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ADDENDUM
EFFECT OF THE GULF CRISIS ON THE
INTERNATIONAL, PETROCHEMICAL INDUSTRY

The first half of 1990 had been a relatively bad vear for the
international petrochemical and polymer industries. Thare were
unexpected decreases in consumption and polymer prices were
decreasing to mid 1980 normal price levels.

Due to the above the first-half petrochemical industry results -
in the world- were generally worse than expectations. Although the
fall in bamic chemicals and polymer prices was the main reasons
for the decline in profits, in the second quarter the benefits of
lower feedstock coats were more than offset by meveral adverse
factors. These included : poor demand, further destocking,
unfavorable currency movements, weak pPricing and rising costs.

The Persian Gulf Crimis certainly became the stronge=t negative
impact in an already deteriorating profit outlook trend.
Feedstock comts have now increased significantly - due to the
increased crude ©il prices- and aithough producers are trying to
recover the effects of this through higher selling prices,
operating margins will come under further pressure.

As a result of the wider economic consequences of higher oil
prices, demand - which was already soft - will weaken further. At
the same time, pricing will be restrained by additional capacity -
now probably unnecessary due to decreasing demands- coming on
stream within the next two years.

The poor outlook for the chemical industry will impact all sectors
of the business. The more basmic petrochemical and polymer
producers will obviously be worst affacted,

However, the specialties and engineering sectors of the polymer
industry are bound to be also affected by the slowdown in global
growth. Initial estimates consider that if the current oil pPrices
are sustained, glcbal growth will be reduced by at least 0.5 % pear
vyear. The damage to certain sectors of the economy will be even
worse, For example, oil prices of $ 30/barrel or more will
strongly hit the vehicle industry, a key market for specialty and
engineering polymers. This is not good news for the US auto
industry, which even before the Iraqi invasion of Kuwait, was
having a very hard time in boosting sales, having to heavily
discount prices in order to promote sales.

The above example i=s true for consumption patterns of consumer
goods and appliances in general and many polymer producers will
'~ have to reassess their portfolios and planned expansion programs.

At first sight, it appears that we are once again at the beginning
of a recession directed period similar to the one that the World
faced in the early 1980°s, rather than at the threshold of
prosperity, progress, innovation and increased consumption
patterns, as originally forecasted in this study.

October 10, 1990.
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THE POLYMER INDUSTRIES IN ISRARL AND THE WORLD
PRESENT STATUS AND FUTURE PROSPECTIVES.

SECTION 1 - INTRODUCTION.

This study is part of an overall study, carried ocut at the Neaman

Institute, on the Future Alternatives of the Plastics and Polymers
in Israel.

The objectives of the present study are :

1. To review th: status of the monomer anl polymer manufacturing
industries in Israel at the beginning of the 1990=;: their
interrelation with the plastics manufacturing industry. To present
an analysis of the potential of this industrial sector.

2. To review the monomer and polymer manufacturing industries in
the world, at the beginning of the 1990=. To discuss global trends
of the industry and to present forecasts of supply and demand of
polymers in the various geographical regions over the next decade.

3. To discuss products innovation stemming from changes in polymer
and polymer characteristics. Technological changes that are taking
place in the worldwide polymer industry.

4. To evaluate how will the existing/potentially expanded Israeli
monomer /polymer industries influence plastics manufacturing.

5. To analyze the prement direction and interrelation of the
petrochemical industry in Israel with respect to the local plastics
industry; conmequently to propose directional change if necessary.

The information and analyses presented in this study have been
prepared by using extenmive information from :

* Various reports on the Isreseli Petrochemical Industry, prepared
by H.D.Frenkel, the Committee for the Petrochemical Industry and by
Tahal.

* Discussions, visits to the industry and other information
available to the writer in respect to the Petrochemical Industry in
Israel. Information from the Plastics Division of the Ministry of
Industry and Trade.

* Information on the world-wide status and global trends of
polymers have been prepared based on :

** SRI's Chemical Economics Handbook and other SRI reports

** Modern Plamtics

** Chem Systems reports

** Chem Intell specific products reports

** The New Face of the World Petrochemical Sector - Implications
for Develcpment Countries. World Bank Technical Paper 84 - 1988.

** International Status Report on Plamtics for 1988 ; The British
Plastics Federation, on behalf of International Plastics
Asmociations Directors -IPAD-, issued in August 1989,

** Extensive literature survey of European Chemical News 1987-1990,
and other technical periodicals.
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SECTION 2 ~ STATUS OF THE PETROCHEMICAL INDUSTRY
IN ISRAEL AT THE BEGINNING OF THE 1990s.

2.1 Existing plants and products.

The petrochemical industrial mector - defined as those industries
that produce chemicals from petroleum fractions - consimts in
Israel of six operating enterprimes, which operate fifteen plants:

Oil Refineries Ltd. - Ethylene Plant

Israel Petrochemicals Ltd. -~ Polyethylene and Polystyrene Plants

* Gadot Petrochemical Industries - Aromatics Extraction and
Upgrading plants, Phthalic Anhydride, Fumaric Acid and Aliphatic
Solvent plants

* Imrael Electrochemicals Frutarom Ltd.~ VCM and PVC plant

* Dor Chemicals Ltd.-Methanol, MTBE, Formalin and Para-formaldehyde

* Fertilizer and Chemicals - Ammonia

One new enterprise - Carmel Olefins Ltd. has recently been set-up

and is currently in the planning stages for the implementation of a

Polypropylene Plant.

* *

2.2 Industry Background,.

The total turnover of the petrochemical industry for the year 1988
was almost 250 millions dollars, 54 ¥ of this amount was earned
from export sales and the rest from local market males of polymers
and intermediates.

The lsrael plastics industry was, without doubt the major consumer
of the petrochemical products locally produced, accounting for 89 %
of total local market sales volume; i.e. slightly over 100 million
dollars.

In 1988 the industry upgraded some 550,000 tons of petroleum games
and naphtha into a total of 391 thousand tons malable (non-fuael)
products; selling in the local market some 151 thousand tons
products, including almost 100 thousand tons polymers to over 200
local customers.

Petrochemical exports reached some 240 thousand tons, including
some 79 thousand tons of polymers to some 200 customers in over 30
countries.

The total historical invemtment in the petrochemical industry in
Israel was about 345 million dollars; the current replacement value
of the various operating plants is about 420 million dollars.

The petrochemical industrial sector provides a diract permanent job
occupancy to about 1,500 people, about one third of them in direct
operations, and the rest in maintenance, engineering, technical
mervices, administrative, sales and managerial activities.

Table 2.1 presents summary production, sales and turnover
information for the petrochemical industry for 1988. .
Figure 2.1 presents a schematic overview of the industry’s 1988
operations and a schematic flow chart showing the interrelation of
the various plants. ’
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TRBLE 2.1 PETROCHENICRL INDUSTRY IN ISRAEL - 1988 (PERATIONS BEYATLIS

PROBUCT ~  PRODUCTION DESTINY AND VRLUE OF PRODUCTS TOTAL POLYNBRS

T LGCAL MARKET EXPORT MARKETS SALES PROCESSING LOCAL ARKET EXPORT MARKEYS
. M /year Mt /year $/MT 000'$/year  Mt/year $MT  000'$/year  Mtons/year 000'$/pear  Mt/year Ht/year 000$/year Mt/year 000$/year

ﬁﬁg 115,39 2,235 3N $829 2,235 $820 113,164

BENZENE © o 32,4%0 2,480 $340  $11,043 32,400 $11,083

TOLUENE 29,400 6,000 $255 $1.7110 23,400 % MLE 29,400 M.Ra

ORTHO-XYLENE 14,630 14,630 950 14,630 L9

PARE-XYLENE 12,600 12,6000 % wﬁ.o& 12,600 uﬂb&

SOLVENT XYLENE 47,600 7,000 35 $2.25 40,600 2,180 47,600 4,455

POLYETHYLENE 87,361 60,000 Mbma MPSo 21,367 $LOS $0,420 87,367 %n.g 60,000 ,000 27,367 £29,420

ﬁgxﬁm ﬁ_;ﬁ% 11,000 ,080 1,880 11,000 1,880 9,100 11,000 $11,850

pvC 79,800 21,920 $950  $26,524 51,880 $1,000 $51,880 79,800 $78,404 ' 21,920 $26,524 51,880 $51,880

METHANOL 58,500 16,000 % $4.000 24,700 80 mmhpm 40,700 m~§ 17,800

FORAL N mwm ) % $I0  $3 ﬁ 10,50 /o4 m% aﬁ 4,450

P-FORMALDEHYDE 1,600 ’ ’ 1,600 $620 $992 1,600 $992 ’

TOTAL 606,726 151,005 451 13,7193 246,207 5034 132,306 391,212 246,099 215,514 98,920 101,408 79,247 81,300
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FIGURE 2.1 THE PETROCHEMICAL INDUSTRY IN ISRAEL - FLOW CHART

S
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Ethylene to EDB
>
lull-—---l Homo PP
»
> POLY- |Copolyner PP
Propylene PROPYLENE >
60,000 t/y ]

py-gasol ine
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>
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AROMATICS

Toluene{ex+loc)

axports @special ciraumstancesJ

Xvlenes(ex+loc)
> JEXTRACTION & >
UPGRADING Derivatives
200000t /yBTX »
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2.3 Plasmtics related Petrochemical Plants in the Country.
2:3.1 MONOMERS (OLEFINS).
Location : At the Refinery; Haifa Ray. Owner :0il Refineries Ltd.
General :
Normally referred to as the Ethylene Plant, this plant upgrades gas
and liquid fraction from the refinery producing ethylene and also a
number of co-products :
* Hydrogen - partly sold as such
* Methane ~ sold and usmed am fuel only .
* Propylene - which presently is used in gasoline production and
in the LPG (cooking gas) pool, will be upgraded to polypropylene
* a Ca butadiene/butenes rich stream; only the isobutylene is
upgraded in synthesis with methanocl for the production of MTBE.
The other components-in the remaining stream- are used either as
fuel; or hydrogenated and recycled am feedstock to the =ame
plant. This stream includes a potential source for monomers for
elastomers and polymers production.
* pyrolisis gesoline ~a high aromatic stream, used as raw material
for BTX (Aromatics) extraction.

Capacity :

Demign : 200,000 tons ethylene/year. Built: for 130,000 tons/vear

Operating : 115-125,000 tons ethylene/year.

Currently being expanded to 150,000 tons/vear.

This expanded capacity corresponds to: 0.3 % of world-wide capacity

Minimum economic commercial capacity is 500,000 tons/year Ethylene.

Feadstocks:

* Flue gases from the refinery, otherwise used as fuel

* LPG, whenever in excess-over home cooking market requirements:
would otherwise be used as fuel.

* Cq stream -plant’s own co-product- hydrogenated, after extraction
of imobutylene; would otherwisme be used as fuel, until new
upgrading facilities are installed.

¥ light naphtha, which otherwise would have to be exported.

(since this plant requires more naphtha than locally available,
certain quantities have to be imported)

Invesztment :

Historical : 112 million $. Replacement Value: 170 million $.

Manpower : Direct : 86 people

Brief Process Description :

Refinery gamem are fractionated into it's components in a

distillation train; ethane, propane, butane and naphtha are steamn

cracked at high temperatures in separate furnaces. The ethane,
propane, butane and the longer aliphatic molecules of the naphtha,
are so convertad to olefins and aromaticsm.The cracked effluent is
then quenched, the lighter fraction is separated from the heavy
ends, compressed and the various components are meparated at low
temparatures in the superfractionation train. The fraction of
ethane/ethylene is first meparated from the lighter gases (Hydrogen
and methane);then from the heavier Ch+fraction.Ethylene i= =plit-
off from ethane by =superfractionation,treated and piped to
consumers. The heavier by-products are separated in additional
distillation columns.Fig. 2.3.1 presents an Overview of this plant.
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MONOMERS PRODUCTION PLANT : MARKETS, ECONOMICS AND OVERVIEW

N

Salas :(Basim: 1988 operations)

Local Market-Ethylene DISTRIBUTION OF LOCAL MARKET CONSUMPTION

Maet .Ton |$/total] 000 $ [IPE -Low Denmity Polyethyl.: 85,510 tons
Frutarom - PVC : 27,650 tons
115,400| 100.0%| 73,000 |pead Sea Bromine - EDB 2,240 tons

Basmic Upgrading Economiom: Comparison with other plantz $/ton

1988 operations,Note p2.16|0nitedstntes West Europe ISRAEL
Income: Ethylene 445 - B32 515
Costs : Raw Materials-net { 22) { 58) (215)
Other Variable ( 47) ( 87) { 80)
Fixed Costs { 76) { 65) { 93)
Working Captl.Intersat { 5) . { 6) { 2)
Contribution (Cash Margin)|] 295 316 125
COMPETITIVENESS:

INPAIRED BY FOLLOWING MAJOR TECHNOLOGICAL AND ECONOMIC FACTORS :

* VERY LOW PLANT CAPACITY; LARGE CAPACITY
ONLY POSSIBLE THROUGH NEW LARGE ETHYLENE CONSUMER
MINIMUM ECONOMIC COMMERCIAL UNIT: 500,000 T/Y

* INSUFFICIENT CO-PRODUCTS VALORIZATION

STEAM, POWER AND FUEL REQUIREMENTS

I * LOW TURN-DOWN RATIO CAUSES INCREASED
I * HIGH MANPOWER AND OTHER FIXED COSTS

*¥ OUTDATED FURNACE DESIGN

MONOMERS PRODUCING PLANT- OVERVIEW 1988 OPERATIONS
; >H2+Methane tons
Capcty:120,000tEt Jethylene [::::>LDPE 185,510

gases,LPG,naphtha [Product:115400tEL *PVC :27,650
>dInvestment: 170M$jpropylens *EDC @ 2,310
"~ 370,000 tonm Manpower :86people >PP*
Turnover:73 M$/yr >C4 to MTBE/recycle
*py-gasoline to BTX
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Legation: Next to Refinery;Haifa Bay. Owner:lsrael Petrochemicals
General :

The plant consists of three older smaller units, each one of 12,000
tons per year and one larger 60,000 tons/vear unit.

The plant produces over 30 different grades of low denmity
polyathylene, ranging between 0.915-0.924 densmity, with flow
indices ranging between 0.2 up to 50. It produce=s some 13 types of
film grade, 7 injection molding, 7 blow molding and various pipe,
extrusion coating and cable sheething grades. Some infra-red
thermic film grades are produced, as well as types with ultra-
violet protection. Carbon black blended polyethylenes for film,
pipes and blow molding are also available.

Capacity :
Presaent: 96,000 tons LDPE/year.
Currently being expanded by 20,000 tons LDPE/vear.

The expanded capacity corresponds to about 0.7 % of worldwide
cepacity.

Feedstocks:
* Polymer grade Ethylena.

Investment:
Himtorical : 63 million $. Replacement Value: 80 million $.

Manpowar : Direct : 150 paopla.

Brief Process Description :

Ethylene, transferred by pipeline from the ethylene plant at the
Haifa refinery is compressed to 200-300 atmospheres by a multistage
compressor; after mixing with oxygen and with ethylene being
recycled from the system, the gaseous mixture is compressed to a
final operating pressure above 2000 atmospherem. The high pressure
compressed gas is fed into a jacketed tubular type reactor together
with peroxide, which is used as a reaction initiator.

The polymer -ethylene mixture im then expanded through a special
rotary valve in order to separate the polymer from unreacted
ethylene. The latter is cooled, purified from low-molecular weight
polymers (waxes) and recycled to the high pressure compressor
suction. The polyethylene is further expanded to a lower pressure
to release the ethylene stil]l dissolved.

The degassed polyethylene iz washed, pelletized in a conventional
pelletizing extruder where antioxidant and slip agent are added by
proportioning pumps. Tha polymer pellets are then dried and
collected in a sampling silo, where the product is analyzed. After
the analysis the polymer im blended in a gravity blender and
pneumatically conveyed to the storage and bagging section.

The process-licensed by tha leading licensor in the LD polvethylene
field - allows to cover the complete LDPE applications. Each
specific grade is obtained by selecting the proper polymerization
conditions and by a muitable proportioning of catalysts.

Figures 2.3.2 and 2.3.2.A present an Overview for this plant.



I FIGURE 2.3.2 I

LOW DENBITY POLYETHYLENE PLANT :

MARKETS

Sales :(Bamis: 1988 operations)

Local Market Export Markets Total
Met.Ton{¥/total| 000 $ |Met.Ton|%/total| 000 § IMet.Ton 000 $
60,000 68.7%] 63,000] 27,367 31.3%| 29,420} 87,367 92,420

Local Market Growth (1983-1988)

Local Market 1 Export Markets** Total**

Met. Tons %Change*luat. Tons |$Change* [Met. Tons [tChange*
34,000 20,1700 54,700
41,000 20.6% 32,900 58.9% 73,900 35.1%
46,000 12.2% 29,100 -11.6% 75,100 1.6%
54,000 17.4% 22,800 ~-21.6% 76,800 2.3%
58,000 7.4% 31,1700 39.0% 89,700 16.8%
60,000 3.4% 27,367 -13.7% 87,367 -2.6%

12.0% per yearl

*Change /previous year.**limited by ethylene available.

5.75% per year*fl 9.8% per year**

DISTRIBUTION OF LOCAL MARKET CONSUMPTION
{includes indirect exports)
BY END - USERS _] BY CONVERSION PROCESSES

End Ume Market Tons/y |$total jConversion Process Tons/y |ttotal
Agricultura 27,000 45 Film for packaging 26,000 43.3
Film for agriculture{12,500 20.8

Packaging 20,000 33.3JFilm -other uses 4,250 7.1
: ' " [Piping extrumion 7,700 12.8
Piping 7,700 12.8lInjection molding 3,500 5.8
Home uses and ' Blow molding 1,400 2.3
Othars 5,300 8.8]other procesaes 4.650 7.8
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I FIGURE 2.3.2.A l

LOW DENSITY POLYETHYLENE PLANT : ECONOMICS

Basic Upgrading Economica: Comparison with other plants $/ton

1988 Operations,Note p2.16|UnitedStates[west Europe ISRAEL
Income: LDPE 980 1,030 1,058
Costs : Raw Materials {459) (548) (530)
Other Variable ( 35) ( 48) (120)
Fixed Costs { 65) ( 80) (160)
Working Captl.Interst ( 10) ( 10) { 20)
Contribution (Cash Margin) 411 344 218
COMPETITIVENESS:
IMPAIRED BY FOLLOWING MAJOR TECHNOLOGICAL AND ECOROMIC FACTORS:

i
* ETHYLENE - LACK OF ASSURED AVAILABILITY
HIGH PRICES -COMPARED TO OIL/GAS COUNTRIES
LIMITED PRODUCTION CAPACITY

* WIDE-RANGE PRODUCT DISTRIBUTION DUE TO
SOPHISTICATED DIVERSIFIED END - USE MANUFACTURE

* RELATIVELY LOW CAPACITY IN FOUR SMALL UNITS
CAUSES INCREASED MANPOWER,UTILITY AND CATALYSTS

|

* VERY HIGH COST OF PERBORATES INITIATOR DUE TO
COMPLICATED AND COSTLY FORM OF SHIPMENT

LOW DENSITY POLYETHYLENE - OVERVIEW 1988 OPERATIONS

s, et e et 2 ot} e e S @ ohe SR WY B ol A B

LDPE
Capcty: 96,000t gricult:27,000
ETHYLENE Product: 87,367 ackagin:20, 000

*dInvestment: BOMS[Local
" 89,110 tons Manpower:150 peop [Market
Inc. 3,600 Tons Turnover:92 M$/yr

imports

iping : 7,700
ther* : 5,300

Export :27,637

* includes injection, blow molding; household good=, etc. l
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2.3.3. POLYSTYRENE
Location: Next to Refinery;Haifa Bay. Owner:Isrseal Petrochemicals

General :

The plant, built in the sarly 1970's, using Monsanto's batch
process. The plant produces General Purpose (GP), High Impact (HI1},
and Foamed Expandable Polystyrenes. The capacity of the plant i=
between 15-16,000 tons/year. The raw material - Styrene-~ ism
imported.

Four grades of Crystal (GP) Polystyrenes are produced; their Melt
Flow Index (MFI) ranging from 4-16 and their Izod impact strength
being 0.30-0.35 ft.llbs/inch of notch. Three of these grades are
for vacuum injection molding conversion to packages, housewares,
toys, kitchenware. The fourth grade is for extrusion of sheets, and
is used as a diluent with High Impact in various thermoforming and
extrusion applications.

Three grades of High Impact {({HI} Polystyrenes are manufactured; one
is a standard high impact grade for injection and thermoforming of
thin walled containers, housewares, toys, etc. : the other two
grades are for extrusion and injection molding of vary thin
containers, tableware, small appliances. refrigerator parts,
drinking cups, shoe heels, etc. The Melt Flow Index (MFI) of thesme
grades ranges between 2.5-5.5, and the impact strength is in the
order of 1.1-1.4 ft.lba/inch of notch.

There are two basic grades of Foamed Expandable Polystyrenes. Both
grades are also available as fire-retardant grades. Foamed
polystyrene is primarily used for packaging, building crates and
building and insulation blocks. '

Capacity : _

Present: 15,000 to 16,000 tons Polystyrene /year, depending on
grade distribution..

This capacity corresponds to about 0.3 & of worldwide capacity.
There was a program to increase the plant capacity to 24,000
tons/year; however lack of styrene availability and roaring prices
of this monomer since 1988 have paralyzed such expansion interest.

Feedstocks:

* Styrene from imports.

Inveastment:

Historical : 4 million §. Replacement Value: 8 million §.
Manpower : Direct : 45 people, included allocated maintenance.

Brief Process Description :

Styrene is polymerized in a water medium containing the necessary
initiators, dispersion and suspension agents. The styrene is
polymerized in a batch reactor until the desired degree of
poelymerization is reached. Total volatiles are reduced to below 50
ppm. The polymer is then moved to a wash kettle where acid is added
and the water is removed by centrifuging and drying.

High impact grades are manufactured by adding to the virgin
materjial elastomers and mineral cils.Expandable grades are
manufactured by adding blowing agents during the polymerization.
Figure 2.3.3 presents an Overview for this plant.
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IFIGURE 2.3.3. 1
POLYSTYRENE PLANT OVERVIEW

Met.Ton |%/total]| 000 $ [Crystal General Purposme PS

High Impact Polystyrene
11,000 100.0%| 12,000 {Expandable Polystyrenes

40 %
30 %
30 %

" b se

Sales :(Bamis: 1988 operations)
chal Market (only) DISTRIBUTION OF LOCAL MARKET CONSUMPTION

Bamic Upgrading Economicm: Comparison with other plants $/ton

1988 operations,Note p2.16]Unitedstates |west Europe ISRAEL

Income: Polystyrene 1,100 1,100 1,158
Costs : Raw Materials (659) {600) (900)
Other Variable { 85) {100) {155)
Fixed Coats ( 45) ( 65) (130)
Working Captl.Interst { 11) { 10) { 12)
Contribution (Cash Margin) 300 325 { 47)

PLANT WORKED AT A LOSS IN 1988/1989 ; i.e. POLYETHYLENE PROFITS
SUBSIDIZES POLYSTYRENE; TAX DECREASES MAKE OPERATIONS WORTHWHILE
BREAKEVEN OPERATIONS REQUIRE $ 300 DIFFERENTIAL BETWEEN STYRENE
AND POLYSTYRENE PRICES.

* PLANT NOT COMPETITIVE TECHNOLOGICAL,
QUALITYWISE AND FROM ECONOMIC STANDPOINT
LIMITED PRODUCTION CAPACITY

* TECHNOLOGICAL PROBLEM: BADGE PROCESS
QUALITY : OUTDATED, OBSOLETE CONTROLS
POLYSTYRENE OPERATION NOT VIABLE WITHOUT STYRENE

POLYSTYRENE OVERVIEW OF OPERATIONS

> AP:40%
STYRENE-imported JCapcty: 15,000 t [12,000 t

“11,520 tons Product:12,000 t > HI:30%

*JInvestment: 8 M$%|lLocal

various rubbers, [Manpower:45people|Market > Exp:30%

> jfTurnover:13 M$/yr

COMPETITIVENESS:
IMPAIRED BY FOLLOWING MAJOR TECHNOLOGICAL AND ECONOMIC FACTORS: l
chem+molvents |
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2.3.4 POLYVINYL CHLORIDE PLANT.

Location : Acre -South industrial area.

Owner: Electrochemical Industries-Frutarom Ltd.

Genaral: '

The complex - for the manufacture of pelyvinyl chloride - consists

of three steps :

a. Synthesis of EDC,from ethylene with chlorine, and ethylene with

hydrochloric acid.

In addition, EDC is alsc imported from overseas shipment, and

direct off-loading through a line located at jetty across from the

plant. EDC imports constitute 36-40% of total EDC consumed (i.e

"46,000 tons/year.

b. Production of VCM through cracking of the EDC.

c¢. Polymerization of the VCM into PVC.

The VCM plant is designed for a capacity of 100,000 tons per year:

the plant was built in the mid 19708, but had many start-up and

initial operating difficultiez, and never reached full capacity.

PVC manufacture is in a 90,000 tons per year suspension PVC (SPVC)

plant and in an old 6,000 tons per Year emulsion PVC (EPV) plant.

The SPVC plant also had many initial difficulties and only in the

last years the plant has been operating more or less smoothly at a

capacity of up to 80,000 tons/year.

The company produces eight types of SPVC + free-flowing powder

having a particle size between 100-150 microns, with K values

ranging from 57 to 74; relative velocity (1% Cyclohexanone @ 25-=C)

Four grades of EPVC are produced, as fine white powder with K

values ranging between 67 and 79, specific gravity of 1.4, average

particle size ranging from 1-2 microns.

Feedstocks:

* Polymer grade ethylene

* Chlorine from Frutarom's chloro-soda plant

* EDC - imported '

Investment: Historical:69 million §. Replacement Value:100 million$

Manpower: Total workers in Frutarom : 540 people

8pecial Problems : Frutarom has had severe technical and financial

problems since the implementation of their new plant in the late

19708, due primarily to the fact that the plants were built without

proper technclogy and know-how; this caused late start-up at below

design capacity. This factor coupled with decreased PVC markets and

prices, very high overheads and overall costs brought the company

into mevere financial difficultie=s. The heavy financial burden has

now been wiped-out, and as of 1987 the plant is operating at

‘capacity and at a profit. '

*Process Scheme
imported EDC

ethylene " '
>
BYNTHESIS EDC CRACKING VCM POLYMER-
chlorine > > IZATION
[, Y ' BPvC
- HC1

L |

Figure 2.3.4 presents an Overview of the EDC/VCM/PVC conmplex.
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I_FIGURE 2.3.4_1

POLYVINYL CHLORIDE (PVC):

MARKETS, ECONOMICS AND OVERVIEW

SALES TO LOCAL AND EXPORT MARKETS (1984-1988)

Local Market Export Markets** Total **

Met. Tons (3Change*Met. Tons|tChange* |Met. Tons Change¥
22,700 51,600 74,300
22,100 ~ 2.b% 47,600 - 7.8% 69,700 - 6.2%
27,500 24.4% 47,400 - 0.4% 74,900 7.5%
31,700 15.2% 51,800 9.3% 83,500 11.5%
27,900 12.0% 43,700 ~15.6% 71,600 -14.3%

4.3% per year| - 2.8% per year I

*Change /previous year.

Basic Upgrading Economics:

Comparison with other plants $/ton

1988 operations,Note p2.16UnitedsStates |west Europe ISRAEL
Income: PVC 879 956 982
Coata : Raw Materials (424) {(405) {(4'16)
Other Variable ( 21) { 54) (117)
Fixed Cost=s { 83) (212) {(2217)
Working Captl.Interst { 9) ( 10) { 31)
Contribution (Cash Margin) 342 275 131
COMPETITIVENESS:

IMPAIRED BY FOLLOWING MAJOR TECHNOLOGICAL AND ECONOMIC FACTORS:

* ETHYLENE - LACK OF ASSURED.AVAILABILITY
HIGH PRICES -COMPARED TO OIL/GAS COUNTRIES
LIMITED PRODUCTION CAPACITY

* TECHNOLOGICAL AND QUALITY PROBLEMS DUE
TO UNAVAILABILITY OF PROPER KNOWHOW ASSISTANCE

AS RO PROPER TECHNOLOGY & KNOW HOW WAS PURCHASED

I * INCREASED MANPOWER AND VERY HIGH OVERHEAD

l* BURDENED BY FINANCIAL PROBLEMS IN PAST

]
|
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2.4 POLYPROPYLENE PLANT.

Location : Next to the Refinery; Haifa Bay.

Owner : Carmel Olefins Ltd. a joined company, owned 50% by ORL and
50% by IPE.

General :

Carmel Olefins Ltd. was smet-up so as to integrate the operations of
the ethylene plant and its derivatives; thus it is expected that
eathylens, polyethylene existing operations would be transferred to
this entity from their respective presment owners;i.e. ORL and IPE,
respactively.

As a first step the company is engaged in planning and construction
of a 60,000 tons/year polypropylene plant, upgrading the propylene
co-product from ethylene production.

Although the Israeli market for polypropylene has increased
considerably, and is already over 40,000 tons per year, the pace of
project implementation is very slow.

Although the project has been fully justified and recommended for
implementation ever =since 1981 (at the time the I=raeli
poelypropylene market was lema than 16,000 tons/year), the new
company was only set-up in 1988, and due to the continuocus
difficulties between ORL and IPE, no actual implementation activity
has taken place to preasent.

It ims understood that a licensing agreement has been finalized with
Himont, atill in 1989, and that at present -late May 1990, the
company s directors are evaluating and selecting potential
engineering companies. Since the pace has been -to present -very
slow and erratic, no start-up date can be projected at thim time.
Furthermore, since Carmel Olefins is already distributing their _
licensors product, earning a commission profit, their incentive to
procead implementation of a polypropylene plant in Iasrael, may be
decreasing, especially so in view of the many new polypropylene
plants which are being built currently world-wide.

The following are smsome of the major features of the new project:
Capacity: 60,000 tons/year. It is expected that co-~polymer capacity
will be about 2/3 of the over-all capacity. Production of homo and
co-polymars (with ethylene)

Feedstock: C, mtream from the ethylene plant

Manpower : Estimated to be about 100 people, ocut of which some 36
psople in operations.

Process Scheme:

athylene pellets

Co chemicl

—e—ee—> [Cs SPLITTER jgrade POLYMER - EXTRUSION PP
fraction IZATION

from propylnj(+catalyst)

olefins
plant L *propane returned to ORL

b4

Figure 2.4.1 presents an expected Overview of the PP plant.
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FIGURE 2.4.1
POLYPROPYLENE PLANT = OVERVIEW

LOCAL MARKET GROWTH (imports) and ASSUMED MARKET DISTRIBUTION

Local Market MAJOR USES AND APPLICATIONS IN ISRAEL

Met. Tons|¥Change*} 1.Furniture,large parts  J
2.Injection molding** 3
16,500 3.Fibers and fabrics L 3
17,800 7.9% 4.Films for packaging, bags 3
19,500 9.6% 5.Blow molded containers :
20,200 3.6% 6.Trays, medical parts,
33,500 65.8% batteries, specialties, E
40,400 20.6% 7.Strappings, corda, nets 3
32,900 ~-18.6% 8.Vacuum forming, extrusion
39,300 19.5% coatings, other processes :
1

9.Imported by distributors

13.2% per year

*Change /previous year.**includes irrigation fittings .

Basic Upgrading Economics: Comparison with other plants $/ton l

(Banim 1990 estimates ) UnitedStates JWest Europe ISRAEL
Incoma: Polypropylene 880 915 915*
Costs : Raw Materials(net) {296) {295) (206) **
Othar Variable (119) (131) (128)
Fixed Costs { 67) ( 92) ( 96)
Working Captl.Interst {19) {10) { 20)
Contribution (Camsh Margin) 388 387 465

* West European price in April 1990.
**Taken at Naphtha + 1.15 premium for propylene + 3% ethylene

BASED ON LOW PROPYLENE FEEDSTOCK PRICE POLICY, THE ISRAELI
PROPOSED POLYPROPYLENE PLANT SHOULD BE HIGHLY PROFITABLE.

POLYPROPYLENE- OVERVIEW OF EXPECTED 199? OPERATIONS

ethylene:™1,800 t urnituret2,000

40,000 t njecti.: 9,000

>jCapcty: 60,000t

>dInvestment: G65M$ » iber=* : 8,000

pPropylene: 60,000 |Manpower:100 peop|Local ilm : 6,000
tona net |Turnover:“55M$/yr [Market ther** : 5,000

>Export :20,000

* includes cordage,straps.**includes vacuum,blow molding,coating
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2.5 THE PETROCHEMICAL INDUSTRY IN ISRAEL IN RELATION TO POLYMER
SUPPLIES . ' '

Figure 2.5.1 presents a summarized overview of the operations of

the petrochemical industrial sector for 1988, showing production

and sales in quantities and values. Polymer production is o
segraegated out to show the heavy proportion of revenue from polymer
malas.

Although polymer production represents less than half of total
petrochemical products, the total income stemming from polymers
accounts for almost 3/4 of total revenues from petrochemical
products.

While other petrochemical intermediates - mainly aromaticm and
solvents- are exported, polymers are routed almost equally (54%)
to the local and export markets.

I FIGURE 2.5.1'

SALES FIGURES FOR PETROCHEMICALS
AND POLYMERS -1988
PRODUCTION AND SALES I

PRODUCTION I LOCAL MARKET EXPORT MARKET

MTons| MM § IHTons MM$ 33 [MTons| MM$ %3
Petrochemicals 391.2[246.1 I151 113.8| 46 |240.2 132.3] 54
Polymers 178.21182.17 98.9|101.4} 56 79.3| 81.3| 44
IPolymers on Totall 45.6| 74.2 65.5] 89.1 33.0] 61.4
Petrochemicals

It im clear that with local consumption increasing, the ratio of
polymers being exported will decrease.

Figure 2.6 presents very interesting information regarding
upgrading factors: the average cost of raw materials for
petrochemicals in 1988 was $ 165/ton. The average sales price of
all petrochemicals sold during 1988 - for local market and export
was $ 629 per ton product, representing an upgrading factor of 3.8
of product sold or an average of § 464/ton.

The average sales price for polymers, during 1988, was § 1025/ton,
for local and export market sales, resulting an upgrading factor
for polymers for 1988 of 6.2 (naphtha + gases); this is equivalent
to almost $900/ton of product =sold.
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UPGRADING FACTORS FOR PETROCHEMICAL INDUSTRY

e e = AT e R S 4. A

I FIGURE 2.5.2 ] ]

;
55;
:
3
:
:

—

UNIT PRODUCT VALUE $/Ton -AND UPGRADING FACTOR ON RAW MATERIAL*

TOTAL LOCAL MARKET EXPORT MARKET
Petrochemicals $/t $ 629/t $ 754/t $ 551/t
Upgrading Factor * 3.8 4.6 3.3
Polymers $/t $1025/T $1025/T $1025/T
Upgrading Factor * 6.2 6.2 6.2

* Bamed on § 165/ton average feedstock cost (gas+naphtha)- 1988

GENERALL NOTE TO BECTION 2
It is important to point out that all the cost comparisons
presented in this mection are for 1988 operations; this year is
representative of proper profitable operations and constitutes a
proper basmis for cost comparisons between Israeli, USA and West
Europe operations.The period 1982-1986, was a period of excessaive
losmes in the induatry, with dumping practices and severe
difficulties in even meeting cash costs,thus it iz not proper for
comparative purposes.
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SECTION 3 - ISRAEL'S POLYMER REQUIREMENTS AND SOURCES OF BUPPLY

3.1 POLYMER REQUIREMENTS 1982 TO 1989.

Low Density Polyethylene (LDPE), Polyvinyl Chloride (PVC) and
Polystyrene (PS) have been and are being supplied primarily from
local manufacture, while all other polymers and plastic materials
have been and are imported.

3.1.1 Quantities Consumed.

Figure 3.1 summarizes quantities consumed from 1982 to 1989,
showing average yearly growth. This table is composed from the
following basmic data:

* POLYMERS CONSUMED LOCALLY FROM LOCAL MANUFACTURE.

This subject has been extensively discussed in Section 2.

.The various figures in Section 2 present local supplie=s of LDPE,
PVC and PS8 for local market requirements; included are polymers
used as raw materials for manufacturing plastic products for
exports; i.e. indirect exports.

* POLYMERS IMPORTED.

Customs information are presented by value of imports in Dollars:
estimates of tons imported have been calculated based on the
customs import values, divided by average yearly prices in West
Europe plus freight to Israel. Figure 3.1 also includes import of
commodity polymers to Israel between 1982 and 1989. Figure 3.1.1
presents summaries of imports of polymers into Israel in 1989,

3.1.2 Rate of Growth of Polymers in Imrael 1982-89.
From Figure 3.1 it can be seen that the growth of polvolefins in
Israel during the 1980s has been way above the growth in GNP, and
on the whole is very impressive; the exception to the above has
been the demand for PVC, which has been erratic. This will be

discussed in more detail later on.

The overall growth rate of polymers in Israel, averaged almost 8 %
per annum during the period 1982-1989; the peak was reached during
1986-1987, decreasing considerably in 1988. There wa=z a slight
improvement during 1989.

Polypropylene showed the highest rate of growth for the period
1981-1989 -over 13 % average per year-; however, while the growth
between 1982-1985 was normal -at an average rate of 7.2 % per year-
there was a sizeable jump in 1986/87, when apparently a number of
new polypropylene consuming projects went on stream and there was

a sporadic increase of 20,000 tons. After a considerable decrease
during 1988, probably due to increased price and stock availability
considerations,the consumption in 1989 returned to close to the
40,000 tonsm/year level - as in 1987.

Low Density Polyethylene has had a consistent growth every year :
between 1982 and 1987 the rate averaged over 12.5 % per annum; in
1988 there was an increase of less than 1 %, with a moderate
recovery of 3 ¥ in 1989. Over the whole period, LDPE shows an
average growth of about 10% per year.



FIGURE 3.1

ISRAEL'S POLYMER REQUIREMENTS 1982 TO 1989.

POLYMERS PRODUCED IN ISRAEL

LOW DENSITY POLYETHYLENE - LDPE ~ -Thousand Tons
————

1983 1984 1985 1986 1987 1988 1989

A

34 411 46 54 58 60 60
8.5 8.5 7.8 9.5 13.4 12 14.3
42.5 49.5 53.8 63.5 71.4 12 74.3

9.0% 16.5% 8.7% 18.0% 12.4% 0.8% 3.2%

> 9.7%

POLYSTYRENE - PS8 - -Thousand Tons

1982 1983 1984 1985 1986 1987 1988 1989

LOCAL 1.1 12.0 12.4 13.7 1.6 12.0 1.0 10.0

IMPORTED 3.1 4.3 4.1 2.9 5.3 10.2 13.6 1.7

TOTAL 14.2 16.3 16.5 16.6 16.9 22.2 24.6 21.7
3 growth 14.8% 1.2% 0.6% 1.8% 31.4% 10.8% -11.8%
pPr.year
Avg.%/yr
1982-89 6.3%

POLYVINYL CHLORIDE - PVC -~ ~-Thousand Tons

1982 1983 1984 1985 1986 1987 1988 1989

LOCAL 20.0 24.7 23.3 22.9 27.5 31.7 27.9 32.0
IMPORTED] 11.2 12.3 14.4 13.4 12.2 13.3 9.3 4.1

TOTAL | 31.2 37.0 37.17 36.3 40.7 45.0 37.2 36.7

-1.3%

% growth 18.56% 1.9% -3.7% 12.1% 10.6% -17.3%
pr.year : h— -9.6%
Avg.&/yr

1982-89 2.3%
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FIGURE 3.1
ISRAEL"'S POLYMER REQUIREMENTS 1982 TO 1989,

Pm—

IMPORTED POLYMERS

HIGH DENSITY POLYETHYLENE - HDPE- -Thousand Tons
1982 1983 1984 1985 1986 1987 1988 1989
33.9

IMPORTED§ 21.2 24.1 24.8 27.1 28.5 31.9 33.3

% growth 13.7% 2.9% 9.3% 5.1% 11.4% 4.4%
pr.year
Avg.X/yr
1982-89 _ _ <7.0%

POLYPROPYLENF, - PP - ~Thousand Tons

1982 1983 1984 1985 1986 1987 1988 1989

IMPORTED| 16.5 17.8 19.5 20.2 33.5 40.4 32.9 39.3
t growth 7.9t 9.6% 3.6% 65.8% 20.6% -18.6% 19.5%

Y.year
nvg 2/vr
1982-89 13.2%
TOTAL MAYOR (COHHODITIES) POLYMERS -Thousand Tons

1982 1983 1984 1985 1986 1987 1988 1989

LOCAL 63.1 70.7 76.7 82.6 93.1 101.7 98.9 102.0
INPORTED| 59.0 67.0 1.3 71.4 89.0 109.2 101.1 103.9

TOTAL 122.1 137.7 148.0 154.0 182.1 210.9 200.0 205.9

2 agr./yr 12.8% 7.5% 4.1% 18.2% 15.8% -5.2% 3.0%
Avg.%/yr

1982-89 7.75%

% Local

DISTRIBUTION OF POLYMER CONSUMPTION - by grades -percentages

1983 1984 1985 1986 1987 1988 1989
¥IMTY | SIMTY| $IMTY| $IMTY| $IMTY| $IMTY| %

31} 49|33} 54|35 63|35] 71[34] 72!36) 74| 36
121 17|11 117|110 17| 9] 22)11] 25}12] 23] 11
274 37125 36 23] 4123} 45|21} 37(19] 37( 18
17] 25|17) 27|18 28§15} 32}115] 33}17] 34} 16
13 20{14] 20(13] 33}18] 40|19 33}|16] 39| 19
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POLYMER IMPORTE TO ISRAEL IN 1988 AND 1989 in MTon= and MM$**

1988 1989

M Ton *{ MM § $/tonM Ton *| NM $ $/ton

Produced in Imrael 34.9 41.0 1,118 30.7 36.3 (1,182

Not Produced Iarael
Commodities 66.2 76.1 {1,149
Specialtien 80.3 103.9 |1,294

73.2 80.0 1,093
96.1 107.6 1,120

Total Imports 181.4 221.0 {1,218 I 200.0 223.9 1,195

*Tons are calculated from import values (Customs)+ Average prices
** Imports by grades are shown ams part of Figure 3.1

High Density Polyethylene showed a steady growth throughout the
period averaging somewhat less than 7 % per annum. It jim
interesting to point out that while HDPE consurption in 1982 was
considerably higher than polypropylene (by about 5 thousand tons
Per year, equivalent to about 20%), the opposite im true at
-present. In 1989, polyproylene consumption was over 39 thousand
tons, while HDPE consumption was about 35 thousand tons. Thi= is
primarily due to the decreased prices of polypropylens, its many
new and diversified applications, while there have not been drastic
new innovations in HDPE product innovations and/or price changes.

Consumption of polystyrene has been erratic; an average yearly
increase of about 7-8 % in the 19708, followed by a relatively
large jump in 1983 of close to 15 % , after which there were yearly
increases ranging between 0.6 to 1.8 ¥ per year during 1984-1986.
In 1987 there was a dramatic increase of over 5 thousand tons
(representing over 30% growth) to reach 22 thousand tons per year.
In 1988 there wa=m an additional increase of over 10 %, but there
was a correspondent decreasme by about 8 % in 198%. Present
consumption is mlightly above the 1987 requirements of 22 thousand
tons per year. The resulting average increase betwaen 1982-1989 im
somewhat less than 7 % per vear.

Consumption of PVC is usually strongly influenced by the
construction activities in the country; the growth for the 1982-
1989 period averaged a relatively low 2.3 % per vear, primarily
due to a slump between 1987-1989 of close to 10% average per vear.
The height was in 1987, when 45 thousand tons were consumed, while
at present the yearly consumption decreased to less than 37thousand
tons. What is interesting to note, is that there has been a strong
decrease in imports of PVC during 1989, and a consequential

increase in supply from local production.
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3.1.3 Polymer Consumption - By Grades

Figure 3.1 also shows distribution by grades - in percentages -
between 1982 and 1989.

While in 1982, LDPE accounted for 32 % of the consumption of major
polymers, PVC for 25 %, HDPE for 17 %, and PP for 14 %, there has
been a considerable swing toward increased LDPE (36 ) and PP (19%)
share of the market at the expense of primarily PVC {which
decreased to 18%), and HDPE and PS to a lesser extent.

3.2 Sources of Imported Polymers to Israel.

Imports of polymers into Israel stem primarily from the EEC
members; accounting in 1989 for 78 & of all imports. Figure 3.2
present=s the sources of supply of imported polymers for 1990, split
into major polymer imported and source of supply.

Surprisingly, in 1989 Japan and other South East Asian suppliers
accounted for less tan 1 ¥ of total imports, and the United States
for only about 6 %.

Also surprisingly, 7.7 % of imports stem from Switzerland - due
primarily to PET imports (46 % of total PET imports were from
Switzerland). It is believed that the financial transaction may
have been handled through Switzerland, while the actual origin of
the PET polymer may be a different country.

The largest supplier of polymers to Israel - in 1989 - was the
United Kingdom {20 % of total imports), followed by Germany (14 %)
the Netherland= (13 %), Italy (11 %) and Belgium (10 %).

Himont in Italy - is by far the major share of polypropylene
supplies ( about 27 %), followed by suppliers from the United
Kingdom {(>15 %), France("1t %), Germany {(“11 %)and Belgium (10 %).

High Density Polyethylene - the other large volume polymer imported
- stems from the United Kingdom (~18 %), Belgium (“14 %), the
Netherlands (11 %) and Germany (>10 %).

0f the polymers manufactured in Israel, LDPE is primarily imported
from the Netherlands (>34 %), and United Kingdom (15 %):
polystyrene about evenly from the United Kingdom (328 %), the
Netherlands (>26 %) and Germany (>25 %); PVC imports were from
Germany (39 %) and France (~37 %).

The distribution pattern of import sources shown in this section is
for the last year, i.e. 1989. A similar pattern has prevailed over
the laxt five years, while in the earlier part of the decade the
imports from the USA and Canada were considerably higher.
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FIGURE 3.2
ISRAEL"S IMPORTED POLYMER -SOURCES OF SUPPLY~1989

[ ol bl .

AREA/COUNTRY LDPE P8

Importms, Tons 1430011700

in percentage of total imports (%)
EUROPEAN ECONOMIC COMMUNITY
Belgium s.1] 8.7 2.7 13.7} 10.0} 19.7 9.8
Danmark 0.1
France 6.8] 2.5 36.71 1.5} 11.8] o.9 5.6
Germany F.R. 8.8] 25.5] 39.1] 10.4] 11.6] 5.8l 23.0] 14.3
Ireland 0.4
Italy 3.1 o.4] 4.1] 9.8) 26.9] 1.7] 1.21 11.1
Netherlands 34.3| 26.4] o.8) 10.6] 5.4} 19.7] 2.8l 13.0
Portugal 1.4 2.2 1.1 1.5
Spain 2.0 6.6 1.1 2.6
United Kingdom| 15.1{ 28.5] o0.8] 17.9] 15.3§ 42.2] 25.4] 20.1
Total EEC 79.6] 92.0 e4.gl 12.7[_83.1 90.2] s2.4] 7s8.0 l
OTHER WEST EUROPEAN COUNTRIES ]
Austria 0.2
Finland 0.3l o.1 0.4] 8.2 0.5
Norway 0.4 0.1
Sweden 3.2 2.2 o.1 1.1
Switzerland 1.4] 1.3] o.3] o.9] 6.3 44.6 7.7
Total other wel] 4.9 1.4 o.3| 4.1 14.8 44.6 9.4
Total w.muropel 84.5] 93.4] 85.1f 76.8] 97.7 97.0f 7.4
EASTERN EUROPE 0.4} o.2 0.2
unITEp sTaTes | 10.8] s6.0] s8.s] 11.3 o.aI 2.3] 3.0 6.3
Canada 2.9] 0.4 2.7] o.2] o.9 1.3
Japan 1.2 I I 8.2 0.5
Other Far Eustl | 0.4 6.5 0.5
Other I 0.6 o.zl 6.3] o.2f 1.1] o.1 3.8
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SECTION 4 - THE PETROCHEMICAL INDUSTRY AS RAW MATERIALS SUPPLIER
TO THE PLASTICS INDUSTRY IN THE WORLD

e s (vt e i e e, SeWR e BB

4.1 Introduction and Background

After many years of market depression in the early and mid 1980s,
congumption of all traditicnal thermoplastic resina increamed
considerably over the last vyears, and prices reached in 1988
unknown high peaks, due to shortages of raw materials as well am
insufficient polymer production capacitiaes. Many new polymer
production plants were approved during 1988, as inflated high
prices enhanced petrochemical production profits and encouraged the
planning and implementation of new plants,

Additional capacity was immediately required for monomers - mainly
ethylene- mc as to permit prices to decreasme toc more comfortable
levels, to allow further growth and development.

Last year, 1989 was certainly quite different than 1988 which was a
record growth year. There was still growth, but at a much lower
rate, especially in the United States. However new projects have
been announced and many have started active implementation stage.

It should be borne in mind that the polymer production industry, as
the whole petrochemical =mector is in the aftermath of an extensive
regstructuring due to changes in raw materials prices as of 1986,
broad technology improvements, investment decreases, emergence of
non-traditional producers as major pPlayers in world trade.

The above changes have altared extensively the current situation of
the industry and its outlook; forcing producers, end-users and
financial institutions to formulate new strategies to adapt to
these situations and to prepare for the future.

The polymer manufacturing sector is furthering the production of
spacialized materials which will displace conventional ones in the
construction, transportation, electronics and engineering fields
for further substitutions of steel, aluminum, wood, glass, paper,
natural fibers and rubbers, aetc.

It i=s important to briefly review the background of the industry
and what it went through in the 1980s so am +to have a better
understanding about the industry at present and to be able to
identify the global trends in the polymer manufacturing sector and
their relevance to further development.

Section 4 presents an Overview of the industry at present,
including some background reasoning; it reviews the current world
situation; and analyzes regional supply/demand for the current
situation,

Section 5 discusses the foreseen global trends of the petrochemical
and polymer industries, presents world-wide forecasts of major
polymers demand for the years 1995 and 2000 for the main
geographical regions, and discusses innovations and expected
reasons for growth of the various polymers.

An outline of new projects for polymers expansion -announced or
in various stages of implementation-for the next years is included.
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4.1.2. Overview of Present Bcenario

As companies contemplate their atrategies for the 1990=, one of the
key factors influencing their plans ia their prospects for trade. A
major consideration is that the regional perspective of the 1970m
has been replaced by the international perspective of the 1980s,.

During the 1960 and the 19708, the petrochemical industry was
concentrated in the United States, Western Europe and Japan.
Petrochemical trade among these three areas was virtually
nonexistent and each region had its sphere of influence.

The United States was practically the exclusive supplier to Latin
America; Western European manufacturers maintained a privileged
position in the Middle East and African markets and Japan dominated
trade in East Amia. Although msome alterations in this pattern of
¢global trade began to occur after the 1973 escalation in oil
prices, smignificant changes did not take place until after the
higher price escalation in 1978/79. At that time, petrochemical
producers in the United States found themselves with a competitive
feedstock pomition in olefins with respect to their counterparts in
Western Europe and Japan, and this combined with surplus production
capacity provided an incentive to increase exports.

While smsome polymer quantities were moved to the European markets,
higher proportions were shipped to East Asija. Although the
subsequent global recession had a significant impact on the global
demand for petrochemicals, producers in the United States cont inued
to increase their global market share, primarily at the aexpense of
Japanese manufacturers.

Throughout most of the 1980s, essentially all polymers - as the
rest of petrochemical productm- were in surplus supply. Production
capacity built in the late 1970s in anticipation of continued
strong growth in most regions of the world resulted in global
overcapacity as demand stagnated in the 1980-1982 recession. West
European and Japanese producers were particularly hard hit because
of their dependency on naphtha as a feedstock, and in the case of
Western Eurocpe, the large number of underutilized country oriented
plants. Although experiencing an advantageocus feedstock position
because of the availability of natural gas liquids, the United
States industry still operated at reduced levels because of the
overbuilding in the 1970s and recession limiting demand growth.

While the United States petrochemical industry experienced a surge
in polymer export smales in the early 1980s, the highly competitive
nature of these sales resulted in prices 15-25 percent below those
for domestic sales.

As the global economy recovered from the recession, operating rates
began to improve. However, recovery was sluggish and product prices
tended to remain at levels that barely covered out of pocket costs.
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The pressure of highly competitive global markets, continued high
feadastock costs, and the startup of three large petrochemical
complexes producing primarily large quantities of polyethylene in
Saudi Arabia based on low cost feedstock, eventually led to a
restructuring of the petrochemical industries of the United States,
Western Europe and Japan.

As of the early-mid 19802, various European governments and
multinational producers undertook active rationalization programs
combined with the closing-down of obsolete capacities,

As various companie= were in the process of revamping their
operations and shutting down unprofitable plants, a significant
reversal in crude oil prices occurred during the firat quarter of
1986 and has continued tc the present.

This drop in crude oil prices ~from 32 dollars to as low as 10
dollars in 1986, and $ 18 per barrel at present- has hed a
significant impact on the global petrochemical industry.

* In the developed nationa of the world, oparating rates have
improved, but the real positive impact ham been associated with
profitability. Feedstock prices have fallen and product prices have
increased considerably, with rising demand for petrochemicals and
generally tight supply. A= a consequence, Japan and Western Burope
have benefited from much lower naphtha prices.

* The favorable feedstock comt asmociated with the plants in Saudi
Arabia no longer represents such a significant advantage.

*Lower revenues and the prospects for continuing low crude oil
prices have a negative impact on the plans of the energy-rich
countries to further their interest in petrochemical projects.

Even with improved prospects for growth and profitability, most
petrochemical companies were wary of future prospects. As a result,
investments in new plants did initially not go forward. As global
supply and demand came into balance in 1987, surpluses disappeared
and prices bhegan to rime both in domestic and export markets. With
raquirements for additional capacity, companies undertook capacity
debottlenecking projects and began to review and even approve plans
for grass-roots expansions.

Over the last decade, Asia has become an increasingly important
market for polymers and petrochemicals in general. South Korea and
Taiwan have emerged as major consumers and producers of such
products; China has substantially increased its commitment to the
development of a domestic polymer industry; and the newly
industrialized nations of Asia have an ever increaming demand for
thermoplastic resins.

Trade of major polymers to this region has increased almost 30
percent annually since the mid 1970s, and the demand of major
polymers is currently in excesa of nine million metric tons.
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The emergence of South KXorea, Taiwan and Saudi Arabia as major
participants in the global polymer manufacturing industry is
indicative of the changeover from what was a regional industry in
the 1960s and 19708 to one that became an international industry in
the 1980a. Thus the pattern of worldwide trade prevalent in 1990 is
distinctly different from what it wasm a decade ago.

The United States is now a subastantial supplier of petrochemicals
to East Asia ams well as to Latin America; however, imports to the
United States are more frequent, am capacity for various polymers
haz become =mcarce. Western Europe exports polymers to Eamt Asia am
wall as to the Middle East and Africa. However, for many polymers,
the Western Europe region is rapidly becoming a net importer.

Canada and Saudi Arabia have now emerged as major participants in
trade. Canada has now a positive trade balance in petrochemicals
with the United States, and ships significant quantities of
petrochemical materials- including EDC and polymers- to East Asia.
Saudi Arabia is also a major supplier of polvethylene to East Asia
and ships large quantities of polyethylene to Western Europe.

In addition, other countries have developed new advantageous trade
positions in specific product areas.Brazil is shipping polyethylene
and EDC to East Asia, and Singapcre is taking advantage of its
geographic position in Southeast Asmia to move polyolefins to most
of the other countries in the region.

A recent factor in trade has been a swing in prices as supply and
demand have come into balance. For most of the 1980s, consumers of
polymers in East Asia have been able to obtain, on a CIF basis,
material that was priced competitively with product available in
the U.S.Gulf Coast. This situation changed in 1987 and consumers in
East Asia now find themmelves paying a premium for momt plastics
and intermediates. Thiz situation will probably persist until
either supply increases or a recession develops and demand
decreases as a result.

The polyolefins represent the most important products of global
trade in both volume and value. Styrene, ethylene-dichloride, vinyl
chloride monomer and therephthalic acid - all raw materials for
polymer manufacture are next in importance, and increasing interest
is developing in moving ethylene and propylene to specific
locationz to supplement local supplie=s. Such movement= will become
increasingly important in the 1990s.
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4.2. Current Situation of the World Monomers Avajlability

The =supply/demand and capacity utilization situation for basic
olefins - ethylene and propylene- is the prime factor in the
avajlability and pricing of polyolefins - Low Density Polyethylene
(LDPE), High Density Polyethylene (HDPE), Linear Low Density
Polyethylene (LLDPE) and Polypropylene (PP) - as well as for
Polystyrene (PS) and to a somewhat lesser extent for ethylene
dichloride (EDC) required for PVC production.

The current situation on theme olefins is therefore included in
this discussion.

4.2.1. Ethylene
Ethylene is clearly the main building block of the petrochemical

industry and as such is the focus of attention of most countries
with petrochemical interests. _

Ethylene past development typifies the fast rate of development of
the petrochermical industry. On a worldwide basi=, ethylene demand
grew at the rate of 16 % per annum between 1965 and 1974. More
recently, however, consumption grew at slightly above 4 % per annum
between 1975 and 1987.

The worldwide demand for ethylene in 1987 was about 50 million
metric tons per vear, the global industry operated at 93 percent of
nameplate capacity in 1987, a level already indicative of extremely
tight supply. Severe shortages of ethylene developed during 1988
and 1989. Most producers started urgent debottlenecking of their
Plants, as effactive capacity reached over 100 & of the 54 thousand
metric tons nameplate capacity.*{(1).

But it became, very apparent already in 1987, that grass-roots
expansions were urgently required if sufficient ethylene is to be
available toc meet the expected demand. This i=s especially true, as
a good part of the operating capacity - especially in Western
Europe and Japan is over 20 vyears old and therefore may soon have
to be replaced or overhauled.

The demand for ethylene is primarily impacted by developments in
polyethylene and to a lemser extent by styrene, ethylene glycol and
vinyl chloride monomer. Polyethylene accounts for 5% percent of
global ethylene demand and should continue to hold or increase this
share for the next decade. Polyethylene will also have a marked
influence on the construction of ethylene plants in developing
regions of the world.

In petrochemical complexes buijlt in countries outside of the
developed markets, a polyethylene plant is the key downstream
derivative facility, and a domestic market must be available to
absorb a subatantial amount of the output of such a polyethylene
unit.

*World Bank Technical Information shows world capacity of ethylene
in 1987 at 48 million tona, while Industry reports show 53 to 54
million tons; the higher figure ims used in this report.,
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If not, the polyethylene facility either operates below design
capacity or has to compete in the global export market, a prospect
that few developing countries enjoy. The exception is a country
with a substantial amount of light hydrocarbon feadstock, smsuch as
Saudi Arabia, that wutilizem this position to become a major
supplier of polyethylene to other regions of the world.

Ethylene historical growth as well as 1987, 1988 and 1989 actual
demand and estimated demand for 1990 are shown in Figure 4.2.1.
divided in major geographical regions.

Trade in Ethylene

While ethylene has been moved relatively short distances by barges
in Western Europe and Japan for =mome time, it was generally
conceded in the past that shipments over longer distances were
uneconomical. Although some ocean movements took place in the
early 19802 between Japan and Australia and between Mexico, Brazil
and Venezuela -as suppliers to Western Europe, the amount of
ethylene shipped on a regular basis was relatively minor - in the
range of some 30 - 40 thousand metric tons annually. Thai
Petrochemicals, however, commenced production in 1982 of a 6%
thousand ton low density polyethylene plant which was brought on
stream several years prior to the operation of the upstream
ethylene plant (completed in 1989), based on imported ethylene,
which was shipped successfully. The same company started
operations in 1987 of a 60 thousand ton per year high density
polyethylene plant on the smame basis. Since then, the idea of
moving ethylene a considerable distance by mea has been accepted
and has become aconomically viable. Besides Thailand =several
polyethylene companies in South Korea, Taiwan, Argentina and
several countries in Western Europe have been importing large
quantities of ethylene on which their operations are fully
dependent. Israel has been importing ethylene from Turkey =ince
1988, increasing conaiderably its import in 1989.

Exxon and Chevron are constructing a terminal in the Houston area
to store imported ethylene at Mont Belvieu as a means of offsetting
shortages in the Gulf Coast.

The concept of moving ethylene long distances by msea has been now
fully accepted as a conventional form of ethylene supply and will
undoubtedly become an integral part of the global petrochemical
trade picture in the 1990s and beyond. The expected trade of
ethylene is also presented in Figure 4.2.1.

East Asia and Western Europe were the primary net importers of
ethylene in 1987 and should continue to be so throughout the 1990s.
Much of the ethylene imported by these regions were supplied by the
Middle East (Saudi Arabia and Qatar), and this region, jointly with
Latin America, are expected to be the principal sources of ethyvlene
exports in the future.
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4.2.2. Propylene
By volume, propylene is the second largest tonnage monomer. Its

production i®s to a large extent tied to the operation of ethylene
plants where it is obtained as a coproduct from naphtha cracking.
Production from catalytic and thermal crackers in 0il refineries
provides an incremental source of propylene.

Between 1970 and 1980 world consumption of propylene grew at an
annual rate of 7.4% but growth was dampened to 4.6 % between 1980
and 1987. As of 1987 ta present ,consumption has grown well over 5 %
as new polypropylene facilitiems have come on stream. Present demand
is over 29 million tons per vyear, corresponding to about 97 % of
capacity utilization.

However propylene production capacity is a rather vague term, as
propylene can be produced either from refinery operations, or as a
coproduct with ethylene. Propylene availability is impacted by a
number of factors, which include propylene alternative pricing,
feedstocks used for ethylene operations, other use=z for propylene,
etc. Thus, propylene effective production capacity is difficult to
determine and will depend to a large extent on the slate of
feedstocks used in the future for ethylene production. In the short
term and while petroleum prices remain low, propylene availability
should increase a= a result of the shift toward use of naphtha
feedstock for ethylene production,especially in the United States.

Current chemical propylene demand is primarily for polypropylene-
40%-and acrylonitrile -15%- . Non-chemical demand is for gasoline
alkylation and dimerization.

Actual propylene demands for 1987, 1988 and 1989 and estimated
demand for 1990 are presented in Figure 4.2.2.

Trade in Propylene _
Much more so than ethylene, trade of propylene has been quite

common for many years and is expected to continue.

* The United States imports all of Canada's surplus propylene and
Will continue to do so in the coming years. However, the expected
increase in naphtha cracking in the United States should provide an
increasing supply of propylene.

* South Korea is currently the world's largest propylene importer:
current massive cracking expansion should decrease considerably

the import requirements of this country.

* Taiwan is currently short of propylene and should continue to be
an importer for some time to come: as with South Xorea the
substantial increase in naphtha cracking being installed in this
country should also decrease it's dependency on imports.

* Japan ims currently an exporter of propylene, but is expected to
become a net importer in the near future.

* Western Europe is a large importer of propylene and is expected
to continue imports at the same rate than at present.

* China appears to have a surplus of propylene, but it is uncertain
if it has the infrastructure capable of storing and shipping it.

Figure 4.2.2. also presents actual trade of propylene for 1987,
1988 and 1989 and forecasts for 1990.
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Figure 4.2.1 GLOBAL ETHYLENE DEMAND AND TRADE -Thousands Tons

Region GLOBAL ETHYLENE DEMAND JGLOBAL ETHYLENE TRADE

Year

United Statesm

N RET I I I

Japan | 7 1 0

Other East Asia
pe— 251

Reat of wWorld 13,388 14,600
" . :- ,

World- Total

*Major regional exports: Middle East :165; (Saudia,Qatar)
Africa:155 (Algeria);Latin America:55;0ceania:35;:Canada:25.

Region

Year

United States

Western Europe

Japan
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4.3. Current World Capagity, Supply and Demand of Plastics.

4.3.1 Annual Rate of Growth
Plaastics are the most versatile and the higheat tonnage group of
all petrochemicals and are generally characterized by the
continuous introduction of new products and improved applications.
World consumption for low density polyethylene {({LDPE), high density
polyethylene (HDPE), polypropylene (PP), polystyrene (PS) and
polyvinylchloride (PVC) - the mo called commodity plastics -grew at
an annual rate of about 9 & for the period 1975 to 1980, decreasing
to an estimated rate of 6 % per year for the period 1980 to 1987.
1988 was the record growth year for the decade for consumption of
commodity plastics, averaging 8.6 % over the previous year: there
was a considerable decrease in 1989 to below 5 %, while somewhat
more than 5 % growth on 1989 consumption figures is expected for
the present year, for a total expected world-wide consumption of
almost 86 million tons for thermoplastic materials in 1990.

Polypropylene is by far the fastest growing polymer of the
commodity plastics group; it's growth in the 1980s was over 10 %:
Polyethylene Terephthalate {PET) and Reinforced Plastics as well a=
other engineering plastics also grew at vyearly rates averaging
close to 10 % during the last decade.

Figure 4.3.1 presents average annual growth history for commodity
plastics; conservative estimates for 1990 are also included.

Figure 4.3.1 AVERAGE ANNUAL GROWTH FOR COMMODITY PLASTICS

Commodity Average Annual World-wide Growth $/yr [EstDemand

for 1990
Polymer 1980-1987] 1988 I 1989 I;st. 1990 lThous. Ton

Low Density
Polvethylene 5.3 6.1 2.8 4.8 18,866

High Density
Polyethylene 7.2 6.8 3.7 4.4 11,510

Polypropylene
10.1 10.1 8.1 7.6 12,488
Polyatyrene
4.1 6.7 3.9 3.8 7,506
Polyvinyl-
chloride 5.3 8.6 5.6 4.9 19,014

Plastics Total ~ B 8.9 4.8 5.1

Commodity I
69,384
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Figure 4.3.1 A presents the annual growth of the combined group of
Commodity Plastics, divided by major geographical regions for the
years 1988 and 1989 as well as forecasted growth for 1990. The
estimated demand for 1990 for each major region is also presented,
as well as the split of consumption (in parcentages) region by
ragion in 1987 as well a= in 1990.

Figure 4.3.1.A ANNURL GROWTH FOR COMMODITY PLASTICS BY REGIONS -]

Ragion Average § Growth durinql%ﬂorld Consumpt [EstDemand
for 19990

Year 1 1988 | 1989 Jest1990fin 1987fin 1990 |Thous.Ton

United States 24 .4 17,651

Wasztern Europe 27.3 18,945

Japan 10.2 7,107

Other Eamt Asial 13.3 9,205

Rest of World 23.1 16,477

World- Total 69,384

From Figure 4.3.1.A the following interesting conclusion= can be
drawn :

* 1988 was a record growth year for plastics consumption in ail
regions of the world; such high growth came after a relatively low
growth during the early-mid 1980s. Quite unexpected, Japan showed
the highest growth factors for practically all commodity plastics
(excepting LDPE) for all the regions, in spite of expected market
saturation. Western Europe - which had continuously shown a low
24-3% annual growth factor for commodity plastics -due to market
saturation- increased its demand for commedity plastics by over 8%.

* 1989, on the other hand was a slow growth year for the United
States and Western Europe, as there was much stock-building in
1988, due to increasing product prices. Japan and East Asia's
consumption growth continued to be high, although momewhat lower
than for 1990,

* East Amia is the regional area of fastest growth of the group of
Commodity Plastics; the growth is steady in all the polymers, and
i expected to continue to be smso.

* There iz a change in the market share of commodity plastics
between the various regions. The United States and Western Europe
are decreasing their relative market share, while East Asia and
Japan are incressing their proportion.
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4.3.2 Supply and Demand of Major Polymers

Figure 4.3.2 presents actual consumption for major plastics by
major regions for the years 1987, 1988 and 1989 as well as
estimates for 1990. S8ection A im for Commodity Plastics ; i.e.-
LDPE/LLDPE, HDPE, PP, PS, and PVC. Section B i= for other plastics
-ABS, Reinforced Plastics and PET; all other thermoplastics are
included in "Other Plastics". Thermosetting materials are not
included.

The information in this Figure has been compiled, primarily from
the yearly consumption information appearing in Modern Plasticos,
supplemented by studies and reports from SRI, Chem Systems, The
World Bank and the International Status Report on Plastics,
published by IPAD. 7

Rates of growth for 1990 are based primarily on literature surveys
of information appearing during January to March 1990.

A brief discussion on each Commodity Plastics and on PET {which in
the future may well enter into this category) follows. Emphamis is
also placed on regional trade of the various polymers.

4.3.2.1 Low Density/Linear Low Density Polvethvlene

Global demand for LDPE/LLDPE is expected to be almost 19 million
tons in 19%0. East Asia (including Japan) has shown the largest
regional increase in its share of global market, increasing from
19.8 in 1987 to almost 22 percent in 1999,

The global LDPE/LLDPE industry operated at 90 percent capacity in
1987 increasing to almost 100 £ in 1989. Some areas of the world,
most notably the United States, Canada and Japan have baen
operating at over 100% nameplate capacity for the last vears.,
Furthermore operations in certain countries have baen curtailed due
to lack of sufficient ethylene.

It should be pointed out that there is conmsiderable swing-capacity
between LLDPE and HDPE especially in Canada, and that part of the
LLDPE capacity has been used for HDPE production. It is estimated
that =mome 1.2 million tons of LLDPE/HDPE awing capacity will be
utilized for HDPE production in 1990.

The market share per region for 1990 LDPE/LLDPE consumption is
estimated as shown in Figure 4.3.2.1

Figure 4.3.2.1 ESTIMATED 1990 LDPE/LLDPE CONSUMPTION BY REGIONS
Region est.1990—Thous.Tons| % of World
United States 4,500 23.9
Wentern Europe 5,252 27.8

Japan 1,378 7.3

Other East Asia | 2,758 14.6 i
Rest of World 4,978 26.4 '

Total o 18,866 J | |
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Trade in LDPE/LLDPE

The global trade of LDPE/LLDPE amounted to 1.4 million metric tons
in 1987, and is expected to be between 1.8-2 million tons in 1990,
Amia is the principal target for exports, however with the
commencement of new ethylene and polyethylene plants to commence
operation®s in South Korea and Taiwan in the early 1990s, this
target market is expected to decrease. The increase in volume of
trade in the 1987 to 1990 period has been the result of the aurrent
imbalance between supply and demand in the developing regions in
the world, particularly East Amia, and will persist until plants
now in the planning smstage are built and brought on stream in these
areas in the early 1990°=s.

Figure 4.3.2.1.A. shows the actual trade of LDPE/LLDPE for the
various regions during 1987,1988 and 1989 - as well as estimates
for 1990.

Figure 4.3.2.1.A - TRADE OF LDPE/LLDPE in Thousand Tons

Region/Year 1987 1988 1989 est. 1990
United States 167 122 350 411
Canada 547 580 550 485
Latin America ( 76) (130) (200) (267)
Japan 13 20 10 ( 15)
Other Eamt Asia {(1,018) (1,117} (1,115) (1,112)
Oceania { 29) { 42) ( 50) ( 57)
Middle East 425 471 455 560
Africa ( 279) ( 286) ( 300) { 315)

Weatern Europe 160 146 100 100

Eastern Europe 130 200 200 210

{ )= import. pomitive figures= export.
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4.3.2.2 High Density Polyethylene

The global demand for High Density Polyethylene amounted to almost
10 million tons in 1987, and is estimated to be 11.5 million tons.
While there im little increame in the United States, due to market
saturation, there have been massive increases in Western Europe,
Japan and other Asian countries. As for LDPE, the major increase
has been in East Asia,(including Japan), which increased it's
market share from 20.5 % in 1987, to 23.2% in 1990.

1990 estimated demands for HDPE by major regions are shown in
Figure 4.3.2.2.

Figure 4.3.2.2 ESTIMATED 1990 HDPE CONSUMPTION BY REGIONS

Region eat.1990-Thous.Tons| & of World

United States 3,415 ‘ 29.7

Western Europe ' 2,734 23.8

Japan 929 8.1

Other East Asia 1,742 15.1

Reat of World 2,690 23.4

Total 11,510

The global HDPE industry operated at 92 percent capacity in 1987,
with producers in the United States and Japan running their
facilities above 95 . Since 1987, the industry as a whole has been
operating at close to 100 % capacity. Supply has been very tight in
the last two years even with HDPE being produced in a number of
swing LLDPE facilities around the world, especially in the United
States, Canada, Western Europe and Saudi Arabia.

Trade in HDPE

Global trade of HDPE is considerably lower than for LDPE. The major
importer hax been the East Asjian Region, with United States and
Saudi Arabia being the major exporters. Trade was about 900
thousand tons in 1987, and isms expaected to have remeained about the
same by 1990. Trade of HDPE for 1987,1988 and 1989 and estimates
for 1990 are shown in Figure 4.3.2.2.A.

The Asian market is= the most important target for HDPE exports,
accounting for slightly 40 percent of the world trade. However, the
volume of exports to Latin America is expected to surpass that of
East Asia, during the present vear.
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Figure 4.3.2.2.A - TRADE OF HDPE in Thousand Tons
Region/Year 1981 1989 est. 1990
United States 4317 360 359
Canada { 3) 0 20
Latin America (252) (340) (379)
Japan 186 200 200
Other East Asia (478) {385) (358)
Oceania { 20) { 25) ( 27)
Middle East 220 265 280
Africa {150) (120) (130)
Wentern Europe 70 15 0
Eastern Europe (10) 30 35

( )= import. posmitive figurem= export.

4.3.2.3 Polypropylene ‘
The 1987 global demand for polypropylene wes 9.8 million tons,

somewhat below the HDPE demand (of nearly 10 million tons). During
1990, it is expected that polypropylene demand will be about 12.5
million tons, about 1 million above the expected HDPE demand.
Consumption of polypropylene is increasing all over the world, and
supply has been rather scarce. East Asia (including Japan) is the
major consuming region for polypropylene, accounting for 31 %.
Estimates of 1990 polypropylene demand by region are shown in
Figure 4.3.2.3. .

Figure 4.3.2.3 ESTIMATED 1990 PP CONSUMPTION BY REGIONS I
Region ext .1990-Thous. Tons 3 of World
United States ' 3,008 24.1 |
Wemtern Europe 3,501 28.0
Japan 4 1,815 14.5

Other East Asmia 2,076 16.6

Rest of World _ 2,088 16.7 ’

Total 12,488
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The global polypropylene industry has operated at 97 percent of
capacity in 1987, with the result that global supply has been
extremely tight. However, new capacity has come on stream in the
last year and additional capacity is coming on stream during this

year which ought to relieve the supply mituation with consequential
lowering in prices.

Trade in Polypropylene

The global trade for polypropylene amounted to 1.1 million tons in
1987, decreasing in 1989 and expected to decrease further to less
than 900 thousand tons in 1990, a=s new plants come on stream in
various regions.

Figure 4.3.2.1.A - TRADE OF PP in Thousand Tons

Region/Year 1987 1988 I 1989 est. 1990

United States 644 588 540 407

Canada 16 22 10 4

Latin America (231) (242) (250) {( 95)

Japan 152 145 145 145

Othar East Asmia {650) {625) (560) (508)

Oceania 19 38 42 52

Middle East (112) (116) (125) (130)

Africa {105) (100) { 80) ( 80)

Western Eurcope 280 | 300 300 250

Eastern Europe ( 25) I ( 10) ( 22) ( 45)

( )= import. pomitive figurea= export.
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4.3.2.4 Polystyrene

The 1987 global demand of polystyrene was 6.5 million tons;
worldwide increase of polystyrene from 1987 to 1990 hams been at an
average rate of slightly below 5 % per year. The rate of increase
has been the highest in Japan. Estimates for 1990 polystyrene
requirements in various areas of the world are presented in Table
4.3.2.4.

Figure 4.3.2.4 ESTIMATED 1990 POLYSTYRENE CONSUMPTION BY REGIONS

Region esat.1990-Thous.Tona|] t of World
United States 2,349 31.3
Western Europe 2,251 30.0
Japan 1,045 13.9
Other East Asia n.a.

Rest of World - 1,861 24.8
Total 7,506

Trade in Styrene

There is no reliable information available on polystyrene trade,
8plit by regions. There is however information on global Styrene
trade. The global trade of Styrene amounted to 1.0 million metric
tons in 1987, and is expected to be at this level during 1990.
Exports to East Asia account for a large part of this trade; but,
with new capacity planned for South Korea, Taiwan, China and
Thailand, East Asia's importance will diminish somewhat in the
future vears. Nevertheless, it will continue to be a major target
market for styrene exports. Western Europe is expected to increa=ze
it’s imports; Canada, the United States and Saudi Arabia are the
major exporters of astyrene in the world; their joint export
accounts for almost 97 percent: the only other exporting country is
Australia,

Figure 4.3.2.4.A. shows the actual trade of Styrene for the various
ragions during 1987,1988 and 1989 - asm well as estimates for 1990,
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Figure 4.3.2.4.A - TRADE OF STYRENE in Thousand Tons
Region/Year 1987 1988 1989 eat. 1990
United States 320 435 . 412 379
Canada 420 | 416 480 500
Latin America (167) (165) (140) (120)
Japan {148) {130) (120) (100)
Other East Asia (518) (645) (665) {(661)
Oceania ' 26 24 24 22
Middle East 234 258 220 190 l
Africa ( 31) ( 38) ( 38) ( 40) |
Western Europe (115) (125) (143) (145) I
Eastern Europe ‘ { 30) { 30) { 30) { 25)

{ ); import. positive figures= export. |

4.3.2.5 Polyvinyl Chloride

The 1987 global demand cof polyvinyl chloride was 15.8 million tons:
1990 estimates are in the order of 19 million tons ; corresponding
to an average rate of almost 6.5 % per vear.

Estimates for 1990 polyvinyl chloride consumption in various
regions of the world are presented in Table 4.3.2.5.

Figure 4.3.2.5 ESTIMATED 1990 PVC CONSUMPTION BY REGIONS

Region _ esat.1990-Thous.Tons| % of World
United States 4,379 23.0
Weastern Europe 5,207 27.4
Japan _ 1,939 10.2
Other East Asia ' 2,629 | 13.8
Raest of World 4,859 25.6

Total 19,014
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Trade in Ethylene Dichloride (EDC), Vinyl Chloride Monomer (VCM)
and Polyvinyl Chloride (PVC).

Large quantities of EDC and VC monomer {(much more than PVC) are
traded in the international markets. Some 1.4 million tons of EDC
and over 1.1 million tons of VCM are being traded per vear from
region to region, compared to less than 500 thousand tons of PVC.
Japan and Taiwan are the largest importers of EDC and they will be
joined shortly by South Korea. Eastern Europe is also a net
importer. The United States, Saudi Arabia and Canada supply almost
90 percent of the EDC to Asmia; other exporters are Brazil and
Western Europe.

Exports of VCM are primarily to East Asia, Japan, Latin America and
Oceania; the major exporters are the United States, Western
Europe, Saudi Arabia and Canada. However, exports to East Asia (at
present some 800 thousand tons per year), are expected to decrease
with no capacity due to come on stream in this area.

East Asia is also the major importer of PVC, which is being
exported mainly from Western Europe.

Table 4.3.2.5.A. presents the Trade picture for EDC, VCM and PVC
between 1987 and 1990.

Figure 4.3.2.5.A - TRADE OF EDC, VCM, PVC in Thousand Tons

PRODUCT EDC vCH PVC

Region/Year 198711988 19871988 |1990* 119871988 |1990%

United States 415) 455 2521 230| 375 122 99 68

Canada 205] 200 130] 120| 100 not available

Latin America 155| 160 -297|~-3431-282 not available

Japan -583{-640 2 - |- 5 - 29}- 30]|- 30

Other East Asia {-556]-520 -621]-689|-811 |-208{-218|-184

Oceania - 2 0 -102{-107]|-119 not available

Middle East 305| 295 180§ 200} 180 not available

Africa - - not available

480] 400| 300 220| 200| 200

-100

Raegt of the World - 88|- 51|- 44

Western Europe 160i 150

Eastern Europe -100 50|~ 25 - not available

*1990 estimates; negative figures = import; pomitive = export.
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4.3.2.6 Polyethylene Terephthalate -PET =
This is the most dynamic polymer for the 1990s, not only in it's

growth in existing markets, but also in realizing its potential in
a wide varjety of new and developing applications.

Global consumption of PET for 1990 is eatimated at over 1.6 million

tons ; Table 4.3.2.6 presents the regional breakdown of thism
estimated consumption.

Figure 4.3.2.6 ESTIMATED 1990 P E T CONSUMPTION BY REGIONS

Region Iost.1990~Thous.Tons % of world
United States 824 50.1
Wastern Europe 267 16.3
Japan 446 27.1
Other East Asia 83 5.0
Rest of World _ 25 1.5

Total 1,625
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SECTION 5 - GLOBAL TRENDS AND FORECASTS FOR THE NEXT DECADE

s - R

5.1. Factors Influencing Global Trends in Polymaer Manufacture
The complexity of the petrochemical industry - and therefore of
polymer manufacture - is continuously guided by a number of major
factors which influence products availability and prices.

The following have been identified as the major factors influencing
global trends in polymer manufacturing :

1). Feedstock Availability

2). Market Growth, Penetration and Saturation

3). Vertical Integration

4). Changes in International Trade Patterns

Figure 5.1 presents the major factors influencing global trends.

5.1.1. Feedstock Availability

The availability of low cost monomers-mainly ethylene and
propylene-has been the key factor in polymer manufacturing
profitability and competitive prices. Availability of low cost
monomers is dependent on gas and oil prices; and on plant capacity
availability. Actually the interplay of these two factors has
caused, in the last years, drastic changes of monomer prices from
one axtreme to another.

As a direct consequence of the fast pace of oil exploration in the
last 15 years, world natural gas reserves have increased
dramatically. The world's gas reserves/production ratio has
consequentially steadily increased and significant gas reserves are
now distributed among 100 odd countries. During 1985 world gas
reserves increamed 2.4% compared with an increase in oil reserves
of only 0.2%. Bocosted by reserves availability, world gas
consumption has also increased and is now estimated at closme to

2 x10"® cubic meters. Regional requirements have also increased
with the notable exception of the United States where lower
petroleum prices and gas to gas competition have prevented a higher
growth. In Latin America, Asia and Africa, gas use is increasing at
rates ranging between 5 to 7 % per annum.

However, for many gas rich developing countries, the reguirements
for oil production and the lack of transport and distribution
infrastructure have also forced a high degree of flaring, venting
and re-injection of associated natural gas. Therefore, in the short
range, many of these countries will continue te have large amounts
of gam reserves associated with very low marginal costs of
production but lacking the infrastructure for storage, transporta-
tion and marketing required. The polymer industry has no use for
the methane contained in the gas -which constitutes the major part
(usually 90-99%) of natural gas, and is upgraded only to ammonia
and methanol-and therefore the availability of gas based feedstocks
for polymers i=ms clomely tied to the fraction of condensates {ethane
{Cz) and propane (C,)) available in the natural gas.

Natural gas condensates and naphtha have been the preferred
feedstocks for ethylene manufacture. Naphtha, although still the
main feedstock should continue a long term declining trend in favor
of new-ethane bamsed ethylene capacity in gas rich areas, and to a
lesser degree to unbalanced refinery streams, ranging from refinery
gases to heating oils.
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I FIGURE 5.1 GLOBAL TRENDS AND FORECASTS FOR THE NEXT DECADE
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1). Feedstock Availability

3). Vertical Integration

4). Changes in International Trade Patterns
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1). Feedstock Availability

VERY LOW GAS PRICES IN ENERGY RICH COUNTRIES ARE TRKING OVER
ETHYLENE /PROPYLENE PRODUCTION INSTEAD OF NAPHTHA FEED BASIS

2). Market Growth, Penetration and Saturation I l

YEAR l 1987 1990 1995

FEEDSTOCK BASIS/AREA/COUNTRY

NAPHTHA-Major Analyst’'s Forecasts 158 200
NATURAL GAS |[Wellhead USA-GulfCoast 1.40 1.75 2.00
US$/MMBtu FOB Factory-WestEurope 2.30 2.80 3.20
Prices for |Middle East 0.50 0.50 0.50
Feedstocks |OtherEnergyRich Areas §0.60-1.20]00.40-1.25 J0.50-1.00

2). Market Growth, Penetration and Saturation
PER CAPITA CONSUMPTION OF POLYMERS -Kg./person-

INDUSTRIALIZED REGIONS REGIONS IN DEVELOPMENT
Area +CANADA JAPAN WEST.EUROLAT . AMER . ASIA ISRAEL

Year ]1987|1990]1987{1990]1987{1990]1987|1990§1987[1930f1987[1990
COMMD$63.1|71.5)48.2157.9044.6|51.6 8.6[10.6} 2.6| 3.4)46.6{47.2
POLYM |88 101 {65 81 54 63 9.2|11.3313.00|4.00461.4|64.1

3). Downstream Integration

*VERTICAL INTEGRATION: for economy of scale
to assure continuous raw materials supply
to create and control captive markets
* GAS/OIL PRODUCING COUNTRIES BUILDING LARGE
INTEGRATED NATIONAL OWNED PETROCHEMICAL COMPLEXES

4). CHBANGING TRENDS IN INTERNATIONAL TRADE

* IMPACT OF CHANGING LOCATIONS FROM MARKETING
CENTERS TO LOW GAS/OIL PRODUCTION AREAS: > TRADE

1970:15 B$-] 1980: 50 BS$ I 1990: 70 B$I2000:"100 BS
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Naphtha prices are critical to the continuation of this trend. In
the short term, the shift in feedstocks has been smlowed by tha drop
in naphtha prices from around US$ 300 per ton in 1983 to the

prices of US$ 150 in 1987 and current price of US$ 170. The
softening of crude cil prices has taken away some of the incentives
from natural gas as a low cost alternative feedstock. While crude
oil and therefore naphtha prices remain low, naphtha based
producers- located near the markets- will be able to compete with
new plants -located in development areas based on natural gas,
Furthermore, it should also be borne in mind that ethylene and
propylene production from naphtha cracking vields a series of
valuable co-products -butadiene, isobutylene and high aromatics
content pyrolisis gasoline-which have interesting upgrading value.
This means that choice of feedstock depends not only on the base
cost of the feedatock, but almsc on the upgrading potential of all
the co-products, and on market proximity/logistics conjecture of
the polymers against the monomers.

Analysts project crude-cil prices to increase to the extent that
naphtha should come back to the US$ 200-250/ton price range by
1995. The writer is in disagreement with such increasing naphtha
price projections; believing that crude-ocil prices will increase in
UsS$ by not more than the inflation of this currency, and naphtha
prices will be strongly influenced by it's supply and demand as a
petrochemical feedstock. World-wide over availability of natural
gas should have a direct effect on reduced naphtha prices. The
writer considers US$§ 200 as the top level price for naphtha during
the 1990s, with a figure of $ 150-180 as more likely to prevail.

Natural gas prices will be tied to its opportunity cost and will
vary considerably from region to region, expected tc range from
very low in the Middle East, Latin America and the Pacific Basin,
to very high in Western Europe, where it is scarce and premiums are
granted for cleanliness, easiness of utilization and high
opportunity values.

Overall, condensate rich natural gas is expected toc be the
preferraed feedstock for new ethylene plants. Gas rich developing
countries with existing and/or developing substantial domestic
markets are bound to gain the most from the trends in feedstock
prices. Gas rich countries with large populations -such as Canada,
India, Indonesmsia, Malaysia, Thailand, Mexico, Venezuela, Argentina,
Brazil, Algeria and Nigeria are expected to benefit the most -as
these countries already have extensive natural resources and are
developing their conauming domestic markets. Many of these
countries are adding new gas based petrochemical plants currently.

Figure 5.1.1 presents a comparison of past, current and projected
naphtha prices; as well asm natural gas prevailing and forecast
prices in various regions in the world.
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Figure 5.1.1 NAPHTHA PRICES FOR ETHYLENE/PROPYLENE PRODUCTION
COMPARED TO NATURAL GAS PRICES IN VARIOUS REGIONS IN THE WORLD
YEAR . 1987 1990 1998
FEEDSTOCK BASIS/AREA/COUNTRY
NAPHTHA-Major Analyst s Forecasts 155 200 250
US$/ton - H.D.Frenkel's forecast 150 165 190
NATURAL GAS {Wellhead USA-GulfCoast 1.40 1.5 2.00
US$/MMBtu FOB Factory-wWestEurope 2.30 2.80 3.20
Pricea for |Middle East 0.50 0.50 0.50
Petrochem.
Feedstocks [East Asia
China 1.80 1.80 2.00
India 3.00 2.00 1.60
Indonesia 1.00 1.25 0.85
Malaysia 0.75 1.00 1.05
Africa
Algeria 1.00 1.00 0.75
Nigeria 1.50 1.50 0.175
Latin America
Argentina 0.75 0.75 0.75
Brazil 1.50 1.00 1.00
Mexico 2.25%* 2.00 2.00
Venezuela 0.60 0.40 0.50
* Mexico-as Canada- quotes high gas prices, because of smsalesm of
. gas to the United States:; however petrochemical projects are
jugtified at prices much lower than the one shown in the Figure

Lower feedstock costs in gas rich countries tranmlate into low
ethylene and propylene costa, with consaquential savings in the
production costs of polymers. This is the major reason why Canada
and S8audi Arabia have become world scale polymer producers in
recent years,

It is expected that in the 1990s gas rich countries with access to
natural gas at prices below $ 1/MMBtu will play a leading world-
wide role in the production and supply of monomersm and polymers.
This means that Saudi Arabia, and the other Middle East producers,
shall find competition from monomers/polymers producers now
building plants in Venezuala, Argentina, Indonesia, Malaysia,
Nigeria and Algeria.
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5.1.2 Market Growth, Penetration and Saturation.

The world market for primary monomers and commodity poiymers has
been strongly influenced in the Past by the market size and growth
in the developed western economies - i.e. United States, Western
Europe and Japan. These traditional marketing regions accounted -in
the early 1980=- for 75% to 80% of global consumption.

The rate of growth of most plastic materialm, and their respective
raw materials dropped considerably in the early to mid eighties, as
the aconomieas of the weatern developed countries were facing
recessions and sharp economic downturn, and at the mame time many
of the polymers had in the meanwhile become nature products
approaching market saturation. These factors caused decreased
overall demand and severe over-capacity.

Forecaste made in the mid 1970s and early 19808 for the world
denmand of primary olefins and commodity polymers had been over-
optimistic. For example, demand forecasts for ethylene made in
1975, 1980 and 1982 failed to predict the slowdown of the market
and caused extensive over-capacity, which resulted in rational-
ization in capacity, including mothballing and closure of large
petrochemical complexes in Japan, Western Europe and North America.
Since 1982 about a quarter of the developed world's bulk or basic
chamicals plant capacity has been closed down and during the period
1982 to 1987 not a single olefins producing plant had been planned
nor constructed in the developed western economies.

In summary and in retrospect the severe ovefcnpacity in monomer and
polymer production developed during the early 1980s resulted from:

* sharp economic downturn and recessicnal trends which caused
decreased polymer demand.

* failure of manufacturers to recognize the implications of the
1982 recession on projected polymers demand.

* market maturity of many of the polymers, resulting in slower
growth rates.

* new gas rich developing countries became new producer= and
influenced global market patterns.

The 1987/1988 surge in ethylene demand stems primarily from :

* the high growth rates for polyolefins in new non-saturated
markets.

* overall improvement of the world economy, which spearheaded
construction, transportation and domestic consumption, thus
increasing consumption of polymers in these areas.

* surging economies of large population countries in development,
with relative low base per capita consumption, which have shown a
high growth rate of market penetration. While the 1980-1987 growth
rates of ethylene/propylene and their derivatives averaged 2-4%
per annum in the western industrialized countries (USA, Western
Europe and Japan), the same products have grown 11-14% in Latin
America and 15-18% in the Far East. However, as the share of the
developing areas has been relatively low their high growth impact
has not yet been strongly felt on the overall global growth,
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Hence, while primary olefins and their derivatives have generally
reached maturity in conventional uses in the industrialized
countries, market development iz very promising -indeed- even in
conventional applications in the developing countries. This change
in regional marketing arena ought to have a marked influential
effect in polymer market penetration in the 1990s.

For all commodity plastics the per-capita consumption in developing
countries is generally an order of magnitude lower than in the
industrialized regions of the world. This can best be meen in
Figure 5.1.2. which compares per capita polymer consumption in the
various geographical regions, between 1987 actual consumption
against expected 1990 per capita consumption.

Figure 5.1.2 PER CAPITA CONSUMPTION OF POLYMERS -Kg./person-

INDUSTRIALIZED REGIONS REGIONS IN DEVELOPMENT
OS+CANADA JAPAN WEST.EURO JLAT.AMER. ASIA AFRICA

1987199011987 |1990§1987 19901987 199011987 |1990}1987|1990

17.5|19.60 9.9}11.2113.0|14.3] 3.4| 4.0]0.5%/0.78J0.67]0.83
12.8|13.6] 7.0} 7.6) 6.4| 7.4] 1.3} 1.730.39]0.59J0.32]0.40
9.5|11.6)11.6114.8] 7.2| 9.5] 0.9 1.4§0.51(0.69J0.41{0.57
8.8} 9.3] 7.1| 8.5] 5.4 6.1} 0.8| 1.1]0.27][0.36}0.21{0.28

14.5[17.4)12.6({15.8)112.6}14.2] 2.1| 2.4]0.83|0.97§0.83[1.25

63.1]71.5}48.2157.9)144.6}51.6} 8.6]|10.6] 2.6 3.4] 2.4|3.3

1.9} 2.3 3.3] 4.6 1.1} 1.5} 0.1} 0.1}0.13}0.15] - 0.1
1.5} 3.1 0.7] 0.9] 0.6} 0.7 0.1} 0.1}0.08|0.12} - 0.1

21.1|23.9]12.8|17.5] 7.6 9.3} 0.4] 0.5]0.22|0.32] 0.1]0.2

88 101 |65 81 54 63 9.2]11.3)13.00(|4.00] 2.5{3.7

* Includes LLDPE,

From this Figure it can be seen that there is an enormous
difference between the per capita consumption in the regions in
development and the industrialized regions. Thus in can be
concluded, that even at a relatively smslow pace of development,
there is still a great potential market for the polymer= especially
in countries-now in development- which have their own natural gas
resources and only allow consumption of polymers at the present.
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Considering that Asia -the fastest development area- accounts for
some 3 billion people, and Latin America and Africa for some 400
million and 600 million people rempectively, it can be forecasted
that the regions in development will add over 12 million tons
polymer requirements in the next 5 years.

Such new requirements from the regions in development -over the
next five years- compares well to the expected increase of the same
amount (12 million tonm) from the natural growth in the
industrialized areas for the mame period. In total thism amounts to
an additional 24 million tons of polymer {(over the present) for
some 109 million ton=, equivalent to an average global annual
growth of about 5 %.

$.1.3 Vertical Integration.

During the last decade the petrochemical industry -as a whole- and
the polymer industry specifically- have gone through a continuous
trend of downstream integration of the major producers. Vertical
integration iz motivated by the desire to gain in aconomy of smcale
value added and to reduce production and transportation costs.
Furthermore, such integration also assures continuocus availability
of raw materials for outlet markets and permits improved inter-
relation planning.

The emergence of non-traditional petrochemical producers in the
axport markets -Saudi Arabia, Canada, Brazil- has also lead
producers in industrialized regions to move faster into downstream
and specialty products where the value added is graater and the
quality of the products requires the use of more advanced
sophisticated technologies. Likewise, chemical specialty companies
have moved into upstream integration so as to assure the
availability of their feedstocks. Both directions have moved toward
vertical integration; furthermore, new petrochemical projects in
the regions in development, usually are set-up with a combined
infrastructure which enhances vertical integration.

Simultaneously, the degree of concentration of the commodity
markets appears to have become more fragmented and therefore more
competitive. A recent analysis concludes that by the vyear 2000 no
major chemical company will be a pure manufacturer of basic
chemicals; i.e. monomers. On the contrary, major chemical companies
Will offer a whole range of products oriented toward specialized
end uses.

One of the directions that polymer manufacturers have taken is to
provide & more active and dynamic approach toc the convarters, in
understanding the converters problems; in addition to actual
vertical integration and setting-up joint ventures between polymer
manufacturers and converters, the polymer producing companies have
provided compounding services, engineering and many times even
financial assistance in new product development. The trend will be
stronger in these directions, as more "in-reactor" compounding will
prevail and more sophisticated relationships will be required
between polymer producers,converters and the final end-use markets.
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5.1.4 Trends in International Trade.

The growth rate of world chemical trade has been very high. World
trade of polymers grew from mome US$ 15 billion in 1970 to over
some US$H 50 billion in 1980 and are estimated to become over US$ 170
billion in 1990. International trade in polymers continues to be
dominated by industrial nations, although new producers have
started to become a significant factor in the trading markets.

As a major consequence of the oil price increases, gas and o0il rich
developing nations maw an improvement in their competitiveness of
their petrochemical trade. During the last fifteen years, the
developing countries share of polymer exports increased from less
than 2 ¢ to clome to 20%.

The new petrochemical producers from the developing regions -
notably from the Middle East and South Pacific - impacted world
trade in two different ways : first, the new petrochemical
manufacturers substituted -through local production- polymers
imports for their domestic demand -previously exported from the
industrialized countries- and secondly, the new producers entered
with some success into the world market and compete for market
share in the industrialized regions. However, for the time being
the larger industrialized countries are mtill the ones achieving
the lion's share of the trading market.

The growth in polymer trade with developing countries - especially
exports from industrialized regions- faces a series of obstacles
based on the deteriorating balance of payments, deficits and
foreign debta situations, sharp inflation rate=s and difficulties in
obtaining hard currencies to permit imports. To bypass some of
these difficulties, world trade with developing nations tends to
grow on a barter trade bamis; i.e. linkage betwaeen imports and
exports, which makes it possible to pay for purchaszes of polymers
Wwith goods - in many instances agricultural produce. It is expected
that the share of global barter trade will continue to increase at
a rapid rate. Increased polymer production in and barter trade with
developing countries have the potential to ease the burden on
balance of payments and increase the domestic consumption of
polymers in areas with low per-capita consumption.

On the other hand, restrictions to trade and in particular
increased levels of tariff protection and setting-up import quotas,
being established in industrialized and developing countries are
also a mevere obstacle to increased global trade in polymers.
Current trends in trade legislation in the United States, West
Europe and Japan indicate that developing countries will face
increased difficulties in exporting polymers to the traditional
large markets in these industrialized regions. Tariff rates in
developing countries are also generally high and reflect a high
degree of protectionism for local producers.
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5.2 Improvements and Innovations.

Ams a direct consequence of world-wide competition, high raw
material prices, capital intensiveness of industrial development
and polymer maturity in conventional applications, there have been
-in the last years- many production technology improvements,
innovations, and new applications for polvmers. The trends in the
two major areas are discussed hereinafter.

5.2.1 Trends in Production Technology.

Technology progress has been a key factor in the production
aeconomies of polymers m0 as to overcome the increased feedstock
costs of the 1970s. Improvements in production technologies
resulted in increased product yields, decreased investments and
considerable reductions in energy requirements. All these factors
strongly counter weighted the increamed raw materials costs,
permitting overall lower production costs. Furthermore, since 1986,
when raw material prices decreased sharply, such production
technology improvements were an important factor in turning the
patrochemical industry as a whole, from a losing or marginally
profitable sector, into a highly profitable cne.

Likewise, the gradual maturity of a number of polymers, especially
in conventional use= has sparked a new generation of products and
has created diversified new applications. New plastics have
appeared in the world markets with substantial advantages in
production costs, improved performance and technical
charactaerigtics.

The new products reaching the market in industrialized countries
have the potential to become substitutes of long standing
traditional materials in many sectors of economic activity. Hence,
the lower per capita demand for some of the traditional materials
like steel, glass, paper, etc. in developing countries offer an
aexceallent opportunity and challenge to those aconomies to
capitalize on polymer technology improvements and innovations, at
an early stage of their industrial development. A major innovation
is constituted by the introduction of engineering plastics which
Wwill be discussed in more detail in the next sub-section. In the
production of polyolefins, much of the latest and current activity
in technology development is directed toward the introduction of
more versatile technologiesm. For example, processes capable of
producing a wider variety of polymer grade=s. Other technology
improvement priorities are : (a) increase in catalyst activity and
life span (b) further use of common monomers such as butane to
develop additional products and (c) process retrofits.

Further examples of modifications in production technology are
typified by the quality and costs improvements in the production of
polypropylene and the advent of LLDPE as a supplement tc LDPE,
permitting down-gauging and improved conversion economy.

Figure5.2 presents an Overview of such Improvements and Innovation.
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I FIGURE 5.2]

I IMPROVEMENTS AND INNOVATIONS v]

l_lCOmpetition; High Prices; Polymer Maturity in Conventional Uses ]

IMPROVEMENTS NEW PRODUCTS IMPROVED PRODUCTS

INCREASED PRODUCTI INEW GENERATION I——~—>IPRODUCTS—IHPROVED

TECHNOLOGY -] INROVATIONS I NEW APPLICATIONS

YIELDS POLYMER PRODUCTS PERFORMANCE

DECREASED SUBSTITUTE TO
CONVENTIONAL MAT.

Replacing: steel
glass, nat.fibers

| aluminum, paper, ..
CONSIDERABLE '
ERERGY REDUCTION ENGINEERING POLYMERS {(EP)
Potential Metal Replacement :
* in construction-steel, die-cast metals
l structural steel
* building and glazing materials
INCREASED * consumer electronics, *appliances

CATALYST LIFE
EP include:

ABS, PBT, PET Specialty nylons
Polyacetals High cristallinity PP
Polycarbonates |SEBS copolymers

TPE -polyesters |Polyamides
Polyphenylenes |Polyarylethers (ArylonT)
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5.2.2 Engineering Plasticsa.

As commodity plastics face maturity in many applications, the next
phase of the world's polymer industry, especially in the
industrialized countries, appears to be accelerated
commercialization of the high technology, high performance
engineering plastics. The term engineering plastics (EP) includes a
number of polymers and encompasses a variety of applications. Most
of these materials’ demand has resulted from their potential as
metal replacements. The combination of structural engineering
properties with the economics of thermoplastic processing makes
these plastics excellent substitutem for metals and other materials
in a wide range of markets.

The group of engineering plastics includes ABS, polvacetals (POM),
polycarbonates (PC), thermoplastics polyesters (TPE), polyphenylene
sulphides and oxides, polybutylene and polyethylene terephthalates
(PBT and PET), specialty nylon and others. Much research and
development work is being invested on Polypropylene, which is the
commodity polymer with the most suitable engineaering features.

New high-crystallinity polypropylene (HCPP} grades are being
produced through a new catalyst system; smuch high-cryatallinity
polymers are a completely new family, with properties very
different from previously known gradems. Especially block copolymers
of HCPP show an extraordinary balance of impact strength, tensile
strength and stiffnessa, even at higher melt flow rates. Blends of
HCPP with styrene-grafted chlorinated polyethylene (CPES), as
impact modifier, surpass the performance of ABS as an enginearing
plastic. It is most likely that the HCPP/CPES blends will have a
high application in automotive parts, replacing the more expensive
ABS as well azm metal parts.

Styrene-ethylene-butene-styrene (SEBS) block copolymers are used in
blends with polyoclefins, to impart them elastomer properties.

SEBS copolymers are being utilized as compatibilizing blends of a
widae range of commercially available polymer= having glass
transition temperatures or apparent crystalline melting points
between 150 and 350°C such as :

Polyamides -such as nylon 6, 6/6, 11, 12, 6/3, 6/12
Thermoplastic polyeaters such as PET and PBRT
Polyarylethers

Polaryisul fones

Polycarbonates

Polyacetals

Polyamide-imides

Thermoplatic polyurethanes

Halogenated thermoplastics such as PTFE, PCTFE and PVDF
Nitrile barrier resmins

* X E R E XK N XK
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The SEBS block copolymers can be used to improve the balance of
physical properties compared to individual component polymers by
blending a large amcunt of a relatively inexpensive polyolefin
(mainly used with PP) with a small amount of engineering
thermoplastic. The blends retain much of the properties of the
engineering thermoplamtic, with considerable price decrease, as 40
to 68 ¥ of the blend is lower cost polypropylene.

The development pace of engineering plastics is very intense and
resembles some of the characteristics exhibited originally by
commodity plastics when first introduced: vary high growth rates,
a very large degree of of research and development activity and a
continuous strive for new and improved applications.

In the United States engineering plastics demand has been growing
at a combined rate of over 12% per year for the last five years,
and is estimated to be over 1.7 million tons . An average yearly
growth rate of over 10% is expected to continue throughout the
decade. Japan's growth rate has been over 12%, and is expected to
continue growing at the smame pace. Japanese demand is ezstimated to
be about 1.5 million ton=. West Eurcpe's demand is about 800
thousand tons, growing at an average annual rate of 6%. Total
global demand for engineering plastics for 1990 is estimated at
about 5.25 million tons, which represents only some 6 § of total
polymer consumption. By 1995, it is expected that engineering
plastics will be close to 10% of total polymer demand.

Major markets for engineering plastics are:

* metal replacement in construction - sheet, die-cast metals and
structural steel-

* building and glazing materials

* component parts and body panels in transportation equipment

* consumer electronics

* component parts in appliances

Estimates of the future scope of engineering plastics markets vary
considerably; most analysts seem to agree, howaevaer, that global
growth rates for established and new applications in industrialized
countries will continue to be three to four times the GDP rates for
the next decade. Some analysts, even expect that engineering
plastics may replace by the year 2000 up to 50% of die-cast metals,
hot rolled steel and structural steel in the United States. That
substitution level alone represents an 8 to 10 million ton market
potential.

Another market development potential is the application of
engineering plastics in the transport industry.The first prototypes
of all-plastic body vehicles are expected to be ready within the
next two yvears at lower costs (some $ 2000 reduction for passenger
cars), lower weight, improved mechanical characteristics, and
attractive aesthetics. The plastic share of all passenger cars is
expected to increase to 150 kg/unit in 1992, from the current 100
kg/unit.
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But potential applications are not limited to passenger cars or
transportation hardware. Polycarbonates and polyacetals have a
bright future in irrigation hardware, pump housings, potable water
distribution systems, construction materials and durable goods.
Such applications are not limited to the industrialized regions
only; in fact, demand for engineering plastics in developing
countrie= is also growing at a fast pace with some early starters
such as Korea, Taiwan and Brazil showing increasing demands in an
established and ever growing market.

The potential for product subatitution, in developing countries is
also enormous, with metal replacement as a potential and very
economically attractive area, in particular for thome countries
without an established steel or metal industry.

Figure 5.2.2 presents estimates of past, and present global
consumption of engineering plastics, by different polymers and
expected growth rates over the next five vears. It also shows a
consumption forecast for 1995.

Figure 5.2.2 GLOBAL DEMAND FOR ENGINEERING PLASTICS

Consumption-MM Tons jGrowth Cona-MMTon

RESIN 1985 1990 [avg. 3/yr[forcst 995]
ABS 1.66 1.98 6 2.65
Polyacetals 0.24 0.33 7 0.46
Polycarbonates 0.35 0.64 13 1.20
Nylon 66 0.26 0.42 10 0.67
Polyphenylenes 0.1% 0.28 13 0.51
PBT and PET 0.13 0.29 22 0.80
Others 0.35 1.32 3.28

Total 3.14 5.26 12.5 9.57
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Figure 5.3 presents forecasts for polymer consumption in the
various regions of the world for the yvears 1995 and 2009, bamed on
the expected 1990 consumption. ,

Section A presents the consumption forecasts for commodity
polymers, Section B presents the consumption of other plastics.
Projected average annual growth= for the 1990-1995 period and for
the 1995-2000 periocd, for each major region, are alsmo shown in
Figure 5.3, as well as the relative share of world market for each
region for each polymer. '

Following is a brief summary polymer by polymer.

5.3.1 Low Density Polyethylene (including Linear) (LDPE/LLDPE)
Average annual growth of LDPE/LLDPE is expected to be about 4%
world-wide between 1990 and the year 2000. East Asia, Japan and
Latin America are expected to show the highest growth factors,
while for the United States and West Europe LDPE is conzidered a= a
relatively mature product which market will grow at 3.0-3.5 % up to
1995, and balow 3 ¥ thereafter.

At present, the industrialized economies (U.S., Wast Europe and
Japan) account for 59% of the total world-wide consumption, S.E.
Asia for 14.6% and the rest of the world for 26.4%.By the beginning
of next century the industrialized economies are expected to
decrease their share to 54%, while S.E.A=zia will increase consumpt-
ion to account for 17.4% and the rest of the world for 28.6%.

5.3.2 High Density Polyethylene (HDPE).

HDPE is expected to grow at an average annual rate of 5.4% world-
wide between 1990 and 1995, decreasing to 5 % thereafter. While the
S.E. Asian countries and Latin America are expected to show the
highest growth, all regions in the world are expected to show an
average growth above 4.5 % throughout the decade.

The industrialized economies presently consume 61.6% of total worid
consumption; with S.E. Asia consuming 15.1 % and the re=t of the
world 23.4 & of total world consumption. By the year 2000, the
industrialized nations are expected to decrease their share only to
about 59 %. This forecast can be translated to mean that HDPE is a
polymer with much wider potential growth than LDPE all throughout
the world, and not only in the development regions.

5.3.3 Polystyrene (PS).

Although in the United States and West Europe polystyrene
requiremants are not axpected to grow above an annual average rate
of 3-3.5 &% average over the next decade, consumption in the Far
East and rest of the world is on the increase, so that world-wide
consumption is expected to show an average annual growth of 4.6 %
between 1990 and 1995, and 4.1 % per annum thareafter.

The United States and West Europe presently consume about 61 % of
the world requirements, but will reduce their share to about 54 %
by the year 2000. Japan presently is responsible for 14 % of the
world wide consumption, and is expected to increase their share to
about 18% by the end of the century.
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5.3.4 Polyvinyl Chloride (PVC)

PVC expected growth will be handicapped by environmental
considerations in the United States and west Europe; thus, the
yearly average growth rate is expected to be between 2-3.% % in
these regions, while in the Far East and the rest of the world,
rate of consumption growth is expected to be 5-7 % average per
year. The worldwide average annual growth of PVC is forecast at
about 4.3 % between 1990-1995, and 3.9 t thereafter.

The industrialized economies consume at present 60.6 ¥ of total PVC
worldwide consumption, but are expected to have a 55 % share in
the year 2000; S.E.Asia share is expected to increase from 13.8% to
17.4 % of world market.

5.3.5 Polypropylene (PP)
PP is expected to continue to be the fastast growing commodity

polymer throughout the next decade, in all the regions. Annual
average growth is forecast to range from 6 % - 7.5 2 (worldwide
average of 6.8 % per year) between 1990 and 1995 and from 5 % to

6 ¥ (worldwide average of 5.6 % per year) thereafter.

World-wide market distribution will not change too much, as this
polymer i= expected to grow likewise in all areas. Presently the
industrialized economies account for 2/3 of world-wide consumption,
by the year 2000 their consumption share will decrease to 65.3 %.

5.3.6 Acrylo-Butyl-Styrene (ABS),

The expected growth of ABS is expected to be at an annual average
rate of 4.3 ¥ between 1930-1995, and 3.8 % per vear thereafter.
Rate of growth is fairly even throughout the world.

5.3.7 Polvethylene Terephthalate (PET) .

PET expected world-wide growth over the next decade is close to
expected Polypropylene growth; i.e 6.3 % between 1590-1995 and 5.5%
thereafter. The major growth is expected to be in S.E. Asia, Latin
America and West Europe, with Japan strongly lagging behind. The
United Statems and Japan currently account for over 77 ¥ of total
consumption, while West Europe only has 16.2 % of the total market:
by the year 2000 it is expected that the United States and Japan
will jointly have a share of 67.5 £ of the world market, while West
Europe will have close to 22% and S.E. Asia close to 8%.

The following table presents an overall summary of world-wide
polymer consumption and growth over the next decade.

Polymer [Year 1990 ]1990-95]vear 1995 [95-20000vear 2000 IDecade

MMTons| % |Av.%/y [MMTons| & JAv.%/v [MMTons T JAv.%/y

Consum growth |Consum growth |Consum growth
LD/LLDPE] 18.9 22 4.3 23.4 21 4.0 28.4 21 4.2
HDPE 11.5 13 5.4 15.0 14 5.0 19.2 14 5.3
P8 7.5 9 4.6 9.4 9 4.1 11.6 8 4.4
PVC 19.0 22 4.3 23.5 21 3.9 28.4 21 4.1
PP 12.5 15 6.8 17.4 16 5.6 22.8 17 6.2
PET 1.6 2 6.3 2.2 2 5.5 2.9 2 6.0
POLYMERS| 86.0 [100 5.3 110.2 |[100 4.5 137.6 |100 4.8




-63-

5.4 Current Monomer and Polymer Capacity Expansion.
It has been stated previously that monomer and polymer capacity is

being actively expanded since 1988. Many new olefins producing
plants are being built all over the world, especially in S8.E. Asia.
Many polymer producing plants, especially polypropylene are baing
built, and are being announced all over.

Tables 5.4.1-5.4.7 present projects which have been announced since
1988, and which have been either started up already, or under
construction or engineering stages. Most likely some of thesze
projects will not materialize, but on the whole the Project
Planning lists presented in Figures 5.4.1 - 5.4.7 translate the
"building euphoria" prevailing since 1988, after the very quiet
"non-expansion" period between 1980-1987.

The following table presents a summary overview of announced
axpansion projects.

PLANY U.S.A. |WEUROPE |EEUROPE| JAPAN |SE.ASIA| REST WORLD

MONOMER PLANTS - ETHYLENE AND PROPYLENE

5,304 4,670 2,685 4,193 5,720 7,250 §22,571

POLYMER PLANTS

LDPE 1,093 1,365 940 227 1,690 1,876 6,191

HDPE 1,232 470 300 - 580 370 2,952
PSS 377 489 668 120 605 455 2,743

pvC 1,050 7817 210 325 1,448 3,820
h PP 350 2,528 1,000 40 1,526 2,687 4,071

PET 187 71 8 194 133 399
L
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SECTION 6
FORECASTS OF ISRAEL'S POLYMER REQUIREMENTS OVER THE NEXT DECADE

e T ————_——— i i ettt ettt T et Tl S B R RARN

6.1. FACTORS EXPECTED TO INFLUENCE ISRAEL'S POLYMER REQUIREMENTS

Section 5 discusses in detail the factors influencing global trends
in polymer manufacturing. The parameters identified as major
factors influencing global trends in polymer manufacturing are :
1. Feedstock Availability

2. Market Growth, Penetration and Saturation

3. Vertical Integration

4. Changes in International Trade Patterns

A brief evaluation of these factors related to Israel's expacted
growth in polymer consumption is pertinent.

6.1.1 Feedstock Availability

Israel does not have access to natural gas nor to low cost naphtha
as feedstock for competitive monomer manufacturing.

This is, undoubtedly, the biggest handicap of the Israeli
petrochemical industry; the naphtha, although produced at the local
refineries is based on imported crude oil.

Furthermore, while in the past fuel o0il requirements were large
encugh to permit a certain degree of crude processing deals - which
permitted advantageous exports of heating oils and other middle
distillates, while keeping locally the naphtha (in addition to the
fuel oil locally), the Israeli fuel economy has changad, as fuel
0il requirements decrease with increasing coal based electric
energy, creating the incentive of lower refining throughputs : thus
additional naphtha for petrochemicals has to be imported as such.

In summary it can be said that there will be no large amounts of
feedstocks available - over present consumption - and any increased
feedstock requirements will have to be imported at a premium.

Thus there is no incentive in petrochemical expansion from a
feedstock availability standpoint.

6.1.2. Market Growth.
It ia considered that market growth of polymers in Israel -over the
next decade- will be influenced by the following factors

* Degree of Saturation

Direct and Indirect Effect of Increasing Immigration
New and Wider Application of Polymers

Changes in Pattern of Exports of Plastic Products
Effect of Local Production

* % %

6.1.2.1 Degree of Saturation

Figure 6.1.1 presents per-cepita consumption of polymers in Israel
compared to the Industrializes Regions:i.e. North America {U.8. and
Canada), West Europe and Japan. In addition to showing the per-
capita consumption in these areas in 1987 and expected in 1990, the
average yearly rate of growth per capita is also presented.
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FIGURE 6.1.1
PER CAPITA CONSUMPTION OF POLYMERS -Kg./person-
CONSUMPTION COMPARISON :
ISRAEL'S COMPARED TO INDUSTRIALIZED REGIONS h

U.8. & CANAD.| WEST EUROPE JAPAN

198711990 j3yr~ 1987|1990 jsyr~ 1987|1990 |syr~ 1987|1990 yr”

17.5]|19.63.8%§13.0|14.3|3.4%] 9.0}11.2}7.6%}15.9}16.8(1.9%
12.8|13.6|2.1%] 6.4 7.4{5.0%)] 7.0| 7.6|2.8%] 7.1] 7.8]|3.2%
9.5111.6§6.9%] 7.2| 9.5|9.7¢}11.6}|14.8[8.58] 9.0| 9.2}<1 %
8.8| 9.3|1.9%] 5.4) 6.1|4.18] 7.1]| 8.5|6.2%] 4.7} 4. -

14.5{17.4|6.3%)12.6|14.2}4.1% 12;6 15.8{7.8%]10.0 -11-5.%

63.1171.5]4.3%])44.6|51.6{5.0%)48.2157.9]|6.3%046.6[47.2]|0.4%

1.9 2.3)|6.6%f 1.1]| 1.5|11 8] 3.3| 4.6}12 =] 1.3} 1.1]|-5.%2
1.5} 3.1127 ¢ 0.6| 0.7|5.5%) 0.7| o0.9|8.82f 0.7 2.9]60 %

21.1(23.9]|4.2¢}) 7.6 9.3|7.08}12.8{17.5{11 s{12.8[12.9 <13

88 101 }4.7%]54 63 5.3%|65 81 7.6%§61.4(64.1]1.5%

" Average % growth per year during 1987-1990 period. F
* Includes Linear Low Density Polyethylene.

FROM THE ABOVE TABLE THE FOLLOWING CAN BE CONCLUDED:

1. Israel’s per capita total polymer consumption is very high -
even above the average West European consumption.This is especially
true for LDPE, HDPE ,PP and PET; less so for PVC and PS. Basically,
it would sppear that consumption of the polyolefins in conventional
applications nears saturation.

2. In the period from 1987-1990 there was hardly any growth in
polymer consumption; the exception being PET, which showed a
considerable increase during this period.

3. One of the major uses of LDPE has been in agricultural film
applications; this application is practically saturated.

4. From the above it would appear that if population increase would
only be based on natural growth, there would be only a very
marginal increase in polymers consumption over the next decade.
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6.1.2 Effect of Increasing Immigration.

Israel is currently at the threshold of a new immigration wave,
which ought to increame polymer use considerably: it is vary
difficult to make any forecast evaluations.

However, so as to show the potential growth an exercise has been
made, assuming a rate of immigration of 150,000 new immigrants per
vear over the next three years, dropping to 100,000 new immigrants
per year over the following three years and decreasing to 20,000
new immigrants per year in a stage-wise manner.

Such new immigrants will increasme the consumption of polymars in a
direct and indirect manner; they will consume more packaging
materials, more plastics components in household goods, more
plastic toys, certainly much more plastic components in furniture
and many more direct plastic uses can be expected. New immigrants
shall increase considerably construction requirements with
associated plastic utilization in this sector.

A step by step utilization of plastic products is forecasted for
such new population, assuming that in the first year such new
immigrants would consume some 25% of the present per-capita
consumption, increasing step-wise until they achieve the present
per-capita consumption of each polymer after 10 years. The results
of this exercise are shown in Figure 6.1.2 .

There is little doubt that the new wave of immigration will have a
strong positive effect on Israeli’'s polymer requirements during the
next decadea.

6.1.3 New Applications of Polymers.
It is expected that newer and wider applications of polymers in

Israel will contribute to growth over and above the expected
marginal growth of the presently prevailing uses.

The following areas should provide new and wider application for
plastics, increasing polymer consumption :

a.Building and Construction

The building and construction industry is world-wide the second
largest consumer of plastics. Most applications are for pipe and
nonstructural applications, such as sidings, window frames and
glazing. These are generally large-volume applications with
performance requirements that can adequately be met by commodity
plastics, at costs much lower than engineering plastics.
Engineering plastics are also used in building and construction for
small functional parts such as casters, pulleys and latches or for
the more demanding applications such as plumbing {(pipe fittings,
fixtures and components) and protective glazing.

The largest building and construction uses for thermoplastics are
for pipe and conduit applications.In particular PVC,HDPE, LDPE/LLDPE
and PP are used for water pipe, irrigation pipe, drainage pipe, gas
pipe and various other pipe constructions. PVC is often used
because of its high-pressure capability and ability to be extruded
for large diameter applications, whereas polyolefins prevail in
flexible, collable pipe which can reduce installation costs. Due to
environmental problems there is a tendency to replace PVC by PP.
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Polystyrene is used in various building and construction
applications for products such as light fixtures and ornamental
profiles. Expanded polystyrene beads are used for insulation and
foam core designs.

In addition to pipes, polyoclefins include film and sheet for on-
site construction applications~ moisture~proofing-and various
decorative profiles.

PVC is used in applications =much as window profiles, flooring,
gutters, foam moldings,etc. Acrylic resins -polymethylmethacrylate-
are selected to impart a high level of clarity for glazing in
windows, light fixtures, sun-roofs and panels.

Engineering polymers are used for plumbing fixtures (manitaryware),
window hardware and a variety of other umes such as lock mechanisms
decorative moldings and specialized mechanical devices.
Multicolored bathroom and kitchen fixtures, rolling shutters,
whirlpool baths (jacuzis), windows, built-in furniture and shelving
and energy conservation features will in the near future all avail
thenselves of the versatility in performance and decorating options
of various plastics materials.

In addition to the previously described building and construction
-applications, polymers offer future product design economies for
insulation, decorative moldings, wall coverings, roofing materials
and even structural applications.

Especially so in Israel, performance polymers will be useful in
raplacing wood and metal for certain weight-supporting structural
applications.

In summary, the increase in new building and construction
activities - due to a large extent to increased immigration- should
lead to larger and wider polymer application in this sector in
Iarasel.

b). Consumers and Institutional Products _

Consumer products encompass a wide variety of applications such as
toys, housewares, sporting goods, health care devices, serviceware
and luggage. Improved economics, through performance improvements
and parts consolidation, are the driving force for the usme of
plastica in this category, replacing glass, metal and wood.

The medical market, in particular, -so far barely tapped in Israel-
is projected to exhibit high growth due to the replacement of glass
and metals, with both disposable and sterilizable plastics.
Disposable medical gowns, operating table covers and other fabrics
that currently have to be laundered will be increasingly replaced
by single use plastic films and fiberm. For instrumentation and
surgical products, however, trends to reduce costs may favor
multiple use products, requiring plastic products to withstand
radiation and/or autoclave sterilizations for five or more cycles.
Dual ovenable, (for regular ovens and microwave use) disposable and
reusable food trays will become an increasingly important segment
of the household market. The major application for ligquid crystal
polymers is currently for dual ovenable, freezer-to-oven trays and
cassaercles.
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Much of this coockware demand will be totally new, as the number of
households with microwaves is expected to increase dramatically in
Israel during the next five years. Some of the growth in plastics
consumption for cookware will come at the expense of ceramics and
glass.

Office supplies - tape dispensers, stapler bodies, desk organizers,
in/out trays, etc.- represent good growth opportunity for plastics
to replace metal.

Other emerging consumer goods applications include the use of
polypropylene for apparel and footwear - replacing canvas on
sneakers and other leisure/work shoes}, polystyrene "clam shell"
packages and "hot cups" for fast food and convenience food ocutlets,
This latter application may, however, be adversely affected by
environmental concerns regarding disposal of solid wastes.

¢). Electrical/Electronics Market

The electrical/electronics market i= expected to be worldwide one
of the most dynamic markets for plastics usage. This market
includes home and industrial appliances, electrical and industrial
equipment, components, computers and perispherals, records and
batteries. The appliance, computer and peripheral market smsegments
will be the fastest growing applications for plastios.

The opportunities in small appliances -for which there is a
mignificant growth factor- will most likely be captured by ABS,
polypropylene, polystyrene, nylon and modified PPO/PPE resins.

The major appliance industry offers substantial potential for metal
replacement by plastics. This is a segment which has hardly been
penetrated on a world-wide scale, and is bound to create great
potential opportunities for Israeli manufacturers for the home
market, as well as sub-contractors for overseas works.

The electrical and industrial equipment market segmant will also be
a good source of growth for plastics through the year 2000, in
response to the growing trend toward automated production.
Generally, the net increase in the use of plastics for this market
segment will be for transitional and engineering plastics.

The wire and cable market segment will be declining in its demand
growth for plastics through the year 2000, since all but power
cables stand to be replaced by fiber optics.

The communication equipment market in Israel is bound to remain
fairly stable, or to show a slight decline, with conseaquential
results for plastics.

The electronic component market will most likely show a net
decrease in the use of plastics through the year 2000, due to
miniaturization of electronic equipment in general. There will be a
trend toward the use of thermoplastics instead of thermoset=, over
the next decade.

The computer and peripheral market should be a very interesting one
for plastics. Although the business segment could be saturated by
the early 19908, there has been very limited penetration in the
home market. As a result, there is a potential for a large net
increase in the use of plastics in this market segment .
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Tt im expected that the market for traditional long-playing records
-currently made out of PVC- will be replaced by compact discs and
mini-cassettes by the year 2000. Compact discs are currently made
out of polycarbonate,with the display cases made out of polystyrene
The use of compact discs for institutional and industrial data
storage also promises dynamic growth for these plastic materials.
The battery market, is another area of potential high growth for
plastics - mainly polypropylene. Some production of batteries from
polypropylene has started in Israel, but the potential for increase
is very high over the next decade,

In summary, the electrical/electronics market is one of great
interest and potential for plastics - over the naxt decade-
especially in Israel, since additional electronic devices will
become produced in the country, and it is expected that there will
be a greater penetration of plastic components in this ever-growing
sactor.

d). Furniture

This market consists of residential, office, commercial and
ingtitutional furniture as well as carpet=s, wall coverings, bedding
curtains and blinds. The market is dominated by polyurethane foams
and polypropylene. The use of PVC declined during the early 1980s,
raflecting a decline in synthetic flooring in preference to carpet
or parquet tile; however polypropylene carpeting has strongly
penetrated in this market and im expected to do mo in Israel in the
next vears.

The two key growth applications foreseen will be injection molded
seating for commercial/institutional/garden furniture and carpets -
backing and face yarn-. Growth in demand of polypropylene in these
two newer applications is bound to increase considerably in view of
improved economics replacing wood and metal for furniture, and
natural yarn and jute for carpet bagging.

Significant demand growth for plastics in the furniture and
furnishings market will result from the need to furnish new
dwellings.

In Israel the polypropylene application in the furniture market has
already made an inroad, and no doubt that the necessity of
furnishing new dwellings for incoming immigrants will impact this
application considerably over the next decade.

It is further expected that the eventual local production of
polypropylene should have a positive effect on such furniture and
carpet applications,.

e).Industrial /Machinery

This market segment encompasses all types of consmtruction, farm and
industrial machinery, engines, machine tools, chemical process and
other equipment. This market sector is and will continue to be
dominated by metal due to strength and durability, as well as
structural and safety requirements. Although this situation will
continue to prevail throughout the world, and is not expected to
change drastically, Israel may become the leader in developing a
new plastics based equipment and machinery industry for local use
and for export.
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Plastic equipment and machinery will be an effective replacemant
for metal in hostile environments (e.g.corrosive ligquid
applicetion) and in bearing and wear applications. Opportunities
for plastics replacement of metals include parts consolidation in
complex industrial asmemblies smuch as meters and pumps. Continued
demand for plastics in corromion resistant environments will
include applications in piping, wasmte treatment facilities and
pollution contrel devices. _

Again, it im thought that Israel, with its technological -
engineering capabilities, should be a fore-runner in this
interesting field which would permit the setting-up of high added
value industries and at the same time create a new polymer
application field.

£). Transportation Industry Components
The demand for plastics in the transportation industry has been on
the increase worldwide and is conmidered a=m a major potential
growth factor.
Plastics in the transportation industry consists of the following
sub-mectors:

* Automotive -cars and light trucks-

* Other land-based vehicles (including trailars)

* Mass Transit

* Airplanes/Aerospace

* Marine

* Military
Worldwide, approximately 90 percent of plastics consumption in this
overall smsector is for cars and light trucks: almost 6 percent is
for marine - primarily unsaturated polyester - and the remaining 4
percent for the other sub-segments. By virtue of its size -
worldwide- the automotive industry offers the greatest potential
for plastica use.
However, since this sub-smector is practically non -existent in
Isrsel, plastic demand in this overall sector is= primarily for the
marine, airplane and military applications. It is expected that
there will also be certain increases and additional uses for
polymers in such applications; however, no dramatic changes are
expected in this field.

No significant growth for polymers are expected in the agricultural
and packaging fields in Israel, as plastics consumption in these
sectors has practically reached saturation. The exception is new
developments in packaging in the direction of multi-layers and
other new developments.
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6.1.4 Changes in Pattern of Exports of Plastic Products

Exports of plastics products (excluding exports of polymers per so)
during 1988 amounted to 230 million dollars, out of a total
plastics products manufacture amounting to 1.1 billion dollars:
thus export represented over 20% by value of total production.
While exports of plastics products were continuously on the
increase from 1982 until 1987, there was a drastic decrease of
almost 15 % between 1987 and 1988.

Exports of polymers in 1988 were 79 thousand ton=, at a value of 81
million dollars. Total exports of polymers in previous vears were
also somewhat higher than in 1988, ranging between 80-84 thousand
tons per vyear.

Thu=, there has been a downward trend in polymers and plastics
products exports from Israel, as world-wide competition has become
fiercer.

The writer cannot identify any special reasons for a significant
upward change in the expected pattern of exports of plastic
products and in polymers ( except that as smoon as polypropylene
production will commence, there will be export of this polyclefin).

Unless the change= in Europe toward 1992 will have a dramatically
negative effect on Israeli exports to Europe, there is no
identifiable reason for a significant downward trend.

On the whole, the forecasts in this study for the next decade
contemplate that export of plastic products from Israel will range
between 10 to 15% of the plastics industry output, and that about
40-45 ¥ of polymer output will continue to be exported.

6.1.5 Effect of Local Production

Local production of any specific polymer enhances local consunpt ion
This can best be seen by the continuous growth of LDPE in Israel.
It is fact that -on the whole-~ all polymers can be imported at
competitive world-wide prices; however, when there is a shortage in
supplies - am there was in 1988 - it is an evident that the
existence of a local manufacturer assures continuity of supplies.
Local manufacturing provides closer technical-customer saervice, and
in general prices are somewhat lower than imported polymers.

Unless mpecial interest-free terms are cbtained for imported
polymers, which iz only the came whenever there are large world-
Wwide surpluses, there is a certain working capital advantage to
local supplies, as stocks can be reduced.

While local production has had a definite positive effect on local
consumption - especially on the growth of LLDPE- the influence
could be much stronger if:

* there would be greater inter-action between polymer
manufacturers and converters.

* there would be a more aggressive technical service
assistance/development policy on the part of pelymer
manufacturers,

The above would encourage existing and new converters to enter new
applications, with the technical and development assistance of the
polymer manufacturers.
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6.1.3. Vartical Integration.

It has been stated that over the last decade the polymer industry
throughout the world has undergone a continuous trend of downstream
integration, with major chemical companies offering a whole range
of products oriented toward specialized end uses. This has however,
not been the case in Israel.

There has been an intent -unsuccessful so far- to integrate the
monomer manufacturing operations with polymer manufacture, through
the establishment of Carmel Olefins Ltd. However, to present the
integration of ethylene/polyethylene operation has not taken place,
and the polypropylene project to be implemented by this new jointly
owned {(by 0il Rafineries Ltd and Israel Petrochemicals Ltd)

company is not being implemented at a reasonable fast pace.

Intents of horizontal and/or vertical integration have not worked
in Israel so far. Horizontal integration between the variocus
petrocherical companies, -so common in West Europe and the United
States - in the early-mid 1980s - has not been acceptable to the
individual owners of the various petrochemical companies in Israel,
although this step was recommended and encouraged by the Government
in an effort of improved sector econcmics.

Vertical integration including polymer production and conversion
has been considered as non-feasible as the Israeli polymar
producers have a monopolistic market supply situation, and they
feel that any conversion manufacturing on their part would be
considered as a competitive activity vis-a-vis their own customers.
While the argument is certainly valid, the lack of vertical
integration decreases Israel's polymer conversion industry ability
to participate in the world markets, espacially in competition in
the industrialized region markets. An alternative, which has been
recommended by consultants, but so far has not been implemented, is
that the Israel polymer manufacturing industry should buy into
existing manufacturing polymer-conversion ventures, and/or
establish new ones, in the European Common Market =o as to
establish foreign based captive market outlets. This could be an
excellent joint inter-activity between Israeli polymer producers
and converters to the benefit of both parties, without conflict of
interest, which may assure continuous export market outlets. This
subject will be discussed further in the forthcoming sections of
this atudy.

There has been practically no attempt nor effort on the part of the
polymer producers to integrate into nor offer polymer compounding
mervices.

One attempt of some integration has been made in the polymer
conversion field in the manufacture of irrigation components for
agriculture, as joint coordinated operations and marketing
activities have been set-up by a number of kibbutz industries in
this field.

As export markets become more difficult and competitive throughout
the world, and as the polymer production industry develops further
in Israel, vertical integration should become a more important
factor in preventing imports of foreign produced polymers and in
enhancing exports of polymers, as such and as converted components.
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6.1.4 Changes in International Trade Patterns.

As international trade of monomers and polymers grows, Israel is
bound to be influenced by such changing patterns.

The effects are expected to be in a number of opposiing directions,
some of them are stated hereinunder :

* Fiercer competition of polymer trade from the energy rich
producing countries, espacially in the field of polyethylene.

* Increased levels of tariff protection and setting-up of import
quotas being established in industrialized and developed countries,
may curtail imports from Israel.

* Wider market inter~activity with East Europe may have an effect
of competitive import of polymers from this area into Israel, and
into markets to which the Israeli polymer manufacturers presently
export, to the detriment of the local industry. On the other hand,
expanded trade with eastern European countries may permit barter
deals facilitating export of polymers.,

* Increased competitive international trade ~aspecially from the
new aggressive South East Asia manufacturers - which may result in
imports of polymers to Israel, even with due consideration to
protective customs tariff.

* Increased international trade of monomers - especially ethylene-
will most likely have a positive effect on the local polymer
manufacturing industry, as this may permit continuous importing of
ethylene suppliem on a decreased price level, as Thailand and Korea
had done in the past.

6.2 FORECASTS OF ISRAEL’S POLYMER REQUIREMENTS.
Conmidering all the factors discussed in Section 6.1 forecasts have
been prepared as to expected local market consumption for the major
polymers over the next decade. Table 6.2 presents expected growth
of polymers in Israel over the next decade. Forecasts have been
prepared assuming certain rates of increase of each of the polymers
to be consumed by the present population plus the additional
consumpt ion expected to be generated by the increase in population,
due to new immigration.

The reasoning for the growth factors for each polymer are discussed
hereinunder.

6.2.1 Low Density Polvethylene (LDPE):
A 4.4 % increase is assumed for the presaent year, with an average 3

% annual growth in between 1990-1995 and an average of 2.4 % annual
growth from 1995 to 2000, for the consumption of the present
population (without the anticipated immigration influx). LDPE
growth expectations are low congidering that the agricultural film
application is practically saturated and that exports of LDPE film
are expected to decrease. New applications in construction and
consumer goods will cause mlight increases in LDPE consumption,
Total consumptions - as shown in Figure 6.2 ~ include some 7,100
tons in 1995 and 12,457 tons in the vear 2000 requirements by new
immigrants, which boost the annual average rate of growth to 4.6 %
for the 1990-1995 period and 3.3 % for the 1995-2000 pericd.
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6.2.2 High Denmity Polyethylene (HDPE)
A 5 % increase has been assumed during the current vaar, with an

average expected yearly growth of about 3.3 § for the period 1990-
2000; including the additional consumption by new immigrants, as
detailed in Figure 6.1.2 the rate of growth correspondas to 5.5%
annual average over the 1990-1995 period and to 4 ¢ from 1995
onwards. No particular areas of decrease are envisaged in HDPE
consumption in Israel.

" 6.2.3 Polystyrene (PS)

The annual growth is expected to be relatively low, as polystyrene
is being replaced by polypropylene in many applications. An average
growth of 2.5 % per year (including new immigrants added
requirements), increasing to 2.9 % annual average growth from 1995%
to the year 2000.

6.2.4 Polyvinyl Chloride (PVC).

PVC is bound to increase on the one hand, considering that
construction is on the increase and new PVC consuming projects -
such as PVC window framem- are expected to be implemented sooner or
later; on the other hand - environmental considerations will rule
out PVC manufactured products in food and drugs packaging. In view
of this situation PVC increase between 1990 and 1995 is assumed to
remain lower than the polyolefins; i.e. 4 ¥ average growth per vear
-including the requirements for the new immigrants-from 1990 to
1995 decreasing to 2.8% thereafter.

6.2.5 Polypropylene (PP}
PP is expected to continue to be the leader in the commodity

polymers field, mainly because of its new and varied applications
as a carpet material on the one hand, and as the low-priced
commodity polymer which can be utilized instead of enginearing
polymers in mechanical, medical electrical and other industrial
uses. An average growth of 6 % per year is expected in Israel for
the period 1990 to 1995, decreasing to 4.5 % average per annum for
the rest of the decade.

6.2.6 Acrylo-Butyl-Styrene (ABS)

ABS requirements are expected to grow, as this polymer is used more
and more in engineering applications. A 4 ¥ per annum average
growth iz assumed throughout the decade.

6.2.7 Polyethylene Terephthalate {(PET)

The consumption of this polymer, which showed a meteoric rise in
the last years in Israel, is expected to continue to increase:;: a
7.8 % average yearly growth is expected over the next five vears,
declining to 4.6 % per year average thereafter.

6.2.8 Other Plastics

Are expected to increase at rates as predicted for West Europe,
corrected for the imminent immigration that Israel will have to
face over the next years;this translates to less than 5% vearly
average- over the next five years, decreasing to 3.3 % thereafter.
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SECTION 7
TOWARD THE NEXT CENTURY = OUTLOOK FOR THE PETROCHEMICAL

AND POLYMER INDUSTRY IN ISRAEL

RIS r——— . bt e i, e 2 el S SR E

7.1 Genaral Discussion

Section 5 of this study presents the global trends and foraecasts of
the polymer industry over the next decade. Section 6 evaluates the
influence of some of the factors affecting global trends on the
Israeli scenario and attempts to forecast polymer requirements in
Israel for the next decade.

This section presents a summarized analysis of the directions
foreseen for the Israeli petrochemical and polymer industry over
the next decade, toward the 21th. Century. An overview is presented
with respect to new polymers, innovations, new projects in the
plastics field, local manufacture and supply of polymers and other
petrochemical raw materials, feasibility of local production and
export of polymers, competition from imports especially due to the
European Community as of 1992.

1.2 Factors Influencing the Industry's Working Pattern.

It is considered that the Israeli petrochemical and polymer
producing industrial sector should take into consideration that
they are bound to be affected by global trends and developments, as
well as by a number of various specific local trends and factors
which ought to influence it's outlook, direction, planning and
market strategies.

Some of the major factors are outlined hereinafter.
7.2.1. Developments and Innovations.

* Worldwide effect of new polymers, engineering plastics and very
special ized polymers

* Development of new applications for polymers

* Innovations due to new copolymers, "in reactor" compounding;
integration between commodities polymer production and
compounding by the polymer manufacturer, rather than by
independent compounders.

The Israeli polymer and plastics industry should take into account
that the international industry is at the threshold of a new
polymer era; the local industry cannot ignore this important fact,
and the new trend directions followed worldwide, espacially in the
industrialized economies. The orientation should therefore be in
the direction of new polymer production, manufacture of engineering
and specialities polymers, compounding and alloys.

This is practically a new field for the Imsraeli polymer industry,
in which very little work has so far been done.
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While the Israeli industry should continue expanding in production
of polyolefins, and probably in polystyrene, so as to cater to the
local plastics market it will become imperative to enter the fast-
developing engineering polymer specialties areas, to be able to
become export competitive.

Iasraeli's technological advancement and ingenuity - clearly shown
in the electronics, optics, communication, fine mechanics, solar
energy and other high technology fields- should prove a valuable
asset in the development and implementation of msuch engineering and
specialty polymer directions.

It is also very important for Israeli polymer manufacturers to
mtart concentrating on market oriented product applications,
innovations and new uses for polymers presently and/or eventually
tc be locally produced. Neither IPE, nor Frutarom have invested
much though and effort nor resources in the past in new product
application and wider local market range development. But, as
export possibilities for commodity polymers become scarcer and
highly competitive -mainly from the gas rich countries- local
market increased application=s and diversification becomas a
critically imperative function.

The polymer producing industry in Israel, will also have to change
around so0 as to become a tailor-made oriented industry; Dupont ,
General Electric and other large-volume commodities producers have
realized such end-user oriented approach as they offer compounded
and special tailor-made polymer resins to their customers. European
producers are rapidly following suit, and the local polymer
manufacturers will have to do likewise if they want to protact
their internal "preferential" market position in the future.

Such local market should certainly not be treated as a "ocaptive
market"-as it was in the past- and should not be taken for granted.
If a foreign manufacturer offers compounded commodity-based
polymers, the local manufacturers will have no choice but to do
likewime; and it is preferable to do mo on it's own volition,
rather than to be forced through competitive imports.

This would involve two major new steps by local polymer
manufacturers, :

* Setting-~up own compounding facilitiem

* Ascertaining that any new technology to be used in new polymer
manufacturing plants in Israel includes "in-reactor" compounding

The "in-reactor" compounding technology concept should still be
applied to the Polypropylene plant, which is still in planning and
engineering stage; in polypropvlene this concept is especially vary
important, as it increases considerably the variations and
diversification of potential grades that can be produced.
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7.2.2. Changes in the Raw Materials Scenario.

* Competition in monomer production from energy rich ~mainly gas-
producing countries. ‘ '

* 0il industry reform in Israel.

* Bconomy of scale in monomer production.

There is no doubt that the availability of low comt raw material is
a major factor influencing monomer production and

petrochemical develcpment. Unless there is a very drastic change
for the better in Israel's oil and gas local availability
situation, there will be no indigenous fossil fuel in Israel:; and
the petrochemical industry would have to continue to be based on
imported crude oil and naphtha. Such situation constitutes an
economic burden for monomer production, and will evaentually make
pelymer production non-competitive: especially when compared to
gas-based produced polymars.

Since the local market import par price is in the order of $100/ton
above the FOB (ex-Israel) export net-back, production of polymers
based on imported naphtha may be viable for local market sale=,

but it is doubtful that commodities peclymer export competitiveness
will be feamible in the long range scenarios.

0il industry reform may be potentially be beneficial for the
petrochemical industry, as naphtha and other feedstocks may be
purchased advantageously in the open spot markets; however this is
a rather uncertain conjecture oriented path, which can not assure
continuous supply.

Economy of scale is also an important factor in monomers
production; world-wide commercial plants are in the order of 500-
600 thousand tons of ethylene per vear. There ism no potential
ethylene derivatives market for such large quantities in Israel:
thus ethylene requirements -over and above those to be supplied by
the existing plant- would be in the order of not more than 150-200
thousand tons per year; certainly insufficient to permit the
installation of a new world-wide scale ethylene plant.

Based on the above dismcussion, it would appear that the
establishment of an additional olefins-monomer plant in Israel in
the near future is rather farfetched.

Since market demands for polyethylene= will be on the increase - as
discussed in Section 6 - it is hereby considered that the moat
viable way to justify increased polyethylene manufacture is based
on imported ethylene. »

There are at present drastic changes in concepts and patterns in
ethylene international trade, which will make imports of ethylene
to Israel potentially viable.
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7.2.3. Changes in Local Market Requirements and new Local
Industries Development.

Section 6 discusses in detail trends affecting Israel = market
growth and development patterns and present foraecasts of
consumption based on degrees of saturation for the various
conventional polymers, direct and indirect effect of increasing
immigration and new and wider application of polymers.

On the whole, all the above factors ought to encourage
diversification, establishment of new polymer consuming projects
increasing emphasis of plastics replacing metals, wood, glass and
other materials not readily available in Israel.

It is believed that such development directions are bound to be
positively influenced especially coupled to increased immigration:
and the imperative necessity for creating new job opportunities.

71.2.4 Effect of Changes in International Trade Patterns.

The changes in international trade patterns will, most likeiy,
have mixed effects on the future of the Israeli polymer industrial
sactor. .

The following factors should have a bearing on the development of
the local polymer industry:

** The European Community as of 1992 - will probably have an over-
al]l negative effect on the development and production of
polymer= in Israel. -

It is expected that it will be more difficult to export polymers
to the countries in the European Community, and in parallel
there will be more imports of polymers into Israel. Both of
these factors will, undoubtedly have a negative effect on the
development of the polymer industrial mector.

** Opening frontiera in Eastern Europe- will, most likely have a
more positive than negative effect on the development of the
Israeli polymer industry. There is expected to be increased
commercial interchange between Israel and the Eastern European
countries, including the U.S.S.R.. On the one hand, this could
mean large polymer imports from these countries, but more likely
there is an excellent chance for improved export -of polymers
and plastic products -to the East European countries, including
barter arrangementis, joint ventures in agricultural field (and
the consequential utilization of plastics for agriculture.
Several of the Eastern European countries and several of the
USSR Republics have already approached Israeli Government and
private concerns with a view to creating joint ventures in their
countries using Israeli technology and capital. It is not at all
farfetched that joint venture polymer compounding and plastics
conversion enterprises could be established, based on imports of
polymers from Israel. :
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** The meteoric rise of the new petrochemical industries in South -
East Asia and eventually in China should have a mixed effect on
the development of the polymer industry in Israel.

Larger quantities of polymers from thisg relatively new producing
area are expected to compete against locally produced polymers,
and against imports from European and Northamerican suppliers.
Such new aggressive suppliers will probably hurt expansion and
development potentials of the local polymer industries.

On the other hand, countries such as South Korea, Taiwan,
Singapore and Thailand may be potential suppliers of olefins to
Israel (smee section 7.2.2)

** The continuing trends of setting up new large mized industries
in the gas and oil producing countries will undoubtedly have
a strong competitive effect in the market place.
Many of these countries - much as Mexico, Trinidad, Venezuela,
Argentina and Brazil- in an eagerness to earn hard foreign
currency tend to subsidize exports, absorbing freight
differentials and permitting dumping practices.

While such dumping competition effect may well be to the overall
advantage of the plastics manufacturers as it will permit
conjectural price decreases, it is bound to have an advarse
effect on the expansion and development of Israeli polymer
industry.

** The petrochemical industry in the Arab countries is in
continuous stages of development; while it is certainly very
unlikely -for the time being and in the conceivable short and
medium range future-that polymers produced in Arab countries may
find their way into Israel, there will be ever increasing
competition in the international market place, in the United
State=s and Western Europe, and eapecially 8o in the
Mediterranean countries.

From a long range standpoint and with a highly wishful optimism
that one day in the future there will be peace in the region, it
is conceivable to consider possibilities of econonmic cooperation
between the Arab countries in the Persian Gulf Region - say
Saudi Arabia for example - and Israel by which the gas/oil rich
country/ies would supply low cost ethylene for processing and
marketing by Israel’'s polymer industries.

All the above factors - Qdirect and indirect consequences- of
changing international trade patterns should influence the eventual
expansion and development programs of the Izraeli polymer industry.
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1.2 Forecast of Polymer Production in Israel by the year 2000.

In addition to the plants operating and being implemented at
present, it is expected that there will be a number of additional
plants expected to be in operation by the vear 2000.

Fiéura 7.3 presents a foreseen flow-chart of the Petrochemical
Industry in Israel by the vear 2000.

While it is certainly not within the mcope of this study to present
feasibility or pre-feasibility studies for the various expanded
and/or new plants, brief discussions and profiles for each of such
new plants are included. Economic calculations are basmed on low
scenario prices for the year 2000, as presented by SRI in their
1990 studies.

The flow chart premented in Figure 7.3 is based on the forecast
growth of the Israeli market requirements, coupled with views on
potential international trade scenarios for the various polymers.

Note regarding Ethylene availability:

Consistent with the discussion in section 7.2, it is assumed
hareinafter that the existing ethylene plant will not be expanded,
and that it’s output will be entirely for LDPE production.
Additional ethylene requirements for EDC/VCM/PVC and other ethylene
based projects would have to be imported.

7.3.1 Low Density Polyethylene (LDPE)

After the 1990 expansion program, it is expected that the four
planta will be operating at a total of 120 - 125,000 tons/vear
capacity. Since local market requirements are expected to reach
some 114 thousand tons by the year 2000, out of which some 10% are
expected to be imported, it is considered that local production
could be expanded to 150,000 tons/year, of which some 50,000 tons
per vear would be exported. Ethylene for this plant is expected to
be supplied entirely from the existing ethylene plant.

A forecast economic profile for this plant in thé vear 2000 is
presented on the next page.

7.3.2 High Density Polyethylene (HDPE)
It is expected that the local HDPE market by the year 2000 should

reach some 55 thousand tons per vear. Such a local market
consumption certainly justifies the establishment of a HDPE plant
in Israel. Conservatively, a 60,000 ton/year plant is
contemplated. It is expected that due to the diversity of grades
some 40,000 tons/year would be supplied to the local market
consumers and some 20,000 tonm/year would be exported. Ethylene
for this plant will have to be based entirely on imported ethylene,
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7.3.1 PROFILE OF OPERATIONS FOR THE YEAR 2000
IOW DENSITY POLYETHYLENE PLANT

Plant Capacity : 150,000 tons/y. Local Sales: 100,000 t/y
Export Sales: 50,000 t/y

Plant Expansion by : 25,000 tons/year

Investment estimate : 25 million $, including improvements in
existing plants.

Manpower: no increase in shift operators + 4 packers

:.ﬂ odi AL
Per Unit $/ton Per Year MM$/yr
Income : 1162 = 174.3
Raw Materials: {643) *=* { 96.5)
Variable Costs: {100) ( 16 )
Fixed Costsa: (120) { 18 )
Working Captl.Interest { 15) { 2.3)
Contribution {Cash Margin) 284 42.6

* LDPE low case forecast for year 2000,in USA: {W.Europe higher)
** Ethylene low case forecast in year 2000 in W. Europa + $ 50/t
differential. (Ref: SRI studiem -1990)

A forecast ecbnomic profiia for the new HDPE plant in the year 2000
is presented hereinafter,

7.3.2 PROFILE OF OPERATIONS FOR THE YEAR 2000
HIGH DENSITY POLYETHYLENE PLANT

Plant Capacity : 60,000 tons/y. Local Sales: 40,000 t/y
Export Sales: 20,000 t/y

Investment estimate : 50 million §. '
Manpower:20 shift operators;30 non-shift and 20 indirectw 7

Per Unit $/ton Per Year MM$/yr
Income : 1162 * _ 69.7
Raw Materials: { 6§93) ** (41.6)
Variable Costs: { 60) { 3.6)
Fixed Costs: { 85) ( 5.1)
Working Captl.Interest ( 15) ( 0.9)
Contribution (Cash Margin) 309 18.5

* HDPE low case forecast for year 2000,in USA; (W.Europe higher)
** Ethylene low case forecast for year 2000 in W.Europe +$ 100/t
differential for imported ethylene. (Ref: SRI studies -1990)
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7.3.3 Polypropylene Plant {PP[

Polypropylene consumption is expected to be ¢lose to 70,000
tong/vear by the year 2000; it is expected that about 80% or 56,000
tons per year would be supplied from local production, while the
rest would be imported. It is expected that the polypropylene
plant, presently in initial stages of implementation would be
axpandad to 120,000 tons/year, thus exports are expectad to be
about 654,000 tons per vear.

Propylene raw materlal would be from the olefins plant and from the
FCC.

A forecast economic profile for this plant in the year 2000 is
presented hereinafter.

7.3.3 PROFILE OF OPERATIONS FOR THE YEAR 2000
POLYPROPYLENE PLANT

Plant Capacity : 120,000 tons/y. Local Sales: 56,000 t/y
Export Sales: 64,000 t/y

Plant Expansion by : 60,000 tons/year :
Investment estimate : 40 million %
Manpowaer: +2/ shift increase; + 12 non shift + 4 1nd1ract- 24
Per Unit $/ton Par Year MM$/v.
Income : 1076 * 129.1
Raw Materials: { 527) ** { 63.2)
Variable Costs: ( 130) ({ 15.6)
Fixed Costa: { 75) {( 9.0)
Working Captl.Interest _ ( 17) ( 2.0)
Contribution (Cash Margin) 327 39.3 |
* pp low came forecast for year 2000,in USA: less freight
** Propylene low case forecast for year 2000 in W. Europe
({Ref: SRI studies -1990)

7.3.4. Styrene and Polystyrene Planta

Polystyrene consumption in Israel is expected to be some 32,000
tons per year by the year 2000. As a first planning approach it is
considered logical to plan for the installation of an 80,000 tons
per year Styrene plant; 50,000 tons of styrene would be upgraded to
polystyrene, and 30,000 tons per year to be exported as such.

The new polystyrene plant would supply about 80 % of the local
requirements, or about 26, 000 tons per year' the rest would be
exported.

Ethylene -ax raw material for this plant—would also have to be
imported, but benzene would be Iocally available at vary attract1ve
prices; i.e. USA prices less freight and handling. .

This program considers that the existing 16,000 tons/year
polystyrene plant, owned and operated by I=srael Petrochemical
Enterprises Ltd. would be ¢losed down.
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A forecast economic profile for this plant in the year 2000 is
presented hereinafter.

7.3.4 PROFILE OF OPERATIONS FOR THE YEAR 2000
STYRENE AND POLYSTYRENE PLANTS
STYRENE POLYSTYRENE
Plant Capacities: 80,000 tons/year 50,000 tons/year
Local Sales : 50,000 tons/year 26,000 tons/year
Export Sales : 30,000 tona/year 24,000 tona/year

Total investment estimate : 75 MM$.
Manpower: 5 persons/shift+ 25 non shift+ 30 indirect= 75 peopla

Per Unit $/ton Per Year MM$/vy.

STYRENE | POLYSTY. COMBINED

Income @ * 844 1170 =* 83.8
Raw Materials: **(583) { 844) (45.0)
Variable Costs: { 30) { 105) ( 7.7)
Fixed Costs: { 45) ( 65) ( 6.8)
Working Captl.Interest _ { 8) { 15) { 1.4)

Contribution (Cash Margin) 198 141 22.9

* PR and styrene, low case forecast for year 2000 in W.Europe

** Ethylene low case forecast for year 2000 in W.Europe + $100/t
import differential. Benzene, low came foracast for vear 2000
in USA less freight differential -§ 50/t. (Ref:SRI 1990 )

Investment estimate :Styrene : 40 MM§:; Polystyrenae: 35 MM$ l

7.3.5 Tarephthalic Acid (TAP) and Polyethylene Terephthalate {PET )
Plants.

The inclusion of a TAP/PET complex in the overall structure of the
Israeli petrochemical sector by the year 2000 appears of interest,
considering the global growth of PET.

Local consumption of PET by the year 2000 is expected to reach
about 25,000 tons/year. It is expected that a 50,000 ton/year PET
plant, exporting half and supplying the other half to the Israeli
local market should be a viable project.

The TAP plant should have a capacity of 70,000 tons/year, which
would permit some 26,000 tons/year of export of TAP, above the
44,000 tons/year required captive for PET production.
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A foracast economic profile for this plant in the vear 2000 is

presanted hereinafter.

7.3.5 PROFILE OF OPERATIONS FOR THE YEAR 2000
TEREPHTALIC ACID AND POLYETHYLENE TEREPHTHALATE PLANTS

TEREPHTHALIC ACID
70,000 tons/year
44,000 tons/year
30,000 tonms/vear

Plant Capacities:
Local Sales @
Export Sales :

POLYETHYLENE TEREPHTALATE

50,000 tons/year
25,000 tonm/year
25,000 ton=s/year

Investment estimate : TPA
Total investment estimate :

: 45 MM$; PET

B85 MM$§.
Manpowar: b6 persons/shift+ 30 non shift+ 60 indirect= 114 people

40 MM3

Par Unit $/ton

Per Year MM$/v.

TAP PET COMBINED
Incoma : * 500 1250 * 80.5
Raw Materials: **(320) { 833) (37.4)
Variable Costs: { 45) { 60) { 6.2)
Fixed Comts: { 65) ( 110) (10.0)
Working Captl.Interesat {( 5B) ( 20) ( 1.4)
Contribution (Cash Margin) 165 227 25.5

* TPA and PET

low case forecast for year 2000 in W.Europe
** Fthylene glycol low case forecast for the year 2000
freight differential. Para-xylene, low case forecast for

in USA lesa freight differential -$ 50/t. (Ref:SRI 1990 )

+ % 50/t
2000




TABLES 5.4.1 - 5.4.9

PETROCHEMICAL EXPANSION PLANTS ANNOUNCED DURING 1988/1989 /1990



PETROCHENICAL PLANTS EXPANSTON PROJECTS ANNOUNCED DURING 1968/1989/1990
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