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- 

A -OVERALL RESULTS 1

Detailed histograms relative to each question are given as an annex.

1. GENERAL ECONOMIC HYPOTHESES ' Economic growth will be less marked than it has been in industrialized countries (around 3 %), and comparable, in spite of divided opinion, for developing countries.

The price of oil vill little increase : a strong majority anticipate an increase of less than 50 % in constant money. It appears quite probable that the average price of oil in the USA will follow the world price, and that the price of natural gas will equal its energy value. Opinions are more divided as to the development of protectionism, and trade with countries of the Eastern bloc, as well as North-South economic cooperation : with regard to,.each, about half of the experts consider these hypotheses to be little, or only fairly probable.

MAJOR HYPOTHESES

H1 . Supply guarantee (For the period 1980-1990, petrochemical firms in general will be supplied in raw materials (basic hydrocarbons) in quantities sufficient and at prices which will permit them to conduct their activities in satisfactory economic conditions (for example, by making supply agreements with Western oil firms, or by participating in joint ventures with producing countries).

This hypothesis has good chances of realization : a strong majority Gi experts accord it a probability greater than or equal to 0.5, and four out of five believe that it is at least rather probable (chances of probability Q10. To the question, what is the probability that Eastern countries effect massive sales of petrochemical products at a cost below the market cost during the 1980-1990 period, the answers of the experts were quite diverse, with no discernable tendancy. As for the products concerned, they were quite diverse, with no discernable tendancy.

As for the products concerned, they were estimated to'be mainly base products (ammonia, methanol, BTX).

Ql1. Investment levels according to product categories and by zone :

The average responses are indicated in the table which follows.

The first-mentioned level is the one most often quoted ; the level indicated in parentheses is the second most often-quoted level (given where significant).

The levels (or degrees) of investment were defined as below :

-Decrease in investments (reduction of capacity) -Weak investments (below the average investments for all industries) -Average investments (identifical whith average investments) -Significant investments (superior to average investments) -Very significant investments (much superior to average investments On the other hand, exports of crude from China increase considerably as she begins to develop and exploit her oil resources.

While the demand for oil in non-OPEC developing countries increases condiderably, some of these countries, for example, Mexico and Egypt, become significant exporters of oil, and new exploration and development mean that other countries, such as Brazil and India, are able to provide for a significant proportion of their domestic demand.
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In conclusion, the overall picture of the oil market is one of a well-ordered market, with demand being well matched with supply, and with a single world oil price being a valid concept insofar as differences between prices in different regions are no greater than the transport costs (with the possible exception of Eastern bloc countries).

Natural gas situation

Many of the established producers of natural gas have already reached or passed their peak production with possibilities declining as reserves are gradually depleted.

On the other hand, the newer producers such as Algeria continue to increase their output. As the technology of natural gas liquefaction and transport improves, the Middle East becomes a major producer and exporter, and this tendency is given further momentum by the rises in energy prices occuring during the 1980s.

In both the United States and Canada, natural gas prices are assumed to be decontrolled by 1980, and therefore to rise to a level equivalent to oil prices.

In spite of the stimulus afforded by this not insubstantial price increase, production in the U.S. continues to decline. In Canada, production does further increase, but most of the production is reserved for national consumption.

In Europe, the Netherlands remain the largest producers of natural gas, but the government of that country pursues a more active management of supply, with export contracts being run down, and priority being given to domestic households.

Significant increases in the production of natural gas from the Norwegian sector in the North Sea occur, placing Norway in the position of an exporter of natural gas.
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A number of non-OPEC developing countries also become significant exporters of natural gas, in particular Mexico, which exports natural gas to the United States.

In summary, there is a tendency for countries not selfsufficient in energy to reserve their natural gas resources for their own use. Thus certain uses of oil and gas will become "premium" in the surge that they will enjoy priority of supply, reflecting the fact that a switch from certain uses (such as petrochemical feedstocks and transport) will be more difficult or costly than others.

Looking at a more local level, feedstocks prices and availability will move to reflect local conditions, and in particular, the emphasis between the different classic feedstocks vill change due to expected energy developments. Thus, in North America the following effects can be expected :

-Naphtha and gas-oil prices rise by 1980 to reflect the alignment of American crude prices with world (OPEC) prices, -Naphtha and gas-oil prices rise from 1982 onwards, to reflect the increasing real price of crude in the aorld market, % _ 39.

-The price of natural gas liquids and methane rises to reflect the alignment of gas prices with oil prices in the United States in addition to the above, -In addition to the afore-described rise in the price of compounds from natural gas, the availability of ethane (and propane) decreases to reflect the fact that its production is diminishing while demand continues to increase. Although new petrochemical plant adapts to this situation by providing themselves with the capacity to accept naphtha and gas-oil, the prices of ethane and propane will rise even further than that accounted for by the above ; on the other hand, the supply of methane for the manufacture of ammonia and methanol will remain adequate for the needs of the North American petrochemical industry, and no further price increase, other than those already described, is to be expected (a qualification to the foregoing is that no shortage of natural gas is expected in Canada in the time span considered, but Canada only accounts for a small proportion of the total North American petrochemical activity).

-As the North American petrochemical industry moves away from ethane as the main feedstock for olefins and aromatics manufac- 53.

Organisation of markets

The structure of the markets in petrochemicals products is affected by the trends in the organisation of production already referred to, i.e. :

-Increasing share of production of base products by the oil groups ;

-Increasing share of petrochemical production (particularly base products) by developing countries ;

-Tendency for traditional producers to move downstream and to specialise.

-Establishment of joint ventures concentrating on particular areas of the market.

As these structural changes come about, there is a decentralisation in marketing power, with intermediate products being exchanged between companies and/or countries to an increasing degree ; the incidence of a single company controlling the whole chain of production from petrochemical feedstock to final products decreases.

A break occurs particularly after the primary transformation stage, with chemical companies increasingly buying in their ethylene, 56.

Mean size of units

The trend towards ever larger production units is assumed to be halted, and indeed even slightly reversed during the period. The massive increase in feedstock costs during 19'j3/?+ reduced the share of capital costs in the total production costs, thus rendering economies of scale less important. Furthermore the climate of uncertainty and chronic overcapacity ruling during the late 1970s

and early 1980s means that the risk associated with, for example, a very large steam cracker more than vitiate any gain due to scale.

Similarly, producers in developing countries decide to play safe and go for somewhat smaller units, rather than to add to other problems by trying to introduce plant near to the limits of technology. Thus, for example, steam crackers vith a capacity of 300,000tons per annum become common. 
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In developing countries, wh7.le ownership grows moderately vith rises in income levels.

As in the reference scenario, radial tyres continue to supplant cross-ply tyres.

Textiles

Although household consumption grows more rapidly in this scenario than in the reference scenario, grovth in consumption of textiles is only somewhat higher, reflecting the relatively low income-elasticity of consumption in the northern countries.

This growth is, however, particularly concentrated in the area of non-cellulosic fibres.

In developing countries, there is a larger growth in demand in Asia as compared with the reference scenario, due in particular to the development of export-oriented activities.

Natural. fibers reinforce their position, because of their lower cost.

Building

Similar remarks apply here as in the reference scenario, appropriately higher growth rates applying here because of the overall higher rates of economic growth. However plastics achieve a somewhat better rate of penetration into the building sector, replacing wood increasingly in a number of applications.
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Packaging

The America,and this is the increased usage found by coal as a source of energy to the chemical industry.

In spite of the higher cost of solid-fuel furnaces and boilers, or alternatively the conversion of coal to a more easily usable form, coal usage nevertheless becomes more economical and perfectly practicable for the industry.

On the other hand, in developing countries there is a reluctance to cede energy at below market costs, in view of the opportunity cost of such a practice.
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Stream factor

Because of the technological problems faced by new producers in developing countries, and the reluctance on the part of experienced producers to help them overcome these problems, stream factors are substantially lower in developing than in industrialised countries.

The poorest performance occurs in those zones such as Africa and Asia (except Japan).with the least experience in operating petrochemical plants.

Cost of labour

The same remarks apply as for the reference scenario.

Environmental protection

In developed countries, the resumption of a relatively substained growth in industrial sectors induces higher standards in pollution controls. The same situation occurs in some developing countries, where industry is located near by housing areas.

Transport

No main differences with the reference scenario. Crisis in shipbuilding vanishes with the development of world trade, and capacity is assumed to meet demand. 
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	, heterogeneity Fertilizers Synthetic ?zers textiles weak weak (average) (average) significant average weak weak significant aver. signif. significant average very signif. ave.-signif. weak-aver. significant average (average) (signif.) A certain in the level -, with regard to both zone and product rubber sector appear less attractive probably for reasons of saturation levels. Q12. Investment Developing America North America West Europe Eastern Europe Middle East and North Africa Remaining Africa Asia-Oceania excluding Communist countries levels per product category , weak plastics ..as 1CS weak signif. signif. signif. weak-aver. weak Synthetic rubber weak-average average (weak) weak average (signif.) average (signif.) average average (signif.) (weak) of investment is apparent catégories ; textile and than fertilizers or plastics, on both plant and market and by zone For the same above zones and products, the following general results were : Base petrochemical Intermediate petro-Final petrochemical products chemical products products North America average (weak) average average (signif.) Developing America significant average (signif.) average (signif.) (average) West Europe average (weak) average (weak) average (weak) Eastern Europe signif. (aver.) signif. (aver.) average (signif.) Middle East and very signif. significant significant North Africa (significant) (average) (average) Remaining Africa weak (average) weak (average) weak (average) Asia-Oceania average average average (excluding Commu-(significant) (significant) nist countries) 1 1 , The results seem to indicate that the growth rate of investments in petrochemicals on the whole will be fairly comparable to the general industrial investment rate, except in Europe and Africa. Developing countries will make a more market investment effort, especially in the field of base products. Q13. On the question : Estimate the probability of a technical evolution in the field of plastics susceptible to creating a strong increase in worlwide demand (automobile development, for example). The experts are divided ; however, this hypothesis appears rather improbable. Q14. To the question, "what would be the exporting zones in 1990, and what would be the principal petrochemical products,exported (or imported) for each zone ?", we obtained a relatively limited number of replies. The essential information received is resumed in the table below : Products exported North America polyolefines ' West Europe plastics . Eastern Europe base products, platics, fertilizers Middle East and numerous products : base products, BTX, North Africa intermediate products, fertilizers Remaining Africa fertilizers Asia final products : textile fibers, fertilizers Developing America intermediate products, fertilizers, polymers Japan converted plastics Q15. The demand for final products, expressed in terms of growth rate, is given below. In the first table figure the average results ; ih the second, the answers most often quoted. Fertilizers Synthetic plastics Synthetic textiles Plastics rubber textiles \ rubber Industrialized GNP -0.3 GNP -0.5 GNP + GNP countries Developing -". 2.5 5 GNP + 1.7 GNP + 2.3 GNP + 0.2 countries 1 -.... Synthetic -.. Synthetic . Fertilizers textiles Plastics rubber textiles rubber Industrialized between between between between countries GNP -2 % GNP -2 % GNP and GNP -2 % and GNP and GNP GNP % and GNP Developing between between exceeding between countries GNP + 2 % GNP GNP + GNP -and and and GNP + GNP + 2 % GNP + 2 % The results are to be compared with those obtained for question These results must be considered as a cocktail of different : Fertilizers, already mentioned, possibilities are largely * opinions ; they are somewhat contradictory, mainly in the petrochemical industry itself. It will be them necessary to develop another approach for appreciating the evolution of the demand for final products. 1 B -SENSITIVITY ANALYSIS 1 The sensitivity analysis involves determining, on the basis of the conditionàl probabilities given by the experts, the reciprocal effects of each of the hypotheses on the others. The method used consists of allocating to each hypothesis an index of motricity, calculated from all the replies, which measures the deformation of the histogram (displacement of the median point). This indicator is the resultant of the algebraic sum of all the displacements found when each of the hypotheses is regarded as being realised and then as not realised. The table below gives the percentage displacements of the médian. points: the sign is positive when a shift in the probability of the operative hypothesis results in a shift in the same direction in the probability of the other hypothesis. The sign is negative if the shifts take place in opposite directions. Action of on H 1 H2 H3 H4 H5 H1 -6 +10 +12 +11 H2 -9 -9 +11 -3 H3 +12 +9 +28 -7 H5 +17 +11 0 Retaining only the strongest of these influences leads to the folloving diagram : H2 H1 / \. H3 H5 Eh ____ + ____ Hypothesis H1, relating to security of supplies, appears to be relatively independent of the four other hypotheses which are fairly closely related amongst themselves, particularly H2 and H4 and also H3 and H5. This means that a scenario in which the hypothesis of the sharing of technological power is realised also has a good chance of seeing the OPEC countries possessing their own petrochemicals industry by 1990. On the contrary, and in the absence of technological transfer, it is less probable that the OPEC countries will emerge in this way. The same applies to H5 (sharing of marketing power) in regard to H3 (organisation of the world petrochemicals market). 1 C -SELECTION 0F THE SCENARIOS 1 1. SELECTION OF THE EXPERTS -The relatively restricted number of replies which were received to the SMIC questionnaire involved selecting carefully those which were to be actually processed : Certain of the experts showed evidence of a very personal vision of the future, and the inclusion of their replies could have introduced a bias in the selection of the scenarios. Other experts showed a high level of statistical incoherence in their replies, and so it was preferable not to include these. The actual process involved two stages : -a typology of the experts was carried out, with an appropriate programme, on the basis of their replies on the basic hypotheses, so as to show up firstly the various classes of experts who each had a similar point of view and secondly those experts who had marginal points of view. -within each class of expert the most representative one was selected (the central expert or the one coming nearest to this 'ideal' expert). In the case of a large class it was sometimes necessary to chose several experts so that the retained sub-sample would remain as representative as possible*. One other consideration guided the choice of experts: this was geographical and socio-professional representativeness. * In order to ensure representativeness care was taken that the distribution of the replies in the sub-sample was comparable to the distribution over the whole of the replies. This procedure was carried out in parallel on a double sample of experts : -a sample of fifteen experts selected by SEMA -PROSPECTIVE on the basis of their replies on the principal hypotheses, -a sample of fifteen experts selected by PDVSA on the basis ' of their replies to the general economic hypotheses. The SMIC programme was therefore applied to thirty experts. We consider that the sub-sample constituted in this way forms a largely satisfactory working base. 2. THE RESULTS OF THE SMIC PROGRAMNIE --Since the SMIC programme was devised for use on a maximum of fifteen experts it was necessary to proceed in two stages. Despite the precautions previously taken it was necessary to eliminate eleven experts: their replies either led to too high an index of incoherence or were too marginal, leading to a high level of probability being attributed to scenarios which only they cited. Since the elimination of the experts of low coherence resulted in some distortions we were led to add a further four experts so as to recover the general distribution of the initial histograms. On the basis of the five basic hypotheses it is possible to obtain 25 = 32 different scenarios. To simplify reference to these they are each coded by means of five binary digits, 1 indicating that the corresponding hypothesis is realised, 0 indicating that it is not. As an example the scenario '10010' corresponds to the folloving situation : -supplies are assured (H1 realised), -the OPEC countries do not emerge (H2 not realised), -there is no world organisation of the market (H3 not realised), -there is a sharing of technological pover (H4 realised), z -there is no sharing of marketing power (H5 not realised). This scenario corresponds to a certain extent to a continuation of the world petrochèmicals situation in 1978. In order to distinguish the most probable scenarios we use four criteria : -the mean probability, -the number of times that the scenario is cited in first or second position, -the number of times that the scenario is cited with a probability of more than 10%*, -the number of times that the scenario is regarded as very improbable (probability of less than 1.5%*). The results are set out in the table on the folloving page. * The mean probability of one scenario out of 32 is 1/32 or 3.1%. Mean First Probability Probability Scenarios probability and second more than 10% less than 1.5% (%) (number of times) (number of times) (number of times) ' 11111 3.1 2 2 16 o1111 3.6 1 3 14 10111 8.6 8 10 3 00111 1.3 0 0 15 5 11011 6.7 6 6 7 01011 2.6 0 1 13 10011 3.0 2 2 12 -00011 2.1 1 1 2 16 11101 4.4 1 2 12 01101 2.9 2 2 1?+ 10101 3.0 0 2 14 00101 1.3 0 0 16 11001 2 2 12 010o1 i.h 0 Three scenarios are clearly distinguished from the rest: these are scenarios 10111 (in the lead), 10000 and 11011. Then follow a group of scenarios (00000, 10100, 10110 and 11110) which justify retention for a variety of reasons, followed by the rest of the possible scenarios with probabilities so low as not to make their examination worthwhile. These scenarios may be grouped into three families : -the family of scenarios of conflict (scenarios 10000, 10100 and 00000), characterised by a hardening of the attitude of the major petrochemical companies and leading to a final image where there is no sharing of power with the actors in the In this way one arrives at the following tree of scenarios On the 1982-1990 period (cf. table 2), the trends are the same as on restricted in developing Asia and Africa to the textile industry. by interposing intermediate scenarios from amongst the seven leading scénarios : 00000 00000 } Developed ----------countries 10000 -----------10100 scenario 10010 1 Référence _____ -( 1 scenario 11011 Third world scenario lll10 ? 11110 It seems to us to be more interesting to study this rather than the scenarios of extreme conflict (which are of neccesity transient) such as 10000 or 00000, since it corresponds to a situation which is economically more stable: it is the scenario of the western companies, organising world petrochemicals to their own profit and succeeding in considerably limiting the contribution of the developing countries. In addition this scenario seems to correspond fairly well to the petrochemicals strategies as they appear in the table of strategies of the actors.. ib j Î 4>"--' 1 II -THE PRESENTATION 0F THE SCENARIOS 1 Three scenarios have been chosen for further analysis, comprising a reference scenario and two contrasting scenarios. Apart from having an intrinsec interest in their own right, these scenarios must also provide the basis for the preparation of the detailed Four sets of forecast data will therefore be elaborated for input into the model, i.e. -Data as at 1982 assuming little change from the present situation ; investment capacity as suggested by external enquiry as to present investment projects, economic growth rates in accordance with current forecasts and recent trends, no change in the real cost of energy, and so on. -Data as at 1990 (the horizon of the study) for each of the three --A -THE REFERENCE SCENARIO 1 The reference scenario is the one for which the mean of the probabilities given by experts is the highest. By way of reminder, the principal aspects of this scenario in relation to the petrochemical context at the horizon of 1990 . are as follows : H1 realised -Reasonable continuity of feedstock supply 1. INTERNATIONAL-pOLITICAL CONTEXT. This is essentially a scenario in which the political statu quo is continued. Any changes which occur in the politico-economic structure and the balance of power in the world will be slow and evolutionary, rather than involving any radical changes. The economic/ideological map will continue to look very much like at present, with the existing division into free market and centrally planned economies. While the United-States and the USSR will continue their roles as the two super-powers, the move, 2. INTERNATIONAL ECONOMIeAL CONTEXT After the economic uncertainties of the mid-1970s, a reasonable expansion is resumed in the industrialised countries. Although the cyclical phenomena of booms and recessions continue, on average a fair rate of economic growth is maintained in these countries up to the end of the next decade. Although a new international economic order remains a subject of topical discussion, very little concrete progress is made towards transferring wealth from the richer to the poorer countries, or As a result of the continued depletion of natural mineral resources, and increasing demand for these and other natural products, these continue their recent pasttrend of becoming more expensive in rela-tion to manufactured goods. In terms of the international trade, this means a gradual improvement in the terms of trade of the developing countries with mineral resources, or who produce commo-dity crops such as rubber, cotton, sisal, etc. Balance of payment problems persist in many developing countries without energy reserves, and also in some industrialised countries. On the other hand, certain OPEC countries continue to be in strong surplus, in spite of their efforts to industrialise. Japan also Table 1 -Macroeconomic ass1.lmDtion : 1978-1982 Zone -Growth of Growth of Growth of Growth of .GNP population manufacturing Agriculture % p.a. % p.a. -industry p.a. ' % p. a. North America 2.9 1.0 3.0 1.7 Western Europe 0.6 3.7 1.5 Communist count. 2.0 5.0 2.5 Developing America 5.0 2.5 5.6 3.0 The other major sectors (industrial manufacturing, services, and construction) the 1978-1982 period, except for the growth of population, and the growth of agriculture, This industry is labour-rather than capital-intensive, and a large In the field of the environment, Europe follows in the wake of the increasing prices), and in the case of the Gulf States, 3.2. Oil situation as when some changes are to occur. market naturally exists for textiles. The demand of the plastics United States and Japan in setting more stringent standards for part of their policy of accommodating the requirements of after to remain in harmony. In spite of increased production are assumed to expand at about the same rate as one another, as has been the case in the recent past, with the excep-tion of construction in the developed countries, which is assumed to grow more slowly than the rest The rate of growth of population shows a slight processing industry is limited in volume in Africa, but its air quality, emissions of liquid, gaseous and solid pollutants, industrialised countries. Such a policy means that by 1990 An essentially well-ordered world market in oil is assured up in Alaska, overall production in the U.S. increases only decrease in developed countries, expansion in terms.of rate of growth-is significant, due to,the and so on. Meanwhile, the latter go still further in improving total production of oil in OPEC countries will be approaching to 1990, the study horizon. Oil-importing countries and the modestly compared with its present value (about 15 % up in where the mean age increases. activity of small transformers. In Asia, a progressive demand in the quality of the environment. their likely capacity. oil majors seek to, and succeed in, making agreements with 1985), due to the gradual running down fairly rapidely in of the economy. On the basis of the assumptions, and using the figures of the present struc-ture of production in each zone, the rates of growth in the manufacturing industry have been calculated. Finally, in this scenario, which envisages no fundamental structural changes in economic systems or policies, investment quotas have been assumed to remain roughly constant, and therefore In the agricultural sector, the global production platic goods; due to a regular development.of manufacturing oil-exporting countries on a bilateral basis. The U.S. reaches Canada, due to progressive exhaustion of reserves. is in progress in comparison with the former period. In developed countries, industry stimulâtes the processing industry. On the other hand, The industrialised countries continue to develop non-oil an understanding with Saudi Arabia as well as continuing to this growth is the result of the willing the increasng size of the automobile population favours the energy sources at a moderate rate, with oil being regarded import from Western Hemisphere producers. West European In Europe, output increases considerably, vith the North Sea to prepare the "food weapon", for political and economical reasons. On the other hand, the objective of reaching self-sufficiency or an exporting position development of a rubber processing industry in these areas (but still moderate in Asia, and small-sized in African ëountries). 3. ENERGY CONTEXT as the residual fuel required to bridge the energy gap. After a period of vacillation, the construction of nuclear genera-countries and Japan also make deals with OPEC countries through production continuing to rise rapidly to 1985 and platforming ° their natural oil companies, offering technical assistance as thereafter until the end of the decade. for same products leads to By contrast Latin America, with a higher per capita income 3.1. General tors is resumed at a moderate rate in most developed countries, well as market access in exchange for supply guarantees. The higher rates in areas like developing America, and mainly Middle East. and more developed economies and consumption patterns, has and in some developing countries also. Coal is also reintro-multinationals continue to exercise a strong influence in the Demand for.oil in Japan increases rapidly, due to the relati-17 l0001 1.8 i 1 2 19 00001 2.6 0 1 14 iiiio 8 01110 1.8 Third World and where there is no emergence of the OPEC producers. Amongst these three scenarios there is one which Present Intermediate Situation situation situation in 1990 sets of data required to drive the model, and the manner in which the scenarios are presented is therefore partially conditioned by contrasting scenarios selected for analysis. H2 not realised -OPEC countries do not achieve 10 % of world already established, away from a simple polarisation into two blocs will continue. The emergence of the EEC as a major economic towards bringing about an acceleration in the rate of industria-lisation. Almost no advance is made towards narrowing the gap continues to be in surplus, at least until the mid-1980s, when rising oil prices and her complete absence of natural Middle East and _ North Africa 6.0 2.7 6.9 3.0 household consumption is assumed to increase at the same rate as economies in general,eacept in the communist countries, where Table 2 -Macroeconomic assumptions in reference good prospects in all these consuming sectors. No serious energy crisis develops during under duced in many industrialised economies, mainly in the electri-world oil scene, collaborating with oil-exporting countries vely high rate of growth experienced there, and the virtual the period scenario : 1982-1990 study, and the supply of energy continues to be reasonably city generation industry, but towards the end of the next in exploration and exploitation activities, providing technical, complete absence of domestic energy reserves. This is some-energy . 1 1 16 10110 5.1 2 2 12 00110 0.6 0 0 19 11010 2.5 0 1 11 01010 1.5 0 0 17 l0010 2.9 3 16 00010 3.5 0 3 17 11100 1.5 5 0 0 12 oiioo 1.6 0 2 19 10100 5.5 5 3 5 13 00100 2.1 1 represents a fairly stable situation: this is scenario 10100 where there is an organised petrochemicals market; this is the 'American' scenario where world petrochemicals are dominated by the major groups. We have used two scenarios cited as being fairly probable as intermediate images: experience in fact shows that the experts do not always have the same views as to the speed of development of phenomena. It is 1 the manner in which the model will be run. Apart from runs carried out for validational purposes using historical data, the model will be run for 1982 and 1990. The year 1982 was chosen because this is the horizon at which petro-These data sets are derived and presented in detail in report "production and consumption forecasts for Detrochemical products up to 1990". The scenario descriptions which form the bases of these data are presented below. capacity H3 realised -Well ordered market H4 realised -Unhindered transfer counterweight, if not a political unit, will be consolidated, the power and influence of Japan will increase, and the Peoples Republic of China will begin to assert itself as a political and economic force to be reckoned with. between richer and poorer countries, since the margin which the latter enjoy in terms of national economic growth is largely absorbed in higher demographic growth rates, leaving little differential on a per capita basis. resources, coupled with increasing energy demand, begins to tell against her. In general, the liberalist ethic remains dominant in international Other Africa 2.6 5.7 2.5 Asia 5.1 1 2.2 5.9 2.5 consumption grows somewhat faster. As far as the composition of production is concerned, the pattern in developing countries slowly approaches that of industrialised Growth of Growth of Growth of In the Middle East/North Africa, prospects are favorable to balanced is characterised decade, the research into techniques of gasifying coal on managerial and commercial assistance, and entering into joint what moderated, however, by an extensive programme of cons-with demand. However the period Growth of Zone GNP population manufacturing the establishment or expansion of plastics and rubber processing by an increasing sense of urgency and impending crisis, with a large scale begin to bear fruit, and SNG begins to be ventures with oil-producing countries for oil-refining and truction of nuclear generators which gets under way at the agriculture % p.a. % p.a. industry % p.a. industries. a great deal of effort being expended, towards introduced as an alternative fuel by the process industries. petrochemicals projects. start of the 1980s, when the various technical difficulties particularly % p.a. the middle and late 1980s to devising which will have been surmounted. policies of technology trade relations, with the exception of certain countries, as agriculture and mineral extraction grow more slowly North_vmerica 2.9 0.9 3.0 2.0 In developed countries, the textile industry is expected to continue provide for continuity of energy supply when oil production While there is a great deal of discussion about the need to As already mentioned the cohesiveness of OPEC is weak in the ad hoc measures, -the family of scenarios of cooperation (scenarios 10110 and 10111), characterised by an organised market and secure supplies therefore of interest to use, where possible, certain scenarios as intermediate scenarios, which reinforces the probabilityof appearance chemical capacities will be largely determined by decisions already taken. The scenarios must therefore provide forecasts It should be noted that figures are presented in terms of constant prices in this report, that is, after discounting the overall rate H5 realised -Decreasing degree of captivity While developing countries gain an increasing sense of identity As a result of the increasing wealth of the USSR and its partners, for example in relation to Japan which continues its aggressive As far as the other assumptions in Table 1 are concerned, the than manufacturing industry and services, and gradually account Western Europe 0.5 3.7 2.0 its relative decline in view of high labour costs, and prospects to be run down. use energy more efficiently, only limited progress is made early years in this scenario, due in particular to the unwill-In spite of increased oil production capacity in the Soviet begins in market. and weight in international affairs, their effective power on and the climate of detente which allows military expenditure to export policy in order to sustain growth, and in certain difficult assumption has been made that the population growth will be at for a smaller share in the total economic activity of these coun-Communist count. 2.0 5.0 2.2 for the rubber industry are not bright particularly in the US, in this direction, apart from the United States, ingness of Saudi Arabia to jeopardize its relations with the Union the Eastern bloc moves from a position of being net whose present o o ih 11000 2.0 2 2 20 01000 2.2 1 3 18 10000 7.8 4 6 6 oo000 5.8 5 5 14 and where the sharing of power is progressively achieved. Despite this the contribution of the OPEC countries to the total production remains relatively small (H2 not realised). -finally the family of the OPEC scenarios, where we find two scenarios (scenarios 11011 and 11110) which are contrasted to the two previous families and which are characterised by the emergence of OPEC and its gradual access to technology and markets. The first of the two scenarios is one of tension and competition, since the world market is not organised; the second is relatively nearer to the second family, inasfar as there is an organised world market and some form of cooperation. It may be considered as the logical result of the previous one. of a family of scenarios. 3. THE CHOICE OF SCENARIOS Scenario 10111 was chosen as the reference scenario, having come in the leading position irrespective of the selection criterion used. For the contrasted scenarios we have retained 11011, which comes in second position, and 10100 rather than 10000 which is an intermediate image between the existing situation (10010) and scenario 10100. for these years of the various variables and parameters required by the model. It is reasonable to assume that the major divergences in events which will lead to the constrasted images in the year 1990 will occur after 1982. While many of the elements or "seeds of change" leading to these divergences will be present earlier, in terms of the concrete parameters required by the model : demand for final products, production capacities, costs, etc., the main difference can be supposed to emerge later. This assumption is consistent with the philosophy behind the choice of the year 1982 in the first place, i.e. that petrochemical capacity at that date will be little influenced by future events. of inflation. Thus an increase in GNP refers to an increase in volume, and an increase in the price of oil means over and above that attributable to overall price rises caused by inflation. This is not to say that inflation can be ignored, as inflation introduces certain instabilities and distortions which cannot be eliminated simply by constant price accounting. The picture is therefore of a well ordered market, which has recovered from the various pressures and uncertainties of the mid to late seventies. As far as the politico-economic environment is concerned, there is no fundamental challenge to the existing international political and economic order, moderate growth being sustained in the indus-trialised countries. The ascendancy of the industrialised countries in the petrochemical industry is not fundamentally called into question. In the following sections, the political, economic and energy context, and the picture of the petrochemical industry itself, up to the horizon of the study, 1990, are elaborated. the world scene remains limited. Cooperation on a regional level between Third World countries is limited by rivalties and local disputes. The solidarity of oil-exporting countries remains weak at first, with Saudi Arabia blocking attempts by OPEC to raise the real price of oil. Towards the second half of the 1980s, however, as reserves become depleted and pressures build up on the demand side, the common interests of oil-exporting countries become more important than their divergences, and OPEC again begins to operate as a cohesive force. East-West detente continues to develop, although they come into a certain amount of competition in trying to consolidate and extend their spheres of influence. Despite continued attempts at monetary reform, the key role of the dollar continues, as does the system of flexible exchange rates. Partly due to the serious attempts made by the United States in particular to come to terms with the world energy situation and thus redress its balance of payments, the decline of the dollar relative to European currencies is halted. trialiaed world as a whole is concerned, exchange only diverge in such a way as broadly to compensate rates of inflation (which are held to a moderate critical in some areas. 1 level). is not actually deteriorating in these countries, but remain for differential slightly ahead of demographic growth, so that the food situation are concerned, apart from agriculture, a major consumer of rates agricultural systems, but is nevertheless assumed to remain which are direct major consumers of petrochemical final products industrialisation programmes (since this cannot be done by So far as the indus-in Turkey, in 1977. Agriculture production in volume is to continue rate of growth in developing countries (the average 2.5 and 3.0 during the ten last years), with a faster grovth developing America and Middle East and North Africa. developing countries, the growth of the agricultural sector handicapped by the absence of any major effort to reform the infrastructure and lack of skilled labour. As far as industries in the developed or the developing order to generate the increased revenue needed for their countries. is is limited by problems of capital, limited resources, limited progress in reducing disparities in income distribution, either the case of countries such as Algeria, Iran an Venezuela in its capacity. In other The type of industrialisation in developing countries carried out in accordance with per capita G.N.P. There is no appreciable continues to rise in accordance with increasing demand, in of about 50 % by 1990. By 1990, OPEC production is nearing in accordance with increases in productivity, i.e. approximately States and other Western countries. Similarly, oil production have an elasticity greater than unity. to rise in real terms by 5 % p.a., thus reaching a premium was between use of fertilisers and pesticides. slowly. The cost of labour in real terms evolves broadly in stability, or by virtue of a tacit agreement with the United of their increasing rate of industrialisation, are assumed to countries become more apparent, and OPEC oil prices begin its current higher-yielding varieties, greater mechanisation, and more extensive habits, and the standard working week is reduced only very a strong vested interest in ensuring international monetary the rate of economic growth, and developing countries, because oil increases regularly, the common interests of OPEC ' be reduced, the Eastern bloc begins to move slowly towards a more consumerist society. As the expectations of consumers in Eastern Europe increase, the need to earn foreign exchange makes itself felt, and the USSR increasingly seeks to integrate itself into the mainstream of international trade. sectors such as the metallurgical industry. The detailed rates of growth adopted in this scenario are set out in the tables 1 and 2 below. They are based on a scenario prepared by the Cavendish Laboratory, Cambridge for the World Energy Conference the rate of 2.0% p.a. in most countries, 1 % p.a. in North America, and 0.6 % p.a. in West Europe. These figures are in ' accordance with recent trends (assuming some continued further . reduction) and with assumption made in other projections. tries. The increase in agricultural output which does occur is achieved partly by increasing the total area of arable land available and used for agricultural purposes, and partly by improving the productivity of the land already under cultivation, . through the use of more extensive irrigation, introduction of Developing America 5.0 2.7 5.6 3.2 Middle East and 6,0 2.7 6.9 in view of the increasing saturation of the automobile market. OPEC does not succeed either substantial increases prodigality allows greater scope for economies. In the U.S. U.S. Thus bilateral agreements with oil-consuming countries exporters of crude to one of net importers during the 1980s, in forcing ' 3.5 The plastics processing industry, on the other hand, is likely in the price of oil, or in limiting at a level the "energy-GNP elasticity", i.e. the percentage increase preponderate over agreements between OPEC countries. Until since demand increases more rapidly than production. This is production North Africa Other Africa 2.6 5.7 to continue to grow. below that of world demand. The Gulf States, in energy usage per one percent increase in GNP, is reduced 1982 oil prices only rise to compensate for general inflation, one of the pressures which leads to a greater integration of and in particular 2.5 Asxa 5.1 2.2 5.9 Saudi Arabia, block any attempts to 0.71 (OECD assumption). Other developed countries are and for any slide in the value of the dollar compared with Eastern European countries into world commerce, since they by other OPEC members to 2.7 In relation to labour, there is no radical change in working declare substantial increases in oil prices, either through assumed to have a rate of energy growth almost as high as that of other "hard" currencies. After 1982, as demand for need hard currencies to finance their oil imports.	11
	the conclusions	are similar.

The drive towards energy conservation in the U.S., and the desire to stimulate production means the disappearance of price controls. Thus oil prices in the U.S. are supposed 35.

to converge with world (OPEC) oil prices by 1980, and there-
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