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( i) 

Preface 

Tiiis study represents part of a larger study which was especially 

prepared by the Sectoral Studies Branch, Division for Industrial Studies, for 

the Arab Industrial Development Organization, entitled "World demand for 

petrochemical products and the Arab petrochemical industry". In view of the 

major changes in world economic p~rf~rmance and the developmP~t of nominal oil 

prices since the last forecast for demand and supply of petrochemical products 

made by UNIDO in 1981, it was felt necessary to produce this forec~st 

independently. 

Tiie forecast in this study makes use of the UNITAD Model (UNIDO-UNCTAD 

world economic model). Tiie 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 ~f the petrochemical model contained 

in this study. 

Tiiis study was prepared by Economic Research Ltd, Burlington, Ontario, 

Canada as consultants to UNIDO. 

l 
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1. Introduction 

1.1 Moving down-stream 

Were oil and gas resources everlasting and renewable, the citizens of the 

oil-producing states would he entitled t~ a perpetual rent accruing from these 

resources, and economic diversifiLation would not be a critical 

consideration. However, oil and gas supplies are finite and non-renewable. 

At recent rates of utilization, oil will run out in many of the oil-producing 

developing countries in the lifetime of the present generation, or in a few 

cases in that of its children or of its grandchildren. Before 1973 

exploration, production and utilization of oil were determined by major 

consumer countries in the industrialized world. Tite price of oil was low and 

the pattern of owr.ership was such that little capital was generated to affect 

industrial restructuring and further processing of these hydrocarbon resources. 

The accumulatio~ of large financial surpluses in the early 1970s, 

however, pr~ceded any deliberate plan for th~ir 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 realized. 

However, oil producers are no longer oblivious to the risk of accumulating 

fixed-income-yielding assets in an inflationary and uncertain world. Titey 

are, therefore, no longer satisfied with a role as residual suppliers of the 

world oil reouirements. They are actually moving "down-stream" to create an 

advanced and integrated indu3trial 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 oil and gas resources does not strictly diversify oil 

producers' economies, the increase in value added derived from the d•·1indling 

supplies of these resources, and the industrial experience gained from 

capitalizing on comparative advantage w1ll have beneficial implications and 

wiil convey definite advantages to all other activities and sectors. It must 

be realized that despite dramatic increases in the national incomes of the oil 

producing countries as oil prices increased, the non-oil sectors of most of 

I 
I 
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these economies remained relatively u~developed. Standards of living in these 

countries haue certai_1ly risen, but essentially and primarily through a form 

of capital consumption, namely the depletion of oil and gas reserves. 

l.2 Why petrochemicals? • 

Petroleum and gas have traditionally been used primarily for energy and 

this situation is not likely to change in the near or medium term. Therefore, 

it is to he 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 nonetheless a very important source 

of demand fo1 hydrocarbon resources for many reasons. These include: 

(a) Financial consideratiors 

Whereas oil was selling for a little less than 10 cents a pound, 

petrochemicals and products derived from petrochemicals were selling for 24 to 

66 cents or more a pound in 1981.l/ Furthermore, the high sale value of 

petrochemicals, exceeding $150 billion in 1980, is indicative, albeit 

ind=:ectly, of a lucrative industry with a significant rate of return on 

investment!/. In the context of some oil-producing developing countries, it 

~epresents a decisively productive use of financial surpluses. 

(b) Production sequences 

Movements along the production chains to capture economies of scale and 

to benefit from technical linkages are important industrial considerations for 

countries concerned with deepening processing activities in their economies. 

The petrochemical industry is typical of industries with clearly demarcated 

1/ 11'1e exchange ratio of ethylene to oil in 1970 was as high as 5.3-6.8; by 
l978, this ratio had fallen to 2.8-3. 7. For HOPE this exchange ratio was as 
high as 21.8-27.8 in 1970 and about 5.8-6.9 in 1978. See IDiWG.336/3 and 
Add.I, Seccnd 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. 1). 
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production chains and processes. Although it is difficult to cievi~~ a si:ple 

syst~m of classification to include all petrochemicals, it is cu~toma~y to use 

three broad categories to identify these products, namely, basic, 

intermc::!iate, and final products. 

The main petrochemical basic products are the olefins (ethylene, 

propylene, butadiene), aromatics (benzene, toulene, xylenes) and meth~nol. 

Two primary processes are used in their production: steam cracking of naphtha 

for the olefins and catalytic reforming for the aromatics. A third process 

steam ref0rming - is also used to synthesize ammonia and methanol. lllese 

products form the building blocks from which final petrochemical product~ are 

made. 'nle dominant production chai~s from basic to final include ethylene and 

propylene as the main inputs in the making of plastics, aromatics in the 

making of synthetic fibres, butadiene and benzene in the production of rubber, 

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

llle 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 hydrocarbor. resources and as such, 

it is difficult to see that it contributes to a d~versified economic base in 

oil-based economies. llle geographic pattern of markets for petrochemical 

products is, how~ver, substantially different from those of oil and gas. The 

markets for oil and gas are highly concentrated in OECD countries. 

Alternatively, this is not likely to be the case foe petrochemical products. 

Tiius, an increase in the s~are of petrochemical products in oil-exporting 

countries carries with it the possibility of a reduction in the products as 

well a& the market concentration ratios of their exports. Such 

diversification is important in reducing vulnerability to w~stern demand 

fluctuations dnd 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-intensive, 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 years ago this 

figure was substantially higher. In the :uture it is expected to become 

substantially lower. Tile 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--oil-based economies 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 p.·oduct maturity; concurrently 

the number of producers increases rapidly and then also slows; also, the price 

declines, rapidly at first, but finally tending to level off in the mature 

stage. These price declines are 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 pro~1 ~ds 

smoothly, capacity can only be augmented in large steps. During the early 

stages of the product life cycle, one country is the only prod~cer--USA--and 

hence fills both local and foreign 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, US exports of styrene to Germa~y were negligible, bu~ during 

1964 and 1965 averaged $10 million yearly. After ~his time they dropped Lack 

to a negligible quantity as new capacity came onstream in Germany. The whole 

history of the world petrochemical industry is rife with examples of 

production migrating from one region to another primarily in response to 
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development of domestic ~·oduction capahilities or to changes in cost 

structures. llle recent change in the importance of feedstock prices relative 

to capital costs of petrochemical production suggests that migration of this 

industry towards the resources is a natural and logical outcome of the 

workings of economic laws of production and location. 

Oil- and gas-based petrochemicals accounted for about 50-70 per cent of 

total world petrochemical production in industrially developed economies in 

the 1970s. In 1972, 92 per cent of all o¥ganic chemicals in the European OECD 

countries, 95 per cent in the US and 96 per cent in Japan were produced fro@ 

oil and gasl/. This heavy dependence on oil and gas was bascially in 

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

With the upward 2djustment of oil pri~~~ in 1973, the decline in the 

1960s of chemical prices was arrested and reversed. In 1974, the prices of 

internationally traded basic petrochemicals were three to four times hig~er 

than their 1970-72 levels, and by 1979-80, new peaks were realized. The major 

re£ult of this dramatic rise in feedstock prices was the rise in the 

proportion 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, 45-75 per cent in 

1 . d h so . . . f"b 4 / . 1 p ast ics, an more t an · ier cent in syntnet ic i res- • Raw materia 

requirements are highest in the initial stages of manufacturing-- the 

produc ti.m of intermediate p:oducts and monomers requires 2-4 tons of 

hydrocarbon raw material for every ton of production; in the final production 

ph~se, monomer consumption is no more than 1-1.5 tons per ton of plastic~/. 

Alternatively, the expansion of large-scale production and the higher 

optimal capacities of individual production facilities have resulted in a 

substantial lcwering of current and capital expenditures per unit of 

production, in addition to lowering unit operating and managem~nt costs. For 

instance, in the 1960s, the increase in the capacity of ethylene plants Irom 

3/ L'Industrie Chimique, OECD, 1972, p. 27. 
4/ UNIDO, op. cit., p. 88. 
11 Ibid, p. 89. 
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50,000 tc 450,000 tc~~ a y~~r hRd the effect ot reducing average capital costs 

from $220 to $90 per ton~/. Similarly, the increase in the size of an 

ammonia producing plant from 36,000 to 180,000 tons a year lowered unit 
7/ 

capital costs by over 35 per cent- • Examples like this abovnd. 

The combination of a rise in feedstock prices and a decline in unit 

capital costs raised the efficiency of locating petrochemical plants near 

hydrocarbon resources. In addition to these factors, the energy-intensive 

nature of cracking 8nd reforming imply for oil-based countries substantial 

comparative advantage in producing petrochemicals. Table 1 presen~s 

comparative cost conditions in the production of petrochemicals. 

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 th~se circumstances, one would 

expect that an} country with intrinsically lower production costs would bec?me 

a major exporter. This has happened in electronics; South East Asian 

countries with lower labo~r costs, have become major exporters to 

incustrialized nations. There is a decisive advantage to countries with lower 

raw material costs in the export of ~ature petrochemical products. IL is also 

true that world trade is largest 1n these commoditities and thus the 

possibility of building a large, economically efficient state plant is high. 

This l8tter consideration is critical to prospective investor countries; it is 

important to ensure that the higher average fixed costs associated with 

capital do not wipe out the competitive advantage due to lower average 

variable costs associated with lower raw material costs. 

Equally important to the investhlent decision is the consideration of 

products that are least vulnerable to technological obsolescence. Western 

nations, witnessing the erosion of their competitive edge in petrochemicals as 

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

6/ Ibid, p. 78. 
J_/ Ibid, p. 78. 
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Location Factor 

Production Cost (t/kg) 

* Raw Materials 

* Utilities 

* Other Dir .. ct Costs 

* Overheads and Taxes 

* Depreciation 

% Energr & Feedstock 

TABLE 1. 

ARAB GULF: COMPARATIVE ADVANTAGE IN PETROCHEMICAL PRODUCTS 

(Production Cost Analysis) 1980 

Methanol Ethylene Anunonia 

(320,000 ITTA from Natural Gas) (450,000 ~rrA from Ethane) (430,000 MfA from Natural Gas) 
USA GULF USA GULF USA GULF 

$ 1.00 $ 0.25 $ 4.00 $ 0.2~ $ 4.00 $ 0.25 

1. 00 1. 25 1. 00 1. so 1. 00 1. 25 

8.52 0.67 22.20 1. 59 7.60 0.58 

7 .16 1. 14 9.98 1. 91 5.50 1. 63 

0.55 0.98 2.97 4.36 0.93 1. 27 

0.62 o. 76 2.62 3. 7.9 0.84 1. 06 

1.68 2.09 7.04 10.24 2.03 2.53 

18.53 5.64 38.64 20.73 16.90 7.07 

74\ 16% 64% 8% 74% 11% 

SOURCE: N. Dabdab and B. M~hyuddin, Oil-Based and Non-Oil Based Industrial Development in the Arab Gulf Region 
(Doha: GOIC, 1982), p. 11. 
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expected to capitalize on technical change and technological advances to 
o I 

offset the effects of higher 7aw material costs~' . This suggests that new 

producers from the developing countries should begin with mature standardized 

coU'lllodities but must also plan and implement massive research progra'TIJ!les. 

Teaming with multi-nations may not be sufficient, as TNCs are not generally 

known to sell newly-developed technologies. They ~o sell established 

technologies and these need to be purchased and improved u~on. 

Marketing considerations are also important and need to be examined 

carefully. Local markets could be developed, particularly as chains and 

seQuences of production 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 sever£1 examples of co-operation in 

this field and instances in which producers from developing countries have 

invested in complementary down-stream operations in other Third World 

countries. These activities may have to be expanded and enriched to present a 

credible marketing strategy-~/. 

The emphasis on large size 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 cr£dible 

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 Progr£ss, 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 petrochemicals. 
Kuwait owns 40 per cent of the Turkish Mediterranean Petrochemical Company. 
'nle Kuwaiti Fund is financing a urea and ammonia complex in Sri Lanka. Saudi 
Arabia has a joint petrochemical venture with Pakistan and another is 
contemplated in India. The ASEAN group of countries is already committed to 
an ammonia/urea plant and ie contemplating the establishment of petrochemical 
comp1.P.xes. The same trend is apparent in Latin America--the Venezuela­
Colomhia AD"lllOnia Project, etc. 
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str~tegy to persuade competitors of the sericusness of the new producers to 

occupy a substantial world niche 10 downstream industries, commensurate with 

their share in world oil procuction. 1he larger the committed volume of 

capital, the more credible is the prospect of their competitiveness, not only 

on account of the efficiency of these activities, but also because of the 

belief that tley are lik~ly to be willing to absorb substantial operating 

losses before allowing their huge fixed investment to go down the drain. 

Thus credibility grows with size and size depends upon close 

co-operation. llle credibility of new petrochemical producers will be eroded 

if each oil-producine country mounts a small-scale plant producing the same 

range of products that its neighbours are producing. 'nlere is a definite and 

serious need for coordination of investment which allocates specialization on 

a regional basis. Joint ventures are needed to avoi~ duplication. 

Co-operation among petrochemical producers may take a number of forms. 

J~int ventures is 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 may be formed as 

initial mechanisms of co-ordination, but the eventual articulation of a larger 

co-operative strategy remains critically needed to maintain the growth of the 

world market for petrochemical products. 

Oil-producing countries e~hsrking on building massive petrochemical 

complexes are also major importers from industrialized nations. This is an 

important pressing factor which may induce the industrialized countries to 

open their ma1ket to petrochemicals produced in the developing countries. The 

interdependent nature o( trade relationships is a fact that the petrochemical 

producers could use to advantage collectively. 
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2. World demand for petrochemical prod~cts 1975-2000 

2.1 Introduction 

niere exists now such a number of forecasts of future demand for and 

supply of petrochemical products, that for a new forecast to be made, some 

justification is required. 

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 an~ supply fu~~tions. 

Second, few if any of the previous forecasts generaced 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. 

niird, most of the previous forecasting exercises either have neglected 

production function relationships among products (we postulate a derived 

demand structure for most intermediate and basic products) and/or did n0t 

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 the estimated 

equations were published with th~ forecasting results. 

In what follows we specify a set of regional demands for 24 petrochemical 

products that form an integral part of the UNITAD Hodel, in the sense that 

endogenous variables of the UNITAD Hodel become the exogenous variables of our 

petrochemical model. nie recent world-wide contraction in economic activity 

and tt1e recent stabilization of the nominal price of oil are bui~ .. into the 
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system forecasts. Moreove:, a special effort is made to introduce prices into 

the equations estimgted, and most equations estimated 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 relationship estimated. 

In order to obtain fcrecasts of regional petrochemical demand, by 

product, to the year 2000, a general model of regional demands for each of 24 

retrochemical products was specified and estimated over the period 1974-1981. 

Tiie 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. 

2.2 11le model 

11le basic structure of the model follows closely the basic structure of 

the petrochemical industrylO/. Outputs of petrochemicals are classified 

into thr2e product groups - basic, intermediate, and final - according to 

their positions in the flow of products. Tiie production chains relevant to 

the 24 products considered in this study are depicted schematically in figure 

1. Each group will be considered in turn. 

2.3 Basic products 

In the case of basic products, it is assumed, for each region, that tne 

demand for these products is a derived demand; that is, their demands are 

functions 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 new producers from hydrocarbon rich developing countries, 

only basic products (and their derivatives) which are of interest to them are 

conAidered here; for this reason, few aromatics aie included in the model, 

since most interests, at present, centre on methanol, annonia, and the olefin&. 

10/ See, for example, a schematic diagram of the flow of product in UNIDO, 
Second Consultaticn on the Petrochemical Industry, Second World-wide Study on 
the Petrochemical Industry: Process of Restructuring, ID/WG.336/6, p.8 

-1 
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each region, is directly proportional to ti~ ~uan~ity de~~r~~d of 0ne er more 

intermediate anc/or final products 1n which .. h~ b;;sic pr0•::.1.~'.s is used; that 

is, the technology of each ~roduct 1s assGmea tJ ~e of the !~~ntief type. 

Since each region m.:iy produce a different Fix of i!"'t.:rmediate .rnd/or final 

products, and since technologies for the prL.duction of various intermediate 

and/or final products may differ from region to L~5i0n. there is no reason to 

expect that the factor or proportionality betu~en a given basic product and a 

derivative product will bie uniform frcm •egior. to regfr.n. Estimation of an 

equation for each basic product for ea.-.h regio'; 'len;.its thrse potentially 

irnpor~ant differences to be reflected ia t~e fore~asts. 

On the basis of these considerations. ;.·1r: basi..: p.··.:..ducts are modelled as 

follows!!._/: 

(1) Methanol ::Q(..l Acetic Acid +o<.
2 

Forma:c:,~:-.yde +o(. :.l c.,usumoticn + u1 

(2) Ammonia = Ql (Urea) + a
2
(Acrylonitrile) + u2 

(3) Ethylene = f,
1 

(HDPE) + f> 2CLDPE) + P 3CEthylene Dichloride) 

+~ 4 (Ethylene Oxide) + ~ S(Vinyl Acetate) + u3 

(4) Propylene= b 1(Polypropylene) + b2 (Acrylonitrile) 

+ b
3

(value Added - Textiles) + u4 

(5) Butadiene • y 
1

CAcrylonitrile Butadiene Styrene) 

+Y'
2

(Polybutadiene Rubber) 

+-y
3

CStyrene Butadiene Rubber) + u5 

-~ -~. :. -··. ..,., . "' : 

11/ Tiie 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. Tile model set out in this and two followin~ 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 hy 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 
2.8 helow. 
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This completes the jescriptior. of the specifica ... ion of the basic group of 

prod•:cts in the model. 

2.4 Intermediate products 

The aprroach 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 = c 1(Polyvbyl Chloride) + u6 

(7) Ethylene Dichloride= S
1

Cvinyl Chloride Monomer) + u 7 

(8) Ethylene Glycol = d
1
(Polyethylene Terephthalate) 

+ d
2

(Value added - Textiles) 

+ d
3

(Consumption) + u8 

(9) Ethylene Oxide = E. 1(Ethylene Glycol + u9 

(10) Acrylonitrile = e
1

(ABS) + e 2 Cv~lue Added - Textiles) 

+ e
3

(Consumption) + e
4

Cvalue Added - Manufacturing) 

+ ulO 

(11) Styrene = ~ 
1 

(Polystyrene) + °£: 2CABS) + -SZ 3CSBR) + u 11 

(12) Ethylbenzene = f 1(Styrene) + u 12 

(13) Acetic Acid = Q 
1

Cvinyl Acetate) + u13 

2.5 Final Products 

Whereas the demand equations for intermediate anci basic products were 

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

I 
I 

I 
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!!e~n!! e~!!!n:ions for fi!'~l protl11rt"' sirP "'"' :nmPd to corrPspond to market demand 

curves too, aggreg~tes of individual demand curves derived from utility 

maximizatio.-.. The theory of the consumer is rele,•ant here because demands for 

these products are only a step removed from the demands of consumers. 

Income and relative prices, according to the theory, are the principal 

determinants of these demands. For each final product in turn, the 

appropriate income measure(s) is (are) determined through identification of 

the sectoral source of the 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 these 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 

relevar.t for the final demand equation are those of the product and its 

principal substitute; in the SBR demand equation, for example, the relative 

price employed is the ratio of the price of SBR to the price of natural 
12/ 

rubber- • 

The final product equations are indicated below. A variety of functional 

forms are used in th~ estimation of these equations, since the final demand 

equations are less restrictive in form than the intermediate and basic rroduct 

demands, and it is desired to select the "best", in a sense to be explained 

below, forecasting ~quation. Accordingly, these equations are specified in 

general notation. 

(14) Urea = f(VA-agriculture, VA-construction, VA-manufacturing, PURE' u14 > 

(15) HDPE = f(VA-construction, VA-manufacturing, GDP, PHDPE' u 15 > 

(16) LDPE = f(VA-manufacturing, VA-manufacturing, GDP, PLDPE' u16 > 

12/ It should be noted that formaldPhyde is treated as a final product, 
despite its formal classification as an intermediate. This is done because it 
iP not possible to specify a final petrochamicai product from which the bulk 
of the demand for formaldehyde is derived. Accordingly, the demand for 
formaldehyde is treated as a function of sector~l activity (income) levels and 
prices. 
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(18) Polypropylene f(VA-construction, VA-manufacturing, GDP, PPPR' u18) 

(19) Polystyrene f(VA-manufacturing, VA-construction, consumption PPST' u 19 ) 

(20) PVC = f(VA-construction, GDP, PPVC' u20 ) 

(21) SBR f(VA-transportation, VA-construction, PSBR' Pnatural rubber' u21) 

(22) Vinyl Acetate = f(VA-construction, GDP, PVAC' u22 ) 

(23) ABS f(VA-contruction, GDP, FABS' u23 ) 

(24) FOR = f(VA-manufacturing, VA-construcction, u24 ) 

2.6 The commodity balance r~lationship 

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 CONSUMPTION + 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 for all petrochemical products; these were used as the dependent 

variables in the esti~ation of equations (1) through (24). It is worth noting 

here that apparent consumption differs from actual consumption, the difference 

being the value of inventory change. 'nle &Maller inventory changes are, the 

closer apparent consumption is to actual consumption. Furthermore, apparent 

consumption includes both final and intermediate demands for the product. 
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.., ., ... , Th:: 

Below is a list 0f variables used in the 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 involves only that 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 excluce~ for lack of data. In the 

case of UNITAD region 7, South Saharan Africa, very little production and/or 

trade in petrochemicals tal·es place, and thus only two equations, for PET and 

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

appropriate to a given region was estimated; of courbe, where within a region 

there was no activity in a given product, no equation was estimated for that 

product. 

List of variables 

Name Symbol 

1. ABS ABS 
2. Acetic Acid ACT 
3. Acrylonitrile ACN 
4. Ammonia AMM 

s. Butacliene BUT 
6. Ethyl Benzene EBZ 
7. Ethylene ETH 
8. Ethylene Dichloride EDC 
9. Ethylene Glycol EGL 

10. Ethyle~!" Oxide EOX 
11. Forms ldehyde 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 SB~ 

21. Styrene STY 
22. VCH VCH 

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 In~ustry VLI 
30. Value Added-Manufacturing VMA 

31. Value Added-Transportation VTN 
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2.8 The ~egre~1on_results 

The re~ress1on results of the static regional demand fu11ctions for 23 

petrochemical products are presented in Tables 2 - 10 (urea was excluded for 

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

Under each coefficient ln the tables is its t-statistic ln parentheses. 

'The overall goodness-of-fit of the eauation to data i~ measured by the 

coefficient of multiple determination (R
2

) and the standard error of 

estimate of the regression. 

For each prcduct, a number of forms of the equation were estimated; 

presented in the tables are the preferred estimates. They are preferred ln 

the sense that the signs of the coefficients are as expected a priori, the 

t-statistics are significant, R2 is the highest ar.d the SEE 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; so 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 ignorance than a larger SEE. 

An alt.o.uative 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, P.ach of the last three is nested in the 

first equation: 

(1) Y. 
l 

= aO + alXl + a2X2 + ul 

(2) y. 
l 

= ho + blXl + u2 

(3) y. clXl + c2X2 + u3 l 

(4) y. = 
l c1X1 + U4 
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Since the first equation can properly be viewed as an 'unrestricted' 

regression, and each of the remaining equations as a restricted regression 

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

Equations 1 and 2: a test of HC : a
2 

= 0, against the alternative 

Ha : a
2 

= 0. Tilis is JUS~ a t-test. 

Equations 1 and 3: a test of H
0 

: a
0 

= 0, against the alternative 

Ha : a
0 

= 0. Again, a simple t-test. 

Equations 1 and 4: a test of the composite hypothesis H0 : a0 = 0 and 

a
2 

= 0, against the alternative hypothesis Ha : a0 = 0 and/or a 2 C. 

Tilis is a st~aightforward F-test. 

We turn to a detailed consideration of the regional results. 

2.8.1 Estimates of the North American petrochemical demand functions 

Table 2 present estimates of the linear demand functio~s for 

23 petrochemical products for Canada and the United States for the period 

1974-1981. The results are generally satisfactory according to all 

statistical cciteria, although, of course, some estimates are better than 

others. Tne R2 are high, in most cases rising above 95 per cent for HDP and 

PPR. Of course, when the regression is forced through the origin (the 
. ) 2 . . . 1 . f 1 l3/ constant is set to zero , the R stat1st1c is no onger meaning u .~ 

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 

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 equation. Values of 0.1 or less for 

this measure are taken as satisfactory. 

13/ One could in principle define a squared correlation coefficient 
between the act1Jal and predicted values of the dependent variable for a 
regression forced through the origin, and call this the R2. However, the 
usual computer algorithm for computing the R2 does not do this calculation 
correctly. 
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All nf 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 a~~ng the expla~atory 

variables, it is difficult in some cases to reach clear decisions as to the 

statistical significance of each separate variable. This, however, is not 

vital for forecasting purposes. 

It is inte~esting to note that in linear regressions of the type used 

here, a negative constant is often indicative of a rising average relation 

hetween the dependent and the independent variables. For example, the HDP 

equation, with a statistically significant negative constant, suggests, that 

the ratio of HDP t0 GDP in North America is expected tc be higher as GDP 

increases. 

2.8.2 Estimates cf the demand for petrochemical production in Western Europe 

Table ~ is devoted to the regression results of the demand for 

petrochemical products in Western Europe. Again, as is the case for North 
2 

America, the R 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). Titese 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). Tite coefficients are 

input-output coefficients. Preference for these equations over those with 

constants was judged using the t-statistics and SEEs. 

2.8.3 Estimates of the demand for petrochemical production in Eastern Europe 

Tite regression results for Eastern Europe are generally satisfactory. 

The R2 values of most relevant equations are relatively high, and 
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p~~tirnl~rly 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. 

Suppr~ssion of the constant term, which implies a Leontief production 

relationship, prnved reasonable, as lower SEEs were invariably associated with 

this equation form. 

Since all variables, both dependent and independent, are measured in 

thousands cf tons, an equation such as that of ECX is simply a statement that 

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

2.8.4 Estimates of the demand for petrochemical products in Japan 

Regression results for Japanese demand for petrochemicals arc presented 

in Table S. It is clear from the results that most of the estimated equations 

fit well. 1lie 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 TaLle S 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. 

It is interesting to note that unlike North America, Western Europe and 

even Eastern Europe, growth in Japanese economic activity is not generally 

associated with higher average utilization rates of petrochemical products. 
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2.8.5 Estimates of the <lemand for petrochemical products in other 

inciustrialized countries 

Table 6 presents the estimation results cf 24 petrochemical product 

demand functions in other industrialized countries. The equations are 

generally gocd according to our criteria; hcwever, some product demand 

functions are not particularly good fits of the data when judged by their 

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

The GDP variable is in most final demand equations and appears to be 

statistically significant in the majority of these £:quations. nte constant 

term in these equations (1.e., those that include GDP) is invariably negative, 

indicating again a rising average propensity to consume these petrochemical 

products. 

nte R2 is quite high for all relevant equations except that of ABS, 

which seems to be generally an unstable reldtionship across regions. The 

production 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 is 

true for EGL, EOX, ACN, EBZ, AMM and ACT. One common factcr in all these 

equations is that they are presumably production functions. Since this region 

is not noted for producing much of these products, the production hypothesis 

that held well in the industrialized OECD r.ountries, is not as valid or 

adequat~ in these countries. Tested, however, against the hypothesis of other 

explanatory variables, these equations held well suggesting that the:e is a 

constant implicit relationship between consumntion and trade in these products 

even when they are not produced domestically. 

2.8.6 Estimates of the demand for petrochemical products in Latin America 

Table 7 presents the regression estimates of demand for petrochemical 

products in Latin America. 

The statistical properties of the Latin American petrochemical demands 

are exceptionally good. nte R2 values are very high for all the relevant 

equations, the t-statistics are all significant at the S per cent level of 
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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 EOX are the only exceptions). 

Most of the constants are negative; only that in the SBR equation is 

positive. Tilis fact suggests that in Latin America, over the sample period, 

the average propensity to consume petrochemical products was rising. 

Tile 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, HOP, FOR and ABS demands. 'lbe production function 

relationshipa are not as good statis~ically as those of final products. 'lbis 

again 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. 

2.8.7 Estimates of the demand for petrochemical products in North Africa 

and the Middle East 

Tile regression estimates of petrochemical demand functions for North 

Africa and the Middle East (Arab region) for the period 1974-1981 are 

presented in Table 8. 

The statistical properties of most equations are relatively good. Tile 

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; th~ A.P.E. values for several equations are, 
. 14/ however, rather high.~ 

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

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

value added in const2nt 1975 US dollars for this region precluded their 

inclusion in the explanatory variable set. 

14/ Tilis is to be expected when variables are forecasted with small 
magnitudes and when the independent variables are too general. 
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Most of 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 constitute 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. 

2.8.8 Estimates of the demand for petrochemical products in South Asia 

Table 9 presents the regression results of estimating the demands for 

petrochemi~al products in South Asia for the period 1974-1981. The results i~ 

the table are generally not as good as the results that were obtained for 
2 other regions. The R values far from being unsatisfactory, are not as high 

as those encountered previously. The t-statistics are only marginally 

statistically 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 explair.ing petrochemical product 

demands, particularly for final products. The constants in the relevant 

equations are mostly negative, suggesting that in South Asia, the average 

propensity to consume petrochemical products has been rising during the 

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

Technical production relations 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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2.8.9 Estimates of the demand for petrochemical products in South~East Asia 

Table 10 presents the regression estimates of petroc~emical 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 
2 

here than those estimated for industrialized economies. The R 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 

Lunctions show R2 values of over 0.98 (PVC, SBR, ABS, and PET). Titese 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 hypothesi~ed Lecntief te~~~~!vgy among basic and intermediate 

produc~s 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. 

2.8.10 Estimates of the demand for petrochemical products 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) 0.84 

SEE"' 3.134 

A.P.E. = 0.43 

~l 
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(2) PPR = 0.00001727 GDP 

A.P.E. = 0.64 

The results are rather crude as a result of the limited activity in the 

re~ion. 

2.9 Tite role of prices 

Rational consumers with fixed incomes and given prices will maximize 

their utilities by allocating their expenditures in such a waf as to derive 

the same marginal satisfaction per last dollar spent on each coD1Dodity. Titis 

suggests that prices are important variables in this allocation process. 

Several prices enter the demand function of any couunodity; first, there is the 

own price, which for normal goods is usually inversely related to quantity 

demanded. Titere Are also other commodity prices to be taken into ac=our.t; the 

prices of substitute commodities are expected to have positive effects on the 

demand for a specified good, while thP. 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 opted to introduce prices into the demand 

functions of those products only. Tite introduction of price variables in the 

demand functions of even the final products was not without problems. Since 

the number of observations was small to begin with, a new variable co~sumes 

another precious degree of freedom. Second, there is the question of 

identification of the function estimated. Since our observations are price 

and output combinations over time, if the supply function is stable and the 

demand function is unstable, we might be estimating supply responses to prices 

and not demand functions. Tite opposite is 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, wherP. price behaviour is more evident and where data on 

prices was available (North America, Eastern Europe, Western Europe and Japan). 
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2.9.1 Price behaviour ln North America 

The results in Table 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 ls 

relatively low (-1.62). The own-price effects for HDP, LDP, PVC, PPR, SBR, 

and VAC were "unacceptably" positive. The own-price effoct 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 coefficient 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 lS extremely inelastic.) 

Thus in the sanie period we witness a rising natural rubber price and a falling 

demand for SBR, giving the mistaken impression that an exogenous increase 1n 

the price of natural rubber has caused a drop in the demand for SBR. The same 

argument can be applied to the apparent negative relationship between the 

price of natural fibres and the demand for vinyl acetate. Both examples 

illustrate the inappropriateness of the use of least squares regression on 

single demand or supply equations as a method of measuring price 

responsiveness. The appropriate approach is the use of simultaneous equations 

models and methods. 

2.9.2 Price behaviour in Western Europe 

Demand price responsiveness in the petrochemical markets in Western Eurpe 

are not evident during the period 1974-1981. In most of the equations into 

which prices are admitted as explanatory variables, the signs on price 

responses are inconsistent with a priori economic restrictions. With the 
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exception of the ABS price which has a negative sign but which is 

statistically insignificant, all other own-price effects are positive. What 

is perhaps more disturbing is the fact that the introduction of price 

variables into a numher of eQuations renders the activity proxy variables 

either insignificant or negative in sign. Titis is again the familiar 

simultaneity problem, owing in this c~se to a rising coremon trend il. most 

prices and activity variables (see Table 11). 

2.9.3 Price behaviour 1n Eastern Europe 

It is generally claimed, without much substantiation, that economic 

behaviour in planned economies is price insensitive. Tite evidence in Table 11 

for Eastern Europe, though admittedly tentative, suggests that petrochemical 

product prices are significant variables in influencing consumption of these 

products. 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, LDP demand is negatively related to its 

own-price, and this coefficient is highly significant. Tite same is true for 

PVC and PST. Alternatively, the price coefficient in the PPR equation has the 

wrong sign, hut it is not statistically significant. Tite own-price effect in 

the SBR eQuation has the wrong sign but it is statistically significant, and 

the price coefficient of the price of natural rubber is negative and 

significant. (see above) 

2.9.4 Price behaviour 1n Japan 

Tite evidence from Japan indicates that price coefficients are significant 

but have the opposite signs from what is generally expected on an a priori 

basis. In addition to simultaneity pro~lems, a possible explanation for this 

phenomenon 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 dynamic in nature with lags and expectations playing major roles. If 

prices are expected to rise tomorrow, more will rationally be purchased 

today. Given that petrochemical prices are highly correlated with oil prices 

(see below) and given that 1974-1981 is 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). 
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Upon examining the particular petrochemical product demand equations for 

Japan, we find that the ABS price has a positive sign but is not significant. 

Hur~uv~r, the nDr anri LD¥ prices both have the wrong sign and both are 

statistically significa~t. 1be PVC price coefficient is also positive and 

highly significant, whereas the PPR and PST prices are both barely significant 

and positive. Interestingly, the SBR own-price effect 1s negative but is 

insignificant and the price of natural rubber is positive and is highly 

significant. 

In the next section, the results of using the equations 1n this section, 

the forecasts 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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3. 1lle forecasting results 

3.1 The forecasting methodology 

A primitive approach to medium or long-term forecasting involves the use 

of a mechanical trend extrapolation for some specific variable of interest, or 

a mechanical trend extrapolation made separately for each of a number of 

variables. Such a rough procedure 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 eusential rationale 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 that, in computing 

the forecasts, many of the elements that mutually influence each other are not 

actually observed and must be guessed at. 11tis 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 tied together structurally. 

The type of forecast outlined above is often referred to as an "on-looker 

forecast" 4 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 •• 

1lle 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 

UNITAD model, which i• capable of generating a large set of alternative values 

for the exogenous varia~!es used in the demand equations for petrochemical 
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products, allo~s us to consider several a!~c~~=t!ve r~th~ for these demands. 

We have opted to use the TREND Forecasts (explained in Appendix A), a~d 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 

ts referred to as a!ternative A and the second alternative inclusive of prices 

is called alternative B. We start with alternative A. 

3.2 Alternative A forecasts 

There are several ways in which the forecasts of demands for 

petrochemical products may be organized; we elect to present the analysis in 

terms of group of products by region. Tiie results of these forecasts, which 

can be viewed as benchmark forecasts, are arrayed in Tables 12 through 36. 

3.2.1 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 som2 23 of these products. In the same year, Western Europe accounted for 

almost 30 per cent, Eastern Europe 14.7 per cent and Japan 11.l per cent of 

total world demc>nd for these products. 'Ihe 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 12 and 13). 

'Ihe volume of North America 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 sbort of that of Western Europe. 

Regardless of region, ammonia was the largest petrochemical product 

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

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

Ethylene was the second largest consumed )etrochemical in most regions, 

followed by ethylene dichloride. 
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The pattern of world petrochemical consumption in 1980 is not 

significantly different from that which prevailed in lg75 (with some minor 

exceptions). See Tables 14 and 15. 

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 dev~loping 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.l per cent in South-East Asia, 

11.7 per cent in Latin Ameri~a 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 

16). 

Rates of growth of consumption by product were different in each region. 

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 ratP ~f 1.7 per cent per year during 

the same pPricJ. 

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 bastern Europe during the same 

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

ethylene, ethylene dichloride, ethylene glycol, ethylene oxide, PET, PVC, 

polypropylene, and VCH. On the other hand, the consumption of tutadiene fell 

drastically from 100 thousand metric tons in 1975 to only 36 thousand metric 

tons in 1980. 
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ln Japan Lii~ Late cf g~o~th in the consumption of plastics exceeded other 

petrochemical product consumption growth rates during this period. 

Consumption demand for polypropylene grew at the rate of 14.7 per cent pEr 

year, for HOPE 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 petrochecical 

demands were markedly higher in l980. 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 oc 

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. In 

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. Demands for ABS ethylene dichloride, and propylene declined during 

this period. 

Not surorisingly, in the light of substantial agricultural activity, the 

demand for ammonia in South Asia grew rapidly at the annual rate of 

13.3 per cent between 1975-1980. However, the largest growth occurred in the 

demand for polypropylene, which grew at an annual rate of 76.2 per cent during 

this period. Dem&nd for SBR declined as the use of domestic natural rubber 

was increased. 

Tile 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. Tile rates of growth of demand for most products were quite higb, 

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

ethylene. 

Tile rapid growth that had characterized the petrochemical industry since 

the early 1950s was slowed in the mid 1970s; despite the slowdown, it 

outstripped the growth of most regional GDPs. Tvo basic characteristics 

j 
, . 
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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 

petrochemicals 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 is 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. 

3.2.2 World demand for petrochemical products by region and coDDDodity, 1985 

Discussio~ of the future demand for petrochemical products will be 

organized by conunodity groups: basic, intermediate and final. 

(a) Demand for basic petrochemical products, 1985 

llle basis block of petrochemical products of special concern to us in 

this study is that compo~ed of the olefins, ammonia and methanol; each will be 

discussed separately using the results in Tables 17, 18, 19 and 20. 

Total world demand for ethylene in 1985 is estimate<l 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 ~~~ 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 consumptio~ of ethylene; the 

industrialized countries together account for over 91.8 per cent of expected 

world consumption in 1985 (See Tables 17, 18 and 19) 

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 

level and an output elasticity for ethylene demand 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. 
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World demand for butadiene 1s predicted to be about 5.7 million t-IT/y in 

1985; this is about 50 per cent higher than its level 1n 1980 which translates 
.. .. _, _ _ _ -" _ .... _ _ c n " _ _ __ _ __ - __ -· __ _ _ __ ....._ _ : __ _ ,: _ .J "'"T'I 
J.llLU Cill ClllllUCIJ. 1!)1.UW:.11 1.dL~ UJ. O.J pt:L '-t::llL pc::1 yt:dl. • J.llt:' LWf.JJ..1.it:U \.Yl.IC 

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 t-IT/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 

translates into an output elasticity of less than one (0.73). Western Europe 

is the largest consumer followed closely by North Ameri~a and Eastern Europe. 

Again the developing countries' consumption share of this product is ~ot 

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, between 

1980 and 1985. 

T!ie total demand for amir.onia is forecast to excedd 90.4 million 1.-IT/y in 

1985. niis is almost 20 million MT/y above the 1980 level; which translates 

into an annual growth rate of 5.1 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 

exceptionally 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 19eO and 1985. 

(b) Demand for intermediate petrochemical products, 198S 

Not all of the intermediate products are of special concern to us and 

thus the discussion here is concentrated on a selected group of products that 

are tied to the basic block of products through the ~rocessing 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. 1liis is about 13 per cent above the 1980 demand level and as such 
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represents an average annual rate of growth of 2.4 per cent and less than one 

(.92) output elasticity over the period 1980-1985. North America and Western 

Europe each account for over a third of total world consumption of th:s 

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 production of this product. Only 

4.4 million t-IT/y are expected to be consumed of ethylene glycol in 1985, but 

this represents an almost 19 per cent increase over the 1980 level of 

consumption, which translates into an annual rate of growth of 3.1 per cent 

per year and an output elasticity of demand of 1.19. It is interesting to 

ncte 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 total 

w0rld 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 surprising 

to see that the consumption patterns of these products parallel one another. 

The forecast demand for 1985 is 5.6 million t-IT/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; the pattern in 1985, although marking a slight decline in 

the share of industrialized countries, is not much different from that which 

p1evailed in the mid-1970s and early 1980s. 

ThP forecast value of demand for acetic acid in 1985 exceeds 

3.4 million t-IT/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 sh~re of developed economies, particularly North 

America, has declined. 

A substantial amount of ethyl-benzene consumption is forecast for 1985. 

The world consumption rate in that year is expected to be more than 

13 million t'if/y; this represents an increasP of over 41 per cent over 1980. 

The implicit yearly growth rate between 1980 and 1985 is predicted to exceed 

I 
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7.1 per cent. 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 all of the demand, with lhe developing countries expected to 

represent no more than 5.5 per cent of total world consumption of this product 

in 1985. 

World demand for acrylonitrile is predicted to be about 3.5 million MT/y 

ln 1985. Again this represents a large increase over 1980 levels --almost 

39 per cent more. Western European demand 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 world demand for formaldehyde in 1985 is ~xpected to reach 

13.1 million MT/y which represents a significant 43 per cent increase over the 

level in 1980. Western Europe alone is projected to account for almost 

50 per cent of world demand 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 million MT/y. This represents a modest 18.3 per cent 

increase over the 1980 demand for this product. Again, Western Europe is 

expected to the major consuming region with a 34.2 per cent share, North 

America is expected to account for 25 per cent of the world demand for this 

product and the developing countries combined will acccunt 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 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 lS a major intermediate product used mainly to produce 

polystyrene. World demand for styrene is predicted to reach 11.1 million MT/y 

in 1985. DemanG for styrene is forecast to rise very rapidly between 1980 and 

1985, at an average annual rate of in~rease of about 6.8 per cent. The output 

elasticity of demand for styrene is relatively high at 2.61. North America is 

expected to account for 40.l per cent and Western Europe 27.8 per cent of 

total world demand for this product; developing countries are not expected to 
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account for more than 9.5 per cent. In terms of rates of annual increases in 

demand fu1 sty~~~e ~etwPPn 1980-1975, South-East Asia dominates with 

10.8 per cent rate; North America is a close second at 10.4 per cent. Even 

South Asia shows a rat~ 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 

petrochemical products, and LDPE and HDPE together, as derivatives of 

ethylene, dominate plastics demand. 

World demand for HDPE is forecast to reach 6.9 million M~/y in 1985, 

whereas LDPE is forecast to reach more than double this amount 

--14.0 million l-IT/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 generally lower than that for LDPE or HDPE. The 

forecast ievel of demand for this produc~ in 1985 is expected to reach 

5.8 million ~/y. This figure represents almost a 30 per cent increase 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 pe~ cent, which is above the share of Japan and Western Europe combined. 

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 ex?ected 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 f~reca~t demand in 1985 is 3bout 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. 
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Pclystyrene is yet another plastic and also one with ~onsiderable 

demand. The forecast level of world demand for polysty~ene in 1985 is about 

6.9 million MT/y or over 34 per cent above the corresponding 1980 level. 

North America will likely retain its dominant share of world consumption of 

polystyrene with 38.8 per cent, and the developing countries will likely 

account for no mere than 15.5 per cent by 1985. The average annual increase 

ln de~and 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 is substantial, it represents only 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 i985. As a percentage of total 

regional petrochemical demands, PVC's share is highest in South-East Asia, and 

its share in other industrialized countries total is second highest. Given 

the low avera-~ annual 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 in 1985 is expected to reach 6.4 million MT/y. This 

represents a 35 per cent increase over the level of de~and for SBR that 

existed in 1980. The implicit rate ~f growth of world demand for SBR ls 

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 i~ anticipated to occur in North America 

(11.3 per cent), while the corresponding West European rate of growth lS less 

than one per cent. The high rate of growth projected for South Asian demand 

for SBR (8.5 per cent) is suggestive of a high rate of growth in the demand 

for rubber. 

World demand for vinyl acetate is expected tc be about 2 million MT/y ln 

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 America ls 

the major consuming region of this product in the developing countries group. 
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ABS is another petrochemical product with a relatively small world 

demand. 'nte forecast demand for 1985 is slightly more than 1.8 million MT/y. 

However, this expected level is more than 67 per cent above the corresponding 

demand in 1980. 'nte 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 a 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 10 per cent. 

'l1lese short term forecasts of world demand for petrochemicals suggest 

slower rates of growth than those experienced in 1960s and 1970s. 

Neverthelss, these rates of growth are expected to be higher than the world 

GDP growth rates. Actually, there is not a 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. 

'l1le fastest rates of growth in demand for petrochemical products are 

expected to be concentrated primarily in the developing countries and 

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). 

3.2.3 World demand for petrochemical products, 1990 

'nte 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 during 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 respect to output) for 

petrochemicals in 1990 (See Tables 20 - 23). 

Rates of growth of demand for petrochemical products vary by product and 

region during this period, which fact explains the rationale behind our 

discussion of the forecasts by product groups. 
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(a) World demand for basic petrochemical products, 1990 

World demand for methanol in 1990 is forecast to exceed 14.9 million 

MT/y. lllis represents a 40 per cent increase over the corresponding demand 1n 

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 1n 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 1990 1s 

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 

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 to find that the 

developing countries will represent a significant 23 per cent share of the 

market for aDDonia 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 is 

projected to be 3.3 per cent. Thus, the rate of increase in demand between 

1985 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. 

Ethylene 1s thus fore~ast to remain the major building block of 

petrochemical production, among the olefins; it is followed by propylene the 

world demand for which is projected to reach 31.7 million MT/y 1n 1990. The 

regional pattern of future demand for both products is indicat~ve of the 

entrenched dominance of industrialized countries in these markets--together, 

industrialized countries will acount for about 90 per cent of the expected 

consum;>t io11 of both products in 1990. It is worth noting here that alt.hough 
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ethylene consumption is large and will continue to be larger than 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 to 7.3 million MT/y in 

1990. 1llis 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. 

1llis suggests that the growth in the demand for butadiene will exceed the rate 

of growth of world GDP; the implied output elasticity of demand for butadiene 

is 1.47. 

1lle share of basic petrochemical products in total consumption of 

petrochemicals in 1990 is expected to exceed 52 per cent. The major consuming 

areas will he the developed countries. 1lle 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 3nare of world demand for intermediate petrochemical products is 

represented hy the demand for ethylene dichloride, which in 1990 will reach 

24 million MT/y. 111e 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 fo~· 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' share in world demand is still evident; howeve1, 

this dominance is slightly lower than that enjoyed by them in the demand for 

basic petrochemical products. 

WorJd demand for ethylene oxide is expected to be a substantial 

6.8 million MT/y. What is perhaps more significant here is the fact that 

although the demand for ethylene oxide will be growing faster than the rate of 

growth of world real GDP, the implied elasticity is still relatively low at 

1.11. 1lle share of developing countries in total world consumption of this 

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

-1 
' 
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World demand for ethyl-benzene is forecast to be 17.2 million 1-IT/y in 

1990. North America is by far the large~t consumer with an expected 

consumption 6hare of 47.43 per cent in 1990. nte developing countries again 

are expected to represent less than 7 per cent of world consumption, a 

situation that reflects low production rates of final products. Tite 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 HT/y are expected to be consumed of acrylonitrile 

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. 

nte implicit rate of growth of demand for this ~L~duct is 5.9 per cent per 

year which is relatively high and should lead to higher absolute demands for 

this product in the future. 

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 largest 

consuming region in 1990; ~~e developing regions, however, are expected to 

raise their share of total consuLption to about 19 per cent from a share of 

7.8 per cent in 1975. 

Tite world demand for formaldehyde is forecast to be about 19 million 1-IT/y 

in 1990; the rate of growth of demand for formaldehyde is expected to be 

7.5 per cent per year throughout the 1980s; this translates into an output 

elasticity of about 2.08. Titus, it may be expected that formaldehyde's share 

in total world 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 demand is VCM. 1be 

world demand for VCM is forecast to reach 17.4 million HT/y which represents 

an average yearly growth of about 4.9 per cent between 1985 and 1990 and about 

4.2 per cent between 1980 and 1990. 1bus, the rates of growth of demand and 

share in total world dem.1nd for this product will likely rise in the 1990s. 

I 
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~Grld de~~~~ for ethylene glycol is forecast to be 5.5 million ?'if/y in 

1990. Titis 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 major consuming developing 

region with an expected share of 12.9 per cent (which is higher than t~at 

forecast for Japan) in 1990. 

nte last intermediate petrochemical product considered here is styrene, 

which is forecast to grow rapidly between 1985 and 1990 --at the rate of 

6.0 per cent per year-- which is slightly lower than the rate that was 

forecast for the period 1975-1980, i.e. 6.8 per cent per year. North Am~rica 
will remain the dominant consuming 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 

nte largest forecast demand for final petrochemical products in 1990 is 

that for LDPE; a total of 17.8 million ?'if/y are expected to be consumed of 

this product. nte yearly gverage rate of growth of demand for LDPE between 

1985 and 1990 is forecast to be 4.9 per cent, this ia higher than the 

4.6 per cent predicted to prevail during the entire 1980-1990 period. ntus, 

the demand for LDPE is expected to accelerate in the middle to late 1980s. 

Western Europe is projected to remain the major consuming region of LOPE 1n 

1990, with a share of 30 per cent. The share of develcping countries is 

predicted to be slightly above 19 per cent. 

World demand for HOPE in 1990 is forecast to reach 9.7 million HT/y. 

Titis is significantly lower than LOPE demand in the same year; however, the 

rate of growth of demand for HOPE during the periods 1985-1990 and 1980-1990 

is also significantly higher than that of LOPE. In fact, the demand for HOPE 

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 demand for HDPE will incr~ase in the latter half 

1 

' 
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of the 1980s. Whereas Western Europe accounts for the largest share of LDPE 

consumption, North America accounts for the dominant share of total 

cons~'111ption of HDPE, with au expected share of 38 per cent in 1990. 

Developing countries as a group account for a share of 19.2 per cent in the 

same year. 

'nle demand for PET in 1990 is projected to be about 8 million tff./y. This 

level is bound to rise given its annual rate of increase of 6.4 per cent per 

y~ar between 1985 and 1990 which is significantly larger than the 5.2 per cent 

average annual increase in total world demand for petrochemicals during the 

same period. Both South-East Asia and Japan are expected to experience 

significant increases in their demand for this product, 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 polystyrene are estimated to be 8.9 

and 9.0 million 'Kf/y in 1990, respectively. 'nle corresponding demand for PVC 

is almost equal to the SUWI of both the demands for polypropylene and 

polystyrene in the same year. These proportions are bound 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 is forecast to grow at the 

annual rate of 7.4 per cent, whereas the demand for polystyrene and for PVC 

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

North America and Western Europe are expected to remain the major 

consumers of polypropylene in 1990, but the consumption level& of developing 

countries are expected to account for about 23.5 per cent in the same year. 

In the 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 

1990; 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 world demand for this product in 1990. 
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World dem~~d for SBR is expected to exceed 7.9 million HT/y in 1990. 

J~~~u<l for SBR ~ill grow at the rate of 

4.4 per cent per year, where3s 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 HT/y, and for vinyl acetate, 2.4 million HT/y. North 

American demand for ABS will dominate all other regional demands in 1390, 

whereas it will be equal to Western Europe's demand for vinyl acetate. 1be 

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 cent 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 finaJ 

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 lover than increases in the demand for petrochemical products. 

Finally, South-East Asia is predicted to be the fastest growing consumer of 

petrochemical products. 

3.2.4 World demand for petrochemical products in the year 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. 1be discussion in this section is restricted to 

the forecasts for the year 2000. 

'nlese long-term forecasts can be best evaluated by comparing them to the 

situation existing in 1980. Or.ly then is it possibla. to portray the emerging 

t~ends and structural changes that are expected to take place. For 1995 see 

Tables 24 to 27, for ?~n0 see Tables 28 to 31. 

l 
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(a) World demand for basic petrochemical products 1n 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 

hasic petrochemical products is predicted to exceed 332.0 million Wf/y, a 

figure that is 2.5 times the corresponding level in 1980. 

Deman~ for ammonia at 183.4 million Wf/y will still dominate other 

demands for petrochemicals. The average annual rate of growth in the demand 

for ammonia between 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 

petrochemicals over the same period. Consequently, the share of ammonia 1n 

total world demand for petrochemicals, vbich was 27.9 per cent in 1980, will 

remain at 28.l per cent in the year 2000. Developing countries' consumption 

of annnonia 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 t~e 1980 share of 17 per cent. The share of industrialized 

countries 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 Wf/y 1n the year 2000. 

This is less than double the level of demand in 1980; thus, the rate of growth 

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 between 1980 and 2000 is only 3.3 per cent, a figure slightly 

below the rate of growth of world real GDP. The share Lf 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, 

developing 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. 
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World demand for ethylene is projected to be about 72.4 million 'Kf/y in 

the year 2000, a figure which re?resents a relatively modest increase over the 

1980 level of 35 million MT/}. The implicit annual rate of growth of demand 

for ethylene over the entire 1980-2000 period 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 

in total world demand for petrochemicals will likely fall to 10.4 per cent in 

the year 2000 from 13 per cent in 1980. North America will maintain its share 

of world consumption of ethylene at about 42 per cent; however, Western Europe 

will ~xperience a decline in its s~are 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 in 1980 to 9 per cent in the year 2000. Developing 

ccuntries 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 HT/v 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 Arr.erica will account for over 35 per cent of the world demand ior 

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 

in 1980 to 24.4 per cent in the year 2000, while Japan will almost 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 y~ar 

2000. 

World demand for butadiene will average about 1.2 million HT/y in the 

year 2000, or almost 3 times the corresponding level of 1980. The expected 

annual rate of growth in the demand for butad1e~e b~tween 1980 and 2000 is 

6.0 per cent. Developing countries will account for about 13 per cen~ of 
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world demand for butadiene 1n the year 2000, whereas they represented only 

5 per cent in 1980. 

(b) World demand for intermediate petrochemical products 1n the year 2000 

There have been a number of changes in the structure of de111Bnd for 

intermediate petrochemical products at the coD1Dodity and/or regional levels. 

The ethylene block (ethylene dichloride, ethylene glycol, ethyl-benzene, 

ethylenP oxide) constitutes the major intermediate building block in the 

petrochemical production chain. Together these products account for a 

considerable demand, which is expected to reach 84.4 million MT/y in the year 

2000; they will account for 45.5 per cent of the world demand for intermediate 

netrochemical products dt 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 the 

year 2000. The opposite is expected to happen to the share of North America; 

it will rise from 34.3 per cent 1n 1980 to 37.2 per cent in the year 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 towards the 

turn of the century. These structural changes are the result of differential 

growth rates of demands, which are explained primarily by differential output 

elasticites. 

The share of the demand for ethyl-benzene in the total expected world 

demand for intermediate petrochemicals is projected to incre~se. This ia the 

result of a relatively high gro~th rate of 5.9 per ceTit per year throughout 

the period 1980-2000. Actually, ethyl-benzene is the only intermediate 

ethylene-block product whose demand will grow faster than the demand for total 

petrochemical products during this period. 

The general trend of a declining Western European share in world demand 

for intermediate products is perhaps more evident in this case than anywhere 
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else. Western Europe's share ~as 30.5 per cent in 1980 and is projected to 

decline to 19.l per cent in 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 centres of these commodities. 

The combined world demands for ethylene-glycol and ethylene-oxide is 

relatively small. However, both of these products are imp0rtant products 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 glmost 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 HT/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. Western Europe, North America 

and Japan will each individually account for over 20 per cent of the world 

demand for ~his product in the year 2000, whereas ~atin America and South-East 

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

The demsnd for acetic acid is forecast to exceed 5.9 million HT/y 

primarily as an input into the production of vinyl acetate. Developing 

countries are expected to account for over 25 ~er cent of world demand for 

acetic acid by the year 2000. Sou~h As•a and Latin America are expected to be 

the two msin areas of consumption of this product. 
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World demand for formaldehyde is forecast to exceed 33.7 million HT/y at 

the turn of the century. K~ch 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.l 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, which 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 t0 grow at 5.9 per cent per year; for 

this reason, its share in the total demand for petrochemicals will grow 1n 

step. In absolute amount, the forecast demand for styrene will reach 

25.4 million MT/y. This figure is 3.17 times the corresponding magnitude 1n 

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 

at the turn of the century shows an increase 1n the North American share of 

the total demand for styrene to 39 per cent, a decrease in Western Europe's 

share to 20 per cent, an increase in Japan's share to 18 per cent, and an 

increase in the share of the developing countries to 14.l per cent. 

The general trend in the demand for intermediate petrochemical products 

is abundantly clear; 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. 



l - 82 -

fer fin~! no~'r'nrhoft't..f. r ~ 1 r-----·------- t!?e 2000 

Demand for final petrochemical products is expected to dccount for little 

over a fifth of the total world demand for petrochemicals. As such, it does 

not appear to be the case that a major change in the structure of world demand 

for petrochemicals, with regard to thP group of final products, will take 

place. 

The total demand for final petrochemical products in 1980 was 

47.5 million MY./y. This dc~and is likely to exceed 153.3 million HT./y in the 

year 2000. 'nte 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 only 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 and the regional 

distribution of demand will change markedly during this period. 

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 very 

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. 'nte 

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 F.urope will 

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

at the turn of the century. Japan will maintain almost the same 20 per cent 

share, whereas the developing countries will increase their shar~ from 

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

Most of the demands for final products will show a higher rate of dem&od 

growth than that of the total demand for all petrochemical~, 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 milFon MT/yin 1980, is 

expected to rise to 14.3 million MT/y at the end of the century. ~ost of the 
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industrialized countries are expected to reduce their share in the total 

consumption of PET. North America is forecast to reduce its share from 

35.S 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 in the 

cor.sumption of PET is expected to rise markedly from about 27 per cent in 1980 

to 40 per cent in the year 2000. 

1be 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. 1be rates of growth of the individual demands 

are, however, different, with HDPE growing at an annual rate of 6.1 per cent, 

whereas LDPE will grow at the rate of 4.7 per cent. 1be 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 incre~se in its share. On the other hand, the developing countries' demand 

for these two products will rise quickly and thereby increase each 

sub-regional demand share 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 to exceed 32.8 million MT/y. 

The rates of growth of both demands are compa~atively high, being 6.6 per cent 

per year for polypropylene and 5.7 per ~~nt per year for polystyrene. Since 

both of these rates are significantly higher than the rate of growth of either 

world real GDP or the total world demand for petrochemicals, the share of 

these products 1n world overall demand for petrochemicals will rise 

accordingly. 

The regional distribution of demand is different for each product. 1be 

share of demand for polypropylene in North America in total world demand for 

polypropylene is expected to fall, that of Western Europe to fall slightly, 

that of Eastern Europe to rise, that cf Japan to fall drastically and that of 

d~veloping countries to rise significantly. This pattern is not evident in 

-1 
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the case of polystyrene. The share of North America's demand for polystyrene 

in world demand for this product is expected to rise in the year 2000 over its 

1980 share. However, the share of Western Europe's demand is expected to fall 

drastically, while 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 rate 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 in 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 de~~nd for SBR is projected to reach 12.4 million MT/y in the year 

2000. Given that ~he level of demand for this product was only 

4.7 million 1.-IT/y in 1980, this represents an annual growth rate of 

5.0 per cent. North America is expected to increase its demand share in total 

SBR ciemanci and again western Europe wiii face a rieciinin~ ~hare, Eastern 

Europe will experience a slight decline, Japan will increase its shar~ and so 

will the developing countries (except Latin America, which will face a slight 

decrease towards the end of the century). 

Finally, world demand for vinyl acetate will remain a 3.5 million MT/y by 

~he turn of the century. More important perhaps is the fact that this demand 

iA projected to grow at the rate of 3.6 per cent per year which will lead to a 
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steady decline in its share of total world petrochemical demand, although it 

will maintain a constant proportion of GDP given that its demand is unitary 

elastic with respect to GDP. 

A number of trends and structures can be seen to emerge in the long-term 

demand for final produr,ts. 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 Europ0 , which currently dominates the demand for this group, is losing 

rapidly this dominance. Finally, developing countries and particularly the 

South-East Asia region are becoming major demanders of final petrochemical 

products. 

3.3 Alternative B forecasts: world demand for petrochemicals within a frice 

sensitive framework 

Price sensitivity may be modelled in a number of ways, but mainly through 

its introduccion into final demand equations. Despite the fact that certain 

demands are world price inelastic (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 obtain 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 

th~ fi~~l p~trnrhPmi~Al product demands waa not an easy task, as was 

documented in section 3.9. Hore 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 in 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 32 substantiate this claim. 

The oil price is statistically significant with a high t-statistics, the R2 
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Table 32. Regression results of the lin~age between petrochemical products 

prices and the price of oil 

Dependent variable Constant Oil price R2 F D-W 

Price of: 

HDP 64.35 • 391 .96 106.6 2.7 
(10.26) oo. 33) 

LDP 03.42 .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) ( l. 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 
(8.24) (3.76) 

VAC 71.98 .198 .76 12.3 2.2 
(7. 90) (3.25) 

STY 54.60 .444 .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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values are very high, and the F-statistics are high enough 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--all index numbers with 1975 = 100--are presented 1n 

Table 33. 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 

ailowed to grow at 3.7 per cent per year. Thirdly, between 1990 and 1995, the 

price of oil is allowed 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. 

The forecnst prices of petrochemical products were introduced into the 

estimated equations described in Table 11, and a new set of world demands for 

petrochemical products were generated. The results are presented in Tables 34 

to 36. 

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 

America 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, HD?E, methanol, polypropylene, polystyrene, 

propylene, styrene and vinyl acetate. 

Secondly, demands for petrochemicals in Western Europe are forecast to be 

substantially lower when prices are included than when they are excluded. 
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