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Table 11-2 MR and BR Remands An 1213 (AR tens)

SBh ]

Ruwait 2,200 700

Iram 3),5%00 3,500

Iraq 3, 500 600 |
Syria 2,900 hoo

Seudi-Arabia 3,100 1, %00

Egypt 3,400 1,600

Lidya 3,000 1,000

Sudan 8,300 600 '
Tunisia 3,000 900

Algeria §, 600 600

Merecce 6,000 900

Yugeslavie 43,300 9,600

Greece 7,700 8oo

Turkey 23,700 900

Pakistan 8,400 1,900

India 30,000 1,000

Lant Africam 3,000 1,400

Countries

Total 170,500 29,100

o 14 =

B




b Igrssast of Future Pemand.

Demand for SBR and BR frem 1980 te 1990 of the
cowntries chosen are forecasted based on the
estimated demand in 1973. The method of forecast

is as the following!

Increase in demand for tire and other rubber preducts
is hnown teo have good correlation te growth eof

GEP, and coefficients of the correlation change,

in turn, having a certain relationship with the

level of per capita income of the country.

Se, in the first place, future growth rate of anpy

in each of the subject countries is estimated.

Then, the coefficient of the cerrelation, the
elasticity of rubber products demand te GNP, is
estimated. For this estimation, the relationshipe
among level of per capita income, grewth rate of
GNP and the elasticity value for each proeduct
experienced in Japan in the past are applied as
shown in Table 11-3. As shown in Table 11-), the
elasticity value of tire demand in Japan threugh
the 1950's and 1960's are very high and this is
related to her high growth rate of GNP. In alwmeost

all of the subject countries, level of per capita

income is lower tham $1,000 and their GNP growth

e 1% «




e

rates are lower than that of Japan in the past.
Where such is the case, the eclasticity valuwe i
applied after a certain adjustiment. For coumtiries
where per capita income enceeds $9.000, elasticities

in the United States are applied.

Tadle 11-3 GNP Llasticitics af Remand far Rubhag

Lragmcis
Por Capita Anmual Average Llasticition
tneoe CUF Increase o ger Yruch ond Won-tire ¢
e ed (8) VYeor BRate (X) i 1 Bua 1 "
2% 1939 ) |
00 1958 } 1 2.9 > 8,10 > 1.9
soo 1963 ) !
7%0 1963 } " \a.60 } .37 } 1.99 .
1,000 1967 ) )
1, 700 197 }n }l.h }o.a > 9.8
3,000 1978 ) 1.7 J
3,000 196y
\, 000 13, k’.o °.0 .3
’.000 1973 )

The dosnnds thus calculated for cach countiry are
tetal domand, so 4t 15 mat pessible te enpect thet

all of these demands are fulfilled by the SBR and BB J

preoduced in Buvait. Therefore, prospective sales of




Buvaitio-nade SBR and BR are estimated. This entimen-
tiom io made tahing mainly the foellowing factora in

each country inte comsiderat ion?

f1. Competition with synthetic rubbers produed in
the countries other than Ruwait, especially iIn
. the country itoelf. The enisting and planned
production facilities in meighdouring countries
are shown in Table 11-0,
8. Competition with natural rebder, which will be
discussed below
. Y. Price
8. Present shares of enisting synthetic rubber

sarufac turers

Toble 11-0 fxmidgtic Rubbker Pragactiiss Praiscis

AR Baxait p Noishhouring Ssuniriss
— w—
Product Capacity(T/Y) Btart-up Schedule
lren L b0, 000 1978
Turtey L 33,000 Onestream
[ 1,000 Under comnstrwc-
tion
Caypt e 80 , 000 1980
Algeria ] 33,000 1976
L 0, 000 1978
Yugeslavia s b0 , 000 197
India ek 0,000 On-stream
] 20,000 1977
a— — ———— ——

o 17T »
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Ammalasanian: Riscnssies 2o desncal Rubbes

&allshilizy

Serld preduction and consumpt ton of naturel rubbes are
shoun in Table 11-.35, and Toble 116 gives the meturel

rubber production by cowntry in 1974,

Teble 133 Narld Praguciiss amd Sensmmiisn of
Batncal Bubhar (1364 o 1920}

(im 1,000 tame)

m

Voor Praduc t ton Conoumpt don
m
1964 8.9%.9 8.%e. .0
1969 2.9%.9 2.007.9
1964 2.998.9 5.9%.9
1967 8.983.9% 8.99%.0
1968 8.60%.0 .780,0
1969 8.99%.0 s.990.0
e 9.909.9 9.998.9
1,24 y.089.0 %.09%.0
12 24 ] %.194.0 ’.99.0
"7 7.918.9 3.000.0
1 2a) 3,07%.0 7.%589.9

S



Tabie 11-6 Ratuzal Pukber Progwstiss in 1323

L ——

Conmtry Preoductiom Companent
(in 1,000 tens) Ratie (%)

Malavsia 1.3% M, 6
Indenesia 880 a%.9 .
Thailand o 0.9 *
Sri bLamha 12 .8
India 128 j.?
Africa 1% ] 7.0
::::‘: Centrald y? 1.1 .
4 her s 137 3.6
- TOTAL 1,079 0.0 ’
PR - —

Beth production and concumption of natural rubber in the

wverld have grown with an average ansmal rate of W over the

paat decade. In cach of the ten years, me vignificant gap was .
seem betwern the output and wee., About 96 percent of the weorld
naturel rebber Lo supplied by Asion coumtrices and the reat

comee from sweh Africon natipne as bidberie, Nigeria ond

Saive and Latin Americon conntricss sweh ae Prasil).

As matural rubber is an agricultuwral product, it 10 not

caey te increase its production rapidly.

A few countries swch as Yalayeia and BDrapil have bdeen
sshing efforta te raise productivity=0y switching -over teo
superier planta, fertilisation, wee of ethrel (lates flow .

stionlant )=but imprevesent in shert period would met be

enpected. Lnpansion of o rubber plantation canmet readildy




lead te & covveoponding iRcrease in ontput, becowee {1

tahes 3-6 years from planting of rubber trees before

they con be tapped. Other adverse facters include delaye
AR the integration of rubbdber processing facilities and
product distribution syotems, and in the imprevement of

related infrastructure suwech as roads, port facilitios, ote,

In view of the adove, amy sharp increase in natural rebber
production 1o net conceivadble, ot leaat for the near

future, anwal growth rate bdeing sbamt W,

Sharacisrintiss of Renand

In the manufacture of rubber preducteo, synthetic rubber
and natuwral ruwbber are bDlonded at a specifiod ratieo in
evder te maintain constant guality. Do, {n many cades,
production facilities are Duilt teo meet specific conditions

that would ment alleow ready medifications,

B perticular, in the tive industry, 1t 4o wonal that the
rubber blending raties, onmce cstabliohed, could not be

andified freguently in considerstion of vehicuwlar sefety,

On the other hand, the sutput of natural redber, deing
an agricvitoral product, is net stobile and there 0o
dofinite assurance of camstant supplien reguired by subdes

products nanufacturers.

o 3%




Thesefore, any increase in the bDlemding ratie of naturel
robder==while welcame to natural rubber producing countries
asmgould preve met preferable teo tire and other robber

preoduct monwnfac turere.

Teble 11-7 Xazid Bubbaz fensmniies. snd iharss

1969 1970 1978

A S R

in % in % in %
1,000 tams 1,000 tens 1,000 tems

A A A - — S

ot )70 68 3,633 63 T.370 &7

Batura)
Budber 8.007 o 9,998 " j.%538 b))

™AL 6,187 100 8.61? 100 10,793 100

Ao shown in Toble 11-7, the share of matural rebdber com-
sumption in the tetal rubber wee of the world 1o om the
decpense. Lven though this decroasing rate could decol-
erate in the future, 1t wvould be unlibely that the share

of neterel rubber could nabe o sharyp recovery.

AaadabAAAnx ol Prisss

Betural rubber and generel purgsoe rubber ore woed alter-
netively in manufacture af tire and other rubber products

teo o conotidoradle sntont.




Por rwbbder products manufacturers, the stability of rubber
price is as much a matter of concern as the stable supply.
In this respect, matural rubber again is in a inferior

pesition to synthetic rubber,

Batural rubber price has shown significant fluctuations
in the past, while prices of synthetic rubber had always
been rumming below matural rubber prices, thereby ex-

ponding the share of synthetic rubber,

Tadble 11-8 gives the price fluctwation of matural rubder

in recemt yeoars,

Teble 11-8 Price Plusiuation of Natwral Rwbber

(Annual Average Price)

Price
Year (im U.8, cents/Ng)
1973 ‘o
197) 78
1974 85
1973 63

The figures given in Table 11-8 are anmual average prices
and do met reflect a large fluctuwation within the year.

. Per smstance, in December 1973, the natural rubber price

rese as high as $1/kg bdecause of worldwide supply crisis.
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Besnlte of Market Study

Table 11-9 shows the demand forecast of each country and
its prospective demands for NN and IR preduced in Ruvait
in 1980 through 1990 based on the above Nethodolegy of

Demand Forecast,

As for studies om the market in cach country, enplonations

are given in the following "(3) Demestic Marhet "und ()

Inport Market",




Tatbe [1-9 Resuylts

7 o
BLLEN— S

1.000 1.100
1.000 1.100

Ruwa !

Pemanmd Porccast

Prospec tive Pemanmd
iran

Pemand Forooase

Prospo tive Bomand
bvag

Pemand Porccast

Prowpective BPemand
Bvria

Bemnnd Forceast

Proaspoctive Bemnnd
Bawd-Arabia

Pemand Fosrecant

Prospe. t1ve Pemand
Favpr

Pemand Porccast

Prospec tive Bomamd
Mibva

Poemand Forccant

Prospec tive Bemand
Swédan

Bemand Poarecast

Prospec tive Bemand
Tenisia

Pemand Porccast

Proaspective Pemand
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Pemumead Parecant

Prospective DPemand
Morocoo

Pemand Porceant

Prospective Pemand
Yugosliavia

Pemand Porecast . 14,100 15.000

Prospective Demand 1, %00 1,800
Greede

Bomand Porecast 1,700 1.900

Prospective Pemand . '600 600
Turhey

Pemand Forecast a ?7.%00 8.100

Prospective Bemand
Pakinstan

Bemand Porccast 32.%00
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Indra
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i1-9 Results of Market Study

)

ETL“ iSi'”"LEF! 108 1985 1990
SBR SBR_ PR SBR BR SBR L 1
! 3,900 1,100 4.200 1,200 4,600 1,200 4,900 1,400 7,500 2,100
) 3.900 1.100 4,200 1,200 4,600 1,200 4,900 1,400 7,500 2,100
TH L 100 14.700 81,600 16,300 91,900 17,900 101,100 19,900 162,500 32,600
' - 7.900 - 8,200 - 9,000 - 10,000 - 16,300
) 7.000 1,300 7,700 1, 400 8. 600 1,600 9,500 1,800 15, 300 3,000
) 2.300 700 2.600 700 2.900 800 3.200 900 5,100 1, 500
) 6. 300 1.000 6,900 1,000 7, 700 1.200 8,600 1,300 13,900 2,300
' 2.100 500 2,300 800 2,600 600 2,900 700 b, 600 1,200
) 14,000 3.900 15.800 4. 400 18,100 5.000 20, %00 5,700 37,400 10,700
) 4,700 2,000 5. 700 2,200 6, 000 2,500 6,800 2,900 12,500 5,400
' 8,7 4,500 9. 800 5.200 11,400 6,000 13, 100 7,000 26,400 14,700
» - 1.500 - 1.700 - 2,000 - 2,300 - 4,900
) 6.900 2.600 7.7 2.900 8,700 3,400 9.900 3,800 14,300 5, k00
' 1, 700 900 1,900 1.000 2.200 1,100 2.%00 1,300 3,600 1, 800
) 5.000 1,400 5.700 1,600 6,300 1,800 7,000 2,000 132,300 3,600
) 1. 300 500 1. 400 300 1. 600 600 1. 800 700 3,000 1,200
» 5 , 600 1,800 6,300 2.100 6,700 2,0 7,400 2,400 11, 400 3, 800
) 1,400 600 1,500 700 1,700 800 1, 800 800 2,800 1,300
) 13.600 1,900 15.600 2.300 17,700 2.700 20,200 3,200 32,200 3, 800
) 12,700 2.000 14,100 2.200 1%,300 2.%500 17,100 3,700 38,100 A, 500
o 3,200 700 3.500 700 3, 900 800 A, 300 900 7,000 1,500
C0 64 . 300 15,000 68,%00 15,900 72,800 16,900 77,300 18,000 104,200 34,900
- 1, 800 - 2,100 - 2 koo - 2,800 - 5,100
) 14,900 1,900 16, %00 2,300 18,100 2,600 19 800 2,900 28,000 4,000
) 3,700 600 b.100 800 §.%00 900 5,900 1,000 7,000 1, 300
» h1.%00 8.100 44,300 8,700 47,900 9,400 51,600 10,000 71,800 14,400
A, 700 2,700 5,100 3,000 5,600 3,%h00 6.200 3, 800 9,600 6, 300
, 1,200 900 1, %00 1,000 1,400 1,100 1,%00 1,300 2,400 2,100
" 78, 400 19,700 90,000 30,000 97,200 32,400 10%,000 35,000 147,300 49,100
© 10, 700 3,000 11,900 3,%0 13,200 3,700 14,700 4,100 25,200 7,000
" 2,700 1,000 3,000 1, 100 3, 300 1,200 3,700 1,400 6, 300 2,300
174,500 86,600 A13,800 103,800 432,000 114,000 493,700 25,000 747,200 194,300
) 28,200 20,700 31,100 23,4%00 34,700 35,000 38,30 28,400 61,800 48,000

-327T~28 -

SECTION 2




(3) Demestis Market

o) Demand for Tires and Non-Tire Products

Table I1-10 Demand foy Tires and Nop:-Tire. Prefucis
An Kuwajt
(Tons/Year)
1972 1973 1974
Import 7,566 7.896 10,200
Tires Export 1,131 1,120 1,776
Demand 6,438 6,776 8,034
Import 803 823 1,658
:::;:::: Lxport 1 189 548

%) Iirs Mamufacturers in Kuvait

Ko tire manufacturing industry exists in Kuwait at

presenmnt,

National Industries Co., which obtained a license

freom the Government of Kuwait for tire production, is

expediting preparations to launch a construction

project of a 13,000 t/y tire mamufacturing company in

1976 there, whose startup is scheduled for 1978.




Renand Taxcscast Lo MR and IR

Ruwait’'s per capita income in 1979 was as large as

about 93,000, Ruwait's real anmwal GDP grewth rate

during the peried of the First Five-Yoar Lconamic
Development Plan (1967/68-1971/73) was ebeut 6.9
on the average. It is presumed that Ruwait's P
Srowth has thereafter been attained and will continne

at almest the same real ssmual rate.

Our presumption of the snmuwal grewth rate of rudber
products doemand in Ruwait is as fellows:

Porsons per passenger cor in Ruwait 1o 6. Bince the
number of passenger cars in Ruvait is enpectoed te

increase in the future at about the same rate a0 ite

GBP, an anmmal increase rate of passenger cars .,
hereafter 1o set at 6.9, the same rate is applied teo

the annual grewth rate of passenger car tires,

Persens per truch and bus in Ruwait as of 1979 10 99,
which number 1o enpected te decrease as the indwetriali-

gation of Buwait mehes pregress, |

Thus, an annual increase in demand for tires feor trueh

and bus, which will be higher than that feor pascsenger

car tires, is set at 10N,




Ae Buneit’s cannfacturing industirica are onpeciod to
greatly develeop i the ftwre, donnand for men-%4re
producte will aloe incroase subostantially, vhese

snmnel imerease rate, therefore, 1o set at "% .

On the sbave basie, the deomand forcast for SO0 ond BB
te oot baated,




(3) Lamert Nerhci

o) lzas

». DRemand fax Tizss and Bem-Tire Fragucis ’

Tedle 15-'1 Remand fox JTircs and Ban-lirs Fradusls

ia_lisa
(Toms )
1979/7% 19780/78
'"““‘“ .’cm ”vm ’
lapert 23,600 3. 100
Tives
Capert hoo o
Pemand %0, %00 64, t00
Production 3,00 14, 300 *
Products Lapert ® °
Demand 6, Te0 19,900
[ SRRRREEREE AR R
b, 2izss sed Rea-lixe Pradgusis Nesmiactinrers in lxas
]
Iran’s present tire manufacturers are as follows: ’ |

8.0. Goodrich Iran
Production capacityt 50,000 Tons/Y¥
Production in 1970 15,000 Tene




The General Tire & Rubber Company of Iran
Production capacity: 20,000 Tons/Y
Production in 197h4: 18,000 Tons

Bridgestone Tire Co. of Iran
Production capacity: 20,000 Tons/Y

It has launched tire production in 1976.

Industrie Pirelli spa of Italy has obtained a license
te comstruct a 40,000 t/y tire production factory
in Iran, which is scheduled to start up in 1978

or 1979.

As for mon-tire products manufacturers of Iranm,
there are some manufacturers of shoes, floor

sheets for cars, hoses, etc.

Remand Forecast for BBR and PR

Under its Fourth Five-Year Economic Development
Plan (1968/69-73/73), Iran attained an average
annual GNP growth rate of 11.8%. By the Fifth
Pive-Year Economic Development Plan from March
1979 through March 1978, Iran is aiming to achieve

an anmuwal GNP growth rate of 11,4%,
In and after 1978, its annual GEKP growth, evenmn

if somewhat slowed down, is expected to record an

increase of 7-9%,

™ ) I




During the decade 1963-19732, Iran's per capita

income shovwed a remarkable imcrease from $200 te
$530. By 1978 when the Fifth Five-Year Lconmomic
Development Plan will be completed, Iram’s per

capita income will increase wp to $850.
Thus, Iran's future anmual growth ratea of rubber

products demand are forecasted as shown in Table

11-13.

Table 11-12 Anmmal Groxth Ratss of Bubher Pragucis

Remand
Growth Ratea (%)
m
1980 1283 1220
Passenger Car Tires 27.% ’.8 9.8 .
Truch & Dus Tires 1?7 11.2 11.3
Non-Tire Products 1%.9 8.4 8.4

Prsansciiys Remand for AR and IR aradussd An Kmnall

Iran-Japan Petrochemical Co. is planning te
comstruct a petrochemical complex in Bander Bhahpur
based on )00,000 t/y ethyleme preduction. This
complex is planmned to invelve a 40,000 t/y SBR plant. .
Nith demand for SBR increasing in Iram, future

expansion of this SBR plant is cemceivable. In the




circumetances, therefore, lron will ant mabke o

good marhet for MR te be produced in Buwait,

Nowever. as Iran se far has e IR production pregraume

ond it hae te impert BR freom Japan. Lurepe and
other countries, it io possibie teo enpect that
Iran, being mearer te Ruwait, could turn te Buwwait

for adbout one-half of i1te domestic meeds for WD,

*) izsa

®.

Remand Loz Jizas and Bem-1ixs Praducis

Teble 11-1) Remand faz Tirsa and Res-1izs Praducia

AR_Lzan
(Toms )
1971 1972 1979y
lapert 5,100 5, Y00 8, To0
Tiven Engnrt o o [
Penand 5,100 3, 80 8, To0
.. N N
Produc tion n.o. Rea. 6,000
Bon-Tire lapert To0 oo b
Preducts
Enpert ] o L
Pemand n.a. n.a. 6, %0

There are ne tire sanufecturers in Iraq at precent,




but,. Industrie Pirvelli spa of ltaly is duilding one
on & twn-hey basis, Thie plant is intended for

o production capacity of 00, 608 tives/year, and
production start is sisted for 1977. Besides

thie plant, the Iraqi Govermment has a plan in
contemplation to build a plant for produciion of

700 .000 radial tires/year,

There are severs)l monufacturers, samll in oipe,
produc ing men-tire produects, They weoed sbout

1,900 tens/year of SBR in 1973 as row materiel,

Ramant Razscast fazr MR snd IR

Peal GBP grewth rate has anmually beon sbowt ™%
in past severs) years in Ilreq. 1t is presumed
that Iraqi GNP growth will comtinwe at the same

real amnual rete,

Per-capita income wao obout 480 in 1973, It

will be enpected to imcrease wp to 9680 in 19589,
Ireq's future anmmal growth ratss of rubber products
domand are given in Table 11190,




4.

Table 11-1% jomma) Scxath Batcs ol Rukhes
Exadnsis Rrmand

Growth Pates (%)

LA SO |2 ZNN ) 2 T

E—— 1280 Bl L.
Passenger Car Tires 11.32 11.3 11.2
Trueh & Dus Tires 11.3 11.3 1.2
Nen-Tire Products 9.1 1.9 8.4

——— - ————————

Exassasiixs Renend oz MR sad IR acaducsd A0 Bemadl

WUhile there are same plans in Iraq te esstadlioh
e petrechemical industry, there is oo plan ta
eotablish a synthetic rubdber industry., lIrag
depends on imperts from Japen, Lurope and othey
conntries for its requirements for SR snd BB,
The preospective demand for BN and BR produced
o Buwait is ene-third and ene-half renpectively

of lraq's tetal domestic demand.




.

Teble 13- Ramemd fax IAzss snd Benclizs Praducis

(Toms)
1973 197y
AR _
bapert 3,000 b, Y00
Tives Lapert o o
Domand s, 800 b, 0O
W
Produc t heon n.0, 5,000
Sen-Yire l*" 3. %00 1,600
Produc ts Lapert s00 °
Demand Bed, 6,600

G S

iz _snd _Dea:lizs Pradacis JSesniacincssa AR _RiA

Theve are m tire aanmfscturers in Byria at present,
T™ere io. hewever, @ plan te set wp one in Nam
oith Cooeh annistance. Thio plant, vhen finished,
vil) have o productian capacity of 600,000 tires/

year. The plont is alated for starting eperation

a 1979,

Theoe ave sewvers) anmufacturere of non-tire produsts,

3a 9979, they woed o tetal of 1,000 tons/yoor

of OB oo rov matertal.




Remand Ferscast for BOR and PR

Syria's annual GNP growth rate from 1971 to 1978
was 8.2% on the average. After 1973, its annual
GRP growth is expected to record also an aimual
imcreane of 8.2% wntil 1980 and an increase of 7%

aftervards.

On this basis, the per-capita imcome in 1973 of
8560 will increase to $620 in 1980 and $880 in
1981.

Table 11-16 shows the estimated annual growth rates
for rubber producta demand after 1973,

Table 11-16 Apamal Grewih Rates of Rubber
Exstucts Pemand

Growth Rates (%)

1975-1980 1980- 1983 1983-1990

Passenger Car Tires 14.8 12.6 13.6
'm. & Dus 1‘". ‘,o, 11.9 11.9
'“"". "'.“C‘. ‘007 10.5 .o~




No plan exists in Syria to develop a petrochemical
industry. Consequently, Syria does have ne plans

to develop a synthetic rubber industry.

Syria depends on imports from Luropean cowntries,
Japan and other countries for its requiresents for
SBR and BR. BSince Syria is mot far from Rwwait
geographically, and they both belong te the Arad
community, Syria will be anticipated as a marhet
for SBR and BR, one-third and one-half respective-

ly of its total requirements.

4) Sawdi-Arabia

[

Remami for Tirss and Nan-Tire Fraducis

Since information abeut recemt foreign trade of
Saudi-Arabia is inavailable, it is mecessary teo
depend on data concerning emperts teo Saudi-Arabdbis
from other countries, according te foreign trade
statistics of the United States of America. the

United Kis gdom, FPrance, Vest Germany and Japen.

Table 11-17 gives estimated domand for tires and

non-tire preducts in Sewdi-Arabia based on the




>,

tafornnt ton sdtained frem these non-bondi-Arabian

{(Toms)
[ ]
M
Demand
1979 1974

L

Taver 13,00 19. 100
DR

Sen-Tire Products 3, %00 1,800

There 1o me tire industry in Saudi-Aradbia at
present. Newever, the Second Pive-Tear Develeop-
sont Plan (19735--.1979) includes a tire plant te
be built in Jiddoh., The plan requires an anewal
preduction of ),000,000 tirves, This geal may be
eifSult te be achieved, but it is pessidble to
sotablioh o tire factery of 3,000,000 tires/yeor
production by 1980 when the BSecond live-Year Plen

completes,

Ramend Iarssast far AR amt BB

According to the becond Pive-Year Developmeont Plan,

Sondi-Azabis is aining te achieve an ammuel QNP




growth rate of 10.2%. After 1980, its annual GNP
growth is expected to record an increase of 8%,
Accordingly, the per capita income in 1975 of $400
will increase to $660 in 1980 and $970 in 1985.
Table 11-18 shows the annual growth rates for
rubber products demand, calculated based on the

above GNP growth rate.

Tadle 11-18 Appmal Grawih Ratss for Rubber Preducts

Resand
Grewth Rates (%)
Passenger Car Tires 18.4 18. 0 1.4
Truch & Dus Tires 16.8 1%.3 1%5.2
Nen-Tire Products 14,9 13.0 9.6

Reasnsstiys Repand far BN and BR nreguced An Rxualtl

In the Becend Five-Year Development Plan, Baudi- Arabdia
1o plamning to comstruct four petrochemical complexes
(Shree in the castern region and one in the vestern
region), cach with a capacity of 300,000 tens/year

of ethylene.

Nowever, the four petrechonical complenes may not

include any synthetic rubder plant.




Savdi-Arabia., being a meighboring cowntry of Ruwait,
may import SBR and BR from Kuwait up to ome-third

and one-half respectively of the total domestic demand.

Table 11-15 Demend for Tires and Non-Tire Products

1971 1972 1973 1974 1973
. Production
:::""'" 368.000 00,000 n.a. 160,000 310,000
Tires L"‘-’"‘ . 160,000 170.000 n.a. 80,000 160,000
"‘.C../‘) l*r' N.Bo Re.B:. N. A, R.0. QS,M
E‘”"' NelBo RO, Nod. NeBo "'.
[ )
Demand Neldo Moo Noddo N.A. 5‘5.m
Preduction Nele Ne Do Redo Neo ’o,m
lnort I.m '.m ,om Ne.d 1.”
Nen-Tire
Preducts Caport - - - R.a. Neg.
(z/Y)
Demond NelBo N0, LY I Neo "'”
y . Iirs and Bam-Tirs Praguctis Nemsufasiurara
. Transport & Engineering Co. is Egypt's sele tire manw-

facturer, of which tire preduction is net ensugh

te fulfill its demestic demands. Se¢ the mamufactorer

o d) e [




plans to double the current production capacity
by 1980,

For men-tire products, there are [l Basr Co. for
Rubber Products, the country's biggest rubber produer,

and several small shee sele sanufacturers,

Transpert & Engineering Ce. Tives

Preduction in 1973 A70,000 pieces/Y

£1 Yasr Co., for Nubber Products Renn-Tire Products

Preduction in 1973 35,000 1/Y

Remand Porccact (ox MR and IR

The country's real GRP grewth rate sver the past
several yesrs is less than % per ysar. As a
guideline for the future, ™ growth rate in view of
1ts New Pive-Year Preoject under preparatien could
be enpected, though the target growth rate has not

yeot been anmounced.

Based on the X greowth rate [gypt's per capite
tncome wvhich was 8370 in 1973 vill rise te $7%
in 1990, [stimated anemal growth rates for tirs
ond non-tire preduc ts domand are given in Tadls
13-20.




Tedle 11-20 jppgmal Scxxih Ratss Sz Bubhax

Lxadns s Resend
TR SRR
Growth Rates(%)
Passenger Car Tirves 10 18 1 b4
Trueh & Dus Tires 19 16 113
Reon-Tire Productes ] 1 B ] 1

Rrasassiizs Remend fax ME and IR aradmccd A2 Bamall

Cgypt has a plan calling for comstruction of »
petrechemicol complen in Alesandria with sechedul od
startup in 1980, The plan includes production of
80.000 1/Y of SER. The quantity is enpected to for
enceed in 1980 the anticipated demand for D in

the Igyption marbhet.

The balamee will De a negative facteor for Buvait in
tte MR enpert te Lgypt. Newever, Egypt could woe
Buveit-produced BB wp tn sbout ome-third of ite

tets) domestic dommmnds.




Tabile 11-31 -

1970 1972
Production o 1
Tiaves Japert 41,000 349,000
(Preces/1) Lapert o °
Demand N1, 000 3V9y, 000
Produc tion N, 7%0
) “‘” W't N. A, ‘.M
7;;“7" Lapart n.a. o
PDemand n.o. 3.0%

®) Prem its synthetic rubber imperts, it s presumed
thet Lidbya had met yet gome inte tire preduction

o8 of 1970 and 1973.

>. XAzs sad lea:Tizs Praducis Besmiacincazs

LAbya’'s present sele tire menufacturer 3o FPire-
otene, osnd ite mon-tire products sanufacturers

ate a fou and ssall aised.

Pivestone

Preduction Capocity Y

¢. Ramand latacazt Loz ME and IR

L40ya's real snmwal GRP growth rate Suring the peried
9968-1971 vas ae high ao 17X on the average oand it




per capita income in 1972 was $1,900, the second

largest among the Arab countries mext to Kuwait,

Under the 1973-1973% Three-Year Plan, its average
answal GNP growth rate was set at 11%. Its subsequent
annwal growth rate is estimated at 7%, and {f this
ammuwal growth rate is successfully attained, Libya's

per capita income in 1990 will amount to $7,000.

With respect to demand for tires, the numder of persons
per passenger car and that for truck and bus are

33 and A8 respectively, which are close to those

of developed nations. Therefore, elasticity coeffie
ciemts of rubber products demand to GNP will be smaller

than those for its neighboring Arab countries.

Table 11-32 Annupl Growth Rates of Rubber
Preducts Pemend
L

Growth Rates (%)

1973- 1950- 1988.
1900 190% 1990

Passenger Car Tires 12 7 7

Truchk & Bus Tires 13 16

Nen-Tire Products 10 11 8
R




d. 1) tive Pe (] e

Libya has no plan to produce synthetic rubber domesti-
cally, and is mow importing all synthetic rubber

requirements from European countries,

In comsideration of synthetic rubber industrialisa-
tion plans of Egypt and Algeria, Kuwwait will find a
market for its SBR aviBR in one-fourth amd one-third

of total SBR and BR demands in Libya respectively,

s) fSudan

1969 1970 1971

Production 0 0 o0

Tires Import 133,000 82,000 334,000
(Plecen/Y) Export o o o
Demand 135,000 83,000 33\,000

Production n.a. n.a. 3. %00°

Nen-Tire laport n.a. n.a. APO
rmct- Lxpert n.a, n.a. o
Demand n.a. n.a, 3,97




».

°) In 1971.,683 T/V of synthetic rubber was ijmperted.
It 40 believed that all) of the impartes are for
row material fer mon-tire products becauwse tige

ts mot preduced demestically at that time,

The figure of 2,900 T/Y was obtained an the scoump-
tion that synthetic rubber would scconnt for §M

of mon-tire preoducts,

LAca_smd Reaclire Pradmcis Sesmfacincats

There io me tire sanufacturer in Sudan. O the othee
hand, 1t 10 asoumed that there will be several men-
tire products mammfacturere becawse of the tapert

of 683 T/V synthetic rubder in 1971,

Ramend 2azzsasl faz MR sad IR

Sudan’'es reel snmma)l QBP growth rate frem 1990 o

1973 wes on average 8. 1X. The subdoogunent grewth pete

1o acoumed te be TN, Om this basis, the por capite

incame in 1971 of $190 will imcrease te $990 (n '

1973 and $390 in 1990, |

Tablis 11-30 sheouws the asamual grewth rate for rubbee
producto desand after 1973, calewloted an the beoto
of the above QAP grewth rete.




Voble 13-3% fammal Sramih Ratss fas BedRes

Exadacis Resand
. .~ L
Growth Patesi(y) .
W
Pasoenger Car Tires 1 1 19
Truch & Dus Tires 11 12 12
Bem-Tire Products 1o e 11
L SRR

Exasmasiixs Ramend Loz MB sad IB asaducsd in Remail .

Bame as the enample of Lidya, coefficionts adepted
0 calculating the prespective demand for MR and BB
onpectable for Buvwait are one-fouth and eone-third.

reopectively, of BDudon's tetal demestic domand,

) Imaiaia
o DRamand fag lizas and Bescliza Pradesis
Toble 11-2% Rumend fax lizas snd Res:1ixs Prnfacis
1971

Preduc t ton B,

Yivee m‘ Nedo "

(Proces/Y) Capere Red.
Donand “7.~‘

' K ’




o,

Ben-Tire Produets Preodu t pon s ., e

") baperst .90
CSapnet ()
Denand b, 000

M

®) Mtetistical Gate 1o not aveitladle oo tire
Semand s, se estimntion is Daced o cae reugiotpe.

tiame,

2aza_snd Demclizs Pradesis Beantas tnzazs

Pivestone Co. o Tunioin’s sele tipe oamiee turer,
Novwever. date on the firm's produe tisn capoe bty 4o

Bet availlable,

Remand Lazzsas fag MR sad IR

QRP growth rate por yoar vee 6.9 Corwn 1969 waii)
1973, and 1o sansuncoed to be 6.9 forem 1979 wnii)
1976, Greuth rots 10 Jater years 10 sooumed to be
-,

®n the basto of the sbove grevth pate, the por capite
tacame of $030 ia 197) will rice te 90 1a 9979

and 01,200 in 1998, Anmme) grewth retes for subber
products domand ore cotiaeted da Todle 13.96,

o % o



Table 11-26

Rcmand
A
Growth Rates(®)
T TR T .
— 1980 1983 1990
Passenger CLar Tireos 9 9 9 '
Troch & Pus Tires " 10 10
Bon-Tire Products [ ] [ ] [ ]
-

o. Draamsstixs Remend fax MR sst BR arcduicd An Benall

Same a0 the enample of Budan, Rwwait will find o
aurbet for its MR and BB in one-fourth and e -third,

respectively, of total 300 and BR demands in Tunisia.

V) Alaazia

W ———
1970 1973 1979
R
'i"' R. 8. N.B, .o.o.
——— pe— - I— b
'*‘oﬁttioﬂ L TX 1 Ne B N.B,
Bon-Tire  fogert 5.198 1.008 6. 909 .
Produc ts
/) Enpert neg. meg. meg.
Penand .19 3,088 64,90

M




b,

*) Data on tire demand in Algeria is mot available,
while the data belew have been obtained on its
rubber imports. We have estimated the quantity
of synthetic rubber uwsed for tires by deducting
the quantity wused for non-tire products frem the

quantity of rubber import below:

(T/Y)

Impart of Rubbers 1970 1972 1973
Natural Rubber 3,607 3,000 2,033
Synthetic Rubber 2.63%7 h,35%0 3,196
sBR 32.02% 3,948 2,387

[ ] IN? N8O ' 1,]

1ixs Mesmiacturers

Michelin ©f France 45 & sole tire mamufacturer., Newever,

data on the firm's preduction capacity is met availadle,

Renand Fatscast (ox MR and MR

Under 1te Piret Pour-Year Lconomic Development Plan
Suring the peried 1970-197), Algeria attained o

real asmual GAP grewth of ™.

Under the 1974-1977 Second Peour-Year Lconamic Develeop-

sent Plan, Algeria's annual GEP grewth rate is set

9% e




d.

at 10%, and that for subsequent years is assumed teo
be T%.

Based on the asdbove GAP growth rates, the anewal
growth rates of rubbdber products demand are estimated
as shown in T. ble 1-38. Meanwhile, Algeria’s
per capita income wae $300 in 1970 and 08D in 1979,

and will amount te $1,500 in 199%0.

Table 11-28 Asnmal Grawth Batss of Rukkex Pradnsis

Remantd
Growth Rate (%)
1 - -
1980 1283 1298
Passenger Car Tiree 18 18 1
Truck A Dus Tires 18 18 1 D]
Nom -Tire Producte 15 1" 1 L4

Eraanssiive Pemand for SOR and IR arsduccd AR Bemail

Algeria has ploin to go inte preduction of 33,000

tens/year of SER and 30,000 teme/year of BR in 1970,

These quantitics ore sufficiont te fulfill demestic

domands for SBR and BR in Algeria.



Therefore, Bawait will have mo chance to enport

it DO and IR te Algesia.

» Inxassa

[ I

o,

Rsmend _faz Xirss and Bes-lire Pragucis

Teble 11-2% Rimand fag lizzs amd Boa-Tire Praducis

SRR
1970
A
Produc t fen b 90,000
lmpmrt 98,000
Tives
(Preces/Y) Lnpart o
Demand Iné , 00D
M
Preductiean A, 000
lapnrt 2,000
Bon-Tire
Preducte Lapurt o
(/)
Demand 6,000

azs and Ban-1izc Praducis NMesniasinrsrs

Morecce's present tive sapufacturers are as follews!

Goodyear
Gensral Vire




Put data on production capacity of these companies
are mot available., As for mon-tire products mamufactu-
rers there are several manufacturers of shoes, floor

sheets for cars, hoses, etc.

Remand Forecast for SR and BR

Under its Second Five-Year Lconomic Development Plan
(1968-73), Morecco attaimed an average annual GXP
growth rate of 35.7%. According to the Third Five-
Year Lconomic Development Plan, Morocco is aiming to
achieve an annual GNP growth rate of 7.8%. After

1979, its GNP growth rate is expected te record .

Based on these estimates, future annual growth rates
eof rubber preducts demand are given in Table 11-)0.
Meamwhile, per capita income in 1970 of $380 will

rise to $310 in 1975 and $890 in 1990.

Teble 11-30 Anmmal Growth Rates for Fubker Pradusis

Remand
Growth Rates (%)
1973- 1950~ 1983-
“w
Passenger Car Tires 15 1) 12
Truch & BDus Tires 11 10 10
Nen-Tire Products 11 10 [ ]




Eraanzciiye Pemand Lz JB and BR arnduced An
Raxalt

There is moe plan te produce synthetic iwbber
demestically., Mewever., in view of the synthetice
rewbber production projects in mneighbouring couwntriece
and of the anticipated effert for export by [urepean
synthetic rubber prodwucers the chance for Kuwoit

te sell its SBR and BR to this country will be
1imited to ome-fourth and omne-third respectively

of it tetal domestic demand.

Table 11-31 LRemend far Tircs am? Man-Tirs Pragmcia

1974
Preduction(Passenger Car) 3, %00,000
(Truch & Pus) 3., 190,000
Import (r) 709,000
Tiren (19) % 1,000
(Pleces/V) Export (r) 376 .000
(™) 87.000
Demand r) 32,071,000
(™) 8.4080 000
——— —————————————————
peaTire  pemant 90.000°
w’ e Y




°) Yugeslavia'’s synthetic rubber and matural
rubber imperts in 1978 were 49 .600 and 33,000
toms respectively totalling 81.000 tene. Of
thie tetal, abeout 63,000 tons of synthetic and
neatural robbers are presumed te have been woed

fer tirves,

Therefeore, the reanining 10,000 tens/year vewnld
have been woed for non-tire products, wvhich was

asdout 90,000 tems in terme of woight of preducts.

. iz and Rea:-Tirs Nesm(asinmcars

Yugeslavia'’s present tire mamufoc turers are the

felloving five companics:!

Bbkar nasd far iz
samnlacincs An 1223 {104
Bereve 18.%0
Seve 28 , %0
Sigar 19,000
Pocord 6, %0
Nile jo Babhie 5.000

¢ DRamand Raxasast sz MR snd R

Yugeslavia's real anmnel GEP growth rete Guring the

pericd 1970-1973 ves V. TX, ond Shet for 1973 and-




.

after 1o asooumed te be W,

®n this dasis. Yugeslavie's per-capita inceme of
9610 in 1973 has imercased wp teo 7 in 1973 and

1o enpected to ammunt te §1. 909 in 1990,

™he mumber of peroons per passenger car in 1978 vee
g1, while that per truch ond bues of the same yoor

was as large »s 186, Thus., Vugeslavis ' s anmwel grewth
rvates far rubber products domand are as shem i

Tabie 11-933.

Tebie 11-72 jemmel Sxanih Aatss (o Bubhes Dradusis
Ranamd

Geowth Rates (%)

Pesconger Car Tives s S b
Trueh & Dus Tires ? ? ?
Bon-Tive Producte (3 (9 3

M

Rinssnsiiia Rasend Los ME snd IR acaducad i lemall

Tegeslavia plans te comstiruct a 46,000 t/y 3B

plant with its start-wp scheduled for 1979,

Novever, owr cotiamtion indicates thet Tugeoslevia's




deamnd for JBR wil)l increase te 917,000 tens in

1988, leaving Yugsslavia 17.000 t/y shert of SBR.

Te meet this shertage, Yugnslavia could turn te
the Seviet Union ar other Zast European countries
or expand its SBR plant, Buch being the case, it
will be difficult for Ruwait te find 1teo SER marhet

in Yugeslavia.,

It 4o aloe difficult for Buwatt te onter Yugeslavia's

present BR marbet,
Bowever, i1t will be posesible for Buwait te enpert

1te MR teo Yugesiavia te meet adbout one-third sf ite

new dome stic meeds for MR g the future,

}) Srasss

o Ramand farx Tirzs and Jes:Tizs Praducis

Teble 11-3) Remand for Tirss and Bsn-Tirc Pradects

1973 197) 1974 1978
Produc tion n.a. R.a. n.a. 378,000

Tires l"ot‘ 98,000 71,000 34,000 N,
(Plecen/Y) LEnprrt 8,000 9,000 n.a. n.a.
Demand n.a. n.o, n.a. 578,000




Production 11,000 13,000 n.a. Re.a,

Nen-Tire Import o O mn.a. N.a.

Preducts

",‘, t!’or' (1] [+ NeBo NN,
Demand 11,000 13,000 n.a. n.a.

Jirs amd Nom-Tire Products Mapwfacturers

Present tire manufac turers are as

Qeedyear Mellas 8.A.1.C.
Production Capacity
"'.ll‘ Mellas 8.A.

Production Capacity

Remand Iarccast for BBR and IR

follows!

370,000 pieces/year

250,000 pieces/year

Greece attained an remarhable average annual GNP

grewth rate of 11%X, MNowever, after 1973, ite GNP

growth rate is estimated te be 7%,

On the basis of the adbove growth rate, the per-

capita income, 91,800 in 1973, will be $2,200 in

1979 and $6,000 in 1990.

Annual grewth rates for rubber products demand are

estimated in Table 11295,

o §) =



Table 11-5% Asmmal Growth Batc for Bubher FProdusts

Remand
.
Growth Pates (%)
1973~ 1980~ Y.L
Oom— 1200 1283 1920
Pancenger Car Tires 9 . 10 ’
]

Trueh & Pus Tires 10 10 10

Bon-Tire Products [ ] 8 (]
— I - N

Exaanssiiys Remand faz MR and IR aradnccd An hanall

There is ne plan ta produce synthetic rwbber
demestically. In view of the plans te produce
synthetic rubbers in mrighbering (ocuntrics and
enticipated effort teo enport by Lureopean producers,
the chances of Buwait selling its SO and BR to

this country will be up te one-fourth and one-

third respectively of its total demestic demands.




Table 311-139

M Inchsx
R— _ _
19732 1973 1974
-
'rwtiﬁﬂ ’“02 '!m.’ ’v"’.‘
Yires for
Passenger «arimport 133.1 318.) o8\ .0
and Pich-wp
’f‘(. l'”'" "07 ”c~ “0’
(.000 Picces)
Pemand 1.0%%,6 1.291.8 1.0W.9
Preduc ton 733.4 8v7.6 894.7
Yives for lopenrt 9.3 6. 53.8
Trech and
Sus [‘”7' 1.} 1.9 .o.
(1. 000 Piccrs)
’Pw 7"0’ mo. m.’
Prodw tion n.a, n.a, 30.0
Ren-Tire Import n.a, n.a. 1.3
Prodvcts
".m 'Q'.) l‘”"' N, B, N.0, 'o'
’Q‘w N, 0, .8, ”Q‘
L - R
pIVIE. “TTRTTITIIT W 4 T3

There are theee tire manufacturers in Torbey!

Goodyrar. Pirelli and Uni-Peyal,

output tetals seme 1.8 million tires,

Their anawel

Uni-Poyal intends to enpond its anmwal preduct ion

capacity from the present 600 600 tires to 1.8

otllion. The Turhioh avermment has appreved this

o 6) o




plan. The covermment has alse granted a license
te Lassa mew tire mommfac turer. sutbherising it te
bmild o tire samfacturing plant with a yearly
production capeacity of 1.3 million tires. Pethia's
application te the Gavermment to erect a tire plant
te produce 1.2 million tires/year has nat been

appreoved yet,

The present production capeac ity of cach nanuf s tores

o as follews:

Qoadyecar 2,000 tir-s/day

Pirel 3.280 tiren/day

Vnt-Peyal 3.000 tires/day
Damand Lacssant Lo MO0 snd IR

Puring the FPirst Five-Year Pevelopment Plan (1963
1967) and the Becond Five-Year Plan (1968-1973),
the anmual average rates of growth of GBP were
oveonnd 6.7 and 6,.9% respectively., bath being leoe

than the Plan’e targete of ™.

Pueing the Third FPive-Year Plaa (1973-0977), Turbey
40 oiming te achiove an avervage sammel grewth rete




After 1977, 1t anmmal GAP growth is capected to

record am imecvease of 3-T,

On this bacis. the per capite incame (0 1970 of 0300
will rise teo 000 in 1980 and §1,680 in 1989,

Putere somual growth rates of rubber produc ts domand

are given in Table 11-%,

Teble 11-7 pgmmal Scanid Ratss ol Bubbar Pradecis
Ramand

Growth Rates (%)

- - -

— A0 A3 1208

Passenger Car Tires 13.9 8.0 8.0
Trueh & Due Tires 11.0 7.0 7.0
Neon-Tire Preoeduwcts 13.06 7-’ ‘o.

Rrassssiixs Remend Loz MR sad IR _DRadncsd An Remail

Ia Yerimca, Rocasli City, Turhey, there is o
petrochemical complen run by Petrchimye A. 5. The
complen includes MR and IR plants with preductiion
capacitice of 13,000 tons/year and 1),000 tens/yeor
vespectively., The fermer ie already in opereation,

but the latter is going te start preduction ta the

near future,




A secomnd petrochenical compoesn 10 being planmed

for comostruction at the lomir rvegion with o capacity
teo produce 8D 080 tens/year of ecthylenme. There

1o, however, mo publication sbout synthetic rubber

M"“‘

Surbish govermnment hot the poliey to produce
oynthetic rubber within the country to meoet al)
damestic domands, ond there 10 ne hanee for Buweirt

te enpevrt OB and BB te Turbey.

Todie 1177 Rameed faz lizas and exclilz Pragesis

19778

Tirves Production 1?7

(1,000 bapert 3

Pieces) » . %7
R SRR AR A PR S A S

"*".'. .!~

"""l":: Japert 1,09

(%ome) Demand ' IS




b,

Gemeral Tire Ceo. i the only tire masufscturer
in Pahistan. Its preduction capacity is abeut 00,000

pieces/year.

There are several mon-tire preducts memufacturers,

all small in sise, consuming 1,200 tons of BOR in 19793.

« Remand Poxcsast for MP and NP

PReal average anmmal GAP grewth rete of Pahistan

was 1.9 during the period frem 1969/ 70 te 197370,
Puring the Fifth Five-Year Plan (1973/76 - 1980/81),
Pahistan i» aiming te achieve an annwal GNP grewth
rate of 9%, Mowever, it may be impussible teo
increane GRP with such a high pace in view of the
past low imncrease of QAP, and 6 or 7X will be

enpectied,

Per capita incone of Pahintan in 1970 was $110 and
will be 9200 in 1983,

Table 11-70 shows the anmuwal grewth rates feor

rubbey preoducts demand,

o8] o




Table 11-32 Anpual Growth Rates [of Pubkol
Erpducts Pepand

Growth Rates (%) .

T YLD 1980- T | Pu—
1280 BLI.LE 2. .

Passenger Car Tires 15.0 13.9 13.%
Tm. & h. Tlrel i).l 11.0 11.0
"0.‘1"@ 'rod‘ctl 7.8 6.5 ‘o‘
S .

4. Presmestive Pemand for MR and BR arsdmccd inbamads  °

In Pakistan there is no synthetic rubber industry

nor plan for synthetic rubber production,

Pakistan depends on import mestly frem Japan for

its requirements of BOR and B, Bince Pabistan

is mot far frem Kuwait and beth countries heve clooe
ecomemic relations with cach ether, it is enpected
that one-fourth and ene-third of Pahistan'’s tetal
denand for SBR and BR respectively will be met by

sapert frem Ruwwait.

) imtia

o. indisn Bubber Prasusiiss and Bumand




».

Table 11279 and Table 11-00 shew Indian Rubber

Pro@uction and Indian Pubbdber Demand ,

Tabdle 11-79 jpdian PBubber Frodwction

(1,000 tems)

A

1971 19723 1973 1974
—
Ratural Pudder %1.9 109.1 123.1 ‘6307
.’.‘h“( .‘»Q' )’oo 37.6 3‘.0 ),o‘

Teble 11-40 Ingian Pubber Pemand

(1,000 tons)

1971 1973 1973 1974
Natural Rubdbbdber 9.1 101, 1 1230.7 1M8.6
Synthetic Pubber ¥, 7 7.1 3%.2 33.7

Ao the above data explain, India is a major producer
of natural rubber. The percentage of natural rubdber
weed in rubbdber products produced in India is quite
high. There may be a few exceptions, but India
seoms te have emough matural rubber and aynthetic

robber produced lecally te cever all itea requirement s,

1izs Memufactinrers An india

There are seven tire mamufacturere with nine foctories

ia Iadie.




Installed Additional

SomRanY Sapacity. _Sapacity,. Istal

(Unit:

Pieces/year)
Mlﬂ’q Caleutta %7.2“’ 30, 000 1,167,2@
Dunlop, Madras 580,000 - 380 , 000
Firestone, Bombay 673,000 - 673,000

’

Ceat, Bombay 650,000 . 630, 000 .
Goodyear, Calcutta 600,000 - 600 , 000

Madras Rubber Factory

(Mansfield, Madraa) 610,000 90,000 1,000,000

Madras Rubber Factory

(Mansfield, Goa) 400,000 - boo,000

Premier Tyres, Bombay 300 , 000 500,000 600,000 *
Incheck, Calcutta 300, 000 500, 000 700, 000

N,797,200 1,190,000 6,369,200

Pive million tirea were produced in 1974, BSeme of .
these manufacturera have been granted govermment

licences authorising a plant expansion (as shewn

under "Additional Capacity” abeve), Products from
these expanded manufacturing facilities will become
available in 1979. The Indian government, te cope
with increases in tire demand, is said to be ready
teo grant licences for further plant expansien pregrammes

aa wsl]l as to mew tire mamufacturers,

<. Remand Porccast sor 3R and BB

India plans to imcrease car production in the Fifth
Tive Year Plan (1974/79--1978/79). The conscquent

«eT70 o




rise in demand for tires will be met with the plan

te increase tire preduction as shown in Table 131-81.

Table 11-41 1 e t

(1,000 pieces)

1978/7%  197%3/76  1976/77 1977/78 1978/

Moter Cycles 839 997 1.199 1,006 1.913
Jeeps 339 asa a?? 09 b )}
Cars [ T] 588 1,078 1.177 1,308
Commercial

Vehicles 2.788 32.906 *, 209 .47 9,69
PDefense Vehicles 28 b i D] 338 s S00
Tracters,

Trailers 1 1113 319 5923 689

I

Buch imcreases in tire production will eventwally
increase demand for rubber., Natural rubber alone
will mot fill this rising demand because natural
rubber, being an agricultural product, has a limited
potentiality te increase product ion, The shortage
will have te be covered by synthetic rubber. In
other words, more synthetic rwbber will be wsed in

rebber products in India than matural rebber.

4. Praspcstive Pemend for MR and IR areéuccd in Bamall

There i a SBR plant with a preduction capacity

o Tl o




of Y0.000 tens/vear in Bareilley, VYttar Pradesh
State, India. Vith a view teo fast increases in deannd
for SO0 in India. an enpansion of this plant i mee

being otwdied,

The Indian govermment has decided to mile o BB
plant of 20,000 tems/year capacity within the
petrochemical complen in Gujarat Btate, The eopera-

tion of this plant is slated for 1977,

India, ae enplained sbeve, is meving i® the dirvec-
tion of self-sufficiency in both MR and BR. India.
therefore. is mot enpected to impart ER and e
frem Buwairt.

») Lastl ALCicAl SEEALLAZA .

o. Kaihelis Bukher Rememd

Synthetic rubber '‘cmandes in founr Cass African countiries

in 1970 are presumed aa shewn in Table 303,

Tedle 11-02 Lathatic Rukher Remande
(Teme)

- e

[

L
Bemya 1, 90
Zambia 1.000
Tonsenia 1,200
1,000
N, 0

if.2|

Lethiopia

L

Teotal

M

e T3 e




In fowr Last African countries, there are (four

factaries ae feollows:

Senya Pivestone Tire
Sambia Puniep Tire
Tansanis Gemeral Tire
Sthiepia Addis Tire
enend Sazssast fax MR snd IR

Merage smmmal GAP grewth rates of East African
commtries in past several years have been as fallewe:

Bomya 6.9%. Zanbia 6.V . Tonsania 9. 7%, Ethiepia 3.9,

Povecapita incames of East African coumtrics in 1979
vere o» follows: Bemya $160, Zambia 490, Tonsamioe

0190, Lthiopia $00,

future asnmunal growth of rubdes produc ts domand 0

Caet Alfvican countirieos $o snpected ta record on

Lzassasiizs Ramand Loz SRR sad IR acaducsd A0 Bemail

Therve 10 e systhetic rubber induetry ia Rast Africe,

oT) e




wihich depends on imperts from Jaan, Lurepe and other

countries for ite requirements of SER and BR,

Bince Lost Africa is not far frem Buwait, the four
countries can be enpected as marhets of SBR and BR
frem Ruwait wp te the quantity equal te onec-fourth

and one-third respectively of their tetal demands.

(V) Pxass af hathetic Rukher

Table 11-0) provides approsimate world osclling pricse

of BER and BR in recent years,

Tabls 11-0) jepzanimats Aslling Pricsa

(in U, 8. cento/hg)

Yoor SBh m
1972 b} ] »
197y 1) b ]
1974 8o [ b4
1973 8o ]

The motadle prics increase in 1970 is attributadls to
the pr o hihes of rovw antsrials due te the se-coalled

e %6 o




ei) criees in late 1973, and other factors such as

rises in plant investment cost, production cost, etc,

The price decline in 1973 vas caused by the decrease
of world SBR and BR demand due to ecomomic stagmation
verldwide, In the economic study of this report,
the sales values of the prodn;:t are calculated on the

basis of comstant wnit price of 82 cents/kg in 1978.

Mhert ramnge, the price of synthetic rubber is considerabd-
ly affected by its supply-demand situation; but, lengser
ramge, it will be affected to a larger enxtent by the

rise in cost.

Theugh it is very difficult teo make a definites forecast
of the future prices of synthetic rubbers, they are
enpected te continue rising inasmuch as both raw
materials and production costs are likely to mahe

continuing increases,

The cost of synthetic rubber con be divided inte the

fellowing three components with their average percoentage!

Row material ceost »OX%

Plant investaent cost 3,9

Operating cost and otherse %




Discussion is given below as te the effects of these

three cost factors om the imcrease of aymthetic rubbey
'/rice-. The assumptions made for thia purpese are as

feollows:

Por the raw matexial coat. 1t 19 ssoumed that this cost
will equally affect all the preoducts, 1ts amemal imcrease

18 assumed te be Y. % and B (three casesn).

Per fhe opcIAtARA £00t ARD QIRcLg. the same acsumption

as above is made, with an anmwal rise of %,

Per the BAAAL ARYCRImERL S@pt. it i assumed that 0%
af the yearly synthetic rubber sutput will be supplied
by the new plant and that the synthetic rubber price

of each year will be the weighted average of the cast of
the synthetic rubber suppliced within the year.

Yearly imcrease of this coat is assumed teo be &, W,

W, and BX (four cases).

Pig. 11-3 gives the effecta an synthetic rubber prices
of the varioua combinations of the abeve const factors

in 1980 and 1983.
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153 Mallshilisx af Rem Matarials

Eseential rev material for the production of IR and BB 1o
Sutadiene. In the cose of MR preduction, styreme SonmGer

1o aloe meceasary as a copolymer feedstech.

(1) Iniadisme

Curreontly butadione is masmfactured ae coproducts of
osthylone production by napthae craching or by dohydregena- '

tion of Dutame eor butews,

3o Bawait, Petrechenical Induetr ies Campany (PI has plane
te produce ethylene by croching of natural gas and ercund
7,000 toms per yoar of butadient is enpoctod te become

ovailabls when the plan is materielised in 1980,

Noweover, he plan is said te be et & fire one, and
the guantity of butadiene, even If 1t becomes available,
1o met sufficiont for the synthetic rubbder preduction

under consideration.

n the ether hand, sufficiont guantities of butadione
will be availabls in Bwwait by dohydregonantion of

butane utilising an indigonsus rescurce as foeodotoch,




At present, arsund \'0 sillien teme per year of lique-

fied petraleun gases (LFG) is deing separsted f(rem

netural gas and further supply of LIG is espected

by the end of the 1970's frem a mew LFG separation

plant which is being constructed at the Mhuaibe

Industrial Area, The most portion of the LG, oo '
ligueficd propane and butsne, has been enpertod

aberoad, mainly te Japan. by the Ninistry of 041,

According te the Winistry of Oi)., the butane wil}
be readily supplied te the rubber plant at the
corront 0.0.B. price, which is estimated te be 190 VOO

per ten,

(3) ALxzame Mememer

PIC has alse plans teo producs arematics, in which o

styreme monemer plant vwith a huge capacity 4o ine luded,

Nowever., as the plan is still net a fire one presently,

tapert of arcound 10 tl.ousand tems per ysar of styrene

ssmsmer (equivalemt te 43,000 tems per year of MOR)

should be considered if the adbove plan 15 met realised ‘

' by the startcup of the SR plant . |

SR —




115 gIhsx SeatAcIALANR

O the basis of the proopective deaund for ol ot BB
produced in Buwait as developed in the fovegoing Barbet
study. a final selection of the products ta be produced

was Bode in cane ideration of the factors Dinted below:

(1) Chasscterintico of the symhetic subber industry
in Buvwait

(3) MNiniowm ccomsmical plant sige of SR and BB

() Matladility of swsiliery rew saterials,
catalyat and chemicals

(8) Preductien management

(1) Sharacissiatics af iadeatzialisation Sac ibe snibells
Bekher A0 Bamall

Ao shown in Table 11-4 many countrics have their
plans teo produce MR fivet a0 2 gonev ol - purpese
rebbder,

Roasens for this could be that (1) SER hes oueh wider
weage than B and therefore, (3) Domand for R je

bigger in domestic marhet than thet feor .

Noveves, when these prejecte vere realiged as schedulod,




(9)

these countries veuld have surplus SBR by the first
helf of the 1980's and have to find export markets
becouse of limited domestic domand in their own

couwntries,

On the other hand, the synthetic rubber induwatry in
Buvait sheuld bde enpart-eriented due to rather

Ltmited sise of its domestic marhet,

In consideration of the abuve, it can be conc luded
thet BR, which is enpected te find prespective marhet
i the neighbouring countries, should precede SER in
the development of the synthetic rubber industry in
Buwait,

BAnioms Ssasemical Plamd lias

The oiniaum cconsmical production capacity of SER
1o 40,080 T/Y snd thet of BR is 20,000 T/¥. Om the
other hand, the prespective domand for IR and BR
te be produced in Buwait in 1981, as ohewn in the
preceding Bection Ilct, is abewt 39,000 1/V for 0OB
and 10,000 T/V feor BB,

Therefore. where the shbeve niniaus ccomaical plant

oigen ave set for the Buvaiti 80D ond I plante




respectively. the eperating facter of the PR piant

at the start would be auch higher then that of N

(3) Axarladidity of Amarliacy Rem Nassrislt. Satalisl
and_Shemdsalr

BN production requires styrome ad food in oddition
te butadiene., and the mmber of chenicala required

for it is greater than for BN,

Inasmuch as all of these row materials and ehoadcal s
will have te be tmperted, 1S should de advantagecwe
te minimise the reguired sumber of rov anterials and

chomicals.

(V) Eraduciiss lenassmenl

Comparioon of SBR and IR shows thetl R gensrelly

hao sere usage than MR, Thies means thet SER preductics
emtails very complicated svans of production Sohege-
sent. In this semee, IR production should be cosior

ae cempared te BBR.




15-0 Samsinaien

3o consideration of the abeve marhiet studics and the
factors stated in "11c) Other Considerations ”, ve have
selected BB as synthetic rubber to be produced in Ruwest

and have decided on BB plant capacity of 33,000 tems/year.

Bn comoideration of the teotal prespective demand for
BD produced in Kuvait and the start wp operation ot 0%
and the operation at 10X in three yoars, the start wp
@ate have beom oot ot 1981¢.

—







131 Ischmical Mudx

111-1 Plaat lecaling

(1) Rhaat AALe

Shwaida Industrial Area was propesed by the Shuaide
Area Mtherity as a prospective site for the dutadione
rubber imdustry, The site was eeclected in 1964 feor
the setting wp of an ideal indwetrial comples wtilining
the national reseurces in Buwagt. It 40 situated

50 e to the seuth of Kuwait CAty and facos the

Arabion Gulf.

In the area, a petrelownm refining plant, fertiliper

plante, ete., have already boom located and in opereation,

() hand

About 8.0 aillien og.a of the Area have been doveloped
and ferther apprenimately ¢ mé Llion sq.0 are reserved
for future entension. The land area 15 oufficiont

for the BR plant and it will be available at an enmmwel

rental fee of 755D per 1,000 sq.m.

(9) AallabAlAty af UIAAALX

According te the Bhumaidba Arce Autherity‘’s rele in




providing servicee and wttlfitics te the induetries
tn this Asrve, electiric power, vetey and fuesl goe

are supplied directly or indirectly by the Autherity.

According te the Bhmaibe Area Mstheority, sufficiont
quantitice of the sbovementioned wiilitice wenld be

supplied to the B0 plant at the border of the site.

Courrent supplying otatus 10 a0 feoldovwe!

o) LissiLis BENAL

At presemt, slectiric pover to seyved by the fellew-

ing tve power stations i the aree.

Shmatba Nerth Pover & Vater Production Station
Setal Capacitv: OO
huaibe Bouth Pever & Vater Preductiion Matien
Setal Capacity: OOUN

2a 1970, clectiric pover comoumptiion by onioting
smdustries in this Avee ves 0ISEN. A new power plent
with & capacity of GOUNN fo being construsted ot

Dovha and 4t will be conmectod to the enioting

electrical loop.

Electric pover will be supplied ot o price of
1 7411 per I,




*) Nalax

o SoalANS.Nalag

At present, shout §,080 aillteon cu.0 pory yoor
of oen vwater o tahen in by o pumping ctatiee
and distridbuted te the enisting weers at o
porice of 1.99 fille por cu.m. Alse, comatrus.
tion of an additional sean water pumping otatiew
te being considereod at the merthern part of

the Area,

. RistAlizd Balss (for precese votor and ssureo
of Seiler food wager)

A% prosent, di10tilled vater |0 served at o
price of 0.89% Pille per gallen by the Power

@ VSater Production Btations aontieonsd in

(9) o) sbove and their tetal preduction sapeacily
to 00 sillion gallens per day.

¢) Iusl a8 (Beturel Gas)

At precent, sbeut 00,000 méllten cu.f%, por yoor
of maturel gas 1o suppliod at o price of 0.09 Pille

por ¢9.0.




After completion of a mew LG plant the price will
be changed. It is suggested by the Autherity that
the price will be 20 Pille per thousand standard

ew.ft. (as 1,000 PTU gae), for reference,

(V) Bardax Racilitiss

T™he enisting harber at the Shuaibe Industrial Ares
(Port of Shwaiba) consists of the Bhwaida Commercial

Narder, the Darge Narber and the 04} Pier.

The Commercial Narber 1o wtilised for the inpgertation
of materiales and cquipment required for the industries
in the Area, as well as for the eapartation of products
of the fertilisers and sulfur industrics. The 641}

Pier is utilined te handle oil preoducts and liguid

ammenia fer esmnpert.

The onisting port facilition of the Commorcial Noarder

are as fellows:

Five berths with depths varying between 3 and 37 (¢,
(for 35,000-50.0000WT), having a tetal hadling
capacity of about 1 million tens por yeor.

Pive crames with capacities of 3 tone and ) tone

are previded on the main mele,
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(3)

(6)

The Shuaiba Arca Authority has a new harbor expansion
plan with a depth for 65,0000WT cargo and cranes with
capacity of 10 and 30 tons at the northern part of

the existing port.

Harbor capacity will be sufficient for exporting the
BR.

Bax Material Sunply

According to the Ministry of 0Oil, sufficient quantities
of butane will be readily supplied from the existing .

or the new LPG plant by pipeline.

The price will be current F.0.B. price for export,
which is presently estimated to be 120 US dollers

per ton.

kabkes Force

Though recruitment of skilled and unskilled labor

from Kuwaiti nationals seems not easy due to its
limited population, past experience shows that a
number of huge construction projects have been carried
out in Kuwait hiring immigrant labor forces from
neighbouring and Asian countries. Therefore, no
major problem is foreseen as to the availability of

Jabor force.
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111-3 Pradustion Acheme

Production scheme for 83,000 tons per year of BR based

on butane is illustrated in Fig. III-1,

The scheme consists of a butadiene production section and

a BR production section,

Butane fraction from the LPG plant is charged to a feed
prefractionator and purified to over 98 percent of normal
butane which is a required purity for the feedstock for
the butane dehydrogenation plant. Isobutane removed
from the feed prefractionator will be sold as LPG or semt

back to the LPQG plant.

In the butane dehydrogenation plant, normal butane is
converted to butenes and butadiene. The butadiene rich
stream is processed by the extraction feed prefractionator
to enrich the butadiene content, and is sent to the

butadiene extraction plant,

In the butadiene extraction plant, butadieme is recovered
with a purity of over 99 per cent as the feedstock for the

BR production section.



The streams removed from the extraction feed prefractionator

and butadiene extraction plant consisting of butane amd
butenes are recycled to the dehydrogenation plant to
yield more butadiene. Finally, butadiene is polymerised

to the product in the BR production sectiom.







Licensing availability

Licensor in thie stage

o Air Products and Chemicals Available
(USA)
(Houdry)

© Phillipa Petyoleum Available
(UBA)

S

Nowdry Single-Stage process (Catadiene process) and
Prillips Two-8tage process are currently available

for production of butadiene from normal butane.

In the Moudry Catadiome process, which utiliges
catalyst comsisting of activated alumina impregnated
with chromic oxide, n-butane is dehydrogenated to
butadiene in single-stage reactor by the following

reaction at an elevated temperature (393-676°C):

Bacause of the thermodynamic limitations, the




conversion per pass to butadiene from normal butane
is not complete and unconverted reactants are separated
in the following butadiene extraction plant and

recycled to the reactor.

In the Phillips' Two 8tage Process, normal butane is
dehydrogenated over chromia-alumina catalyst in the
first stage. Produced butenes are separated from
butane by extractive distillation. Unconverted
butane is recycled to the first stage of reactor.
Butenes and small quantities of butadiene are dehydro-
genated in the second stage of the Phillips process
named 0-X-D process (Oxidative dehydrogenation

process).

The Phillips O0=X-D process itself seems attractive

in the case where butenes are available as the feedstock.
However in Kuwait, as normal butane is the feedstock,
Houdry's Catadiene Process is recommended because

it is more simple and inexpensive in investment and

operating cost than the two-stage process.

®) Rutadiens Extration




Licensor Licensing availability
in this stage

Nippon Zeon (Japan) Available

Badische Anilin und Not confirmed
Soda-Fabrik (BASF)
(F-R-Germany)

8hell Chemical (UsA) Not confirmed
Phillips Petroleum(USA) Available

Union Carbide (UCC) Not confirmed
(USA)

Extractive distillation method is the most common
and recommendable technology to obtain butadieme

from dehydrogenated mixture.

The characteristics of each process lie in the

solvent and its usage.

Essentially, butadiene is selectively solved in a

solvent and then separated from the solvent by

stripping.

Table I1I-1 shows typical properties of solvemt

used in each of the process.




Table 111~1 Jxpical Fropertics of Solyent

A,
Licensor Nippon Zeon BASF Shell Phillipe

Dimethyl N-methyl Acetonitrile
Solvent Formamide Pyrrolidone (ACN) Furfural
(DMF ) (NMP)

Molecular
Weight

Boiling
Point 153 - 185 304 - 309 80 - 83 168

73.09 99,113 k1.08 96.08

:géogj' 0.944(25°C) 1.0%0  0.788(1%°C) 1.164

Solubility

""?:::; 39 a6 16

1,9 Butadiene
(NL/§L at 82
20°C)
Selectivity
‘s Coetfo 1060
%0°c)

The recommendable processes are the Nippon Zeon's

(GPB Process) and BASF's by their higher selectivity
of th: solvent, which enables an effective separation
with smaller solvent flow rate and higher quality of

product.

While the BASF process employs NMP (Nemethyl pyrrolidone)
as a selective solvent with a 5-80 vol. percent of

water, the GPB Process adopts DMF (Dimethyl Formamide)




without water. One of the important considerations

is how to solve the problem of plugging caused by
polymerigzed butadiene in the process. In the GPB
process, polymerization inhibitor which is easily
available as a common chemical is added in the solvent.
In BAB 's process, the water is added in the solvent

to reduce the operating temperature since the
polymerigation reactions tend to occur at a higher

temperature,

However, the solubility of butenes-butadiene hydro-

carbons is tremendously reduced by the presence of water.

Another important problem is to prevent a formation

of popcorn polymer of butadiene caused by the

Presence of oxygen. As water contains trace of
dissolved air (oxygen), the processes using the solvent
with water had been developed special technologies
such as complete purging of oxygen from water or

addition of some chemicals as inhibitor.

(8) BB Production

Licensing availability
in this stage

o Japan Synthetic Rubber(Japan) * Available

Typical Licensor

o Phillips Petroleum(USA) * Available




Firestone Bynthetic ° No
Rubber & Latex (USA)

B. F. Goodrich Chemical * Available
(USA)

Polyser (Canada) Available

Goodyear Tire & Rubber Available
(USA) (Negotiable with Licensee)

Nippon Zeon (Japan) Will be available
Chemische Werke HUls(F.R.Germ.) Available

The licensors marked with an asterisk, can license
both patent on catalyst and process know-how, while
the other three licensors have their processes
available for licensing, but their patent situation
has not yet been confirmed. For BR production,
solution polymerization processes are the most common
technology and they are characterized by the type

of catalyst as shown in Table III-3.

Table I1I1-2 Tygpe of Catalvet and Folymer Confisuration

Type of Catalyst Ozig:::;r t
Cis 1.4~ Trans 1.4- 1.3-

Nickel-based Japan Synthe- 97 1 -2 1 -2
tic Rubber

Cobalt-based Goodrich Gulf 96-.98

Tithanium-based Phillips 9k
Petroleum

Lithium Firesvone &0




Most BR made by the processes listed in Tabls I111-8
have a high and medium cis=1,4 content which exhibits
advantageous characteristics. The Firestone catalyst
gives approximately equal cis-and trans 1,4 content
but a narrow range of molecular weight distribution

is expected.

All processes consist of the following steps commonly.

1. Chemicals and catalyst preparation
3. Butadiene monomer and solvent purification

3. Polymerigation with refrigeration system

h. Solvent and unreacted butadiene recovery

S. Polymer drying and finishing

For each step, a number of important know-how and
techniques for design and operation have been developed.

For example:

Type and preparation method of catalyst

Solvent selection

Heat removal system

Polymer, solvent and unreacted butadiene separa-
tion

Systematic handling of viscid and solid materials




«) Butanc Rehxdrossmatiss Plaat

(Moudry Catadiene Process)

FPig. I11-3 shows a simplified flow schome including

feed prefractionator.

Eincens DPeacrintion

The n-butane and butemes of a pre-deterwmined
purity from the bottom of the feed prefractionator
is preheated to the reaction temperature in

the heat exchanger and furnace and them charged
to one of the reactors. Normally three or

more reactors are employed for cyclic opera-

tion as follows:

o Operation (Period 5-10 minutes)
o Regeneration (Period 3-10 minutes)

o Purge and Evacuation

Not hydrocarbon vapors from the reactors are

led into the quench tower where the vepors are




reduced in temperature by heat exchange with
the circulating quench oil stream. Polymeriged
hydrocarbons formed by side reaction in the
reactor effluent are absorbed by the quench

oil stream.

Effluent gases from the quench tower are
compressed by the compressor and then liquid
condensate is separated. This compressor is
also used for making the reaction section

Vacuwum.,

The vapor is charged to the absorber for
rejection of propane and lighters. Absorbent
containing butadiene-rich product is charged

te the stripper.

The butadiene rich product is stripped from
absorbent and charged to the depropaniszer
where essentially all of the propane lighter
components a.e separated from the butadiene
rich product. Depropanizer bottoms product

is sent to the butadiene extraction section.

In the regeneration period, compressed and

heated air is passed through the reactor for

e 101 -
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heating up the catalyst bed to the initial
reaction condition and additionally burning
the coke deposited on the catalyst during the

preceding reaction period.

Columns

Quench tower
Hydrocarbon absorber
Hydrocarbon stripper
Depropaniger

(Prefractionator: mnot included in the

Houdry process)

Reactors
Dehydrogenation reactors
Other Equipment
Air heater
Charge heater
Hydrocarbon compressor

Air compressor




¥ 7 PREFRAC T IONATOR CHARGE HEATZR EACTO
" 59BUTANE - : CHARGE. HEA REAL
e oo e ]
F=~~- BT =-=-=- B A
| |
CUTANE FEED ! j
|
RECYCLE FEED ! |
oA | X
|LEXTRACTION ! !
} P
|
—+——3= HOUDRY DEHYDROGENATION

|
|
|
|
!
|
|
I
|

_AIR HEATER
————— P - - - - - - | TSeecccaa- L <4
wunNCHE
DE -PROPANIZER
_

SECTION 1




rasat

nzalER

ABSCRBER COMP oR
¢ RIPPER

REACTOR

- - -t ' £ VACUATION
---------- l- - e W —L --’J -
|
|
|
l= CEASTE HEAT
QUENCHER
e

e JAPAN MM oo LT®

Fig Te SMPFIED FLOW STHEME. OF

DATE _ e T e i A.m..‘&!..:.._ P
DRW'N (ol W% AFP D
b- — s - — o——ee- v . . -".:\;
"‘ 'o ] * RS h

- 103 ~ 104 -

| SECTION 2




As butadiene content in the product stream
from the dehydrogenation plant is low (about
15 per cent), this stream is charged to the
prefractionator to enrich the butadiene
content and reduce the overall butadiene

production cost.

The fractionator consists of two columns.

In the first column, hydrocarbons having higher
boiling point than that of butadiene is separated
by distillation. Overhead stream containing
butadiene is charged to the following extrac-

tion plant.

The bottom stream of the column is charged

to the second column in which heavier hydro-
carbons than butane formed in the dehydrogena-

tion plant is removed.

Butane fraction from the second column is

recycled to the dehydrogenation plant.




b.  MNador Esuiament

Columns
Fractionators

Othe:r Equipment
Condensers

Reboilers

c) Batadisnc Extraction PAaRt

(Nippon Zeon Co.'s GPB Process, as a recommendadble

example)

Fig. 1I11-3 shows a simplified flow scheme including

feed prefractionators.

o. [Execess Peacrintisa

Lirst Extractive Pistiliation Aectiem

Butadiene-rich stream from the top of the
prefractionator is charged to the first
extractive distillation columm, in which
DMF solvent is pumped to the top. In this
column, butadiene and a part of butemes are

solved in he solvent,

The column overhead stream, consisting mainly

o 108
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of butane and butenes, is recycled to the
dehydrogenation process. The solvent stream
from the bottom of the first extractive distillae
tion column containing mainly butadiene is
charged to the first stripper, where the hydro-
carbons containing butadiene are stripped from
the solvent which is then cooled and pumped

back to the first extractive distillation column.
The stripped hydrocarbons are charged to the

second extractive distillation column.

fecond Extractive El ‘Itillig‘gn Sectiocn

The DMF solvent is pumped to the top of the
second column to dissolve components more
soluble in DMF than butadiene. The column
overhead vapour, which is butadiene containing
trace impurities, is condensed, and net over-
head is charged to the straight distillation

columns for final purification.

The solvent stream from the bottom of the second
extractive distillation column is pumped to
the second stripper, where the remaining hydro-
carbons are stripped form the solvent, which
is then cooled and pumped back to the first

and second extractive distillation columme.

o 100 «




St t stillat Sectio

Small amounts of impurities still present in
the butadiene fraction after the two stages
of extractive distillation are subsequently

removed in the straight distillation section.

The first fractionator removes impurities of
boiling point lower than that of 1, 3-butadiene,
and the second fractionator removes impurities
of boiling point higher than that of 1, 3=

butadiene.

felxant Recovery Ssctign

The process solvent includes very small amounts
of water from raw C‘. feed and polymers formed

in the system. The drainage from the separa-

tor and small side-stream of the circulating
solvent are sent to the solvent recovery section,
which consists of a low-boils removal column

and high=boils removal units, to eliminate the
above contaminants. The recovered solvent is

then recycled to the main process.

e 110 «




b. E ent

Columns
First extractive distillation column
S8econd extractive distillation column
Strippers
Fractionators

Other Equipment
Condensers

Reboilers

(3) MR Preduction Facilities

(Japan Synthetic Rubber Co.'s JSR BR Process, as a

recommendable example)

Fig. 1I1-4 shows a simplified flow scheme.
o) Process Pescription
Recovered and recycled solvent from solvent stripping |

section is purified by distillation in a series

of columns, Butadiene, water and non-volatile

- 111 -




material contaminating the solvent are removed.

Butadiene, both fresh and recovered from butadiene
stripping section, is purified by distillation in

a series of columns.

Water and contaminating impurities such as by-

produced dimers are rejected.

t st Chemical Pre t Sectio

Catalyst solutions and chemical solutions such as
shortstopper, antioxidant and inhibitor etc. are
prepared separately beforehand to be charged into

the polymerization section.

ont ous Polymer tio ect

Purified butadiene and solvent are pumped separately
at prescribed flow rates, precooled through respec-
tive precoolers, and both streams converge into
single stream entering the first reactor in the
chain. Catalyst streams are also mixed in this
stream to initiate reactions, and while passing
through the reactor chain exothermic polymeriza-
tion of butadiene takes place, giving polymer cement

of a high viscosity. The removal of reaction heat

- 112 -




at this stage is quite an important problem, and
from such view, reactors, agitators, as well as
cooling system utiliging a refrigerant are specially
designed to ensure steady and effective polymeriza-
tion. Shortstopper is added into polymer cement
emerging from the last reactor in the chain to
terminate polymerization, followed by the addition
of antioxidant into the stream to protect products

from degradation.

Biending Section

The polymer cement is led into one of blend tanks
which serve as both intermediate and buffer tanks,
where it is homogenized by mixing as a lot of product,
then subjected to process control test to assure

the final products meeting specification limits,

then pumped to the succeeding monomer and solvent

stripping section.

Solvent and Unreacted Monomery Strippins Sectign

The solvents and unreacted butadiene are removed
by the addition of steam. The polymer cement from

the blend tanks enters the first stripper in the chain.

S & I




When oil extended types of rubber are being produced,
the oil is continuously ngterod into the stream of
polymer cement, homogenized through the line blender
and fed to the first stripper. In the first stripper
the polymer cement is coagulated and coverted into

a slurry by the addition of recycle water and by
vigorous agitation, then flows into the second and
third strippers under similar conditions and pumped

into the crumb slurry tank.

Vapors of solvent and unreacted butadiene removed
by steam stripping from polymer are condensed and
separated from water by decantation, then recycled

to the respective purification sections.

Liaishing Section

From the crumb slurry tamnks, which are provided
as a buffer, crumb slurry is pumped to the shaker
screen where water is removed from crumb slurry and

partly recycled to the stripping sectiom.

The separated crumdb is then fed to the drier for
further dewatering, subsequently dried through the
expander to a moisture content below specification

limit. The dried rubber crumb is fed through

o ll4 -
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conveyors and weigh scale to the baling press, through

wihich compressed imnto a bale,

The bales are carried by comveyors, visually inspected,
scamned for metals, then wrapped and packed for

shipment ,

Nadar Resisment amd Mechinerx

Column
Butadiene purification columme
Solvent purification columms
Stripping columms
Reactor
Reactors with agitator and refrigeration system
Other Equipment & Machinery
Finishing System
Shaker screem
Dryer
Elevator
Baler
Blow down tanks
Crumb slurry tamkes
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(3) Offsite Faciljties

a) Utilit cilities

Utility requirements for production of 25,000

tons per year of BR based on butane feedstock are

shown in Table III-3.

Table I1I-3 Estimated Utility Reguirements

PButadiene Offsite

Production BR Total
Production

Electricity KWH/H 860 1,800 350 3,010

Steam T/H 48 a(vpmzice @ -
37

Process water MS/H (Condensate 24 75 63

3 recovered)

Cooling water M°/H 3,700 1,000 100 & ,800
‘ 6

Fuel MM kcal/H(Produced) 69 63

Nitrogen NM3/H 80 4w - 120

Instrument Air NM3/H 4o0 200 30 630

Since most of the above utility requirements are

fulfilled by the Shuaiba Area Authority, the necessary

utility facilities for the BR production plant to

be built in the Area are as follows!
. Electric substation

. Steam boilers

- 119 -




v) Tank and Yarchsuas

a. The following tanks are provided for storage
of raw material and intermediate products.
All of the tanks are of the spherical type.
Capacities of the tanks are determined to store
two or seven days' each of material depending

on the nature of the substance stored,

o Raw material two wnits
o lIsobutane two "

o Butadiene rich intermediate two "

o Butadienes twe "
(with cooling
equipment)

o Raffinate two "

o Off spec. butadiene one "

b, Warshouse to store 43 - 50 days' product {»
provided. Around 3,500 sq.a. of area of the

warehouse is required.

c) Xaate Rismesal

s Maate Natax

Approximately 1,900 toms per day of offluent

o130 -



vatsr contaminated with small amount of hydro-
carbons and rubber particles come out of the

plants. The waste water is disposed of by a settler
and then activated sludge treatment, The kind of
facility will be selected after butadiene and

BR processes have been determined.

f >. Naate Polxmar

VWaste polymers such as scraps collected in

plant cleaning are burnt in an incinsrator,

c. Naate Gas |

Outlets of all pressure safety valves are
conmected to the relief header system and

burnt at the central flare stack.

4) Sihar Fasilitiss

Other facilities to be considered are listed bslow:

AMuinistration building and- equipment |
Laboratory building and equipment

Maintenance shop and equipment

Material warehouse

. Firefighting facility

o I8l -




Fence
Roads

Parking yard
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II1-3 Flant kayout

The

most recommendable site for the BR plant in the

Shuaiba Industrial Area is tentatively selected as shown

in Fig. 111-% while the final selection should be made by

the

The

The

the

Authority,

site faces the coastline and is adjacent to the new

plant which will supply raw material to the BR plant.

required area is 375,000 sq.m. (750m x 300m) including

space for future expansion.

Overall layout as shown in Fig. 111=-6 is proposed taking

the

following items into account.

+ Easy access from the existing road

« Effective material handling

« Consistency with activity relationship diagrem

+ Future expansion to double the presently proposed
production capacity

« Other factors such as safety, environmental protec-

tion, etc.

-13) -
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111-6 constiuction

The construction schedule by category of work will be as
shown in Fig. IIl-7.
Overall construction period including detailed sngineer-

ing and test operation is estimated to be thirty-four months.

While local contractors will be invited to bid for civil
work in the sixth month from the start of the project,

when the basic design data for civil work will be completed
by the prime contractor, actual construction work at the

site will start from the tenth month.

Required period for the site preparation work will be
minimal since the geological conditions are very favorable
in the Shuaiba Industrial Area. The first items to be
constructed on the site will be field offices, temporary
facilities and fabrication shops, and then construction of

the foundations will follow.

Equipment and materials, for which orders will have been
laid during the detailed engineering period, reach the site
and erection will start after the sixteenth month from the

start of the project,

A peak of work laad will be reached from the seventeenth to

el -




twentieth months when the structural steel will be built

and major equipment erected.

Another peak period will be from the twenty-fourth to
the twenty-sixth month, during which pipes will laid and
electrical, insulation and painting work will be carried

out,

At the end of the construction period, preparative work

for start-up such as leak testing, drying of systems, ’
running-in of machinery, calibration of instruments,

catalyst loading, etc. will be started. From the thirtieth

month, test operation will be started.
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I11-7 Personnel and Organization

An example of organization recommendable for successful

operation of the BR factory is presented here. Fig.I1I1-8

shows the organizational structure and required number of

personnel as well as their qualifications. The whole

factory, headed by general director, will consist of three

departments, namelyt! Administration, Production, and

Utility & Maintenance. The Sales Department will be

organized separately from the factory.

a)

b)

c)

Administration Department

This department will consist of the Adwministration,

Accounting, Purchasing and Shipping Service Sections.
Production Department

1
This department will consist of the Production Planning,
Technical Service, Butadiene Production, BR Production 1
and Laboratory Sections, and will be responsible for |
production planning, technical services, plant operation : ‘
with quality control and safety. 1

te c e t t

This department will consist of the Utility BSection,

- 132 -




and Maintenance & General Service Bection. The latter

section will be responsible for the daily maintenance.
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IV. hconeaic Btudx

Iv-1 ganital Raguixaments

Capital requirements for the butadiene and BR plants

are estimated on a 1976 basis and are broken down

as shown in Table IV-1, 3 respectively,.

Total capital requirements of this project on a 1976

baais are 93.26 Million USS and broken down as shown
in Table “'30




(1) Butadiene Production

Table IV-1 C tal Re t ()
Pro tio

(Units 103 Us$)

Productt Butadiene
Processt Butane Dehydrogenation &

Basis Butadiene Extraction
Capacitys 25,000 T/Y
Foreign Local
Items Currency Currency Total
Investment
Material & Equipment® 17,300 830 18,13
Engineering 6,140 - 6,140
Construction 8,2%0 7,860 18,710
Contingency 4,030 1,160 5,190
Royalty & Licence 2,410 - 2,h10
Initial Charges of
Catalyst & Chemicals 630 - 630
Start-up Expenses 790 - 790
Battery Limits 39,530 9,450 49,000
Offsite 4,610 1,920 6,530
Total Investment 44,160 11,370 55,530
Working Capital 1,460

®) 1Including Freight Cost and Spare Parts

-1% -




(2) MR Preduction

Table IV-2 Capital Reguirsmonts for MR Productign
(Unit: 107Us$)

Product : BN
Basis Process: Polymerigzation & Finishing
Capacity: 253,000 T/Y

Foreign Local

Items Currency Currency Total

Investment

Material & Equipment®* 10,330 540 10,860

Engineering 3,330 - 3,580

Construction 5,230 3,590 8,820

Contingency 2,300 860 3,160

Royalty & Licence 1,720 - 1,730

Initial Charges of

Catalyst & Chemicals 9 - %0

Startup Expenses 1,6%0 - 1,6%0
Battery Limits 24, 760 k,990 29,7%0
Offsite 5,630 2,3% 7,980
Total Investment 30,390 7,380 37,730
Working Capital 3,100

*) Including Freight Cost and Bpare Parts

-l




(3) Ietal Capital Requircments

Table IV-3 Total Capital RegMiLsmeRil

(Unit: 107 USS$)

Foreign Local

Currency Currency Total

Item

Investment

Material & Equip- 27,630 1,30 28,990

ment

Engineering 9,660 - 9,660

Construction 13,480 11,050 24,33

Contingency 6,330 2,080 8,350

Royalty & Licence &,1% - &,13%

Initial Charges of

Catalyst & Chemicals 630 - 650

Start-up Expenses 2,440 - 2,440
Battery Limits 64,310 14,440 78,750
Offsite 10,340 4,270 14,510
Total Investment 74,5%%0 18,710 93,260
Working Capital 6, %60
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IvV-3 Rraduction and Aalss Schecils

Based on the previous section "II-4 Conclusion" of "II.
Product Selection", Production and Sales Schedule of the

project is shown in Table IV=k,

Operating rate of this plant in the first year of its
operation, 1981, will be 70% and 100% operation will be

attained three years later, i.e., in 198&.

The sales values of the product, both for domestic and
overseas markets are, as mentioned in the section "II-1{
Synthetic Rubber Market", calculated on the basis of

constant unit price of 830 $/T, throughout the project

period.

-l”-
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V-3 0 t Cost
(1) Basis for Production Cost Egt;..!;gn

Basis for production cost estimation on the project,

on an actual 1976 basis, is shown in Table IV-5, which

is based on data and information collected from the

government offices of Kuwait (Ministry of Commerce and

Industry, Shuaiba Area Authority, Ministry of 0il) and

also from some companies both at home and abroad.

Table IV-5 PBasis for Production Cost Estimation

1. Prices of Raw Materials

Butane

b. Catalyst & Chemicals

for Butadiene
for BR

2. Prices of Utilities

a.
b.
C
d.

Electricity
Process Water
Cooling Water
Natural Gas

Nitrogen

- 14) -

120 $/T

73.8 $/T of Product
13.8 $/T of Butadiene
60.0 $/T of BR

0.33 ¢/xw
18.33 ¢/m’
0.67 ¢/m>
18.10 ¢/M&Kcal
5.00 ¢/m’




3.

6.
5.

6.
7.

Salaries and Wages®
a. Manager
b. Engineer
ce Operator

d. Labor

23,000 /Y
83,000 /Y
10,000 $/Y

3,000 $/Y

*) Including Fringe Benefit

Annual Rental Fee on Land
Depreciation

a. Depreciation Method

b, Depreciation Period

c. Salvage Value

Income Tax

Financial Condition

a. Paid-in Capital

b. Local lLoan

o Repayment Method

o Repayment Period

o Interest

(3) [Eraduction Cost Eatimatisn

250 §/1,000m"

Straight Line Method
10 Years
0

Pree

60X of Imvestment

40K of Investment
Repayment of principal
in wniform installments
10 Years

b}

Production Costs of the product BR for each year are

estimated based on Tables IVeti,

in Table IV-6,

-3 and -3, as shown
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Iv-4  Profitability

(1) galculation of Cash Infley

As can be noted from the figures in the left-hand
three columns of Table IV=7, this project is to run

in the red throughout the total period of projection.

Though the cash inflow would turn into a plus in the
second year after start of operation, the total cash
inflow over the entire study period is small as

compared with the capital requirements.

Therefore, without any calculations, it is clear that

this project is not economically feasible.

.l“-
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IvV-5 lysis O oduc t ost

To determine the cause of nonprofitability of this project,
a comparison has been made between the current world
butadiene price of $350/T and the butadiene production cost
at the first-stage butadiene production section of this

project.

Given in Table IV=8 is the estimated average production cost
of butadiene by this project on the assumption that the
butadiene plant is operated at full capacity (i.e. 25,000 T/Y)

throughout the 10-year project period.
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Table IV-8 t t o

t e

(Unit: U$$1,000)

Items Butadiene: 2%,000T/Y

Variable Cost
Raw Materials
Catalyst & Chemicals

Utilities

Sub~total

Fixed Cost
Operating Labor & Supervision
Depreciation
Interest
Maintenance & Repairs
Property Tax & Insurance
Rental Fee on Land

Plant Overhead

Sub~total

Factory Cost

General Expenses

Annual Production Cost

Unit Production Cost ($/T)

International Price of Butadiene

($/T)

6,000
346
299

6, 643

5,553
611
1,388

535
A7
83

9,058
13, 703
873

16,578
Jﬁ
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As can be seen, the butadiene production cost by this
project comes to as high as $663/T, which is nearly double
the recent international butadiene price of $350/T. This
can be considered to be the primary reason for making this

project non-profitable.

For reference purposes, Table IV-9 gives the average produc-
tion cost of BR for a 10~year project period on the basis

of 25,000 T/Y production using feed butadiene at a present
international price of $350/T. The calculated cost of
$795/T for BR is a little less than the present international
price of $820/T, and this fact suggests that the cost of

butadiene as intermediate product apparently has a harmful

effect on the profitability of this project.




Table IV-9 Production Cost of BR (23,000 T/Y)

(Unit: US$1,000)

Items Production Cost

Variable Cost

. Raw Material(Butadiene 3%08/T) 8,750
Catalyst & Chemicals 1,%00
Utilities 208
Sub~-total 10,458

Fixed Cost
Operating Labor & Supervision 1,643
Depreciation 3,778
Interest §19
Maintenance & Repairs 943
Property Tax & Insurance 377
Rental Fee on Land &7
Plant Overhead Cost 164
Sub-total 79,’61
Pactory Cost 17.819
General Expenses 2.0%0
Anmual Production Cost 19,869
Unit Production Cost (§/7) 23
International Price of BR($/T) 430
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IV-6 c cre t en r ct t

A larger butadiene production plant can provide economies
of scale. Therefore, a study has been made for the

cases where the butadiene production capacity of 25,000
T/Y is increased to (1) 50,000 T/Y and (2) 90,000 T/Y which
is the world's largest scale at present. The results are

indicated in th~ following Table IV-10.
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Table 1IV-10 Production Cost of Butadiene

(Unit: US$1,000)

*percenYa‘e to

Butadi Prod ti T/Y
Leems adiene Production(T/Y) Production Cogt (%)

25,000 50,000 90,000 25,000 50,000 90,000

Variable Cost

Raw Material 6,000 13,000 21,600 38 &3 51
(1208/T)

Catalyst & 346 792 1,246

Chemicals

Utilities 299 598 1,076

Sub-total 6,645 13,390 23,9322 A3 50 56
Fixed Cost

Operating Labor 822 823 822

& Supervision

Depreciation 5,559 8,417 11,976 36 b1 28
Interest 611 936 1,318

Maintenance & 1,788 2,104 2,994

Repairs

Property Tax 555 8k3 1,198

’ & Insurance

Rental Fee on 4?7 A7 &7

Land

Plant Overhead 82 82 82

Sub-total 9,058 13,240 18 437 58 50 (1Y
Factory Cost 15,73 26,630 42,3%9

General Expenses 875 1,750 3,150

Annual Produce 16,578 28,380 45%,%09 100 100 100
tion Cost 66
Unit Production :QQ :Qﬁ

Cost ($/T) 4
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As is clearly noted from the foregoing table, the
butadiene production cust by this project remains above the
international price level even if the production capacity
is raised to 90,000 T/Y. This suggests the fact that the
high cost of butadiene in this project is attributable to

the high cost of feed butan-.

Incidentally, where the butadiene production capacity is
increased to 530,000 T/Y or 90,000 T/Y, the plant will natural-
ly create surplus butadiene as shown in Fig. IV=1 and this
project cannot be viable unless these surplus can be sold

outside.

Though the marketability of this surplus butadiene is out-
side the scope of this feasibility study, the following
discussion assumes that it can be marketable at the inter-

national price.

Fig.IV-1 DBlock Flow for Increassd Butadiens Production

Butadiene Production @ BR Productien

H Butadiene , BR J-—->25.000 /Y

(5o:ooo)

o\ Butadiene
) v 6%,000 T/Y
(25,000 T/Y)
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The following discussion is intended to determine the

1
l
IV-7 Effect of Price of Raw Material Butans !
|

price level of feed butane at which this project can

be viable.

The figures assumed for this discussion are as follows!

Minimum required rate of return 5%
Production capacity of butadiene 90,000 T/Y
Products

Butadiene 65,000 T/Y

BR 25,000 T/Y
Prices*

Butadiene 350 §/T

BR 830 §/T

*) international price

Calculations based on these figures indicate that 30 $/T
is the butane price that can both attain the minimum rate
of return and provide butadiene and BR at international prices.
As a reference, the butane price and butadiene production

cost are plotted in Fig. IV=-2.
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Production Cost of Butadieme ($/T)

- e t
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400 ¢
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V-1 Vocational Training

(1) Personpel to be trained

One hundred and twenty-nine people who marked with
asterisk in Fig I1I-8 are concerned with vocational

training.

(2) Qualification of Trainecs

Following are recommended basic qualifications of

trainees to be trained after recruitment.

a) Irainee as future engineer (or head):

Graduate of university, college or equivalent, more
than 2 years' experience in an industrial firm is

preferable.

) Irainee as future foreman (chief operater):

Graduate of high school with more than 3 years'
experience in similar industrial facilities such as
petroleum refining or petrochemical or fertiliser

plants.
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c)

a)

Graduate of high school or squivalent

(3) Recommended Training Procedures & Curriculums

Recruitment and selection of engineers & foremen

should be done at an early stage of the field work
commencement. It is expected that these engineers
or foremen will play an important role in the site

training for the operators and technicians

It is recommended that a minimum of three (3) months'
training is to be provided for engineers and forsmen
at the butane dehydrogenation, butadiene extraction
and BR plants which will be arranged by process

licensers respectively.
In the training course, the following general instrwc-

tions on plant management should be given for engineers

and foremen.

Lok enginesxs:

a. General knowledge of the production plants

(Processes includsd in a typical BR productionm,
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b,

f.

h.

functional relation of each unit, etc.)
Organization for the production facilities
(Organization and function, manning plan and
control, etc.)

Production management

(Production planning, cost accounting, schedule
control, etc.)

Products control

(8torage and expedition, product quality comtrol,
etc.)

S8afety control

(S8afety measures, safety for works, pollution
control, etc.)

Calculation drills

Maintenance planning

Observdtion of start-up & shut-down

Lak foremen:

General knowledge of the production plants
Training and supervision of operators
Data control and analysis

General knowledge of instruments

Safety control

Basic operating techniques of equipment
Practical training on actual process plant

Visit to equipment suppliers' factories
(pumps, compressors, heat exchangers, etc,)
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b)

As for instrument trainees, normally instruments

suppliers are ready to provide such a training

course and facilities within their own offices or fac-

tories to train those personnel who are concerned

with plant operation and maintenance for instruments. |
80 the most of the practical training can be conducted

by utiliging such services.

Training for operators and technicians will take place
at plant site. The following training curriculum

and minimum training period are recommended.

a. General explanation about the 1 week

production facilities and products

b. Instruction of basic operating 2 weeks

techniques of equipment
(Valve, rotating machine handling,
instruments handling, etc.)

€. 8pecific and intensive instructions 3 weeks
on each process plant '
(P & I drawing study, initial start-up, |
shut-down, emergency procedures,

instruction books study, pollution

control, etc.)
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d. Practical training at plant 12 weeks
site
(Witness hydraulic test, water
flushing, instrumentation loop
test, leak test, piping check,
water circulation, dummy operation
to emergencies, etc.)
e. Initial start-up & performance 20 weeks
test
According to the above-mentioned training schedule,
at least period of 18 weeks before the start-up

should be secured for training.

Practical training at plant site is the period in
which the upgrading of trainees' ability is highly
expected. Therefore, stress should be placed on

this period. Well-combined with construction schedule
and well-coordinated training programs should be

provided.

The time schedule for vocational training is shown

1“ 'i‘l V-l-
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V-2 Froject Implementation

’ The result of the present study has indicated that the
production of BR in Kuwait is infeasible under a given

’ set of conditiona.

This is mainly due to the high cost of butadiene, or of
butane from which the butadiene is manufactured. But

the above statement does not exclude all possibilities

. of providing BR in Kuwait.

As suggested in the alternative study, the project will
become feasible if it is provided with butadiene feedstock
at an international price, or if the raw material butane
is supplied at a low price. It is dependent on a policy

decision of the Government authorities concerned.

The following suggestion would be of use for consideration
of the necessary steps for the implementation of the

synthetic rubber project if the Government decides to proceed

with the project.

(1) Setting-up of the implementing agency ‘

An implementing agency for the project should be set up.

Whether it may be one of existing Government authority,

« 16] = !




or a newly established organization, it should be
fully authorized to make the necessary arrangements

as below.

(2) Selection o Partne

The agency, in cooperation with a consultant if necessary,
should seek a partner who license technology, render
technical and marketing assistance, as well as make
financial contribution, if necessary, from among BR
producers as listed in "III-3 Production Technology".
Because manufacture and marketing of synthetic rubber
requires much technical and commercial know=how, to secure
the assistance of some established manufacturers who

have sufficient capability and reputation is strongly
recommended for a successful implementation of the project,
especially where the project is of an export-oriented

nature.

(3) et St

The agency, in cooperation with the partner as the case

may be, shall study the following items in detail on the

basis of, and as an extention of the market study carried

out by the present study.
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« ldentify customers
+ Confirm sales volume and price, as well as
product specifications required

+ Establish distribution channel

(4) Linancial arransgements

The agency, in consultation with the partner as the case
may be, shall take necessary measures to raise a fund
required for the implementation of the project. The
source of the fund may vary according to the situation.
For example, it may be a capital and financial contribu-
tion of the partner, or it may be raised from domestic
and/or international financial institutions, or it may
be rendered by suppliers of the plant in the form of

deferred payments,

(3) In-depth Project Study

The agency, in cooperation with the partner and/or a
consultant as the case may be, should carry out an in-
depth study of the project, which may consist of, but

not necessarily limited to,the following items.

o) Eaginescing Study

o 8Site definition by discussion with the Shuaiba
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Area Authority

o Process selection and definitiom
While the process for BR production will be
provided by the partner, other portion of the
production processes, manufacture of butadiene,
shall be selected based on a technical and trade
information supplied by possible licensors of
the respective process. Such information is
likely of a confidential nature, so secrecy
agreement will be necessary.

o Preparation of engineering design basis

b) Ecopomic Study

o Confirmation of sales forecast based on the market-
ing study.
o Firm estimation of production cost

o Detailed economic evaluation of the project

The above three steps, namely Marketing Study, Financial
Arrangement, and Project Study, may be undertaken as a
combined operation by a single body, which the partner
is likely to be. It may be a convinient way to invite
potential partner to provide their services to undertake
such operations as above, and select the most favorable

one as a partner.
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(6) Selection of Contractor(s)

The agency, which conceivablly will be in close-tie up
with the partner at this stage, should select a capable
engineering-constructor to undertake the execution of

the construction of the plant.

The contractor may be selected by nomination or by
bidding. Though careful prequalification and examination
of the contractor are necessary in the case of nominating,
the period of construction will be significantly short-

ened by eliminating the bid procedure.

(7) Somatruction

The selected contractor perform detailed design, procure-
wment and construction to finally achieve plant comple-
tion. In close cooperation with the partner, the agency
needs to supervise such services of contractor to check
whether they are accordant to the contract stipulations

and project specifications.
The agency, if necessary, may trust a competent and ex-

perienced consultant with the supervising work in

consultation with the partner.
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Major management services are as follows:

- Inspection and approval of design drawings
- Inspection of procured equipment and materials

- Control of construction schedule

- Witnessing of mechanical tests of equipment

- ldentification of performance

- Cost control




V-3 Ma:hetim

The most of BR produced in the world is consumed by tire
manufacturers and only a small portion of it goes to non-

tire and non rubber industries. Those minor end-users

are manufacturers of shoes, industrial goods, electric

wires adhesive and high-impact resin.

The common grade of BR currently produced is non-oil rubber,
and small quantities of o0il extended rubbers, using naphthenic

oil or highly aromatic oil. are also produced.

Therefore, first of all, the tire industry, which consumes
mainly non-oil BR, should be considered.
What is of prime importance in securing the BR market especial-

ly for tires is to maintain the guaranteed quality of products.

In most cases, tire manufacturers do not file a supplier's
name in their purchase lists before confirming satisfactory
product properties by conducting quality test which take a
long period, for example three months to two years in some
cases. Later, filed suppliers develop competition in terms
of price and supplying conditions.

Therefore, for the creation of the BR industry in Kuwait,
we recommend having a partner who has extensive experience

in industry as mentioned in V-2.
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Also many of the tire manufacturers are closely linked with
respective rubber suppliers to maintain their product
quality.

That is., the most of tire manufacturers purchase rubber of
a previously determined grade.

In this respect, experience of the partner will also prove
to be useful in identifying customers and confirming sales

volume.

Secondly, the market for non-tire industry should take into

account the expansion of future sales volume.
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