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Preface

This study was especially prepared by the Sectoral Studies Branch,
Division for Industrial Studies, to be used as background material for
the Sixth Industrial Development Conference for the Arab states. 1In view
of the major changes in world economic perfcrmance and the development of
nominal o¢il prices since the last forecast for demand and supply of
petrochemical products made by UNIDO in 1981, it has been felt necessary
to produce this forecast independently, for world-wide application and
with special emphasis on the Arab countries which could be used to the
benefit frum it for their development programmes in the sector of

petrochemicals.

The forecast in this study makes use of the UNITAD Mcdel (UNIDO-
UNCTAL world economic model). The regional demands for 24 petrochemical
products relate to the UNITAD model in the sense that endogenous
variables of the UNITAD model are the exogenous variables of the

petrochemical model contained in this study.

This study has been prepared by Econometric Research Limited, 4/

Burlington, Ontario, Canada as consultants to UNIDO.
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EXPLANATORY NOTES

References to dollars ($) are to United States dollars, cnless otherwise
stated.

A comma !,) is used to distinguish thousands and millionms.

A full stop (.) is used to indicate decimals.

Use of a hyphen between dates (e.g., 1966-1965) indicates the full period
invclved, including the beginning and end years.

Metric tons have been used throughout.
The following forms have been used in tables:

Three dots (...) indicate that data is nct available or is not
separately reported.

A dash (-) indicates that the amount is nil ar negligible.

A blank iandicates that the item is not applicable.




1. INTRODUCTION

1.1 Hovingﬁdown-stream

Were oil and gas resources everlasting and renewable, the citizens of the
Arab oil-producing states would be entitled to a perpetval rent accruing from
these resources. and economic diversification wonld not be a critical
consideration. However, oil and gas supplies are finite and non-renewable.
At recent rates of utilization, oil in the Arab region will runm out in the
Jifetime of the present generation (in Algeria, Bahrain, Oman and Qatar), in a
few cases in that of its children (Iraq and UAE) or grandch-ildren (Kuwait,
Libya and Saudi Arabia). Before 1973, exploratiom, production and utilization
cf Arab oil were determined by parties outside the region. The price of oil
was low and the pattern of ownership was such that little capital was
generated to affect industrial restructuring and further processing of the

region's hydrocarbon resources.

The accumulation of large financial surpluses in the early 1970s, how-
ever, preceded any deliberate plan for their domestic absorption or investment
abroad. There was no historical experience on which to base predictions of
future growth in domestic absorption, and therefore no reason to question the
economic rationality of a surplus of the magnitude reaiized. However, Arab
oil producers are no longer oblivious to the risk of accumulating fixed-
income-yielding assets in an inflationary and uncertain world. They are,
therefore, no longer satisfied with a role as residual suppliers of the world
oil requirements. They are actually moving down-stream to create an advanced
and integrated industrial base and to expand their sphere of control over the
transportation, refining liquefaction, processing and marketing of their
hydrocarbon resources and derivatives. Although building an industrial
establishment based on o0il and gas resources does not strictly diversify Arab
oil producers' economies, the increase in value added derived from the
dwindling supplies of these resources, and the industrial experience gained
from capitaliziug on comparative advantage will have Leneficial implications
and will convey definite advantages to all other activities and sectors. It
must be realized that despite dramatic increases in the national incomes of

the Arab oil producing countries as oil prices increased, the non-oil sectors
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of these economies >emained relatively undeveloped. Standards of living in
these countries have certainly risen, but essentially and primarily through a

form of capital consumption, namely the Jepletion cf oil and gas reserves.

1.2 Why petrocheiricals?

Petroleum and gas have traditionally been used primarily for energy and
this situation is no’ likely to change in the near or medium term. Therefore,
it is to be expected that hydrocarbon resource prices will reflect primarily
energy market developments. Petrochemical manufacture, which absorbs about
5 per cent of the world's oil supplies, is ncnetheless a very important source

of demard for hydrocarbou resources for many reasons. These include:

(a) Financial considerations

Whereas oil was selling for a little less than 10 cents a pound, petro-
chemicals and products derived from petrochemicals were selling for 24 to 66
cents or more a pound in 1981.1/ Furthermore, the high sale value of
petrochemicals, exceeding $150 billion in 1980, is indicative, albeit
indirectly, of a lucrative industry with a significant rate of return on
investment.Z/ In the Arab context, it represents a decisively productive

use of the current financial surpluces.

(b) Production sequences

Movements along the production chains to capture economies of scale and
to benefit from technical linkages are importan® industrial considerations for

countries concerned with deepening processing activities in their economies.

1/ The exchange ratio of ethylene to oil in 1970 was as high as 5.3 to
6.8; by 1978, this ratio had fallen to 2.8 to 3.7. For HDPE tais exchange
ratio was as high as 21.8 to 27.8 in 1970 and about 5.8 to 6.9 in 1978. See
ID/WG.336/3 and Add.l, Second World-wide Study on the Petrochemical Industry:
Process of Restructuring, Vienna, 19 May, 1981, p. 87.

2/ Rates of return on investments in petrochemical production in the
Arabian Gulf region are estimated to be about 28 per cent evaluated in 1979
prices. See GOIC, Petrochemical Industries in the Arabian Gulf Countries,
Doha: November, 1980, p. 13.
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The petrochemical industry is typical of industries with clearly demarcated
production chains and processes. Although it is difficult to devise a simple
system of classification to include all petrochemicals, it is customary to use
three broad categories to identify these products, namely, basic, intermediate

and final products.

The main petrochemical basic products are the olefins (ethylene,
propylene, butadiene), aromatics (benzene, toulene, xrlenes) and methanol.
Two primary processes are used in their production: steam cracking of naphtha
for the olefins and catalytic reforring for the aromatics. A third process -
steam reforming - is also used to synthesize ammonia and methanol. These
products form the building blocks from which final petrochemical products are
made. The dominant production chains from basic to final include ethylene and
propyiene as the main inputs in the making of plastics, aromatics in the
making of synthetic fibres, butad .ne and benzene in tte production of rubber,

and methanol (converted into formaidehyde) in the manufacture of adhesives.

The increased processing activity in the petrochemical industry raises
automatically the value-added component derived from hydrocarbon resources.
The larger the use of domestic resources in processing activity, the higher
are the returns of these factors and therefore the higher the domestic value

added contribution of this activity.

(c) Diversification considerations

Petrochemical manufacture is based on hydrocarbon resources and as such,
it is difficult tu see that it contributes to a diversified econcmic buse.
The geographic pattern of markets for petrochemical products is, however,
substantially different from those of oil and gas. The markets for Arab oil
and gas are highly concentrated in CECD countries. Alternativel;, this is not
likely to be the case for petrochemical products. Thus, an increise in the
share of petrochemical products in Arab exports carries with it the
possibility of a reduction in the product as well as the market concntration
ratios of their exports. Such diversification is important in reducing
vulnerability to Western demanc fluctuations and to variations in product

cycles.
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(d) Comparative advantage and learning by doing

The world petrochemical industry is characteristically migratory,
technological, capital-iatensive, resource-intensive, energy-intensive,

scale-sensitive and dominated by Trans-National Corporations (TNCs).

Petrochemical production is scattered over roughly one thousand
facilities throughout the world. The United States, Western Europe and Japan
produce over 66 per cent of world petrochemical products; some yzars ago this
figure was substantially higher. 1In the future it is expected to become
substantially lower. The shift in regional output shares is a direct result
of the nature of the product cycles that characterize petrochemical demands
and of the substantial change in the relative prices of the inputs used to
produce petrochemicals. On both of these counts --phase of the product cycle
and the change of relative price of inputs-- the Arabs are in a privileged

position to produce petrochemicals.

The product cycle theory of product demand is based on the premise that
as a product matures, consumption increases rapidly after the initial
introductory period and then slows down during product maturity; concurrently
the number of producers increases rapidly and then also slows; also, the price
declines, rapidly at first, but finally tends to level off in the mature
stage. These price declines aie due partly to the combination of decreased
costs as a result of both economies of scale and operating experience, and to
increased competition. It is to be noted that whereas consumption proceeds
smoothly, capacity can only be augmented in large steps. During the early
stages of the product life cycle, one country is the only producer --the USA--
and hence fills both local and foreigrn demand. While such exports often are
attributed either to a technological~gap or managerial-gap, in many cases they
are simply explained by the time lag in commencing production in the importing
country due primarily to a limited domestic market and/or to the inability of

the importing country to capitalize on its domestic opportunities.

In 1963, the US exports of styrene to Germany were negligible, but during
1964 and 1965 averaged $10 million yearly. After this time they dropped back
to a negligihle quantity as new capacity came onstream in Germany. The whole

history of the world petrochemical industry is rife with examples of
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production migrating from one region to another primarily in response to

development of domestic production capabilities or to changes in cost
structures. The recent chauge in the importance of feedstock prices relative
to capital costs of petrochemical production suggests that migration of this
industry towards the Arab region, which embodies over 60 percent of world oil
reserves and about 25 percent of world gas reserves, is ¢ natural and logical

outcome of the workings of economic laws of production and location.

0il- and gas-based petrochemicals accounted for about 50-70 per cent of
total world petrochemical production in industrially developed economies in
the 1970s. 1In 1972, 92 per cent of all organic chemicals in the European OECD
countries, 95 per cent in the US and 96 per cent in Japan were produced from

3/

oil and gas.= This heavy dependence on cil and gas was basically in

response to significant declines in the real prices of these inputs until 1970.

With the upward adjustment of oil prices in 1973, the decline of the
1960s in chemical prices was arrested and reversed. In 1974, the prices of
internationally traded basic petrochemicals were three to four times higher
than their 1970-72 levels, and by 1979-80, new peaks were realized. The major
result of this dramatic rise in feedstock prices was the rise in the pro-
portion of raw material costs in total production costs of petrochemicals. In
the late 1970s, feedstock prices as a percentage of total production costs,
accounted for 60-80 per cent in fertilizer production, 50-75 per cent in
plastics, and more than 50 per cent in synthetic fibtes.&/ Raw material
requirements are highest in the initial stages of manufacturing-- the
production of intermediate products and monomers requires from two to
four tons of hydrocarbon raw material for every ton of production. 1In the
final production phase, monomer consumption is no more than 1-1.5 tons per ton

5/

of plastic.=

Alternatively, the =xpansion of large-scale production and the higher
optimal capacities of individual production facilities have resulted in a
substantial lowering of current and capital expenditures per unit of

production, in addition to lowering unit operating and management cos's.

3/ L'Industrie Chimique, OECD, 1972, p. 27.
4/ UNIDO, op. cit., p. 88.
5/ 1bid, p. 89.
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For instance, in the 1960s, the increase in the capacity of ethylene plants

from 50,000 to 450,000 tons a year had the effect of reducing average capital
costs from $220 to $90 per ton.gl Similarly, the increase in the size of an
ammonia producing plant from 36,000 to 180,000 tons a year lowered unit

capital costs by more than 35 per cent.zj Examples like this abound.

The combination of & rise in feedstock prices and a decline in unit
capital costs reised the efficiency of locating petrochemical plants near
hydrocarbon resources. In addition to these factors, the energy-intensive
nature of cracking and reforming, the ~ow-population density of most of the
Arab oil-producing states, and the lopsided nature nf their economies imply
for these countries substantial comparative advantage in producing petro-
chemicals. Table 1 presents comparative cost conditioms in the production of

petrochkemicals.

A number of pitfalls remain and require careful attention. Recall that,
as a general principle, as a product matures, competition grows keener and the
quality of the product becomes more standardized so that the ability to sell
it becomes very sensitive to price. Under these circumstances, one would
expect that any country with intrinsically lower production costs would beccme
a major exporter. This has haprened in electronics; some south and
south-east Asian countries, with lower labour costs, have become major
exporters to developed nations. There is a decisive advantage to countries
with lower raw material costs in the export of mature petrochemical products.
It is also true that world trade is largest in these commoditities and thus
the possibility of buiiding a large, economically efficient state plant is
high. This latter ronzideration is critical to prospective investor
countries; it is important to determine that the higher average fixed c~-'s
associated with capital do not wipe out the competitive advantage dr 7er

average variable costs associated with lower raw material costs.

Equally important to the investment decision is the consideration of
products that are least vuinerable to technological obsolescence. Western
nations, witnessing the erosion of their competitive edge in petrochemicals as

raw material costs have risen and as capital custs have been declining, are

6/ 1bid, p. 78,
7/ 1bid, p. 78.




Table 1.1 Gulf Region: Comparative advantage in petrochemical products

(Production cost analysis) 1980

Methanol Ethylene Ammonia
(320,000 MTA from Natural Gas) (450,000 MTA from Ethane) (430,000 MTA from Natural Gas)

USA GULF USA GULF USA GULF
Fuel/MMBTU $ 4.00 $ 0.25 $ 4.00 $ 0.25 $ 4.00 $ 0.25
Location Factor 1.00 1.25 1.00 1.50 1.00 1.25
Production Cost (¢/kg)
* Raw Materials 8.52 0.67 22.20 1.59 7.60 0.58
* Utilities 7.16 1.14 9.98 1.91 5.50 1.63
* Other Direct Costs 0.55 0.98 2.97 4.36 0.93 1.27
* Overheads and Taxes 0.62 0.76 2.62 3.29 0.84 1. 06
* Depreciation 1.68 2.09 7.04 10,24 2.03 2.53

18.53 5.64 38.64 20,73 16.90 7.07
A Energy § Feedstock 74% 16% 64% 8% 74% 11%

SOURCE: N. Dabdab and B. Mohyuddin, 0Oil-Based and Non-0il Based Industrial Development in the Arab Gulf Region
(Doha: GOIC, 1982), p. 11.

Y A
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expected tc capitalize on tecknical change and technological advances to
offset the effects of higher raw material costs.gl This suggests that Arab
producers should begin with mature standardized commodities but must zlso plan
and implement massive research programmes., Teaming with multi-nationals may
not be sufficient as TNCs are not gencrally known to sell newly developed
technologies. They do sell established technologies and these need to be

purchased and improved upon.

Marketing considerations are also important and need to be examined
carefully. Local markets could be developed, particularly as chains and
sequences of producti-n are exploited. Regional demands need to be identified
and plans made to take advantage of geographical and cultural proximities at
the earlier stages of production. Marketing partnerships with TNCs need to be
complemented with regional partnerships and with a detailed South-South
co-operative effort. There are already several examples of Arab co-operation
in this field and instance: in which Arab producers have invested in
complemeniary downstream operat:ions in other Third World countries. These
activities may have to be expanded and enriched to present a credible

marketing strategy.gl

The emphasis on large size of Arab petrochemical plants stems in part
from the need to capture economies of scale, thereby reducing the capital
component of cost. It is equally important to emphasize the need to present a
credible strategy and persuade competitors of the seriousness of Arab
producers to occupy a substantial world niche in downstream industries,
commensurate with their share in world oil production. The larger the

committed volume of capital, the more crcdiible is the prospect of Arab

8/ For example, Dow Chemical has recently announced the development of a
new ethylene production process, referred to as partial combustion cracking
(PCC), in which ethylene can be produced directly from crude oil, in one step,
or by using other feedstocks such as residual oil, gasoil or naphtha. See
Chemical Engineering Progress, Vol. 79, No. 2, February 1983, pp. 78-81.

9/ There are today a number of joint-venture projects in which Arab
countries are teaming with other Third World governments to produce petro-
chemicals. Kuwait owns 40 per cent of the Turkish Mediterranean Petrochemical
Company. The Kuwaiti Fund is financing sn urea and ammonia complex in Sri
Lanka. Saudi Arabhia has a joint petrochemical venture with Pakistan and
another is contemplated in India.
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competitiveness, not only on account of the efficiency of these activities,
but also because of the belief that the Arabs are likely to be willing to
a2bsorb substantial operating losses before allowing their huge fixed

investment to go down the drainm.

Thus credibility grows with size and size depends upon close Arab
co-operation. Arab petrochemical credibility of new petrochemical producers
will be eroded if each Arab oil-producing country mounts a small-scale plant
producing the same range of products that its Arab neighbours are producing.
There is a definite and serious need for Arab co-ordiratior of investment
which allocates specialization on a regional basis. Arab joint ventures are
critically needed to avoid duplication. The experience in aluminum, in which
Saudi Arabia opted to purchase equity in Bahrain's ALBA instead of
constructing its own smelter, needs to be duplicated in the petrochemical

arena.

Co-operation among Arab petrochemical producers may take a number of
forms. Joint ventures are only one such form of co-operation. Equally
important are joint marketing strategies, joint bargaining with
multi-nationals and the joint development of technology. Sub-geographical
groupings, e.g. the Arab Gulf Countries Group, North-African Group, etc. may
be formed as initial mechanisms of co-ordination, but the eventual
articulation of a larger Arab co-operative strategy remains critically needed
to meet international challenges in a tightly controlled world market for

petro- chemical products.

Arab oil-producing countries embarking on building massive petrochemical
complexes are also major importers from developed nations. This is an
important pressing factor which may induce the developed countries to open
their market to petrochemicals produced in the Arab countries. Th: i-ter-
dependent nature of trade relationships is a fact that the Arab petro-

chemical producers may use to advantage.
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2. THE ARAB PETROCHEMICAL INDUSTRY: A HISTORICAL *:kIZPECTIVE

Although the Arab petrochemical industry is n¢. exclusively tied to the
geographical locaticns of Arab oil and gas, it is zc¢uvily concentratec in
these countries. This is rational, given the stron: technical affinityv of
this industry to its raw materials and the huge capital outlays required for
its efficient production which are omnly affordable in the region by

. . . 10
oil-cxporting countries.—

0il was first exploited in the Arab region in the early 1930s, on a small
scale at first, and then on 2 massive scale in the 1940s and 1950s. However,
the Arab petrochemical industry is of recent vintage. The Arab world will be
divided into two geographical areas to highlight the development of Arab

petrochemicals ~- Arab North Africa and the Arab Middle East area.

2.1 The petrochemical industry in the Arab Middle East area

Petrechemical production in the Arab Middle East dates back to the
mid-1960s with the establishment of an ammonia plant at Shaaba in Kuwait in
1966. The early 1970s saw the erection of a number of basic fertilizer
plants. Syria established an ammonia producing facility at Homs in 1970.
Saudi Arabia started production of urea at Damman in the same year. Iraq
commenced production of urea and ammonium sulfate in 1971, while Qatar began
production of ammonia from its first plant at Umm Said in 1973. From 1975
onwards, the area witnessed a major proliferation of fertilizer producing

plants (see Table 2.1).

Petrochemical products other than fertilizers were not produced in this
region until 1975, and then only on a limited basis in terms of both

production scale and output variety. The delay in starting this industry in

10/ Petrochemical plants are capital-intensive and the minimum efficient
scale is often very large. For example, it takes an investment of $1,700 to
produce one ton per year of ethylene, $1,100 to produce one ton per year of
propylene and $600 to produce one ton per year of butadiene at 1979 prices.
The minimum efficient scale of ethylene production is now 450,000 tons per
year, 300,000 tons per year for propylene, and 100,000 tons per year for
polypropylene.
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Tablie 2.1 AmmOnia projecis in She Arav wurld:
Existing and planned capacities
(unit: 1,000 metric tons/year)
EXISTING 31.12.81 PROJECTS UNDER CONSTRUCTION
COUNTRY
Capacity Site, Start-up Capacity Site, Start-wp
ALGERIA 660.0 Arzew, 71/79 330.0 Annaba, 83
330.0 Annaba, 81
BAHRAIN - - 330.0 Sitra, 85
DJIBUTI - - - -
EGYPT 60.0 Hellwan, 70 330.0 Safaga, 86
60.0 Suez, 73
400.0 Abuqir, 81
520.0 (2) Talkha, 75/80
145.0 Aswan, 61
IRAQ 325.0 (2) Basrah 71/77 50.0 Al Qaim, 82
660.0 kKhor al Zubair, 80 660.0 Khor al Zubair, ?
JORDAN - - - -
KUNAIT 660.0 (2) Shuaiba, 66/71 330.0 Shuaiba, 84
LEBANON . - - -
LIBYA 3.0 Marsa el Braga, 78 330.0 Marsa el Brega, 82
890.0 (2) Sirte, 8%
MAURITANIA - - - -
MOROCCO - - 90.0 Timshdit, 25
OMAN - - 20.0 Sahar, 85
QATAR 590.0 (2) Umm Said, 73/79 - -
SAUDI ARABIA 180.0 Dasman, 70 330.0 Al Jubsil, 84
SOMALIA - - - -
SUDAN - - 58.0 Khartoum, 83/84
SYRIA 50.0 Homs, 70 330.0 Homs, 82
TUNISIA - - 330.0 Gabes, 84
UAE - - 330.0 Ruwais, 84
YEMEN, A.R. - - - -
YEMEN, P.D.R. - - - -
TOTAL 4,970.0 - 4,918.0 -
Sources: European Chemical News - 1981 - 1982

Chemical Age - 1981

Cheaica] Engineering - 1981 - 1982
Arab Oil & Gas Directory - 1982
OPEC Annual Report - 1981

Middle East Economic Digest - 1981 - 1982
Annual Report of Saudi Ambian Monetary Agency - 1981
Chimie Actualites - 1982
Insight of possible marketing strategies for petrochemicals and

fertilizers (SEMA) 1980

0il and Gas Journsl - 1982
( ) number of plants by site
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oil and high percentage of foreign ownership in the oil industry. Together,
these two factors resulted in low revenues for the producing goverments, a
feature which iwmpaired their ability to engage in heavy investments in the

petrochemical industry.

Iraq and Qatar were the first two couniries in this region to venture
into the production of basic petrochemicals, particularly basic products such
ss ethylene. The first complex was built at Umm Said with the help of C.D.F.
Chimie Frangaise to produce 280 thousand tons per year of ethylene and
140 thousand tons of LDPE. The Iraqi complex was ccupleted in 1976 at Khor
Al-Zubair to produce 130 thousand tons per year of ethylene. The Iraqi
complex is also capable of producing LDPE, HDPE, PVC and caustic soda in

varying small amounts (see tables 2.2 and 2.3).

Saudi Arabia is entering the petrochemical field in a substantial way,
with several major complexes at Al-Jubail and Yanbv. Saudi Arabia Basic
Industries Corporation (SABIC) was established in 1976 to formulate and
implement a major thrust into downstream processing of the kingdom's
hydrocarbon resources. As is clear from the data in tables 2.2 and 2.3, SABIC
envisages the production of about 2 million tons per year of ethylene, one
million tons per year of LDPE, and 1.3 million tons per year of methanol ia
addition to small amourts of ethylene glycol and other intermediate and final

petrochemical products.

Kuwait is moving towards producing aromatics, primarily benzene,
ortho-xylene and para-xylene. Kuwait is also considering the production of
ethylene, styrene, ethylene glucol and formaldehyde. UAE is also studying the

feasibility of producing ehtylene at Al-Ruwais industrial area.

It is clear from the discussion above that the Arab Middle East area is
on the threshold of joining the world petrochemical industry. Saudi Arabia is
emerging as the major producer in the region. Two characteristics dominate
this region's petrochemical industry. First, there is a heavy emphasis on the
production of basic products. Second, olefins dominate the product mix.

There is a conspicuous dearth of plans to produce aromatics.
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Table 2.2 Basic and intermediate petrochemiesl prod

Existing and planned capacities (Unit: 1,000 m

BASIC PETROCHEMICALS BASIC PETRC
CCUNTLY SITE STAGE GF PROJECT {START-UP OLEFINS AROMATICS
Ethviene | Propylene | Butadiene |Benzene 0.Xylene |P.Xylene | Xylene Me
~LGERIA SKIXDA Existing 1978/80 120.0 - - - - - -

SKIDA Under completion | 1982 - - - 95.0 - 50.0 107.0

ARZEN Existing 1976 - - - - - - -
BAHRAILN SITRA Under construction| 1985 - - - - - - -

LI TIBUTL - - - - - - - - - -
ECYPT ALEXANDRIA Under study - 200.0 - - - - 40.0 -
[RAQ KHOR AL ZUBAIR {Existing 1580 135.0 - - - - - -

BAIJI Initial start-up 1982 - - - 25.0 - - -
JORDAN - - - - - - - - - -
RUWAIT SHUAIRA Under constructionf 1985/86 350.0 - - 284.G 60.0 90.0 - i

SITRA Under constructionf198S - - - - - - - !
LEBANON - - - - - - - - - -
LIBYA MARSA EL BREGA | Existing 1978 - - - - - - -

MARSA EL BREGA !Under construction|1984 - - - - - - -

RAS LANUF Under completion 1982 330.0 - - - - - -

RAS LANUF Under construction{ 1984 - - 45.0 - - - -

RAS LANUF Under study - - 165.0 - - - - -
iMAURITANIA - - - - - - - - - -
MOROCCO MOHAMMEL T A Existing 1980 - - - - - - -
OMAN - - - - - - - - - -
JATAR UMM SAID Existing 1980 28C.0 5.0 - - - - -
SAUDI ARABIA | YANBU Under construction| 1385 450.0 - - - - - -

AL JuBAlL Under construction]1985 636.0 - - - - - -

AL JUBATL Under construction|1983 - - - - - - -

AL JUBAIL Under construction]198s 500.0 - - - - - -

AL JUBAIL Under construction)l1985 - - - - - - .

! AL JUBAIL Under construction|1985 - - - - - - -

* AL JUBAIL Under study - - - . . . . .
SOMALIA - - - - . - - - . .
SUDAN - - - - - - - - . _
SYRIA - - - - - - - - - -
TUNISEA UNDETERMINED | Under study - x - - - - - -
i\ E - - - - - - - - - -
YEMEN ALR. - - - - - - - - - -
VEMEN P.D.R. |- - - - - - - - . -
TOTAL EXISTING CAPACITIES (1.01.1982) 535.0 5.0 0.0 O.Q 0.c 0.0 0.0
TOTAL PLANNED CAPACITIES 2 486.0 165.0 45.0 404.0 60.C 180.0 107.0 2

source:

atar, November, 1980) pp. 48-51.
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Econometric Research Compilation from Various Country Sources,




~ndi intermediate petrochemical products in the Arab world:

i planned capacities (Unit: >,000 metric tons/year)

‘ASIC PETROCHEMICALS BASIC PRTROCHEMICALS INTERMEDIATES
AROMATICS ALCOHOLS i Vinyl _
vt T oiemorsae | aeer | Strrene | cntériae | Fol | foruene
1 Benzene 0.Xvlene |P.Xyvlene | Xylene Methanol | Ethanol : monomer 4
- - - - - - - - - 40.0 - -
35.0 - 50.0 107.0 - - - - - - - 5.0
- - - - 100.0 - - - - - 20.0 -
- - - - 330.0 - - - - - -
- - 10.C - - - - - 100.0 - - -
- - - - - - - - - 65.0 - -
3.9 - - - - - - - - - - -
284.9 6.0 92.0 - - - - 135.0 330.0 - 20.0 -
- - - - 330.0 - - - - - - -
- - - 330.0 - - - - - - -
- - - i - 330.0 - - - - - - -
. - - - - - - 50.0 175.0 - - -
- - - - - - - - - 65.0 - -
- - - - - - - - - 25.0 - -
- - - - - - - 220.0 - - - -
! - - - - - 281. 454.0 - 295.0 - - -
- - - - 600.0 - - - - - - -
! - - - - 650.0 - - - - - - -
- - - - - - - 300.0 - - - -
- - - - - - - - - 102.0 - -
0.0 0.C 0.0 0.0 430.0 0. 0.0 0.0 0.0 130.0 20.0 0.0
C404.0 60.C 180.0 107.0 2 240.0 2P1.¢C 454.0 7-5.0 900.0 167.0 20.0 5.0
i
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Table 2.3 Final petrochemical products in the Arcb

capacities (Unit: 1,000 metric tonms

[ ’ I i f PLASTICS
| | — - - -
COUNTRY SITE | STAGE OF PROJECT | START-UP |~ o e ™ T Poly- |Polyvinyl | o | Poly- |
' i E r - propylene ;chloride |5hiamxne i styrene e lamine A
17 : |L.Density iH.DensxtyE i LA, L
ALGIRIA SKIKDA |Existing C1sosst o oaso | - - . .00 | - b - ;
ARZEW Existing | 1970 B i . - - - P -
BARALN - P- i- - i - . - ? - E - - )
JIBLTI - - - T - -
LoYeT ALEXNANDRIA Under study - : 30.0* . 40,0 é - 80.0 - - - .
KAFR EL DAWAR |Existing ivol .- : - i - - ; - ! - ~ !
AHOR AL ZUBAIR |Existing 1934 ! o0, 0 : 50.4 - ol. 0 . - ‘ - -
l KHOR AL ZUBAIR |Under study . - oL . , . - Pl .
i BALJI Under completicn 1982 - . - - | - : - -
iinRhA& Uadetermined Under scudy - - - - - : - 5 - -
‘I\I'h»\['.’ SHUAIBA Existing 1931 - - - - ; 15.0 E - - B
i SHUAIBA Under study - - 130.0 - - ; - ‘ - 10.0
HHERNVN - . . . . ; i ; ) ) )
AT RAS LANUF tinder completion 1982 - - 30.) - ' - i - -
RAS L\NUF Under implementation | 1985 50.0 30.0 - - - E - -
RAS [ ANUF Under study - - - - - - % - -
\BU  RHAMMASH Under completion 1982 - - - 00.0 . - ! - -
CAURITINTA - - - - - - - : - 1 - -
MOGROCOD) MUIAMMERTA Lxisting 1980 - - - 25.0 ! - - -
inn\x - . . . N } . : - § . .
JAIWR UMM SAID Existing 1931 g - - - - - - !
UM SATD Under construction 1984 - 70,0 - - - - - i
l~\HDI \RABIA | YANBU Under c¢onstruction 1984/35 200.0 90.0 - - - - -
\DOTUBATL Under construction 1985 T0.0 110.0 - - - - -
AL LTHBALL Under construction 1985 130.0 - - - - - -
AL JUBALL Under construction 1985 260.0 - - - - - -
AL JUBAILL Under study - - . - 100.0 - 95.0 -
Jsorai i - - - - - - - - - -
[ISTIN - - - - - - - - - -
i\"!".l\ - - - - - - - - - -
THNTSTA - - - - - - - - - -
b - - - - - - - - - -
YidMbs VLR, - - - - - - - - - -
YEMEN PLDLR, |- - - - - - - - - -
VATAL ENINTING CAPACETIES (1.01.1982) 248.0 30.0 0.0 120.0 15.0 0.0 0.0
IGIAL PLANNED CAPACITIES 800.0 490.0 50.0 240.0 0.0 95.0 10.0

Source: Econometric Research Compilation from Various Country sources, and
AL-Wattari, 0il bownstrcam (Kuwsit, GAPEC, 1980).
SAB1C, The Fourth Annual Report for 1400 A.H.
GOIC, Petrochemical .. dustries in the Arabian Gulf (Quatar,
November 1980), pp. 48-51.

%/ Linear lowv density polyethylene

SECTION 1 |
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~mical products in the Arab world: Existing and planned

} RESINS SYNTHETIC FIBERS SYSTHETIC RUBBER
—_——
! i Alkyl Carbon
Melamine | FPoly- \lclamine Alkvd Phenolic Urea Polyvester {Polvamide | Acrylic Styrgne POI?_ benzene black
, styrene butadiene | butadiene
- ‘ - - - - - | - - - - - - -
- | - - - 5.5 8.5 - - - - - - -
A - i S0 ] i . ) ) ] o
!
- ? - - - - ! - - - - - - 100 -
- ! - - - - ! - 26.0 - - - - - -
- - - - - | - - - - - - - -
- - - - - - 20.0 - - - - - -
- | - - - - - - - - - - 50.0 -
i
5.0 | - - - - - - - - - - - .
i
- - 10.0 - - - - - - - - - -
! - - - - -
i 1
- i _ - - ! _ ! - - - . - - - -
- - - - - - - 18.0 20.0 60.0 30.0 - a0.0 !
X ! .
- ' - - - | - i - - - - - _ - -
- - - _ _ ! _ - - - - - - -
] - - - - - - - - - - - - -
- 95.0 - - . . . - - - - - .
i _ _ ~ _ - _ R _ _ _ _ . .
|
i - - - - - - - - - - - - -
i } - _ . - _ _ . _ - - .
; . - . . - - - - - - - - -
15.0 0.0 0.0 0.0 3.5 8.5 29.0 (VR 0.0 0.0 0.0 0.0 0.0
0.0 95.0 10.0 X 0.0 0.0 20.0 | 18,0 20.0 60.0 30.0 90.0 40.0
] 3
~ - - -
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The concentration of olefins is rooted in the current experience of
flaring associated gas: the ratio of flared gas in this region varies from an
insignificant 13 percent in Bahrain in 1980 to over 72 percent in Saudi Arabia
in the same year.ll/ Thus, the opportunity cost of using flared gas in
petrochemical production is almost zero. The same is not true for oil whose
opportunity cost in petrochemical production is the going export price per

ba.rel of crude.

2.2 The petrochemical industry in Arab North Africa

Egypt was the first country in Arab North Africa to undertake the
production of petrochemicals., Eygpt was producing ammonia as far back as 1961
at Aswan (see table 2.1), by 1970, at Hellwan and by 1973, at Suez. The heavy
utilization of fertilizers in Egyptian land-scarce agriculture provided a
major outlet for Egyptian fertilizer production. Today Egypt has a rated
capacity of 1.185 million tons per year of ammonia and an additional plant
with a rated capacity of 330 thousand tons per year is being constructed at
Safaga; this plant will be operational by 1986. Algeria and Libya are the
two other Arab North African countries with sizeable ammonia production.
Algeria started production of ammonia in 1971 at Arzew; this plant was
expanded in 1979 from 330 to 660 thousand tons per year. In 1981, the Annaba
complex came on stream with a rated capacity of 330 thousand tons per year,
and by the end of 1983, another 330 thousand tons per year facility will be

operational at Annaba.

Libya, which had an ammonia plant at Marss Al Brega with a rated capacity
of 330 thousand tons per year in 1978, already extended this facility by
another 330 thousand tons per year in 1983, and by 1985, two new facilities
will be operational at Sirte with a rated capacity of 890 thousand tons per

year.

Tunisia and Morocco are both planning to produce ammonia by 1984-85.

Tunisia is building a plant with a capacity of 330 thousand toms per year,

11/ OPEC, Annual Statistical Bulletin 1980
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whereas Morocco is building a smsller facility with a capacity to produce

90 thousand tors per year (see table 2.1).

In terms of basic petrochemical products, Arab North Africa is not much
different from the Arab Middle East area. Both regions are late entrants into
this fielc and both produce or plan to produce primarily mature products and

on a limited scale.

Already Algeria has the capacity to produce ethylene (120 thousand tons
per year) and vinyl chloride monomer (40 thousand tons per year) at Skikda.
Since 1976 it has also had a methanol producing facility at Arzew with a rated
capacity of 100 thousand tons per year. Under construction is an aromatic
producing facility that just came on stream with a rated capacity to produce
95 thousand tons per year of benzene, 50 thousand tonc per year P.xylene and

107 tons per year O.xylene (see table 2.2).

Libya which has been producing about 330 thousand tons per year of
methanol is moving fast and in a decisive manner into the production of
ethylene, styrene, ethylene glycol and vinyl chloride monomer. However,
neither Libya nor Algeria is contemplating the production of any significant

amounts of final petrochemical products (see table 2.3).

2.3 Arab petrochemical capacity, 1987

Although Arab production of petrochemicals is currently limited, plants
now under construction are expected to be operational by the mid-1980s. As is
clear from tables 2.1, 2.2 and 2.3, there is a definite expectation of an
increased production flow of petrochemicals from the Arab region in the next

few years.

By 1987, the total Arab ammonia production capacity is expected to exceed
9.8 million tons per year. In the same year, Arab capacity will be almost
2.3 million tons per year of methanol, over 2.4 million tons of ethylene,
900 thousand tons of styrene, 705 thousand tons of ethylene glycol,
454 thousand tons of ethylene dichloride, 406 thousand tons of benzene and a

host of small amounts of other basic and intermediate petrochemicals. The
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iargesi components of final petrochemicais to be produced in the Arab area in
1987 include 800 thousand tons per year of LDPE, 490 thousand tons of HDPE,

240 thousand tons of PVC and 95 thousand tons of pclystyrene.

These capacities are large when compared to current or past production
rates of these products, but they represent a small fraction of the
corresponding world production and are certainly within the bounds of even
Arab domestic demand for most of these products, as we shall see in the

following sections.
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3. WORLD DEMAND FOR PETROCHEMICAL PRODUCTS 1975-2000

3.1 Introduction

There exists at present such a number of forecasts of future demand for
petrochemical products and supply thereof that some justification is required

before a new forecast can be made.

First, there have been some major changes in world economic performance
that were not foreseen in the late 1970s and even in the early 1980s. The
pace of world economic activity has slackened and the real price of oil has
fallen, These are important variables in the determination of the future

profiles of petrochemical demand and supply functionms.

Second, few if any of the previous forecasts generated future values of
the exogenous variables within the context of a large world model. The need

for internationally consistent forecasts calls for such a construction.

Third, most of the previous forecasting exercises have either neglected
production function relationships among products (we postulate a derived
demand structure for most intermediate and basic products) and/or did not
estimate demands for final products that correspond to consumer demand
functions; that is, few if any of the previous forecasting exercises included
own prices or prices of complementary or substitute products in the demand

functions for final products.

Fourth, although many previous forecasts were made on the basis of
econometric estimation of demand and supply equations, most of these
specifications were suppressed and no explicit display of estimated equations

were published with the forecasting results.

In what follows we are specifying a set of regional demands for 24 petro-
chemical products that form an integral part of the UNITAD Model, in the sense
that endogenous variables of the UNITAD Model become the exogenous variables
of our petrochemical model. The recent world-wide contraction in economic
activity and the recent stabilization ol the nominal price of oil are built

into the system forecasts. Moreover, a special effort is made to introduce
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prices into the estimated equations, and most estimated equations are reported
in detail in the body of the study to display their statistical properties in
terms of t-statistics, coefficients of multiple determination and standard
errors of estimate. Most of these statistics are used to evaluate the

goodness—of-fit of the hypothesized estimated relationship.

In order to obtain forecasts of regicnal petrochemical demand, by
product, to the year 2000, a general model of regional demands for each of the
24 petrochemical products was specified and estimated over the period
1974-1981. The estimates were then used to forecast demands for these
products, at five-year intervals starting with 1985, up to the year 2000. It

is the purpose of the following sections to describe this exercise in detail.
3.2 The model

The basic structure of the model follows closely the basic structure of
the petrochemical industry.lz/ Outputs of petrochemicals are classified
into three product groups -- basic, intermediate, and final ~-- according to
their positions in the flow of products. The production chains relevant to
the 24 products considered in this study are depicted schematically in

figure 1. Each group wil) be considered in turn.

3.3 Basic products

In the case of basic products, it is assumed for each region that the
demand for these products is a derived demand; that is, their demands are
functiors of the demands for the products in which they are utilized as
inputs. Since the ultimate focus of this study centres on potential market
opportunities for Arab countries, only basic products (and their derivatives)
which are of interest to the Arab world are considered here; for this reason,
few aromatics are included in the model, since Arab interests centre, at

present, on methanol, ammonia, and the olefins.

12/ See, for example, a schematic dingram of the flow of product in
UNIDO, Second Consultation on the Petrochemical Industry, Second World-wide
Study on the Petrochemical Industry: Process of Restructuring, ID/WG.336/6,

p.8
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It is assumed here that the derived demand for each basic produci, in
each region, is directly proportional to the quantity demanded of one or more
intermediate and/or final products in which the basic product is used; that
is, the technology of each product is assumed to be of the Leontief type.
Since each region may produce a different mix of intermediate and/or fimal
products, and since technologies for the production of various intermediate
and/or final products may differ from region to region, there is no reasom to
expect that the factor or proportionality between a given basic product and a
derivative product will be uniform from region to region. Estimation of an
equation for each basic product for each region permits these potentially

important differences to be reflected in the forecasts.

On the basis of these considerations, the basic products are modelled as

13/

follows—";

(1) Methanol =-X1 Acetic Acid *-3(2 Formaldehyde + C¥3 Consumption + uy

(2) Ammonia =<?1(Urea) + sz(Acrylonitrile) *u,

(3) Ethylene =,Q1(HDPE) + /?2(LDPE) + £?3(Ethylene Dichloride)
+'f;4(Ethy1ene Oxide) + ﬁ?S(Vinyl Acetate) + ug

(4) Propylene = bl(Polypropylene) + b, (Acrylonitrile)
+ b3(Va1ue Added ~ Textiles) + v,

(5) Butadiene = ?{1(Acrylonitri1e Butadiene Styrene)
*~52(Polybutadiene Rubber)
+753(Styrene Butadiene Rubber) + ug

13/ The reader will note that not all variables specified in the model
sections of this report are used in each and every regional equation for a
given product. The model set out in this and two following sections (2.4 and
2.5) is the most general form of the regional model. In estimation, however,
some of these variables may be dropped because of lack of significance, on a
case by case basis. Thus only a subset of the indicated set of explanatory
variables for a given equation may appear in the estimates reported in
section 3.8 below.
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products in the model.

3.4 Intermediate products

The approach here parallels that for basic products. Two considerations
are of particular interest. First, demand for intermediate products is also a
derived demand, derived from the demands for final products (or higher-order
intermediates) which the intermediates are used to produce. In the second
place, a Leontief technology is also assumed to hold in the case of these
products, for the same reasons indicated in the case of basic products. The

equations for this group are:
(6) Vinyl Chloride Monomer = cl(Polyvinyl Chloride) + ug
(7) Ethylene Dichloride = (S 1(Viny1 Chloride Monomer) + u,
(8) Ethylene Glycol = dl(Polyethylene Terephthalate)

+ dz(Value added - Textiles)

+ d3(Consumption) + ug

(9) Ethylene Oxide = Eil(Ethylene Glycol + ug

(10) Acrylonitrile el(ABS) + ez(Value Added - Textiles)

+ e3(Consumption) + e4(Va1ue Added - Manufacturing)

* Y10
(11) Styrene = él(Polystyrene) + gz(ABS) + C_,,(SBR) tuy
(12) Ethjlbenzene = fl(Styrene) tu,

(13) Acetic Acid = 7ll(Vinyl Acetate) + Ui,

3.5 Final Products

Whereas the demand equations for intermediate and basic products were

based on a derived demand/fixed proportions technology argument only, the




demand equations for final products are assumed to correspond to market dewnand
curves, azgregates of individual demand curves derived from utility maximi-
zation. The theory of the consumer is relevant here because demands for these

products are only a step removed from the consumers' demands.

According to the theory, income and relative prices are the principal
determinants of these demands. In turn, for each final product, the
appropriate income measure(s) is (are) determined through icentification of
the sectoral source of final demand; for example, in the case of styrene
butadiene rubber (SBR), a synthetic rubber which is used in tires, adhesives
and carpets, the sources of demands are mainly the construction and
transportation sectors, and thus, value-added figures for each of these
sectors are used as the income measures in the SBR equation. The prices
relevant for the final demand equation are those of the product and its
principal substitute; in the SBR demand ecuation, for example, the relative
price employed is the ratio of the price of SBR to the price of natural

rubber.lﬁ/

The final produc: equations are indicated below. A variety of functional
forms are used in the estimation of these equations, since the final demand
equations are less restrictive in form than the intermediate and basic product
demands, and it is desired to select the best forecasting equation in a sense

to be explained below. Accordingly, these equations are specified in general

notation.

(14) Urea = f(VA-agriculture, VA-construction, VA-manufacturing, PURE® ”14)
(15) HDPE = f(VA-construction, VA-manufacturing, GDP, P DPE’ UIS)

(16) LDPE = f(VA-manufacturing, VA-manufacturing, GDP, P, DPE* U16)

14/ 1t should be noted that formaldehyde is treated as a final product,
despite its formal classification as an intermediate. This is done because it
is not possible to specify a final petrochenical product from which the bulk
of the demand for formaldehyde is derived. Accordingly, the demand for
formaldehyde is treated as a function of sectoral activity (income) levels and
prices.
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(17) PET = f(VA-light manufacturing, consumption, Poppe U17)
(18) Polypropylene = f(VA-construction, VA-manufacturing, GDP, Popr’ UIB)
(19) Polystyrene = f(VA-manufacturing, VA-construction, consumpticn Post? U19)
(20> PVC = f(VA-comstruction, GDP, P, ., Uzo)

(21) SBR = f(vA-transportation, VA-construction, )

PSBR‘ Pnatural rubber’ U21

(22) Vinyl Acetate = f(VA-construction, GDP, P )

VAC® U22

(23) ABS = f(vA-contruction, GDP, )

Pps® Uz3

)

(24) FOR = f(VA-manufacturing, VA-construcction, U24

3.5 The commodity balance relationship

For each of the 24 basic, intermediate and final products it is desired
to forecast domestic consumption by region. Available data record apparent
consumption, which is equal to domestic production plus the value of the
physical change in inventory. In order to measure apparent domestic

consumption in this study, it is necessary to employ the following identity:

(25) DOMESTIC PRODUCTION + IMPORTS = APPARENT DOMESTIC CONSUMPTICN + EXPORTS
from which apparent domestic consumption is calculated as

(26) APPARENT DOMESTIC CONSUMPTION = DOMESTIC PRODUCTION + IMPORTS - EXPORTS

Equation 26 was therefore used to determine apparent domestic consumption
values fo- =2.l1 petrochemical products; these were used as the dependent
rariables in the estimation of equations (1) through (24). It is worth noting
here that apparent consumption differs from actual coasumption, the differénce
being the value of inventory change. The smaller the inventory changes are,
the closer to actual consumption is the apparent consumption. Furthermore;
apparent consumption includes both final and intermediate demands for the

product.
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3.7 The independent variables

Table 3.1 is a list of variables used in tlie estimation of the model for
each region. In all cases the variables, including the GDP and value-added
measures, are regional values in constant 1975 US dollars, and estimation for a
given region invo’ves only thac region's variables. Estimation is carried out
for ten of the eleven UNITAD regions; only region 11, comprising the centrally
planned economies of Asia, was excluded for lack of data. In the case of UNITAD
region 7, South Saharan Africa, very little production and/or trade in petro-
chemicals is taking place, and thus only two equations, for PET and

polypropylene, are estimated. For all other regions, a form of the model

Table 3.1 List of variables

Name Symbol
1. ABS ABS
2. Acetic Acid ACT
3. Acrylonitrile ACN
4. Ammonia AMM
5. Butadiene BUT
6. Ethyl Benzene EBZ
7. Ethylene ETH
8. Ethylene Dichloride EDC
9. Ethylene Glycol EGL
10. Ethylene Oxide EOX
1i. Formaldehyde FOR
12. HDPE HDP
13. LDPE LDP
14. Methanol MET
15. PET PET
16. PVC PVC
17. Polypropylene PPR
18. Polystyrene PST
19. Propylene PRO
20. SBR SBR
2]1. Styrene STY
22, VCM VCM
23. Vinyl Acetate VAC
24, Urea URE
25, Consumption CON
26. GDP GDP
27. Value Added-Agriculture VAG
28. Value Added-Construction VCN
29. Value Added-Light Industry VLI
30. Value Added-Maenufacturing VMA

31. Value Addcd-Transportation VIN




no activity within a region for a given product, no equation was estimated for

that product.

3.8 The regression results

The regression results of the static regional demand functions for
23 petrochemical products are presented in tables 3.2-3.10 (urea was excluded

for lack of data) with each table devoted to one region.

In the tables, under each ccefficient, is its t-statistic in
parentheses. The overall goodness—of-fit of the equation to data is measured
by the coefficient of multiple determination (Rz) and the standard error cf
estimate of the regression.

For each product, a number of forms of the equation have been ¢:~imated;
presented in the tables are the preferred estimates. They are pra2feired in
the sense that the signs of the coefficients are as expected a priori, the
t-statistics are significant, and R2 is the highest and SEE the lowest in

each class.

The emphasis on the standard error of estimate of the regression (SEE) is
predicated on the general observation that the SEE is a reasonable basis for
comparing a nested set of linear regressions, all of which imply the same
dependent variable; as long as units of measurement are the same for all
variables, a smaller SEE, which is of course corrected for degrees of freedom,

indicates a smaller degree of residual 1gnorance than a larger SEE.

Ap aiternative criterion for selecting the preferred equation, and one
with more statistical rigour, simply runs in terms of tests of significance.
Consider the following four equations, each of the last three being nested in

the first equation:

(1) Y. =a +aX +aX +u

1 0 171 272 1

() ¥, = by * Xy tu,
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Since the first equation can properly be viewed ¢s an 'unrestricted'
regression, and each of the remaining equatiors as a restricted regression

relative to the first equation, the following tests are indicated:

Equations 1 and 2: a test of H, : a, = 0, against the alternative

0

Ha i a, = C. This is just a t-test,

2

Equations 1 and 3: a test of H, : a, = 0, against the alternative

0 0
Ha tay = 0. Again, a simple t-test.
Equations 1 and 4: a test of the composite hypothesis Ho :ay = 0 and

a. = 0, against the alternative hypothesis Ha : a, =0 and/or a 0.

L 0
This is a straightfcrward F-test.

2

We turn to a detailed consideration of the regional results.

3.8.1 Estimates of the North American petrochemical demand functions

Table 3.2 presents estimates of the linear demand functions for
23 petrochemical products for Canada and the United States for the period
1974~-1981. The resuits are generally satisfactory according to all
statistical criteria, although, of course, some estimates are better than
others. The R2 are high, in most cuases rising above 95 per cent for HDP and
PPR. Of course, when the regression is forced through the origin (the

15/

. 2 L. .
constant is set at zero), the R statistic is no longer meaningful.—

In evaluating the goodness-of-fit of the equations over the historical
period of the estimates, the reader may find it useful to compare average

error sizes with average values of the dependent variable, and for this

15/ One could in principle define a squared correlation coefficient
between the actual and predicted values of the dependent variable for a
regression forced through the origin, and call this the R2. However, the
usual computer algerithm for computing the RZ does not do this calculation
correctly.

>
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purpose, the average percentage error, (A.P.E,), defined as the ratio of the
estimated average error of the regression (SEE) to the mean value of the
dependent variable, is provided for each equatiocn. Values of 0.1 or less for

this measure are taken as satisfactory.

All of the A.P.E. values for the North American equations are less than
0.10 except for ABS at 0.12. The t-statistics are also invariably high;
however, given the high degree of multicollinearity among the explanatory
variables, it is difficult in some cases to reach clear decisions as to the
statistical significance of each separate variable. This, however, 1s not

vital for forecasting purposes.

It is interesting to note that in linear regressions of the type used
here, a negative constant is often indicative of a rising average relation
between the dependent and the independent variables. For example, the HDP
equation, with a statistically significant negative comstant, suggests that
the ratio of HDP to GDP in North America is expected to be higher as GDP

increases.

3.8.2 Estimates of the demand for petrochemical prcduction in Western

Europe

Table 3.3 is devoted to the regression results of the demand for
petrochemical products in Western Europe. Again, as is the case for North
America, the R2 values are generally high for most of the equations, the
t-statistics for most of the variables are statistically significant, and the
A.P.E. is satisfactory (except for the FOR equation). These summary

statistics indicate an acceptable fit for almost all of the equations.

With the exception of only SBR and PVC, a rise in GDP is generally
associated with a higher average relationship between petrochemical demand and

GDP (this is on account of significant and negative constants).

The equations in which the constant is suppressed are technical
production functions (of the Leontief type). Tre coefficients are input-
output coefficients., Preference for these equations over those with constants

has been judged using the t-statistics and SEEs.
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Table 3.2 PRegzression resulis of petrochemical demaund f{uncilons
North America 1974~-1681
Independent
variables
Dependent
variables RZ SEE APE
Constant CON VCN
ABS -676.74 .000387 .00786 .66 54,7 .12
(-1.85) (1.89) (2.63)
Constant GDP
FOR -226.39 .00160 .59 223.9 .08
(-.22) (2.97)
Constant GhP
HDP -3382.77 .00265 .96 80.89 .04
(-9.15) (13.66)
Constant GDP
LDP -1721.93 .00247 .84 180.5 .06
(-2.08) (5.70)
Constant GDP
PET 90.52 .00121 .74 76.97 .05
(.26) (4.22)
Constant GDP
PVC ~-1582.56 .00207 <76 193.90 .08
(-1.78) (4.45)
Constant GPP
PPR -2008.5 .0071 .95 67.55 .05
(-6.50) (10.55)
Constant CON VCN
PST -1620.12 .00176 .00132 .81 112.18 .07
(-2.16) (4.18) (2.15) -
Constant VCN
SBR 288.708 .0172 .50 128.73 .07
(.48) (2.45)
Constant GDP
VAC 268.08 .00017 47 31.43 .05
(1.86) (2.31)
PVC
VCN 1.098 58.73 .02
(126.001)

(continued)
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Table 3.2 Regression results of petrochemical demand
North America 1974-1981 (continued)

Independent
variables

Dependent
variables R2 SEE APE
S~
VCN
EDC 2.08145 131.98 .02
(116.733)
PET CON VMA
EGL .02716 .00143 .00214 133.43 .07
(.04) (1.32) (.17)
EGL
EOX 1.235 120.25 .05
(54.28)
ABS CON VMA
ACN .596 .00158 .000407 32.36 .05
(3.48) (1.22) (1.35)
PST SBR
STY 1.610 .0547 47.89 .02
(18.55) (.68)
STY
EBZ 1.382 144 .14 .04
(73.54)
VAC
ACT 2.147 121.44 .09
(30.08)
ACN
AMM 29,478 3170.00 .16
(15.81)
EDC EDX HDP LDP
ETH .3912 2,155 1.050 1.192 11.04 .009
(.99) (9.87) (3.58) (1.81)
ABS SBR
BUT .6337 .8752 99.29 .05
( .92) (4.84)
ACT CON
MET 2.189 .000264 167.39 .05
(2.94) (.33)
PPR ACN CON
PRO 2.201 4.311 .000376 169.560 .03
(5.85) (3.37) (.55)
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Table 3.3 Regression results of petrochemical demand functions
Western Europe 1974-1981

Independent
variables

Dependent
variables rZ SEE APE
Constant GDP
ABS -488.0 .000339 .90 19.95 .07
(-4.73) (7.52)
Constant GDP
FOR -21224.6 .01035 .81 891.4 .38
(-4.61) (5.13)
Constant GDP
HDP -964.038 .000987 .17 97.07 .07
(-1.92) (4.49)
Constant GDP
LDP -1090.61 .002101 JJd4 222,45 .06
(-.95) (4.17)
Constant GDP
PET -40,185 .000325 .53 55.51 .08
(-.140) (2.59)
Constant GDP
PVC 194.401 .001506 .51 265.34 .07
(.1&4) (2.51)
Constant GDP
PPR -2954.10 .001748 .89 110.28 .11
(-5.18) (7.0)
Constant GDP
PST -73.063 .000727 .5 119.75 .07
(-.118) (2.68)
Constant GDP
SBR 703.305 .000194 .21 66.92 .06
(2.03) (1.28)
Constant GDP
VAC -278.84 .000323 .86 22.2 .05
(-2.14) (5.74)
PVC
VCN 1.1078 138.29 .03
(82.38)

(continued)
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Table 3.3 Regression results of petrochemical demand functions
Western Furone 1974-1081 (continged)

Independent
variables

Dependent

variables r? SEE APE
X
VCN
EDC 1.51 277.71 .04
(62.20)
PET VMA
ECL .8574 .000158 53.88 .07
(3.58) (.63)
EGL
EOX 1.828 96.31 .07
(38.22)
ABS CON
ACN 1.464 .000353 55.94 .06
(2.82) (3.21)
ABS PST SBR
STY 2.491 .636 .683 87.83 .03
(2.04) (.94) (.98)
STY
EBZ 1.103 107.14 .04
(73.19)
VAC
ACT 1.768 3.20 .003
(394.06)
ACN
AMM 13.76 1128.2 .09
(31.42)
EDC VAC
ETH 1.705 .06628 272.69 .02
(37.12) (.10)
ABS SBR
BUT 1.664 .533 60.52 .05
(3.69) (4.66)
FOR CON _
MET .0637 .00206 219.67 .07
(1.35) (20.36)
PPR ACN CON
PRO .619 4.753 .000,13 81.82 .01
(2.86) (8.47) (1.45)




J

- 35 -

3.8.3 Estimates of the demand for petrochemical production

in Eastern Europe

The regregsion results for Eastern Europe are generally satisfactory.
The R2 values of most relevant equations are relatively high, and
particvlarly those for PET, PVC, and PPR; the average percentage error for
most equations is adequate, being very small for EOX and EBZ, but relatively
high for AMM, EGL and FOR.

The GDP variable is significant in all equations in which it is an
explanatory variable. The negative constants in the relevant variables are

indicative of rising average relationships of petrochemical consumption of GDP.

Suppression of the constant term, which implies a Leontief production
relationship, has proved reasonable, as lower SEEs were invariably associated

with this equation form.
Since all variables, both dependent and independent, are measured in
thousands of tons, an equation such as that of EOX is simply a statement that

2.1 tons of EOX are needed to produce 1 ton of EGC in Eastern Europe.

3.8.4 Estimates of the demand for petrochemical products ir Japan

Regression results for Japanese demand for petrochemicals are presented
in table 3.5. It is clear from the results that most of the estimated
equations fit well. The only two exceptions are LDP and VAC (and possibly PPR
and ACT).

Given the fact that data on Japan were easily obtainable, the explanatory
variables in the equations in table 3.5 are more specific and detailed than
for most other regions. Value added in manufacturing is a significant
variable determining the demand for FOR, value added in construction is
significant in the demand equation for HDP, general consumption is highly
significant in the demand equation for PET, construction is again, as
expected, very significant in the demand equation for PVC (pipes), and in the
demands for PPR, PST and VAC.
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Table 3.4 Regression results of petrochemical demand functions
Eastern Europe 1974-1981

Independent
variables

Dependent

variables RZ SEE APE
Constant GLP

FOR -284.5 .000788 .54 48.16 .13
(-1.09) (2.44)
Constant GPP

HLP -713.21 .001036 .82 32.0 .26
(-4.13) (4.83)
Constant GLP

LPP -1317.84 .00276 .86 72.75 .08
(-3.36) (5.67)
Constant GDP

PET -618.709 .001188 .99 5.79 .02
Constant GPP

PVC -1157.48 .00234 .95 32.14 .04
Constant GDP

PPR -396.772 .000639 .97 6.74 .06
(-10.92) (14.17)
Constant GDP

PST -366.91 .000881 .85 24.45 .07
(-2.78) (5.38)
Constant GDP

SBR 113.616 .00125 .78 43,53 .05

(-.48) (4.29)
PVC

Ve 1.417 65.38 .06

(42.05)

(continued)
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Table 3.4 Regression results of petrochemical demand functions

Eastern Europe 1974-14%81 (continued)

Independent
variables

Dependent
variables

RZ  SEE

APE

veM
EDC +2564
(24.54)

PET
EGL 09914
(19.97)

EGL
EOX 2.192
(20.12)

GDP
ACN .000082
(11.48)

PST
STY 1.268
(4.11)

STY
EB2Z 1.036
(411.89)

ACN
AMM 251.425
(12.75)

EDC
ETH .858
(2.67)

SBR
BUT 0926
(5.87)

GDP
MET .00276
(41.42)

ACN
PRO 3.327
(7.78)

SBR
.09256
(.78)

HDP
1.231
(6.59)

28.78

4.48

9.83

15.13

21.38

3.46

350.25

LDP

«269
(3.09)

20.90

37.36

141.8

75.96

.09

.13

.01

.02

04

.006

.20

.03

.04

.06

.04
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Table 3.5 Regression results of petrochemical demand functions
Japan 1974-1981

Independent
variables

Cependent
variables k2 SEE APE
Constant GLP
ABS -208.617 000745 .82 17.49 .08
(-2.44) (4.79)
Constant VMA
FOR 467.72 .003173 .65 76.59 .07
(2.43) {3.08)
Constant VCN VMA
HLP -116.669 .00737 .000728 .87 59.01 .13
(-.7¢) (2.90) .582
Constant GLP
LCP 171.76 .00108 .11 154.66 .20
(.227) (.788)
Constant CON
PET -782.042 .00388 .91 36.26 .07
(-4.86) (7.42)
Constant VCN
PVC 465.096 .01325 .84 93.28 .07
(3.19) (5.21)
Constant VCN
PPR 75.163 .01055 .68 117.58 .17
(.41) (3.29)
Constant VCN VMA
PST 31.8136 .00384 .0016 .96 23.49 .04
(.52) (3.80) (3.29)
Constant CON VCN
SBR -259.399 .00212 .000594 .91 22.82 .05
(-1.47) (2.86) (.506)
Constant ven
VAC 296.439 .00207 .38 43.47 .10
(4.36) (1.75)
PVC
VCN 1.154 89.41 .06
(466,24)

(continued)
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Table 3.5 Regression results of petrochemical demand functions

Independent
variables

Pependent
varizbles RZ SEE APE
VCN
EDC 1.713 126.73 .05
(53.58)
PET CON VMA
EGL .0355 .000753 .000801 26.78 .06
(.137) (2.04) (.86)
EGL
EOX 1.3415 64.86 .11
(23.68)
ABS CON VMA
ACN .7799 .00214 .00161 40.24 .07
(.85) (3.92) (-1.31)
ABS PST SRR
STY 2.2899 .0679 1.31 26.70 .02
(3.34) (.23) (3.82)
STY
EB? 1.127 92.06 .07
(37.86)
VAC
ACT 1.0636 99.98 .22
(11.67)
EDC EOX VAC HLP LDP
ETH 2.237 1.120 1.998 -3.266 -1.723 237.73 .06
(3.30) (.82) (.61) (-2.51) (-1.10)
ABS SBR
BUT .2164 1.2321 47.85 .08
(.19) (2.32)
ACT FOR CON
MET 124 1.522 .00201 44,60 .04
PPR ACN CON
PRO 1.01757 1.2630 .00375 128.48 .05
(3.08) .93 (1.51)
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It is interesting to note that unlike North America, Western Europe and
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associated with higher average utilization rates of petrochemical products.

3.8.5 Estimates of the demand ior petrochemical products in other

industrialized countries

Table 3.6 presents the estimation results of 24 petrochemical procduct
demand functions in other industrialized countries. The equations are
generally good according to our criteria; however, some product demand
functions are not particularly good fits of the data when judged by their

A.P.E. values; otherwise, the equations are all acceptable.

The GDP variable is found in most final demand equations and appears to
be statistically significant in the majority of them. The constant term in
tnese equations (i.e., those that includiag GDP) is invariably negative,
indicating again a rising average propensity to consume these petrochemical

products.

The R2 is quite high for all relevant equations except that of ABS,
which seems to be generally an unstable relationship across regions. The
producction relationship linking EDC to VCM appears to be weak; the average
percentage error is 45 per cent and that is quite high. Actually, the same 1is
true for EGL, EOX, ACN, EBZ, AMM and ACT. One:common factor in all these
equations is that they are presumably production functions. Since this region
is not noted for producing much of these produéts, the production hypothesis
that held well in the industrialized OECD countries is not as vaiid or
adequate in these countries. Tested against tﬁe hypothesis of other
explanatory variables, however, these equations have held well, suggesting
that there is a constant implicit relationship between consumption and trade

in these products even when they are not produced domestically.

3.8.6 Estimates of the demand for petrochemical products in Latin America

Table 3.7 presents the regression estimates of demand for petrochemical

products in Latin America.
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Table 3.5 Regression results of petrochemical demand functions

Other developed countries: 1974-1981

independent
variables
Dependent
variables RZ SEE APE
Constant GLP
ABS -11.1361 .000178 .39 1.66 .12
(-.83) (1.80)
Constant GLP
FOR -121.28 00153 .88 4.19 .04
Constant GDP
HLP -268.362 .00271 .93 5.46 .05
(-6.13) (8.36)
Constant GLP
LCP -348.138 .00406 .85 12.71 .06
(-3.42) (5.38)
Constant GLP
PET 45.716 .00705 .60 4.34 .08
(-1.31) (2.74)
Constant GLP
PVC -360.433 .00416 .70 20.46 .10
(-2.19) (3.42)
Constant GDP
PPR -292.064 .00268 .93 5.36 .07
(-6.79) (8.42)
Constant GLP
PST -104,237 .001149 .81 4.20 .08
(-3.09) (4.61)
GLP
SBR .00302 5.11 .12
(21.08)
GLP
VAC .000097 1.28 .09
(27.06)
PVC
VCN .8596 27.87 .15
(18.73)

(continued)
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Table 3.6 Regressior results of petrochemical demand functions
Other Peveloped Countries: 1974-1981 (continued)

Independent

Cependent

variables ®2 SEE  APE

VCN
EDC .7566 70.74 .45
(5.04)

PET
EGL .3507 8.67 .51
(5.32)

EGL
EOX 1.033 8.93 .39
(6.65)

ABS
ACH 2466 .84 .26
(10.08)

ABS PST SER
STY 3.5558 1.385 -.6754 4.53 .05
(2.01) (3.96) (-2.49)

STY
EBZ .9981 29.10 .33
(9.04)

VAC
ACT 1.2286 2.5 .15
(18.64)

ACN
AMM 284.34 296.3 .30
(8.36)

EPC EOX LDP
ETH .1075 14.47 .2110 10.83 .03
(.69) (3.07) (.49)

ABS SBR
BUT 3.123 .329 5.24 .09

FOR
MET .543 1.80 .04
(6806‘4)

PPR GCP
PRO 1.074 .000223 6.17 .06
(6.67) (2.61)
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Table 3.7 Regression results of petrochemical demand functions
Latin America: 1974-19&1

Independent

Dependent
variadles R2 SEE APE
Constant GLP
ABS =44 ,549 000176 .95 2.05 .08
(-6.43) (9.94)
“onstant GDP
FOk -203.667 .00124 .85 14.82 .05
(4.08) (9.69)
Constant GLP
HEP -418.53 .00162 .94 20.87 .09
(-5095) (8.98)
Constant GLP
LLp -600.069 .00309 .90 53.66 .08
(-3.33) (6.71)
Constant GLP
PET -170.34 00115 .97 10.19 .03
(~4.96) (13.09)
Constant GDP
PVC -474.668 .00242 .87 48.45 .10
(-2.90) (5.78)
Constant GLP
PPR -376.519 .00137 .90 22.98 .14
(-4.86) (6.93)
Constant GDhP
-284.58 .00128 .90 22,08 .10
(-3.82 (6.72)
Constant GDP
11.047 .000723 .77 20.50 .07
(.16) (4.07)
Constant GDP
-89.4517 0042 .98 2.48 .03
(-10.69) (19.57)
PVC
.8317 50.14 .12
(22.98)

(continued)
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Table 3.7 Regression results of petrochemical demand functions
North America 1974-1981 (continued)

Independent
variables

Dependent
variables

R2  SEE

EDC

EGL

EOX

ACN

STY

EBZ

ACT

AMM

ETH

BUT

MET

PRO

VCN
9726

(21.42)

PET
4049

EGL
.9948
(11.85)

ABS
4,021
(36.27)

ABS
1.8516
{.91)

STY
.7710
(38.54)

VAC
1.416
(30.11)

ACN
2.239
(12.59)

EDC
<4025
(2.06)

ABS
1.3390
(2.90)

ACT
1.213
(.93)

PPk
1.9105
(1.77)

PST
1.1895
(5.06)

ECX
2.197
(1.83)

SBR
.6053
(14.86)

FOR
4157
(.86)

ACN
1.3658
(.75)

52.68

8.11

27.94

7.37

14.66

17.92

10.45

685.98

HDP VAC

1.598 1.546
(1.66) .77)

25.81

6.94

34.32

40.88

.13

.07

»07

04

.07

.09

.20

.03

.03

'14

.09
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The statistical properties of petrochemical demand in Latin America are
exceptionally good. The R2 values are very high for all the relevant
equations, the t-statistics are all significant at the 5 per cent level of
significance, the signs on all the coefficients are consistent with a priori
economic and technical restrictions, and the A.P.E. values are reasonable (the

A.P.E.s associated with AMM and £0X are the only exceptions).

Most of the constants are negative; only that in the SBR equation is
positive. This fact suggests that, over the sample period, the average

propensity to consume petrochemical products was rising in Latin America.

The GDP variable is highly significant in explaining all the demands in
which it is an explanatory variable; it is particularly significant in
explaining VAC, PET, HDP, FOR and ABS demands. The production function
relationships are not as good statistically as those of final products. This
agair may be a reflection of the fact that integrated production is not a
characteristic of the region. As such, these equations may very well explain

import demands.

3.8.7 Estimates of the demand for petrochemical products in North Africa

and the Middle East

The regression estimates of petrochemical demand functions for North
Africa and the Middle East (Arab region) for the period 1974-1981 are
presented in table 3.8.

The statistical properties of most equations are relatively good. The
R2 values are relatively high, the signs on the coefficients are consistent
with a priori restrictions, and the t-statistics are all significant at the
5 per cent level of significance; the A.P.E. values for several equations are,

however, rather high.lé/

The GDP variable enters most of the final demand equations as a proxy for

economic activity levels. The fact that we did not have much data on sectoral

16/ This is to be expected when variables arc forecasted with small
magnitudes and when the independent variables are too general.
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Independent
verisbles
Dependent
variadbles 82 SEE  APE
GDP
ABS .000027 5.45 .97
(2.58)
Constant GDP
FOR -137.356 .000975 %4 5.45 .11
(-6.48) (8.84)
Constant GpP
HDP ~235.588 00155 .83 15.58 .25
(-3.89) (4.93)
Constant GLP
LDP -338.05 00235 .76 29.25 .25
(-2.98) (3.99)
Constant GPP
PET -9.876 .000172 67 2,46 .10
(~.84) (2.88)
Constant GDP
PVC ~343.407 .00216 «76 26.6% .38
(<3.32) (4.01)
Constant GLP
PPR -63.943 .000423 .98 .82 .04
(-10.64) (14,20)
Constant GLP
PST -92.98 .000594 «79 6.81 .33
(-3.52) (4.32)
Constant GPP -
SBR -35.292 .000218 87 1.85 .28
€-4.92) (5.84)
Constant GDP
VAC -16.2986 000154 87 1.32 .10
(-3.17) (5.75)
PVC
VCN .2405 25.45 .79
(2.44)
VCN
EDC 1.728 8,15 .14
(17.84)
PET
ECL .1770 .82 .16
(12.34)
VAC
ACT 1.1289 11.29 .61
(4.19)
EDC LCP VAC
ETH «55199 .1207 «98362 8.88 .14
(4.86) (1.33) (1.10)
ACT FOR
MET .7269 4466 11.81 .32
(.92) (1.40)
GDP
PRO .000056 6.78 .59

(4.19)
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value added in constant 1975 US dollars for this region precluded their

inclusion in the explanatory variable set.

Most cf the constants in the relevant demand equations for final products
are negative suggesting, here as in other regions, that the average propensity
to consume petrochemical products in the Arab region between 1974 and 1981 has
been rising and that these products are likely to consc.itute a rising

proportion of GDP over time.

The hypothesized production technology that is presumed to govern the
relationship of basic and intermediate petrochemical products to other
intermediate and final products is, as expected, not as adequate statistically
as in some of the major producing areas of the OECD countries. With the
increase in production capacity of basic and other products, these

relationships will most likely become more stable over time.

3.8.8 Estimates of the demand for petrochemical products in South Asia

Table 3.9 presents the regression results of estimating the demands for
petrochemical products in South Asia for the period 1974-198l1. The results in
the table are generally not as good as the results that were obtained for
other regions. The R2 values, far from being unsatisfactory, are not as
high as those encountered previously. The t-statistics are only marginally
significant. The average percentage coefficients of errors for most equations

are unsatisfactory.

It is interesting, however, to note that the major results obtained in
other regions still hold true for this region. Economic activity as depicted
by the GDP variable is significant in explaining petrochemical product
demands, particularly for final products. The constants in the relevant
equations are mostly negative, suggesting that in South Asia, thz average
propensity to consume petrochemical products has been rising during the

estimation period and will likely continue to rise in the future.

Technical production :-clations in this region are weak and most of these

relationships should be considered as import demand equations rather than as

production functions.
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Table 3.9 Regression results of petrochemical demand functions
South Asia: 1974-1981

Dependent

variables R2 SEE APE
Constant GDP

ABS -29.4908 .000311 .30 2.19 .78
(-1.04) (1.14)
Constant GDP

FOR -27.1847 .000681 .56 6.31 .15
(-1.02) (2.53)
Constant GDP

HDP -72.09 001155 57 10.45 .25
(-1.63) (2.59)
Constant GDP

LDP -151.983 .00214 .63 17.246 .28
(-2.09) (2.92)
Constant GbP

PET -95.068 00127 .83 5.93 .19
(-3.80) (5.04)
Constart GDP

PVC -80.25 00144 .62 11.9 .19
(-1.59) (2.84)
Constant GDP

PPR -46.3769 .000541 .72 3.52 .50
(-3.12) (3.61)
Constant GDP

PST ~5.5424 .0001938 .58 1.72 .12
Constant GDP

SBR -6.6525 .000306 .59 2.67 .11
Constant GDP

VAC -15.8663 .000205 .78 1.12 .25
(-3.35) (4.31)

PVC
VCN L7215 15.99 .31
(8.73)

(continued)
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Table 3.9 Regression rzsults of petrochemical demand functions
South Asia: 1974-~1981 (continued)

Independent
variables

Dependent
variables

RZ SEE APE
N

VCN
EDC 1.0353 6.86 .13
(22.02)

PET GDP
EGL .1919 -00006 1.71 .14
(2.93) (2.78)

EGL
EOX 1.028 2.33 .16
(17.58)

PST
STY 1.520 1.99 .09
(29.43)

STY

EBZ 1.1505 1.26 .05
(53.90)

VAC
ACT 19.029 173.76 1.82
(1.56)

ACN
AMM 729.358 3916.6 .87
(1.94)

EDC EOX LDP VAC
ETH .30207 5.41457 494251 -.59379 9.72 .44

ABS SBR
BUT 1.43368 .644036 1.95 ..0
(4.40) (14.72)

ACT FOR GCP
MET .673041 1.80766 -.000409 2.60 .05
(2.33) (9.22) (-5.31)

PPR GLP
PRO 1.54360 .000347 7.60 .16
(2.75) (6.80)
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3.8.9 Estimates of the demand for petrochemical products in

South-East Asia

Table 3.10 presents the regression estimates of petrochemical product
demand functions for South-East Asia over the period 1974-1981. Given the
entry of this region into petrochemical production in recent years, it is not
surprising to see that the estimated equations are as good and even better
here than those estimated for industrialized economies. The R2 values are
all very high, the t-statistics are significant at the one per cent level of
significance, the signs of the coefficients are all consistent with a priori
restrictions, and most of the A.P.E. values are reasonably low. Some demand
functions show R2 values of over 0.98 (PVC, SBR, ABS, and PET). These same

equations, not surprisingly, show also low A.P.E. values.

The GDP variable is highly significant in every equation in which it is
an explanatory variable; the constants are negative and significant in these
equations. As such, the demand for petrochemicals in South-East Asia

constitutes a rising proportion of GDP over time.

The hypothesized Leontief technology among basic and intermediate
products and between the latter group and final products emerges with some
validation. With the exception of the relationships of EBZ and STY, and ACT
and VAC, all the other relationships show adequate statistical properties. In
the ethylene equation, we have kept variables which have low t-statistics.
Given the high multicollinearity among these variables, we were unwilling to

pass judgement on the separate contributions of these variables; jointly they

explain fairly well the variations in ethylene demand.
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1974-1981

Regression results of petrochemical demand functions
Southeast Asia:

Independent
variables

Dependent
variables RZ  SEE  APE
Constant GDP
ABS -121.343 .00146 .98 3.40 .08
(-13.25) (17.71)
Constant GDP
FOR -219.528 .00599 .97 19.44 .04
(=4.19) (12.67)
Constant GDP
HDP -369.815 .00527 .97 17.54 .08
(-7.84) (12.35)
Constant GDP
LDP -291.227 .00652 .84 51.55 .12
(-2.10) (5.20)
Constant GDP
PET -676.056 .01104 .98 28.39 .05
(-8.85) (15.97)
Constant GDP
PVC -838.501 01274 .99 16.49 .03
(-18.89) (31.74)
Constant GDP
PPR -569.088 .00806 .97 26.27 .08
(-8.05) (12.61)
Constant GDP
PST -348.029 .00524 .96 19.09 .08
(-6.77) (11.27)
Constant GDP
SBR 214.171 .003027 .98 7.82 .06
(-10.17) (15.90)
Constant GDP
VAC 131.925 .00157 .96 5.59 .13
(-8.76) (11.55)
PVC
VCN 1.00 38.94 .06
(4°.87)

(continuea)
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Table 3.10 Regression results of petrochemical demand functions
Southeast Asia: 1974-1981 (continued)

Independent
1ariables

Dependert
variables RZ SEE APE
VCN
EDC .9675 79.60 .14
(21.75)
PET
EGL .3982 20.31 .09
(27.07)
EGL
EOX .3241 40.20 .63
(5.59)
ABS GDP
ACN 1.3226 .00108 18,92 .11
(3.19 (6.36)
ABS PST
STY 3.08409 .171375 15.57 .08
(6.99) (1.85)
STY
EBZ .52348 28.01 .24
(10.81)
VAC
ACT .65140 13.99 .40
(7.01)
EDC EOX HDP LDP VAC
ETH «2670 1.5512 <5437 .10905 1.8486 36.04 .07
(1.28) (1.39) (.43) (.25) (.37)
ABS SBR
BUT 49815 .36493 6.70 .09
(2.63) (4.77)
ACT FOR
MET 1.6235 4744 28.32 .10
(.99) 3.42)
PPR
PRO .94676 29,26 .i0

(28.93)
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3.8.10 Estimates of the demand for petrochemical proaucts in Africa

(South of Sahara), 1974-1981

Since there is not much production or consumption of petrochemical
products in this region, only two equations were estimated and these are

presented below:

(1) PET = -122.54 + 0.00117 GDP
(-3.73) (3.95) R% = 0.84
SEE = 3.134
A.P.E. = 0.43
(2) PPR = 0.00001727 GDP
(4.093) SEE = 1.204

A.P.E. = 0.64

The results are rather crude because of the limited activity in the

region.

3.9 The role of prices

Rational consumers with fixed incomes and given prices will maximize
their utilities by allocating their expenditures in such a way as tc derive
the same marginal satisfaction per last dollar spent on each commodity. This
suggests that prices are important variables in this allocation process.
Several prices enter the demand function of any commodity; first, there is the
own price, which for ncrmal goods is usually inversely related to quantity
demanded. There are also other commodity prices to be taken intc account; the
prices of substitute commodities cre expected to have positive effects on the
demand for a specified good, while the prices of complementary commodities are

expected to be inversely related to the demand for a given good.

Since the price relationship is generally restricted to final products
purchased primarily by consumers, we have opted to introduce prices into the
demand functions of final products only. The introduction of price variables

in the demand functions of even these products was not without problems.

Since the number of observations was small to begin with, a new variable
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consumed another precious degree of freedem. Second, there was the question
of identification of the estimated function. Since our observations were
price and output combinations over time, if the supply function was stable and
the demand function unstable, we could have been estimating supply responses
to prices and not demand functions. The opposite was true for estimating

demand.

Notwithstanding these reservations, we went ahead and included price
variables in most of the demand functions for final products but only in the
developed countries, where price behaviour was more evident and where data on

prices was available (North America, Western Europe, Eastern Europe and Japan).

3.9.1 Price behaviour in North America

The results in table 3.11 show that only in the case of few products in
North America was the own-price effect negative. Moreover, even in those
cases, the t-statistics of the price variables were generally quite small to

be considered statistically significant.

The own-price effect for ABS is negative but the t-statistic is
relatively low (-1.62). The own-price effects for HDP, LDP, PVC, PPR, SBR,
and VAC were "unacceptably" positive. The own-price effect of PST was,

however, negative and significant.

An interesting note about price behaviour in this region is the negative
and statistically significant coefficient on the price of natural rubber in
the SBR equation. The negative coeffi:ient of the price of natural rubber in
the SBR equation and the negative coefficient of the price of natural fibres
in the vinyl acetate equation are most probably the result of spurious
correlation. As petroleum and natural gas prices have risen in the 1970s, so
has the cost of production and the price of petrochemicals. In the case of
SBR, the rising price has led to a substitution of natural rubber for
synthetic rubber, and the increased demand for natural rubber has driven up
its price (the short-run supply of natural rubber is extremely inelastic).
Thus in the same period we witness a rising price for natural rubber and a

falling demand for SBR, giving the false impression that an exogenous increase
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in the price of natural rubber has caused a drop in the demand for SBR. The
same argument can be applied to the apparent negative relationchin between the
price of natural fibres and the demand for vinyl acetate. Both example;
illustrate the inappropriateness of the use of least squares regression on
single demand or supply equations as a method of measuriug price

responsiveness. The appropriate approach is the use of simultaneous equation

models and methods.
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Table 3.11 Regression results of petrochemical demand functions

when prices are included: Selected regzions

: INDEPENDENT
ARTABLES
DEPENDENT ‘ 2
VARIABLES R
1. North America
CONSTANT GDP OWN-PRICE
ABS -367.34 0.00064 -2.879 0.49
(-.98) (2.17) (-1.62)
CONSTANT GDP OWN-PRICE
HDP -3265.28 0.00248 1.599 0.97
(-7.48) (9.33) (1.10)
CONSTANT GDP OWN-PRICE
LDP -1783.78 0.0024 1.759 0.83
(-1.64) (3.62) (.47)
CONSTANT GOP OWN-PRICE
PVC -1884.47 0.00217 1.258 . 0.78
(-1.64) (2.51) (.16)
CONSTANT GDP OWN-PRICE NATURAL PRICE
VAC -1112.86 0.00095 3.64 -2.63 0.84
(-2.09) (3.17) (2.38) (-2.59)
CONSTANT GDP OWN-PRICE
PPR -1922.12 0.00156 1.718 0.94
(-5.10) (6.61) .62)
CONSTANT CON VCN VMA OWN-PRICE
PST -2475.89 6.00072 0.036 0.0007 -1.65
(-11.78) (5.55) (14.01) (3.21) (-2.49)
CONSTANT CON VCN OWN-PRICE NATURAL PRICE
SBR -1276.18 0.0006 0.025 7.698 -4.79 0.97
(-1.90) (1.05) (2.31) (1.32) (-3.19)
2. Western Europe
CONSTANT GDP OWN-PRICE
ABS -498.81 0.00035 -0.076 0.90
(-3.74) (4.43) (-.15)
CONSTANT GDP OWN-PRICE
HDP -933.66 0.0092 1.043 0.79
(-1.47) 2.77) (.51)
CONSTANT GDP OWN-PRICE
LDP -1122.95 0.0019 4.68 0.89
(-1.11) (3.54) (1.38)
CONSTANT GDP OWN-PRICE
PVC “°41,81 0.0016 -1.26 0.95
(-6.06) (6.83) (-.39)
CONSTANT GDP OWN-PRICE NATURAL PRICE
VAC -168.60 0.00027 -.232 .150 0.88
(-.24) (.79) (-.14) (.12)
CONSTANT CON VCN VMA
PST 182.13 0.0014 -0.031 0.0068 0.74
(.14) (2.22) (-.66) (.83)
CONSTANT CON VCN OWN-PRICE NATURAL PRICE
SBR 1458.7 -0.0006 -0.0015 5.77 C.303 0.96
(4.04) (-1.99) (-1.71) (4.42) (.52)

(continned)
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Table 3.11 Regression results of petrochemical demand functions
vhen prices are included: Selected regions (continued)
3. Eastern Europe
CONSTANT GOP OWN-PRICE
HDP -756.73 0.00117 -0.542 0.86
(-4.206) (4.5) (-.95)
CONSTANT GDP OWN-PRICE
Lop -1560.65 0.00346 -2.65 0.97
(-6.72) (10.09) (-3.42)
CONSTANT GDP OWN-PRICE
PVC -1227.49 0.0027 -1.89 0.98
(-9.22) (11.82) (-2.22)
CONSTANT GDP OWN-PRICE
PPR -396.98 0.00062 0.182 0.98
(-10.23) (9.82) (.62)
CONSTANT GOP OWN-PRICE
PST -274.86 0.0003 -1.058 0.93
(-2.45) (7.02) (-2.05)
CONSTANT GDP OWN-PRICE NATURAL PRICE
SBR -858.74 0.00196 4.064 -2.015 0.94
(-2.10 (3.23) (2.40) (-2.40)
jo- Japan
CUNSTANT GDP OWN-PRICE
ABS -189.16 0.00057 0.598 0.88
(-2.35) (2.88) (1.34)
CONSTANT GDP OWN-PRICE
iDP -826.33 0.0017 2.62 0.82
(-2.36) (2.48) (2.34)
CONSTANT GDP OWN-PRICE
LDP 204.49 0.000064 4.35 0.63
(.37 (.06} (2.35)
CONSTANT GDP OWN-PRICE
PVC 507 0.001135 L.47 0.53
(2.59) (1.00) (0.b41)
CONSTANT GOP OWN-PRICE
PPR -1191.98 6.00176 8.059 0.66
(-1.70) (1.34) (1.74)
CONSTANT GDP OWN-PRICE NATURAL PRICE
VAC 196.23 0.00011 0.984 0.319 0.44
(.27 (.086) (.37) (.23)
CONSTANT CON VCN VMA OWN-PRICE
PST -710.01 0.0029 0.0016 0.00018 2.25 0.98
(-1.14) (1.10) (.79) (.13) (1.47)
CONSTANT CON VCN OWN-PRICE NATURAL PRICE
SBR -7.06 0.0011 -0.0002 -0.278 .776 0.99
(-.096) (3.35) (-.50) (-.58) (5.05)
—_—




- 58 -

3.9.2 Price behaviour in Western Europe

Demand price responsiveness in the petrochemical markets in Western
Europe are not evident during the period 1974-198l. In most equations where
prices are admitted as explanatory variables, the signs on price responses are
inconsistent with a priori economiz restrictions. With the exception of tke
ABS price which has a negative sign but which is statistically imsignificant,
all other own-price effects ace positive. What is perhaps more disturbing is
the fact that the introduction of price variables into a number of equations
renders the activity proxy variables either insignificant or negative in
sign. This is again the familiar simultaneity problem due, in this case, to a

common rising trend in most prices and activity variables (see table 3.11).

3.9.3 Price behaviour in Eastern Europe

It is generally claimed, without much substantiation, that economic
behaviour in planned economies is price insensitive. The evidence in table 11
for Eastern Europe, though admittedly tentative, suggests that the prices of
petrochemical products are significant variables, influencing the consumption
of these products. The HDP demand is negatively related to its own-price, but
the standard error on the price coefficient is large enough to warrant concern
about the reliability of this sign. However, the LDP demand is negatively
related to its own-price, and this coefficient is highly significant. The
same is true for PVC and PST. Alternatively, the price coefficient in the PPR
equation has the wrong sign, but it is not statistically significant. The
own-price effect in the SBR equation has the wrong sign but it is
statistically significant, and the nrice coefficient of the price of natural

rubber is negative and significant (see above).

3.9.4' Price behaviour in Japan

The evidence from Japan indicate:. that price coefficients are significant
but have tﬁe opposite signs from what is generally expected on an a priori
basis. In addition to simultaneity problems, a possible explanation for this
phenomenonL and one that may be relevant for Japan, with its long distances to

the sources of feedstocks and to its export markets, is that price responses

are dynami¢ in nature with lags and expectations playing major roles. if
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prices are expected to rise tomorrow, purchases will rationally be higher
today. Giveu tha!t petrochemical prices are highly correiated with oii prices
(see below) and given that 1974-1981 was a special period during which oil
prices increased markedly, inventory investment behaviour, which is linked
positively to prices, may have nominated flow demand (it must be remembered

that apparent consumption includes inventory changes).

Upon examining the particular petrochemical product demand equations for
Japan, we find that the ABS price has a positive sign but is not significant.
Moreover, both the HDP and LDP prices have the wrong sign and both are
statistically significant. The PVC price coefficient is also positive and
highly significant, whereas both the PPR and PST prices are barely significant
and positive. Interestingly, the SBR own-price effect is negative but
insignificant and the price of natural rubber is positive and highly

significant.

In the next section, the results of using the equations in this section,
the forecscts of exogenous variables from the UNITAD model, and our price

forecasts, to generate predictions of future petrochemical demands by region

until the year 2000 are presented in detail.
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4. THE FORECASTING RESULTS

4.1 The forecasting methodology

A primitive approach to medium or lorg-term forecasting involves the use
of a mechanical trend extrapolation for some sp.cific variable of interest, or
a mecharical trend extrapolation made separately for each of a number of
variables. Such a rough prccedure may be useful in very simple problems where
accuracy and explanation are not essential or where the growth process of the

phenomena in question is strongly stable.

To explain most economic phenomena, however, a more defined approach is
required; one might attempt to extrapolate simultaneously several endogenous
variables, wherein their mutual dependency is reflected in a more or less
elaborate dynamic system. The essential rationaie for such forecasts is that
the future course of any specific variable will impact upon the course of
others. All of the variables of the model therefore must be considered
simultaneously. One essential ingredient of this system is the fact that, in
computing the forecasts, many of the elements that mutually influence each
other are not actually observed and must be guessed. This leads logically to
an analysis which does not yield one definite forecast but rather a number of
alternative forecasts, each of them derived from a specific set of assumptions
regarding the future course of some of the elements that are structurally tied

together.

The type of forecast outlined above is often referred to as an on-looker
forecast 2 la Ragnar Frisch to distinguish it from forecasting exercises
wherein the emphasis in on influencing the course of economic events and
wherein models are designed to aid in the process of instrument selection to
affect targets. Once the emphasis is shifted from the on-looker viewpoint to
that of influencing the course of events, the analytical structure of the
exercise changes. Certain variables or constants which now attract particular
interest are those which can be selected in a rather direct way to influence

the behaviour of the system.

The system employed in this study is basically of the on-looker variety;

however, the fact that our structural equations in section 3 are tied to the
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UNITAD model, which is capable of generating a large set of alternative values
for ihe exogeuvus vaiiables uvsed in the demand equations for petroc
products, allows us to consider several alternative paths for these demands.
We have opted to use the TREND Forecasts (explained in Appendix A), and to
employ two structures to generate the demand forecasts for 1985, 1990, 1995
and 2000, one exclusive of prices and one that includes price variables in the
four industrialized regions of the world. The alternative exclusive of prices

is referred to as alternative A and the second alternative inclusive of prices

is called alternative B.

4,2 Alternative A forecasts

There are several ways in which the forecasts of demands for petrochemical
products may be organized; we have elected to present the analysis in terms of
group of products by region. The results of these forecasts, which can be

viewed as benchmark forecasts, are arrayed in tables 4.1 through 4.26,

4.2.1 The historical background 1975-1980

North America was, by far, the largest consumer of petrochemical products
in 1975, accounting for almost 36 per cent of total world petrochemical demand
for some 23 of these products. In the same year, Western Europe accounted for
almost 30 per cent, Eastern Europe 14.7 per cent and Japan 1ll.1 per cent of
total world demand for these products. The industrialized countries together
consumed over 90 per cent of the world total output of these products. Latin
America, South and South-East Asia are the three largest consuming areas in

the developing countries (see tables 4.1 and 4.2).

The volume of North American consumption in 1975 varies from product to
product. It is highest in ethylene glycol, acetic acid, ethylene oxide, and
formaldehyde; all are intermediate petrochemical products. However, in the
case of VCM, PVC, methanol, LDPE, EDC and acrylonitrile, North American

consumption falls short of that of Western Europe.

Regardless of region, ammonia was the largest petrochemical product

consumed in 1975; the percentage shares of its consumption varied, however,

from region to region. Japan and South-East Asia were the only exceptions.




Table 4.1 World petrochemical consumption by region and product, 1975
(thougsand metric tons/year)

Regions South

North Western CPE Other Latin Rast World
Products America Europe Europe Japan developed America Asia Total
ABS 318.0 190.0 0.0 137.0 9.0 17.0 0.0 5.0 0.0 14.0 690.0
Acetic acid 1039.0 0.0 125.0 505.0 20.0 76.0 0.0 19.0 23.0 24.0 1831.0
Acrylonitrile 481.0 68%.0 42.0 453.0 2.0 $9.0 0.0 0.0 0.0 119.0 1845.0
Ammonia 18140.0 10000.0 15500.0 1740.0 850.0 2970.0 0.0 870.0 3370.0 0.0 $3700.0
Butadiene 1490.0 860.0 100.0 470.0 44 .0 159.0 0.0 0.0 15.0 28.0 3166.0
Bthyl Bentzene 2633.0 2128.0 439.0 991.0 41.0 135.0 0.0 0.0 18.0 0.0 6395.0
Ethylene 9769.0 7694.0 428.0 3329.0 308.0 598.0 0.0 51.0 87.0 189.0 22453.0
Ethylene Dichloride 3779.0 4743.0 194.0 1931.0 159.0 326.0 0.0 70.0 47.0 151.0 11400.0
Ethylene Glycol 1740.0 $57.0 26.0 334.0 7.0 89.0 0.0 0.0 8.0 122.0 2883.0
Ethylene Oxide 2129.0 1112.0 44.0 494.0 18.0 72.0 0.0 0.0 10.0 7.0 3886.0
Formaldehyde 2171.0 24.0 307.0 835.0 70.0 234.0 0.0 21.0 27.0 333.0 4022.0
HDPE 1031.0 930.0 46.0 310.0 72.0 133.0 0.0 22.0 25.0 125.0 2694.0
LDPE 2197.0 3033.0 747.0 731.0 155.0 432.0 0.0 61.0 36.0 309.0 7701.0
Methanol 2325.0 2407.0 1905.0 779.0 37.0 152.0 0.0 23.0 27.0 182.0 7837.0
PET 1410.0 572.0 267.0 278.0 50.0 218.0 0.0 19.0 18.0 397.0 3229.0
pVC 1665.0 2934.0 572.0 1050.0 148.0 340.0 0.0 33.0 43.0 332.0 7117.0
Polypropylene 798.0 565.0 83.0 440.0 48.0 96.0 3.0 0.0 1.0 188.0 2222.0
Polystyrene 1224.0 1236.0 276.0 442.0 39.0 140.0 0.0 4.0 10.0 118.0 3489.0
Propylene 4311.0 4178.0 95.0 1980.0 83.0 253.0 0.0 15.0 33.0 124.0 11072.0
SBR 1607.0 1032.0 786.0 355.0 35.0 237.0 0.0 0.0 23.0 55.0 4130.0
Styrene 2065.0 1931.0 420.0 815.0 $6.0 195.0 0.0 0.0 16.0 55.0 5553.0
Ve 1805.0 3200.0 675.0 1213.0 114.0 273.0 0.0 0.0 45.0 275.0 7600.0
Vinyl acetate 606.0 agl.o0 0.0 351.0 12.0 55.0 0.0 11.0 4.0 12.0 1432.0
Regional total 64733.0 50406.0 23077.0 19963.0 2377.0 7259.0 3159.0 176347.0

Source: Econometric Ressarch data files.

—Z,O-



Table 4.2 World petrochemical consumption by region and product, 1975
(row percentages)

N Regionsg Africa N.Africa South

North Wesgtern CPE Other Latin (South + Middle South East World
Products America Europe Eurcpe Japan developed America Sahara) East Asla Asia Total
ABS 46.09 27.54 0.00 19.386 1.30 2.46 0.00 .72 0.00 2.03 1.00.00
Acetic acid 56.74 0.00 6.83 27.58 1.09 4,15 0.00 1.04 1.26 1.31 1.00.00
Acrylonitrile 26.07 37.34 2.28 24,55 .11 3.20 0.00 0.00 0.00 6.45 100.00
Ammonia 33.78 18.62 28.86 3.24 1.58 5.53 .48 1.62 6.28 0.00 100.00
Butadiene 47.06 27.16 3.16 14.85 1.39 5.02 0.00 0.00 47 .88 1.00.00
Ethyl Benzene 41.17 33.43 6.86 15.50 .64 2.11 0.00 0.00 .28 0.00 100.00
Sthylene 43.51 32.02 8.32 13.86 1.28 2.49 0.00 .21 .36 .79 1.00.00
Ethylene Dichloride 33.15 41,61 1.70 16.94 1.39 2.86 0.00 .61 .41 1.32 100.00
Ethylene Glycol 50.35 19.32 .90 11.59 .24 3.09 0.00 0.00 .28 4.23 100,00
Ethylene Oxide S4.79 28.62 1.13 2.1 .46 1.85 0.00 0.00 .26 .18 100.00
Formaldehyde 53.98 .60 7.63 20.76 1.74 5.82 0.00 .52 .67 8.28 100.00
HD R 36.23 32.68 5.27 10.89 2.53 4.67 0.00 2.46 .88 4.39 100,00
LDPA 27.95 38.59 9.50 9.30 1.97 5.50 0.00 2.80 .46 3.93 100.00
Methanol 29.67 30.71 24,31 9.94 .47 1.94 0.00 .29 .34 2.32 100.00
PET 43.67 17.71 8.27 8.61 1.55 6.75 0.00 .59 .56 12.29 100.00
PVC 21.51 37.90 12.92 13.56 1.91 4.39 0.00 2.97 .56 4.29 100.00
Polypropylene 33.54 23.175 8.41 18.50 2.02 4.04 .13 1.68 .04 7.90 100.00
Polystyrene 34.33 34.67 7.74 12.60 1.09 3.93 0.00 2.24 .28 3.31 100,00
Propylene 35.40 34.31 9.85 16.26 .68 2.08 0.00 .12 .27 1.02 100.00
SBR 38.91 24.99 19.03 8.60 .85 5.74 0.00 0.00 .56 1.33 100.90
Styrene 37.19 34.77 7.56 14.68 1.01 3.51 0.n0 0.00 .29 .99 100.00
Ve 23.75 42.11 8.88 15.96 1.50 3.56 0.00 0.00 .59 3.62 100.00
Virnyl acetate 42.32 26.61 0.00 24.51 .84 3.84 0.00 .77 .28 .84 100.00
Regional total 35.92 27.97 14.65 11.08 1.32 4.03 .15 .97 2.16 1.75 100.00

Source: Econometric Research data files.
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Table 4.3 World petrochemical consumption by region and product, 1980
(column percentages)

Regions Africa N.Africe South

North Western CPE Other Lavin (South + Middle South East World
Products America Europe Europe Japan developed America Sahara) East Asia Asia Total
ABS .49 .38 0.00 .69 .38 .23 0.00 .41 0.00 44 .39
Acetic acid 1.61 0.00 .54 2.53 .84 1.05 0.00 1.55 .59 .76 1.04
Acrylonitrile 74 1.37 .18 2.27 .08 .81 0.00 0.00 0.00 3.77 1.05
Ammonia 28.02 19.84 67.17 8.72 35.76 40.91 98.86 71.08 86.72 0.00 30.45
Butadiene 2.30 1.71 .43 2.35 1.85 2.19 0.00 0.00 .39 .89 1.80
Ethyl Benzene 4.07 4.24 1.90 4.96 1.72 1.86 0.00 0.00 .46 0.00 3.63
Ethylene 15.09 15.26 1.85 16.68 12.96 8.24 0.00 4,17 2.24 5.98 12.73
Ethylene Dichloride 5.84 9.41 .84 9.67 6.69 4.49 0.00 3.72 1.21 4,78 6.46
Ethylene Glycol 2.69 1.11 .11 1.67 .29 1.23 0.00 0.00 .21 3.86 1.63
Ethylene Oxide 3.29 2.21 .19 2.47 .76 .99 0.00 0.00 .26 .22 2.20
Formaldehyde 3.35 .05 1.33 4,18 2.94 3.22 0.00 1.72 .69 10.54 2.28
HDPE 1.59 1.85 .20 1.55 3.03 1.83 0.00 1.80 .64 3.96 1.53
LDPE 3.39 6.02 3.24 3.66 6.52 5.95 0.00 4,98 .93 9.78 4.37
Methanol 3.59 4.78 8.25 3.90 1.56 2.09 0.00 1.88 .69 5.76 4,44
PET 2.18 1.13 1.1%6 1.3% 2.10 3.00 0.00 1.55 .46 12.57 1.83
PVC 2.57 5.82 2.48 5.26 6.23 4.68 0.00 2.70 1.11 10.51 4,04
Polypropylene 1.23 1.12 .36 2.20 2.02 1.32 1.14 0.00 .03 5.95 1.26
Polystyrene 1.89 2.45 1.20 2.21 1.4 1.93 0.00 .33 .26 3.74 1.98
Propylene 6.66 8.29 .41 9.92 3.49 3.49 0.00 1,23 .85 3.93 6.28
SBR 2.48 2.05 3.41 1.78 1.47 3.26 0.00 0.00 39 1.74 2.34
Styrene 3.19 3.83 1.82 4.08 2.36 2.69 0.00 0.00 .41 1.74 3.15
Ve 2.79 6.35 2.92 6.08 4.80 3.76 0.00 0.00 1.16 8.71 4,31
Vinyl acetateo .94 .76 0.00 1.76 .50 .76 0.00 .90 .10 .38 .81
Regional total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 100,00

Source:

Econometric Resesrch data files.
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Table 4.4 World petrochemical consumption by region and product, 1980
(thousand metric tons/year)

Regions

Africea N.Africa

North Western CPE Other Latin (South + Middle World

Products America Europe Europe Japan develuoped America ERast Total

ABS 404.0 335.0 0.0 227.0 14.0 37.0 0.0 3.0 5.0 1096.0
Acetic acid 1387.0 869.0 0.0 352.0 17.0 139.0 0.0 25.0 32.0 2877.0
Acrylonitrile 680.0 927.0 69.0 513.0 3.0 143.0 0.0 0.0 10.0 2552.0
Ammonia 22680.0 14000.0 18600.0 2300.0 1180.0 3920.0 350.0 1200.0 6300.0 70530.0
Butadiene 1615.0 1090.0 36.0 630.0 55.0 260.0 0.0 0.0 22.9 3807.0
Bthyl Banzene 3921.0 2815.0 606.0 1259.0 144.0 329.0 0.0 0.0 24.0 9219.0
Ethylene 13656.0 11170.0 3100.0 4167.0 414.0 1280.0 0.0 210.0 155.0 3snls.o0
Ethylene Dichloride 5904.0 6562.0 365.0 2673.0 116.0 584.0 0.0 44,0 51.0 17202.0
Ethylene Glycol 2045.0 701.0 42.0 445.0 29.0 146.0 0.0 20.0 13.0 aré6r.0
Ethylene Oxide 2499%.0 1277.0 105.0 537.0 25.0 179.0 0.0 0.0 16.0 4788.0
Formaldehyde 2772.0 3736.0 425.0 1120.0 100.0 380.0 0.0 74.0 52.0 9206.0
HDPE 1987.0 1451.0 400.0 550.0 129.0 328.0 0.0 100.0 s1.0 35286.0
LDPE 3194.0 4203.0 1096.0 868.0 243.0 830.0 0.0 370.0 95.0 11363.0
Methanol 3418.0 3303.0 2630.0 1124.0 $7.0 344.0 0.C 40.0 70.0 11298.0
PET 1597.0 712.0 436.0 491.0 54.0 350.0 15.0 28.0 46.0 4496.0
PVC 2429.0 3931.0 1400.0 1428.0 247.0 678.0 0.0 150.0 80.0 11335.0
Polypropylene 1450.0 1239.0 300.0 873.0 102.0 255.0 3.0 60.0 4175.0
Polystyrene 1611.0 1676.0 395.0 675.0 63.0 290.0 0.0 95.0 5124.0
Propylene 6679.0 3714.0 1800.0 2606.0 150.0 695.0 0.0 3.0 18197.0
SBR 1477.0 1171.0 940.0 308.0 40.0 359.0 0.0 2.0 4705.0
Styrene 2715.0 2669.0 389.0 1221.0 114.0 411.0 0.0 2.0 7994.0
e 2737.0 4181.0 1348.0 1558.0 241.0 609.0 0.0 25.0 11478.0
Vinyl acetate 603.0 490.0 0.0 434.0 13.0 100.0 0.0 19.0 1743.0
Regional total 87460.0 74222.0 34682.0 26559.0 3550.0 12646.0 2680.0 257952 o

Source: Econometric Research data files.
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Table 4.5 World petrochemical consumpiion by region and product, 1980
(row percentages’

Regions Africa N.Africa South

North Western CPE Other Latin (South + Middle South East World
Products America Rurope Europe Japan developed America Sahara) Rast Asie Asia Total
ABS 36.86 30.57 0.00 20.71 1.28 3.38 0.00 .27 .46 6.48 109.00
Acetic acid 48.21 30.21 0.00 12.23 .59 4.83 0.00 .87 1.11 1.95 100.00
Acrylonitrile 26.65 36.32 2.70 20.10 .12 5.60 0.00 0.00 .39 8.11 100.00
Ammonia 32.16 19.85 26.37 3.26 1.67 5.56 .50 1.70 8.93 0.00 100.00
Butadiene 42.42 28.63 .95 16,55 1.44 6.83 0.00 0.00 .58 2.60 100.00
Ethyl Benzene 42.53 30.53 6.57 13.66 1.56 3.57 0.00 0.00 .26 1.31 100.00
Ethylene 39.00 31.90 8.85 11.90 1.18 3.66 0.00 .60 44 2.47 100.00
Ethylene Dichloride 34.32 38.15 2.12 15.54 .67 3.39 0.00 .26 .30 5.25 100.00
Ethylene Glycol 54.37 18.64 1.12 11.83 77 3.88 0.00 .53 .35 8.51 100.00
Ethylene Oxide 52.19 26.67 2.19 11.22 .52 3.74 0.00 0.00 .33 3.13 100.00
Formaldshyde 30.11 40.58 4.62 12.17 1.09 4.13 0.00 .80 .56 5.94 100.00
HDPE 37.59 7.45 7.57 10.40 2.44 6.21 0.00 1.89 .96 5.49 100.00
LDPE 28.10 36.19 9.64 7.64 2.14 7.30 0.00 3.26 .84 4.10 102.00
Methanol 30.25 29.24 23.28 2.95 .50 3.04 0.00 .35 .62 2.76 100.00
?ET 35.52 15.84 9.70 10.92 1.20 7.78 .33 .62 1.02 17.06 109,00
PVC 21.43 34.68 12.35 12.60 2.18 5.98 0.00 3.09 .71 6.99 10).00
Polypropylene 30.37 25.95 6.28 18.28 2.14 5.34 .06 1.26 .36 9.97 100.00
Polystyrene 31.44 32.n 7.71 13.17 1.23 5.66 0.00 1.85 .23 5.97 100.00
Propylene 36.70 31.40 9.89 14.32 .82 3.82 0.00 .02 .34 2.69 100.00
SBR 31.39 24.89 19.98 10.80 .85 7.63 0.00 .26 .47 3.74 100.00
Styrene 33.96 33.39 7.37 15.27 1.43 5.14 0.00 .03 .24 3.18 100,00
VCH 23.64 36.11 11.64 13.46 2.08 5.26 0.00 .22 .35 7.24 109.00
Vinyl acetate 34.60 28.11 0.00 24.90 .75 5.74 0.00 1.09 .29 4.53 100,00
Regional total 33.91 28.77 13.45 10.30 1.38 4.90 .14 1.04 2.79 3.33 100.00

Source:

Econometric Research data files.
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Ethylene was the second largest consumed petrochemical in most regions,

foilowed by ethylene dichloride.

The pattern of world petrochemical consumption in 1980 is not
significantly different from that which prevailed in 1975 (with some minor

exceptions). See tables 4.3 and 4.4.

The share of the industrialized countries in total consumption fell
slightly, whereas every developing region, with the exception of South-Saharan
Africa, showed some minor increases in its corresponding total petrochemical
consumption shares. South-East Asia showed the largest increase in shares

among developing regions.

Annual rates of growth of total petrochemical consumption between 1975
and 1980 were highest in developing countries. In the Arab region, the growth
rate stood at 9.0 per cent, exceeded 22.1 per cent in South-East Asia,

11.7 per cent in Latin America and 13.1 per cent in South Asia. The
corresponding rates of growth in the developed regions during the same period
were as follows: 6.2 per cent in North America, 5.9 per cent in Japan,

5.6 per cent in Eastern Europe and 8.0 per cent in Western Europe (see

table 4.5).

Rates of growth of consumption by product were different according to
regions. In North America, consumption of HDPE grew at the rate of
14 per cent during 1975-1980. Polypropylene, ehtylene dichloride and
propylene consumption grew at the rates of 12.7, 9.3 and 9.2 per cent,
respectively. However, consumption of SBR actually fell at the rate of

1.7 per cent per year during the same period.

The highest rates of annual consumption growth in Western Europe during
the period 1975-1980 were in formaldehyde, polypropylene, ABS and HDPE, On
the other hand, SBR and ethylene oxide consumption growth rates were

relatively low,

The rates of growth of consumption in Eastern Europe during the same

period were relatively high in a number of products, including acrylonitrile,

ethylene, ethylene dichloride, ethylene glycol, ethylene oxide, PET, PVC,
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polypropylene, and VCM. On the other hand, the consumption of butadiene fell
drastically from 100 thousand metric tons in 1975 to 36 thousand metric toms

only in 1980.

In Japan the rate of growth in the consumption of plastics exceeded other
petrochemical consumpti~.n growth rates during this period. Consumption demand
for polypropylene grew at the rate of 14.7 per cent per year, for HDPE at the
rate of 12.2 per cent and for PET at 12 per cent. Only the demand for acetic

acid declined during this period.

Starting from relatively low levels in 1975, Latin American demands for
petrochemicals were markedly higher in 1980. With the exception of only two
petrochemical products, ammonia (5.7 per cent) and SBR (8.7 per cent), the
annual consumption growth rates for the remaining products were 10 per cent or
higher, with the highest rates in propylene, at 22.4 per cent, polypropylene,

at 21.6 per cent and ethylene oxide, at 20 per cent.

Demands for petrochemical products in the Arab region also grew very
rapidly between 1975 and 1980, and particularly the demand for plastics. 1In
fact, during this period, the demand for ethylene grew at the rate of
32.7 per cent per year and that for formaldehyde at the rate of 28.6 per cent

per year, whereas demands for ABS ethylene dichloride and propylene declined.

Not surprisingly, in the light of substantial agricultural activity, the
demand for ammonia grew rapidly in South Asia, at the annual rate of
13.3 per cent between 1975-1980. However, the largest growth occurred in the
demand for polypropylene at an annual rate of 76.2 per cent during the same
period. The demand for SBR declined as the use of domestic natural rubber

increased.

The demand for all types of petrochemicals in South-East Asia grew very
rapidly during this period; the overall annual growth rate exceeded
22 per cent. The rates of growth of demand for most products were quite high,

particularly for ethylene oxide, vinyl acetate, ethylene dichloride, ABS and

ethylene.
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The rapid growth that had characterized the petrochemical industry since
the early 1950s slowed down in the mid-1970s; in spite of this, it outstripped
the growth of most regional GDPs. Two basic characceristics dominate the
1975-1980 world petrochemical consumption patterns. In the first place the
rates of growth of demands in developing countries for most of the petro-
chemicals were significantly higher than those of North America, Western
Europe or Japan. Secondly, there existed a structural consumption pattern,
with the demand for final petrochemical products being highest in Western
Europe, while the demand for intermediates and basics was highest in North

America.

With this historical setting in view, we now turn to a brief analysis of

the forecasts for 1985, 1990, 1995 and the year 2000.

4.2.2 World demand for petrochemical products by region

and comrodity, 1985

Discussion of the future demand for petrochemical products will be

organized by commodity groups: basic, intermediate and final.

(a) Demand for basic petrochemical products, 1985

The basic block of petrochemical products of special concern to us in
this study is that composed of the olefins, ammonia and methanol; each will be

discussed separately using the results in tables 4.6, 4.7, 4.8 and 4.9.

Total world demand for ethylene in 1985 is estimated to be about
39.8 million MT/y; this represents a growth rate of about 2.6 per cent per
year from 1980. Given that the forecast world GDP rate of growth is
2.6 per cent per year, the implied output elasticity for ethylene between 1980
and 1985 is unitary. North America is expected to be the largest consumer
with a share of 40.9 per cent of the total world consumption of ethylene; the
industrialized countries together account for over 91.8 per cent of expected

world consumption in 1985 (See tables 4.6, 4.7 and 4.8).

World consumption of propylene is forecast to exceed 23,6 million MT/y in

1985; this represents an annual growth rate of 5.4 per cent over the 1980




Table 4.6 World petrochemical consumption by region and product, 1980
(column percentages)

- Regions Africa N.Africa South

North Western CPE Other Latin (South + Middle South East World
Products America Europe Europe Japan developed America Sahara) East Asia Asis Total
ABS .46 .45 0.00 .85 .39 .29 0.00 .15 .07 .83 .43
Acetic acid 1.59 1.17 0.70 1.33 .48 1.10 0.00 1.26 44 .63 1.14
Acrylonitrile .78 1.25 .23 1.93 .08 1.13 0.00 0.00 .14 2.41 1.01
Ammonia 25.93 16.86 62.14 8.66 33.24 31.00 95.11 60.33 87.50 0.00 27.93
Butadiene 1.85 1.47 .12 2.237 1.55 2.06 0.00 0.00 .31 1.15 1.51
Ethyl Benzene 4.48 3.79 2.02 4.74 4.06 2.60 0.00 0.00 .33 1.41 3.65
Ethylene 15.61 15.05 2.81 15.69 11.66 10.12 0.00 2.71 2.15 10.09 12.91
Bthylene Dichloride 6.75 8.84 1.22 10.06 3.27 4,62 0.00 2.21 J1 10,52 6.81
Ethylene Glycol 2.34 94 .14 1.68 .82 1.15 0.00 .30 .18 3.73 1.48
Ethylene Oxide 2.86 1.72 .35 2.02 .70 1.42 0.00 0.00 .22 1.75 1..90
Formaldehyde 3.17 5.03 1.42 4,22 2.82 3.00 0.00 3.72 72 6.37 1.65
HDPE 2.27 1.95 .59 2.07 3.63 2.59 0.00 5.03 .71 3.38 2.01
LDPE 3.65 5.66 3.66 3.27 6.85 6.56 0.00 8.25 1.32 5.43 4,42
Methanol 3.91 4.45 8.79 4.23 1.61 2.72 0.00 2.01 .97 3.63 4,47
PRT 1.83 .96 .46 1.85 1.52 2.77 4.08 1.41 .64 8.93 1.78
PVC 2.78 5.30 3.10 5.38 6.96 5.36 0.00 6.49 1.11 9.23 4,21
Polypropylene 1.66 1.67 .60 3.29 2.87 2.02 .82 1.51 .24 5.54 .83
Polystyrene 1.84 2.26 1.32 2.54 1.77 2.29 0.00 1.56 .18 3.56 2.00
Propylere 7.64 7.70 .41 9.81 4,23 5.50 0.00 .15 .85 5.70 6.54
SBR 1.69 1.58 3.14 1.91 1.13 2.84 0.00 .60 .31 2,05 ..86
Styrene 3.10 3.60 1.97 4.60 3.21 3.25 0.00 .10 .26 2.96 3.17
VCH 3.13 5.63 4,50 5.87 6.79 4,82 0.00 1.26 .57 9.76 4,59
Vinyl acetate .69 .66 0.00 1.63 .37 .79 0.00 .96 .07 .92 .69
Regiona) total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100.00

Source: Economstric Research data files.
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Table 4.7 Rate of growth of world petrochemical consumption
by region and product 1975-19890

Regions Africa N.Africa South
North Wegtern CPE Other Latin (South + Middle South East World

Prcducts America Europe Europe Japun developed America Sahara) East Asia Asia Total
ABS . 049 .120 0.000 .106 .092 .168 0.000 ~-.097 0.000 .384 .097
Acetic acid .059 0.000 0.000 -.070 -.032 .128 0.000 .056 .068 .185 .095
Acrylonitrile .072 .061 .104 .025 .004 .194 0.000 0.000 0.000 117 ,067
Ammonia .046 .070 .037 .057 .068 .057 .061 .066 .133 0.000 055
Butadiene .016 .049 -.185 .060 .046 .103 0.000 0.000 .080 .287 .038
Ethyl Benzene .083 .057 .067 .049 .286 .195 0.000 0.000 .059 0.000 .0756
Ethylene .069 .077 . 145 .046 .061 .164 0.000 .011 .122 .356 .077
bLthylene Di~chloride .093 067 +1335 .067 -.061 124 0.000 -,089 .016 . 430 ,U85
Ethylene Glycol .033 . 047 .101 .059 .329 .104 0.000 0.000 .102 .213 .054
Ethylene Oxide .033 .026 .190 .017 .068 .200 0.000 0.000 .099 . 846 .043
Formaldehyde .050 1.744 .067 . 060 074 .102 0.000 . 286 .140 .104 .189
HDPR .140 .093 .309 .122 .124 .198 0.000 . 354 .153 .183 .134
LDPE .078 .067 .080 .035 .094 .140 0.000 .219 .214 .086 .077
Methanol .080 . 065 .067 .076 .090 177 0.000 .117 .210 .114 ,075
PET .025 . 045 .103 .120 .016 .099 0.000 .081 .206 .141 .068
PVC .078 . 060 .101 .063 .108 .148 0,000 .313 .132 .190 .084
Polypropylene 127 .170 .167 .147 .163 .216 0.000 0.000 762 .204 .158
Polystyrene .056 .063 .074 .088 .101 157 0.000 . 306 034 .210 077
Propylene .092 .065 .053 .056 .126 . 224 0.000 -.275 .131 .316 .083
SBR -.017 .026 .036 .074 .027 .087 0.000 0.000 -.009 .262 . 026
Styrene .056 .067 .070 .084 .133 .161 0.000 0.007 .035 .358 075
vCcu .087 .055 .148 .051 .162 174 0.000 0.000 -,018 .250 .088
Vinyl acetate -.001 .052 0.00C . 043 .016 .127 0.000 .116 .046 .458 . 049
V.A. agriculture . 015 -.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 004
V. A. manufacturing .047 . 004 0.000 .093 0.000 0.000 0.000 0.000 ¢.000 0.000 .039
V. A. construction .014 .003 0.000 .079 0.000 0.000 0.000 0.000 0.000 0.000 .017
Consumption .037 .034 0.000 .027 0.000 0.000 0.000 0.000 0.000 0,000 .035
GDP .038 .037 .036 .030 .025 .056 .031 .059 .037 . 069 .039
Regional total. .062 .080 .053 .059 .084 117 . 069 .102 .131 .221 .074

Source: Econometric Research data files.
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level and an output elasticity for ethyleme demana of over 2.08. Again, North
America is the largest consumer, with a 38.4 per cent share of the world
total, followed by Western Europe with a 31.2 per cent share; the developing
countries together are expected to account for only 7.48 per cent. Demand for

propylene is forecast to grow fastest in the Arab region in 1985.

World demand for butadiene is predicted to be about 5.7 million MT/y in
1985; this is about 50 per cent higher than its level in 1980 which translates
into an annual growth rate of 8.3 per cent per year. The implied GDP
elasticity of world demand for butadiene is 3.2, North America is expected to
account for almost half of world consumption. The share of the developing
countries is a meager 8.9 per cent. During the period 1980-1985, the demand

for butadiene is expected to grow fastest in Eastern Europe.

World demand for methanol is forecast to exceed 12.4 million MI/y in
1985, a figure which represents a slight increase of 9.9. per cent over the
1980 level. The implied annual rate of growth is thus 1.9 per cent which
means an output elasticity of less than one (0.73). Western Europe is the
largest consumer followed closely by North America and Eastern Europe. Again
the consumption share of developing countries for this product is not expected
to exceed 9.3 per cent in 1985. The fastest rate of growth of methanol
consumption is in South-East Asia, at 22.7 per cent per year, betwecen 1980 and

1985,

The total demand for ammonia is forecast to exceed 90.4 million MT/y in
1985. This is almost 20 million MT/y above the 1980 level; which translates
into an annual growth rate of S.1 per cent between 1980 and 1985. North
America is expected to be the largest market for ammonia, followed by Eastern
Europe and South-East Asia. Japan's share of 2.9 per cent in 1985 is
exceptionaily low, given the intensive use of fertilizers there. The fastest
growing demand for ammonia is in Latin America where it is expected to grow at

the annual rate of 11.4 per cent between 1980 and 1985.
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(b) Demand for interwediate petrochemical products, 1985

Not all of the intermediate products are of special concerm to us and
thus the discussion here is concentrated on a selected group of products that
are tied to the basic block of products thronugh the processing chains depicted

in figure 1.

World demand for ethylene dichloride, which is needed to produce VCM
which in turn is needed to produce PVC, is forecast to be 19.4 million MT/y in
1985. This is about 13 per cent above the 1980 demand level and as such
represents an average growth rate of 2.4 per cent per year and less than one
(.92) output elasticity over the period 1980-1985. North America and Western
Europe each account for over one third of the total world consumption of this

product. The share of developing countries is slightly above 10 per cent.

Ethylene glycol is another intermediate product of special concern to the
Arab region, as it is about to begin its production. Only 4.4 million MT/y of
ethylene glycol are expected to be consumed in 1985, but this represents an
increase of almost 19 per cent over the 1980 level of consumption, which
translates into a growth rate of 3.1 per cent per year and an output
elasticity of demand of 1.19, It is interesting :o note that our system of
equations predicts a rise in Arab demand for this product at the annual rate
of 3.7 per cent. The largest growth in demand is expected to occur in
South-East Asia. North America is expected to remain the major consuming
region of this product, with a share of 51.9 per cent of the total world

consumption of ethylene glycol in 1985.

Since, logically, the chains of processing imply that ethylene oxide is
demanded primarily for the production of ethylene glycol, it is not surpricing
to see that the consumption patterns of these products parallel one another.
The forecast demand for 1985 is 5.6 million MT/y; this is 16 per cent higher
than the level of demand for this product in 1980. Much of the consumption of
this product takes place in North America (over 50 per cent) and the other
developed economies; although marking a slight decline in the share of
industrialized countries, the pattern of 1985 is not much different from that

which prevailed in the mid-1970s and early 1980s.
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The forecast value of demand for acetic acid in 1985 exceeds
3.4 million MT/y; this is almost 20 per cent higher than the 1980 consumption
level. An interesting characteristic of this product is the relatively larger
share of developing countries in its total consumption, a phase that has grown
rapidly since 1975 as the share of developed economies, particularly North

America, has declined.

A substantial amount of ethyl-benzene consuuption is forecast for 1985.
The world consumption rate in that year is expected to be more than
12 million MT/y; this represents an increase of over 41 per cent over 1980.
The implicit growth rate between 1980 and 1985 is predicted to exceed
7.1 per cent yearly. Again South-East Asian demand for this product is
expected to grow fastest, at 13.3 per cent per year. The industrialized
countries account for almost the whole demand, with the developing countries

expected to represent no more than 5.5 per cent.

World demand for acrylomitrile is predicted to be about 3.5 million MT/y
in 1985. Again this represents a large increase over 1980 levels --almost
39 per cent more. The demand from Western Europe is expected to be the
largest, at 33.4 per cent of the total; South-East Asia and Latin America

together are expected to account for about 15 per cent of the world total.

The demand for formaldehyde in 1985 is expected to reach
13.1 million MT/y which represents a significant 43 per cent increase over the
1980 level. Western Europe alone is projected to account for almost
50 per cent in 1985, while the developing countries combined will account for

little over 10 per cent.

Vinyl-chloride-monomer is a second order intermediate petrochemical
product which enters into the production of PVC. World demand in 1985 is
forecast to exceed 13.7 willion MT/y. This represents a modest 18.3 per cent
increase over the 1980 demand for this. product. Again, Western Europe 1is
expected to be the mejor consuming region with a 34.2 p2r cent share, North
America to account for 25 per cent and the developing countries combined
should account for almost 15 per cent. The output elasticity of demand for

this product over the period 1980-1985 is calculated to be 1.31. The highest
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rates of annual increase in demand are expected to be those in South Asia with
a 13.5 per cent rate, while Japanese demand for this product is expected to

decline at the rate of 1.9 per cent per year during the same period.

Styrene is a major intermediate product used mainly to produce
polystyrene. World demand for styrene is predicted to reach 1ll.1 million MT/y
in 1985. Demand for styrene is forecast to rise very rapidly between 1980 and
1985, at an average rate of increase of about 6.8 per cent annually. The
output elasticity of demand for styrene is relatively high at 2.61. North
America is expected to account for 40.1 per cent and Western Europe for
27.8 per cent of total world demand; the developing countries are not expected
to account for more than 9.5 per cent. In terms of rates of annual increases
in demand for styrene between 1980-1975, South-East Asia dominates with
10.8 per cent, North America is a close second at 10.4 per cent., Even South

Asia shows a rate of increase of over 9.3 per cent.

(c) Demand for final petrochemical products, 1985

Demand for plastics dominate other types of demands for final petro-
chemical products, and LDPE and HDPE together, as derivatives of ethylene,

dominate plastics demand.

World demand for HDPE is forecast to reach 6.9 million MT/y in 1985,
whereas LDPE is forecast to reach more than double this amount --
14.0 million MT/y in the same year. In terms of rates of growth over the 1980
levels, the yearly increase in HDPE consumption during this period is expected
to be 5.5 per cent, while that of LDPE is expected to be 4.4 per cent. Both
of these products will display an elastic output demand, with HDPE at 2.11 and
LDPE at 1.69. The consumption share of Western Europe exceeds that of North
America for LDPE but falls below it for HDPE. The share of developing
countries for both products is expected to be higher than that for basic and
intermediate petrochemical products. For HDPE, it is expected to be over

16.2 per cent, while for LDPE the share will be about 17.8 per cent.

Demand for PET is gererally lower than that for LDPE or HDPE. The

forecast level of demand for this product in 1985 is expected to reach
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5.8 million MT/y. This tigure represents aimost a 30 per cent imncrease over
the 1980 consumption level. Interestingly, PET is expected to be consumed in
major proportions by developing countries; their share in 1985 :is forecast at
28.3 per cent, which is above the share of Japan and Western Europe combinea
The output elasticity of the demand for PET during the period 1980-1985 is
expected to be a high 2.04.

World demand for polypropylene is expected to reach 6.2 million MT/y in
1985; most of this amount will be consumed in North America and Western
Europe; the developing countries will account for over 20 per cent of the
total. The forecast demand in 1985 is about 30.5 per cent higher than the
1980 demand; this implies a yearly rate of increase of 5.5 per cent and an

output elasticity of 2.11.

Polystyrene is yet another plastic and also one with considerable
demand. The forecast level of world demand for polystyrene in 1985 is about
6.9 million MT/y or over 34 per cent ahove the corresponding 1980 level.
North America will likely retain its dominant share of world consumption of
polystyrene at 38.8 per cent, and the developing countries will likely account
for no more than 15.5 per cent by 1985. The average annual increase in demand
for polystyrene is expected to be 6.1 per cent, this gives rise to an output

elasticity of demand of 2.34.

World demand for PVC in 1985 is expected to exceed 13.3 million MT/y.
Although this amount ic substantial, it only represents a 17.7 per cent
increase over the corresponding 1980 level. As is the case for most plastic
products, Western European demand is the dominant regional demand, with an
anticipated share of 31.9 per cent. Developing countries will consume a
combined share of about 19.9 per cent of world demand for PVC in 1985. As a
percentage of total regional petrochemical demands, the PVC share is highest
in South-East Asia, and its share in other industrialized countries' total is
the second highest. Given the low average rate of increase in PVC demand

between 1980 and 1985, its output elasticity measured over the same period is
1.23.

The demand for SBR is expected to reach 6.4 million MT/y in 1985 . This

represents a 35 per cent increase over the level of demand for SBR that
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existed in 1980. The implicit rate of growth of world demand for SBR is
expected to be 6.2 per cent per year during the period 1980-1985, the
corresponding output elasticity measure exceeds 2.38. The highest rate of
demand increase for SBR is anticipated to occur in North America

(11.3 per cent), while the corresponding West European rate of growth is less
than one per cent. The high rate of growth projected for South Asian demand
for SBR (8.5 per ceat) is suggestive of a high rate of growth in the demand

for rubber.

World demand for vinyl acetate is expected to be about 2 million MT,y in
1985. This represents a modest increase over the 1980 demand level of
1.7 million MT/y. The output elasticity of demand for vinyl acetate is
roughly unitary. Industrialized countries are likely to account for over
85 per cent of total world demand for vinyl acetate in 1985. Latin Ame-.ica is

the major consuming region of this product in the developing countries group.

ABS is another petrochemical product with a relatively small world
demand. The forecast demand for 1985 is slightly more than 1.8 million MI/y.
However, this expected level is more than 67 per cent above the corresponding
demand in 1980. The implicit annual growth rate between 1980-1975 is very
high, at 10.9 per cent (actually this is the highest rate of world demand
growth for any petrochemical product). Consequently, the forecast output
elasticity is 8 substantial 4.19. The largest regional demand for ABS in 1985
will be in North America (50 per cent); the developing countries together will

acount for less than 1U per cent.

These short-term forecasts of world demand for petrochemicals suggest
lower rates of growth than those experienced in 1960s and 1970s.
Nevertheless, these rates of growth are expected to be higher than the world
GDP growth rates. Actually, there is rot & single petrochemical product,
except methanol and EDC, whose demand growth between 1980 and 1985 is expected

to be lower than the growth rate of world real GDP.

The fastest rates of growth in demand for petrochemical products are

expected to be concentrated primarily in the developing countries and




Table 4.8 World petrcchemical consumption by region and product, 1985
(thousand metric tons/year)

Regions Africa N.Africe South
North Western CPE Other Latin (South + Middle South East World

Products America Europe Europe Japan developed America Sahara) East Asia Asia Total
ABS 917.8 423.5 0.0 298.6 18.0 52.1 0.0 6.2 10.8 111.0 1838.2
Acetic acid 1431.1 1041.3 0.0 441.9 19.6 198.7 0.0 20.3 204 .8 76.4 3434.0
Acrylonitri‘e 1016.5 1185.0 86.6 725.0 4.4 209.6 0.0 0.0 0.0 318.7 3545.8
Ammonia 29963.6 16311.3 21771.2 2600.0 1264.0 6758.2 0.0 1655.0 10070.0 0.0 90393.3
Butadiene 2797.3 1357.0 112.5 828.2 72.%6 315.8 0.0 0.0 36.7 152.1 5672.3
Ethyl Benzene 6148.3 3403.1 862.8 1733.7 146.9 457.935 0.0 0.0 34.2 222.3 13008.9
Ethylene 162%7.9 12158.6 3730.0 3913.3 456.2 1651.1 0.0 350.0 208.6 1070.2 39806.1
Ethylene Dichloride 7179.1 7105.6 481.0 2421.3 209.1 688.6 0.0 57.2 79.9 1142.0 19364.3
Ethylene Glycol 2274.3 654.9 63.6 $503.7 24.5 186.8 0.0 24.0 21.1 427 .4 4380.2
Ethylene Oxide 2808.8 1563.4 139.5 675.7 25.3 185.8 0.0 0.0 23.8 138.5 5560.9
Formaldehyde 3408.6 8536.8 3551.9 1171.5 130.0 476.1 0.0 79.8 51.0 729.3 13144.8
HDPE 2655.1 1684.1 800.0 466.7 173.9 468.4 0.0 110.6 77.4 464.9 6903.0 L
LDPE 3900.4 4543 .4 1900.0 909.2 317.6 1092.8 0.0 5$50.0 125.4 741.7 14080.4 ™
Hethanol 3520.1 3710.0 2927.0 1040.7 70.6 439.2 0.0 50.4 195.0 470.0 12423.0
PET 1872.4 833.5 641.8 760.4 69.9 461.3 15.1 28.6 69.4 1073.1 5825.7
PVC 3141.0 4232.6 1700.0 1223.9 321.4 851.2 0.0 505.0 107.0 1179.2 13261.3
Polypropylene 1886.6 1733.6 500.0 679.5 147.5 377.1 2.0 175.0 23.7 707.5 6232.5
Polystyrene 2676.5 1876.7 568.0 616.3 84,1 417.7 0.0 150.0 19.5 481.8 6890.6
Propylene 9086.1 7366.0 2125.0 3096.7 1935.0 1006.8 0.0 12.5 81.5% 669.8 23639.4
SBR 2531.5 1224.0 1214.6 619.7 4.5 406.3 0.0 13.3 33.0 265.2 6357.0
Styrene 4448.9 3084.7 832.7 1537.6 147.1 593.4 0.0 0.0 29.7 425.0 11099.1
VCHM 3449.1 4689.2 1877.8 1413.1 276.3 708.,0 0.0 33.1 77.2 1180.2 13703.9
Vinyl acetate 666.5 588.7 0.0 415.5 15.9 140.4 0.0 18.0 10.8 117.2 1972.9
Regional total 114077.5 87506.8 42856.5 28092.5 4241.4 18142.9 17.2 3839.0 11600.4 12163.6 322537.8

Source: Econometric Research data files.



Table 4.9 World petrcchemical consumption by region and product, 1985
(row percentages)

- Regions Africa N.Africa South

North Western CPE Other Latin (South + Middle South Eagt world
Products America Europe Europe Japan developed America Sahara) East Asla Asia Total
ABS 49.93 23.04 0.00 16.25 .98 2.84 0.00 .34 .59 6.04 100.€0
Acetic acid 41.67 30.32 0.00 12.87 .57 5.79 0.00 .59 5.96 2.22 100.00
Acrylonitrile 28.67 33.42 2.44 20.45 .13 5.91 0.00 0.00 0.00 8.99 10¢.00
Ammonia 33.15 18.04 24.09 2.88 1.40 7.48 0.00 1.83 11.14 0.00 100.00
Butadiene 49.32 23.92 1.98 14.60 1.28 5.57 0.00 0.00 .65 2.68 100.00
Ethyl Benzene 47.26 26.16 6.63 13.33 1.13 3.52 0.00 0.00 .26 1.71 100.00
Ethylene 40.94 30.54 9.30 9.83 1.15 5.15 0.00 .88 .52 2.69 100,00
Ethylene Dichloride 37.07 36.69 2.49 12.50 1.08 3.56 0.00 .30 .41 5.90 100.00
Ethylene Glycol 51.92 19.52 1.45 11.50 .56 4,26 0.00 .55 .48 9.76 100.00
Ethylene Oxide 50.51 28.11 2.51 12.15 .46 3.34 0.00 0.00 .43 2.49 100.00
Formaldehyde 25.93 49.73 4.2C 8.91 .99 3.62 0.00 .61 A6 5.55 100.00
KDPR 30.46 24.40 11.59 6.76 2.55 6.79 0.00 1.60 1.12 6.73 100.00
LDPE 27.70 32.27 13.49 6.46 2.26 7.76 0.00 3.90 .89 5.27 100.00
Methanol 28.34 29.86 23.56 8.38 .57 3.54 0.00 .41 1.57 3.78 100.00
PET 32.14 14.31 11.02 13.05 1.20 7.92 .26 .49 1.19 18.42 100.00
PVC 23.69 31.92 12.82 9.23 2.42 6.42 0.00 3.81 .81 8.89 100.00
Polypropylene 30.27 27.82 8.02 10.90 2.37 6.05 .03 2.81 .38 11.35 100.00
Pclystyrene 38.84 27.24 8.24 8.94 1.22 6.006 0.00 2.18 .29 6.99 100,00
Propylene 38.44 31.16 8.99 13.10 .83 4,26 0.00 .05 .34 2.83 100.00
SBR 39.82 19.25 19.11 9.75 .78 6.39 0.00 .21 .52 4.17 100.00
Styrene 40.08 27.79 7.50 13.85 1.33 5.35 0.00 0.00 .27 3.83 100.00
Vo 25.17 34.22 13.70 10.31 2.02 5.17 0.00 .24 .56 8.61 100.00
Vinyl acetate 33.78 29.84 0.00 21.06 .81 7.11 0.00 .91 .55 5.94 100.00
Regional total 35.37 27.13 13.29 8.71 1.32 5.63 .01 1.19 3.60 3.77 100.00

Source: Econometric Rssearch date files.
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Table 4.10 World petrochemical consumption by region and preoduct, 1985
(column percentages)

Regions Africa N.Africa South
North Western CPE Other Letin (South + Middle South East World
Products America Europe Europe Japan developed America Saharas) Bast Asia Asia Total
ABS .80 .46 0.00 1.06 .42 .29 0.00 .24 .09 .91 .58
Acetic acid 1.25 1.19 0.00 1.57 .46 1.10 0.00 .80 1.77 .63 1.09
Acrylonitrile .89 1.35 .23 2.58 .10 1.16 0.00 0.00 0.00 2.62 1.12
Ammonia 26.27 18.64 58.29 9.26 29.80 37.25 0.00 64.74 86.81 0.00 28.53
Butadiene 2.45 1.55 .30 2.95 1.71 1.74 0.00 0.00 .32 1.25 1.80
Ethyl Benzene 5.39 3.89 2.31 6.17 3.46 2.52 0.00 0.00 .29 1.83 4,12
Ethylene 14.29 13.89 3.54 13.93 10.7% 9.10 0.00 2.81 1.80 8.80 11.77
Ethylene Dichloride 6.29 8.12 1.29 8.62 4.93 3.80 0.00 2.24 .69 9.39 6.13
Ethylene Glycol 1.99 .98 17 1.79 .58 1.03 0.00 .20 .18 3.51 1.38
Ethylene Oxide 2.46 1.79 .37 2.41 .60 1.02 0.00 0.00 .21 1.14 1.76
Formaldehyde 2.99 7.47 1,48 4.17 3.06 2.62 0.00 3.12 .33 6.00 4,16
HDPE 2.33 1.92 1.03 1.66 4,15 2,58 0.00 4,33 .67 3.82 2.06
LDPE 3.42 5.19 4.32 3.24 7.49 6.02 0.00 7.32 1.08 6.10 4,25
Methanol 3.09 4.24 7.84 3.70 1.67 2.42 0.00 1.97 1.68 3.86 3.93
PET 1.64 .95 1.72 2.71 1.65 2.54 88.17 1.12 .60 8.82 1.85
PVC 2.75 4.84 3.53 4.36 7.58 4.69 0.00 5.38 .92 3.69 3.9
Polypropylene 1.65 1.98 .75 2.42 3.48 2.08 11.83 1.19 .20 5.82 1.86
Polystyrene 2.35 2.14 1.52 2.19 1.98 2.30 0.00 1.54 .17 3.96 2.15
Propylene 7.96 8.42 77 11.02 4.60 5.55 0.00 . 49 .70 5.51 6.91
SBR 2.22 1.40 3.25 2.21 1.17 2.24 0.00 .52 .28 2.18 2.01
Styrene 3.90 3.53 2.23 5.47 3.47 3.27 0.00 0.00 .26 3.49 3.52
o 3.02 $5.36 5.03 5.03 6.51 3.90 0.00 1.29 .67 9,70 4,34
Vinyl acetate .58 .67 0.00 1.48 .38 .77 0.00 .70 .09 .96 62
Regional total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.900 100.00

Source: Econometric Research data files.
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Table 4.11 Rate of growth of world petrochemical consumption
by region and product 1980-1985

\\\\\\\ Regions Africa N.Africa South

North Western CPE Other Latin (South + Middle South East World
Ptoductg\\\\\\\\ Anmerica Europe Europe Japan developed America Sahara) East Asia Asia Total
ABS .178 . 048 0.000 .056 .052 .071 0.000 .155 .166 .094 .109
Aczetic acid .006 .037 0.000 .047 .028 .074 0.000 -.041 .450 . 064 .036
Acrylonitrile .084 .050 .046 .Q72 .082 .079 0.000 0.000 0.000 . 090 .068
Ammonia .057 .031 .032 .025 .014 .115 0.000 .066 .098 0.000 .051
Butadiene .116 . 045 .256 .056 .057 .040 0.000 0.000 .108 .0%0 .083
Ethyl Benzene .094 .039 .073 .066 . 004 .068 0.000 0.000 .073 .130 .071
Ethylene .036 .017 .036 -.012 .020 .052 0.000 .18 .061 .043 .02¢
Ethylene Dichloride .040 .016 .057 -.020 .125 .033 0.000 .054 . 094 ,048 . 024
Ethylene Glycol .021 .040 .087 .025 -.033 .051 0.000 .037 .102 .060 . 031
Ethylene Oxide .024 .041 .058 .047 . 003 .008 0.000 0.000 . 083 -.016 .030
Formaldehyde . 042 .118 .054 . 009 .054 . 046 0.000 015 .032 .059 074
HDPE .060 .030 .149 -.032 .064 .074 0.000 .020 . 087 .099 . 055
LDPE .041 .016 .116 . 009 .055 .057 0.000 .083 .057 .097 . 044 1
Methancl .006 .024 .022 -.015 .044 .050 0.000 . 047 .227 .085 .01¢ o)
PET .032 .032 .080 ,091 .033 .037 .002 D04 . 086 .069 ,053 =
PVC .053 .015 . 040 -.030 .054 047 0.000 .076 .060 .083 .032 '
Polypropylene .054 .069 .108 -.049 077 .081 -.075 .239 .068 .082 . 05§
Polystyrene .107 .023 .075 -.018 .059 .076 0.000 . 096 .085 . 095 061
Propylene .063 .052 .034 .035 .054 .077 0.000 .330 .060 .065 .054
SBR .114 .009 .053 .041 .043 .025 0.000 .021 .085 . 085 . 062
Styrene .104 .029 .072 .047 .052 .076 0.000 0.000 .093 .108 .068
vCHM .047 .023 .069 -.019 .028 .031 0.000 .058 .135 .071 .034
Vinyl acetate .020 .037 0.000 -.009 .041 .070 0.000 -.011 .166 .082 .025
V. A. agriculture .037 .027 0.000 .019 0.000 0.000 0.000 0.000 0.000 0.000 .029
V. A. manufacturing .040 .049 0.000 -.009 0.000 0.000 0.000 0.000 0.000 0,000 .037
V. A. construction .091 .026 0.000 -.033 0.000 0.000 0.000 0.000 0.000 0,000 .034
Consumption .025 .014 0.000 . 040 0.000 0.000 0.000 0.000 0.000 0.000 .021
GDP .023 .016 .036 .034 .024 .037 9.000 .080 .037 . 041 .026
Regional total .055 .033 .043 .011 .036 .078 -.458 .075 .100 .072 . 046

Source: Econometric Research data files. ’/
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particularly in South-East Asia (which includes a large concentration of NICs
-- Newly Industrialized Countries) and the Arab region (which consists

primarily of oil producing countries).

4.2.3 World demand for petrochemical products, 1990

The medium-term forecasts of world demand for petrochemical products
portray a general improvement in the performance of this industry. World
demand growth for petrochemical products between 1985 and 1990 is predicted to
exceed 5.2 per cent per year, whereas real world GDP is expected to rise no
faster than 3.6 per cent per year du#ﬁng the same period. South-East Asia,
the Arab region, and Latin America are projected to show the highest rates of
growth in the demand for petrochemicals. All regions except Japan are
expected to experience highly elastic demands (with respact to output) for

petrochemicals in 1990 (see tables 4.12 to 4.16).
Rates of growth of demand for perrochemical products vary according to
products and regions during this period; this explains the rationale behind

our discussion of the forecasts by product groups.

(a) World demarnd for basic petrochemical products, 1990

World demand for methanol in 1990 is forecast to exceed
14.9 million MT/y. This represents a 40 per cent increase over the
corresponding demand in 1980 and about 20 per cent over the 1985 level.
Western European demand for methanol will become more dominant with a share of
about 30 per cent of the total world demand for methanol. Developing
countries together will acount for little less than 12 per cent of the total.
Methanol output demand elasticity is almost unitary, implying that it is

expected to maintain a constant fraction of GDP.

World demand for ammonia in 1990 is expected to remain very
substantial--116.4 million MT/y or over 28 per cent of total world demand for
petrochemical products. The level of demand forecast for ammonia in 199C is
almost 29 per cent higher than the demand level that prevailed in 1985; this

translates into a rate of growth of about 5.2 per cent per year. The
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corresponding aggregate world output elasticity of demand for ammonia between
1985 and 1990 is 1.44; that is, increases in world GDP will lead to larger
increases in world demand for ammonia. It is not surprising tc find that the
developing countries will represent a significant 23 per cent share of the
market for ammonia in 1990, because of rapid growth of agriculture in these

regions.

World demand for ethylene is projected to reach 48.6 million MT/y in
1990. The expected yearly average rate of growth in demand for ethylene
between 1985-1990 is set at 4.1 per cent, whereas the 1980-1990 rate 1is
projected to be 3.3 per cent. Thus, the rate of increase in demand between
1965 and 1990 is forecast to escalate above the rate expected to be achieved
between 1980 and 1985. The elasticity of demand for ethylene with respect to

output is expected to be in the neighbourhood of 1.14.

Among the olefins, ethylene is thus forecast to remain the major building
block of petrochemical production; it is followed by propylene, the world
demand for which is projected to reach 31.7 wmillion MT/y in 1990. The
regional pattern of future demand for both products is indicative of the
entrenched dominance of industrialized countries in these markets--together,
industrialized countries will account for about 90 per cent of the expected
consumption of both products in 1990. It is worth noting here that although
ethylene consumption is large and will continue to be larger than that of
propylene, the rate at which demand for propylene is growing exceeds that of
ethylene demand as is suggested by a propylene demand output elasticity

measure of 1.67, compared to 1.14 for ethylene between 1985 and 1990.

World demand for butadiene is projected to amount 7.3 million MT/y in
1990, This represents an increase of about 30 per cent over the corresponding
1985 expected level. The implicit yearly growth rate is about 5.3 per cent.
This suggests that the growth in demand for butadiene will exceed the rate of
growth of world GDP; the implied output elasticity of demand for butadiene is
1.47.
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The share of basic petrochemical products in total consumption of
petrochemicals in 1990 is expected ‘o exceed 52 per cent. The major consuming
areas will be the deveioped countries. The largest share of developing
countries in the world demand for basic products will remain that for ammonia.

(b] World demand for intermediate petrochemical products, 1990

A major share of world demand for interrediate petrochemical products 1s
represented by the demand for ethylene dichloride, which will vreach
24 million MT/y in 1990 . The expected annual rate of growth in demand for
this product between 1985 and 1990 is put at 4.4 per cent. This suggests that
the demand for EDC will be slightly above world real GDP growth; in other
words, the implied elasticity with respect to GDP is 1.22. The dominance of
the industrialized countries in world demand is still evident; however, this
dominance is slightly lower than in their demand for basic petrochemical

products.

World demand for ethylene oxide is expected to be a substautial
6.8 million MT/y. What is perhaps more significant here is the fact that
although the demand for ethylene oxide will be ' rowing faster than the rate of
growth of world real GDP, the implied elasticity is still relatively low at
1.1i. The share of developing countries in total world consumption of this

product is expected to be rather low--less than 8 per cent--in 1990.

World demand for ethyl-benzene is forecast to be 17.2 million MT/y in
1990. North America is by far the largest consumer with an expected
consumption share of 47.43 per cent in 1990. The developing countries again
are expect:ed to reprecent less than 7 per cent of world consumption, a
situation that icflects low production rates of final products. The rate of
growth of demand for ethyl-benzene between 1985-1990 is forecast to exceed

5.8 per cent per year.

More than 4.7 million MT/y of acrylonitrile are expected to be consumed
by 1990. The industrialized countries will be the main consumers; Western
Europe dominates, followed closely by North America and then Japan. The share

of developing countries is expected to be relatively high, about 18 per cent.
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The implicit rate of growth of demznd for this product is 5.9 per cent per
year which is relatively high and should lead to higher absolute demands for

this product in the fucure.

World demand for acetic acid in 1990 is expected to fall below 1 per cent
of total world demand for petrochemical products. This share is not likely to
change much as the elasticity measure for this product with respect to GDP
growth is almost unitary. North America is expected to remain the large.t
consuming region in 1990; the developing regions, however, are expected to
raise their share of total consumption to about 19 per cent from a share of

7.8 per cent in 1975,

The world demand for formaldehyde is forecast to be about 19 million MT/y
in 1990; the rate of growth of demand for formaldehyde is expected to be
7.5 per cent per ycar throughout the 1980s; this translates into an output
elasticity of about 2.08. Thus, it may be expected that the share of
formaldehyde in the total petrochemical consumption will continue to grow.
However, recent environmental concerns about the use of formaldehyde may

reverse this process.

Another intermediate product with an expected large demanc s VCM. The
world demand for VCM is forecast tc reach 17.4 million MT/y which represents
an uverage growth of about 4.9 per cent per year between 1985 and 1990 and
about 4.2 per cent between 1980 and 1990, Thus, the rates of growth of demand

and share in total world demand fer this product will likely rise in the 1990s.

World demand for ethylenme glycol is forecast to be 5.5 million MI/y in
1990. This relatively small amount represents not more than 1.3 per cent of
the expected total world demand for petrochemicals in 1990. North America is
expected to remain the major consuming region with a consumption share of over
48.7 per cent in 1990. South-East Asia is the most consuming developing
region with an expected share of 12.9 per cent (which is higher than that

forecast for Japan) in 1990.

The last intermediate petrochiemical product conszidered here is styrene,

which is fnrecast to grow rapidly between 1985 and 1990 --at the rate of
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6.0 per cent per year-- which is slightly tower than the rate that was
forecast for the period 1980-1985, i.e. 6.8 per cent per year. North America
will remain the dominant co-suming region, and the developing countries are
expected to represent only 12 per cent of total world demand for styrene in
1990.

(c) World demand for final petrochemical products, 1990

The largest forecast demand for final petrochemical products in 1990 is
that of LDPE; a total of 17.8 million MT/y of this product is expected to be
consumed. The yearly average groJsth rate of demand for LDPE is forecast to be
4.9 per cent between 1985 and 1990, this being higher “han the 4.6 per cent
predicted to prevail during the entire 1980-1990 period. Thus, the demand for
LDPFE is expected to accelerate in the middle to late 1980s. Western Europe is
projected to remain the major consuming region of LDPE in 1990, with a share
of 30 per cent. The share of developing countries is predicted to be slightly

above 19 per cent.

World demand for HDPE in 1990 is forecast to reach 9.7 million MT/y.
This is significantly lower than LDPE demand in the same year; however, the
rate of growth of demand for HDPE during the periods 1985-1990 and 1980-1990
is also significantly higher than that of LDPE. 1In fact, the demand for HDPE
is predicted to grow at an annual rate of 7.0 per cent during the period
1985-1990 and at an annual rate of 6.2 per cent during the entire period
1980-1990. Consequently, the dcomand for HDPE will increase in the latter half
of the 1980s. Whereas Western Europe accounts for the largest share of LDPE
consumption, North America accoun’s for the dominant share of total
consumption of HDPE, with an expected share of 38 per cent in 1990.
Developing countries as a group account for &£ share of 19.2 per cent in the

same year.

The demand for PET in 1990 is projected to be about 8 million MT/y. This
level is bound to rise, given its annual rate of increase of 6.4 per cent per
year between 1985 and 1990 which is significantly larger than the averagé
5.2 per <ent annual increase in total world demand for petrochemicals during

the seme period. Both South-East Asia and Japan are expected to experience
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significant increases in their demand, whereas the regional output
elasticities for this product in North America and Western Europe are both

below one in this period.

World demands for polypropylene and polyctyrene are estimated to be 8.9
and 9.0 willion MT/y in 1990, respectively. The corresponding demand for PVC
is almost equal to the sum of both the demands for polypropylene and
polystyrene in the same year. These proportions are pbound to change, as the
rates of growth in the demand for these products are not equal. During the
period 1985-1990, the demand for polypropylene 1is forecast to grow at the
annual rate of 7.4 per cent, whereas the derand for polystyrene and for PVC

will grow at the annual rate of 5.6 per cent and 4.7 per cent, respectively.

North America and Western Europe are expected to remain the major
consumers of polypropylene in 1990, but the consumption levels of developing
countries are expected to account for about 23.5 per cent in the same year.
In thke case of polystyrene, North America's demand is clearly dominant, with
an expected share of about 40 per cent of world demand for this product in
'990; the corresponding share of the developing countries is forecast to be

only 18.3 per cent.

The regional consumption patterns of PVC are closer to those of
polypropylene than to polystyrene. North America's demand is smaller than
Western Europe's, and the developing countries as a group account for about

24 per cent of total worlid demand for this product in 1990.

World demand for SBR is expected to exceed 7.9 million MT/y in 1990.
During the period 1985-1990, demand for SBR will grow at the rate of
4.4 per cent per year, whereas the world demand is expected to grow at

5.2 per cent per year.

World demands for both ABS and vinyl acetate are forecast to be less than
3 million MT/y in 1990; actually, the level of demand for ABS is predicted to
reach 2.6 million MT/y, and for vinyl acetate, 2.4 million MT/y. North

America's demand for ABS will dominate all other regional demands in 1990,
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wiereas it will be equal to Western Europe's demand for vinyl acetate. The
share of developing countries in total world demand for ABS is projected to be
equal to about 12 per cent, whereas it will reach almost 20 per cen*t of total

world demand for vinyl acetate in 1990.

The medium—term forecasts highlight a number of consistent events and
trends. First, the share of developing countries in world demand for
petrochemicals is increasing, particularly in the consumption of final
products. The developing countries' smaller shares of world demand for basic
and intermediate products are symptomatic of a lack of operational production
facilities in these regions. Secondly, world demand for petrochemicals is
generally output (GDP) elastic, in the sense that increases in GDP in most
regions are lower than increases in demand for petrochemical products.
Finally, South-East Asia is predicted to be the fastest growing consumer of

petrochemical products.,
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Table 4.12 World petrochemical consumption by region and product, 1990
(thousand metric tons/year)
Regions Africa N.Africa South
North Western CPE Other Latin (South + Middle South East World

Products America Europe Europe Japan developed America Sahara) East Asia Asie Total

ABS 1285.7 355.0 0.0 460.0 22.7 82.0 0.0 7.9 18.8 203.9 2636.9
Acetic acid 1576.1 1262.7 0.0 475.0 22.7 299.4 0.0 31.1 305.5 141.2 4113.8
Acrylonitrile 1330.6 1459.2 103.2 991.4 5.6 329.8 0.0 0.0 0.0 510.0 4729.9
Ammonias 39223.9 20085.0 25957.2 2900.0 1594.3 10633.6 0.0 2283.0 13740.0 0.0 116417.0
Butadiene 3549.8 1616.0 136.2 1207.1 90.0 429.8 0.0 0.0 $3.3 268.2 7350.3
Ethyl Benzene 8178.2 4018.6 1123.3 2579.1 200.2 699.4 ¢.0 0.0 42.9 402.1 17244.0
Ethylene 20272.8 13835.6 4600.0 4162.2 584.5 2505.6 0.0 $520.0 288.8 1828.7 48598.3
Ethylene Dichloride 9010.2 8083.9 655.1 2814.3 280.7 1020.2 0.0 112.9 107.7 1922.4 24007.4
Ethylene Glycol 2667.6 986.5 87.6 682.2 31.1 265.9 0.0 20.0 28.9 705.6 5475.3
Ethylene Oxide 3294.6 1804.1 192.1 915.2 32.1 264.5 0.0 0.0 32.6 228.7 6764.0 I
Formaldehyde 4025.1 10543.1 712.7 1430.5 170.5 686.3 0.0 140.2 78,5 1108.2 18895.1 @
HDPE 3679.2 2066.2 1200.0 636.5 247.6 742.6 0.0 207.1 107.1 798.3 9684.6 o
LDPE 4834.0 3356.4 2375.3 1144.9 425.1 1616.3 0.0 750.0 180.5 1154.2 17856.4
Methanol 3903.4 4440.6 3439.7 1184.0 92.7 648.7 0.0 83,2 283.9 755.0 14883.3

PET 2174.7 959.6 884,2 1253.5 88.6 656.6 37.6 39.3 102.1 1771.7 7967.8

PVC 3942.1 4815.4 <100.0 1422.5 431.6 1261.2 G.0 610.0 144.2 1985.0 16711.9
Polypropylene 2547.3 2410.1 800.0 837.7 218.5 610.2 2.4 220.0 37.6 1217.3 8901.0
Polystyrene 3568.4 2158.1 747.7 808.0 114.5 634.8 0.0 180.0 24,5 813.3 9049.3
Propylene 11988.0 9183.1 3048.0 4070.3 277.2 1616.2 0.0 250.0 111.9 1152.5 31697.3

OBR 3124.8 1299.1 1469.9 898.7 57.5 528.5 0.0 26.9 40.9 456.6 7902.9
Styrene 5917.7 3642.6 1084.3 2287.4 200.6 907.0 0.0 0.0 37.3 768.1 14B45.0

Voo 4328.8 $334.8 2554.3 1642.4 371.1 1048.9 0.0 65.3 104.0 1986.8 17436.4
Vinyl acetate 734.1 713.9 0.0 446.6 18.5 211.4 0.0 27.6 18.1 216.7 2384.8
Regional total 145177.1 106029.8 33320.9 35230.5 5577.9 27699.0 39.9 3376.4 15887.0 20394.4 445552.9

Source:

Econometric Research data files.
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Table 4.13 World petrochemical consumption by region and product, 1990
(row percentages)

Regions Africa N.Africa South
North Western CPE Other Latin (South + Middle South East World

Products America Rurope Europe Japan developed America Sahara) East Asia Asia Total

ABS 48.76 21.05 0.00 17.47 .86 3.11 0.00 .30 .71 7.73 100.00
Acetic acid 38.31 30.69 0.00 11.55 .55 7.28 0.00 .76 7.43 3.43 100,00
Acrylonitrile 28.13 30.85 2.18 20.96 .12 6.97 0.00 0.00 0.00 10.75 100.00
Ammonis 33.69 17.25 22.30 2.49 1.37 9.13 0.00 1.96 11.80 0.00 100.00
Butadiene 48.29 21.99 1.05 16.42 1.22 5.85 0.00 0.00 .73 3.65 100.00
Ethyl Benzene 47.43 23.30 6.52 14.96 1.16 4.06 0.00 0.00 .25 2,33 100.00
Ethylene 41.72 28.47 9.47 8.56 1.20 5.16 0.00 1.07 .59 3.76 100,00
Ethylens Dichloride 37.53 33.67 2.73 11.72 1.17 4,25 0.00 .47 .45 8.01 100.00
Ethylene Glycol 48.72 18.02 1.60 12.46 .57 4.86 0.00 .37 .53 12.89 100.00
Ethylene Oxide 48.71 26.67 2.84 13.53 .47 3.91 0.00 0.00 .45 3.38 100,00
Formaldehyde 21.30 $5.80 3.77 7.57 .90 3.63 0.00 .74 .42 5.86 100.00 :
HDPR 37.99 21.34 12.39 6.57 2.56 7.67 0.00 2.14 1.11 5.24 100.00 8
LDPE 27.18 30.00 13.30 6.41 2.38 9.05 0.00 4.20 1.01 6.46 100.00 )
Methanol 26.23 29.84 23.45 7.96 .62 4,36 0.00 .57 1.91 3.07 100,00

PET 27.29 12.04 11.10 15.73 1.11 8.24 .47 .49 1.28 22.24 100.00

PVC 23.59 28.81 12,57 8,51 2.58 7.55 ©.00 3.65 .86 11.88 100.00
Polypropylene 28.62 27.06 8.99 9.41 2.45 6.85 .03 2.47 .42 13,68 100.00
Pclystyrene 39.43 23.85 8.26 8.93 1.27 7.01 0.00 1.99 .27 8.99 100.00
Propylene 37.82 28.97 9.62 12.84 .87 5.10 0.00 .79 .33 3.64 100,00

SBR 39.%4 16.44 18.60 11.37 .73 6.69 0.00 .34 .52 5.78 100.00
Styrene 39.86 24.54 7.30 15.41 1.35 6.11 0.00 0.00 .25 $5.17 100.00

o 24.83 30.60 14.65 9.42 2.13 6.02 0.00 1.37 .60 11.39 102.00
Vinyl acetate 30.78 29.94 0.00 18.73 .78 8.86 0.00 1.16 .67 9.09 100.00
Regi-nal total 34.94 25.66 12.83 8.48 1.34 6.67 .01 1.34 3.82 4,91 100.00

Source: Bconometric Research data files.




Table 4.14 World petrochemical corsumption by region and product, 1990
(column percentages)

Regions Africa N.Africa South

North Western CPE Other Latin {South + Middle South East World
Products America Burope Burope Japan developed America Sahara) Eest Asia Asia Total
ABS .89 .52 0.00 1.31 .41 .30 0.00 .20 .12 1.00 .63
Acetic acid 1.09 1.18 0.00 1.35 .41 1.08 0.00 .79 1.92 .69 1.01
Acrylonitrile .92 1.37 .22 2.81 .10 v.19 0.00 0.00 0.00 2.50 1.16
Ammonia 27.02 18.84 55.93 8.23 28.58 38.39 0.00 58.29 86.49 0.00 28.60
Butadiene 2.45 1.52 .29 3.42 1.61 1.55 0.00 0.00 .34 1.31 1.81
Bthyl Benzene 5.63 3.77 2.42 7.32 3.59 2.52 0.00 0.00 .27 1.97 4.24
Ethylene 13.96 12.98 4.06 11.81 10.48 9.05 0.00 3.31 1.82 8.97 11.18
Ethylene Dichloride 6.21 7.56 1.41 7.98 5.03 3.68 0.00 2,88 .68 9.43 5.90
Ethylene Glycol 1.34 .93 .19 1.94 .36 .96 0.00 .18 .18 3,46 1.34 !
Ethylene Oxide 2.27 1.69 .41 2.60 .58 .96 0.00 0.00 .21 1.12 1.66 ©
Formaldehyde 2.717 9.89 1.54 4,06 3.06 2.48 0.00 3.58 .49 5.43 4.64 '
HDPE 2.33 1.94 1.29 1.81 4.44 2.68 0.00 $5.29 .67 3.91 2.23
LDPE 3.34 5.02 4,69 3.25 7.62 5.84 0.00 8.51 1.14 5.66 4.24
Methanol 2.69 4.18 7.52 3.36 1.66 2.34 0.00 2.18 1.79 3.70 3.66
PET 1.50 .90 1.9 3.56 1.59 2.37 94.08 1.00 .64 8.6¢ 1.96
PVC 2.72 4.52 3.88 4,04 7.74 4.55 0.00 6.93 .91 9.73 3.95
Polypropylene 1.75 2.26 .89 2.38 3.92 2.20 5.92 1.45 .24 5.97 2,05
Polystyrene 2.46 2.02 1.61 2.29 2.05 2.29 0.00 1.94 .15 3.99 2.20
Propylene 8.26 8.61 74 11.55 4.97 $5.83 0.00 .41 .70 5.65 7.07
SBR 2.15 1.22 3.17 2.33 1.03 1.91 0.00 .69 .26 2.24 1.94
Styrene 4,08 3.42 2.34 6.49 3.60 3.27 0.00 0.00 .23 3.77 3.65
veu 2.98 5.00 5.50 4,66 6.65 3.79 0.00 1.67 .65 9.74 4,28
Vinyl acetate .31 .67 0.00 1.27 .33 .76 0.00 .70 .10 1.06 .59
Regional total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 10G.00 100.00

Source: Econometric Research date files.
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Table 4.15 Rate of growth of world petrochemicel consumption
by region and product 1980-199%0

S Regions Africe N.Africa South
North Western CPR Other Latin (South + Middle South EBast World
Products Americae Europe Burope Japan developed America Sahara) East Asis Asia Totel
ABS .123 052 0.000 .073 .050 .083 0.000 .102 .142 111 .092
Acetic acid .013 .038 0.000 .030 .029 .080 0.000 .022 .253 097 .036
Acrylonitrile .069 .046 .04 .068 .065 .087 0.000 0.000 0.000 . 094 .064
Ammonia .056 .037 .034 .023 .031 105 0,000 . 066 .081 0.000 .081
Butediene .082 .040 <142 .067 .050 .052 0.000 0.000 .093 .105 .068
Ethyl Benzene 076 .036 .064 .074 .034 .078 0.000 0.000 .060 .128 . 065
~Bthylene .040 022 . 040 -.000 .035 . 069 0.000 .095 . 064 .078 .033
Ethylene Dichloride .043 .021 . 060 . 005 .092 .057 0.000 .099 .078 .078 .034
Ethylene Glycol .027 .035 .076 .044 . 007 . 062 0.000 0.000 .083 .082 .038
Ethylene Oxide .028 .035 .062 .055 .025 .040 0.000 0.000 .074 .043 .035
Formsaldehyde .038 .109 .033 .025 . 055 . 061 0.000 .066 . 042 .073 .075
HDPE . 064 .036 .116 015 .067 .003 0.000 075 077 .107 062 !
LDPE . 043 .025 .080 .028 .058 .069 0.000 .073 . 066 .093 . 046 N
Methanol .013 .030 .029 . 005 .050 .063 0.000 .079 .150 .092 .028 t
PET .031 .030 .073 . 098 . 051 . 065 . 096 ,034 .083 .087 .039
PVC ,050 .021 .041 -.000 .057 . 064 0.000 .057 061 .096 . 040
Polypropylene .058 .069 .103 -.004 .079 .091 -.024 .139 .083 .098 .064
Polystyrene .083 . 026 .066 .018 .062 .081 0.000 .066 . 0635 .103 .059
Propylene .060 . 049 .054 . 046 .063 .088 0.000 .556 . 063 .090 .057
SBR .078 .010 .046 .059 .037 . 039 0.000 .084 .064 .100 .033
Styrene .081 .032 .063 065 .058 .082 0.000 0.000 .070 .117 .064
o .047 .025 .066 .005 044 .056 0.000 .101 .098 . 090 .042
Vinyl acetate .0¢0 .038 0.000 .003 .036 .078 0.000 .038 124 .106 .032
V.A. agriculture .034 .018 0.000 .026 0.000 0.000 0.000 0.000 0.000 0.000 . 024
V. A. manufacturing . 041 .040 0.000 .027 0.000 0.000 0.002 0.000 0.000 0.000 .038
V. A. construction .C39 .022 0.000 .007 0.000 0.000 0.000 0.000 0.000 0.000 .034
Consumption .028 .021 0.000 . 049 0.000 0.000 0.000 0.000 0.000 0.000 .027
GDP .027 .02 .036 . 045 .027 . 046 .01$ . 065 .037 . 055 .031
Regional total .052 .037 044 .029 . 046 .082 -.199 .076 . 082 .090 .049

7§§!ig§: Econometric Research data files. ,)
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Table 4.16 Rate of growth of world petrochemical consumption
by region and product 1985-1990

Regions Africa N.Africa South

North Western CPE Other Latin {South + Middle South East World
Products America Europe Europe Japan developed America Sahara) Eust Asia Asia Total
ABS .070 .056 0.000 . 091 .048 ,095 0.000 050 117 . 129 075
Acetic acid .020 .039 0.000 .015 .030 ,085 0.000 . 089 .083 .131 .037
Acrylonitrile .055 .043 .036 .065 . 048 .095% 0.000 0.000 0.000 .099 .059
Ammonia .055 .043 .036 .022 . 048 . 095 0.00V . 066 064 0.000 .052
Butadiene . 049 .036 .039 .078 044 .064 0.000 0.000 077 .120 .053
Ethyl Benzene .059 .034 .054 .083 .064 .089 0.000 0.000 . 046 126 .058
Ethylene .045 .026 .045 .012 . 051 .087 0,000 . 082 . 067 113 .041
Ethylene Dichloride . 046 .026 . 063 .031 .061 . 082 0.000 . 146 .062 .110 . 044
Ethylene Glycol .032 .029 - 066 .063 . 048 .073 0.000 -.036 . 065 .105 . 046
Ethylene Oxide .032 .029 . 066 .063 ,048 073 0.000 0.000 065 . 105 . 040
Formaldehyde .034 .100 .052 . 041 .05¢ .076 0.000 .119 052 .087 .075 '
HDPE .067 . 042 .084 .064 .071 .097 0.000 . 134 067 .114 .070 0
LDPE . 045 .033 .046 .047 .060 .081 0.000 .064 ,076 .092 .049 W
Methanol .021 .037 .036 .026 .056 .081 0.000 . 111 .078 . 099 .037 !
PET .030 .029 .066 .105 . 048 .073 .199 . 066 .080 . 105 .065
PVC .046 .026 .043 .031 .061 .082 0.000 .039 .062 .110 047
Polypropylene .062 .068 .099 .043 .082 .101 .031 .047 .097 .115 .074
Polystyrene .059 .028 .057 .056 . 064 .087 0.000 .037 .046 . 110 056
Progylene .057 .045 .075 .056 .073 . 099 0.000 .021 .066 .115 .060
SBR .043 .012 .039 .077 .030 .054 0.000 .151 044 <115 044
Sty-ene .059 .034 .054 .083 . 064 . 089 0.000 0.000 . 046 .126 . 060
VCH . 046 .02% .063 .031 .061 .082 0.000 .146 .062 .110 .049
Vinyl acetate . 020 .039 0.000 . 015 .030 .085 0.000 . 089 .083 . 131 .039
V.A. agriculture .030 .009 0.000 .033 0.000 0.000 0.000 0.000 0.000 0.000 ,01Y
V. A. manufacturing .043 .032 0.000 . 065 0.000 0.000 0.000 0.000 0.000 0.000 .040
V. A. constcuction .048 .019 0.000 .048 0.000 0.000 0.000 0.000 0.000 0.000 .033
Consumption .032 .027 0.000 .057 0.000 0.000 0.000 0.000 0.000 0.000 .033
GDP .032 .027 .036 .057 .030 .055 .031 .050 .037 .070 .036
Regional total . 049 .040 .045 . 046 . 056 .088 . 184 .078 . 065 .109 052

Source: Econometric Research deta files. ’/
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4.2.4 World demand for petrochemical oroducts in the vear 2000

Although forecasts of the world demand for petrochemical products were
generated for the intermediate period 1990-1995, only the results of these
forecasts will be presented. The discussion in this section is restricted to

the forecasts for the year 2000.

These long-term forecasts can be best evaluated by comparing them to the
situation existing in 1980. Only then is it possible to portray the emerging
trends and structural changes that are expected to take place., For 1995 see

tables 4.17 to 4.21, for 2000 see tables 4.22 to 4.26,

(a) World demand for basic petrochemical products in the year 2000

World demand for basic petrochemical products is forecast to more than
double between 1980 and the year 2000. In fact, the level of total demand for
basic petrochemical products is predicted to exceed 332.0 million MI/y, a

figure that is 2.5 times the corresponding level in 1980.

Demand for ammonia at 183.4 million MT/y will still dominate otner
demands for petrochemicals. The average annual rate of growth in the demand
for ammcnia becween 1980 and 2000 is predicted to be 4.9 per cent, which is
exactly equal to the rate of growth of the total world demand for petro-
chemicals over the same period. Consequently, the share of ammonia in total
world demand for petrochemicals, which was 27.9 per cent in 1980, will remain
at 28.1 per cent in the year 2000. The consumption of ammonia in developing
countries is expected to account for about 25 per cent of the total world
demand for this product in the year 2000. This represents a substantial
increase over the 1980 share of 17 per cent. The share of industrialized
courtries will decline, except for that of North America; a major decrease

will occur in the share of Eastern Europe's consumption.

World demand for methanol will reach 21.6 million MT/y in the year 2000.
This is less than double the 1980 level of demand; thus, the rate of zrowth of
demand for this product will fall short of the overall rate of increase in

demand for petrochemicals. The anticipated average annual increase in demand




for methanol beiween 1580 and 2000 is oanly
below the rate of growth o1 the world real GDP. The share of developing
countries in total consumption of methanol will rise, as the rates of growth
of their respective demands over the period 1980-2000 are relatively high.
The annual rate of growth of Latin American demand for methanol will be

6.8 per cent, that of the Arab region 8 per cent during the same period. By
the year 2000, develuping countries will account for about 17 per cent of the
world total consumption of methanol, whereas they represented less than

7 per cent in 1980.

World demand for ethylene is projected to be about 72.4 million MT/y in
the year 2000, a figure which represents a relatively modest increase over the
1980 level of 35 million MT/y. The implicit annual rate of growth of demand
for ethylene over the entire 1980-2000 perind is forecast to be 3.7 per cent,
which is significantly lower than the expected growth rate of total world
demand for petrochemicals. Consequently, the share of consumption of ethylene
ia total world demand for petrochemicals will likely fall frouw 13 per cent in
1980 to 10.4 per cent in the year 2000. North America will maintain its share
of world consumption of ethylene at about 42 per cent; however, Western Europe
will experience a decline in its share of consumption from 32 per cent in 1980
to 24.8 per cent in the year 2000. However, a major decline in the
consumption share will take place in Japan, where it is expected to decrease
from almost 12 per cent ia 1980 to 9 per cent in the year 2000. Developing
countries together will account for 15.4 per cent of the total demand for
ethylene, which represents a significant increase over their 7.2 per cent

share in 1980.

World demand for propylene in the year 2000, while not as high as that of
ethylene, will nonetheless be a significant 56 million MT/y. This is the
result of a rate of growth of 5.8 per cent per year between 1980 and 2000
which is slightly higher than the 4.9 per cent per year growth in total world

demand.

North America will account for over 35 per cent of the world demand for
propylene, a figure not much different from its share in 1980. Western

Europe, however, will experience a decrease in its share, from 31.4 per cent
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in 1980 to 24.4 per cent in the year 2000, while Japan will alrost maintain
its share throughout the period. The developing countries, which accounted
for almost 8 per cent in 1980, will account for almost 14 per cent in the year
2000.

World demand for butadiene will average 1.2 million MT/y in the year
2000, or almost 3 times the corresponding level of 1980. The expected annual
rate of growth in the demand for butadiene betweer 1980 and 2000 is
6.0 per cent. Developing countries will account for about 13 per cent of
world demand for butadiene in the year 2000, whereas they represented only

5 per cent in 1980.

(b) World demand for intermediae petrochemical products in the year 2000

There have been a number of changes in the structure of deman:. ior

intermediate petrochemical product at the commodity and/or regional levels.

The ethylene block (ethylene dichloride, ethylene glycol, ethyl-benzene,
ethylene oxide) constitutes the major intermediate building block in the
petrochemical production chain. Together, these products account for a
considerable demand which is expected to vreach 84.4 million MT/y in the year
2000; they will account for 45.5 per cent of the world demand for intermediate

petrochemical products at the turn of the century.

The major product within this group is ethylene dichloride. The regional
demand pattern for this product is likely to change considerably. Whereas
Western Europe had a share of 38.2 per cent of world demand for ethylene
dichloride in 1980, this share is forecast to drop to 28.6 per cent by Lhe
year 2000, The opposite is expected to happen to the share of North) America;
it will rise from 34.3 per cent in 1980 to 37.2 per cent in the y:2ar 2000. It
is also expected that the share of developing countries in world demand for
EDC will rise from about 9 per cent in 1980 to over 19 per cent “owards the
turn of the century. These structural changes are the result of Jifferential
growth rates of demands, which are explained primarily by differential output

elasticities.
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The sha-e of the demand for ethyl-benzene in the expected world demand
for intermediate petrochemicals is zrojected to increase. This is the result
of a relatively high growth rate cf 5.9 per cent per year throughout the
period 1980-2000. Actually, ethyl-benzene is the only intermediate ethylene-
block product for which the demand will grow faster than for all petrochemical

products during the came period.

The general trend of a declining Western European share i world demand
for intermed:ate products is perhaps more evident in this case than anywhere
else. Western Europe's share was 30.5 per cent in 1980 and is projected %o
decline to 19.1 per cent ia the year 2000. Again, North America's share will
rise, and so will the share of developing countries. Since demand for
intermediate products in our model is a derived demand and reflects a demand
for a factor of production, the regional patterns of demands may reflect an

underlying shift in the production certres of these commodities.

The combined world demands for ethylene-glycol ard ethylene-o:ide is
relatively small. However, both of these products are important in the
manufacture of polyester fibres and PET. Both of these products are scheduled
to experience declining shares in total world demand for petrochemicals in the
year 2000, and as such both are projected to grow at lower rates than that of
the total world demand. During the period 1980-2000, ethylene glycol will
grow at the average annual rate of 4.3 per cent, and ethylene-oxide at the
rate of 3.8 per cent. In both of these products North America is the major
consumer, although its share is expected to drop from 50 per cent and above
1980 to almost 40 per cent in the year 2000. The South-East Asia region is
predicted to account for a major proportion of developing countries’ demand

for these products.

World demand for acrylonitrile is forecast at 8.1 million MT/y in the
year 2000. This is almost 3.2 times the corresponding level in 1980. The
implicit rate of growth of the demand for acrylonitrile during the period
1980-2000 is 6.0 per cent per year, a figure substantially above the
4.9 per cent per year growth in total world demand for petrochemicals, or the

3.4 per cent per year growth in world real GDP. North America, Western Europe
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and Japan will each individually account for over 20 per cent of the world
demand for this »roduct in the year 2000, whereas Latin America and South-East

Asia together will account for almost 23 per cent during the same year.

The demand for acetic acid is forecast to exceed 5.9 million MT/y
primarily as an input into the production of vinyl acetate. Developing
countries are expected to account for over 25 per cent of world demand for
acetic acid by the year 2000. South Asia and Latin America are expected to be

the two main areas of consumption of this product.

World demand for formaldehyde is ‘orecast to exceed 33.7 million MT/y at
the turn of the century. Much of this demand will be concentrated in Western
Europe, which alone will account for 60.3 per cent of world demand for the
product. North America, which accounted for 30.1 per cent of the total world
demand for this product in 1980, will account for only 16.6 per cent in the
year 2000. Developing countries, which together have accounted for little
over 10 per cent in 1980, will account for roughly the same percentage in the
year 2000.

World demand for VCM, which is a higher-order intermediate petrochemical
product, is forecast to reach 11.6 million MT/y. The rate of growth of this
demand from 1980 onwards is expected to be 4.5 per cent. and this figure is a
little less than the overall rate of growth of world demand for total
petrochemical products. The share of developing countries in the total demand
for VCM was little over 13 per cent in 1980; by the turn of the century, it is

expected to be around 25 per cent.

The demand for styrene is expected to grow at 5.9 per cent per year; for
this reason, its share in the total demand for petrochemicals will grow in
step. In absolute amourt, the forecast demand for styrene will reach
25.4 million MT/y. This figure is 3.17 times the corresponding magnitude in
1980. The regional pattern of demand for styrene is expected to undergo some
significant changes between 1980 and 2000. The pattern of the demand for
styrene in 1980 showed North America and Western Europe with a 1/3 share each,
with Japan accounting for 15.3 per cent and the developing countries

explaining only about 8 per cent. The regional profile of demand for styrene
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at the turn of the century shows an increase in the North American share of
the total demand for styreme to 39 per cent, a decrease in Western Europe's
share to 20 per cent, an increcase in Japan's share to 18 per cent, and an

increase in the share of the developing countries to 1l4.1 per cemnt.

The genmeral trend in demand for intermediate petrochemical products is
abundantly ciear; Western European demand is decreasing, that of North America
is increasing, but the major increase is in the share of developing countries,

and particularly in the South-East Asia region.

(c) Vorld demand for final petrochemical products in the year 2000

Demand for final petrochemical products is expected to account for little
over one fifth of the total world demand for petrochemicals. As such, it does
not appear that a major change in the structure of world demand for petro-

chemicals will take place with regard to the group of final products.

The total demand for final petrochemical products in 1980 was
47.5 million MY/y. This demand is likely to exceed 153.3 million MI/y in the
year 2000. The final period demand is 2.85 times the initial period demand.
By way of comparison, the ratio of final period total petrochemical demand to

the initial period magnitude is omly 2.59.

Although the group of final petrochemical products will maintain and
slightly increase its share in total petrochemical demand throughout the
period 1980-2000, the structure of product demand aad the regional

distribution of demand will chunge markedly during this pericd.

World demand for ABS is only a small fraction of the demand for total
petrochemical products; however, it is one demand that is likely to grow v
fast. In fact, the predicted rate is 7.8 per cent per year, which is the
highest rate of growth in the system between 1980 and the year 2000. The
regional pattern of demand for this product will change with time. The share
of North America in world demand for ABS will increase from 37 per cent in
1980 to 47 per cent in the year 2000. The share of Western Europe will

decrease significantly from a 30.6 per cent share in 1980 to a 17.8 per cent




at the turn of the cemtury. Japan will maintain almcst the same 20 per cemt
share, wheress the developing countries will increase their share from

10.5 per cent in 1980 to sbout 15 per cent by the year 2000.

Most of the demands for final products will show a higher growth rate of
demand than that of the total demand for all petrochemicals, PET is one such
product whose demand growth is predicted to average 6.0 per cent per year.
Thus, the total demand for PET, which was 4.5 million MI/y in 1980, is
expected to rise to 14.3 million MT/y at the end of the century. Most of the
industrialized countries are expected tc reduce their share in the total
consumption of PET. North America is forecast to reduce its share from
35.5 per cent to 20.5 per cent, Western Europe from 15.8 per cent to
8.8 per cent. On the other hand, the share of developing countries im the
consumption of PET is expected to rise markedly from about 27 per cent in 1980

to 40 per cent in the year 2000.

The world combined demand for HDPE and LDPE is forecast to reach
45.9 million MY/y in the year 2000. This is a substantial increase over the
level of 16.2 million MT/y in 1980. The rates of growth of the individual
demands are different, however, with HDPE growing at an annual rate of
6.1 per cent, whereas LDPE will grow at the rate of 4.7 per cent. The
regional pattern of demand for both products is very similar indeed. North
America will slightly reduce its share, Western Europe will suffer a major
decline in its share, Eastern Europe will experience a rise in its share, and
Japan will likely face an increase in its share. On the other hand, the
developing countries' demand for these two producis will rise quickly and
thereby increase the share of each sub-region in the total demand for HDPE and

LDPE by the end of the century.

World demand for polypropylene and polystyrene constitutes a major part
of the demand for final petrochemical products. By the year 2000, the total
world demand for these two products is forecast éo exceed 32.8 million MI/y.
The rates:of growth of both demands are comparatively high, being 6.6 per cent
per year for polypropylene and 5.7 per cent per fear for polystyrene. Since
both of these rates are significantly higher thad the rate of growth of either
world real GDP or the total world demand for pet:ochem'*als, the share of

these products in world overall demand for petrochemicals will rise

accordingly.
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The regional distribution of demand is different for each product. The
share of demand for polypropyleme in Nerth America in total world demand for
polvpropylene is expected to fall, that of Western Europe to fall siightly,
that of Eastern Europe to rise, that of Japan to fall drastically and that of
developing countiier to rise significantly. This pattern is not evident in
the case of polystyrene. The share of North America's demand for polystyrene
in world demand is expected to rise in the year 2000 over 1980. However, the
share of Western Europe’'s demand is expected to fall drastically, that of
Eastern Europe to rise slightly, and that of Japan to fall. Moreover, the
share of developing countries' demand in the total demand for this product is
forecast to rise from almost 13 per cent in 1980 to over 24 per cent in the

year 2000.

World demand for PVC is expected to grow at the rate of 4.4 per cent per
year, rising from a level of 11.3 million MT/y in 1980 to over
26.9 million MT/y at the turn of the century. Since the rate of growth in the
demand for PVC is slightly lower than the growth rete in the overall demand
for petrochemical products and higher than the world rate of real GDP growth,
the share of the demand for PVC in total petrochemical demand will fall
slightly below its 1980 level, but the demand for PVC will continue to rise.
The regional distribution of the demand for PVC will change in the generally
observed pattern discussed above. North America's demand will maintain its
share in the total demand for PVC between 1980 and 2000, Western Europe's
share will fall drastically from 34.7 per cent in 1980 to 23.2 per cent by the
year 2000, Eastern Europe's share will fall slightly, Japan's will fall by
almost half and the share of every developing region will rise, but that of

South-East Asia will more than double.

World demand for SBR is projected to reach 12.4 million MT/y in the year
2000. Given that the level of demand for this product was only
4.7 million MT/y in 1980, this represents an annual growth rate of
5.0 per cent. North America is expected to increase its share in total SBR
demand and again Western Europe will face a declining share, Eastern Europe
will experience s slight decline, Japan will increase its share and so will
the developing countries (except Latin America, which will face a slight

decrease towards the end of the century).




Table 4.17 World petrochemical consumption by region and product, 199S
(thousand metric tons/year)

Reglons Africa N.Africe South
North Western CPE Other Latin (South + Middle South East World
Products Americe Europe Rurope Japan developed America Sahara) East Asia Asia Totanl
ABS 1741.8 705.6 0.0 674.7 28.2 121.2 0.0 10.1 28.4 333.7 364).7
Acetic acid 1745.8 1516.1 0.0 516.9 26.4 431.1 0.0 44.9 426.2 231.9 4939.3
Acrylonitrile 1716.9 1772.9 123.1 1336.7 7.0 487.2 0.0 0.0 0.0 777.8 6221.6
Ammonia 50612.7 24403.2 30948.1 3100.0 1977. 15707.3 0.0 3148.0 16700.0 0.0 146597.2
Butadiene 4495.5 1912.4 164.4 1706.5 110.1 $79.1 0.0 0.0 73.1 430.6 9471.7
Ethyl Benzene 10652.7 4722.9 1434.3 3694.3 262.3 1016.0 0.0 0.0 53.3 653.4 22489%.3
Ethylene 24926.9 13754.6 $720.0 4452.2 733.6 3624.4 0.0 816.0 385.0 2890.2 39302.9
Ethylene Dichloride 11151.9 9203.4 862.0 3310.1 363.9 1434 .4 0.0 184.1 141.0 3014.3 29685.2
Ethylene Glycol 3129.4 1137.7 116.3 920.8 38.7 369.4 0.0 3.6 38.3  1094.9 6881.3
Ethylene Oxide 3865.0 2080.6 234.9 1233.3 40.0 367.6 0.0 0.0 43,2 333.0 8241.3
Formaldehyde 4746.2 13127.6 904.4 1784.8 217.7 961.5 0.0 217.5 99.5 1638.5 25697.6
HDPE 4876.9 2503.5 160.0 857.1 331.0 1101.7 0.0 330.3 142,7 1264.,8 13008.0
LDPE 5969.3 6286.8 2846.9 1456.0 550.0 .2301.6 0.0 1274.0 246.6 1731.5 22662.7
Methanol 4351.7 5276.7 4160.7 1392.0 118.3 923.0 0.0 129.8 390.5 1153.9 17896.5
PET 2528.1 1103.2 1173.1 1904.1 110.3 912.3 63.7 52.9 141.3  2749.4 10739.1
PVC 4879.1 5482.3 2370.8 1673.1 559.5 1797.9 0.0 1084.8 188.8 3112.7 21748.)
Polypropylene 3319.9 3184.2 1237.0 1037.4 300.9 915.2 2.7 353.0 54,3 1930.8 12335.5
Polystyrene 4654 .8 2480.1 962.1 1064 .0 149.8 919.1 0.0 483.0 30.5 1277.1 12019.3
Propylene 15463.7 11262.5 4373.0 5337.8 372.7 2414.1 0.0 350.0 148.3 1828.0 41552.0
SBR 3871s5.1 1385.1 1774.4 1266.4 66.8 688.5 0.0 44,2 0.3 724.3 9875.3
Styrene 7708.3 4281.0 1384.3 3276.5 262.8 1317.7 0.0 0.0 46.4 1248.1 193524.9 4
Ve 5357.7 6073.6 3361.0 1931.8 481.0 1495.3 0.0 106.3 136.2  3115.4 22038.6
Vinyl acetate 813.1 857.2 0.0 485.9 21.5 304.4 0.0 9.8 22.4 356.0 2900.2
Regional total 182582.6 128514.0 65772.7 44414 .4 7130.2 40210.0 66.4 8703.0 19586.2 31912.6 $28892.1
Source: BEconometric Research data files.




Table 4.18 World petrochemical consumption by region and product, 19935
(row percentages)

Regions Africa N.Africa South
North Western CPE Other Latin (South + Middle South Rast World

Products America Europe Europe Japan developed America Saharas) Rast Asia Asie Total

ABS 47.80 19.36 0.00 18.52 7 3.33 0.00 .28 .78 9.14 100.00
Acetic acid 35.35 30.70 0.00 10.46 .53 8.73 0.00 .91 8.63 4.69 100.00
Acrylonitrile 27.60 28.50 1.98 21.48 .11 7.83 0.00 0.00 0.00 12.50 100.00
Ammonia 34.53 16.65 21.11 2.11 1.35 10.71 0,00 2.15 11.39 ¢.00 109.00
Butadiene 47.46 20.19 1.74 18.02 1.16 6.11 0.00 0.00 77 4,35 100.00
Ethyl Benzene 47.37 21.00 6.38 16.43 1.17 4.52 0.00 0.00 .24 ?2.91 100.00
Ethylene 42.03 26.57 9.65 7.51 1.24 6.11 0.00 .37 .69 5.21 100.00
Ethylene Dichloride 37.57 31.00 2.90 11.15 1.23 4.90 0.00 .62 . A8 10.1% 100.00
Ethylene Glycol 45.48 16.53 1.69 13.38 36 3.37 0.00 .14 1 15.97 100.00
Ethylene Oxide 46.90 25.25 3.09 14.99 .48 4.46 0.00 0.00 . 52 4.31 100.00
Formaldehyde 18.47 58.87 3.52 6.95 .85 3.74 0.900 .85 .39 6.38 100.00
HDPE 37.49 19.25 12.30 6.59 2.54 8.47 0.00 2.69 1.16 10.32 100.00
LDPX 26.34 27.74 12.56 6.42 2.43 10.16 0.00 2.37 1.13 7.90 100. 00
Methanol 24.32 29.48 23.25 7.78 .66 5.16 0.00 .73 2.18 6.45 100.00
PET 23.54 10.28 10.92 17.73 1.03 8.50 .59 .49 1.32 25.60 100.00
PVC 23.07 25.92 11.21 7.91 2.65 8,50 0.00 2.16 .92 15.18 100.00
Polypropylene 26.91 25.81 10.03 8.41 2.44 7.42 .02 .79 .48 16.93 100.(¢0
Polystyrene 38.73 20.63 8.00 8.85 1.25 7.65 0.00 1.06 .26 10.95 100.00
Propylene 37.22 27.10 10.53 12.35 .90 5.81 0.00 .05 .40 4.91 100.00
SBR 39.24 14.03 17.97 12.82 .68 6.97 0.00 .45 .51 7.34 100.00
Styrene 39.48 21.93 7.09 16.78 1.35 6.75 0.00 0.00 .24 6.39 100.C0
VCM 24.29 27.53 15.24 8.76 2.18 6.78 0.00 .48 .62 14,12 100.¢0
Vinyl acetate 28.04 29.56 0.00 16.75 .74 10.50 0.0U 1.37 7 12.27 100.C0
Regional totai 34.52 24.30 12.44 8.40 1.35 7.60 .01 1.11 3.79 6.17 100.00
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Source: Econometric Research data files.



Table 4.19 World petrochemical consumption by region and product, 1995

(column percentages)

Regions Africe N.Africa South

North Western CPE Other Latin (South + Middle South East

Products America Burope Europe Japan developed America Sahara) East Asia Asia
ABS .95 .55 0.00 1.52 .40 .30 0.00 .18 .15 1.05 .70
Acetic acid .96 1.18 0.00 1.16 .37 1.07 0.00 .79 2.18 .73 .95
Acrylonitrile .94 1.38 .22 3.0 .10 1.21 0.00 0.00 0.00 2.44 1.20
Ammonia 27.72 18.99 54.09 6.98 27.74 39.06 0.00 55.06 85.26 .00 28.34
Butadiene 2.46 1.49 .29 3.84 1.54 1.44 0.00 0.00 .37 1.35 1.85
Ethyl Benzene 5.83 3.68 2.51 8.32 3.68 2.53 0.00 0.00 .27 2.05 4,35
Ethylene 13.65 12.26 4,46 10.02 10.29 9.01 0,00 3.56 1.97 9.06 10.73
Ethylene Dichloride 6.11 7.16 1.51 7.45 $5.10 3.62 0.00 3.22 72 9.45 5.74
Ethylene Glycol 1.71 .89 .20 2.07 .34 .92 0.00 .16 .20 3.43 1.32
Ethylene Oxide 2.12 1.62 .45 2.78 .96 .91 0,00 0.00 .22 1.11 1.59
Formaldehyde 2.60 11.77 1.58 4.02 3.05 2.39 0.00 3.80 .51 5.13 4,97
HDPR 2.67 1.95 1.49 1.93 4,64 2.74 0.00 5.78 .73 3.96 2.37
LDPE 3.27 4.89 4.98 3.28 7.71 5.72 0.00 9.10 1.26 5.43 4,23
Methanol 2.38 4.11 7.27 3.13 1.66 2.30 9.00 2.27 1.99 3.62 3.46
PET 1.38 .86 2.05 4.29 1.55 2.27 95.86 .93 .72 8.62 2.08
PVC 2.67 4.27 4.14 3.77 7.85 4,47 0.00 7.74 .96 9.75 3.96
Polypropylene 1.82 2.46 .99 2.34 4,22 2.28 4,14 1.58 .28 6.05 2.20
Polystyrene 2.55 1.93 1.68 2.40 2.10 2.29 0.00 2,16 .16 4,00 2.25
Propylene 8.47 8.76 .72 12.02 - 5.23 6.00 0.00 .36 .76 5.73 7.20
SBR 2.12 1.08 3.10 2.85 .94 1.71 0.00 .77 .26 2.27 1.91
Styrene 4.22 3.9 2.42 7.38 3.69 3.28 0.00 0.00 24 3.91 3.77
Voo 2.93 4.73 5.87 4.35 6.75 3.72 0,00 1.86 .70 9,76 4,26
Vinyl acetate .45 .67 0.00 1.09 .30 .76 0.00 .70 .1 1.12 .56
Regional totsl 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Source: REconometric Research data files.
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Table 4.20 Rate of growth of world petrochemical consumption:

by region and product

1980 - 1995
Regions Africa N.Africe South

North Western CPE Other Latin (South + Middle South East World
Products America Europe Europe Japan developed America Saheras) Bast Asia Asia Total
ABS .102 .051 0.000 .075 .048 . 082 0.000 . 084 .123 .109 .083
Acetic acid .015 .038 0.000 .026 .030 .078 0.000 0.040 .188 .099 .037
Acrylonitrile .064 044 .039 . 066 .058 .085 0.000 0.000 0.000 .092 .061
Ammonia . 055 .038 .035 .020 .033 . 097 0.000 . 066 .067 0.000 .050
Butadiene .071 .038 .107 .069 .047 .055 0.000 0.C00 .083 .103 .063
Ethyl Benzene .069 .035 .059 .074 . 041 .078 0.000 0.000 033 .119 .061
Ethylene . 041 .023 .042 .004 .039 .072 0.000 . 095 ,063 .084 .036
Ethylene Dichloride .043 .023 .059 .0l14 .079 .063 0.000 .100 .070 .084 .037
Ethylene Glycol .029 .033 070 .059 .019 .064 0.000 . 040 .075 083 . 041
Ethylene Oxide .029 .033 .061 .057 .032 . 049 0.000 0.000 .068 .059 .037
Formaldehyde .037 .098 .052 .032 .053 . 064 0.000 .075 . 044 .076 071
HDPE .062 .037 .097 .030 . 065 . 084 0.000 .083 071 .103 .062
LDPE .043 .027 .066 .035 .056 .070 0.000 .086 . 066 .091 .047
Methanol .016 .032 .031 .014 .050 .068 0.000 .082 .121 .091 .031
PET .031 .030 .068 . 095 . 049 . 066 .101 . 043 .078 . 089 . 060
PVC . 048 .022 .036 ,011 .05% 067 0.000 ,078 .059 .096 . 042
Polypropylene .057 .065 .099 .012 .075 .089 -.006 .12% .080 .098 .065
Polystyrene .073 .026 .061 .031 .059 .080 0.000 .114 .058 .100 .058
Propylene .058 .046 .061 .049 .063 . 087 0.000 .373 .061 .092 .057
SBR .066 .011 .043 .063 .035 . 044 0.000 .091 .057 .0°% .051
Styrene .072 .032 .059 .068 057 .081 0.000 0.000 .061 .112 061
(o . 046 .025 .063 .014 .047 . 062 0.000 .101 .083 .091 .044
Vinyl acetate .020 .038 0.000 .008 .034 077 0.C00 .050 .103 .106 .0335
V.A. agricultura .032 .013 0.000 .028 0.000 0.000 0.000 0.000 0.000 0.000 .022
V.A. manufacturing .042 .037 0.000 .039 0.000 0.000 0.000 0.000 0.000 0.000 ,039
V.A. construction .062 .021 0,000 . 020 0.000 0,000 0.000 0.80¢ ¢.08C 0.000 .034
- Consumption .030 .023 €.000 .051 0.000 0.000 0.000 0.000 0.000 0.000 .029
GDP .029 .024 .036 . 049 .028 . 049 .020 .060 .037 . 060 .033
Regional total .050 .037 044 .03S . 048 .080 -.108 .082 . 069 . 091 .049

sSoyrce:

Econometric Research data files.
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Table 4.21 Rate of growth of worlid petrochemical consumption:

by region and product

1990 - 1995
Regions Africa N.Africea South
North Western CPE Other Latin (South + Middle South East
Products America Europe Burope Japan developed America Sahara) East Asia Asia
ABS .063 . 049 0.000 .079 .044 .081 0.000 .050 .086 .104
Acetic acid .021 .037 0.000 .017 .030 .076 0.000 .076 . 069 .104
Acrylonitrile .052 .040 .036 .062 .044 .081 0,000 0.000 0.000 .088
Aamonia .052 . 040 .036 .013 . 044 . 081 0.000 . 066 . 040 0,000
Butadiene . 048 .034 .038 .072 .041 .0€1 0.000 0.000 . 065 .099
Ethyl Benzene .054 .033 .050 .075 . 055 .078 0,000 0.000 . 045 .102
Ethylene . 042 .026 . 043 .014 . 046 077 0.000 094 ,059 096
Ethylene Dichloride . 044 .026 .056 .033 .053 .073  0.000 .103 055 .094
Ethylene Glycol .032 .29 .058 . 062 . 045 .068 0.000 .125 ,058 .092
Ethylene Oxide .032 .029 .058 .062 . 045 .068 0,000 0.000 .058 .092
Formaldehyde .034 .075 . 049 . 045 .050 .070 0,000 .092 , 049 .081
HDPE .058 .039 .059 .061 .060 .082 0,000 .008 .059 . 096
LDPE .042 .033 .037 . 049 .053 .073  0.000 <112 .064 ,084
Methanol . 022 .035 .036 . 033 .050 ,073 0,000 .088 . 066 .089
PET .031 .028 .058 .087 . 045 .068 .111 .062 .067 .092
PVC .044 .026 025 .033 .053 .073  0.000 122 .055 .094
Polypropylene .054 .057 . 091 . 044 .066 .084 .031 .099 .076 . 097
Polystyrene .055 .028 .052 .057 . 055 .077 0,000 .218 . 045 . 094
Propylene .082 .042 .075 .056 .061 .084 0.000 .070 .058 . 097 .056
SBR .044 .013 .038 .071 .030 .054 0,000 .105 . 042 .097 046
Styrene .054 .033 .050 ,075 ,055 .078 0,000 0,000 . 045 .102 .056
Ve . 044 .026 .056 .033 .053 073 0.000 .103 0335 . 094 .048
Vinyl acetate .021 .037 0.000 .017 .030 .076 0,000 076 .069 .104 .040
V.A. agriculture .030 .009 0.000 .033 0.000 0.000 0,000 0.000 0.000 0,009 .019
V.A. manufacturing . 043 .032 0.000 . 065 0.000 0.000 0.000 0.000 0.000 0.000 .04]
V.A. construction .048 .019 0.000 .048 0.000 0.000 0.000 0,000 0.000 0.000 .034
Consuaption .032 .027 0.000 .057 0.000 0.009 0.000 0.000 0.000 0.000 .033
GDP .032 .027 .036 .057 .030 .055 .031 .050 ,037 .070 .037
Regional total . 047 .038 .043 . 047 . 050 0177 .107 .093 .043 . 094 . 049

Source: Econometric Research data files.




Table 4.22 World petrochemical consumption by region and product, 2000
(row percentages)

Regions Africa N.Africa South
North Western CPE Other Latin (South + Middle South Rast World
America Burope Burope Japan developed America Sahara) East Asia Asia Total

Products

ABS 46.93 17.85 0.00 19.46 .70 3.51 0.00 .26 .81 10.48 100.00
Acetlic acid 32.70 30.37 0.00 9.38 .52 10.15 0.00 1.05 9.60 6.03 100.00
Acrylonitrile 27.04 26.29 l1.81 21.99 .11 8.55 0.00 0.00 0.00 14.21 100.00
Ammonia 35.24 16.00 20.12 1.85 1.32 12.19 0.00 2.37 10.91 0.00 100.00
Butadiene 46.74 18.52 1.63 19.44 1.10 6.37 0.00 0.00 .80 5.41 100.00
Ethyl Benzene 47.14 19.06 6.22 17.81 1.15 4.93 0.00 0.00 .23 3.46 100.00
Ethylene 41.97 24.80 9.95 6.61 1.25 7.03 0.00 1.65 .69 6.05 100.00
Ethylene Dichloride 37.24 28.59 3.02 10.73 1.26 5.52 0.00 75 .49 12.39 100.00
Ethylene Glycol 42.37 15.13 1.74 14.31 .55 5.83 0.00 .58 .57 18.92 100.00
Ethylene Oxide 45.05 23.83 3.28 16.53 .49 4.99 0.00 0.00 .55 5.28 100.00 '
Formaldehyde 16.55 60.31 3.35 6.72 .81 3.91 0.00 .94 .37 7.05 100.00 =
HDPE 36.25 17.35 13.28 6.61 2.47 9.08 0.00 2.82 1.07 11.07 100.00 3
LDPE 25.40 25.67 12.74 6.52 2.43 11.17 0.00 6.08 1l.14 8.87 100.00 '
Methanol 22.56 28.85 22.96 7.83 .69 5.93 0.00 .86 2.40 7.92 100.00
PET 20.51 8.85 10.58 19.26 .94 8.69 .66 .49 1.31 28.71 100.00
PVC 32.20 23.20 11.33 7.39 2.63 9.29 0.00 5.63 .93 17.43 100.00
Polypropylene 24.52 23.63 13.94 7.49 2.30 7.63 .02 3.03 .43 17.01 100.00
Polystyrene 38.30 18.24 7.80 9.01 1.22 8.27 0.00 4.59 .24 12.34 100, .*
Propylene 35.08 24.38 14.37 12.49 .86 6.18 0.00 1.34 .34 4.96 100.v0
SBR 38.91 11.96 17.24 14.12 .63 7.24 0.00 - X) .50 3.87 100.00
Styrene 38.96 19.73 6.86 18.04 1.32 7.31 0.00 0.00 .23 7.56 100.00
VCH 23.59 24.87 15.54 8.26 2.19 7.48 0.00 .57 .63 16.88 100.00
Vinyl acetate 25.51 28.77 0.00 15.09 .70 12.01 0.00 1.56 .85 15.52 100.00
Regional total 33.88 22.85 12.55 8.40 1.33 8.42 .01 1.86 3.54 7.15 100.00

Source: Econometric Research data files.




Table 4.23 World pstrochemical consumption by region and product, 2000
(column percentages)

~ Regions Africa N.Africa South

North Western CPE Other Latin (South + Middle South Bast World
Products America Burope EBurope Japan developed Americe Sahara) East Asia Asia Totsal
ABS 1.01 .57 0.00 1.70 .39 .30 0.00 .16 .17 1.07 .75
Acetic acid .85 1.18 0.00 1.01 .34 l.07 0.00 .77 2.40 .75 .91
Acrylonitrile .96 1.39 .21 3.16 .10 1.23 0.00 0.00 0.00 2.40 1.24
Asmonia 28.39 19.11 52.63 6.02 27.13 39.49 0.00 $3.55 84.13 6.00 28,07
Butadiene 2.50 1.47 .28 4.19 1.49 1.37 0.00 0.00 .41 1.37 1.86
Ethyl Benzene 6.01 3.60 2.57 9.15 3.74 2.53 0.00 0.00 .28 2.09 4,44
Ethylene 13.34 11.69 4.78 8.48 10.15 8.99 0.00 3.67 2.10 9.11 10.35
Ethylene Dichloride 6.00 6.83 1.58 6.97 5.16 3.57 0.00 3.39 .76 9.46 5.61
Ethylene Glycol 1.61 .85 .21 2.20 .53 .89 0.00 .15 .21 3.41 1.32 '
Ethylene Oxide 1.99 1.56 .47 2.95 .55 .89 0.00 0.00 .23 1.11 1.54 5
Formaldehyde 2.46 13.27 1.62 4.02 3.05 2.34 0.00 3.90 .52 4,96 5.17 @
HDPE 2.76 1.96 1.64 2.03 4.79 2.78 0.00 6.02 .78 3.99 2.47 !
LDPE 3.20 4.79 5.20 3.31 7.78 5.65 0.00 9.36 1.37 5.29 4.23
Methanol 2.14 4.06 7.08 3.00 1.66 2.27 0.00 2.30 2.18 3.36 3.31
PET 1.29 .83 2.16 4,89 1.52 2,20 96.71 .87 .79 8.57 2.20
PVC 2.62 4.07 4.35 3.52 7.93 4.42 0.00 8.16 1.02 9.77 3.99
Polypropylene 1.86 2.65 1.07 2.28 4.44 2.32 3.29 1.64 .31 6.10 2.32
Polystyrene 2.63 1.86 1.74 2.49 2.14 2.28 0.00 2.26 .16 4.01 2.31
Propylene 8.62 8.88 .70 12.38 5.41 6.11 0.00 .32 .81 5.77 7.30
SBR 2.12 .97 3.05 3.10 .87 1.59 0.00 .82 .26 2.29 1.90
Styrene 4.35 3.26 2.48 8.12 3.75 3.28 0.00 0.00 .24 4,00 3.39
Ve 2.88 4.51 6.17 4.07 6.81 3.68 0.00 1.96 .74 9.77 4,26
Vinyl acetate .40 .66 0.00 .95 .28 .75 0.00 .68 .13 1.15 .54
Regional total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Source: Econometric Research data files.
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Table 4.24 Rate of growth of world petrochemical consumption: by region and product
198C - 2000
e Regions Africa N.Africa South
T North Western CPE Other Latin (South + Middle South East World %/
Products \\\\\\\\\\‘ America Europe Europe Japan developed America Sahara) East Asia Asia Total
ABS .091 . 049 0.000 .075 .046 .080 0.000 076 .109 .104 ,078
Acetic acid .017 .037 0.000 .024 .030 .076 0.000 047 .155 .097 .037
Acry  onitrile .060 .043 .038 .064 054 .082 0.000 0.000 0.000 . 090 ,060
Ammonia .054 .038 .0335 .020 .037 .091 0.000 . 066 ,059 0.000 . 049
Butadiene . 065 .037 .089 . 068 . 045 .056 0.000 0.000 077 .099 .060
Ethyl Benzene .064 .034 .056 073 .043 .76 0.000 0.000 .052 .112 .059
Ethylene .041 .024 . 043 .007 . 040 .071 n.,000 ,091 .060 . 084 .037
Ethylene Dichloride .043 .024 .057 .020 071 .064 0.000 .0%6 . 065 . 084 .039
Ethylene Glycol .030 .032 .066 .0583 .025 . 064 0.000 .47 . 069 .085 043
Ethylene Oxide .030 .032 .059 .058 .034 .053 0.000 0.000 . 065 .065 .038
Formaldehyde .036 .089 ,050 .036 .051 .064 0.000 .075 . 045 .076 .067
HDPE .059 .037 .091 .037 .062 .081 0.000 .082 .067 .099 .061
LDPE .042 .028 .062 .039 .054 .070 0,000 .081 064 .088 G47 !
Methanol .018 .032 .032 .021 . 049 .068 0.000 .080 .105 .089 .033 s
PET .031 .029 .064 .090 .047 .066 .096 .047 .073 ,088 . 060 <
PVC 046 .023 .040 .017 .054 .067 0.000 076 .057 .093 044 !
Polypropylene . 055 .061 .110 .020 .070 .085 .003 .114 .076 . 095 . 066
Polystyrene .068 .027 . 058 .037 057 .078 0.000 .106 .0535 . 096 .057
Propylene .055 .044 .078 .051 .060 .084 0.000 .318 .059 .091 .058
SBR .061 .012 .042 . 064 . 034 .047 0.000 ,089 .053 096 050
Styrene .067 .032 .056 .068 . 055 078 0,000 0.000 .057 .106 .059
Ve .045 .026 .060 .020 . 047 .063 0.000 . 097 073 .090 . 045
Vinyl acetate 021 .037 0.000 .011 .013 .075 0.000 . 055 .094 .102 .036
V.A. agriculture .032 .013 0.000 .029 0.000 0.000 0.000 0.000 0.000 0.000 .022
V.A. manufacturing . 042 .036 0.000 .046 0.000 0.000 0.000 0.000 0.000 0.000 .04
V.A. construction .059 .020 0.000 .027 0.000 0.000 0.000 0.000 0.000 0.000 .034
Consumption .030 .024 0.000 .053 0.000 0.000 0.000 0.000 0.000 0.000 .039)
GDP .030 .025 .036 .051 .029 .051 .023 .058 .037 .062 .034%
Regional total . 049 .037 . 045 .038 .047 .078 -.064 .080 . 062 .090 . 049
Source: Econometric Research data files. /

~ X/ does not include centrally planned Asian economies 7/



Table 4.25 World petrochemicsl consumption by region and product, 2000
(thousand metric tons/year)

Regions Africa N.Africa South
North Western CPE Other Latin (South + Middle South East Woirld

Products America Europe Burope Japan developed America Saharsa) East Asia Acia Total

ABS 2307.9 377.8 0.0 957.1 34.6 172.4 0.0 12.9 39.9 515.5 49:18.1
Acetic acid 1944.3 1806.1 0.0 569.6 30.7 603.6 0.0 62. 576.9 358.8 5946.4
Acrylonitrile 2192.6 2131.9 146.8 1783.5 8.5 693.3 0.0 0.0 0.0 1152.6 8119.1
Ammonia 64635.1 29344.6 36898.5 3400.0 2423.6 22349.9 0.0 4342.0 20000.0 0.0 183393.6
Butadiene 5684.6 2251.5 198.0 2364.7 133.5 774.5 0.0 0.0 96.9 658.0 121651.7
Ethyl Benzene 13673.8 5528.9 1804.9 5165.3 334.3 1430.6 0.0 0.0 65.9 1005.1 29018.7
Ethylene 30376.4 17950.6 7200.0 4786.1 906.8 5089.0 0.0 1193.0 500.3 4375.6 72377.8
Ethylene Dichloride 13656.7 10484.5 1108.6 3935.8 450.6 2022.8 0.0 275.1 180.9 4542.7 36657.8
Ethylene Glycol 3671.9 1311.3 150.4 1240.1 47.5 505.0 0.0 50.0 49.5 1639.8 8655.5
Ethylene Oxide 4535.0 2398.2 329.8 1663.7 49.1 502.4 0.0 0.0 55.9 531.6 100565.6
Formaldehyde 5589.5 20373.8 1133.0 2269.4 272.4 1321.7 0.0 316. 124.6 2380.5 33731.4
HDPE 6277.7 3003.9 2300.0 1144.1 427.8 1571.7 0.0 487.9 185.4 1917.6 17316.2
LDPE 71273.7 7351.5 3647.7 1866.5 695.1 3198.8 0.0 1741.0 325.8 2539.3 286139.4
Methanol 4876.0 6233.4 4960.7 1692.2 148.1 1282.1 0.0 186.7 518.2 1712.1 21609.5
PET 2941.6 1269.0 1517.7 2762.6 135.5 1247.1 94.0 70.4 188.2 4117 .4 14343.5
PVC $975.1 6245.4 3049.2 1989.3 708.1 2500.6 0.0 1516.0 242.2 4690.8 26916.6
Polypropylene 4223.7 407¢C.1 2400.0 1289.2 396.7 1314.7 3.2 521.0 74.3 2929.2 172¢2.1
Polystyrene 5980.0 2848.5 1217.6 1406.6 190.9 1291.3 0.0 716.0 37.7 1926.1 15614.7
_Propylene 19631.5 13642.0 8044.0 6987.5 483.6 3458.6 0.0 750.0 192.0 2773.3 55952.5
SBR 4823.9 1483.5 2137.4 1751.0 77.6 898.0 0.2 66.3 61.7 1099 .4 12398.7
Styrene 9894.3 5011.5 1741.9 4581.1 334.9 1855.6 0.0 0.0 57.2 1919.9 25396.3
Ve 6561.2 6919.0 4322.7 2296.9 608.7 2079.8 0.0 159.2 174.8 4694.9 2781°.1
Vinyl acetate 905.5 1021.1 0.0 535.5 25.0 426.2 0.0 35.4 30.0 $50.8 354v.6
Regional total 227632.1 153558.2 84308.9 56438.0 8933.4 56589.5 97.2 12521.6 ?3772.2 48031.0 6718382.0

Source: Econometric Research data files.




Table 4.26 Rate of growth of world petrochemical consumption: by region and product

1995 - 2000
Regions Africa N.Africa South

North Western CPE Other Latin (South + Middle South East world
Products ‘\\\\\\ America Europe Europe Japan developed America Sahara) East Asia Asia Total
ABS .058 . 045 0.000 .072 . 041 .073 0.000 .050 .070 .091 062
Acetic acid .022 .036 0.000 .020 .030 .070 0.000 .068 . 060 L0931 .038
Acrylonitrile .050 .038 .036 .059 . 041 .073 0.000 0.000 0.000 .082 .054
Ammonia .050 .038 .036 .019 . 041 .073 0.000 .066 .037 0.000 .046
Butadiene .048 .033 .038 .067 .039 . 060 0.000 0.000 .058 .088 .051
Ethyl Benzene .051 .032 .047 .069 .050 .071 0.000 0.000 .043 .090 .052
Ethylene .040 .026 .047 .015 .043 .070 0.000 .079 .054 .086 .041
Ethylene Dichloride .041 .026 .052 .03S .048 .068 0.000 .084 .051 .085 .043
Ethylene Glycol .032 .029 .053 .061 .042 .065 0.0%0 .068 .053 .084 . 047
Ethylene Oxide .032 .029 .053 .061 .042 . 065 0.000 0.000 .053 .084 .041
Formaldehyde .033 .061 .046 .049 .046 .066 0.000 .078 . 046 .078 .056
HDPE .052 . 037 .075 .059 .053 .074 0.000 .081 .054 .087 .059 \
LDPE .040 .032 .051 .051 .048 .068 0.000 .064 .057 .080 048
Methanol .023 .034 .036 .040 .046 .068 0.000 .075 .058 .082 038 =
PET .031 .028 .053 .077 .042 .065 .081 .059 .059 .084 .060 .
PVC .041 .026 .052 .035 .048 .068 0.000 .069 .051 . 085 . 049
Polypropylene .049 .050 .142 . 044 .057 075 .031 .081 . 065 .087 .069
Polystyrene .051 .028 .048 .057 .050 .070 0.000 .082 .043 .086 .054
Propylene .049 .039 .130 .055 .053 .073 0.000 .165 .053 .087 .061
SBR . 045 .014 .038 .067 .030 .033 0.000 .085 .041 .087 .047
Styrene .051 .032 .047 .069 .050 .071 0.000 0.000 .043 .090 .054
ve .041 .026 .052 .035 .048 .068 0.000 . 084 .051 .085 .047
Vinyl acetate .022 .036 0.000 .020 .030 .070 0.000 .C68 .060 .091 . 041
V.A. agriculture .030 . 009 0.000 .033 0.000 0.000 0.000 0.000 0.000 0.000 .020
V.A. manufacturing .043 .032 0.000 .065 0.000 0.000 0.000 0.000 0.000 0.000 .041
V.A. construction . 048 .019 0.000 .048 0.000 0.000 0.000 0.000 0.000 0.000 .035
Consumption .032 .027 0.000 .057 0.000 0.000 0.000 0.000 0.000 0.000 .034
GDP .032 .027 .036 .057 .030 035 .031 .050 .037 .070 .038
Regional total .045 .036 .051 .049 .046 071 079 .075 .039 .085 . 049

Source: Econometric Research data files.
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Finally, vorld demand for vinyl acetate will remain a 3.5 million MT/y by
the turn of the century. More important perhaps is the fact that this demand
is projected to grow at the rate of 3.6 per cent per year which will lead to a
steady decline in its share of total world petrochemical demand, although it
will maintain a constant proportion of GDP given that its demand is uritary

elastic with respect to GDP.

A number of trends and structures can be seen to emerge in the long-term
demand for final products. In the first place, the rates of growth in the
demand for final products differ substantially. Among the fast growing
demands are those of ABS, HDPE, PET, polypropylene and polystyrene. Secondly,
North America is re—emerging as a major consumer of final products, whereas
Western Europe, which currently dominates the demand for this group, is lnsing
rapidly this dominance. Finally, developing countries and particularly the
South-East Asia region are becoming major demanders of final petrochemical

products.

For the convenience of the readers these computer output tables of the
forecast have been reorganized at regional levels showing the consumption
figures in absolute units of the 23 petrochemical products in 1980, 1985,
1990, 1995 and 2000, indicating at the same time the share of these regions in
these products in the world total in 1980 and the expected share in 2000
(tables 4.27b - 4.38b).

A second set of the same tables (tables 4.27a - 4.38a) indicates the

annual rates of growth for each region product by product for the periods
1975-1980, 1980-1985, 1985-1990, 1995-2000 as well as 1980-2000.
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Annual rates of growth

Product /Period 1975-80 1980-85 19£3-90 1990-95 1995-2000 1980-2000
ABS 049 .178 .070 .063 .058 -091
Acetic acid .059 .006 .020 .021 .022 .017
Acrylonitrile 072 .084 .055 .052 .050 .060
Ammonia .046 .057 .055 .052 .050 .054
Butadiene .016 .116 .049 .048 .048 .065
Ethyl benzene .083 .094 .059 -054 .051 .064
Ethylene .069 .036 045 .042 .040 .041
Ethylene Dichloride .093 -040 046 044 .041 .043
Ethylene glycol .033 .021 .032 .032 .032 .030
Ethylene Oxide .033 .024 .032 .032 .032 .030
Formaldehyde .056 042 .034 .03 .033 .036
HDPE -140 -060 -067 .058 .052 .059
LDPE .078 .041 .045 .042 .040 .042
Methauol .080 .006 .021 .022 .023 .018
PET .025 .032 .030 .031 .031 .031
PVC .078 .053 .046 .044 041 .046
Polypropylene .127 .054 .062 .054 .049 .055
Polystyrene .056 .107 .059 .055 .051 .068
Propylene .092 .063 .057 .052 .049 .055
SBR -.017 114 .043 .044 045 .061
Styrene .056 .104 .059 .054 .051 .067
VCH .087 047 .046 044 .041 045
Vinyl Acetate -.001 .02¢ .020 .021 .022 .021
V.A. Agriculture .015 .037 .030 .030 .030 .032
V.A. Manufacturing 047 .040 .043 .043 .043 .042
V.A. Construction 014 .091 .048 .048 .048 .059
Consumption .037 .025 .032 .032 032 .030
GDP .038 .023 .032 032 .032 .030
062 -055 .049 047 .045 .049

Regional Total

Source: Econometric Research Data files
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Table 4.27b World petrochemical demand by regions
North America
Expected demand (thousand metric toms)
Share in Share 1in
world world

Product /Period 1980 total (2) 1985 1990 1995 2000 total (X)
ABS 404.0 36.86 917.8 1285.7 1741.8 2307.9 46.93
Acetic acid 1387.0 48.21 1431.1 1576.1 1745.8 1944.3 32.70
Acrylonitrile 680.0 26.65 1016.5 1330.6 1716.9 2192.6 27.04
Ammonia 22680.0 32.16 29963.6  39223.9 50612.7 64635.1 35.24
Butadiene 161510 42.42 2797.3 3549.8 4595.5 5684.6 46.74
Ethyl benzene 3921.0 42.53 6148.3 8178.2 10652.7 13673.8 47.14
Ethylene 13656.0 39.00 16297.9  20272.8 24926.9 30376.4 41.97
Ethylene Dichloride 5904.0 34.32 7179.1 9010.2 11151.9 13656.7 37.24
Ethylene glycol 2045.0 54.37 2274.3 2667 .6 3129.4 3671.9 42.37
Ethylene Oxide 2499.0 52.19 2808.8 3294.6 3865.0 4535.0 45.05
Formaldehyde 2772.0  30.11 3408.6 4025.1 4746.2 5589.5 16.55
HDPE 1987.0 37.59 2655.1 3679.2 4876.9 6277.7 36.25
LDPE 3124.0 28.10 3900.4 4854 .0 5969.3 7273.7 25.40
Methanol 3418.0  30.25 3520.1 3903.4 4351.7 4876.0 22.56
PET 1597.0 35.52 1872.4 2174.7 2528.1 2941.6 20.51
PVC 2429.0 21.43 3141.0 3942.1 4879.1 5975.1 22.20
Polypropylene 1450.0 30.37 1886.6 2547.3 3319.9 4223.7 24.52
Polystyrene 1611.0 31.44 2676.5 3568.4 4654.8 5980.0 38.30
Propylene 6679.0 36.70 9086.1 11988.0 15463.7 19631.5 35.08
SBR 1477.0 31.39 2531.5 3124.8 3875.1 4823.9 38.91
Styrene 2715.0  33.96 4448.9 5917.7 7708.3 9894.3 38.96
VCM 2737.0 23.64 3449.1 4328.8 5357.7 6561.2 23.59
Vvinyl Acetate 603.0 34.60 666.5 73.1 813.1 905.5 25.51
Regional Total 87 460.0 33.91 114 077.5 145 177.1 182 582.6 227 632.1 33.88

Source: Econometric Research Data files
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Table 4.28a World petrochemical demand by regions
Western Europe
Annual rates of growth

Product/Period 1975-89 1980-85 1985-%0 1990-95 1995-2000 1980-2000
ABS .120 .048 .056 .049 .045 .049
Acetic acid - 037 .039 .037 .036 .037
Acrylonitrile .061 +050 043 .052 .036 .043
Ammonia .070 031 -043 .052 .038 .038
Butadiene .049 <045 .036 048 .033 .037
Ethyl benzene 057 .039 034 .054 .032 .034
Ethylene .077 .017 .026 <042 .026 024
Ethylene Dichloride 067 .016 .026 044 -026 -024
Ethylene glycol 047 .040 -029 .032 .029 .032
Ethylene Oxide .028 .041 .029 .032 .029 .032
Formaldehyde 1.744 .118 .100 034 .061 .089
HDPE .093 03 .042 .058 .037 «037
LDPE .067 016 .033 <042 .032 .028
Methanol -065 .024 .037 .022 034 .032
PET +045 .032 .029 .031 .028 .029
PVC «060 .015 +026 044 .026 .023
Polypropylene .170 .069 .068 .054 .050 .061
Polystyrene .063 .023 .028 +055 .028 .027
Propylene .065 .052 .045 .052 .039 044
SBR .026 .009 .012 044 .014 .012
Styrene .067 «029 03% .054 .032 032
vcM .055 .023 +026 +044 .026 .026
Vinyl Acetate -.052 .037 .039 .021 .036 .037
V.A. Agriculture .001 .027 .009 .030 .009 .013
V.A. Manufacturing .004 .049 .032 +043 .032 .036
V.A. Construction .003 .026 .019 .048 -.019 .020
Consumption .034 014 .027 .032 .027 .024
GDP .037 .016 .027 .032 .027 .025
Regional Total .080 .033 .040 .047 .036 .037

Source: Econometric Research Data files
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Western Europe

Expected demand (thousand metric tons)

worid petrochemical demand by regionms

87 506.8 106 629.8 128 514.0 153 558.2

Share in Share in
world world
Product/Period 1980 total (X) 1985 1990 1995 2000 total (2)
ABS 335.0 30.57 423.5 555.0 705.6 877.8 17.85
Acetic acid 869.0 30.21 1041.3 1262.7 1516.1 1806.1 30.37
Acrylonitrile 927.0 36.32 1185.0 1459.2 - 1772.9 2131.9 26.29
Ammonia 14000.0 19.85 16311.3 20085.0 24403.2 29344.6 16.00
Butadiene 1090.0 28.63 1357.0 1616.0 1912.4 2251.5 18.51
Ethyl benzene 2815.0 30.53 303.1 4018.6 4722.9 5528.9 19.06
Ethylene 11170.0 31.90 12158.6 13835.6 15754.6 17950.6 24.8¢C
Ethylene Dichloride 6562.0 38.15 7105.6 8083.9 9203.4 10484.5 28.59
Ethylene glycol 701.0 18.64 854.9 986.5 1137.7 1311.3 15.13
Ethylene Oxide 1277.0 26.67 1563.4 1804.1 2080.6 2398.2 23.83
Formaldehyde 5736.0 40.58 6536.8 10543.1 15127.6 20373.8 60.31
HDPE 1451.0 27.45 1684.1 20606.2 2503.5 3003.9 17.35
LDPE 4203.0 36.98 4543.4 5356.4 6286.8 7351.5 25.67
Methanol 3303.0 29.24 3710.0 4440.6 5276.7 6233.4 28.85
PET 712.0 15.84 833.5 959.6 - 1103.9 1269.0 8.85
PVC 3931.0 34.68 4232.6 4815.4 5482.3 6245.4 23.20
Polypropylene 1239.0 25.95 1733.6 2410.1 ?184.2 4070.1 23.63
Polystyrene 1676.0 32.71 1876.7 2158.1 2480.1 2848.5 18.24
Propylene 5714.0 31.40 7366.0 9183.1 1i262.5 13642.0 24.38
SBR 1171.0 24.89 1224.0 1299.1 1385.1 1483.5 11.98
Styrene 2669.0 33.39 3084.7 3642.6 4281.0 5011.5 19.73
VCM 4181.0 36.11 4689.2 533.8 6073.6 6919.0 24.87
Vinyl Acetate 490.0 28.11 588.7 714.9 :857.2 1021.1 28.77
Regional Total 74 222.0 28.77 22.85

Source: Econometric Research Data files
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Table 4.292 World petrochemical demand by regions
CPE_Europe

Annual rates of growth

Product/Period 1975-80 1980-85 1985-90 1990-95 1995-2000 1980-2000
ABS - - - - - -
Acetic acid - - - - - -
Acrylonitrile .104 .046 .036 .036 .036 .038
Ammonia .037 .032 .036 .036 .036 .035
Butadiene -.185 .256 .039 .038 .038 .089
Ethyl benzene 067 .073 .054 .050 047 .056
Ethylene .092 .036 .045 .045 047 .043
Ethylene Dichloride .135 .057 .063 .056 .052 .057
Ethylene glycol .101 .087 .066 .058 .053 .066
Ethylene Oxide .190 .058 .066 .058 .053 .059
Formaldehyde .067 .054 .052 . 049 .046 .050
HDPE .217 .149 .084 .059 .075 .091
LDPE .080 .116 .046 .037 .05 .062
Methanol .067 .022 .036 .036 .036 .032
PET -103 .080 .066 .058 .053 064
PVC .070 -040 .043 .025 .052 .040
Polypropylene .084 .108 .099 .091 .142 .110
Polystyrene .074 .075 .057 .052 .048 .058
Propylene .084 .03 .075 .075 .130 .078
SBR .036 .053 .039 .038 .038 .042
Styrene .070 .072 .054 .050 .047 .056
VCM .148 .069 .063 .056 .052 .060
Vinyl Acetate - - - - - -
V.A. Agriculture - - - - - -
V.A. Manufacturing - - - - - -
V.A. Construction - - - - - -
Consumption - - - - - -
GDP .036 .036 .036 .036 .036 .036
Regional Total .056 .043 .045 .043 .051 045

Source:

Econometric Research Data files
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Table 4.29b World petrochemical demand by regions
CPE Europe
Expected demand (thousand metric tons)

Share in Share in
world world

Product/Period 1980 total (X) 1985 1990 1995 2000 total (X)
ABS - - - - - - -
Acetic acid - - - - - - -
Acrylonitrile 69.0 2.70 86.6 103.2 123.1 146.8 1.81
Ammonia 18600.0 26.37 21771.2 25957.2 30948.1 36898.5 20.12
Butadiene 36.0 .95 112.5 136.2 164.4 198.0 1.63
Ethyl benzene 606.0 6.57 862.8 1123.5 1634.3 1804.9 6.22
Ethylene 3100.0 8.85 3700.0 4600.0 5720.0 7200.0 9.95
Ethylene Dichloride  365.0 2.1z 481.6 655.1 862.0 1108.6 3.02
Ethylene glycol 42.0 1.12 63.6 87.6 116.3 150.4 1.74
Ethylene Oxide 105.0 2.19 139.5 192.1 254.9 329.8 3.28
Formaldehyde 425.0 4.62 551.9 712.7 904 .4 1133.0 3.35
HDPE 400.0 7.57 800.0 1200.0 1600.0 2300.0 13.28
LDPE 1096.0 9.64 1900.0 2375.0 2846.9 3647.7 12.74
Methanol 2630.0 23.28 2927.0 3489.7 4160.7 4960.7 22.96
PET 436.0 9.70 641.8 884.2 1173.1 1517.7 10.53
PVC 1400.0 12.35 1700.0 2100.0 2370.8 3049.2 11.33
Polypropylene 300.0 6.28 500.0 800.0 1237.0 2400.0 13.94
Polystyrene 395.0 7.71 568.0 747.7 962.1 1217.6 7.80
Propylene 1800.0 9.89 2125.0 3048.0 4375.0 8044.0 14.37
SBR 940.0 19.98 1214.6 14569.9 1774.4 2137.4 17.24
Styrene 589.0 7.37 832.7 1084. 3 1384.3 1741.9 6.86
VCM 1348.0 11l.64 1877.8 2554.3 3361.0 4322.7 15.54
Vinyl Acetate - - - - - - -
Regional Total 3% 682.0 13.45 42 856.5 53 320.9 84 308.9 56 438.0 12.55

Source: Econometric Research Data files




Annual rates of growth

Product /Period 1975-80 1980-85 1985-90 1990-95 1995-2000 1980-2000
ABS .106 .056 -091 .079 .072 075
Acetic acid -.070 047 .015 .017 .020 .024
Acrylonitrile .025 .072 .065 .062 .059 064
Ammonia .057 .025 .022 .013 .019 .020
Butadiene .060 .056 .078 .072 .067 .068
Ethyl benzene .049 .066 .083 .075 .069 .073
Ethylene .046 -.012 .012 014 .015 .007
Ethylene Dichloride .067 -.020 .031 .033 .035 -020
Ethylene glycol .059 .025 .063 .062 .061 .053
Ethylene Oxide 017 .047 .063 .062 061 .058
Formaldehyde .060 .009 .041 .045 .049 .036
HDPE .122 -.032 064 .061 .059 .037
LDPE .035 .009 .047 .049 .051 .039
Methanol .076 -.015 .026 .033 .040 .021
PET .120 .091 .105 .087 .077 .090
PVC .063 -.030 .031 .033 .035 .017
Polypropylene 147 -.049 .043 -044 044 .020
Polystyrene .088 -.018 .056 .057 .057 .037
Propylene «056 .035 .056 .056 .055 .051
SBR 074 .041 .077 071 .067 .064
Styrene 084 047 .083 .075 .069 .068
Ve .051 -.019 .031 .033 035 .020
Vinyl Acetate .043 -.009 015 .017 .020 011
V.A. Agriculture - .019 .033 .033 .033 .029
V.A. Manufacturing .093 -.009 .065 .065 .065 046
V.A. Construction .070 -.033 .048 .048 .048 .027
Consumption .027 040 .057 057 .057 .053
GDP .030 .03 .057 .057 .057 .051
Regional Total .059 .011 .046 047 .049 .038

Source: Econometric Research Data files




Japan

Expected demand (thcusand metric tons)

Share in Share 1in

world world
Product/Period 1980 total (Z) 1985 1990 1995 2000 total (X)
ABS 227.0 26.71 298.6 460.8 674.7 957.1  19.46
Acetic acid 352.0 12.23 441.9 475.0 516.9 569.6 9.58
Acrylonitrile 513.0 20.10 725.0 991.4 1336.7 1783.5 21.99
Ammonia 2300.0 3.26 2600.0 2900.0 3100.0 3400.0 1.85
Butadiene 630.0 16.55 828.2 1207.1 1706.5 2364.7 19.44
Ethyl benzene 1259.0 13.66 1733.7 2579.1 3694.3 5165.3 17.81
Ethylene 4167.0 11.90 3913.5 4162.2 4452.2 4786.1 6.61
Ethylene Dichloride 2673.0 15.54 2421.3 2814.3 3310.1 3935.8 10.73
Ethylene glycol 445.0 11.83 503.7 682.2 920.8 1240.1 14.31
Ethylene Oxide 537.0 11.22 675.7 915.2 1235.3 1663.7 16.53
Formaldehyde 1120.0 12.17 1171.5 1430.5 1784.8 2269.4 6.72
HDPE 550.0 10.40 466.7 636.5 857.1 1144.1 6.61
LDPE 868.0 7.64 909.2 1144.9 1456.0 1866.5 6.52
Methanol 1124.0 9.95 1040.7 1184.0 1392.0 1692.2 7.83
PET 491.0 10.92 760.4 1253.5 1904.1 2762.6 19.26
PVC 1428.0 2.60 1223.9 1422.5 1673.1 1989.3 7.39
Polypropylene 875.0 18.28 679.5 837.7 1037.4 1289.2 7.49
Polystyrene 675.0 13.17 616.3 808.0 1064.0 1406.6 9.01
Propylene 2606.0 14.32 3096.7 4070.3 5337.8 6987.5 12.49
SBR 508.¢ 10.80 619.7 898.7 1266.4 1751.0 14.12
Styrene 1221.0 15.27 1537.6 2287.4 3276.5 4581.1 18.04
VCM 1558.0 13.46 1413.1 1642.4 1931.8 2296.9 8.26
Vinyl Acetate 434.0 24.90 415.5 446.6 485.9 535.5 15.09
Regional Total 26 559.0 10.30 28 092.5 35 250.5 44 4l4.4 56 438.0 8.40

Source: Econometric Research Data files
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Worid petrochemicel demand b+

——iiite & F

Other developed countries a/

Annual rates of grovth -

Product /Period 1975-80 1980-85 1985-90 1990-95 1995-2000 1980-2000
ABS .092 »052 .048 044 .041 .046
Acetic acid -.032 .028 .030 .030 .030 .030
Acrylonitrile .084 .082 .048 044 041 054
Ammonia .068 014 .048 044 <041 .037
Butadiene .046 .057 044 041 .039 .045
Ethyl benzene .286 .004 .064 .055 .050 043
Ethylene .061 .020 .051 .046 .043 .040
Ethyleune Dichloride -.061 .125 .061 .053 .048 071
Ethylene glycol <329 -.033 .048 045 .042 .025
Ethylene Oxide .068 .003 .048 .045 «042 034
Formaldehyde 074 .054 .056 .050 »046 .051
HDPE 124 064 071 .060 053 .062
LDPE .094 .055 .060 .053 .048 054
Methancl .090 044 056 .050 -046 .049
PET 016 .053 .048 <045 +042 047
PVC .108 .054 .061 .053 -048 .054
Polypropylene .163 .£77 .082 .066 .057 .070
Polystyrene .101 -059 .064 .055 .050 .057
Propylene .126 .054 .073 .061 .053 .060
SBR .027 .043 .030 .030 .030 034
Styrene .153 .052 064 .055 .050 .055
VcM .162 .028 .061 .053 .048 .047
Vinyl Acetate .016 .041 030 .030 .030 .033
V.A. Agriculture - - - - - -
V.A. Manufacturing - - - - - -
V.A. Construction - - - - - -
Consumption - - - - - -
GDP .025 .024 .030 .030 .030 .029
Regional Total .084 .036 .056 .050 046 047

a/ does not include centrally

Source: Econometric Research Data files

planned Asian econories
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Table 4.31b World petrochemical demand by regions
Other deveioped couniries a/
Expected demand (thousand metric tons)

Share in Share in

world world
Product /Period 1980 total (Z) 1985 1990 1995 2000 total (X)
ABS 14.0 1.28 18.0 22.7 28.2 3%.6 .70
Acetic acid 7.0 .59 19.6 22.7 26.4 30.7 .52
Acrylonitrile 3.0 .12 4.4 5.6 7.0 8.5 .11
Ammonia 118C.0 1.67 1264.0 1594.3 1977.9 2423.6 1.32
Butadiene 55.0 1.44 72.6 90.0 110.1 133.5 1.10
Ethyl benzene 144.0 1.56 146.9 200.2 262.3 33%.3 1.15
Ethylene 414.0 1.18 456.2 584.5 733.6 906.8 1.25
Ethylene Dichloride 116.0 .67 209.1 280.7 363.9 460.6 1.26
Ethylene glycoil 29.0 .77 24.5 3l.1 38.7 47.5 .55
Ethylene Oxide 25.0 .52 25.3 32.1 40.0 49.1 .49
Formaldehyde 100.0 1.09 130.0 170.5 217.7 272.4 .81
HDPE 129.0 2.44 175.9 247.6 331.0 427.8 2.47
LDPE 243.0 2.14 317.6 425.1 550.0 695.1 2.43
Methanol 57.0 .50 70.6 92.7 118.3 148.1 .69
PET 54.0 1.20 69.9 88.6 110.3 135.5 .94
PVC 247.0 2.18 321.4 43l.6 559.5 708.1 2.63
Polypropylene 102.0 2.14 147.5 218.5 300.9 396.7 2.30
Polystyrene 63.0 1.23 84.1 114.5 149.8 190.9 1.22
Propylene 150.0 .82 195.0 277.2 372.7 483.6 .86
SBR 40.0 .85 49.5 57.5 66.8 77.6 .63
Styrene 114.0 1.43 147.1 200.6 262.8 334.9 1.32
VCM 241.0 2.08 276.3 371.0 481.0 608.7 2.19
Vinyl Acetate 13.0 .75 15.9 18.5 21.5 25.0 .70
Regional Total 3 550.0 1.38 4 241.4 5 577.9 7 130.2 8 933.4 .33

a/ does not include centrally planned Asian ecomnormies

Source: Econometric Rezearch vata files
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Table 4_32a WUorld petrochemicel demend by regicne
Latin America
Annual rates of growth
Product/Period 1975-80 1980-85 1985-90 1990-95 1995-2000 1980-2000
ABS .168 .071 .095 .081 .073 .080
Acetic acid .128 074 .085 .076 .N70 .076
Acrylonitrile .194 .079 .095 .081 .073 .082
Ammonia .057 .115 .095 .081 .073 .091
Butadiene .103 .040 .064 .061 .060 .056
Ethyl benzene .195 .068 .089 .078 .071 76
Ethylene .164 -052 .087 -.077 .070 .071
Ethylene Dichloride 124 .033 .082 .073 -068 064
Ethylene glycol .104 .051 .073 .068 .065 .064
Ethylene Oxide .200 .008 .073 .068 .065 .053
Formaldehyde »102 <046 .076 .070 .066 064
HDPE .198 .074 .097 .082 .074 .081
LDPE .140 .057 .081 .073 .068 .070
Methanol 177 .050 .081 .073 .068 .068
PET .099 .057 .073 .068 .065 .066
PVC .148 .047 .082 .073 .068 .067
Polypropylene .216 .081 .101 .084 .075 .085
Polystyrene .157 .076 .087 077 .070 .078
Propylene 2224 .077 .099 .084 075 084
SBR .087 .025 .054 «054 -055 .047
Styrene .16l .076 .089 .078 071 078
VCM 174 .031 .082 «073 .068 .063
vinyl Acetate .127 .070 .085 .076 .070 075
V.A. Agriculture - - - - - -
V.A. Manufacturing - - - - - -
V.A. Construction - - - - - -
Consumption - - - - - -
GDP .056 .037 .055 .055 .055 .051
Regional Total 117 .075 .088 .077 071 .078

Source:

Econometric Research Data files
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World petrochemical demand by regions

v a2 a_ _ 2>
LAt ALl UL LLa

Expected demand (thousand metric tonms)

Share in Share in

world world
Product/Period 1980 total (Z) 1985 1990 1995 2000 total (%)
ABS 37.0 3.38 52.1 82.0 121.2 172.4 3.51
Acetic acid 139.0 4.83 198.7 299.4 4:1.1 603.6 10.15
Acrylonitrile 143.0 5.60 209.6 329.8 487.2 693.3 8.55
Ammonia 3920.0 5.56 6758.2 10633.6 15707.3 22349.9 12.19
Butadiene 260.0 6.83 315.8 429.8 579.1 774.5 6.37
Ethyl benzene 329.0 3.57 457.5 699.4 1016.0 1430.6 4.93
Ethylene 1289.0 3.66 1651.1 2505.6 3624.4 5089.0 7.03
Fthylene Dichloride 584.0 3.39 688.6 1020.2 1454 .4 2022.8 5.52
Ethylene glycol 146.0 3.88 186.8 265 -9 369.4 505.0 5.83
Ethylene Oxide 179.0 3.74 185.8 264.5 367.6 502.4 4.99
Formaldehyde 380.0 4.13 476.1 686.3 961.5 1321.7 3.91
HDPE 328.0 6.21 468.4 742.6 1101.7 1571.7 5.08
LDPE 830.0 7.30 1092.8 1616.3 2301.6 3198.8 11.17
Methanol 344.0 3.04 439.2 648.7 923.0 1282.1 5.93
PET 350.0 7.78 461.3 656.6 912.3 1247.1 8.69
PVvVC 678.0 5.98 851.2 1261.2 1797.9 2500.6 9.29
Polypropylene 255.0  5.%  377.1 610.2 915.2 1314.7  7.63
Polystyrene 290.0 5.66 417.7 634.8 919.1 1291.3 8.27
Propylene 695.C 3.82 1006.8 1616.2 2414,1 3458.6 6.18
SBR 359.0 7.63 406.3 528.5 688.5 898.0 7.24
Styrene 411.0 5.14 593.4 907.0 1317.7 1855.3 7.31
VCM 609.0 5.26 708.0 1048.9 1495.3 2079.8 7.48
Vinyl Acetate 100.0 5.74 140.4 211.4 304.4 426.2 12.01
Regional Total 12 646.C 4.90 18 142.9 27 699.0 40 210.0 56 589.5 8.42

Source:

Econometric Research Data files
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Table 4.33a World petrochemical demand by regions
Atrica (South ot the Sahara)
Annual rates of growth

Product /Feriod 1975-80 1980-85 1985-90 199C-95 1995-2000 1980-2000
ABS ~- - - - - -
Acetic acid - - - - - -
Acrylonitrile - - - - - -
Ammonia .061 - - - - -
Butadiere - - - - - -
Ethyl benzene - - - - - -
Ethylene - - - - - -
Ethylene Dichloride - - - - - -
Ethylene glycol - - - - - -
Ethylene Oxide - - - - - -
Formaldehyde - - - - - -
HDPE - - - - - -
LDPE - - - - - -
Methanol - - - - - -
PET - .002 .199 .111 .081 .096
PVC - - - - - -
Polypropylene - -.075 .021 .031 031 .003
Polystyrene - - - - - -
Propylene - - - - - -
SBR - - - - - -
Styrene - - - - - -
vcM - - - - - -
Vinyl Acetate - - - - - -
V.A. Agriculture - - - - - -
V.A. Manufacturing - - - - - -
V.A. Construction - - - - - -
Consumption - - - - - -
GDP 031 - .031 .031 .031 .023
R2gional Total .069 -.458 0.184 .107 .079 -.064

Source: Econcmetric Research Data files
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Table 4.33b World petrochemical demand by regions
Africa (South of the Sahara)
Expected demand {(inousand meiric toas)

Share in Share in
world world
Product /Period 1980 total () 1985 1990 1995 2000 total (Z)
ABS - - - - - - -
Acetic acid - - - - - - -
Acrylonitrile - - - - - - -
Ammonia 350.0 .50 - - - - -
Butadiene - - - - - - -
Ethyl benzene - - - - - - -
Ethylene - - - - - - -
Ethylene Dichleride - - - - - - -
Ethylene glycol - - - - - - -
Ethylene Oxide - - - - - - -
Formaldehyde - - - - - - -
HDPE - - - - - - -
LDPE - - - - - - -
Methanol - - - - - - -
PET 15.0 .33 15.1 37.6 63.7 94.0 .66
PVC - - - - - - -
Polypropylene 3.0 .06 2.0 2.4 2.7 3.2 .02
Polystyrerne - - - - - - -
Propylene - - - - - - -
SBR - - - - - - -
Styrene - - - - - - -
VCM - - - - - - -
Vinyl Acetate - - - - - - -
Regional Total 368.0 14 17.2 39.9 66.4 97.2 .01

Source: Econometric Research Data files
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Table 4.34a World petrochemical demand by regions

Wo el AL _Jan amd WMIAAT. Taons
UL LI ALl ACAd GUM SIAUUGAT LGO

Annual rates of growth

Product/Period 1975-80 1980-85 1985-90 1990-95 1995-2000 1980-2000
ABS -.097 155 .050 .050 .050 .076
Acetic acid .056 -.041 .089 .076 .068 047
Acrylonitrile - - - - - -
Ammonia .066 -066 .066 .066 .066 .066
Butadiene - - - - - -

Ethyl benzene - - - - - -

Ethylene . 327 -108 .082 .094 .079 .091
Ethylene Dichloride -.089 .054 .146 .103 .084 .096
Ethylene glycol - .037 -.036 .125 .068 047
Ethylene Oxide - - - - - -
Formaldehyde -286 .015 .119 .092 .078 .075
HDPE .074 .020 .13 .098 .081 .082
LDPE .110 .083 064 .112 .064 .081
Methanol .117 .047 .111 .088 .075 .080
PET .081 .004 .066 .062 .059 047
PVC .088 .076 .039 .122 .069 .076
Polypropylene .084 .239 047 .099 .081 114
Polystyrene .035 .096 .037 .218 .082 .106
Propylene -.275 .330 .821 .070 .165 .318
SBR - .021 .151 .105 .085 .089
Styrene - - - - - -
VCM - .058 -146 .103 .084 .097
vinyl Acetate .116 -.011 .089 .076 .068 .055

V.A. Agriculture - - - - - -
V.A. Manufacturing - - - - - -

V.A. Construction - - - - - -

Consumption - - - - - -
GDP .059 .080 .050 .050 .050 .058
Regional Total .090 .075 .078 .093 075 .080

Source: Econometric Research Data files
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Table 4.34b World petrochemical demand by regions
North Africa and Middle Fast
i Expected demand (thousand metric tons)

Share in Share in

world world
Product /Period 1980 total (2) 1985 1990 1995 2000 total (%)
ABS 3.0 .27 6.2 7.9 10.1 12.9 <26
Acetic acid 25.0 .87 20.3 31.1 44.9 62.5 1.05
Acrylonitrile - - - - - - -
Ammonia 1200.0 1.70  1655.0 2283.0 3148.0 4342.0 2.37
Butadiene - - - - - - -
Ethyl benzene - - - - - - -
Ethylene 210.0 .60 350.0 520.0 816.0 11393.0 1.65
Ethylene Dichloride 44.0 .26 57.2 112.9 184.1 275.1 <75
Ethylene glycol 20.0 .53 24.0 20.0 36.0 50.0 .58
Ethylene Oxide - - - - - - -
Formaldehyde 74.0 .80 79.8 140.2 217.5 316.3 .94
HDPE 100.0 1.89 110.6 207.1 330.3 487.9 2.82
LDPE 370.0 3.26 550.0 750.0 1274.0 1741.0 6.08
Methanol 40.0 <35 50.4 85.2 129.8 186.7 .86
PET 28.0 .62 28.6 39.3 52.9 70.4 .49
PVC 350.0 3.09 505.0 610.0 1084.0 1516.0 5.63
Polypropylene 60.0 1.26 175.0 220.0 353.0 521.0 3.03
Polystyrene 95.0 1.85 150.0 180.0 482.0 716.0 4.59
Propylene 3.0 .02 12.5 250.0 350.0 750.0 1.3
SBR 12.0 .26 13.3 26.9 44.2 66.3 .53
Styrene 2.0 <03 - - - - -
VCH 25.0 022 33.1 65.3 106.5 159.2 .57
Vinyl Acetate 19.0 1.09 18.0 27.6 39.8 55.4 1.56
Regional Total 2 680.0 1.04 3839.0 5 576.4 8 703.0 12 521.6 1.86

Source:; Econometric Research Data files
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Table 4.35a World petrochemical demand bv regions
Cretl Anca =/
SUULIl AD A ag

Annual rates of'irouth

Product fPeriod 1975-80 1980-85 1985-90 1990-95 1995-2000 1980-2000
ABS - .166 117 .086 .070 .109
Acetic acid .068 .450 .083 .069 .0%0 .155
Acrylonitrile - - - - - -
Ammonia .133 .098 .064 .040 .037 .059
Butadiene .080 .108 .077 .065 .058 077
Ethyl benzene .059 .073 .046 045 043 .052
Ethylene 122 .061 .067 .059 .054 .060
Ethylene Dichloride 016 -094 .062 .055 .051 .065
Ethylene glycol .102 .102 .065 .058 .053 .069
Ethylene Oxide .099 .083 .065 .058 .053 .065
Formaldehyde 140 .032 .052 . 049 .046 045
HLPE .153 ~087 .067 .059 .054 .067
LDPE <214 .057 .076 .064 .057 064
Methanol .210 .227 .078 .066 .058 .105
PET .206 .086 .080 .N67 .059 073
PVC 132 .060 .062 .055 .051 .057
Polypropylene .762 .068 .097 .076 .065 .076
Polystyrene .054 .085 .046 .045 .043 .055
Propylene .131 .060 .066 .058 .053 .059
SBR -.009 .085 044 042 041 .053
Styrene .035 .093 046 .045 .043 .057
vcM -.018 .135 .062 .055 .051 .075
Vinyl Acetate .046 .166 .083 .069 .060 094

V.A. Agriculture - - - - - -
V.A. Manufacturing - - -~ - - -

V.A. Construction - - - - - -

Consumption - - - - - -
GDP .037 .037 .037 .037 .037 .037
Regional Total .131 .100 .065 .043 .039 062

a/ does not include centrally planned Asian econcmies

Source: Econometric Research Data files
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Table 4.35b World petrochemical demand by regions

South Aeie =/

Expected demand (thousand metric tonms)

Share in Share in

world world
Product /Period 1980 total (2) 1985 1390 1995 2000 total (Z)
ABS 5.0 .46 10.8 18.8 28.4 39.9 .81
Acetic acid 32.0 1.11 204.8 305.5 426.2 570.9 9.60
Acrylonitrile 10.0 -39 - - - - -
Ammonia 6,300.0 8.93 10,070.0 13,740.9 16,700.0 20,000.0 10.91
Butadiene 22.0 .58 36.7 53.3 73.1 96.$ -80
Ethyl benzene 24.0 .26 3.2 42.9 53.3 65.9 .23
Ethylene 155.6 44 208.6 288.8 385.0 500.3 .69
Ethylene Dichloride 51.0 -30 79.9 107.7 141.0 180.9 -49
Ethylene glycol 13.0 .35 21.1 28.9 38.3 49.5 57
Ethylene Oxide 16.0 .33 23.8 32.6 43.2 55.9 .55
Formaldehyde 52.0 .56 61.0 78.5 99.5 124.5 .37
HDPE 51.0 .96 77.4 107.1 142.7 185.4 1.07
LDPE 95.0 .84 125.5 180.5 246.6 325.8 1.14
Mathanol 70.0 .62 195.0 283.9 390.5 518.2 2.40
PET 46.0 1.02 69.4 102.1 141.3 188.2 1.31
PVC 80.0 .71 107.0 144.2 188.8 242.2 .90
Polypropylene 17.0 .36 23.7 37.6 54.3 74.3 .43
Polystyrene 13.0 .25 19.5 24.5 30.5 37.7 <24
Propylene €l1.0 .34 81.5 i11.9 148.3 192.0 3%
SBR 22.0 47 33.0 40.9 50.3 61.7 .50
Styrene 19.0 .24 29.7 37.3 46.4 57.2 .23
\'[ ] 41.0 .35 77.2 104.0 136.2 174.8 .63
Vinyl Acetate 5.0 .29 10.8 16.1 22.4 30.0 .85
Regional Total 7,200.0 2.79 11,600.4 15,887.0 19,586.2 23,772.2 3.54

a/ does not include centrally planned Asian economies

Source: Econometric Research Data files
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Table 4.36a World petrochemical demand by regions
South Fast Asia af
Annual rates of growth

Product /Period 1975-80 1980-85 1985-9C 1990-95 1995-2000 1980-2000
ABS . 384 -094 -129 104 .091 .104
Acetic acid .185 -064 .131 .104 .091 097
Agrylonitrile 117 .090 .099 .088 .082 .0%0
Ammonia - - - - - -
Butadiene .287 .090 .120 -099 .088 -099
Ethyl benzene - -130 .126 «102 .090 -112
Ethylene . 356 .043 .113 .096 .086 +84
Ethylene Dichloride <430 .048 .110 094 .083 .084
Ethylene glycol .213 .060 .105 -092 .084 .085
Ethylene Oxide .846 -.016 .105 -092 .084 065
Formaldehvde -104 .059 .087 .081 .078 .076
HDPE .183 .099 .114 .096 .087 .099
LDPE .086 097 .092 .084 .080 .088
Methanol 114 -085 .099 -089 .082 -089
PET 141 .069 .105 .092 .084 .088
PVC .190 .083 .110 .094 .085 .093
Polypropylene «204 ' .082 .115 .097 .087 .095
Polystyrene .210 «J95 .110 .094 .086 .096
Propylene . 316 .065 .115 .097 .087 .091
SBR «262 .085 .115 .097 .087 .096
Styrene «358 .108 .126 .102 .090 .106
vCcM «250 .071 .110 .094 .085 .090
Vinyl Acetate -458 .082 .131 104 .091 .102

V.A. Agriculture - - - - - -
V.A. Manufacturing - - - - - -

V.A. Construction - - - - - -

Consumption - - - - - -
GDP .069 041 .070 .070 .070 <062
Regional Total .221 .072 .109 .094 .085 .090

a/ does not include centrally planned Asian economies

Source: Econometric Research Data files
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< Table 4.36b World petrochemical demand by regions
South Fast Asia a/
Expected demand (thousand metric toms)

Share in Share in

world world
Product/Period 1980 total (Z) 1985 1990 1995 2000 total (%)
ABS 71.0 6.48 111.0 263.9 333.7 515.5 10.48
Acetic acid 56.0 1.95 76.4 141.2 231.9 38.8 6.03
Acrylonitrile 207.0 8.11 318.7 510.0 777.8 1,152.6 14.21
Ammonia - - - - - - -
Butadiene 99.0 2.60 152.1 268.2 430.6 658.0 5.41
Ethyl benzene 121.0 1.31 222.5 402.1 653.4 1005.1  3.46
Ethylene 866.0 2.47 1,070.2 1,828.7 2,890.2 4,375.6 6.05
Ethylene Dichloride 903.0 5.25 1,142.0 1,922.4 3,014.5 4,542.7 12.39
Ethylene glycol 320.0 8.51 427.4 705.6 1,094.9 1,639.8 18.92
Ethylene Oxide 150.0 3.13 138.5 228.7 355.0 531.6 5.28
Formaldehyde 547.0 5.94 729.3 1108.2 1638.5 2380.5 7.05
HDPE 290.0 5.49 464.9 795.3 1264.8 1917.6 11.07
LBPE 466.0 4.10 741.7 1154.2 1731.5 2539.3 8.87
Methanol 312.0 2.76 470.0 755.0 1153.9 1712.1 7.92
PET 767.0 17.06 1073.1 1771.7 2749.4 4117.4 28.71
PVC 792.0 6.99 1179.2 1985.0 3112.7 4690.8 17.43
Polypropylene 476.0 9.97 707.5 1217.3 1930.8 2929.2 17.01
Polystyrene 306.9 5.97 481.8 813.3 1277.1 1926.1 12.34
Propylene 489.0 2.69 669.8 1152.5 1828.0 2773.3  4.96
SBR 176.0 3.74 265,2 456.6 724.5 1099.4 8.87
Styrene 254.0 3.18 425.0 768.1 1248.1 1919.9 7.56
VCM 838.0 7.24 1180.2 1986.8 3115.4 4694.9 16.88
Vinyl Acetate 79.0 4.53 117.2 216.7 355.0 550.8 15.52
Regional Total 8 585.0 3.33 12,163.6 20,394.4 182,582.6 48,031.0 7.15

a/ does not include centrally planned Asian economies

Source; Econometric Research Data files
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Table 4.37a World petrochemical demand by regions

World Total 3/
Annual rates of growth

Product /Period 1975-80 1980-85 1985-90 1990-95 1995-2000 1980-2000
ABS .097 .109 .075 .067 .062 .078
Acetic acid .095 .036 .037 .037 .038 .037
Acrylonitrile 067 .068 .059 .056 .054 .060
Ammonia .056 051 .052 047 .046 .049
Butadiene .038 .083 .053 .052 .051 .060
Ethyl benzene .076 .071 .058 .055 .052 .059
Ethylene .078 .026 041 041 041 .037
Ethylene Dichloride .086 .024 <044 .043 .043 .039
Ethylene glycol 055 .031 .046 047 047 .043
Ethylene Oxide .043 .030 .040 .040 .041 .038
Formaldehyde .180 074 .075 .063 .056 .067
HDPE .132 .055 .070 .061 .059 .061
LDPE .077 044 .049 .049 .048 .047
Methanol .076 .019 .637 .038 .038 .033
PET .068 .053 .065 .062 .060 .060
PVC .079 .032 047 .048 .049 044
Polypropylene .150 .055 N4 .067 .069 .066
Polystyrene .075 .061 .056 .058 054 .057
Propylene .084 .054 .060 .056 .061 .058
SBR .026 .062 044 .046 .047 .050
Styrene .076 .068 .060 .056 .054 .059
VCM .088 034 .049 .048 -047 .045
Vinyl Acetate .040 .025 .039 .040 .041 .036
V.A. Agriculture .C04 .029 .019 .019 .020 .022
V.A. Manufacturing .030 .037 .040 041 ,041 .040
V.A. Construction .017 034 .033 .034 -035 .03
Consumption .035 .021 .033 .033 .034 .030
GDP .039 .026 .036 .037 .038 .034
Regional Total 074 .046 .052 .049 049 .049

a/ does not include centrally planned Asian economies

Source:

Econometric Research Data files
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Table 4.37b World petrochemical demand by regions
World Total 5/
Expected demand (thousand metric tous)

Share in Share in

world world
Product /Period 1980 total (Z) 1985 1590 1995 2000 total (X)
ABS 1096.0 100 1838.2 263£.9 3643.7 4918.1 100
Acetic acid 2877.0 160 3434.0 4113.8 4539.3 5946.4 100
Acryloniirile 2552.0 100 3545.8 4729.9 6221.6 8109.1 100
Ammonia 70530.0 100 90393.3 116417.0 146597.2 188393.6 100
Butadiene 3807.0 100C 5672.3 7350.3 9471.7 12161.7 100
Ethyl benzene 9219.0 100 13008.9 17244.0 22489.3 29008.7 100
Ethylene 35018.0 100 39806.1  48598.3 59302.9 72377.8 100
Ethylene Dichloride 17202.0 100 19364.3 24007.4  29685.2  36667.8 160
Ethylene glycol 3761.0 100 4380.2 5475.3 6881.5 86€5.5 100
Ethylene Oxide 4788.0 100 5560.9 6764.0 8241.5 10065.6 100
Formaldehyde 9206.0 100 13144.8 18895.1 25697.6  33781.4 100
HDPE 5286.0 100 6903.0 9684.6 13008.0 17316.2 100
LDPE 11365.0 100 14080.4 17856.4 22662.7 28639.4 100
Methanol 11298.0 100 12423.0 14883.3 17896.5 21609.5 100
PET 4496.0 100 5825.7 7967.8 10739.1 14343.3 100
PVC 11335.0 100 13261.3 16711.9 21148.2 26916.6 100
Polypropylene 4775.0 100 6232.5 8901.0 12335.5 17222.1 100
Polystyrene 5124.0 100 6890.6 9049.3 12019.5 15614.7 100
Propylene 18197.0 100 236339.4 31697.3 41552.0 55962.5 100
SBR 4705.0 100 6357.0 7902.9 9875.3 12398.7 100
Styrene 7994.0 100 11099.1 14845.0 19524.9 25396.3 100
VCM 11578.0 100 13703.9 17436.4  22058.6 27817.1 100
vinyl Acetate 1743.0 100 1972.9 2384.8 2900.2 3549.6 100
Regional Total 257952.0 100 322537.8 415552.9 528892.1 671882.0 100

a/ does not include centrally planred Asian economies

Source: Econometric Research Data files




- 135 -

4.3 Alternative B forecasts: world demand for petrochemicals within a price

sensitive framework

Price sensitivity may be modelled in a number of ways, but mainly through
its introduction into final demand equations. Despite the fact that certain
demands are world price imelastic (insensitive to world price changes), there
may still be a high degree of sensitivity of demand to regional price
differentials. We have concentrated our efforts on modelling the first type
of sensitivity, as we were unable to ottain sufficiently long time series on
regional prices of petrochemical products to permit modelling of the second

type of sensitivity.

Modelling the price impact through the introduction of price variables in
tke final petrochemical product demands was not an easy task, as was
documented in section 3.9. More difficult indeed is the task of predicting
price formation in the future. There is no good substitute for a generalized
model in which prices are determined endogenously within a framework which
reflects the interplay of demand and supply forces. In the absence of such an
elaborate system, we had to rely on the linking of petrochemical prices to oil
prices, given the close affinity these sets of prices have been shown to
possess. The results of the regressions in table 4.13 substantiate this
claim. The oil price is statistically significant with a high t-statistic,
the Rz values are very high, and the F-statistics are high emnough to
indicate non-rejection of the null hypothesis that the regression relationship
indicates a close linkage between the dependent variable and the independent
variables. Only the SBR price is poorly related to the oil price; otherwise,

all other prices are highly related to the oil price.

The price forecasts--sll index numbers with 1975 = 100--are presented in
table 4.14. The implied exogenous specification of the oil price is also
presented in this table. The assumptions made about the price behaviour of
oil are as follows. To begin with, oil prices are required to decline in
nominal terms until 1985. Secondly, from 1985 to 1990 the price of oil is
allowed to grow at 3.7 per cent per year. Thirdly, between 1990 and 1995, the
price of o0il is allcwed to increase at the annual rate of 2.0 per cent.

Fourthly, between 1995 and the year 2000, the price of oil is hypothesized to

increase at the annual rate of 5 per cent.
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Table 4.38 Regression results of the linkage

Dependent variable Constant 0il price R2 F D-W
Price of:
HDP 64.35 <391 .96 106.6 2.7
(10.26) (10.33)
LDP 63.42 «372 .90 35.5 2.9
(6.13) (5.96)
PPR 82.23 .185 .95 75.1 3.5
(23.23) (8.66)
PST 76.77 .149 .51 4.1 1.5
(6.27) (2.02)
PVC 85.49 .200 .70 9.5 1.4
(7.96) {3.08)
SBR 103.29 .159 .39 2.5 1.1
(6.23) (1.59)
Price of SBR
Natural rubber -176.10 2.745 .83 19.9 1.5
(-2.22) (4.46)
ABS 93.37 .257 .78 14.1 1.1
(3.24) (3.76)
VAC 71.98 .198 .76 12.3 2.2
(7.90) (3.25)
STY 54.60 A .80 15.9 2.9
(2.96) (3.99)
BUT 74,27 .365 .90 35.3 2.6

(7.30) (5.94)
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Table 4.39 Price forecasts
{all Index Numbers, 1575 = 100)

OILP HDPP LDPP PPRP PSTP PVCP
1974  100.000 100.000 128.000 112.000 112.000 120.000
1975 100.000 100.000 100.000 100.000 100.000 100.000
1976 106.000 105.000 105.000 100.000 108.000 96.000
1977 117.000 110.000 102.000 109.000 82.000 107.000
1978 117.000 107.000 98.000 100.000 82.000 118.000
1979 170.000 142.000 144,000 116.000 101.000 134.000
1980 295.000 176,000 168.000 136.000 123.000 139.000
1981 0.000 0.000 0.000 0.000 0.000 0.000
1985 250.000 162.110 156.367 128.533 114.170 135.000
1990 300.000 181.661 174.956 137.793 121.650 145.000
1985  331.000 193.783 186.48¢C 134,534 126.288 151.000
2000 422.000 229.366 220.312 160,388 139.903 169.000

1 2 3 4 5 6

SBRP ABSP VASP STYP BUTP
1974 118.000 123.000 110.000 120.000 116.000
1975 100.000 100.C000 100.000 100.000 100.000
1976 110.000 123.000 88.000 105.000 120.000
1977 127.000 132.000 88.000 100.000 114.000
1978 135.000 132.000 88.000 87.500 114.000
1979  150.000 139.000 117.006 160.000 151.000
1980 142.000 167.000 126.000 177.000 177.000
1981 0.000 183.000 125.000 177.000 214.000
1985 143.135 157.671 120.353 165.621 165.535
1990 151.103 170.530 130.027 187.825 183.788
1995 156.043 178.503 136.025 201.591 195.105
2000 170.544 201.907 153.632 242.002 228.325

1 2 3 4 5
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The forecast prices of petrochemical products were introduced into the
estimated equations described in table 3.11, and a new set of world demands
for petrochemical products were generated. The results are presented in
tables 4.13 to 4.15. _

The new forecasts are for the most part different from those estimated
from the equations that do not include prices, and the differences in many

respects are systematic.

Firstly, the new forecast demands for petrochemical products in North
Anerica are significantly higher than those observed under the assumptions of
alternative A, and this holds true for 1985, 1990 and the year 2000. The
differences grow as time passes. In 1985, these differences are relatively
small, except for methanol, vinyl acetate, styrene, HDPE and ethyl-benzene.
In the year 2000, the differences have become large indeed, and particularly
for acetic acid, ethyl-benzene, HDPE, methanol, polypropylene, polystyrene,

propylene, styrene and vinyl acetate.

Secondly, demaunds for petrochemicals in Western Europs are forecast to be
substantially lower when prices are included than when they are excluded.
This holds true for most products and for the three forecast periods, but more
so for the latter periods and for the following products: ammonia, ethylene,
EDC, formaldehyde, HDPE, LDPE, PVC, SBR, and VCM. There are also products
whose demands are forecast to be higher than in the alternative A forecasts.
The list includes vinyl acetate, styrene, polystyrene, ethylene-oxide, EDC,

ethyl-benzene, and acetic acid.

Thirdly, the forecast dewands for petrochemical prc.ucts in East Europe
are very similar product by product under both alternatives. The general
trend is a slight increase in the forecas:t demand for most products when
prices are included. There are of course some demands which decline slightly,
but the majority of the forecast demands tend to be marginally higher when

prices are included than when they are excluded.

Finally, the pattern of demand for petrochemical products in Japan, when

prices are included, is generally mixed; some demands are higher and some are

lower than the corresponding forecasts that do nct include prices. However,
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the differences between the two alternative forecasts are small. Demand for
ABS is generally lower, and so is the demand for acrylonitrile, butadiene,
ethyl-benzene, formaldehyde, HDPE, methanol, polypropylene, propylene, SBR,
and styrene. The demand for EDC, LDPE, PVC, polystyrene and VCM are, however,

higher than when prices are excluded.

We were forced to restrict our forecasts to industrialized regions only,
when prices were included. Certainly, it would have been better to include
all regions, and to compare regional and world totals, product by product,
under the two alternative specifications of demand. The task is very simple,
once data are obtained about prices in these areas. With longer time-series
data, the robustness of the estimation will rise measurably. With only eight
observations, the introduction of prices consumed one and somctimes two (when
substitutes or complements' prices were included) very valuable degrees of
freedom with consequent loss of precision for the estimates. Furthermore, the
availatility of regional prices may also permit us to model regional
competitiveness. This is an extremely important feature to consider, given
that demands which are generally price inelastic could very well be highly
elastic with respect to regional differences in prices. This latter
phenomenon is very much at the heart of the Arab strategy to capitalize on its

comparative advantage with respect to feedstock prices.
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Table 4.40 Price-sensitive world petrochemical consumption

by region and product, 1985

(thousand metric tons/year)

\% North Western CPE
Products America Europe Europe Japan

ABS 909 428 a 292
ACETIC ACID 2447 990 0 441
ACRYLONITRILE 1011 1190 86 720
AMMONTA 29963 16374 21771 2600
BUTADIENE 3138 1388 126 757
ETHYL BENZENE 7893 3414 865 1652
ETHYLENE 17673 12066 1374 2630
ETHYLENE DICHLORIDE 7364 7055 502 2668
ETHYLENE GLYCOL 2274 853 67 503
ETHYLENE OXIDE 2808 1559 149 675
FORMALDEHYDE 4183 6526 551 1152
HDPE 4517 1702 402 488
LDPE 3976 4660 1698 1534
METHANOL 5766 3707 3052 947
PET 1872 832 641 760
PVC 3221 4217 1381 1348
POLYPROPYLENE 2542 1501 278 718
POLYSTYRENE 3449 2413 559 855
PROPYLENE 10506 6860 288 3130
SBR 2927 1223 1366 563
STYRENE 5712 3095 835 1465
veM 3537 4672 1858 1557
VINYL ACETATE 1139 567 0 415
REGIONAL TOTAL 128827 87292 37857 28130

Source; Econometric Research Data Files
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Table 4.41 Price-sensitive world petrochemical consumpttion

3 onn
n and PLoGuce, 175v

(thousand metric tons/year

egions North Western CPE
Products America Europe Europe Japan

ABS 1274 562 (] 413
ACETIC ACID 3543 1176 (] 1385
ACRYLONITRILE 1324 1453 103 954
AMMONIA 39223 19993 25957 2900
BUTADIENE 4220 1636 162 976
ETHYL BENZENE 11284 4007 1133 2228
ETHYLENE 22362 13452 1990 4162
ETHYLENE DICHLORIDE 9306 7864 695 3027
ETHYLENE GLYCOL 2667 986 95 682
ETHYLENE OXIDE 3294 1802 209 915
FORMALDEHYDE 5280 10531 712 1430
HDPE 6831 2078 631 620
LDPE 4897 5476 2355 2066
METHANOL 8256 4437 3595 965
PET 2174 959 884 1253
PVC 4071 4701 1913 1530
POLYPROPYLENE 3634 2048 405 826
POLYSTYRENE 4941 3164 734 1287
PROPYLENE 14354 8409 343 4011
SBR 3898 1298 1754 719
STYRENE 8165 3633 1094 1976
(0] 4471 5208 2712 1766
VINYL ACETATE 1650 673 (] 446
REGIONAL TOTAL 171119 105546 47475 36128

Source; Econometric Research Data Files




. - 142 -
Table 4.42 Price-sensitive world petrochemical consumption

by region and product, 2000

(thousand metric tons/year)

‘~\-\825122i-~_, North Western CPE
Products America Europe Europe Japan

ABS 2287 892 0 776
ACETIC ACID 6417 1634 0 570
ACRYLONITRILE 2180 2125 146 1642
AMMONTA 64635 29240 36898 3400
BUTADIENE 7270 2273 256 16342
ETHYL BENZENE 20857 5515 1836 3962
ETHYLENE 30376 16846 3606 4786
ETHYLENE DICHLORIDE 14231 9845 1202 3993
ETHYLENE GLYCOL 3671 1311 167 1240
ETHYLENE OXIDE 4535 2396 368 1663
FORMALDEHYDE 8383 20358 1133 2133
HDPE 13386 3001 1232 987
LDPE 7241 14717 4081 3458
METHANOL 14775 6228 50154 10681
PET 2941 1269 1517 2762
PVC 6226 5885 3307 2018
POLYPROPYLENE 6604 3399 737 1098
POLYSTYRENE 9149 5178 1195 2595
PROPYLENE 24818 12225 488 6615
SBR 6651 1482 27727 1190
STYRENE 15092 5000 1772 3514
veM 6837 6520 46884 2330
VINYL ACETATE 2988 935 0 535
REGIONAL TOTAL 281550 151034 72417 55401

Source; Econometric Research Data Files
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5. FUTURE PROSPECTS OF THE ARAB PETROCHEMICAL INDUSTRY: A MENU OF CHOICES

The prospect of expansion downstream in petrochemical production, in order
to capture economies of scale, to benefit from technical linkages among
different activities, to upgrade the value-added components of natural
resources, to diversify the markets and exports, to expose the society to
industrial experience, to utilize domestic savings and to train skilled
workers and managers must be an appealing one to developing economies with
deficient production structures and limited industrial activities. These
considerations become all the more important once a decisive comparative
advantage in production of a set of goods is also present. This is preciscly
the case in the Arab region with respect to the petrochemical industry.
However, all the factors enumerated above are supply-side justifications for
the undertaking of production of petrochemicals. There is also a critical
need to assess the market potential domestically, within the immediate region,

and within the world at large.

This project was undertaken with the aim of providing information about
the state of regional and world petrochemical demands. However, since the
Arab petrochemical producers will have to compete on the world market, world
demand forecasts need to be set against local capacities within each region
and against the structure and patterns of trade between regions. Capacities
to produce, once they are established, take time to wind down and thus
constitute formidable barriers to entry into the markets in which they are
located: trade, on the other hand, is more flexible and is generally price
sensitive. However, whereas demand functions are relatively easy to specify,
estimate and forecast, capacities are difficult to explain and predict.
Usually, econometricians avoid the estimation of capacity and concentrate
instead on production (its rate of utilization). This is noC very helpful in
this exercise, because of our long-term perspective. It is inconceivable that
capacities to produce petrochemical products will continue to grow in regions
where production costs render them non-competitive, When oil prices were low,
there was a definite advantage to capital-cost savings. This is no longer the
case and already Japan and Western Europe are contemplating phasing out some

of their capacities, particularly in those lines --like basic olefins-- in

which the Arab producers will have significant feedstock cost advantages.




- 44 -

Assuming that the capacities to produce petrochemical products remain as
they vere in the 1980s or change only slightly according to what is now known,
which petrochemical products should the Arabs produce? When should they
produce them? How much can they expect to sell of these products? Which
region is likely to buy from them? Which technology is to be used in
producing them? The answers to these questions will determine future Arab
petrochemical strategy. How car the forecast generated in this study be of
any help? Three types of information found in this study are cf special
significance to Arab producers contemplating entry into uncertain markets.
Firstly, we have a forecast of the regional and world market cemands for
petrochemicals. Secondly, we have determined the relative size of demand for
each petrochemical sroduct within the world market and further, we provide
information on the size of the regional market for each product. Finally, we
have a forecast of the rate of growth of demand for each product in every

region,

Since the Arab producers are interested in mature products, with large
markets, located in regions:close to them and with which substantial trade
already takes place, the information presented in section 4 is very critical

to decisions about new product liaes.

Surely ammonia, with a large share ‘n total world demand for
petrochemicals is a product with high potential for Arab development. In
addition, it is also one with adequate growth (4.9 percent) to support
additional capacity. Eastern Europe, Latin America and South Asia are
expected to be major consumers. The Arab area was and is likely to continue
to be a major consumer of ammonia. In 1980, total Arab imports of ammonia
reached $30.6 million (see table 5.1). Algeria, Morocco and Tunisia are the
main consumers. Thus, North African Arab petrochemical producers have already

a significant Arab market for ammonia.

Ethylene is generally non-traded given the dangers associated with its
transportation. However, the ethylene block is a major candidate. This

includes the intermediate products -- ethylene oxide and ethylene glycol -~

but more importantly HDPE and LDPE,
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Arab demand for ethylene glycol is relatively limited. In 1980 Arab
imports of tiis product were $6.9 million (see table 5.2). However, with the
integration of production sequences of petrochemical products, Arab demand for
ethylene glycol and ethylene oxide will most likely increase our forecasts.
World demand for ethylene oxide is forecast to grow at the annual rate cf 3.8
per cent between 1680 and the year 2000. During the same period the world
demand for ethyleme glycol is forecast to grow at the annual rate of 4.3 per

cent.

By way of ccntrast, Arab demand for ethyiene glycol is forecast to grow
at the annual rate 5f 4.7 per cent during the period 1980-200C. Asian demand
is also forecast to show exceptionally high rates of growth. The demand of
South Asia is expected to grow at the rate of 6.9 per cent and that of
South~East Asia a* the high rate of 8.5 per cent. Both of these markets are
well suited for Arab exporzs from the Gulf region. 1t is interesting to note
here that Japan has already decided to reduce its ethylene production capacity
to 3 million MTR/y from the 6 million planned earlier. It is not far-fetched
to argue that a strong Arab commitment to produce ethylene in large quantities

will produce similar results elsewhere in Europe and other regions.

Arab imports of polyethylenes are already large, and the Arab market
alone is large enough to sustsin a good proportion of Arab expected capacity
increases. By 1980, the Arab imports of HDPE aud LDPE reached $367.9 million
(see table 5.3). Arab demand for thesz products is already noted tc be large
and growing rapidly (HDPE at 8.2 per cenx and LDPE at 8.1 per cemt in the
period 1980-2000). The corresponding world demand growth rates are projected
to be 6.1 per cent for HDPE and 4.7 per cent for LDPE. The relatively high
rates of growth of world demand and Ara*» demand for these products assures the
Arabs of steady and large markets in this line. Japan and Asia in general

will constitute strong markets for Arab bulk-production of these products.

Arab imports of ceveral fimal petrochemical products are presented in
tables 5.4 to 5.8. The results point out clearly a major increase in Arab

petrochemical demands. Arab imports of polystyrene were $82.2 million in

1980, with the Arab oil producers constituting the largest markets. Local
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production can easily substitute for these imports. However,the scale is not
yet large enough to mount large producing facilities in every Arab oil
producing country. That is perhaps vhy these countries must harmsni
production plans. Rationalization of investment and production calls for some
production specialization if not on a country by country basis, then on the
basis of regional sub-groupings. But in the production of polystyrene, the

North African Arab groupings may opt for it in exchange for another product

line.

Arab imports of PVC are presented in table 5.5. More than $251.4 million
worth of PVC were imported primarily by Egypt, Iraq, Saudi Arabia, and UAE.
On these grounds alone, it seems logical to suggest that the Arab Esst
grouping may find it advantageous to specialize 1a PVC production. World
demand for this product is also high and well spread. The versatility of this
product, its large and diversified world demand, the simplicity of its
technological basis and the abundance of raw materials for its production in

the Arab World makes it a highly desirable candidate for Arab production.

Arab imports of polypropylene were relatively small at about $39 million
in 1980, yet this product has a large world demand that is also well
diversified geographically. Furthermore, the annual rate of growth of its
demand is rather high (6.6 per cent). These considerations together make

propylene another possible candidate for Arab production.

Arab imports of SBR in 1980 were $37.4 million. But given the large
demand for car tires and rubber-made products in the area, the extension of
production to include this product must be seriously investigated. The
experience of production of tires in Kuwait was a bit disappointing, but then
again it is premature to judge this industry at this early stage. Choice

products could still be produced locally in collaboration with TNCs.

The Arab imports of DMT and PET are grouped together in table 5.8. The
1980 import values were less than $27 million. As such, the Arab market is
limited but the forecast rate of annual increase in Arab demand for PET
exceeds 4.7 per cent; the world demand for PET, however, is forecast to exceed
6.0 per cent per year. There appears as such to be a substantial demand for

exports, particularly from Asia and Japan.
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It would be tantamount to stating the obvious to underscore the fact that
marketing 1s not a purely price-competitive phenomenon. Arab marketing
strategv should take heed of the TNC sirategy of constructin
of operations with many centres of production and consumption. As such,
special emphasis should be placed on the co-ordination of Arab petrochemical
production and Arab investment within the region ard abroad in complementary
activities. Equally important is the marshalling of the large volume of Arab
trade into supporting and substantiating marketing commitments of Arab

petrochemical products.

Since large size is crucial in terms of reducing average fixed costs of
operating and in terms of validating an Arab competitive posture, co-operation
and rationalization of production within the Arab region are crucial. Much of
what has ben discussed above is contingent upon credible Arab co-operation and

co-ordination of investment, production and marketing.

Although short-term and medium-term plans call for a cautious and
deliberate choice of outputs, the long term calls for an intensive effort to
complete production chains and sequences in this very well demarcated system
of production. This necessitates production of aromatics and the correct
proportions of final and intermediate products. However, this strategy is
contingent upon a major commitment to research and development of local
technology. Since this is a time-consuming process, it must be begun on a

joint Arab basis and preferably as soon as possible.

The question of how much to produce of each commodity is not one that can
be answered from this macroeconomic perspective. A feasibility study,
however, can utilize some of the information of this study to ascertain
potential markets. An aggressive production and marketing strategy could
easily support a significant share for Arab producers of petrochemicals; they
possess all of the materials needed to erect a formidable competitive
industry. With cumulative investments progressively expanding the product
lines, co-operative Arab ventures and a Third World network «f downstream

activities, the Arabs could easily capture a sizeable share (over 15 per cent)

of the market for most simple petrochemical products.
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Table 5.1 Arab import demand for ammonia
Qvh

=

1A-1081 {thousand 1S dellars)

YEAR

COUNTRY 1976 1977 1978 1979 1980 1981
Algeria 2140 7903 3224 8463 8001 3418
Bahrain - 3 144 121 133 20
Democratic Yemen 4 - 13 69 113 -

Djibouti - - 2 4 2 1
Egypt - - 294 99 62 181
Iraq - - 44 49 81 192
Jordan 3 - 16 34 6 23
Kuwait - 4 14 88 47 53
Lebanon - 718 13 31 62 46
Libgmiﬁn - 1 137 61 52 110
Mauritania - - 49 15 7 15
Morocco 3086 4072 3670 4925 9485 42
Oman - - 5 8 6 9
Qatar - - 13 97 18 10
Saudi Arabia 1821 790 934 632 581 400
Somalia - 19 64 5 17 6
Sudan 3 2 18 78 66 29
Syrian Arab Rep. - - 2 33 13 8
Tunisia - - 503 621 11813 3062
United Arab Emir. - 17 36 63 51 74
Yemen - 1 14 36 34 13
TOTAL 7057 13530 9209 15532 30650 7712

SOURCE: Unido, Comtrade Tapes.




- 149 -
Table 5.2 Arab import demand for ethylenc glycol, 1576-1581
(thousand US dollars)
YEAR
COUNTRY 1976 1977 1978 1979 1980 1981
Algeria 330 187 508 1718 3497 1179
Bahrain - - - 4 - -
Democratic Yemen - - 7 5 8 -
Djibouti - - - - - -
Egypt - 2 59 665 1721 1246
Iraq 9 4 61 206 243 110
Jordan - - 11 28 S0 21
Kuwait 5 - 120 36 17 21
Lebanon - - 14 23 30 21
Libgm;i‘;’ya - 2 248 734 610 147
Mauritania - - - - - -
Morocco 216 216 72 207 162 101
Oman - - - - 1 12
Qatar - - 29 88 93 19
Saudi Arabia 8 6 305 886 88 230
Somalia - - - - - -
Sudan - - 7 2 15 -
Syrian Arab Rep. - 69 23 - 26 52
Tunisia - 1 17 25 51 6
United Arab Emir. - - 19 99 261 20
Yemen - - - - - 6
TOTAL 598 587 1500 4726 6873 3170
SOURCE: Unido, Comtrade Tapes.
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Table 5.3 Arab import demand for polyethylene (LDPE + HDPE)

1376-1901 (thousand (S dollars)

YEAR
COUNTRY 1976 1977 1978 1979 1930 1981
Algsria 7155 16614 33375 35875 85174 45001
Bahrain 152 88 830 684 755 560
Democratic Yemen 98 116 360 1141 402 408
Djibouti - - 13 6 83 9
Egypt 127 2529 11500 31112 41431 28865
Iraq 6809 7006 13820 36637 49614 33663
Jorcan 78 884 2892 9190 8994 9209
Kuwait 292 959 2896 5187 13080 7258
Lebanon - 1299 5802 15658 20481 12070
Libg:zg:;::ya 131 1398 2194 2437 6572 4925
Mauritania 3 20 116 377 9 104
Morocco 15197 16651 16097 28629 35377 16830
Oman 6 14 346 1398 1878 729
Qatar 55 179 430 743 1878 729
Saudi Arabia 979 2447 14343 34508 39019 21586
Somalia - 254 15 313 384 219
Sudan ; 381 3484 3579 6527 3105
Syrian Arab Rep. 84 1158 6261 15165 12668 12609
Tunisia - 2352 7102 13743 23734 19778
United Arab Emir. 315 455 3087 8495 16568 6080
Yemen 341 427 1087 3005 3361 2000
TOTAL 31822 55231 126050 247972 357336 225865

SOURCE: Unido, Comtrade Tapes.
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Table 5.4 Arab import demand for polystyrene {1976-1981)

(thousand US dollars)

YEAR
COUNTRY 1976 1977 1978 1979 1980 1981
Algeria 903 2061 7321 9287 11100 11216
Bahrain - 106 413 273 al11 378
Democratic Yemen 14 15 a8s 81 30 96
Dj ibouti - - 4 23 31 33
Egypt 312 1422 6107 10562 9892 9896
Iraq 988 2164 5697 14505 11303 15353
Jordan 25 80 973 2162 2778 1464
Kuwait 134 17 1627 3397 3861 2843
Lebanon - 502 1251 2429 4612 3984
Libg:za:;:gya 52 246 285 1089 2107 2852
Mauritania - - - 12 6 109
Morocco 2052 2248 3075 4798 7122 3613
Oman 2 - 137 119 291 250
Qatar 6 39 138 114 111 169
Saudi Arabia 135 437 4459 9594 15458 12673
Somalia - 6 6 57 - 3
Sudan 33 - 312 166 240 214
Syrian Arab Rep. 416 733 758 564 4200 4909
Tunisia - 42 1167 2415 2533 2720
United Arad Zair. 17 104 1982 2462 6075 3902
Yemen 22 - 314 a1 23 58
TOTAL 3311 10222 36510 64050 82184 77038

SOURCE: Unido, Comtrade Tapes.
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Table 5.5 Arab import demand for PVC (1976-1981)

12 v ewow w  ~ow
\thuusand US doliars)

YEAR
COUNTRY 1976 1977 1978 1979 1980 1981
Algeria 9094 13937 18013 22195 12223 12713
Bahrain 343 1026 2490 2352 3085 1500
Democratic Yemen 97 267 275 716 1664 722
Dj ibouti - 28 137 107 174 335
Egypt 844 5568 8632 18162 28239 20506
Iraq 1104 3007 14473 19807 45911 46860
Jordan 160 1042 1965 5376 4835 5639
Kuwait 593 1261 4368 7567 8965 5135
Lebanon 30 2071 6718 16128 12243 9951
Libg::g:;:gya 763 3693 6730 10406 12790 15885
Mauritania - 53 68 32 272 91
Morocco 9218 10019 2656 1189 1510 1314
Oman 131 151 1273 1433 1412 1099
Qatar 191 282 1185 1446 1689 2754
Saudi Arabia 4644 9632 28030 48533 57728 56514
Somalia - 261 365 566 423 626
Sudan 506 1423 2178 3510 3273 1675
Syrian Arab Rep. 950 1552 4505 5609 6668 5435
Tunisia 115 2592 7597 10033 12502 9221
United Arab Emir. 2331 3471 9249 19160 29288 15956
Yemen 356 1191 2626 4003 6510 3658
TOTAL 31470 62527 123533 198330 251404 218589

SOURCE: Unido, Comtrade Tapes.
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Table 5.6 Arab import demand for polypropylene (1976-1981)

(thousand US dollars]

YEAR

COUNTRY 1976 1977 1978 1979 1980 1981
Algeria - 1083 853 1414 1284 3500
Bahrain 18 6 47 124 316 103
Democratic Yemen 33 32 105 477 226 509
Djibouti - - - - - -

Egypt 1 1300 2349 4693 4767 5639
Iraq 332 1103 877 4741 5200 4418
Jordan - 138 508 1715 2542 2110
Kuwait 2 536 423 1283 1251 2056
Lebanon - 628 669 2966 3798 3413
Libyan Arab 1 41 302 197 735 1253

Jamahiriya

Mauritania 7 - 43 11 - 30
Morocco 597 912 1285 2702 2808 2255
Oman - 14 11 47 67 62
Qatar - 11 28 13 82 186
Saudi Arabia 251 575 1334 2009 4887 2524
Somalia - - 38 11 - -

Sudan 1 41 292 828 142 145
Syrian Arab Rep. 20 178 2875 5809 3982 4621
Tunisia - 328 1118 2209 1761 2299
United Arab Emir. 16 8 518 830 5029 447
Yemen 3 134 - 69 117 111
TOTAL 1282 7068 13675 32148 38994 35681

SOURCE: Unido, Comtrade Tapes.
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Table 5.7 Arab import demand for SBR, 1976-1981

(thousand S doiiarsj

YEAR

COUNTRY 1976 1977 1978 1579 1980 1981
Algeria 1791 4416 3720 5445 7150 5113
Bahrain 2 9 9 - 3 1
Democratic Yemen - - 15 79 342 65
Djibouti - - - - 8 39
Egypt 55 1079 2558 3384 8891 11592
Iraq 943 417 1348 3277 3618 3062
Jordan 131 199 263 352 480 332
Kuwait 16 12 121 106 213 126
Lebanon - 514 226 412 611 439
Libyan a:;’:‘i’ya - - 20 40 54 531
Mauritania - - 21 - 2 -

Morocco 4019 5235 5826 7598 9100 4734
Oman - - 12 - 81 11
Qacar - 5 68 35 6 -

Saudi Arabia 20 375 1070 553 399 1051
Somalia - - 386 146 61 114
Sudan 15 - <07 115 874 1997
Syrian Arab Rep. 44 206 827 1334 2948 3673
Tunisia 11 510 688 1496 1718 1739
United Arab Emir. 2 - 114 83 770 197
Yemen - - - 102 21 -18
TOTAL 7049 12977 17499 24557 37350 3483:1

SOURCE: Unido, Comtrade Tapes.
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Table 5.8 Arab import demand for DMT and PET, 1976-1981

(thousand US dollars)

YEAR
COUNTRY 1976 1977 1973 1979 1980 1981
Algeria - - 349 1664 2735 1087
Bahrain - - - - 7 2
Democratic Yeaen - - - 32 68 -
Djibouti - - - * 11 - -
Egypt 10 - 1720 3140 5802 7384
Iraq 6 352 1232 1512 2634 3022
Jordan - - 4 77 299 -
Kuwait - - - 133 14 23
Lebanon - 99 189 614 521 798
Libyan Arab - _ _ _ _ _
Jamahiriya
Mauritania - - - - - -
Morocco 6275 5582 7228 10476 12824 6822
Oman - - - - - -
Qatar - - - - - -
Saudi Arabia - - - 41 4 47
Somalia - - - - - -
Sudan - - - 174 - 108
Syrian Arab Rep. 377 - 344 6.87' 1098 754
Tunisia - 25 274 384 360 334
United Arsb Eair. - - - - 604 -
Yemen - - - - - 520
TOTAL 6668 6058 11340 18945 26970 20901

SOURCE: Unido, Comtrade Tapes.
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Appendix A

Sources of data

Massive data series were required to undertake this study. The data can
be classified into four major categories. First, we needed data on a country
basis and by the 23 petrochemical product groups for as long a period of time
as possible and for all the components of apparent consumption and capacity.
Second, we needed data on economic activity by sector and by country for the
same period of time as that of the petrochemical products. Third, we required
data on prices of the petrochemical commodities and price indices on the
variables of economic activity to deflate current dollar values into constant
1975 dollar values. Fourth, we required forecasts of th~ exogemous variables

to be used in the forecasting equations of the demaud for petrochemicals.

A - Data on petrochemicai products

Statistical data on a time-series basis for capacity, production, export,
and imports of petrochemical products are not readily available for all
countries. For OECD countries and particularly Western Europe, Japan, the
United States and Canada, however, data were relatively more reliable and
available than for the rest of the world. Several sources were consulted but

particularly:

(a) 0il and Gas Journal, various issues.

(b) Chimie Actualities, various issues.

(¢c) OPEC Annual Report, various issues.

(d) European Chemical News, various issues.

(e) Chemical Engineering, various issues.

(f) Chemical Age, various issues.




(g)

(h)

(i)

(i)

(k)

(D

(m)
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UN, ECE, Annual Review of the Chemical Industry, various issues.

SRI, Petrochemical Data Files.

Chem-Systems International.

GOIC, several studies, listed where appropriate.

UNIDO, Second World-Wide Study on the Petrochemical Industry: Process of

Restructuring, 1981, ID/WG.336/3 and Add.l.

UNIDO, First World-Wide Study on the Petrochemical Industry: 1975-2000,
1978, UNIDO/ICIS/83.

Econometric Research Data Files.

B - Data on economic activity

(a)

(b)

(c)

Most of the national accounts data were derived from three main sources:

UN, Yearbook of National Accounts Statistics, various issues.

IMF, International Financial Statistics, various issues.

UNIDO, UNITAD Model.

C - Data on petrochemical product prices and price indices

(a)

Petrochemical product prices were obtained from:

UNIDO, Second World-Wide Study on the Petrochemical Industry: Process of

Restructuring, 1981, ID/WG.336/3 and Add.1l.




(b) Chemical Economiecs, various issues.

(¢) Econometric Research Data Files.

Price indices for GDP and other sectoral value added measures were

derived from IMF, International Financial Statistics, various issues.

D - Forecast of exogenous variables

The main GDP forecasts were obtained from UNITAD, although some of these
forecasts were adjusted by us as described below. Forecasts of oil prices

were generated by Econometric Research as outliped earlier.
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Appendix B

The macroeconomic forecasts

The forecasting methodology used in this report requires forecasts of
macroeconomic variables for each region of the world. The macroeconomic
forecasts used in this study were based upon forecasts cf the structure of the
world economy generated by the UNITAD model. A "Trend Scenario" Ior 1990 was
kindly provided by Y. Cho, E. Gahan and G. Margreiter of the Global =nd
Conceptual Studies Branch, UNIDO in November 1982. This model generates a
detailed picture of the world economy for a given year, based on assumed rates

of growth of GDP.

The forecasts of value-added in agriculture, manufacturing and
construction and of consumption were based on the UNITAD "Trend Scenario"
which provides a set of consistent forecasts based upon the continuation of
present trends in GDP growth. (Much more detail is available in the UNITAD
forecasts but could not be used due to a lack of time series data (1973-1981)
which is necessary in order to incorporate a variable into the forecasting

equations).

The first step was an adjustment of GDP growth rates by region to take
into account the recent world-wide recession. The UNITAD model operates from
a 1975 base so that average GDP growtn rates from 1975 to 1990 are used as
inputs into the model when a 1990 forecast is generated. These growth rates
were computed by combining the actual growth rates from 1975 to 1980, lower
growth rates from 1981 to 1985 (depending on the recent experience of the
region) and the UNITAD trend growth rates from 1985 to 2000. The growth rates
used are shown in Table 38. These growth rates were applied to 1975 base year
values from the Econometric Research Data Base (rather than the UNITAD data
base) so that the GDP values used for the forecasts would be consistent with
those used in estimating the forecasting equations. The resulting forecasts

of GDP levels are shown in Table 37.

For three regions (North America, Western Europe and Japan) forecasts of

GDP and GNP components were required, In a first step the 1990 ratios of the
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components to total GDP were computed from the UNITAD “Trend Scenario"
values. These ratios were then applied to the forecast GDP valnes to obtain
the forecast values of the components. This procedure does not generate
values strictly consistent with the UNITAD model because changes in relative
GDP across regions will lead to changes in the relationship of components to

total GDP within regions. However, these differences should not be large.
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