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Introduction

The recommendations o f  the F irst C onsultation served as the bases 
f o r  t h is  Second World-wide Study on the Petrochem ical Industry-^ . The 
study undertook the o b je c t iv e  o f  avoid ing any re p e tit io n  o f  what has 
been d iscu ssed  in  the f i r s t  study and thus i t  approached the industry ’ s 
development where the f i r s t  study has l e f t .  The approach t o  t h is  study 
i s  b a s ic a l ly  an a n a ly tica l one which attempts t o  id e n t ify  the b a s ic  
elements o f  the restru ctu rin g  process which have been tak in g  p lace  at an 
in creasin g  pase s in ce  1973, and then proceed t o  propose an integrated  
network o f  a ction s  t o  be taken that would f a c i l i t a t e  the future develop
ment o f  the industry t o  the mutual b e n e fits  o f  the world community and 
t o  each and every party concerned.

Two important p o in ts  should be noted when considering the study 
as a whole. F ir s t , since the main o b je c t iv e  o f  the study was t o  id e n t ify  
the p r in c ip a l fo r c e s  a f fe c t in g  the development o f  the industry , very  f in e  
accuracy in  the presentation  o f  the data was not o f  main concern since  
the tra c in g  o f  the o v e ra ll trends would help achieve t h is  o b je c t iv e  in 
ju st the same way. However, th is  should, by no means, cast any doubt on 
the accuracy o f  the data presented, which were based on a wide spectrum 
o f  resou rces . Second, i t  should be noted that not to o  much e laborate  
a tten tion  was paid t o  the question o f  future p r o je c t io n . The s itu a tio n  
being so f lu id  in  the industry that any such attempt would claim as much 
success as ten s o f  other p r o je c t io n s , which have been and are being 
prepared a l l  the tim e, in clu d in g  the p ro je c t io n  model presented in  the 
F irst World-wide Study, C apacities f o r  the 16 petrochem ical products 
u n t i l  1987 were based on e x is t in g  p r o je c ts , p ro je c ts  under con stru ction  
and th ose  w ith firm  planned commitments. Demand p ro je c t io n s  were extended 
t o  1990 on ly , with few occasion a l exception s, and based p r in c ip a lly  on 
f ig u re s  given by the Hoiking Group with whatever adjustment UNIDO 
considered t o  be appropriate.

The com petitiveness o f  petrochem ical production  in  developed and 
develop ing reg ions was extended to  s ix  lo ca t io n s , three developed and 
three develop in g  reg ion s . The choice  o f  each country was based on the 
ch oice  o f  a ty p ic a l  lo c a t io n , p a r t icu la r ly  f o r  producers from develop ing 
cou n tries  and should in  no way be taken as exclu s ive  t o  that country, fo r  
example Qatar was chosen t o  represent the Gulf region  and Indonesia t o  
represent a Far-Eastern lo c a t io n .

1 / Report o f  the F irs t  Consultation Meeting o f  the Petrochem ical Industry, 
ID/227 (ID /W G .29l/9 /R ev.1) 22/3/1979* In p a rticu la r  p o in ts  2 ( c , f , g ,h ,  
i » J » k , p ) .



It should be further noted that all the developing countries’ 
locations are related to oil and natural gas producing countries 
which is in compliance with the recommendation of the First Consulta
tion (para i).

The elaborate analysis of investment cost, production cost, ship
ping charges and tariffs imposed on petrochemical products exported from 
developing countries to developed countries' markets shows that developing 
countries could be competitive in most of the chosen petrochemical products 
to producers from the developed countries in their own markets (Chapter II). 
This conclusion is re-inforced by the analysis of the feedstocks situation 
and prospects (Chapter IV), tendency in trade (Chapter III) and the 
petrochemical .technology prospects (Chapter V), The restructuring process 
of the petrochemical industry is examined closely (Chapter VI) identifying 
the role of the various operators in this process and the possible results 
of their actions* The integrated analytical approach used in the study 
leads to the vital final conclusion that the on. ' alternative to the 
present and expected disruption and chaos in the petrochemical industry 
is long-tern North/South co-operation based on the principles of collective 
management of interdependency.

To facilitate the reading of the Study by readers with various 
interests, summaries are provided at the end of each chapter, as well as 
an overall summary. To relieve the main body of the Study from excessive 
statistical information and at the same time to make this information 
available to the reader a Statistical Annex is provided as a second 
volume to the Study.

The Study is the result of close co-operation between the UNIDO 
Secretariat and a number of United Nations, regional, intergovernmental 
and private organizations as well as specialists from various countries 
working as consultants for UNIDO in their personal capacities.

Special acknowledgement should be attributed to the following 
organizations and persons who contributed, in one way or another, to 
the study:
1. The permanent working group established by the First Consultation 
who provided information on capacity/production/demand for the period 
1979-1985 for 16 petrochemical products included in the study;
2. United Nations Conference on Trade and Development (UNCTAD) which 
provided computer run data for trade in petrochemicals;
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3. United Nations Centre for Transnational Corporations (UNCTC) who 
provided studies on the chemical and the refining industry;
4« Economic Commission for West Asia, Joint ECWA/UNIDQ Industry 
Division for providing a staff member who worked on Chapters IV and V.
5. Gulf Organizations for Industrial Consultancy (GOIC) who provided 
data on methanol, locations factors and petrochemical marketing strategy;
6. Stanford Research Institute (SRI) whose data on production costs 
in 1980 and 1985 for the petrochemical products m  Chapter II were used.
7. Chem-Systems International whose work was used freely in Chapters 
III, IV and V.
8. H.'P. Drewny, whose work on shipping costs was used in Chapter II. 

Professor Tracy Murray who contributed to Chapter III.
Mr. V. Gerus who contributed to Chapters II and III.
Mr. E. Hancock wno contributed to Chapters I and IV.
Mr Y. Le Moal who contributed to Chapter VI.
Mr. V.R.S A m i  who contributed to Chapter V.
Consultants and staff members of UNIDO’s Negotiation Branch and of 
the Division of Industrial Operations.

The study in its final form is the responsibility of the Sectoral 
Studies Branch, Division for Industrial Studies, UNIDO.
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I. WORLD DEMAND FOR AND SUPPLY OF PETROCHEMICAL PRODUCTS. 1975-1990

Demand for petrochemicals
Demand for petrochemicals will continue to grow at a fast pace in 

developing countries, with demand for thermoplastics growing by over 
11 per cent per year and synthetic fibres and synthetic rubbers by 7 per 
cent per year.

Demand for thermoplastics will reach 22 million tons in 1990, compared 
to 6.7 million tons in 1979- Two thirds of this volume will be accounted 
for by the most widely used plastics LDPE and PVC.

Demand for synthetic fibres will reach 5 million tons in 1990, 
compared to 2.5 million tons in 1979. Demand for polyester fibre, the 
most widely used synthetic fibre, will exceed 3 million tons in 1990.

Demand for synthetic rubbers will reach 2 million tons in 1990, 
compared to 0.8 million tons in 1979.

Demand for basic petrochemicals will increase faster than demand for 
these final products. Demand for ethylene will reach almost lE million 
tons in 1990, compared to 2.7 million tons in 1979. Demand for propylene 
will reach U.5 million tons in 1990, compared to 1.2 million tons in 1979. 
Demand for xylenes will reach 3 million tons in 1990, compared to 0.8 
million tons in 1979*

Demand for final products in industrialized countries is expected to 
grow less rapidly than in the past and about half as fast as demand in 
developing countries, i.e. thermoplastics by 5 per cent per annum, 
synthetic fibres by 3 per cent per annum, and synthetic rubbers by 3.5 per 
cent per annum.

Demand for basic petrochemicals in industrialized countries is 
expected to grow at about half the rate in developing countries, i.e. 
ethylene by 5 per cent per annum, propylene by 5 per cent per annum, 
benzene by U.5 per cent per annum and xylenes by l*.5 per cent per annum.
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Supply of petrochemicals
Supply of petrochemicals in developing countries is growing by about 

15 per cent per year. By 1987, 27 developing countries will have 
established plants to manufacture ethylene, compared to 13 countries with 
plants in existence in 1979; 16 of these countries will also produce
propylene and 11 will produce butadiene.

The biggest increase in capacity to produce basic petrochemicals will 
come after 198U, e.g. ethylene capacity will increase from 3 .1* million 
tons in 1979 to 7.9 million tons at the end of 198U and an estimated 1^.5  

million tons at the end of 1987. Production capacity for propylene and 
butadiene, benzene and xylenes is also expected to increase three times in 
the period 1979 to 1987.

The growth of capacity to produce basic petrochemicals will be matched 
by increased output of intermediate and final products. Capacity to produce 
thermoplastics will increase from U.7 million tons in 1979 to 10.6 million 
tons in 198U and above lU million tons in 1987. Local production in 198U 
will supply 70 per cent of demand, compared to 60 per cent in 1979.

Capacity to produce synthetic fibres will increase from 2.2 million 
tons in 1979 to 3.2 million tons in 198U and about H million tons in 1987. 
The proportion of demand supplied by local production is already high, 
about 80 per cent, and will not increase much further in this period. 
However, developing countries rely heavily on imports of synthetic fibre 
and intermediates (0.9 million tons in 1979) and some progress will be made 
in the period 1979 to 198U in increasing local production of these inter
mediates, namely acrylonitrile, caprolactam, and DMT or TPA.

Production of two synthetic rubbers is expected to increase from 0.5 
to 0.9 million tons in the period 1979 to 198U, leaving the proportion of 
demand satisfied by local production unchanged at 6U per cent. Most of 
the new production capacity is for SBR.

The industrialized countries, with the exception of the U.S.S.R. and 
Eastern Europe,are planning for a slower expansion of capacities in the 
1980s. Between 1979 and 19814 production capacity for thermoplastics is 
expected to increase from about 1+6 million tons to 57 million tons, for 
synthetic fibres from 9*8 million tons to 11.3million tons and for synthetic 
rubbers from 7.1+ million tons to 8.7 million tons.
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The growth in capacity to produce basic petrochemicals will also 
be slower than in the past, namely from 13 million tons in 1979 to 53 
million tons in 1981» for ethylene and from 22 million tons to 25 million 
tons for benzene. Methanol is an exception to this trend with capacity 
expected to increase from 12 million tons to 20 million tons in the 
period 1979 to 1981.

Share of developing countries in total world production

World production of plastics is expected to double from lo million 
tons in 1979 to 80 million tons in 1990. World production of synthetic 
fibres is expected to increase from 10 to 15 million tons in this period 
and world production of synthetic rubbers is expected to increase from 
6Jt to 10 million tons in this period.

The developing countries' share of total world production in 1990 
is expected to be between 22 and 27 per cent for thermoplastics, between 
30 and 3l per cent for synthetic fibres and between 15 and 20 per cent 
for synthetic rubbers.

World production of ethylene is expected to almost double from 38 
million tons in 1979 to 70 million tons in 1990 and the developing 
countries' share is expected to be 20 per cent in 1990. For other basic 
petrochemicals, the developing countries' share in 1990 is expected to 
be less than 20 per cent, except for xylenes, which are used extensively 
for synthetic fibres.

Thus, the study estimates that the developing countries' share of 
total world petrochemical production should reach between 15 and 20 per 
cent by 1990. To reach the 20 per cent level, developing countries would 
have to become self-sufficient in the production of the five main plastics, 
two synthetic fibres and two synthetic rubbers, and they would also have 
to produce 10 per cent of the world output of the other chemicals vhich 
comprise the petrochemical industry. However, the 15 per cent share could 
be achieved if imports of the main plastics, synthetic fibres and synthetic 
rubbers in 1990 were no higher than in 1981, or if exports reach a 
level which off-set the higher level of imports.
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Interdependence in the petrochemical industry
The study concludes that developing countries should aim to bring 

about a better balance in international trade in petrochemicals in the 
1980s. The capacity of developing countries to export basic petro
chemicals and their derivatives should be significant by 1987, when ten 
export-oriented plants will be in production. However, most of these 
plants will produce either ethylene derivatives or methanol. It is 
therefore suggested that a more diversified range of products be produced 
by developing countries for export.

The chapter further shows that although sufficient new capacity has 
been planned in the industrialized countries to supply demand up to 198H, 
there will be a requirement for additional capacities,including 20 new 
ethylene plants of 500,000 tons per annum for neb. in the period I98U-I990. 
So far, tentative plans have been announced for only ten ethylene plants.
The need to establish other plants in industrialized countries could be1
reduced by the building of more plants in the developing countries.

II. TRENDS OF PRODUCTION COSTS AND PRICES FOR PETROCHEMICALS

During the 1960s, the domestic wholesale price for chemicals either 
dropped or rose only slowly compared to rising industrial prices as a whole. 
This largely reflected strong downward trends in production costs (see below). 
Lower costs were also influential in international prices, but the 
relationship was not direct. Keen competition meant a greater fall in 
export than internal prices (2.1.0).

Pricing generally reflects the monopoly character of the internal and 
international chemical markets (2.1.0). There has been little change since 
1973 when the ten largest chemical TNCs accounted for 70 per cent of world 
chemical exports. The practice of price leadership in national and inter
national trade meant that the chemical industry was last among all industrial 
sectors in terms of frequency and extent of price changes (2.1.0).

Monopoly pricing has meant in practice that prices actually fell much 
less in the post-war period than productivity improvements would have allowed. 
Output per worker in the United States chemical industry rose by a factor 
of 2.U compared to 1.8 for all world industry (2.1.0).
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Beginning in 1973-7*»» the energy crisis triggered rapid rises and 
Broadened ranges of national petrochemical prices (2.1.0). They subsequently 
fell back but rose gradually to the peak 197*» levels in mid-1979.

International prices followed a similar pattern, but, because they moved 
more slowly than energy prices, the ratios vis-a-vis petrochemical raw 
materials changed radically: in 1970 one ton of ethylene equated to six tons
of crude oil, four tons of naphtha and 8,000 cubic metres of gas. In 1980 
it bought only three tons of oil, two tons of naphtha and 5,000 cubic metres 
of gas. This process is considered irreversible.

Production costs account for 75 to 80 per cent of national wholesale 
price of basic chemical products. It was thus the reduction in chemical 
production costs that was responsible for the dramatic downtrend in the 
prices of the basic product groups in the 1950s and 1960s.

Raw materials are particularly important for fertilizers, resins, plastics 
and organic chemicals; less so for industrial alcohols, black, certain 
synthetic fibres and inorganic chemicals. Raw material outlays represent 
60 to 80 per cent of manufacturing costs for fertilizers, *»5 to 75 per cent for 
plastics and 50 per cent- for synthetic fibres. In petrochemicals over-all 
they accounted for *»0 to 60 per cent of primary raw materials costs and 
20 to 30 per cent for derivatives costs (2.5).

Fluctuations in production costs of primary petrochemicals, intermediate 
and final products are directly related to price fluctuations in oil and gas 
used as raw material, fuel and energy sources: a 10 per cent rise in natural
gas price, rises ethane price by 3 to *» per cent and ammonia by 5 to 6 per cent.
A similar increase in ethylene price raises VCM price 6 to 7 per cent, 
polyethylene 5 per cent, Btyrene and benzine 6 per cent and polystyrene 
6 to 7 per cent. As a result of pricing prices for oil and gas, increases in rising 
raw material fuel and electrical energy costs for chemical production have 
been considerable and the ratios of the individual cost components have changed 
considerably (2 .5).

With respect to energy, the early post-war policy of fixing prices in 
relation to extraction and recovery costs (2.1.0) has been succeeded by an era 
in which price levels rose towards levels reflecting the cost of developing 
future alternative sources - new exploitable reserves as well as synthetic 
alternatives such as liquid fuel from coal, shale, etc. (2.2.1). Development 
of these alternatives will not lead to cheaper oil, however, and further 
increases in energy costs will further drive up raw materials, fuel and 
energy costs for the petrochemical industry.
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The industry is responding to this with feasibility studies on alternative 
sources of hydrocarbons. Examples include aromatics, methanol and acetylene 
from coal, shale and residual gas from the steel industry. At present costs 
are high, e.g. 20 per cent higher for coal-based ammonia in the Federal Republic 
of Germany than for using oil and gas. Thus oil and gas remain the 
petrochemical industry’s basic hydrocarbon source for the decade ahead and 
petrochemical production costs will follow movements in oil and gas prices.

Second to raw materials in the production cost-price structure, is the 
investment-related expenditures (2.2.2, 2.U.1). Of these, depreciation charges 
vary in importance with the newness of the technology. When technology changes 
rapidly, e.g., inorganic chemicals, plastics, synthetic fibres, obsolescence 
not physical wear and tear determines the cyclic renewal of capital equipment.
At the same time, energy price rises increased the cost of chemical equipment 
and industrial construction, while tougher environmental standards mean 
larger over-all outlays.

In the past, increasing equipment and raw material costs have frequently 
been offset by scientific and technological advances (2.1.0). Today, 
however, substantial modernization of technology or development of radically 
new low-cost production methods is unlikely (2.2.3). This means new plants 
will lack any appreciable advantages over old ones. Much heavier investment 
costs mean petrochemicals would have to be sold at higher prices, (if new 
highly efficient processes were developed, they would take many years to 
make a serious impact on the market because of existing investment in 
traditional technology.)

The prospect of rising production costs means that international trade (2.3) 
in petrochemicals will continue to grow (2.1.0) as developed countries close 
unprofitable plants and rely on imports. In securing their long-term supply 
needs, industrialized countries are interested in constructing plants near 
hydrocarbon sources. Lower production costs in developing countries (see 
below) will thus stimulate petrochemical growth - a large part of which will 
be exported.

Two trends evident in the plans of the respective groups add up to a new 
international division of labour, replacing the traditional raw material/manu
facturing relationship. Developing countries are concentrating on production 
and export of mainly unsophisticated, lov-coat petrochemicals - there are 
few instances of vertical integration yielding a full range of petrochemicals.
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Industrialized countries are increasingly specializing in complex, capital- 
intensive plants needing a high degree of processing. This development is 
not necessarily permanent. Developing countries are increasingly capable of 
absorbing technology and marketing experience. Co-operation between them will 
enhance their situation. A still higher division of labour will emerge with 
developing countries gaining mastery over general purpose chemical products 
and industrialized countries specializing still further in high technology 
specialty products.

The changing cost structure (2.5) noted above has a direct influence on 
the competitivity of petrochemical production in developing countries. Many 
have low-cost raw materials with which to offset higher capital costs (2.U.1) 
and shipping charges (2.9). The key factors determining their production 
cost trends are capital costs (2,k.l.l) and location factors (2.U.1.3), 
working capital, plant size (2.U.1.2) and choice of process, feedstock prices
and by-product credits. When used in competitivity calculations, location 
factors must truly reflect the cost of building petrochemical plants in the 
country. Developing countries should direct attention to infrastructure 
investments that will bring down high location factors (2.5.1).

The importance of large plant size and the choice of process (2.5.1) 
depends on the product. Where process economics demand very large units and 
access to particular technology, help in running them may be obtained via 
co-operation agreements with industrialized country partners. Feedstock 
availability, often a strong point for developing country producers (2.5.1.M, 
is most effective with upstream operations, e.g. ethane cracking. A good 
local market for by-products (2.5.1.5), usual in industrialized countries but 
still rare in developing countries, does much to offset high feedstock prices.

Analysing the sensitivity of production costs to all these factor 
inputs (2.6) shows the relative importance of each in the final production 
cost. Capital-related charges are significant at sill locations. Dropping 
ROI expectations for ethylene crackers from 25 per cent to 5 per cent can 
reduce ethylene costs in developing countries by 35 to 60 per cent. The 
analysis underlines the importance of reaching high load factors as quickly 
as possible and the inherent advantages in some developing countries of being 
able to sell small quantities of product at very substantial discounts.
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Comparing production costs of selected petrochemicals in representative 
developed and the developing countries, the analysis indicates (2.7.1 ) it is 
cheaper to make nearly all of them in developing countries. Exceptions are 
where the low feedstock costs assumed for developing countries cannot offset 
higher capital costs. This occurs where plants suffer abnormally high 
location factors, e.g. 2.1 in the Far East, and/or where the advantages of 
low feedstock costs are fully absorbed in upstream units, e.g. DNT units 
supplying PET plants in the Middle East. The economics of PVC production in 
developing countries depend entirely on by-product values for caustic soda 
in the associated chlor-alkali unit.

Excluding shipping costs and other market entry charges, the three 
developing countries studied could have sold profitably (i.e. with better than 
25 per cent ROl) in 19 out of 57 combinations of product and market, and in 
Uo out of 57 with better them 5 per cent return. "Profitability" is taken to 
mean production costs below the cost of local production in comparable,
i.e. newly built, plants in industrialized countries.

In practice, low market prices in the industrialized country markets 
would have clouded this picture. In many cases these prices were even too 
low to Justify new investment by industrialized country producers.

Repeating this exercise for 1985 (2.7.2) conditions, the picture improves 
considerably if it is assumed that prices rise sufficiently to Justify new 
investment at either set of locations. Under these conditions, the 
developing countries could compete in their nearest industrialized country 
market with a 25 per cent ROI in U8 out of 57 product-market combinations, and 
in all of them if the expected return was only 5 per cent.

Looking further ahead, the structure of production costs will continue 
to change with feedstock-related charges growing at the expense of capital 
charges (2.8). This is to the benefit of developing countries disposing of 
feedstock sources. Capital charges may be further reduced with the introduction 
of catalysts that increase yield and permit processing under milder conditions. 
It is important, however, that these technological improvements are equally 
available to developing as well as developed country producers.

Transportation costs for petrochemicals produced in developing countries 
are built up for 1980 and 1985 (2.9) assuming shipment by sea from a portside 
production plant to a destination terminal in each industrialized country
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market. This demonstrates the importance of such costs in determining 
competitivity. In the Middle East, for example, the cost of reaching major 
markets exceeds 10 per cent of production costs for ethylene and polyethylene, 
ammonia, methanol and urea. For the three last, freight charges amount to 
20 to Uo per cent of production costs.

A true indication of competitivity is given by combining production 
costs, freight charges and tariffs to give a landed cost in each major market 
in 1980 and 1985 (2.10). This permits three conclusions:
1. Geographically well-placed countries could land oleofins and oleofin 

derivatives at lower prices than those expected from such plants in 
industrialized countries. In some cases, a relatively low rate of 
return, e.g. 5 per cent versus the industrialized countries* 25 per cent 
return, might have to be accepted. Conversely, developing countries 
not geographically well placed or suffering penalties of high capital 
costs would find it difficult to export finished products to distant 
markets;

2. This position could radically change inside a few years if industrialized 
country market prices rise and by-product values in the developing 
countries improve, e.g. by 1985;

3. The tariffs on petrochemicals, while modest for intermediates such as 
ethylene, are a major item on finished products, often equalling or 
excelling shipping costs. They are high enough to reduce profitability 
of developing country operations, but not high enough to protect 
inefficient industrialized country producers. This is an issue for 
Government negotiation.

III. INTERNATIONAL TRADE IN PETROCHEMICALS

The chemical industry is one of the most dynamic sectors in the 
industrialized economies and within this sector the petrochemical industry 
is the fastest growing sector. This fact is accentuated even more so in 
international trade. During the period 195O-197O the world export of 
chemicals increased tenfold Whereas the total world export increased by 
half as much during the same period. Among the chemical exports organic 
chemicals (195^-1970) increased 24-fold (in value), of which the export
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of plastics grew 32 times. Due to the continuous decline in the unit 
value of organic chemicals — as a result of cheap oil prices, technological 
development, and increasing economy of scale «• the volume of the world 
export of plastics increased 76 times, synthetic fibres 55 times and 
synthetic rubber 28 times.

The pattern of trade flow in petrochemicals reflected, to a great deal, 
the patterns of their production, i.e., high concentration in the developed 
regions of the world} Japan, the United States and Western Europe (see annex III.A) 
the largest amount of trade flow being affected within Western Europe. Only 
lately have some developing countries realized some exports, mainly ferti
lizers and natural gas derivatives.

The petrochemical market is closely integrated between oil refineries 
and olefines and aromatics producers. The movement of basic, intermediates 
and final petroahemicals are often achieved by short pipelines across the 
fence between the various producers or in a pipeline grid system as in 
North Western Europe and the (afulf Coast of the United States.However, due to the 
sheer size of the market there is a merchant market. Ethylene, propylene, 
butadiene, benzene and para-xylene are products traded mostly between 
relatively few large producers/sellers under 3-5 year contracts whereaB 
styrene and orthoxylene trade is more fragmented. Nearly 80 per cent of 
traded petrochemicals are based on long—to medium-term contracts. While the 
other is left to the spot market. Long-term supply contracts are essential 
to the chemical producers in order to keep the operation of their huge plants 
at maximum level, since the lowering of the plant loading factor would 
drastically increase the units cost of production ( see sensitivity analysis

in chapter II). The adjustment of contracts of the prices are reviewed on 
the basis of changes in basic production and overhead costs and the spot 
prices here act as a price "leader".

The role of the merchant traders Which flourished during the sixties 
is continuously shrinking and they have little to play in the role of basic 
chemicals. However, in some cases and for particular type of companies 
or commodities, trading companies with experience, Know-how and contacts 
conserve several useful functions. It is important for new suppliers of 
petrochemical products wishing to enter new markets to recognize these 
facts When determining their marketing strategy.
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Cross-continental trade in ethylene is relatively sn&ll and is carried 
out in refrigerated ships, mainly from non-European development market 
economies. However, 22 per cent of the total export to developed regions 
originated from developing countries, mainly Algeria, Mexico and the 
Republic of Korea. Other olefins are traded in larger quantities: the United
States annually imports some 300,000 of butadiene^ both the United States and the EEC 
import appreciable quantities of propylene, mainly from other development 
market economies. Aromatics are more freely traded between all producing 
regions, particularly xylenes. While the United States is a net exporter of xylenes 
it is a net importer of benzene. The flow of gas^-based derivatives are 
mainly from developing countries and centrally planned economies involving 
the export of methanol and considerable quantities of ammonia. In the case of 
ammonia the major trend in Japan, the United States and Western Europe is to 
rely more on imports, a fact Which has led to the closure of considerable 
ammonia producing capacities in these regions.

World trade in intermediate petrochemicals has not been significant 
and it is concentrated mainly within the developed regions, with styrene 
moreover being the most widely traded. It is expected, however, that a 
major shift in intermediate trade will occur during the 1980s when 
production capacities in Saudi Arabia and other oil producing countries 
come on stream in the middle of the decade. In the area of polymers, 
plastic resins, synthetic fibres and synthetic rubber, the developing 
countries are major importers from the developed regions with little 
trade securing among themselves. South East Asia developing countries 
export small quantities of polymers, mainly FVC, to developed regions.
A shift in the historic trade pattern is expected in the 1980s in polymers 
originating from oil producing developing countries to developed regions 
and to other developing countries - FVC and polyethylenes —.

Considering the economic recession, the uncertainty due to inflation 
and feedstocks, a shift in the patterns of world production and trade in 
petrochemicals is expected to take place during the late 1980s. The United States 
Which has so far enjoyed a high surplus in petrochemical trade, is expected 
to lose some ground in the 1980s caused by the lifting of oil and gas control 
of the prices. This results in diminishing exports and increasing imports 
due to increasing competitiveness of other producers, particularly hydrocarbon 
exporting countries. West European producers will face increasing pressure
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from East European and Middle East producers in the midr»1980s. Japan will 
be in the weakest position among the two other developed regions to resist 
the pressure of cheaper petrochemicals (particularly basics and intermediates) 
coming from the hydrocarbon producing developing countries. However, except 
for some producers from Western European countries, the general trend would 
be for the petrochemical producers in these developed regions to seek some 
kind of association (mainly joint ventures) with oil producing developing 
countries in the fields of basic and intermediate petrochemicals production 
facilities. Other trends would be the increasing share of newly industrialized 
countries, Canada, China and the USSR and some East European countries in 
world capacities of petrochemicals and its subsequent influence on the shift 
in the would trade pattern. Other factors influencing international trade in 
petrochemical are expected to emanate from greater mergers between giant 
companies, formation of new trading blocks and expected increase in per capita 
consumption of petrochemicals in East European countries and in some of the 
developing countries.

Prospects for increasing exports of petrochemicals from developing to 
developed countries, Which account at present for 9 per cent of the latter's 
total imports and for about 1/4 of 1 per cent of their consumption, is 
expected to meet increasing resistance under conditions of reduced demand 
and overcapacity. However, the rising prices of feedstocks and energy 
which constitute at present some 80 per cent of overall production cost 
( see chapter II) would force some petrochemical producers to shut down their 
plants and resort to the import of cheaper basic and intermediate petrochemicals 
from developing countries.

Examination of the existing structure of tariff barriers in developed 
countries against petrochemical products shows that the tariffs imposed 
are so construed as to encourage the import of basic petrochemicals and to 
discourage the imports of intermediate and final petrochemicals. In general, 
of the 88 possible tariff rateB on basic petrochemicals, 56 are zero or less 
than one per cent? 8 are 5 Per cent or less and 10 are between 6 and 7 

per cent; only 14 are higher than 7 per cent and half of these involve a 
single product - methanol - and five of them applied in a single country 
— Austria — .

In contrast, the tariff rates which apply to the intermediate petroche
mical products are significantly higher; of the 66 possible rates only 19
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are zero or less than one per cent and involve synthetic rubber or are applied 
by Finland or New Zealand. High tariff rates ranging from 9 to 372" per cent 
are applied to the other intermediates, with considerable differences in their 
application to different groups of countries. A casual examination of these 
tariffs would imply that the exporter in developing countries have quite good 
access to the markets of the developed countries for basic products.

As regards intermediates, these rates would rise substantially to between 
10 and 17 per cent. However, a more careful examination of the theory of 
tariffs reveals that the protective effect of a tariff is often much higher 
than indicated in the nominal tariff rate. Effective protection rates have 
been calculated for five intermediate petrochemicals (table 3.6). With the 
exception of SBR these figures indicate that, on the average, foreign exporters 
to the markets of developed countries must improve their local processing cost 
by 23 per cent for basic petrochemicals when converted into intermediates in 
order to be competitive in the markets; the efficiency differential is 68 
per cent higher on the average than the price wedge imposed by the tariff 
(table 3*6)«

In addition a number of other restrictions are imposed on imports such 
as quota, health, safety and environmental standards, imports licensing 
schemes, government purchasing scheme, custom valuation practices, etc. 
Moreover, the high degree of concentration of the market in the developed 
countries would limit the penetration of the exporters from developing 
countries to these markets.(see table 3*7)* This indicates that developing 
countries Which are moving into the petrochemical field must be aware of the 
dominance of Western markets by a relatively small number of large companies.

Whereas under existing conditions it would be possible to carve out a email 
niche in the large market, it would be very difficult to export products to 
these markets in large volumes unless through long-term arrangements the 
developing country productive capacity is taken into consideration by these 
large companies Which have developed an ogopolistic market structure. Another 
possible problem facing the new suppliers from developing countries may come 
from competition from suppliers from other developing countries, particularly 
those linked to traditional suppliers to the developed countries through 
joint ventures, buy-back agreements, territorial marketing arrangements, etc.

Conditions imposed on markets and on product mix and specifications 
may hamper the development of the industry in the developing countries but 
it would only delay a historial process with unnecessary sacrifices.
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IV. PETROCHEMICALS FEEDSTOCK

The issue of feedstocks for the petrochemical industry constitutes 
one of the most important elements for its future development. This 
element was not evident during the earlier stage of the industry’s 
development due mainly to the limited demand for feedstocks in the total 
energy pool, on the one hand, and the extremely low prices they commanded, 
on the other. However, with the sharp increases in the price of oil and 
its derivatives, the principal sources of raw material and energy for 
the petrochemical industry since 1973 have changed the situation 
completely. Whereas in the era of cheap oil, the resource pattern of 
energy in general and of petrochemical feedstocks, in particular, has 
moved away from coal to oil, after the year 1973 serious thoughts and 
actions were given to a counter-move towards coal utilization and other 
possible energy sources in order to reduce dependence on crude oil and 
its d*r > - vit •' vpi:, The industry was not sure any more of obtaining its 
feedstock and energy requirements at the right price and quantity and 
st i I ; ft! ! to operate with a reasonable profit margin.

The energy crisis of the 1970s compounded the general and 
prolonged f'.on-m< <: recession and the petr*'- l-omical industry was not able 
to transfer th  i ”.. raar.es u t h e  cost o f  i to inputs to the prices of its 
output ( p r o d u c t s )  without affecting a steeper drop in demand. The 
viability o f  the industry being highly sensitive to economy of scale 
would be endangered, by any significant de'-l ’up of its operation load 
factor, s i n e s  i'iis would add further cost t o  t h a t  imposed by the 
increase in feedstocks and energy cost to the unit cost of the final, 
product.

To ••.oir.pi ¿cote the matter further, the l i g h t  supply of crude oil 
and subsequently naphtha, the main feedstock in Western Europe and Japan, 
ha» cre.it<--d a o'-ate of possible competiti 'niJ i.et between the two 
main s e  .• : Uc • ug naphtha, i .e. the mo to. .••.i ..v-rs ;>?■ and the petro
chemical industry. Such a s i t u a t i o n  i n t e r ; . - .■ f : e d  th e  search for 
alternative rso-irces and g r e a t e r  f e e d s t o c k  f '  e d i b i l i t y  which would make
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possible the shift from one source to another depending on availability 
of supply and price differentials.

Chapter IV of the Second World-wide Study on the Petrochemical 
Industry analyses in detail the feedstock situation within the context 
of the energy balance on a global scale in general and in the major 
regions of the developed countries (japan, United Sates,Western Europe) in 
particular.

Various projections of the world energy balance until the end of 
the century show that there will not be any serious shortage of supply.
However, the increase in oil prices and the expected increases in the 
price of natural gas and a generaL tendency towards parity, on the 
basis of the energy equivalence in the prices of different energy 
sources, would shift the emphasis created during the era of cheap oii 
from oil and gas to alternative sources. Though crude oil and natural 
gas are expected to register considerable increases in the quantity of 
supply during this period, its share in the total energy supply would 
nevertheless be reduced from around two thirds of the total energy 
supply in 1973 to about less than naif of that total in the year JOOO 
(see table 4.3 and 4.4). la the meantime, coal and nuclear energy would 
increase their respective share in the total energy supply.

In the United States the share of oil and gas in wurLd energy consumption 
is expected to decline from 79 per cent in 1975 to 6J per cent 111 1990, 
with the share of coal and nuclear energy increasing from ? .? . to 14 per 
cent in the corresponding periods. But oi'L and gas imports will increase 
nonetheless. In Western Europe the share of oil and gas is expected to 
decline from 79 per cent in the mid-seventies to 66 per cent in 1990, 
fthile Japan’s dependence on imported oil and natural gas is expected to 
decline from 74-5 per cent in 1975 to around 50 per cent in 1990.

The conclusion is that the main sources of energy and feedstock 
for the petrochemical industry until the end of the century will still be 
oil and natural gas due mainly to the high risk involved in the invest
ment into alternative resources and the time period required to develop 
these resources.

Being resource-oriented, the petrochemical industry has developed histo
rically in the United States on the basis of natural gas while in Japan and
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Western Europe it was Mainly naphtha-based. However, with the expected 
decline in natural ¿as resources in the United States and the greater intensity of 
cracking, an increasing trend towards the utilization of naphtha is seen 
inevitable. In all three regions, Japan, United States and Western Europe, the 
introduction of feedstock flexibility is becoming a standard practice.
Such flexibility is directed to the lighter end of the crude oil barrel 
due to economic reasons and greater supply availability, for example,
LPG supply from the Middle East and Africa is expected to increase from
7.8 mmt in 1978 to 33.4 mmt in 1990*

The feedstock outlook in developed regions (Japan,United States and Western 
Europe) is expected to depart from its existing pattern and take a 
different trend due to (i) the expected decline of its share in the 
world capacity of building blocks (ethylene and aromatics) and inter
mediates,^) technological development allowing the production of certain 
intermediates directly from syngases and methanol and(iii). the increasing 
cost of investment in new plants.

In the USA the new trend in feedstocks is towards greater use of 
naphtha (and middle distillates) which will result in a significant 
shift in the petrochemical spectrum. Greater quantities of by-products 
from naphtha-based olefins plants will result, for example, in the 
shut-down of dehydrogenation facilities for butadrene production and 
perhaps present refining facilities producing aromatics. Naphtha-based 
ethylene production is expected to increase from 27 per cent in 1975 to 
54 per cent in 1985 while the share of etham and refining gases is 
expected to decline during the same period from 46 per cent to 29 per 
cent and propane from 25 to 8 (see table 4-19)• The same trend is also 
apparent for other olefins (propylene andbutadiene) as can be seen from 
Tables 4-20 and 4.21).

This shift in feedstock supply will have a profound effect on the 
level of integration between oil refiners and petrochemical producers in the 
United States brining it closer to the existing pattern in Western Europe
i.e. a very nigh level of integration. The increasing share of olefins 
from naphtha-cracking will also be reflected on the production of the 
source of aromatics (benzene and xylene).

In Western Europe, where the petrochemical industry is primarily 
naphtha—based, a different trend to, that of the United States is emerging.
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The prospects of greater availability of natural gas liquids (NGL) and 
IPG from the North Sea and from imports from the Middle East and Africa 
and the increasing quantities of gas-oil resulting from new refinery 
configuration (higher share of catalytic and thermal cracking) will 
decrease the dependence of the petrochemical industry on naphtha (see 
Table 4.23) and at the same time, reduce the feedstock/fuel conflict.
The demand of the petrochemical industry on naphtha supply in Western 
Europe which was nearly 26 per cent in the mid-seventies is not expected 
to change much; however, by 19 9 0» "the share of synthetic naphtha (non
virgin) in the total supply is expected to increase from 10 to 26 per 
cent. The very high level of integration between oil refiners, olelins 
and aromatics producers that exists in Western Europe is expected to be 
maintained and intensified in the future, with the oil majors 
increasingly moving towards control over the production ! basic and 
intermediate petrochemicals.

In Japan the feedstock situation is expected to develop on the 
same lines as that of western Europe, only without the aavantage of 
North Sea resources enjoyed by the European producers and with a lesser 
level of integration.

The availability of huge hydrocarbon resources in 1 he oil-producing 
developing countries, particularly natural gas (both associated with oil 
production and free) and their ambitious plans for the development of 
their refining capacities would put these countries in a highly advanta
geous position for the production of basic and intermediate petro
chemicals. Other developing countries with huge vegetation production 
areas and/or with coal, tar sand and shale oil resources will indeavour 
to develop these resources and reduce their dependence on imported oil 
for the supply of their feedstock and energy requirements. Newly 
industrialized developing countries would work towards establishing 
closer contacts with oil exporting countries to guarantee the security 
of their supplies on a long-term basis.

Examination of alternative sources for feedstocks shows that crude 
oil (as a raw material) and natural gas will remain to dominate the 
sources of supply for the petrochemical industry. The close relation
ships between the prices of various sources of supply shows that at the 
prevailing level of oil prices, oil and gas-based feedstocks are still
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the cheapest among all alternative resources. The development of 
synthetic gas from coal would provide a strategic long-term alternative 
to oil-based natural gas feedstock but would not acquire prominence 
before the turn of this century. The other promising alternative which 
is being developed at present is the production of ethanol and methanol 
from biomass, to be used as a fuel (gasohol) or as a petrochemical inter
mediate. Some developing countries are actively involved in the biomass 
fermentation, notably Brazil.

V PETROCHEMICAL TECHNOLOGY: STRUCTURE AND PROSPECTS

The technological structure of the petrochemical industry in this 
chapter- is examined in two time-periods, 1950-197 and post 1 9 7 3«
During the first period, after the Second World War, the petrochemical 
industry wan superimposed on an organic chemical industry which was 
largely based on the by-products of the coking industry. The develop
ment of the industry assumed different patterns in the three main 
developed regions: Japan, United States and Western nurope,as a consequence of 
diiierent raw materials becoming available to them from the petroleum 
refining industry. In the United States large volumes of butane and propylene 
were produced in association with high octane gasolin« whereas ethane 
was produced in surplus as a result of natural gas utilization in the 
energy .industry. Thus major feedstocks for ethylene, butadiene and 
polypropylene were made available in large quantities at low prices. In 
Europe and Japan, the refineries, with different configuration to that of the 
United States, yielded large quantities of naphtha, the predominant petro- 
cnemical feedstock especially for ethylene as well an propylene, 
butadiene and pyrolysis gasoline.

The US engineering companies which were associated with the design 
and construction of large and complex petroleum refineries of the United States 
were the main contributors to the development of the present day naphtha 
cracker, Technological innovation in downstream products, particularly 
of the petrochemical intermediates, is the contribution of both the United 
States and Edrope, Major petrochemical technologies for HPE, Acetaldehyde from 
ethylene, vinyl acetate monomer, suspension grade PVC. polypropylene,
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polyesters, LDPE,methanol, ammonia, synthesis gas, aromatics, ethylene 
oxide, ethanol, acetic acid and cumene/phenol are essentially of European 
origin whereas acrylonitrile, nylon, ethylene glycol, propylene oxide, 
styrene—butadiene rubber, etc, emanated from the United States.

These technological innovations, particularly ethylene, propylene, 
butadiene and the intermediate products (except acrylonitrile) were 
widely diffused throughout the developed regions for various reasons.
However, an entirely different situation prevails for further downstream 
products as specialty plastics, pesticides, pharmaceuticals and the like, 
where inventor companies have extremely strong proprietory positions in 
patent and trade-mark which makes these technologies extremely difficult 
to obtain. The possession of such technologies thus becomes the source 
of differential (monopoly) profits to these companies.

This period, 1950-1973, witnessed the extreme concentration of 
petrochemical productive capacities in the market economy developed 
countries with the active support of their governments. There was also 
a clear demarkation between the activities of the major oil companies, 
specializing in upstream production (naphtha, ethane and propane) and 
the major chemical companies which were primarily involved in downstream 
petrochemical production. This kind of concentration and interdependency 
between the two major groups of companies seems to have excluded the 
possibility and feasibility of moving some production facilities towards 
cheaper hydrocarbon sources in the developing countries.

The period following the increase in oil prices since 1973 did not 
affect the viability of the petrochemical industry nor did it disrupt its 
operation as happened to the gasoline and heating oil markets. Most of 
the attention was directed towards greater intervention in the energy 
industry - energy conservation, replacement of oil and gas by nuclear 
energy or coal, ... etc. The profound effect on the petrochemical 
industry caused by the increase in oil prices and the long recession 
period was the decline in demand and a subsequently decline in profit
ability and cash flow resulting in the preoccupation of the industry 
with the process of restructuring in order to secure feedstock supplies, 
avert a fuel/feedstock conflict and ralionalize the industry*s operational 
structure. The main emphasis in technology development was directed 
towards developing alternative feedstocks, feedstock flexibility, energy 
saving measures and improvement of existing processes.
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The new situation asserted the role of governments in the industry, 
particularly in West European countries where government-owned chemical- 
oil companies (as EUT in Italy, CcLF Chimie in Prance, Veba in the PRG, 
etc.) assumed greater importance in the industry. In the meantime, the 
major oil companies emerged as the biggest beneficiaries from the post 
1973 situation. By virtue of their control over hydrocarbon supply
and their high cash-flow position they were able to buy downstream 
plants, enter into joint ventures with the major chemical companies 
which were seeking feedstock security, enter into joint ventures with 
oil-producing countries, and establish their own new production 
facilities, all in the field of downstream operations, mainly basic, 
intermediate and some commodity petrochemicals.

The results of the restructuring process that was accelerated 
after 1973 are so far as follows! major oil companies, government- 
owned chemical-oil companies in some West European countries and new 
producers in developing countries concentrâting in basic, intermediate 
and general commodity petrochemical productions; major chemical 
companies and government-owned chemical-oil companies in some West 
European countries moving up more and more into specialty petrochemical 
products. The trends in research and development in the future would 
follow this new structure.

A very important characteristic of the petrochemical technology is 
that while specific innovating firms have had patent protection in 
respect of their technologies, essential process and catalysts patents, 
there exists a plurality of technology sources in individual products. 
Thus competitive technologies exist in HDPE, LDPE, VCM, PVC, and so on. 
Basically, these technologies are owned by producing companies and thus 
it is the presence (in products) of the competitive market that has 
been the principal motive force for diversity of technology ownership. 
Thus the diffusion of technology in the market economy countries haB 
mostly been through the imitative development (self-generation) rather 
than through licensing. A good example of this is the latest develop
ment of LLDPE. This characteristic is very important, since it enables 
each developer of the same product (or nearly the same) to add some 
superior qualities to it and thus capture certain customers or segment 
of the market. It is this characteristic of the industry which leads
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to large markets for "narrow specification" products, which in turn 
makes it very difficult for hroad specification products, as those 
produced or to be produced in developing countries, to break through in 
these established markets. Furthermore, the technical services provided 
to the client of these products is considered more or less as part of 
the technological development process. Thus technological choice 
confronting new producers from the developing countries has to be weighed
with great care with regard to choice of markets and partners and their 
future (long-term) prospects.

In spite of the plurality of technology (in chemical intermediates, 
particularly) and the possibility of its choice on the basis of lowest 
cost, it is well recognized that its transfer to developing countries 
is usually associated with high fees, inadequate transfer of technology 
skills, restraints on license organization on rights to markets and 
inflexibilities with respect to expansion, product diversification and 
geographic distribution.

Such practice emanates from the desires of the major producers in 
developed countries to maintain their power position in the world markets. 
For this purpose they have established a defensive mechanism which is 
steadily expanding, supp-rted by a sophisticated infrastructa rc  that 
surrounds the chemical industry - large refining capacities, ethylene 
distribution grids. Such a d e fe n s iv e  mechanism which also in c lu d e s  the 
"producer-engineering company" linkages, and the "producer-equipment 
supplies" associations, i s  aimed at discouraging prospective p rod u cers  

in the developing countries from venturing into this industry.
In forecasting technological developments, it is necessary to 

associate it with expected growth in demand since demand is th e  ma jor  

motive for technological innovation. I t  is, however, believed that t h e  

period of growth from innovation/substitution has passed and the i n d u s t r y  

has reached maturity and consequently t h e  r a t e  of change of technology 
has slowed down. In t h e  main products, the  change to ethylene, oropylene 
benzene and synthesis g a s  as t h e  basic b u i l d  ing blocks is l a r r ^ l , v  

complete. Over the medi .u'.. te rm ,  the t e c h n o  logy  to produce b.v : o f  the..« 
petrochemical building a l e c k s  i s  not  expected,  t o  change either in fe ed  

stock used, process t e c h n o l o g y  or scale of p l a n t .  Competitiveness ma/
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be more related to catalyst improvements, utility savings, integration 
and utilization rates, rather than to the latest plant design. However, 
research and development will step up in preparation for the expected 
changes in the 1990s when escalating oil and natural gas prices lead 
both to the use of alternative feedstocks and to processes which will 
avoid the current building blocks entirely.

It is not anticipated that any new basic polymers will be developed 
which could revolutionize the petrochemical industry as did polyethylene, 
polystyrene and polyesters in the 1950s and 1960s. Although some 
significant process changes are still occurring in a few bulk products 
- PP, EG, P0 and LLDPE - no major breakthrough is expected.

It should also be noted that the large-scale development of 
alternative feedstocks from coal, sand tar and shale oil will not be so 
much tied with research and development tools or the creation of 
research and development infrastructures as with the level of investments 
required for scale-relevant production and sources of financing 
production plants. Investment in each such production facilities is 
expected to be in the order of 2-3 billion, which is beyond the capabil
ities of the largest corporation. Equally, the engineering design load 
is expected to be in the order of 6-7 million manhours per production 
of each production facility. Thus the physical implementation of such 
projects would most likely be on a multi-agency basis, with perhaps 
government participation. A situation of this sort would leave the 
question of ownership and protection of technology (patents) open and 
would most probably delay the commercialization of these technologies 
which have already been adequately tested at the pilot scale. Moreover, 
the products of new technology would have to make use of the existing 
infra-structural facilities in the developed countries: pipelines, 
terminals, tankers and marketing and distribution linkages which have 
been built at a relatively low cost during a cheap energy era. This 
situation also requires that products of new technologies be 
with the physical characteristics of present-day fuel, energy and 
chemical materials.

The most outstanding new development in technology is the conversion 
of methanol to olefins, aromatics and gasolines. Having such a wide 
spectrum of possible utilizations and of possible sources for its



- 26 -

production, methanol has caught the equal interest of oil-oriented and 
chemical companies as well as developing countries.

In addition to the improvements in process technology over the past 
twenty years, there have been gradual improvements in the mechanical 
performance of equipments and materials which have allowed both improve
ments in process performance and increases in the scale of plant. The 
overall result has been a greatly improved efficiency in production.
A good example of the marriage of mechanical performance and process 
technology includes: improved furnace design in olefins production 
permitting much higher conversion of feedstock to ethylene; the use of 
large centrifugal compressors in ammonia olefins production and the use 
of bi—metalic catalysts and moving beds in aromatics production.

Examples of technological developments in the derivative products 
of large volume are: linear low density polyethylene (LLDPE) which is 
expected to capture a large share of the polyethylenes market by 1990 

and propylene oxide which ushered in the direct oxidation route.
Examples of future technology developments which would be considered 
as a break-through are expected in catalyst ic conversion at high 
pressure which would reduce the expensive cracking/furnace area of 
conventional olefins plant, and reduce or even eliminate compression of 
cracked gas and in the area of ammonia production the elimination of 
carbon "carrier".

It is expected that leadership in research and development will be 
concentrated in the future in the hands of the major oil companies and 
the major chemical companies while the role of universities, engineering 
companies and government-supported agencies will acquire less 
prominance.

VI GLOBAL CO-OPERATION- IN THE PETROCHEMICAL INDUSTRY: ANALYSIS 
OF THE PRESENT SITUATION AND FRAMEWORK FOR FUTURE 
CO-OPERATION

It has been shown in the preceding chapters that the structure of 
the petrochemical industry, like the industrial structure in general, 
has developed historically in such a way that production, consumption,
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trade, and technology are all concentrated in the developed countries. 
Only very few developing countries are involved in this industry and 
when they are, it is mostly in conjunction with multinational corpora
tions of the developed countries in the pursuance of their global 
policies to get and maintain sizable markets for their product and/or to 
take advantage of raw materials or other favourable factor inputs. 
However, the conditions under which the petrochemical industry was 
operating during the 1950s and 1960s have undergone drastic changes with 
the increase in oil prices in 1973 and the general and prolonged 
economic recession of the 1970s and beginning 1980s. Chapter VI of the 
Second World-wide Study analyses the restructuring process that is 
taking place in this industry and the role of the different operators 
involved in this process. The period of observation, 1976-1983/84» 
though short, is nonetheless highly indicative of the type and nature of 
the changes and of the possible ultimate direction the industry has 
taken.

Because the petrochemical industry is concentrated mainly in Japan, 
the United States and Western Europe, the analysis of the 
structural changes within these regions has been carried out in greater 
detail. The major groups of operators in the industry are distinguished 
as the major oil companies (Mps), the major chemical companies (Mcs), 
and the less concentrated independents (lpCs). The représentâtivity of 
these groups of companies and therefore the rank they occupy with regards 
to possible approaches to long-term agreements, the investment decisions 
and financial control policies at different stages of the petrochemical 
production, are indicative of their power positions. Analyses for 
the periods1976, 1980 and 1983 show that these major groups have great 
financial control over basic, intermediate, and final petrochemical 
production in the EEC region and the USA. It also reveals that the 
degree of concentration of the industry in the EEC is much higher than 
it is in the USA.

In 1983, the oil majors (Mp) in the EEC will be controlling 43.5$ 
of the ethylene capacities (46.2$ in 1976), 61.3$ of butadiene (6l.3$ in 
1976), and 43.0$ of benzene (44.5$ in 1976). Whereas the share of the 
oil majors (Mps) has thus generally declined in basic petrochemicals, a 
different situation is to be noticed in final products where their shares 
will be in 1983: for LDPE, 32.6$ (30.1$ in 1976), HBPE 25.1$ (21.9$ in
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1976), PVC 21.3$ (15.3$ in 1976), and for PP 27.8$ (22.3$ in 1976). This 
is particularly evident in the case of Exxon, Shell and BP. In the two 
major petrochemical intermediates, the MpS have substantially increased 
their share in ethylene oxide (from 20.8$ in 1976 to 30.4$ in 1982/83) 
but less so in styrene (from 32.4$ to 33.3$) over the same period.

The chemical majors of the EEC, on the other hand, have been 
adjusting their policies by gradually restricting their control over 
basic and intermediate petrochemicals as well as plastics (see Table 6.2).
The greatest drop of their share is noted in ethylene oxide (from 67.2$ 
to 47*0$), LUPE (from 48.1$ to 34*5$), polypropylene (from 71*5$ to 
55*7$) and HOPE (from 62.5$ to 50.9$) while a modest decline was 
registered for PVC and styrene, with no change for ethylene and a modest 
increase in their share of benzene production. The significant changes 
in the policies of the Mcs in the EEC are characterized by the drive of 
some to get a foot-hold in hydrocarbon resources on the one hand, and to 
diversity their activities in fine and specialty chemicals, on the other.

The less concentrated independents (lpcs), which have been formed in 
the EEC with the assistance of state capital, have adopted an aggressive 
policy in the fields of intermediates and plastics (see Table 6.3). With 
the exception of benzene, their share has increased in all petrochemical 
products considered here, particularly so in PP (from 6.2$ to 16.5$),
E0 (from 11.9$ to 22.6$), HOPE (from 15. to 24.0$) and styrene (from 
15.1$ to 20.0$). The Ipcs are characterized by: their lack of cash-flow 
in their chemical activities which is balanced by their success in hydro
carbons (ШМ, ENT and ELF), government support, and their external 
activities; the development of their own technologies with which they are 
able to compete with the MpS and Mcs and their independence from the oil 
majors for the supply of their needs in crude oil and gas.

In the United States and unlike in the EEC, the oil majors exercise greater 
oontrol over basic petrochemicals and the number of joint ventures in 
steam-cracker capacities is limited and there exists a large non-captive 
ethylene capacity. The share of the US MpS in ethylene has increased 
from 4 2.5$ in 1976 to 53.8$ in 1983, while in benzene it will decline 
slightly. In the meantime, their share in plastics has increased from 
22.5$ to 27.6$ for L33PE, 21.9$ to 32.6$ for HOPE, and from 47.4$ to 
52.2$ for PP.
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The chemical majors in the United States are losing ground in their activities 
to the oil majors and their share in ethylene, HDPE and PP has declined by 

some 17% while in LDPE it has marginally declined by nearly if. It 
should be noted however that the three largest US petrochemical companies 
(Dow, Union Carbide and Hercules) continue to pursue an aggressive invest
ment policy. Also to be noticed at the same time, is that all US Mcs are 
diversifying in fine chemicals, electronics, electro-metallurgy, etc., 
as well as in acquiring direct access to hydrocarbon resources. It is 
to be noted that chemical majors of the EEC are increasing their 
investments in the United States.

The internal changes that have taken place during the study period 
indicate that:

the oil majors (MpS) have taken advantage of the economic and 
energy crises to assert their presence in the petrochemical 
industry;
the chemical majors (Mcs) have redirected their investment policies 
to reduce the effect of competition in ’'mature products" and to 
ensure new basis for their cash-flow;
and finally the independents (lpcs) have become a clear partner in 
the industry through state support. Thus the restructuring process 
has disrupted the dynamic balance between the MpS and Mcs which 
prevailed during the 1960s.
The "seven sisters" among the oil majors have established the 

strongest presence in the petrochemical industry during this period,
1977-1983, taking of the new steam-cracker capacities and 83$ of the 
expanded LDPE capacities. Among the most important factors favouring 
the integration of MpS in petrochemicals, the following can be mentioned: 
to appreciate the value of naphtha to compensate higher costs of cracking 
heavier oils and meet the evolutionary demand for refined products; to 
appreciate the value of ethylene in the profitable operation of new 
steam-crackers and the need of the industry to recoup the higher prices 
of ethylene used directly or indirectly in the production of LDPE, HDPE 
and PP, in order to guarantee full capacity utilization and cover most 
of the fixed cost of these units. As a result of this policy, the oil 
majors contribute through their action to the creation of large 
production surpluses, particularly in the EEC and the USA. The emerging
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structure of the MpS, "Refinery-steam-crackers-final plastic products”, 
thus constitutes an efficient approach to obtain differential profits 
from this chain of integrated activities. The strongest leverage in the 
hands of the oil majors lies in their control over naphtha which they 
have so effectively used since 1974/75. Paced with such a situation, 
the position of the chemical majors (Mcs) and the independents (PpCs), 
pressed to accept a long-term price increase in energy and the role 
being played by the oil majors, are such that either they accept to be 
dependent on the oil majors or modify/diminish this dependency through 
direct contact with hydrocarbon-exporting countries and/or invest 
directly into petroleum industry (see Table 6.7).

The relations between the Mcs and IpCs and the downstream industries 
is another area of conflict contributing to an accelerated rate of 
restructuring for the chemical/petrochemical industry. Mast outstanding 
here is the synthetic fiber crisis in the EEC and to a lesser degree in 
the USA. The end-users (converters) of petrochemical products cannot so 
easily transfer the high prices demanded by petrochemical producers to 
the consumers particularly when they are faced with foreign competition, 
so they look for lower prices which they can get from imports. As such, 
the profitability of the downstream industry is subjected to the 
contradictory effects of increasing prices for petrochemical feedstocks 
and international competition. Subsequently, it is confronted with a 
total transfer of revenues due to feedstock suppliers (i.e. oil majors) 
and pressured to such an extent that the only alternative is to redeploy 
the capacities/activities in the developing countries which enjoy 
cheaper factor inputs so as to improve their competitive position in 
export markets against other petrochemical producers.

Turning to petrochemical producers in the developing countries, 
one oould say that due to the limited capacity of the private sector to 
finance such projects the governments of these countries are strongly 
involved in this industry, particularly in basic petrochemicals, 
leaving a limited role to be played by the private sector in downstream 
products, usually with foreign multinationals. These countries could 
be divided into three major groups: the newly industrialized countries
(NICs), hydrocarbon-exporting countries with low population and the 
other developing countries. Each of these groups of developing
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countries has its own distinctive policies towards the petrochemical 
industry, emanating from its special conditions.

The main concern of the NIGs is: to substitute imports with 
national production and to develop their markets according to the pattern 
of national production; to integrate basic products with downstream 
products, petrochemicals with capital goods and petrochemicals with 
engineering; to improve their technological capacities and to obtain new 
forms of financing in order to reduce their debt burden. However, some 
of these groups of countries are confronted with additional worries, 
namely^ to guarantee their hydrocarbon supplies through direct relations 
with OPEC countries such as Brazil, India, the Republic of South Korea 
and Yugoslavia, and to have access to export markets. It should be 
noted however that the progress of the NTCs is part of a historical 
process which started in the mid-1960s and, although it may be delayed 
for some time, could never be stopped. The objective factors favouring 
this process are: the fact that arrangements between the major operators 
in the industry on certain products, markets and cross-licensing are 
precarious and constantly challenged; that large chemical companies of 
the developed market economy countries (DMECs) seem to lose their 
efficiency under conditions of extreme competition; and that the 
economic recession in DMECs forces the authorities to export products 
of their capital goods industry, according to technology transfer agree
ments and helped by public Western European petrochemical companies (Ipcs)•

To obtain a guarantee of hydrocarbon supply, the NICs try to reduce 
their dependence on the oil majors for the supply of crude oil and 
naphfca and try instead, to establish direct contacts with OPEC and 
Mexico for the supply of oil and to obtain agreements on joint refineries. 
Moreover, they work on the development of their own hydrocarbon or other 
alternative resources -gasohol in Brazil and ammonia from coal in India.

The hydrocarbon exporting countries with small population who have 
the financial possibilities and political will to valorize their hydro
carbon resources are mainly concerned with getting access to interna
tional petrochemical markets and to technical mastery over their plants. 
They concentrate, at present, on the development of their crude oil 
refining capacities, on the production of methanol, ammonia, ethylene 
and its first derivatives (LBPE, styrene, ethylene glycol, ethylene
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dichloride,..) The impact caused by products of these countries on the 
markets of the developed countries is expected to hasten the pace of 
the restructuring process of the petrochemical industry helped by 
government intervention in developed countries and by Mcs and Mps who 
choose to collaborate wuth these oil exporting countries as Shell,
Mobil, Dow Chemical and Mitsubishi have done in Saudi Arabia. The final 
evolution of the position of oil exporting countries with small popula
tion would, however, depend on: the possible consequences of the 
development of state to state (or group of states) agreements on: the 
delivery of crude oil and refined oil products; the decline in the role 
of the oil majors (K s) as intermediaries between oil exporting and oil 
importing countries and the development of co-operation between this 
group of countries and other developing countries under the impulse of 
the energy crisis.

The common objectives of the other developing countries who are in 
a position to establish their own petrochemical industry (or who have 
already done so) are to secure financing for projects on their territo
ries and to guarantee external marketing for their products if need be. 
The development of their industry will also be dependent on: the future 
of the export-oriented projects of the OPEC countries; co-operation in 
the fields of energy and industry between OPEC countries and other 
developing countries; their external debt position and the availability 
of appropriate technology.

The analysis of the on-going restructuring process in the petro
chemical industry and the role of the main operators-in this process 
indicates that the 1990 image of the industry will be influenced by 
actions and choices being taken now by the main operators, namely: 
the major chemical and oil companies, states of the developed countries 
and of the oil exporting countries. A strong possibility exists for 
international co-operation between the different partners in this 
industry to safeguard the interest of each and every one while, at the 
same time, adapting to the new economic situation and to the evolution 
and the implication of the energy problems.

Chapter VI of the study indicates that international co-operation 
in the petrochemical industry is relatively recent, and has emerged from 
the economic crisis of the 1970s with two distinct major international
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negotiations concerning the compensation agreements “between Eastern 
European countries and developed market economy countries, and the 
international multi-fibre agreements between developed and developing 
countries. However, the petrochemical industry in the developing 
countries has not benefited from these agreements or from any other 
form of international co-operation. The essential contribution of the 
developed countries to the development of petrochemicals in developing 
countries were confined to: direct investments in few countries, and
recently, some joint-ventures there; transfer of technology agreements 
based on traditional terms and "normal” credits for the export of capi
tal goods. Only 5 newly industrialized countries were active in basics, 
intermediates and plastics in 1978, as a result of direct foreign 
investment. Between 1979 and 1984, only very few petrochemical operations 
will be based on macro-economic co-operation (see Table 6.10). It is 
thus to be noted that the micro-economic co-operation has achieved 
very little in the last fifteen years, while macro-economic co-operation 
(at broader economic level) has not acquired priority as yet as a 
principal instrument of co-operation in petrochemicals, nor, to this 
end multilateral co-operation.

A number of constraints are limiting the partners in the petroche
mical industry to adopt new means and approaches to international 
co-operation. Such constraints are to be found in the various policies 
of the developing countries related to the management of their hydro
carbon resources and the establishment of their petrochemical industry, 
on the one hand, and the various strategies of the petrochemical 
operators in the developed countries, on the other. In the first case, 
the OPEC countries want to exercise their legitimate rights for the 
preservation of their hydrocarbon resources which may affect the 
supply situation of the petrochemical industry. The developed countries 
will be confronted with less oil and gas export, heavier oil, greater 
export-oriented petrochemicals and greater amount of refined oil 
products. Such a situation should modify the role of the oil majors 
and should favour a global approach tending to integrate energy and 
petrochemicals, production and marketing and direct relations between 
developed and oil exporting countries. Furthermore, it should raise 
the serious question of the location of new steam-crackers on the basis 
of North-South negotiations.
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The plastic industry in the developing countries is expected to 
grow by a minimum of 3.5 million ton/year during the period 1980-1986/ 
1987. The injection of such huge quantity in the world market should 
have a definite destabilizing effect. Only an international approach 
to industrial co-operation could provide an equitable solution to this 
situation. Such an approach will have to be based on international 
negotiations between the parties concerned on the fundamental issues 
related to the restructuring of the petrochemical industry.

The first point would have to deal with the replacement of old 
steam-cracking capacities in the developed countries and the cash-flow 
problem facing the Mcs and IpCs for their renovation or the building up 
of new ones. A choice has to be taken within the framework of the 
international approach to co-operation and interdependency, taking into 
consideration the new steam-crackers to be built in the developing 
countries. Moreover such an approach would have to take into account 
the social consequences of replacing these old steam-crackers of the 
developed countries.

The second point to be considered in the context of the approach to 
interdependency is the export of petrochemical engineering components 
from the developed to the developing countries which would have to 
include other counterparts agreements in order to maintain a high level 
of trade flow between the partner countries.

The preceding analysis leads to one of two choices: either the old
and dominant international petrochemical structures are going to break 
down under the influence of the new factor impulses analysed before or 
these structural relations are to be reconsidered in the light of 
collective administration of interdependencies by the international 
community on medium and longterm bases to the mutual benefit of all 
concerned. This would imply a consensus on a number of considerations 
concerning: the legitimacy of the development of the petrochemical 
industry in the developing countries; the legitimacy of the developed 
countries to control the pace of expected changes in their petrochemical 
industry; the specific role of government to government relations in 
adopting wayB and means (of changes) to the mutual benefits of their 
respective economies and finally to recognize the specific role of public
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enterprises in the implementation of the government to government 
agreements.

Since international co-operation implies intervention by the state 
authorities, the governments of developed and developing countries have 
to play a substantial role in the implementation of the co-operative 
approach to interdependency. The objectives of government interventions 
would be: to prepare the pace of changes; to adopt suitable steps for 
handling the issues related to collective management such as bilateral 
agreements, global negotiations, regional programmes and economic 
groupings and to mobilize the necessary means and the required operators 
for the conclusions of final agreements. The suggested approach to 
collective management of interdependency in the production of basic 
petrochemicals would have to take the following issues into considera
tion: gradual opening of the developing countries markets to refined 
oil products and petrochemicals from oil exporting countries; redeploy
ment of certain petrochemical capacities to developing countries and 
participation of developed countries in new projects of oil exporting 
countries; security of supply (price and quantity) to steam-crackers in 
developed countries; participation of hydrocarbon importing developed 
countries in investments aimed at developing new hydrocarbon resources 
in developing countries and joint investments with oil exporting 
countries and other developing countries in research and development 
aimed mainly at conserving hydrocarbon and at refining heavy fuel 
technology; finally the setting up of mechanisms to allocate state 
funds and to offer risk guarantees to entire groups of projects (enter
prises) .

Regarding the approach to finished and specialty products, it should 
comprise the following points: gradual opening of developed countries 
markets to products exported from developing countries; adequate policy 
adjustments to cope with the conditions under which petrochemical 
projects are to be established in developing countries, on the basis 
of collective management of interdependency approach within an 
agreement framework as applied to regions or countries groupings, 
counter-trade and buy-back agreements and trade agreements between 
national enterprises of the countries concerned.

The future of petrochemical development in the non-oil-exporting
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developing countries will depend on the evolution of the energy crisis.
By 1987» no more than 35 developing countries are expected to be in the 
petrochemical production business, about one third will be entering it 
for the first time. The objectives of the petrochemical-producing 
developing countries with no hydrocarbon resources are: the security of 
their supply; improved conditions for the entry into the industry and 
improved conditions for export. The proposed approach to meet the above 
objectives are: regional and inter-regional agreements with OPEC and 
Mexico for direct access to oil, joint-venture refineries, and hydro
carbon exploration technology; increasing fluids made available for 
development purposes; opening of developed countries markets; funds for 
research and development; and the establishment of regional groups of 
buyers.

The procedure for initiating such a global approach to co-operation 
would have to take into consideration a transitory phase where first all 
parties are allowed to express very freely their ideas, positions, 
projects, and interests, followed by in-depth studies and evaluations of 
the various experiences of the past in the field of co-operation. Then 
studies on various alternatives of possible agreements are made in the 
areas outlined in this chapter as a prelude to reach a concrete framework 
of agreements. Two approaches are proposed here: first to convene a 
meeting of policy-makers from OPEC and from other developing countries 
and second, a meeting between the developed and developing countries. 
Alongside these two meetings, it is also proposed that regional meetings 
take place to pin-point the needs and possibilities of each region for 
the implementation of the proposed approach to the future development 
of the petrochemical industry. It is also proposed that two working 
groups be established to deal with issues related to the meetings 
proposed above, i.e, a working group on relations between OPEC and 
other developing countries and another on relations between developed 
and developing countries.
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I. WORLD DEMAND FOR AND SUPPLY OF PETROCHEMICAL 
PRODUCTS 19T5 TO 1990

Introduction
The petrochemical industry produces hundreds of different products. 

The estimates of world demand and supply made in this Second UNIDO World- 
Wide Study concentrate on those final intermediate and basic petrochemical 
products suggested by the First UNIDO Consultation on the Petrochemical 
Industry convened in Mexico City in March 1979•£/

The final products considered in this Study are five thermoplastics, 
three synthetic fibres and two synthetic rubbers which account for about 
1*0 per cent, 12 per cent and 10 per cent of world petrochemical pro
duction, respectively.

The basic petrochemical products considered in this Study are the 
major olefins and aromatics - namely ethylene, propylene, butadiene, and 
benzene, para- and ortho-xylene and toluene.

UNIDO estimates of capacity (1975, 1979, 198U) production (1975, 
1979, 1981*} and demand (1975, 1979, 198U and 1990) at world and regional 
levels are provided in the Statistical Annex, and the way in which they 
were compiled is described in the introduction to the Annex(I.A-I,P)

The purpose of this Chapter is to analyse and interpret the in
formation given in the Statistical Annex so as to describe the main 
trends affecting the development of the petrochemical industry in the 
world and in particular, the development of this industry in the develop-* 
ing countries.

The Chapter has been written in four parts:
Growth of the industry in developing countries, 1975-1990;
Growth of the industry in industrialized countries, 1975-1990;
The share of developing countries in world petrochemical production;
Interdependence between developing and industrialized countries in
the industry.

_2/ The First Consultation suggested that a Working Group be established 
by UNIDO to prepare estimates of demand for and supply of the following 
petrochemical products at the world and regional levels: 10 basic petro
chemical products: ethylene, propylene, butadiene, benzene, paraxylene, 
orthoxylene, toluene, methanol, ammonia, acetylene; intermediate and final 
petrochemical products: acrylonitrile, caprolactam, dimethyl terephthalate 
(DMT), terephthelic acid (TPA), styrene, vinyl chloride, polyvinyl 
chloride (PVC), high and low density polyethylene, polypropylene, polysty
rene, styrene butadiene rubber (SBR), acrylic, polyamide and polyester 
fibre.

The Statistical Annex to this Chapter reports on the decisions of the 
Working Group and presents estimates of world demand and supply for 16 of 
those 25 products. The products omitted are the intermediate products, 
toluene and ammonia.
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1.1 Growth of the petrochemical industry in ¿level oping nmint-ripsimi.- mp.
1.1.1 Capacity to produce basic petrochemicals

The petrochemical industry in developing countries is growing hy
15 per cent per year. The progress is best measured by their plans to 
establish plants to manufacture basic petrochemicals. As of April 1981, 
27 developing countries had announced plans to establish ethylene plants 
compared to the 13 plants in existence in 1979t of those 2J producers,
16 will also produce propylene and 11 will produce butadiene. The new 
ethylene producing countries are Qatar, Libya and Singapore in the period 
up to 1984; after 1984» "the new producers are to be found in Africa 
(Egypt, Nigeria), Middle East (Kuwait and Saudi Arabia), Asia (Iran, 
Indonesia, Pakistan and Philippines) and in Latin America (Bolivia, 
Ecuador and Peru) (see Table 1.4)» Capacity in developing countries to 
produce the three olefins (ethylene, propylene and butadiene) is esti
mated to increase eight-fold in the period 1975 to 1987, with the 
biggest increase in capacity coming after 1984 as shown in Table 1.1.

Table 1.1 Developing countries1 capacity to produce olefins
(million tons)

Capacity at 
years end

Ethylene Propylene Butadiene

1975 1.40 0.74 0.28
1979 3.38 1.52 0.54
1984»/ 7.90 3.05 1.04
1987^ 14.50 4.36 1.38

Based on plans reported as of April 1981.

A total of 17 developing countries have made plans to establish 
plants to manufacture aromatics (benzene, xylenes, toluene) compared 
to plants in existence in 8 countries at the end of 1979 (see Table 1.5)* 
The other basic petrochemical considered in this study - methanol - 
was produced in only 8 developing countries in 1979» but there will be 
16 producing countries by 1987. Aromatics are generally required in 
smaller quantities; but since aromatics can be produced by modifying 
petroleum refineries, many other developing countries are expected to
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become producers by 1990» Capacity to produce benzene and xylenes in deve
loping countries is estimated to increase six-fold between 1975 and 198? 
and methanol by 5 times between 1979 and 1987 as shown in Table 1.2,

Table 1 .2, Developing countries1 capacity to produce
aromatics and methanol
(million metric tons)

Capacity at 
years end

Benzene Xylenes^ Methanol

1975 1.05 0.21 0.27
1979 1.60 1.03 1.40
1984 3.15 2.29 3.35
1987 4.92 3.09 6.80

Para-r-xylene and ortho-xylene.

1.1.2 Capacity to produce final products
The establishment of capacity to produce basic petrochemicals is 

needed to supply downstream -units manufacturing intermediates end final 
products. Production capacity to manufacture 5 thermoplastics (LDPE,
HDPE, Polypropylene, PVC and Polystyrene), 3 synthetic fibres (acrylic, 
polyamide, polyester) and 2 synthetic rubbers (SBR and CIS-polybutadiene), 
which together account for more than 60 per cent of the volume of all 
petrochemicals produced in the world, is expected to increase four-fold 
in developing countries in the period 1975 to 1984 or by over 15 per 
cent per year, see Table 1.3 below.

Table 1.3 Production capacity in developing countries
for 10 final products: 1975-84 

(million metric tons)

5 THBW0PLASTIC3 3 STSTHEPIC FIBRES 2 STBTHETIC RUBBERS
1975 1979 1984 1975 1979 1984 1975 _ 1979 1984

AFRICA - 0.04 0.03 0.06 0.08 - -
I. AFRICA - 0.11 O.65 0.02 0.03 0.07 - - -
W. ASIA - 0.90 0.95 0.07 0.11 0.11 0.03 0.02 0.03
ASIA 0.61 1.83 3.92 0.86 9.13 1.45 0.10 0.15 0.33

CHINA 0.37 0.85 1.40 0.02 0.09 0.57 0.03 0.04 0.15

LATIN AMERICA 0.90 1.86 3.61 0.50 0.74 0.97 0.26 0.45 0.68

DEVELOPING
COUNTRIES 1.88 4.74 10.57 1.55 2.16 3.25 0.42 0.67 1 .19
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1.1.2. A Production capacity fog 5 Thermoplastics
The same 27 developing countries that will produce ethylene and 

propylene "by 1987 are the principal producers of thermoplastics. The 
production of five thermoplastics in developing countries is expected 
to increase from 4 .7 million tons in 1979 to 10.6 million tons in 1984; 
the proportion of total demand (the level of eelf-sufficiency) supplied 
by local production is estimated to increase from 60 per cent in 1979 to 
70 per cent in 1984* Information on the capacity to produce 5 different 
types of thermoplastics in developing countries is provided on a country- 
by-country basis in Table 1.6»

Although many developing countries will complete new plants in the 
period 1985 to 1987» there is a need to begin planning for the addi
tional thermoplastics capacity that will be required to satisfy demand 
which is expected to double from 10.6 million tons in 1984 to 22 million 
tons in 1990* The main thrust of the expansion is needed to meet demand 
in Asia (expected to reach 10 million tons in 1990) and demand in Latin 
America (expected to reach 6 million tons in 1990).

1.1.2, B Production capacity for 3 synthetic fibres
The production of three synthetic fibres in developing countries is 

expected to increase from 2.2 million tons in 1979 to 3.2 million tons in 
1984# thus raising the proportion of demand supplied by local production 
from 78 per cent in 1979 to 80 per cent in 1984.

Synthetic fibres are produced in a wide range of developing countries 
and it has been difficult to obtain complete information on the volume of 
production. The information obtained on developing countries is shown in 
Table 1.7» Some countries in Asia are already very important producers on 
a world scale. Howevery the exports of textiles from some of these coun
tries to industrialised regions is not expected to increase so rapidly 
after 1987; further increase in the production capacity of synthetic 
fibres after 1984 is expected to supply increases in domestic demand rather 
than exports.
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1.1.2. C Production capacity for synthetic fibre intermediates
Demand for synthetic fibres has reached a level in 10 developing

countries where some of the synthetic fibre intermediates - acrylonitrile, 
caprolactam, DMT or TPA and ethylene glycol - will be produced locally 
(see Table 1.8). The only major producers in 1979 were Turkey, India, 
Republic of Korea, Other Asia (NES) , Brazil, Colombia and Mexico.
Other developing countries are likely to accelerate their plane to manu
facture these intermediates in view of the rising costs for imported inter
mediates.

1.1.2. D Production capacity for 2 synthetic rubbers
Developing countries use more natural rubber than industrialized 

countries. In 1979, they used 1.1 million tons of synthetic rubber and 
0.9 million tons of natural rubber. However, as increased supplies of 
natural rubber are unlikely to be available in the early 1980s, synthetic 
rubber*s share is expected to increase from 55 per cent in 1979 to 58 per 
cent in 1985 and 62 per cent in 1990? that is unless increased supplies of 
natural rubber become available in the late 1980s, stimulated by the re
cent increase in the price of both synthetic and natural rubber.

Eleven developing countries plan to be producing SBR by 1987 and 7 
countries producing polybutadiene (see Table 1.9). The number is expected 
to grow as other developing countries initiate production to supply their 
local tyre industry, the main user of synthetic rubber. Production of 
two synthetic rubbers is expected to increase from 500 thousand tons in 
1979 to 900 thousand tons in 1984» thereby raising the level of self- 
sufficiency from 61 per cent in 1979 to 64 per cent in 1984. If the level 
of self-sufficiency is to be increased in the future, there is a need to 
start planning now the new capacity needed in the period from 1984 to 
1990 when demand is estimated to increase from 1,400 to 2,000 thousand 
tons.



Table 1.4 Production capacity of 30 developing countries in three 
basic petrochemicals (olefins)

(thousand metric tons)

E t h y l e n e

1979 19W» 1987

AFRICA
Nigeria — — 280

N. AFRICA

Algeria 1 2 C 12 0 1 2 0
Egypt - - 1U0
Libya - 3 3 0 3 3 0
MorCL.3 - - -

W. ASIA

Bahrain - » -
Iraq 3 0 16 0 16 0
Kuvait - - 300
Qatar - 280 280
Saudi Arabia - - 16 0 0
Turkey 60 36o 360
V. Arab Emirates - - -

ASIA
India 2 k 0 2 k 0 920
Indonesia - - 3 5 0
Iran 3 0 3 0 300
Malaysia - - -

Pakistan - - 10 0
Phillipines - - 250
Rep, o f Korea 1 5 0 850 12 0 0
Singapore - 300 3 0 0
Thailand - - 1 5 0

Other Asia 5 7 0 920 920

CHINA 5^ 0 9 5 0 1 8 1 0

LATIN AMERICA

Argentina 1 7 0 250 5 5 0
B olivia - - l6 0
Brazil 7 Uo 1 2 2 0 12 2 0
Chile 6 o 18 0 18 0
Columbia 20 1 2 0 1 2 0
Ecuador — _ 10 0
Mexico k k o 1UU0 19^0
Peru - - 250
Venezuela 150 

— ----
150 500

Pi"opylen 1 B u ta d ie n e

1979 1981» 1987 1979 193*1 19O7

- 35 35 - - -

- 50 50 60 60

Uo 1 0 0 1 0 0 30 30

0
I

I
I

 
1 

00 
1

1 2 0 1 2 0 2 2 0 50 50 7 0

15 15 1 2 5 -

-

25

80 U50 6 3 0 25 1 2 5 1 7 5
— 165 1 6 5 - - -

2 9 0 U io lllO 8 0 1 2 0 1 2 0

2 3 0 UlO 9 5 0 1 0 0 1 3 0 2 2 0

80 1 0 0 2U0 1*0 Uo 1 2 0
- - 80 — - —

in o 6 5 0 6 5 0 1 7 0 21*0 2U0

1 0 1 0 1 0 - - -

1 5 0 U50 U50 1 5 0 1 5 0 2 5 0
- - 1 5 0 - - 7 0
9 0 90 90 —
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Table 1.5 Production capacity of 30 developing countries in three 
basic petrochemicals (aromatics and methanol) 

(thousand metric tons)

XYLENES 1/ BENZENE METHANOL
1979 19311 1 9 3 7 ]_r>70 1951* 19?7 1979 19311 1 9 8 7

AFRICA
Nigeria - - - - 20 20 - — _

N. AFRICA
Algeria - to 1*0 110 110 110
Egypt - -

Libya - - - - - - 330 330 330
W. ASIA
Bahrain - - - - - _ 330 330
Iraq - - - - - - - 330 330
Kuwait - - ihO - - 280
Qatar « _ _ _ _
Saudi Arabia - - - - - - - - 1 U00
Turkey - 200 200 - 150 150 - 100 100
U. Arab Bnirates - - - - - - - - -

ASIA
India to 100 1 6 0 1 5 0 210 310 60 60
Indonesia - - 21*0 - - 370 - - 330
Iran - - 120 - - 350 - - 100
Malaysia - - - - « _ — 330
Pakistan to hO 1*0 - . _ _ * .

Fhillipines - - - - -

Rep. of Korea 50 llOO 1*00 no 250 250 390 390 390
Singapore - - - _ - _
Thailand - - - - • - _ «

Other Asia 260 1*00 1*00 200 3h0 1*1.0 120 190 19 0

CHINA 30 210 1*00 1*00 500 800 26 0 1*00 600

LATIN AMERICA
Argentina 65 65 65 230 230 29 0 1*0 1*0 1*0
Bolivia - - - - - 100 - -

Braail 1 6 0 230 230 270 390 390 ll*0 11*0 1 U0
Chile « _ _
Colombia 60 60 210 1*0 1*0 90
Ecuador - - 70 - - ll»0 _

Mexico 110 1*10 710 L20 72 0 720 18 0 1000 18 2 0
Peru - - 20 - _ 120 _ « « ,

Venezuela - - 50 - -

”
- - 330

1/  Para-Xylene and Ortho-Xyltu.
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Table I .6 .A . Production capacity of 30 developing
countries in five thermoplastics

(thousand metric tons)

LDPE

1979 19M 1987

AFRICA n oNigeria 

N. AFRICA
Algeria 48 48 48
Egypt 9 90 90
Libya 50 50 50
Morocco — “ —

W. ASIA
Bahrain
Iraq - 6o 6o
Kuwait — - 130
Qatar - l4 o l4 o
Saudi Arabia - - 680
Turkey 25 175 175
0. Arab Emirates - - -

ASIA
India 112 112 N .E .
Indonesia - - 180
Iran - - 100
Malaysia — — —
Pakistan 5 5 65
Philippines — — 100
Rep. of Korea TO 320 N .E .
Singapore _ 1 20 120
Thailand — 74 74Other A3ia

215 215 N. E .

CHINA 2 80 3 4 0 8 6 0

LATIN AMERICA 
Argentina 33 2 2 8 N .E .
Bolivia — 4o
Brazil 320 570 N .E .
Chile 36 36 36
Columbia 20 6o 60
Ecuador 60
Mexico 100 340 N .E .Peru - - 90
Venezuela 56 n o n o

HDPE

1979 198U 1987

- - 70

- 4o 4o
50 50 50

- 30 30
- - -

• - 70 70
- 160
- 4o 40
— , —

30 30 N .E .
- — 60
- - 60
- - -

- - -

- - 35
70 l4 o N .E .
- 80 80
- - -
50 170 N .E .

35 35 35

. 30 . N .E .
- - 95

L10 170 N .E .
- - -

- » -

- - 35
100 200 N .E .

- - -

'

60 60

------------------------------ ---- ;

Polypropylene

1979 193!» 1987

- 35 3 5

.
- - —
7 0 7 0  • 7 0

_
- - -

- - -

- - -
— «
- 6 ° 60

- - -

30 3 0 N.E.-^
37 3 7 -
- - 5 0
- - -
- - -
- - —

1 2 5 2 0 5 N.E.
- 10 0 100

50 1 8 5 N.E.

L20 200 WO

4o N.E.
- - 4o

LOO 1 5 0 N.E.
- - -
- - —
- - 4o
- 10 0 N.E.

- -

1 /  N.E. -  no estimate
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Table I .6 .B  Production capacity of 30 developing
countries in five thermoplastics

(thousand metric tons)

FVC

19T9 198*1 i ?8t

AFRICA
Nigeria . 1^5

H. AFRICA
Algeria 35 35 35
Egypt - 80 80
Libya - 80 80
Morocco 25 - -

W. ASIA
Bahrain _
Iraq - 60 60
Kuwait - — —
Qatar - - —
Saudi Arabia — ,,,
Turkey 52 1 52 152
U. Arab Emirates - - -

ASIA
India 132 1 87 N .E .
Indonesia UO I»0 150
Iren - - 150
Malaysia 25 25Pakistan 5 5 55Phillipines 50 50 N .E .
Rep. of Korea 200 300 N .E .Singapore _ _
Thailand 20 50 N .E .Other Asia Uoo L000 N .E .

CHINA 400 800 800

LATIN AMERICA 
Argentina 53 ll»7 N .E .
Bolivia _
Brazil 311 511 N .E .
Chile 15 N .E . N .E .
Columbia - 30 30
Ecuador — _ 20
Mexico 120 2 60 N .E .
Peru - — 60
Venezuela U5 U5 90

1 /  N.E. -  no estimate

Polystyrene

1979 198b 1987

- - -

« •

- - -
- - -

— •*

_
- - -
- - -

• - - -
- — —

15 N.E. N.E.J

2k 2k N.E.
- - -
- - -

7 - -

- — -

13 13 N.E.
50 200 N.E.
— — -

15 23 N.E.
80 120 N.E.
20 20 20

57 57 • N.E.
— - —

185 200 N.E.
k N.E. N.E.

- 10 10
- - 10
98 1U8 N.E.
- — 36
36 36 5k



Table 1.7 Production capacity of 30 developing countries
in synthetic fibres

(thousand metric tons)

ATRICA
Algeria

H. AFRICA 
Algeria 
Egypt 
Libya

W. ASIA 
Bahrain 
Iraq 
Kuwait 
Qatar
8audi Arabia 
Turkey
U. Arab Qnirateu

ASIA
India
Indonesia
Iran
Malaysia
Pakistan
Phillipines
Bap. of Korea
Singapore
Thailand
Other Asia

СЕДА

Ш П Г  AMERICA 
Argentina 
Bolivia 
Brasil 
Chile 
Coloaibia 
Beua&or 
Mazico 
Peru
Taneeuela

ACRYLIC
19T9 198U 1987

50 75 75
"

*•

16 16 16
6 6 6
- 20 20

We •

114 114 114

91 190 240
10 60 60

15 15 N.E

23 23 N.E,
¡r

18 18

6? 69 105

- - a.

POLYAMIDE

1979 198U 1987

-
1 1

20 40 40

40 44 141
8 8 8
- 16 16

6 6 6
15 15 15
91. 180 180

Ill 130 130

10 60 60

37 37 N.E

89 89 N.E
6 - -
35 35 75

49 49 100

-

POLYESTER
1979 198U 1987

- 20 20

mm

- 25 25
*• —

- -

- - -
- - -

- - -
- - -

70 90 90

“

27 89 149

55 80 80
- - -

36 36 36

13 40 40
30 50 5 °

100 250 250
- - -

56 56 56
333 500 500

15 430

•

430

23 2 3 N .E ,
- - -

125 I 2 5 N .E
6 - -

30 60 120
•- - -

146 250 -

-  ■ - -
- - -

1/  N.E. -  no estimate
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Table 1.8 Production capacity of 20 developing countries to 
produce synthetic fibre intermediates 

(thousand metric tons)

Acryloilitrile Caprolactam DMT/TPA Ethylene Glycol

1979 1981» 1987 1979 198>i 1987 1979 1981» 1987 1979 1981* 1987

AFRICA
Nigeria - - - - - - - - - - 33

N. AFRICA
Libya - - - - - - - - - - 52 52

W. ASIA
Kuwait - - - - - - - - - * - 135
Saudi Arabia • - - - - - - - - - - 500
Turkey - 70 70 25 25 25 30 70 70 - 70 70

ASIA
India 1f 2 k 20 - -

Indonesia - - - - - - • - 120 - - -

Iran - - * - - - - 60 - - -

Pakistan - - - - - - - - 50 - - 25
Phillipines - - - - — -

Rep. of Korea 75 75 75 80 l80 l8o 100 200 200 - 80 80
Singapore - - - - - - - - - - 100 100
Other ABia 132 132 132 100 100 100 200 350 350 100 225 225

CHINA 50 50 50 - - 60 - 220 450
LATIN AMERICA
Argentina - - - - 35 35 14 14 14 - - -

Brazil 60 6o 60 Uo 1»0 1»0 165 165 I65 - - -

Chile - - - - - - - - - - - -

Colombia - - - 35 35 „ 75 - - 120 - - -

Ecuador - - - - - 50 - - - - - 50
Mexico 75 125 175 50 50 110 235 330 330 60 180 ISO
Peru 50 • • •

Venezuela - - - - - j “ - - - - -

1/ For India, no information available on plans for production in 198U and 1987.



« 48

Table 1.9 Production capacity of 13 developing countries to produce
two synthetic rubbers 
(thousand metric tons)

S B R POLYBUTADIENE
198U 198T 1979 198k 1987

AFRICA

It. AFRICA
Libya - - 60 - - -

W. 'ASIA
Turkey 32 32 32 - - -

ASIA
India 30 30 30 20 20 20
Iran - - 1(0 _ _
Rep. of Korea 50 100 100 50 50
Other Asia 50 90 90 - H2 1(2

CHIHA 30 110 270 - - 50
LATIN AMERICA
Argentina 60 6o 60 .
Brazil 200 300 300 1(0 80 80
Colombia - - 30 - - 10
Mexico 90 200 200 20 20 20Peru - - 60 _ 25
Venezuela - Uo - - -
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In developing countries, the start of local production improves the 
availability of petrochemicals and helps to create demand. Until such 
time as local production is developed, difficulties in obtaining imports 
may restrict demanded Thus, in preparing estimates of demand for deve
loping countries, it has been assumed that new plants will soon produce 
at 80 per cent of capacity and that there will be a demand within the 
region for the entire production. Hence, high rates of growth of demand 
for petrochemicals in developing countries can be expected in the 1980s 
even though prospects for their economic growth are perhaps less bright 
than in the 1970s.

1.1.1* Demand for basic petrochemicals
The demand for basic petrochemicals is derived from the demand for 

final products. Thus, ethylene demand is expected to grow sufficiently to 
supply all downstream plants including those producing LDPE, HDPE and PVC 
which account for about 60 per cent of ethylene demand in industrialized 
countries. The estimated rates of growth of demand for basic petrochemi
cals are as followsî

1.1.3 Demand, for petrochemicals in developing countries

Table I.10 Estimated annual rate of growth of demand for 
basic petrochemicals in developing countries 

(per cent per annum)

1975-79 1979-84 1984-1990
Ethylene 24.О 17.6 14.9
Propylene 26.0 15.1 10.8
Butadiene I4.7 10.0 8.7
Benzene 12.8 I5.6 10.8
Xylene 41.4 17.6 8.8

1/ For example, Jose Juca Bezerra Heto, a Director of Brazil’s State 
Petrochemical Company, FETROQjUISA, is reported as estimating that 
Latin America’s 300 million inhabitants would consume 4 million tons 
per year of plastics instead of the actual consumption of 2 million 
tons per year if supply were not restricted by limits on production and 
and imports. Reported in Chemical Week. January 28, 1981, page 46.
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Demand for the most important 5 basic petrochemicals is expected 
to increase ten-fold from 2.8 million tons in 1975 'to 28 million tons in 
1990. The contribution of each region to demand is summarized in Table I.11 
below.

Table 1.11 Demand for basic petrochemicals in 
developing countries in 1975 and. 1990 

(million tons)

Regions Ethylene Propylene Butadiene Xylenes Benzene
1975 1990 1975 1990 1975 1990 1975 1990 1975 1990

Africa 0.30 0.06 0 .0 6 0 . 1 0 0.05
N. Africa - 0,80 - 0 . 1 0 — 0 .0 5 - 0 . 1 0 - 0 .0 5
W. Asia 2 .6 5 _ 0.16 0.01 0.06 « 0 .3 0 0.02 0.15
Asia 0.25 3.80 0.20 1.80 0 .0 8 0 .5 0 0.05 1.20 0.20 1.60
China 0.30 1.40 0.07 0 .8 5 0 .0 4 0.33 - 0.30 0.28 1.40
Latin America 0.60 5.00 0.20 1 . 5 0 0.08 0.60 0 . 1 5 1.00 0.30 1.75

TOTAL 1.15 13.95 0.47 4.47 0.21 1 . 6 0 0.20 3.00 0.80 5.00

1.1.5 Demand for final products
The estimated rates of growth of demand for the 3 groups of final 

products are as follows:

Table 1.12 Estimated annual rate of growth of demand
for 10 final products in developing countries 

(per cent per annum)

1975-79 1979-84 1984-1990
5 Thermoplastics 19.5 11.7 11.1
3 Synthetic Fibres 12.0 7.0 6.7
2 Synthetic Rubbers 14.0 8.7 5.9
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Demand for the 5 thermoplastics in developing countries is estimated 
to increase by 11 to 12 per cent per annum from about 7 million tons in 
1979 to 22 million tons in 1990» The contribution made by each region is 
expected to be as follows.

Table 1.13 Demand for 5 thermoplastics in
developing countries 
(million tons)

1.1.5. A Demand for thermoplastics

1975 1979 1984 1990
Africa 0 .10 C .15 0.30 0.60
N. Africa 0.19 0.26 0.40 0.8 0

W. Asia 0.35 0.48 0.90 1.80

Asia 1.20 2.85 5.00 10.00

China 0.34 0.80 1.40 2.8 0

Latin America 1 .1 0 2.20 3.70 6.00

TOTAL 3.28 6.71 11.70 2 2 .0

The thermoplastics most widely used in developing countries are LDPE 
and PVC. In the 1980s, demand for polypropylene is expected to grow 
slightly faster than demand for the other plastics.

Table 1.14 Demand for 5 thermoplastics in 
developing countries 1979-90

Volume (million tons) Proportion (per cent)

1979 1984 1990 1979 1984 1990

LDPE 2021 3.75 6.95 32.9 32.0 31.6
HDPE 0.34 1.44 2.72 12.5 12.3 12.4
Polypropylene 0.35 1.52 3.04 12.7 1 3 .0 13.8
PVC 2.11 3.85 7.20 31.5 32.9 32.7
Polystyrene 0 .7 0 1.14 2.09 10.4 9.8 9.5

6.71 11.70 22.00 100.0 100.0 100.0
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1.1.5 . B Demand for synthetic fibres

Demand for 3 synthetic fibres in developing countries is estimated 
to increase by 7 per cent per annum from about 2.5 million tons in 1979 
to 5.1 million tons in 1990. The contribution of each region is expected 
to be as follows:

Table 1.15 Demand for 3 synthetic fibres in
developing countries 

(million tons)

1975 1979 1984 1990

Africa 60 100 140 200
N. Africa 60 90 120 200
W. Asia 100 130 160 220
Asia 800 1150 1550 2050
China 80 320 500 1000
Latin America 46O 680 1000 1430
TOTAL 1560 2470 3470 5100

The demand for each type of synthetic fibre expected in 1984 and 1990 
is shown in the following Table. The share of polyester fibres is ex
pected to increase at the expense of polyamide (nylon) fibres, whilst the 
share of acrylic fibres stays the same.

Table 1.16 Demand for 3 synthetic fibres in 
developing countries 1979—90

j.

Volume i million tons) Proportion (per cent)
1979 1984 1990 1979 1984 1990

Acrylic 0.39 O .55 0.81 15.8 15.8 15.8

Polyamide 0.62 0.81 1.15 2 5.I 23.4 22.6

Polyester 1.46 2.11 3.14 59.1 60.8 61.6

Total 2.47 3.47 5 .1 0 100.0 100.0 100.0
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1.1.5. C Demand for synthetic rubbers

Demand for the 2 synthetic rubbers in developing countries is ex
pected to grow by 8 per cent per annum from about 0.8 million tons in 1979 

to 2.0 million tons in 1990» The shares of SBR and polybutadiene in the 
total demand are expected to remain stable at 83 per cent and 17 oer cent, 
respectively, in the period from 1979 to 1990. The contribution of each 
region is expected to be as follows:

Table 1.17 Demand for 2 synthetic rubbers in
developing countries 

(1000 tons)

1975 1979 1984 1990

Africa 10 40 50 70
IT. Africa 10 30 40 50
W. Asia 20 40 40 50
Asia 220 340 470 590
China 30 90 190 300
Latin America 250 380 610 920

j  TOTAL 540 820 1400 1980

Table 1.18 summarizes estimates of the rate of growth of demand for 
all the basic and final petrochemical products covered in this Second Study 
for industrialized countries and the world as a whole as well as for deve
loping countries. From this Table, it can be seen that demand in deve
loping countries is expected to grow 2 to 3 times as fast as in the indus
trialized countries in the period 1979 to 1990.
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Table 1.18 Growth of demand for selected 
petrochemical products 
(per cent per annum)

Petrochemical
Product World

Total Industrialized
Countries

I1 Developing 
1 Countries

1975 1979 1984 1975 1979 1984 1975 1979 1984
-1979 -1984 -1990 -1979 -1984 -1990 -1979 -1984 -1990

Basic Petrochemicals
Ethylene 11.2 6.2 6.0 10.4 5.8 4.3 24.0 17.6 14.9Propylene 11.8 5.2 6.4 8.7 4.4 5.9 26.0 15.1 10.8
Butadiene 8.8 5.0 4.6 7.8 3.7 3.6 18.9 16.4 10.0
Benzene 11.0 5.7 4.9 10.8 4.7 4.0 12.8 15.6 10.8
Xylenes 11.8 7.1 5.6 9.3 5.1 4.5 41.4 17.6 8.8
Methanol 10.7 9.6 7.0 10.1 11.4 6.3 22.9 17.6 12.0
Thermoplastics
LDPE 10.3 5.1 5-8 11.3 3.6 3.9 19.1 11.1 10.8
HDPE 17.9 6.5 6.1 16.9 5-5 4-9 24.4 11.4 11.2
PP 20.4 8.5 8.6 19.0 7.7 7.6 28.7 12.3 12.2
PVC 11.4 6.2 6.3 10.6 4*6 4.6 16.1 12.7 11.0
PS 11.9 5.4 5.9 11.2 4.7 4.9 18.1 10.2 10.6
AVERAGE 13.6 6.1 6.4 12.6 4.8 5.0 19.6 11.7 11.1

Synthetic Fibres
Acrylic Fibres 10.3 2.8 3.6 9.4 2.1 4.0 14.1 7.1 6.6
Nylon Fibres 7.2 2.8 2.4 6.6 2.8 1.3 8.2 6.3 5-5Polyester Fibres 9.9 5.1 3.7 8.7 4.1 2.3 13.0 7.6 6.9
AVERAGE 9.0 4.1 3.5 8.1 3.0 3.2 11.9 7.4 6.4

Synthetic Rubber
SBR 7.2 4.2 3.7 6.6 3.5 3.2 14.3 8.3 6.0
Polybutadiene 7.8 6.3 3.2 7.0 5.6 2.8 13.7 16.7 5-8
AVERAGE 7.5 5.8 3.6 6.6 3.9 3.1 14.1 8.7 5.9

/
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1 2 Growth of the Petrochemical Industry in Industrialized Countries -
1975 - 1990

1.2.1 Demand for petrochemicals in industrialized countries
Most observers expect a much slower rate of growth in the demand for 

petrochemicals in industrialized countries in the 1980s than they did in 
mid-1977 when the estimates of the First UNIDO Study were prepared. The 
main reasons are as follows:

- the prospects are for slower economic growth and slower growth 
of major consuming industries such as automobiles and textiles?

- demand for petrochemicals has reached a mature stage where sub
stitution opportunities are largely exhausted.

1 .2 .2  Demand fo r  f in a l  products

Estimates of the growth of demand for final products in industrialized 
countries are summarized in Table 1,19. They are lower than in the First 
UNIDO World-Wide Study when demand for all plastics was expected to grow 
at 11.5 per cent per annum, demand for man-made fibres at 6.2 per cent per 
annum and demand for all types of rubber at 5 per cent per annum. Demand 
in 1975 and 1990 by region is shown in Table 1.20.

Table 1.19 Growth of demand for final products 
in industrialized countries 

1973-1990
(per cent per annum)

Product Groups Actual
1973-1979

Forecast
1979-1934

Forecast
1934-1990

5 Thermoplastics 4.8 5.0
3 Synthetic fibres 3.2 3.0 3.2
2 Synthetic rubbers 2.7 3.9 3.1
a/ Growth rate of the period 1974 - 1979.

Table 1.20 Demand for 10 final petrochemical products in 
industrialized countries in 1979 and 1990 

(million tons)

Japan 
W. Europe 
N. America 
USSR + E.Europe 
Other Countries

5 Thermoplastics 3 Synthetic 
Fibres

2 Synthetic 
Rubbers

1975 19 9 0 1975 1990 1975 1990
2.94
8.20
7.23
2.350.60

6 .6 4
19 .0 5
22.81
8.20
1.30

O.64
1.572.42
O.CO
0.08

1.27
2.30
4.O8
2.15
0.22

0.45
1.06
1.25
1.40
0.07

0 .9 2
1.32
2.30
3.25
0 .1 8

Total 21.32 58.OO 5.51 10.02 4.23 7.97



1.2.2. A Demand for 5 thermoplastics
In the period 197^-1979> demand for the 5 thermoplastics in 

industrialized countries increased by 3.6 per cent per annum; it is 
expected to increase by ¡+.8 per cent in the period 1979-198h and 5 
per cent in the period 198U-1990, that is from 3h million tons in 
1979 to 58 million tons in 1990. The annual rate of growth of 
demand in the 1980s is expected to be 7-7 per cent per annum in the 
USSR and Eastern Europe, 6 per cent in North America, 4 per cent in 
Western Europe and less than 2 per cent in Japan. The annual growth 
rates for the five different plastics in the 1930s are estimated as 
follows: LDPE 3«7 per cent, HDPE 5*2 per cent, Polypropylene 7-6 per
cent, FVC b .6 per cent and Polystyrene h.8 per cent.

The expected demand for the five different thermoplastics in 
1979 and 1990 is shown in Table 1.21 below. The most significant 
developments in the 1980s will be the growing share of polypropylene 
and the emergence of LLDPE (Linear Low Density Polyethylene) which is 
expected by Chem Systems to take 25 per cent of the United States poly
ethylene market and 13 per cent of the West European market by 1990.

Table 1.21 Demand for 5 thermoplastics in industrialized
countries

PRODUCT Demand
million tons

Share of Total 
per cent

1979 1990 1979 1990

LDPE 10.03 1 5.0h 29.2 25.9
HDPE h.8h 8.UL lh.2 lh .6
PP h.lh 9.29 12.1 1 6.O
FVC 10.03 1 6 .h2 29.2 28.3
PS 5.25 8.81 15.3 1 5.2

Total 3U.29 58.00 100.0 100.0
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Demand for 3 synthetic fibres in the industrialized countries 
increased by 3.2 per. cent per annum in the period 1973-1979. Demand 
is expected to increase by 3.0 per cent from 1979-198h and by 2.2 
per cent from 198»4-1990. The growth of demand is expected to be 
highest in the USSR and Eastern Europe ( 8 per cent). Very little 
increase in the demand for synthetic fibres is foreseen in North America, 
Western Europe and Japan except for further penetration of the market 
by polyester fibres in North America where demand is expected to increase 
from 1.75 million tons in 1979 to 2.35 million tons in 1990. The 
assumption is that the increase in demand for textiles made from syn
thetic fibres will be satisfied by imports from developing countries; 
however, this will depend on such an expansion of exports from developing 
countries not being restricted by the present trade barriers and 
other restrictive arrangements.

The substantial volume of imports and exports of textiles and 
clothing make it difficult to assess the relative shares of synthetic 
and natural fibres in the total demand for fibres in the industrialized 
countries. The share of the three main synthetic fibres in total demand 
for synthetic fibres is expected to change very little in the 1980s as 
shown in Table 1.22 below.

1.2.2. B Demand for 3 synthetic fibres

Table 1.22 Demand for 3 synthetic fibres in industrialized
countries

Demand
million tons

....
Share of Total 

per cent

1979 1990 1979 1990

Polyester Fibres 3.U8 »4.89 »46.0 »48.8
Polyamide Fibres 2.66 3.29 35.2 32.8
Acrylic Fibres 1 ,U2 1.81+ 18.8 18.»4

Total 7.56 10.02 100.0 100.0
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Synthetic rubber supplied 75 per cent of the industrialized countries' 
requirements for all rubbers in 1979 compared to 55 per cent of the 
developing countries' requirements; this proportion is expected to rise 
to 78 per cent by 1990. The USSR and Eastern Europe relied on synthetic 
rubber for 85 per cent of their total rubber requirements in 1979, the 
United States for about 75 per cent and Western Europe and Japan for 
about 65 per cent.

Of the two types of synthetic rubber used in large volume - SBR and 
Polybutadiene ->SBR accounted for 58 per cent of demand for all synthetic 
rubbers in 1979, the level is expected to drop to 56 per cent by 1990. 
Polybutadiene accounted for 13 per cent in 1979 and is expected to reach 
lk per cent in 1990. The following other types of rubber accounted for 
the remaining proportion of total synthetic rubber used in 1979'- 
Butyl (6.6 per cent), Ethylene/Propylene (5.6 per cent), Polychloroprene 
(U.8 per cent), Polyisoprene (U.l per cent) and Nitrile (U.3 per cent).

The growth of demand for all types of synthetic rubber in industrialized 
countries between the two years of peak demand 1973-1979 was 2.7 per cent 
per annum. The demand for synthetic rubbers in the industrialized 
countries is expected to increase from 7*8 million tons to 11.  ̂million 
tons or by 3.6 per cent per annum. Motor tyres are a major end-use.
Demand in Japan, Western Europe and North America is expected to grow by 2.7 
per cent per annum because the vehicle population will increase only a 
little in the 1980s and the size of motor tyres required is expected to 
be smaller on the average. In the USSR and Eastern Europe, demand is 
expected to increase by over 5 per cent per annum , as the region aims 
to reduce reliance on imported natural rubber still further from lh per 
cent in 1980 to 7 P®r cent in 1990.

1.2.2, . C Demand for 2 synthetic rubbers
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The rate of growth of demand for basic petrochemicals was summarized 
in Table 1.18 on page 18 above. Estimates of the demand for five basic 
petrochemicals in 1975 and 1990 in industrialized countries are summa
rized in Table 1.23 below.

1.2.3 Demand for basic petrochemicals

Table 1.23 Demand for basic petrochemicals in industrialized countries
in 1975 and 1990 
(million tons)

Region Ethylene Propylene Butadiene Benzene Xylene
1975 1990 1975 1990 1975 1990 1975 1990 1975 1990

Japan 3.40 6.20 2.30 3.30 0.47 0.80 1.48 2 .5 0 O.6 5 1.14W. Europe 7.90 16.60 4.10 10.00 0.81 I.6 5 3.26 7.00 1.09 2.04N. America 
USSR and Easterr

9.80 2J.60 4.40 1 5 .0 0 1.50 2.50 3.74 10.00 1.32 3.32
Europe 2.00 8.60 1.20 3 .5 0 0.45 1 .5 0 2.15 6.00 0.60 2.25Other Countries 0.25 1.50 0.12 0 .6 0 0.10 O.2 5 0 .0 8 0 .3 0 0.02 0.10
TOTAL 23.35 56.50 12.12 3 2 .4 0 3.33 6.70 10.71 2 5.8 0 . 3.68 8.85

1 .2 .3 .A Demand fo r  ethylene and other basic petrochem icals 

The downstream uses fo r  ethylene are shown in Table 1 .24 below .

Table 1.2^ Downstream uses for ethylene in 
some industrialized countries 

(per cent)

Downstream Uses United States W . Europe Japan

1979 1990 1973 ‘ 1985 1977

LDPE ] kk.O { 50.0 37-8 37.0 26.7
HDPE J J 13.7 15.2 1U.6
Polystyrene 7.5 7.^ 5.8 5.8 8.7
FVC 12.5 10.7 17.6 17.2 15.7
Ethylene oxide \ 16. k ] 17.8 6.1 5.5 1  13.5
Ethylene glycols J J 6.1 5.8 J

Other derivatives ] 19.6 1 lU.3 ( 12.9 (13.u 9.2
Acetaldehyde J J J J 11.5
TOTAL 100 100 100 100 100
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For all industrialized countries, ethylene demand is expected to 
grow by 5*8 per cent per annum from 1979 to 1984 and 4«3 per cent per 
annum from 1984 and 1990. For the USSR and Eastern Europe, ethylene 
demand increased by 10.7 per cent in the period 1975-1979 and is ex
pected to grow by 10 per cent per annum in the period 1979-1984. The 
rate of growth of demand for ethylene in the period 1974-1979 was 2.7  

per cent per annum in Japan, 3.0 per cent in Western Europe and 4.1 per 
cent in the United States; for the period 1979-1984t 'll16 estimates used 
are those made for the Working Group, namely 1.7 per cent in Japan 
(where two acetic acid plants will switch from ethylene to methanol as 
a feedstock), 2.6 per cent in Western Europe and 5*9 per cent per annum 
in the United States; for the period 1984-1990, the growth rates esti
mated by UNIDO are 3.0 per cent in Japan, 3.0 per cent in Western 
Europe and 4.0 per cent in the United States.

Similar trends apply to propylene, butadiene, benzene and xylenes 
and full details are given in the Annexures on these products in the 
Statistical Annex. The pattern of downstream uses for ethylene, pro
pylene, benzene and some of their derivatives in Western Europe are 
given in Chart A. For propylene, a study of downstream uses is 
given in Table 1.25»

Table 1.25 Downstream uses for propylene in 
some industrialized countries 

(per cent)

United States Western Kurone

1979 1990 1973 1990

Polypropylene 28.3 32.6 23.2 31. u
Acrylonitrile l6.6 15.1 19.9 18.0

Propylene oxide 13.8 13.8 10. h 10.3

Isopropanol 11.0 8.2 8.2 7-2
Cumene 11.0 11.9 9.1 7-9
Oxo-alcohols X 19.3 18.3 16.1 13.9
Other derivatives J 12.9 11.»V

TOTAL 100.0 100.0 100.0 1 0 0 . 0
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Chart I.A Downstream uses for selected petrochemical products 
Estimates for Western Europe by Chemical Age;10 April 1981

ETHYLENE LDPE Uo per cent HDPE 15 per cent
EDC (for PVC) 19 per cent Ethylene oxide 13 per cent
Ethylbenzene T per cent Other uses 6 per cent

PROPYLENE Polypropylene 26 per cent Acrylonitrile 17 per cent
Oxo alcohols 17 per cent Propylene oxide 12 per cent
Cumene 8 per cent Other uses 20 per cent

BENZENE Ethylbenzene •»9 per cent Cumene 18 per cent
Cyclohexane 11 per cent Nitrobenzene 7 per cent
Other uses 15 per cent

ETHYLENE OXIDE Ethylene glycol per cent Ethoxy lates 21 per cent
Glycol ethers 11 per cent Ethanolamines 8 per cent
Other uses 15 per cent

ETHYLENE GLYCOL Polyester 50 per cent Antifreeze 35 per cent
Other uses 15 per cent

LD POLYETHYLENE Film 7U per cent Injection
Moulding

nr1 per cent
Coatings 6 per cent Cables u per cent
Pipes 3.5 per cent Blow Moulding 3 per cent

PROPYLENE OXIDE Polyether
polyols 65 per cent Propylene

glycol 25 per cent
Other uses 10 per cent

POLYPROPYLENE Moulding U5 per cent Fibre 37 per cent
Film 10 per cent Other uses 8 per cent

PVC Pipes and 
fittings 28 per cent Rigid profiles 12 per cent

Wires and 
Cables 10 per cent Flexible films 10 per cent

Rigid Foil 8 per cent Bottles 7 per cent
Floor coverings 6 per cent Coated fabrics 5 per cent

STYRENE Polystyrene 65 per cent SB/SBR 13 per cent
ABS 10 per cent Polyester 8 per cent
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Demand for methanol is difficult to forecast because new end uses 
are expected to become increasingly important in the 1980s. Demand for 
methanol in industrialized countries is expected to increase 5Qffo between 
1979 and 1984 and a further 50f0 between 1984 and 1990, that is from about 
11 million tons in 1979 to 16 million tons in 1984 and 24 million tons in 
1990. However, the estimates for 1990 could be much too low if methanol 
begins to be used as a fuel in power stations and it is used in gasoline 
blending on a larger scale than forecast below in Table 1.26, which estimates 
the expected pattern of demand in 1985 and 1990 in Western Europe, United 
States and Japan.

1 .2 .3  .B Demand for Methanol

Table 1.26 Demand for methanol in various end uses in Western
Europe, United States and Japan - 1979» 1985 and 1990 

(thousand metric tons)

Western Europe UniLted States Japan
1979 1985 1990 1978 1983 1990 1978 1983 19 9 0

Traditional Bod-Urn* 
Established before 1974
- Formaldehyde 1,590 1,840 2,080 1,306 1,709 2,260 631 768
- BUT 160 185 200 135 157 160 43 42 -
- Methyl Methacrylate 110 130 15 0 HI 205 30? 53 64 -
- Methyl halides 110 145 175 2 70 405 400 32 38 -
- Methyl amine* 155 180 2X0 160 219 226 32 38 -
- Miscellaneous _ M 990 1.170 762 1.005 “ _2Z2 _£0 **

TOTAL 2,932 3,470 3,985 2,774 3,700 5,303 1 ,0 7 0 1,280 -

Rn Bid-Uae* 
Established after 1975
- H B E 70 180 24O 451 758
- R T B E blending ocopcneni 30 75 100 - - - - - -
- Qaaoline blending 200 200 200 74 138 1,138 - - -
- Acetic acid 25 260 550 206 471 871 * 100 -
- Single cell protein 2 160 550 •mJZm mJZm

TOTAL 327 875 1 ,6 4 0 300 1,060 2,767 - 100 •
muzz ■ ,„—■1 V ~ m — - zzz -

TOTAL 3,259 4,345 5,825 3,074 4,TS0 8,070 1 ,0 7 0 1,380 2,120

Scoro«I UHIDO cuid OOIC estimates 'baaed on estimates of Chem. Systems Internat tonai and Stanford Research
Institute.
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1,2*k Capacity to produce petrochemicals in industrialized countries
Estimates of the 1979 and 198U capacity in industrialized countries 

to produce the six basic petrochemicals and ten final products considered 
in this study are given in Table I.2 7. They confirm that further growth
in the petrochemical industry is ejected but at a slower rate than in the 
past.

Table 1.27 Estimates of capacity to produce selected 
petrochemicals in industrialized countries 

(million tons)

Petrochemical Japan W. Europe N. America USSR + OtherCountries Total
Products 1979 19 8 4 1979 1984 1979 1984 1979 1984 1979 1984 1979 1984

Basic Petrochemicals
Ethylene 6.00 6.00 I4.7O 1 7 .6 0 18.00 22.2 3.90 6.5O 0.60 1.00 43.20 53.30
Propylene 4.30 4 .3 0 8.10 9.70 10.00 12.90 2.00 3.00 0.28 O.4I 2 4 .6 8 30.31
Butadiene 0.80 0.80 2.13 2 .2 5 2.4O 2.60 O.5O 1.00 0.12 0.12 5.95 6.77
Benzene 3.00 3.00 6.60 7.20 8.60 9.60 3.30 5 .0 0 0.20 0.30 21.70 2 5.IO
Xylenes 1.11 1.11 1.93 2.11 3 .O5 3.25 O.9 0 1 . 7 0 0.04 O.O9 7.10 8.26
Methanol 1.30 I.3 0 3 .7O 5 .OO 4 .1 5 8.00 3.00 4-05 0.12 1.35 12.28 2 0 .5 0

Thermoplastics
LDFE 1.57 1.57 5.70 6.5O 4.20 6.00 I.4 0 2.15 0 .2 8 0 .3 8 13.15 16.60
HDPE O.9 0 0 .9 0 2.10 2.60 2.70 4.26 0.36 0.93 0.13 0.19 6.19 8.88
PP 1.16 1 . 1 6 2.20 2.60 2.33 3 . 1 0 0.24 0.60 0.07 0.12 6.00 7.58
PTC 2.08 2.08 5.20 5.60 3.5B 4.87 1.85 2 .9 0 0.35 O.4O 13.06 15.85PS 1.39 1.39 2 .8 0 3.10 2 .5 6 2.98 0.60 0.80 0.09 0.11 7.44 9.24
Synthetic Fibres
Acrylic Fibres O.4 0 0 .4 0 1.00 I.0 5 O.3 8 0 .3 8 0.20 O.4 0 0 .0 3 1.98 2.26
Nylon Fibres 0.33 0.34 0.97 0.91 1.47 1.80 0.60 0.75 0.04 0 .0 5 3.4O 3.85
Polyester FibreB 0.69 0.74 I.0 4 1.06 2.17 2 .4 0 O.5 0 0.80 O.0 5 0.08 4.45 5 .0 8

Synthetic Rubbers
SBR 0.93 0.95 1.60 1.60 1.80 2.00 1.60 2 .4O O.0 7 0 . 1 3 6.00 7.08 1j Polybutadien» 0.23 •0.23 0.36 O.3 6 0 .5 0 0.60 O.2 5 O.4O 0 .0 3 0.03 1.37 1.62 I
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The potential supply of petrochemicals needs to he examined in 
relation to demand. Table 1.28 therefore considers the expected increase 
in demand from 1979 to 1990 and the additions to capacity planned for the 
years up to 1990. For all hut two products (propylene and polystyrene), 
there will he no excess capacity available in 1984, if operation at 80 per 
cent of nameplate capacity is considered a minimum requirement.

This means that considerable additional capacity will be required in 
the 1984-1990 period. The largest requirements are in ethylene, propylene, 
benzene and methanol among the basic petrochemicals, PVC and polypropylene 
among the plastics, polyester fibre and SBR.

Table 1.28 Planned increase in production capacity 
for selected petrochemicals in 

industrialized countries, 1979-1990. 
(million tons)

Estimated
Increase

inDemand
19T9-1990

Estimated
Increase

inCapacity1979-198U

Excess Capacity 
Available 

in -, 1981»='

Additional
Capacity
Requiredin1981»-1990

Basics
Ethylene 21.8 10.1 _ 11.8
Propylene lh.0 5.6 1.3 7.1Butadiene 2.2 0.8 - 1.1»
Benzene 9-6 3.1» - 6.2Xylenes 3.5 1.3 -  ' 2.2Methanol 13.2 8.2 5.0

Plastica
LDPE 3.0 3.U - «.

HOPE 3.6 2.7 - 0.9PP 5.2 1.6 - 3.6
PVC 6.1» 2.8 - 3.6PS 3.5 1.8 0.6 1.1

Fibres
Acrylic o.fci 0.28 o .i 3Polyamide 0.63 0.1*5 - 0.18
Polyester l.Ul 0.63 - 0 .8 2

Rubbers
SBR 1.95 1.08 - 1.87Polybutadiene 0.56 0.25 - 0.31

X/ Assuming plants operate at 80 per cent capacity.
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1.2.1*.A Production capacity for ethylene
There will be an increase of 10 million tons in capacity to produce 

ethylene in all industrialized regions between 1979 and 198U and capacity 
will be sufficient to satisfy demand in all regions in 198U. Between 
198U and 1990, an additional 15 million tons will be required, including 
10 million tons in Japan, Western Europe and Worth America, as demand will 
increase by a further 13.5 million tons in this period.

Tentative plans for additional ethylene capacity announced so far in 
the industrialized countries for the period after 198U are in Alaska 
(l.O million tons), in Canada (1.0 million tons), in the United Kingdom 
(l.O million tons) and in Scandinavia (l million tons). Therefore, there 
appears to be a need for additional new sources of supply for at least 
5 million tons of ethylene, that is 10 ethylene crackers in the period 
1985 to 1990.

Market opportunities for the ethylene and derivatives produced by 
the 10 export-oriented plants already announced by developing countries 
(see Table I.36 on page 36) with a capacity of 2.8 million tons can be 
viewed in this context.

1.2.U.B Production capacity for methanol

The increase in methanol capacity between 1979 and 1981* in industri
alized countries shown in Table I. 29 is sufficient to meet the increase 
in demand in all industrialized regions except Japan, where imports from 
Saudi Arabia are planned starting in 1983. After 1981*, the demand for 
methanol in Western Europe, Worth America and Japan will increase by a 
further 8 million tons by 1990, but plans for new capacity announced so 
far are for only 2.J million tons, even when new plants based on coal 
rather than petroleum feedstocks are included.

Table 1.29 Additions to capacity to produce methanol
(thousand tons)

1979 - 1981* After 1981*
Japan -
Western Europe 
North America 1,300 2,000
United States 2,1*00Canada

U.S.S.R. and Eastern Europe
1,500 700

U.S.S.R. 1,650Eastern Europe 200New Zealand 1*00South Africa 825
Total industrialized countries 8,275 2,700
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1.3 The share of developing countries in world petrochemical 
production

1.3.1 Share of developing countries in world demand
The share of developing countries in world demand for petrochemi

cals will increase substantially over the period 1979 "to 1990. By 1990, 
developing countries will account for 28 per cent of total world demand 
for the 10 final products (5 plastics, 3 fibres, 2 synthetic rubbers) 
considered in this study and shown in Table 1.30 below.

Table 1.30 Share of developing countries in world demand 
for selected petrochemical products

World
Total

(million tons)

Developing
Countries

’million tons)

Developing 
Countries Shares

(percentage)

1979 1990 1979 1990 1979 1990

5 Thermoplastics 41.0 80.0 6.7 22.0 16.3 27.5
3 Synthetic Fibres 10.0 15.0 2.5 5.1 20.0 34.0
2 Synthetic Rubbers 6.4 10.0 0.9 2 .0 14.0 20.0

Total 10 Products 57.4 105.0 10.1 29.1 17.6 27.7

Table 1.31 measures the developing countries* share of the increase 
in world demand between 1979 and 1990 for 16 petrochemical products.
The developing countries* share is about 50 per cent for synthetic fibres, 
46 per cent for thermoplastics, 28 per cent for synthetic rubber and 30 
per cent for 6 basic petrochemicals.

1.3.2 Share of developing countries in world production
The estimated share of developing countries in world petrochemical 

production for the 6 basic petrochemicals and 10 final products considered 
in this Study is shown in Table 1.32 For the year 1990, the production of 
developing countries has been calculated for two cases:

- Case 1: where the level of imports in 1990 is assumed to remain
at the same level as in 1984»

- Case 2: where production of developing countries is sufficient to
meet 100 per cent of their demand.
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Talale I.31 Share of developed and developing countries in the increase
in world demand for selected petrochemicals

Petrochemical
Products

Increase in Demand 
1979-1990

Share of 
1979-

Increase
-1990

World
Total

Developed I 
Countries 1 
(million tc

Developing
Countries
ins)

Developed | 
Countries j 

per
Developing
Countries
cent

Basic Petrochemicals

Ethylene 33.0 21.8 11.2 66 34
Propylene 17.3 14.0 3.3 81 19
Butadiene 3.4 2.2 1.2 65 35
Benzene 13.3 9.6 3.7 72 28
Xylenes 5.8 3.6 2.2 62 38
Methanol 16.0

I
13.2 2.8 82 18

Thermoplastics
LDFE 9.7 5.0 4.7 52 48
HDPE 5.5 3.6 1.9 65 35
PP 7.3 5 .1 2.2 70 30
PVC 11.5 6.4 5.1 56 44
PS 5.0 3.6 1.4 72 28

Synthetic Fibres

Acrylic Fibres 0.8 0.4 0.4 50 50
Nylon Fibres 1.1 0.6 0.5 55 45
Polyester Fibres 3.0 1.4 1.6 47 53
Synthetic Rubbers f
SBR 2.8 2.0 0.8 71 29
Polybutadiene 0.8 0.6 0.2 75 25



Table I.3 2 Share of developing: countries in total world production
of selected petrochemical products

Petrochemical
Product

World Production 
(million tons)

Developing Countries Output 
(million tons)

Developing Countries Share 
(per cent)

1975 1979 1984 1990 1975 1979 1984 I9 9O 
Case 1

1990 
Case 2

1975 1979 1984 1990 
Case 1

1990 
Case 2

Basic Petrochemicals
Ethylene 24.4 37.6 5 0.З 7 0 .4 I.I5 2.73 6 .I5 14.0 14.00 4.7 7.2 12.4 19.8 19.8
Propylene 1 2 . 6 19.7 2 5.З 36.9 0.47 1.19 2.41 4.47 4.47 3.7 6 ,,0 9.5 1 2 . 1 1 2 . 1
Butadiene 3.4 5.0 6 . 2 8.3 0 .2 0 0.40 O.9 0 1 . 6 0 1.60 5.8 7.9 14.4 19.3 1 9 .З
Benzene 11.3 1 7 . 2 2 3 .0 30.8 0 .6 8 1.18, 2.62 4.85 5 .OO 6 . 0 6.9 11.4 1 5 . 7 16.2
Xylenes 3.8 6 . 1 8 .6 11.9 0.16 0.65 1.69 2 .8 2 3.00 4.2 1 0 . 8 19.7 23.8 25.3
Methanol 7-5 1 1 . 6 18.9 27.6 O.2 5 1 . 2 0 2 . 9 0 3.55 3.55 3.3 1 0 .3 1 5 .З 12.9 12.9
Thermoplastics
LDPE 7.5 12.2 1 5 . 6 22.0 0.5 1.1 2.6 5.8 6.9 6.1 8.9 16.6 26.4 31.6
HDPE 3.2 5.8 7.9 11.2 0.1 0 . 3 1.0 1.3 2.7 2.6 5.0 12.3 11.6 24.4PP 2.3 5.0 7.3 12.6 0 .0 5 0 . 3 1.0 2.5 3.0 2 Л 7.1 14.1 19.8 31.7PVC 7.6 12.2 16.4 2 3 .6 0.7 1.6 3.2 6.6 7.2 8.8 13.1 19.6 28.0 30.5
PS 3.8 5.9 7.5 10.9 0.2 0 . 4 0.7 1.7 2.1 5.0 7.1 9.2 1 5 . 6 19.2
TOTAL 24.4 41.1 54.8 8 0.З 1.45 3.7 8.5 17.9 21.9 6.0 9.1 15.5 22.3 27.4
Synthetic Fibres
Acrylic Fibres 1.3 1.9 2.3 2.7 • 0.17 0.30 0.45 0.69 0.81 1 3 . 0 1 6 .O 20.0 26.0 30.6
fiylon Fibres 2.5 3.2 3.8 4.4 0 .3 0 0.44 O.6I 0.95 I.I5 12.3 13.3 I5 . 9 21.4 25.9
Polyester Fibres 3.5 4.9 6.2 7.9 0.70 1.06 1.76 2.79 3.14 20.0 21.8 28.3 35.2 39.6
TOTAL 7.3 10.0 12.3 1 5 . 0 1.17 1.80 2 . 9 2 4.43 5.10 16.1 17.9 23.4 29.5 33.6
Synthetic Rubbers
SBR 4.1 5.2 6 . 4 8.0 O.2 7 O.4O 0.70 1.18 I.6 3 6.6 7.7 10.8 1 4 . 7 20.3
Polybutadiene 1.0 1.2 1.6 2.0 O.O7 0.10 0.20 0.30 0.35 7.0 8 . 4 12.6 I5 . 6 18.2
TOTAL 5 .I 6.4 8.0 1С.Э 0.34 O.5 0 0.90 1.48 1.98 6.9 7.8 11.2 14.9 19.9

Саве 1 Assumed imports of Developing Countries in 1990 are at the same level as in 1984*
Case 2 Assumed Developing Countries’ production in 1990 is 100 per cent sufficient to meet domestic demand«
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The estimated share of developing countries can he summarized as 
in Table 1.33 below.

Table 1.33 Share of developing countries in world production
of selected petrochemical products

Product 1979 1984
Case 1 
1990

Case 2 
1990

5 Thermoplastics 9.1 15.5 22.3 27.4
3 Synthetic Fibres 17.9 23.4 29.5 33.6
2 Synthetic Rubbers 7.8 11.2 14.9 19.9

I Ethylene 7.2 12.4 19.8 19.8
1 Xylenes 10.8 19.7 23.8 25.3

The 5 thermoplastics, 3 synthetic fibres and 2 synthetic rubbers 
represent about 60 per cent of world petrochemical production. For the 
remaining 40 per cent of world production of final petrochemical pro
ducts, the developing countries are likely to produce, say, 5 per cent 
to 10 per cent of the world total output. Their share of total world 
petrochemical output in 1990 is therefore likely to be approximately 
as shown in Table 1.34

Table 1.34 Estimated world production of petrochemicals in 1990
(million tons)

Total
World

Production

Developing
Countries'
Production

Developing 
Countries* 

Share (%)
Case 1 ICase 2 Case 1 ! Case 2

5 Thermoplastics 
3 Synthetic Fibres 
2 Synthetic Rubbers 
All Other Final Prc

80
15
10

lucts 70

18.0
4.4
1.5
3.5

22.0
5.1
2.0
7.0

per
22
30
15
5

cent
27
34
20
10

Total | 175 27.4 36.1 15.6 20.6
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Hencef a broad estimate might he that developing countries will 
produce between 15 and 20 per cent of world petrochemicals output by 1990. 
This order of magnitude is confirmed by the estimate that they will produce 
17 per cent of the six main basic petrochemicals by 1990.

1*4 . Interdependence of developing and industrialized countries in 
the petrochemical industry

1.4*1 Imports and self-sufficiency in developing countries

Although the developing countries made considerable progress in 
establishing their own petrochemical industry in the 1970s, they still 
relied heavily on imports of final products in 1979 and are likely to 
continue to do so in 1984* In Table 1.35 below, net imports in 1990 
are assumed to be the same level as in 1984 (case l) or zero (case 2).

Table I .3 5 Dependence of developing countries on imports
(million tons)

PRODUCTS DEMAND PRODUCTION IMPORTS SELF-
SUFFICIENCY 
per cent

5 Thermoplastics
1975 3-20 1.6 1.6 50
1979 7.0 4.2 2.8 60
1934 12.0 8.5 3.5 70
1990 Case 1 22.6 19.1 3.5 85
1990 Case 2 22.6 22.6 0 100

3 Synthetic
Fibres

1975 1.70 1.25 0.45 74
1979 2.U9 1.78 0.71 72
1984 3.66 2.91 0.75 80
1990 Case 1 5.20 4.45 0.75 86
1990 Case 2 5.20 5.20 0 100

2 Synthetic
Rubbers

1975 0.54 0.34 0.20 63
1979 0.82 0.50 0.32 61
1984 l.4o 0.90 0.50 64
1990 Case 1 1.98 1.48 0.50 75
1990 Case 2 1.98 1.98 0 100

Case 1 Imports in 1990 same volume as in 19 84 
Case 2 Zero net imports in 1990
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Even to maintain the same volume of imports from industrialized 
countries in 1990 as in 1984 (case l), the developing countries would 
have to increase production of thermoplastics, synthetic fibres and syn
thetic rubber between 1984 and 1990 by 2.32 times, 1.53 times and by 
I.64 times, respectively. To achieve zero imports in 1990 (case 2), 
production would need to increase between 1984 and 1990 by 2.66 times 
for thermoplastics, I.78 times for synthetic fibres and 2.2 times for 
synthetic rubbers.

The thermoplastics and synthetic rubber production in most developing 
countries has so far been based on locally produced basic and intermediate 
petrochemicals. However, for synthetic fibres, the intermediates are manu
factured in only a few developing countries; Ho per cent reliance on im
ports of intermediates makes the figure of 80 per cent self-sufficiency 
in 1984 an exaggeration of the benefits of local production. In the 
remaining groups of products, namely other plastics, fibres and rubbers, 
solvents and other organic chemicals, the volume required by developing 
countries is smaller and the dependence on imports much greater. For this 
40 per cent of total petrochemical requirements, developing countries 
probably import most of their requirements. Thus, developing countries 
are likely to remain importers from the industrialized countries on a 
substantial scale.

1.4.2 Increased exports from developing countries
International trade between developing and industrialized countries 

is likely to become better balanced in the late 1980s when developing 
countries bring on stream the 11 export-oriented petrochemical plants 
or complexes producing ethylene derivatives, propylene derivatives, 
benzene, xylenes and methanol listed in Table 1,36 on the following page.
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Table 1.36 Capacity of export-oriented plants planned by
developing countries 

(million tons)

COUNTRY BATE ETHYLENE PROPILENE BENZENE XYLENES METHANOL

Libya 1979 _ 330
Qatar 1980 280 - - - 330
Libya 1984 330 50 - - 330
Bahrain 1984 — - - - 330
Singapore 1984 300 I65 - - -
Kuwait 1985 300 28O I40 -

Saudi Arabia 1985-86 1600 - - - I4OO

TOTAL J 2810 215 280 I40 272O

In addition to these plants, Iraq, Iran, Indonesia, Republic of 
Korea > another Asian country , Brazil, Mexico and Venezuela are likely 
to have significant quantities of production available for export, at 
least for some years after a large new complex has come on stream.

There should be no difficulty in absorbing the petrochemicals made 
available by these developing countries for export in the period up to 
1990. The world market for each product is growing and the quantities 
available for export amount to a small share of the increase in demand, 
except for ethylene (12 per cent) and methanol (27 per cent). Further 
more, as discussed in ChapterVI , some old plants in developed countries 
will need to be replaced by new capacities.

Table I .37 World market for exports from
developing countries 1984-1990 

(million tons)
Products Increase in Demand 1984-1990 Supply available from planned

Industrialized
Countries

Developing
Countries

World
Total

export-oriented plants in deve
loping countries after 1984

Minimum Maximum

Ethylene and derivatives 13.0 7.8 20.8 2.5 3.5
Propylene and 
derivatives 9.5 2.0 11.5 O.I5 O.25
Benzene 5.4 2.3 7.7 O.25 0.35griene 2.0 1.2 3.2 0.10 0.20
Methanol 7.4 1.7 9.1 2.5 3.3
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Indeed, given growth in the market and the need to replace plants, 
there appears to he scope to establish a greater number of export-oriented 
plants in the period 1986-1990 in developing countries. It appears that 
more attention could be given to producing the other olefins (propylene 
and. butadiene) and aromatics as well as those products most frequently 
chosen so far. The products may then be exported as basic petrochemicals 
or as intermediates or final products.

The developing countries will need to continue importing many petro
chemicals as well as special grades of some products they produce them
selves. Therefore, interdependence will mean not so much a reduction 
in their imports from industrialized countries but rather a more balanced 
trade in which the developing countries export petrochemicals to the 
industrialized countries on a substantial scale for the first time.

There will also be a trend for the more advanced petrochemical 
producers in developing countries to replace industrialized countries 
as suppliers of importing developing countries. In 1979» industrialized 
countries supplied 2.8 million tons of thermoplastics, 700,000 tons of 
synthetic fibres and 900,000 tons of synthetic fibre intermediates and 
300,000 tons of synthetic rubbers to the developing countries. Some 
countries in Asia and Latin America have already begun to replace tradi
tional suppliers with their own exports and this trend should accelerate 
in the 1980s.
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1.5 Summary and conclusions
Starting with a very low per capita consumption of petrochemicals 

and with an expectation of higher growth rate of GDP than developed 
countries, the developing countries are expected to register a higher 
growth in demand on all major petrochemicals for the period 1979-1990 than 
the developed countries. Thus, the developing countries* demand for final 
products is estimated to grow annually at 12.6 per cent for thermoplastics,
4.5 per cent for synthetic fibres and over 9 .2 per cent for synthetic rubbers, 
thus increasing from 6.7 million tons in 1979 to 22 million tons in 1990 for 
thermoplastics, from 2 .5 to 5 million tons for synthetic fibres and from 0.8  

to 2,0 million tons for synthetic rubbers. In the meantime, demand for 
ethylene in the developing countries is expected to increase from 2.7 million 
tons in 1979 to 14 .0 million tons in 1990, for propylene from 1.2 million 
tons to 4,5 million tons and for xylene from 0.8 million tons to 3 .0 million 
tons.

The annual growth of demand in the developed countries is expected to 
be at a much slower rate: 5*4 per cent for thermoplastics; 2.8 per cent for
synthetic fibres; 3.8 per cent for synthetic rubber; and 4.8 per cent for 
ethylene, benzene, propylene and xylenes.

Indigeneous petrochemical supply in developing countries is expected to 
grow at a higher rate than demand and the number of petrochemical producers 
will grow for ethylene from 13 in 1979 to 27 in 1987, of which 16 will also 
produce propylene and 11 butadiene. By 1987, the production capacity in 
developing countries will reach 14.5 million tons for ethylene, 14 .0 million 
tons for thermoplastics and 4.0 million tons for synthetic fibres. In spite 
of these growth figures, the developing countries will remain dependent upon 
developed countries for meeting part of their demand for intermediate and 
final product petrochemicals. Ho major production of speciality and per
formance petrochemicals is expected to develop in the developing countries 
during this period.

Industrialized countries, with the exception of the USSR and Bast 
European countries, are planning a slower growth rate of their already 
high capacities for basic and intermediates petrochemicals, thermoplastics, 
synthetic fibres and synthetic rubbers. Increases in annual capacity during 
the period 1979-1984 are expected to be: from 43 to 53 million tons for
ethylene, 22 to 25 million tons for benzene, 12 to 20 million tons for
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methanol, 46 to 57 million tons for thermoplastics, 9*8 to 11.3 million 
tons for synthetic fibres and 7*4 to 8.7 million tons for synthetic rubbers.

The share of developing countries in world production in 1990 is 
expected to be 22-27 per cent for thermoplastics, 30-34 per cent for 
synthetic fibres, 15-20 per cent for synthetic rubbers, 20 per cent for 
ethylene and less than 20 per cent for other basic petrochemicals, except 
xylenes. The share of the developing countries in total world production 
of petrochemicals by 1990 will be between 15 and 20 per cent.

It is also evident that after considering all planned additions to 
capacity in industrialized countries for ethylene up to 1984, there is 
still a need for an additional 10 million tons by 1990.
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II PRICES AND COSTS ANALYSIS OP THE PETROCHEMICAL INDUSTRY

2.1 Trends of prices and products costs for chemicals
2.1.1 A historical overview.

In the period of the 195°s and 1960s the radical improvements in 
the economics and technology of production as a result of the 
conversion of the organic as well as of many inorganic chemicals to an 
inexpensive oil—gas raw material basis, and the building of increasingly 
large automated enterprises resulted in a substantial rise in labour 
productivity and a lowering of production costs and prices.

The application of new technology led to the use of oil and gas 
refinery products as basic raw materials for chemical production.
This not only expanded the branch's raw materials basis, but also 
made it considerably less expensive. By the end of the 1960's oil 
and gas raw materials were costing chemical manufacturers approximately 
50 per cent less than coal. These economic advantages were responsible 
for a steady increase in the share of oil and gas in the sector's 
over-all raw materials balance and a rise in the proportion of 
petrochemicals in industry output, reaching 50-70 per cent in the 
industrially developed countries by 1970. In 1972, 92 per cent of all 
organic chemicals in the European OECD member countries, 95 per cent 
in the United States of America and 96 per cent in Japan were produced 
from oil and gas. ^

At the present time, coal accounts for less than 20 per cent of 
total raw material consumption in the chemical industries of the 
developed countries.

This changeover in the industry's raw materials infrastructure led 
to a sharp drop in chemical production costB. In a large measure this 
was due to the fact that, during nearly the entire post-war period, the

y  L'Industrie Chimique, OCDE, 1972, p.27
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chemical branch had operated with cheap oil obtained at monopolistically 
low prices from developing countries, a factor Which had contributed to 
accelerated technological advances in the chemical industries of the 
developed countries.

The expansion of large-scale production and the higher optimal 
capacities of individual production facilities have had a marked effect 
on lowering current and capital expenditure per unit of production as well 
as operating and management costs. In the 1960s the increase in the 
capacity of ethylene plants from 50,000 to 450,000 tons a year had the 
effect of reducing average unit capital investment from 220 to 90 S per 
ton, While production costs declined by 55 Per cent; increases in plant 
capacity from 36,000 to 180,000 tons a year dropped ammonia production 
costs by 25 per cent and unit capital investment by 35 per cent, and so on.

As a result of the increase in the unit capacities of production 
facilities, manufacturers succeeded in lowering their unit investment costs 
by 25—65 Per cent and their production costs by 14-55 Per ceii (Table 2.1). 
In fact, there are grounds for believing that the decline in investment 
and production cost was even greater. For most products the plant capacity 
figures given in the table refer to the mid-1960s. As the trend towards 
larger plants continued over subsequent years (till the beginning of the 
1970s), this — together with improvements in technological processes - 
contributed to a further reduction of production costs.

These aspects of the scientific and technological revolution were 
responsible for a substantial reduction in production costs — by a factor 
of 2 to 3 in the case of the most essential products (chiefly organic 
chemicals) - Which in turn had a covering effect on the movement of prices 
in the chemical market during the postwar period.

During the 1960s alone, the domestic Wholesale price level for 
chemicals in the major producing countries (the Federal Republic of Germany, 
Japan and the United States) dropped by 2 to 12 per cent while at the same 
time that it increased by only 5 to 11 per cent in other countries (France, 
Italy and the United Kingdom). During the same period, for industrial 
production as a Whole this level rose by 9 per cent in the Federal Republic 
of Germany, 10 per cent in Japan, 11 per cent in the United States, and 
by more than 20 per cent in the United Kingdom. This downward trend in 
prices was particularly typical of the chemical industry's relatively new
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Table 2.1 The effect of plant capacity on capital investment
and production costs in the chemical industries of 

the developed countries in the 1960s

î Unit capital j Production
i investment j costs

thousands of ! US dollars
Production designation tons / year j per ton %

j US dollars 
j per ton %

Ammonia-7(from natural gas) 36
102
l80

111¡
1

139
108
89

100,0
77.7
64.0

111111

46.0
38.0
34.0

100.0
82.6
14.0

a/Butadiene-' 10
г11 600 100.0

-1--
I 239.0 100.0

20 1 450 75.0 I 202.0 84.5

Carbamide-'
40 1 338 i I78.O
33 11 85 100.0 II 64.0 100.0
82 1 63 74.0 I 59.0 92.0

Black-7”
165__ __ t_____52___ _22a2_. ___54.0__ 84.0

10 11 300 100.0
II I3O.O 100.0

25 1 208 70.0 I 104.0 80.0
50 1 106 35.3 ! 90.0 69.0

Ethylene-7(by-products based 50 1 150 100.0 I 94.8 100.0
on the price of the chemical 100 1 120 80.3 i 70.3 74.1
raw material) 150

t1 100 66.6 I 66.1 69.7
300 1 90 60.0 I 47.2 49.8
454 • ? 77 51.0 » 42.8 . 45.1__ __ _7 

High pressure polyethylene-' 25 11 468 100.0 I
I

З28.О 100.0
50 1 400 85.5 Ij 296.O 9O .2
75 1 372 79.8 Ij 28O.O 85.З
100 ! 356 77.0 I 272.0 82.9

a7~Polyvinyl chloride- 6 11 285 100.0 ii 29O.O 100.0
20 1 170 60.0 25O.O 86.2

Styrene-^
„42_____ ] _ 129___ 46.0 I— i— 82.4
12 Ì1 275 100.0 I8O .3 100.0
48 11 162 58.9 i I49.6 83.О

Po lystyrene-7~
__2á___ «-- -j— 116 _42.i_. 1 140.0 „Z2.8_

10
111 278 100.0 11I 235.О 100.0

40 1j 181 65.3 11 210.0 89.0
80 11 156 56.3 11 202.0 86.0

a/ Calculated on the baeis of documents produced at the Seventh Petroleum 
Congress of Arab Countries held in March 1970 in Kuwait, 

b/ Study of Feedstock and Process in the Petrochemical Industry, UNIDO, 
1969, page 252.

с/ Studies in the Development of the Plastics Industries (United Nations 
Publication, Sales No. E.69.II.B.25) pages 43-49»
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subsectors. For example, against the background of a general 2 per cent 
decrease in wholesale chemical prices in the United States during the 
1960s, prices for plastics and synthetic resins dropped by more than 15 per 
cent, While in Japan the mean annual decline in chemical prices during the 
period 1960-1969 was 1.3 per cent, but approximately 6 per cent for plastics. 
In the industrially developed countries the internal price level for basic 
petrochemical produts dropped by the following average amounts during the 
period from 1950 to 1955* ethylene, methanol — 35 per cent; phenol, 
polystyrene, ammonia — 50 per cent; ethylene oxide, vinyl chloride, styrene — 
55 per cent; polyethylene, polyvinyl chloride, carbamide - 60-65 per cent.

At the same time, there was an increase in the average price level 
for inorganic chemicals, for example, by 14 per cent in the United States 
during the period from 1957 to 1969. The explanation for this lies in the 
fact that the production of inorganic chemicals had long been well established 
in the market economy developed countries and no major changes had taken 
place in manufacturing techniques. Unlike the situation in tiu organic 
chemistry production sector, inorganic chemical producers were not confronted 
with the same massive change-over in product lines or the same variety of 
basic raw-material sources. Growth rates in the production of inorganic 
chemicals were moderate: during the 1960s output rose by less than a factor
of 3 (as opposed to one of 6-8 for organic chemicals). In addition, the 
manufacture of inorganic chemicals is characterized by a higher degree of 
concentration and the existence of a restricted number of "established,'firms.

Cost as the decisive pricing factor carries over as well into the 
foreign economic relations of the market economy developed countries. The 
conditions of domestic production in the exporting countries and their 
domestic prices play a central role in determining chemical prices in 
international trade. However, this relationship between domestic production 
conditions (and domestic costs) and the domestic prices based on them, 
on the one hand, and world prices, on the other, is not a direct and 
immediate one, since a number of factors act to set apart national markets 
from the world market, nevertheless, although internal chemical prices, 
reflecting sb they do domestic production conditions in individual, countries, 
do not fully explain the real prices charged in foreign trade transactions, 
they are useful in suggesting how starting levels are fixed and prices

2. 1.2
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evolve in international "trading, inasmuch as domestic bulk wholesale 
prices represent the point of departure in the setting of foreign trade 
prices.

Long-term trends in internal and export prices prove the coincidence 
of their development. According to 10 figures, the average level of 
export prices for chemicals for 1950-1970 has fallen by approximately 
20 per cent, as against 27 per cent rise for all commodities.

Against the background of periodically recurring crises of 
overproduction and increasingly keen competition in international markets 
there has been a greater fall in foreign trade prices for the basic 
petrochemical product groups than in the internal prices of the individual 
countries.

Trade of export prices (1963 = 100)
I960 1965 J268 1969 1970

All goods 89 100 103 103 107 113
Chemicals 120 108 100 94 94 97
Source; Monthly bulletin of statistics for the years in question.

2.1.3 Price control

Pricing in the chemical industry is substantially affected by monopolistic 
regulation of market and price control. The chemical industry is one of the 
most highly monopolized branches of the economy. In the United Kingdom, 
for example, Imperial Chemical Industries accounts for more than 30 per cent 
of the business in this branch, in Italy Montedison for about 40 per cent, 
in Prance Hhone-Poulenc for 30 per cent, while in the Federal Republic of 
Germany the "Big Three" - Hoechst, Bayer and BASF — together control more 
than 60 per cent of the market. At the present time the chemical industry 
is one of the leaders in terms of the number of giant companies.

Far-reaching monopolization is also characteristic of the international 
trade in chemicals. In today* s world, the extent of monopoly control over 
the external market is determined not only by direct export, but also by 
the sales of the companies' foreign production outlets. Taking these 
factors into account, in 1973 the ten largest multinational corporations 
accounted for 70 per cent of world chemical exports. There is ground for 
believing that this is valid for the present.
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The commanding economic position of a limited number of major companies 
provides the objective conditions for temporary agreements in the pursuit 
of concerted market policies» including the area of pricing. During the 
period from I960 to 1972 the average export prices for nitrogen fertilizers 
declined by 25-50 per cent as a result of the sharp reduction in production 
costs and the emergence of a number of new exporting countries. This drop 
in prices would have been even greater were it not for the actions of the 
international nitrogen cartel Nitrex and the Japanese association of 
exporters of this variety of fertilizer. An even higher degree of 
monopolization can be found in the case of the potassium fertilizer market» 
which is shared by a consortium of North American producers and the West 
European potassium syndicate. A similar situation also exists in the 
chronium compound market, which is controlled by four firms. As a result, 
the price structure in both domestic and international chemical trading is 
largely specific in nature, a fact Which is reflected in What is known as 
"price leadership" and also in the relative constancy and uniformity of the 
posted reference prices for chemicals over extended periods. Of all economic 
sectors in the developed countries, throughout the most part of the postwar 
period the chemical industry has occupied the last place in terms of 
frecuency and extent of changes in the posted prices set by the major 
companies. However, at a time of increasing monopoly power, price competition 
has become a less effective instrument than it was before and the compensation 
is carried out mainly in the field of production.

In their studies, economic analysts make much of the fact of the downward 
trend in monopoly prices for chemicals during the postwar period. Analysis 
indicates that in reality these prices have fallen far less than have 
production costs as a result of higher labour productivity. Output per 
worker ( in man-hours) in the United States chemical industry rose from 1948 
to 1968 by a factor of 2.4 (and from 1900 to 1969 by a factor of almost 9) 
in comparison with a 1.8 world average increase for all industry (the figure 
being 4.5 for the period from 1990 to 1969)^» This indicates that there 
waB an increase in monopoly prices in comparison with the dynamics of labour 
productivity and that, through their pricing policies, the major chemical 
companies realized a higher rate of profit.

5/ Chemistry in the Economy, Washington, 1973 pp. 516-518
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2*1*4 Post— 1973 prices
Beginning in 1973-74» "the movement of domestic and foreign-trade 

chemical prices has contrasted starkly with the trends of former periods. 
Everywhere in the chemical markets the distinguishing feature haB "been 
an unprecedently sharp increase in the prices of basic chemicals, intermediate 
and finished products. In 1974 the prices for internationally traded basic 
petrochemical products were three to four times higher than their 1970-1972 
level.

The energy crisis, Which in 1973-74 triggered a sharp rise in the cost 
of fuel and energy for the chemical industry also represented, in a large 
measure, a raw materials crisis, since the bulk of the output of this 
industry is based on oil—and-gas raw material. The increase in the price 
of oil and other energy sources meant that the chemical industry* s raw material 
fuel and energy basis had become more expensive, resulting in a dramatic 
escalation of production costs. In conjunction with a market situation in 
which demand considerably exceeded supply, the end effect was a major rise 
in the price of internationally traded chemicals.

During 1973 and the beginning of 1974» with chemicals in short supply, 
a wide range of prices were offered for the same products. The prices under 
long-term supply arrangements were considerably lower than the prices charged 
for spot deals, small lots of available goods, or goods on immediate delivery. 
For example, in the beginning of 1974» for styrene they were US $ 600 against 
1200*1700 per ton respectively.

However, the peak prices charged at the beginning of 1974 were not 
only a gauge of the true extent of the shortage of chemicals and their 
increased production costs, but were also very largely speculative in 
nature. The rise in prices was greater than might have been expected on the 
basis of the increase in production costs. Beginning in the middle of 1974» 
the improved situation with respect to deliveries of oil—and-gas raw material 
for the chemical industry and the decline in the demand for chemicals by 
the major consumer branches led to a fall away from the -peak prices of 
the beginning of the year. In 1975» export prices for many product types, 
e.g. plastics, had dropped by 15-25 per cent in the Federal Republic of 
Germany and by 18-30 per cent in the United States.



Table 2 .2 Trends of export prices for specific chemical products, oil, naphlha and gas 
(US dollars per ton)

Product 1970 1972 1974 1975 1976 1977 1978 1979 1980

Ethylene 70-90 80-90 260-285 260-330 240-330 295-315 286-370 310-590 410-740
Propylene »»5-90 50-90 185-220 185-200 185-220 185-200 200-230 370-4io 400-420
A m e n  i a 35-50 38-45 135-150 150-230 105-123 100-120 95-110 120-160 140-200
Methanol 60-90 50-70 100-250 100-150 100-130 90-135 120-130 150-175 200-240
Acrylonitrile 250-270 250-270 590-660 1)90-550 480-580 450-560 540-590 590-860 680-750
Glycols 100-190 100-170 340-450 U3O-L70 340-440 330-395 330-340 550-700 600-800
Benzene 58-65 6C-65 315-350 250-300 230-280 CC0-240 245-255 490-560 490-560
KLi.ii- density 
polyethylene

290-37p 270-340 700.-790 615-660 620-680 630-660 580-700 770-1000 950-1200

Loir-density
polyethylene

230-300 250-300 630-71*0 550-600 550-600 500-560 515-560 840-550 980-1150

Polyvinyl chloride
...a/Oil-.
Naphtha^

290-330 220-380 65C-76 0 • 510-570' 520-610 510-580 580-700 840-950 870-1100
13.31 18.19 85.1+1 85.01 * • 91.25 100.72 100.72 102.80
1 6 .0 8 20.02 123.25 109.73 130.69 125.12 146,14

natural gas-3-̂ (for 000 ar) 1 1 .0 5
9.37

12.33
10.81

20.12
18.31

31.02
39.20

36.05
60.39

47.02
64.80

57.20
76.79

66,57
87,16

102^
156

Persian Gulf, Arabian lig h t  (Ras Tannura) 34.0-34-05° APR. 1970—1978 P la t t 's  O il P r ice , Handbook and Oilmanual from 1979, 
, j Platt's Oilgram Price Report.

Europeaa Bulk, Italy.
e/ Export prices of the Netherlands and Canada 
d/ Preliminary figures
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The movement of internationally traded chemical prices in the years 
since that time has been unstable. The gradual revival of demand and 
rallying of chemical prices which began towards the end of 1975 gave way 
in the second half of 1976 to a softening in the prices of many product 
types Which continued through 1977 and the first half of 1978. By the 
middle of 1978 foreign trade prices for essential product types were 
considerably lower than during the first half of 1974» but on the average 
2 to 3 times as high as the 1970-72 level. At the end of 1978 and during 
the first six months of 1979 "the chemical - and, above all, the petrochemical — 
market was marked by a sharp upturn in prices, which was basically the result 
of further substantial increases in the cost of oil and gas and the measures 
introduced by the major chemical companies to regulate production.

By micM979 the foreign trade prices of certain petrochemical products 
had moved beyond the record level of 1974 (aromatics, some types of plastics).

In the second half of 1979» amidst a generally worsening economic 
situation ia the developed countries, market prices for chemicals tended 
to remain stable at the high level attained duriag the first half of the 
year or, in the case of a number of petrochemical products, to decline 
slightly.

In early 1980 higher oil cost caused the rise in prices of petrochemicals 
(an average of 10-15 Per cent). Reflecting the continuation of the economic 
recession in developed countries, prices for petrochemicals began to decrease 
in the second and third quarters, specially spot prices (by 20-40 per cent).
At the end of 1980-beginning 1981 the rise in prices for the majority of 
petrochemicals began to emerge.

2.1.5 Petrochemicals, energy and feedstocks price ratios
The deepening of the energy crisis in the 1970s resulted in the rise 

of the absolute level of chemical production costs, for a variety of 
petrochemical products had risen by a factor of 2-4 over their level at 
the beginning of the 1970s. This nearly caused the same increase in the 
level of prices in the international trade of chemicals. During this same 
period, the price of oil rose by a factor of 8, of naphtha by a factor of 9» 
and of natural gaB by a factor of 5.5-8.2 (the lower figure representing 
the mean export price from the Netherlands, the higher from Canada).
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During the 1970s the price system on the international chemical market 
underwent major changes in the form of both substantive increase in the 
general price level and a considerable acceleration in its rate of growth. 
Along with these changes new proportions in the exchange of chemical products 
for oil and gas began to emerge in international trade.

With oil—andr-gas raw materials rapidly growing more expensive, new 
price ratios came into being in international trading. In 1970» in line 
with the price level of that period, one ton of ethylene — the basic raw 
material of the petrochemical industry - corresponded to approximately six 
tons of oil, five tons of naphta, and 8,000 cubic metres of gas, While the 
equivalent figures for one ton of the most essential plastics were 22 tons,
18 tons and 27»000 m^, respectively. In 1978, one ton of ethylene was 
internationally traded, on the average, for three tons of oil, two tons 
of naphta, and 5» 000 m^ of gas; one ton of plastics bought six tons of oil, 
four tons of naphtha and 9» 000 of gas. What this indicates is that 
new exchange ratios as between chemical products and the principal oil-and—gas 
raw materials have begun to emerge in international trading. These ratios 
are primarily based, in our opinion, on long-term factors Whose effect, is 
to bring energy resource prices into conformity with increasing production 
costs and to take into account the growing shortage of these 1«sources. It 
may be assumed that this process is largely irreversible.



Table 2 .3 JEtohange ratios In the international trading of chemical products and oil and gas raw materials 
in the 1970b , on the basis of the foreign-trade price level
(tons/ thousands of of oil and gas per ton of chemical products)

1970 1978
Product Oil Naphtha Gas Oil Naphtha Gas

Ethylene 5.3-6,8 U.l»-5.5 6.9-8.8 2.8-3.7 1 9-2.5 l».3-5.5
Propylene 3» l»-6.8 2,8-5.6 U.l»-8.8 2 -2.3 l.U-1 .6 3.0-3. h
Arr.onia 2.6-3.8 2.2-3.1 3.1»-k.9 0.9-1.1 0.7-0.8 l.U-1.6
Methanol It.5-6.0 3.7-5.0 5.9-7.8 1.2-1.3 0.8-0.9 1.8-1.9
Acrylonitrile 18.8-20.2 15.5-16.8 2 U.U-2 6.U 5.U-5.9 3.7-U.O 8.1-8.8
Glycols 7.5-lfc.2 6.2-11.8 9.8-18.6 3.3-3.U 2.3-2.3 1».9-5.1
Benzene U.U-U.9 3.6-U.O 5.7-6.U 2.U-2.5 1.7-1.7 3.7-3.8
Vinyl chloride 7.9-11.2 6.5-9-3 1 0.3-11». 7 2.7-3.9 1.8-2.7 U.0-6.0
Polyethylene, 
high-density

2 1.8-2 7 .8 18.0-23.0 28.1»-36.2 5.8-6.9 r U.0-U.8 8.7-10.U

Polyethylene,
low-density

17.3-22.5 lit. 3-18.7 22.5-29.U 5.1-5.5 3.5-3.8 7.7-8.1»

Polyvinyl chloride 21.8-21.8 18.0-20.5 ?8.1»-32.3 5.8-6.9 l».0-lt.6 8.7-10.1»

Source: Author’s calculations based on the movement of the foreign-trade prices of the products in 
question.
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2.2 Prospecta for production cost: and price development
2.2.1. Impact of raw materials and energy on price development.
Pricing in the chemical market is subject to the combined influence 

of a set of interrelated factors. From the point of view of long-range 
price forecasting, critical importance is attached to changes both in 
overall production costs and in their essential components, since these 
costs are directly related to full product cost and act as a price
regulating factor.

It is precisely the reduction in chemical production coats that 
was responsible for the downward trend in the prices of the basic product 
groups in the 1950's and 1960's. As a major price component, production 
costs have a definite effect on the level and movement of prices, with 
which their development trends actually coincide over the long term.

Analysis of the structure of wholesale prices for basic chemical 
products reveals that production costs account for 75-80 per cent of the 
price. Therefore, in price forecasts based on production costs it is 
advisable to take into account their major components: the cost of the
raw materials, fuels and energy investment costs; wages and salaries.
The movement of these indicators - and therefore ultimately the price - 
is subject to the corrective effect of advances in technology and increases 
in labour productivity.

Raw material outlays are the decisive component in the industry's 
production costs, representing 6O-8O per cent of these costs in the manu
facture, for example, of the basic varieties of fertilizers, ^5 -7 5 per cent 
in the manufacture of plastics, and more than 50 per cent in the «anu- 
facture of synthetic fibres. This fact predetermines the high proportion 
of raw material costs in the prices of most chemical products, accounting 
on the average for 50 per cent. Accordingly, the following rule of thumb 
may be used to calculate ttik likely price level on the basis of expendi
tures for raw materials: a chemical's price is approximately double the
cost of the raw materials used to produce it. The list below indicates 
the approximate share of material costa in the total production costs of 
a number of basic chemical products in market economy developed countries 
at the end of the i9 6 0 53 and beginning of the 1 9 7 0's (the figures repre
sent percentages of total costs).
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Ammonia 30-^0
Vitric acid 50-60
Phosphorous 35-i+O
Phosphoric acid 7 0 -7 5

Chlorine 20-25
Hydrogen 7 0 -8 0

Carbamide 6O-6 5

Superphosphate 70-80
Polyethylene :
High-density 1*5 -5 0
Low density 1*8-55

Acrylonitrile 1»0-1*5
Dimethyl terephthalate 50-55
Benzene 50-55
Vinyl chloride 7 0 -8 0

Polyvinyl chloride 70-75 
Styrene 6O-6 5  

Polystyrene 65-70 
Caprolactam 1*5-55 
Titanium dioxide 1*0-50 
Acetylene 70-75 
Butadiene 30-35 
Xsoprene 30-35 
Methyl alcohol 25-30 
Phenol 30-1*0 
Ethanol l*0-l+5 

Maleic anhydride 1*0-1*5 
PhthaH ic anhydride 5 0 -6 0  

Glycerin U0-U5

Acetic acid and anhydride 70-75
The raw material factor plays a particularly important role in the 

costs and prices of mineral fertilizers, synthetic resins and plastics, 
and organic chemicals. For example, for most plastics material consumption 
is greatest during the initial manufacturing stages - the production of 
the intermediate products and monomers, which require 2-U tons of hydro
carbon raw material for every ton of production; in the final production 
phase, monomer consumption is no more than 1-1 .5  tons per ton of plastic. 
Conversely, the raw material factor is less significant in the production 
costs of industrial alcohols, black, certain kinds of synthetic fibres 
(polyacrylonitrile), and some inorganic chemical products (chlorine, 
calcium carbide, etc.).

In the production of intermediate and final chemicals there are 
relatively well established standards for the consumption of raw materials 
so that it is possible to estimate the ratio of raw material costs to 
total production costs. (Annex D).

The chemical industry uses large amounts of heat energy, steam and 
also water for technological processes and cooling. On the whole, raw 
material, fuel and energy outlays represented by far the largest compo
nent of chemical production costs at the beginning of the 1970's (over 
60 per cent). This circumstance takes on special significance in the light 
of the situation with respect to raw materials and fuel at the present.
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Table 2.4 The structure of Stic prediction routs of maci i‘;.o
chf-mical products (in percentages of total production costa)

Product Raw and 
auxiliary 
materials

Fuel and 
energy 
costs

Wages a. 
salaries

Investment coBts 
(depreciation, 
routine repair a. 
eq. maintenance, 
etc.)

Approv, level of produc 
tion costs

end of 60s a. 1977-7$ 
beginning 70s 
(Uis/ton)

Methyl alcohol 27 1-5 10 45 25-35 150-140
Acrylonitrile 45 11 3 40 150-1 90 400-500
Terephthalic acid 60 5 5 25 200-300
Benzene 55 11 3 30 50-70
Ethyl benzene 73 11 4 11 70-90
Styrene 60 20 4 13 120-180
Polystyrene 65 7 4 20 200-220 .
Vinyl chloride 70 7 4 18 120-150 3C0-380
Polyvinyl chloride 70 4 2 18 270-290 5C0-55G
Low density 
polyethylene 48 10 6 30 230-270 550-600
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There is a direct relationship between fluctuations in the prices 
of the oil and gas used as raw materials, fuel and energy sources in 
the chemical industry, on the one hand, and the production costs of raw 
chemicals, intermediate and final products, on the other. Estimates 
that have been made indicate that a ten-per-cent increase in the price 
of ethylene triggers an increase in the production costs of basic petro
chemical products (at plants of comparable capacity) of approximately 
the following order of magnitude: vinyl chloride monomer (assuming a
constant price for hydrogen chloride), 6-7 per cent; polyethylene, up 
to 5 per cent; styrene (in combination with a similar price increase 
for benzene), 6.0 per cent ; and polystyrene, 6-7 per cent. Given a 
ten-per-cent increase in the price of natural gas, the production costs 
of ethane increase by 3-^ per cent, and of ammonia by 5-6 per cent. The 
result of rising prices for oil and gas has been a substantial increase 
in raw material, fuel and electric energy costs in chemical production. 
There has also been a shift in the ratios of the individual cost compo
nents making up the total production cost, with raw materials, fuel and 
energy accounting for an increasingly large share.

The post-war policy of price fixation has led to a disruption of 
the principle of the determinative role of costs with respect to the 
prices of fuel and energy products as a whole, namely: the average level
of production costs for these interchangeable goods (and, on that basis, 
their prices) should be established under the effect of the costs of 
producing a unit of hypothetical fuel depending on the energy content 
of its various varieties and taking into account the possibilities of 
satisfying general energy needs in the future.

The sharp increase in oil priceB in the 1970’s is largely a reflec
tion of the reaffirmation of the principle mentioned above and is basi
cally the result both of the production costs associated with the energy 
sources currently in use and of the expense involved in seeking future 
alternative sources in the light of the lack of easily accessible and 
cheaply workable oil and gas reserves and the non-renewability of these 
resources. At the same time, the effect on prices of the production costs 
of alternative energy sources is acquiring increasing importance. The 
energy crisis has created a problem of how to meet increasing require
ments that will be difficult to solve in the short term. Actually, the
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world faces no energy shortage; what it does face is a lack of developed 
energy resources that are here and now ready for delivery. In the long 
term, the limits of economically exploitable reserves can be expanded 
to keep pace with growing demand. The limiting factors here are not 
the physical size of energy resource reserves, but the costs of their 
extraction and refining. The effect of the introduction of such alter
natives as synthesized liquid fuel from coal, shale and bituminous sand 
will not, in all likelihood, be significant because of the heavy capital 
investments required and the need to solve a number of difficult scien
tific and technical problems. In addition, it is obvious that even when 
alternative raw material and energy resources are developed, this will 
not lead to cheaper oil, since existing estimates indicate that these 
alternative sources will require a very high level of expenditure. For 
this reason there is every reason to expect further increases in average 
production costs per unit of hypothetical fuel, which in turn will tend 
to drive up raw material, fuel and energy costs in the chemical industry.

In response to these sharply increased prices for oil and gas, the 
developed countries have undertaken careful studies of the feasibility 
of using other hydrocarbon sources for the production of chemicals. 
Research is being conducted into the possibility of expanding the out
put of aromatic hydrocarbons, methanol and acetylene from coal, shale 
and the gases released in iron- and steel-making processes. A reversion 
to coal, however, has been found to involve significantly increased 
production costs. In the Federal Republic of Germany, for example, 
production costs for coal-based ammonia have been SO per cent higher 
than when using oil and gas (in respect of the mid-197^ price level).
This is also true of methanol, the production of one ton of vhich requires 
three tons of coal, whereby the raw material costs alone are three to 
four times greater than the total production costs using natural gas at 
a typical plant (having a capacity of 360,00 tons/year); acetylene 
production costs using oil and natural gas are, respectively, 80 and 70 
per cent lower than the same costs using coal. What is more, the exacer
bation of the energy crisis raises the question of the chemical industry's 
priority as a consumer of an oil-and-gas resource, unique in its chemical 
composition, which can be replaced by other sources for the generation 
of energy. Accordingly, it is fair to assume that, despite shortages
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and high prices, oil raid gas vill remain - at least through the 
decade ahead - the chemical industry's basic source of hydrocarbon 
raw material. 6/

Accordingly, changes in the rav material and fuel components in 
chemical production costs will be determined basically by the movement 
of oil and gas prices and vill, for the most part, mirror the changes 
in the price of oil and gas. At the same time, the situation in the 
chemical industry is characterized by relatively stable technological 
standards governing the consumption of rav materials as veil as by a 
direct relationship between fluctuations in the price of the oil and 
gas used as rav materials, fuel and energy, on the one hand, and the 
production costs of basic chemicals, intermediate products and final 
items, on the other.

2.2.2. Impact of investment outlays on prices.
Within the production cost/price structure in the chemical sector, 

investment-related expenditure (depreciation, equipment maintenance and 
repair, property taxes, insurance, etc.) is second only to the rav material 
component. The chemical industry is one of the most capital-intensive 
branches of the economy. For example, the "cost" of a single working 
position at a petrochemical production facility ranges from $20,000 to 
$100,000, one of the highest figures in the industry. j J

In the chemical industry's production cost structure the relative 
importance of depreciation is greatest in those areas that are most 
affected by technological advances. It is generally fair to say that 
depreciation allowance rates and their impact on production costs are 
considerably lower in the production of the basic inorganic chemical 
products than in the manufacture of organic chemicals, plastics, synthetic 
fibres and pharmaceuticals. Depreciation allowances for selected products 
accounted for the following percentages at the beginning of the 1970's 
of total production costs:

6_/ See Chapter IT.
T_/ The Petrochemical Industry. 21 November 1973, p.3, 

see also this chapter.
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Sulphuric acid - 5 per cent 
Phosphoric acid - 10 per cent 
Acetylene - 10 per cent 
Calcium Carbide « 10 per cent 
Yellow phosphorous,

15 per cent
Vinyl chloride - 15-20 per cent 
Acrylonitrile - 25 per cent 
Methyl alcohol - 30 per cent 
Polyacrylonitrile

Superphosphate - 5 per cent 
Butadiene, caprolactam -

hydrogen - 15 per cent 
Ammonia - 12-15 per cent 
Nitrogenous fibre - 25-30 per cent 

Isoprene - 30 per centfertilisers - 10 per cent

The development of new technological processes and products results 
in rapid obsolescence of production facilities. At a time of particularly 
accelerated technological progress the major factor resposible for the 
cyclic renewal of capital is no longer physical wear and tear of the 
equipment, but its obsolescence. Technical factors (corrosion, high 
temperatures and pressure, the need for stricter observance of safety 
procedures etc.) also necessitate « higher rate of depreciation allowance.

The price rises that have taken place for raw materials and fuel 
are having an increasing impact on the prices of chemical equipment and 
the cost of industrial construction in the branch. During the period 
from 1970 to 1977 the prices of chemical equipment, in the United States, 
for example, more than doubled. It is estimated that in the 1960rs they 
will grow by 10 per cent a year.

At the present time, in addition to increases in the price of 
chemical equipment, another category of chemical production costs that 
is steadily gaining in importance is concerned with the avoidance of 
environmental pollution and the elimination of the contamination that 
haa already been allowed to occur. More stringent environmental standards 
for the protection of the biosphere are making necessary additional out
lays for pollution control systems and their maintenance. In turn, this 
is leading to an increase in the proportion of fixed assets that do not 
contribute to increasing production output. The result is a rise, with
in the chemical product cost structure, in the relative importance of 
investment-related expenditure such as depreciation allowances, routine 
repair and maintenance, and the like.
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Capital costs for environmental protection are becoming an 
important price-setting factor affecting not only the structure of 
the products manufactured and the relative costs of production, but 
also the ability of individual countries to compete in the international 
market.

In estimating the changes likely to occur in the relative importance 
of depreciation as a factor in overall chemical production costs, it is 
useful to vork on the realization that depreciation expenses depend on 
chemical equipssent prices and/or on the cost of building nev chemical 
production facilities.

2.2.3. Impact of technological development on prices
Scientific and technological advances in the chemical industries 

of the developed countries, accompanied as they have been by extensive 
process mechanization and automation and increasing labour productivity, 
have brought about a substantial reduction in labour costs per unit of 
production. In the United States, for example, during the period 
19^7-1968, vages and salaries as percentage of the sector's total sales,
i.e. in prices, decreased from 21.2 to 15*9 per cent.

The chemical industry, and especially the petrochemical industry, 
is a typical example of a capital-intensive branch. In as much as labour 
costs per unit of production are low, the effect of rising vages and 
salaries on costs and prices is far' less pronounced than in other indus
tries. This is confirmed by the general trend in the movement of chemical 
prices in the post-var period. Money vage rates in the chemical industry 
have risen rapidly, but prices have fallen.

On the basis of the principal price-setting factors considered in 
this study it is possible to conclude that chemical production costs vill 
continue to rise and that, by and large, prices vill continue their 
upward tend.

At the same time, when predicting the movement of chemical prices 
for the period ahead, consideration must also be given to those factors 
which have a lowering effect on prices. One of the basic factors acting 
in this direction during the entire post-var period has been the industry's 
more than usually rapid scientific and technological advances. In the
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opinion of the leading chemical firms, a substantial modernization of 
technology or the development of radically nev low-cost production 
methods is unlikely in the immediate future. In their view, during the 
next ten years the effect of significant increases in the cost of chemical 
equipment and the building of nev industrial facilities in this industry 
will be that nev plants vill lack any appreciable advantages over old 
ones; the much heavier investment costs required for the erection of 
nev plants of comparable capacity would mean that the chemicals produced 
would have to be sold at higher prices. Moreover, the development of 
low-cost raw materials and fuels for the chemical industry, through the 
possible industrial-scale exploitation of alternative energy sources - 
primarily the gasification of coal - vill be feasible only if there is 
a radical improvement in the technology. The technological processes 
currently available for the gasification of coal afford no economic 
advantages over the use of oil and gas, despite the major increases that 
have occurred in the prices of these products. What is more, even if a 
nev, highly efficient process is developed, within a few years, for the 
production of one or another chemical products, this vould have no 
particular effect on the market for some years thereafter because of the 
impossibility of rapidly replacing the existing equipment and converting 
the branches of industry affected.
2.3 Irreversible trends of price increases

The conclusion suggested by this comprehensive evaluation of the 
effect of the principal factors tending both to raise and to lover prices 
is that chemical production costs vill continue to increase during the 
decade ahead and that, on the whole, price trends in international chemical 
trading vill continue upward. Within this pattern, it is the predicted 
further increases in the cost of oil and other energy sources that vill 
most affect the level and movement of prices.

The result of rising prices for oil and gas in 1970's has been a 
substantial increase in production cost of basic petrochemicals in develo
ped countries. Under these circumstances there is ground to expect that 
in 1980*8 international trade in these commodities vill increase. This 
suggestion is supported by the fact, that in the developed countries 
there is a tendency to close unprofitable plants, substantial decrease 
of export and increase in import. This tendency vill go on further as 
prices for oil and natural gas go up.
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While trying to secure long-term needs in raw materials the 
developed countries are interested in constructing plants near the 
sources of hydrocarbons. The lower production cost of basic petro
chemicals in the developing countries will stimulate production growth, 
considerable part of which will be exported.

In estimating the repercussions which the establishment of chemical 
and petrochemical industries in developing countries may have on the 
world market, it should be noted that these countries are concentrating 
on the production and export primarily of unsophisticated, relatively 
low-cost petrochemical products (basic, intermediate and commodity plas
tics), These countries are for the most part building plants to turn 
out the primary products of basic organic synthesis, but have virtually 
at the present time little plans to establish vertically integrated 
enterprises to produce a full range of petrochemical products.

Meanwhile, the developed countries are emphasizing specialization 
in the production of complex capital- and science-intensive chemical 
products embodying a high degree of processing. The expected large- 
scale production of basic and intermediate petrochemicals in the develo
ping countries, coupled with their limited capabilities to undertake any 
appreciable processing of finished products (particularly speciality 
products) in a new kind of division of labour between developed and 
developing countries only on a higher level of specialization (degree 
of processing), replacing the traditional raw material/manufacturing 
relationship; in fact the pattern that is already emerging suggests that 
the developing countries will remain as a supplier of basic and inter
mediate products for the major chemical companies in much the same vay 
that they formerly performed this function for the industrially developed 
countries in the area of fuels, various metals and other kinds of raw 
materials.

However, such a situation could not assume a permanent character 
and is expected to change in the future with increasing capabilities of 
the developing countries in terms of maturing the operations of petro
chemical technologies and the marketing experience they will acquire. 
Co-operation between developing countries will further enhance their 
situation in the petrochemical industry and establish a new level (higher)
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of division of labour. This dynamic process will continue: the
greater the role of developing countries in the production mastery 
of basic, intermediate and general purpose petrochemical products, 
the farther the degree of specialization of the developed countries 
in high-technology speciality petrochemical products.

2 . k Changing cost structure

World economic trends affect the cost structure and the economics of 
petrochemical production in different ways according to the type of product 
and its place of production. The purpose of this section is to analyse 
how these changes hear on developing countries in particular and their 
ability to enter world markets with competetive export products. The cost 
data developed in this context are used together with transport costs and 
tariff rates to assess the competitivity of new plants built in developing 
countries vis-a-vis their counterparts in traditional centres of petro
chemical activity.

The general trend is for an increase in capital and feedstock cost at 
the expense of other factor inputs. The analysis therefore begins with 
a discussion of investment costs in the different regions for the main 
basic and end products in petrochemicals. This is followed by a study of 
production costs as a whole, their changing structure and the impact of 
changes in the different elements— feedstocks, fuel and energy, by
products, other operating costs and capital charges.

Investment and production cost are analysed in terms of a number of 
plants assumed to be operating at two points in time-— 1980 and 1985. The 
competitive situation is developed for three developed (the U.S. Gulf 
Coast, the Federal Republic of Germany and Japan) and three representative 
developing country locations (Indonesia, Mexico and Qatar). The results are 
presented in annex G (1980) and annex H (1985). Each product is assumed to 
build a 5000,000 t/a ethylene cracker whose output is fed to downstream plants 
shown m  rig.

In the developing countries two feedstocks are considered - ethane and 
a 50*50 ethane-propane mixture. The latter provides by-product propylene 
for a downstream polypropylene plant as a section option.

Alongside these olefin complexes, additional plants to make methanol, 
ammonia (and thence urea) from methane and DMT, TPA and polyester tere- 
phthalate (for fibre production) are also included.
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In many cases, especially in the oil exporting countries, the final 
product capacities shown in Fig. 2.1 vould be far too large for home 
demand. Tlhat starts therefore as a techno-economic problem of exploiting 
a local resource such as associated gas or utilizing by-product streams 
of local refineries quickly evolves into a problem of international market
ing. The implications of this for the developed world and the need to 
find mutually beneficial solutions are discussed in Chapter VI.

2.U.I. Factors leading to increases in investment costs
The cost of building a petrochemical plant depends on time, size and 

geography; all three work against the fledgling petrochemical industry 
in the developing countries.

Against the time factor, there is little to be done— plant costs 
have gone up all over the world at a rate outpacing general inflation and 
will continue to do so. As latecomers, developing countries recognize 
they are entering an industry with new1'and, albeit modem, plant, but they 
have to compete with traditional plant whose unit investment costs may be 
half of theirs or less.

The traditional way to compete with older units is to build large 
plants in order to gain the benefits of scale economies. Developing 
countries, however, often lack the experience either to operate the very 
largest units and/or to take responsibility for marketing the resulting 
product.



Fig. 2 A
MATERIAL FLOWS FOR SELECTED PROCESSES

PRIMARY FEEDSTOCKS INTERMEDIATES FINISHED PRODUCTS

Methane

Salt

Ethane or 
Ethane-propane

Naphtha or 
pyrolysis gasoline

Chlorine 90 000(640000)

^  Ethylene 500000
t/a

Benzene
p-xylene

/.

Propylene
(from ethane-propane only)

t/a (t/a)

________ N'____ -V

--------- >

*  VCM

HDPE

LDPE*

U D P *

Ethylene
oxide

131 000
t/a

-Air

Ethyl
benzene

290 000
t/a

Ethylene
glycol

75 000
t/a

152 000
PVC

75 000
t/a

-------^
t/a

150 000
t/a

-? Styrene
260 000

t/a
■ 7 Polystyrene

SBR

100 000 N.
DMT* t/a PET

85 000
TPA* t/a PET

Poly- 90 000
propylene t/a

90 000
t/a

90 000
t/a

180000 N> Ammonia 430000 Urea 648 000

454 000
t/a —7

Tía----------* t/a

t/a
274000

Methanol 640 000
t/a t/a

2X000
t/a

35 000
t/a

- >  Urea

■> Methanol

- >  VCM

PVC

t/a
------------------------------------------------- >

200 000
t/a

200 000 ------------------------------------------------- >

>  HDPE

LDPE 

or

LLDPE

Ethylene glycol

Polystyrene (crystal grade)

SBR rubber

- >  Polyester (fibre grade)

Polyester (fibre grade)

Polypropylene

Note: Asterisk (*) denotes alternatives.
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Geography too is a fact of life. There are objective differences 
in the design-, procurement-, shipping-, erection- and start-up costs 
for a plant built in most developing countries vs. the industrialized 
countries. It is arguable, however, that the location factors used to 
summarize this difference by comparing overnight plant costs for equal 
size units are often exaggerated and/or out of date.

These three factors, analysed separately below, form the basis for 
the investment cost outlook in the different regions.

2.it.1.1 Impact of inflation

According to one survey in the decade 1970-79, the cost of building 
chemical plants in the United States rose 119 per cent, which is an annual 
rate of 8.5 per cent. Opinions differ as to the precise rate of increase, 
but there is general agreement that in this period chemical plant building 
costs rose substantially faster than the consumer price index, which 
averaged 7.2 per cent annually. Moreover, increased in the past year 
have, if anything, been even greater. Looking ahead. United States 
chemical companies expect cost increases for the next few years to range 
from 8 to 10 per cent annually. Engineering contractors, however, expect 
10 to 20 per cent per year - all in current dollar terms. These higher 
figures from contractors reflect their view that there will be a repeat of 
the 197^ inflation burst in construction costs if demand picks up simul
taneously in several sectors.

This 1973/7*1 rise is evident in the various construction cost indexes 
available for documenting long-term trends. The index established byO /
Stanford Research Institute,—  for example, stood at 360 in mid-1980 
for the United States. This compared to 100 in 1958:

8/ PEP Yearbook 1980, Stanford Research Institute, Zurich.
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Construction cost indexes

,r (mid-year) Index
1958 100
I960 106.4
1965 115.0
1970 143.1
1971 153.8
1972 153.1
1973 173.2
1974 208.2

1975 241.7
1976 251.3
1977 266.8
1978 282.4
1979 314.8
1980 357.3
1981 mom
1982 • # •
1983 • • •

Source: SRI International, Zurich

During the next few years, SRI expects its PEP cost index for the 
United States to rise "by 2 per cent per year in constant dollars. This 
assumes— , conservatively compared to the engineering contractors —  the 
cost of chemical plant construction in current dollars will rise at the 
same rate as the consumer price index, i.e. 10.5 per cent annually. By 
1983»the midpoint in period 1982-84 when most of the construction costs 
will he incurred for any plant due on stream in 1985, this will mean a 
further 35 per cent rise, bringing the index in current dollars to 485.

To convert current dollars to constant dollars a deflator is applied 
based on the expectation that the value of current dollars will fall 
inversely with the rise in the United States GNP. This is estimated at
8.5 per cent for the next five years, effectively reducing the rise in 
the construction cost index to 2 per cent per year. On this basis the 
index would reach 382 in 1983«
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2.U.1.2 Impact of plant size
Economies of scale in petrochemical plant mean that doubling the 

capacity costs less than double the investment. The precise relationship 
is given by a formula of the type:

1^ and Ig are the investment costs for two plants A and B, and 
and Cg are their respective capacities.

The exponent n changes according to plant size but for most 
petrochemical units ranges between 0.6 and 0.8. In practical terms for 
1980 this gives the ranges of capacities arid the unit investment costs 
shown in table 2.5 for three developed and three developing coun
tries.^ (The difference between the two groups reflects the loca
tion factors discussed in the next section.)

This table affords a quick estimate of total investment required to 
reach each stage in the production chain. Total unit investment cost at 
a given stage, e.g. ethylene glycol, are computed by adding the respective 
unit investment costs multiplied by unit feedstock consumption for all the 
plants, e.g. \

T-- is total unit investment to make ethylene glycol: I_. I__ and I__
£Af Jjj EU E l*
are the unit investment costs associated with ethylene, ethylene oxide 
and ethylene glycol units respectively! Yjjj, Y^, are unit feedstock 
consumptions for the ethylene oxide and ethylene glycol plants.

See First World-Wide Study of the Petrochemical Industry, table 
16, page 45 for similar information for 1978. Comparing the two sets of 
data indicates an across-the-board increase of 25 per cent in specific 
investment costs.

where

TEG = IE * YE0 + IE0 * YlEG + IEtJ

where



Tabla 2.5 Installed, coat for petrochemical planta in 1980 
(t/ton/year at 100 par oent load faotor)

Looation
(Looation factor) 

Product

Assonia

Capacity range 
1000 ton/year

U.S. dttlf Coast
( 1. 00)

Installed coat 
range

l/ton/ysar

Federal Republic 
of Gernany 
(1-15)

Installed coat 
range|/ton/year

Japan
(0.90)

Installed cost 
range

l/ton/year

Indonesia
(2. 1)

Installed cost 
ranget/ton/yea»

Mexico
(1-25)

Installed cost 
rangeS/ton/yaar

Qatar
(1.5)

Installed cost 
range

j/ton/year

fron nathnas 300 _ 590 277 _ 313 318 _ 360 249 - 282 581 - 657 346 - 391 415 - 469
fron naphtha 300 - 590 317 - 356 364 - 409 285 - 320 665 - 747 396 - 444 475 - 533

DMT 75 - 300 883 - 1 181 1 015 - 1 358 795 - 1 063 1 854 - 2 480 1 104 - 1 477 1 324 - 1772
Bthyl. bensens 250 - 700 77 - 112 88 - 129 69 - 101 4 C 4  1 V> I - 235 96 - 140 115 - 168
St hy 1 ene-propyIsm if 225 - 680 611 - 802 703 - 922 550 - 722 1 284 - 1 684 764 - 1 002 91? - 1 202

Sthylens-propylensc/butadiens-bsnssns 225 - 680 787 - l 025 905 - 1 179 708 - 923 1 653 - 2 153 984 - 1 262 1 181 - 1 538
Bthylen* glyool 90 - 360 153 - 234 176 - 270 137 - 211 321 - 492 191 - 293 229 - 352
Ethylene oxide 67 - 270 701 - l 006 806 - 1 157 137 - 905 1 472 - 2 112 876 - 1 257 1 052 - 1509
HOPS 50 - 200 478 - 640 550 - 736 431 - 576 1 004 - 1 344 598 - 800 718 - 960

LDPE 50 - 200 692 - 1 000 796 - 1 150 623 - 900 1 453 - 2 100 865 - 1250 1 O GO - 1 500

UDPI 50 - 200 461 - 634 530 - 729 415 - 571 968 - 1 331 576 - 792 691 - 951
Methanol
fron sethern 160 640 206 287 237 - 330 185 - 258 432 - 602 257 - 358 304 - , 430
fron naphtha 160 - 640 225 - 325 258 - 373 2Q2 - 292 472 - 682 281 - 406 337 - 487

Polyethylene
terephthalate (PIT)
fron DHT 22 - 90 828 - 1 178 952 - 1 354 745 - 1 060 1 738 - 2 473 1 034 - 1472 1 242 - 1 767
fron TP1 25 - 100 694 - 1 116 798 - 1 283 625 - 1004 1 457 - 2 344 867 - 1 395 1041 - 1 674

Polypropylens 45 - 180 799 - 1 013 919 - 1 165 719 - 912 1 679 - 2 128 999 - 1 267 1 199 - 1 520

Polystyrene 45 - 180 352 - 486 404 - 560 316 - 438 738 - 1 022 439 - 608 527 - 7 30

PVO 150 - 500 645 993 741 - 1 148 580 - 898 1 354 - 2 096 806 - 1 247 967 - 1497
SBR 35 - 140 856 - 1 331 949 - 1 531 771 - 1 198 1 798 - 2 796 1 070 - 1 664 1 285 - 1997
Styrene 225 - 680 2 15 - 282 247 - 324 193 - 254 451 - 593 268 - 353 322 - 423
Terephthalio sold (TPt) 75 - 300 863 - 1 1117 993 - 1 285 777 - 1005 1 813 - 2 346 1 079 - 1 397 1 295 - 1 676
Urea « 5 - 860 91 - 136 104 - 156 82 - 122 190 - 285 113 - 170 1 3 6 - 204

VCM 180 - 730 311 - 414 357 - 476 28o - 372 653 - 869 388 - 517 466 - 621

I

I

a/ coat per ton ethylene from ethane-propane feedstock 
b/ cost per ton ethylene from naphtha feedstock

104
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Table 2.6

Total unit investment costs for selected petrochemicals 
and intermediates in the United States

Int ermediat e/oroduct
Small Plants

Individual Total . 
plant investment—

Large Plants
Individual Total , 
plant investment—'

%/ton/year $/ton/year 3/ton/year i/ton/year
Ethylene 802b-/ — 611^ —

HDFE 636 1U50 M*8 1094
LDPE 1000 1850 692 13l*0
LLDPE 631* 1377 l*6l 1027
Ethylene oxide 1005 1773 701 1286
Ethylene glycol 23k 1556 153 1112

Ethyl benzene 112 328^ 7T 2U2—^
Styrene 282 658 215 1*93
Polystyrene 1*87 1158 352 855
SBP. • 1331 ll*T8 856 966

DMT Il8l-/ — 00CO «
PET 1178 2919 828 2150

TPA 1117—^ — 865-/ -
PET 1116 2632 69b 1835

Chlorine 661 - 1*51 -
VCM l*ll* 1195 312 875
PVC 998 2000 6k 5 1511*

a/ Including upstream investment
b/ Excludes investment for feedstock extraction plant
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The results for selected end products made in both the largest and 
smallest plants considered are shown in table 2.6. Excluding invest
ment in feedstock extraction units, this shows the spec-ifi" irr’«et.mFr-‘- cost 
for producing final petrochemical products ranges between '*$855 per ton/year 
for polystyrene to $2,150 for fibre-grade polyethylene terephthalate (PET) 
when made in large units throughout. Corresponding figures for small 
production 'units are $1,158 and $2,915 -per ton/^ear respectively. The 
table also demonstrates the relative capital intensity of PVC compared to 
other polyolebines, and the potential advantages offered by linear low- 
density polyethylene over conventional LDPE.

The impact of plant size on production costs is seen in table 2.7 
showing transfer prices associated with 18 petrochemicals made in the 
United States!^ Large plants are assumed to be four times, and medium 
plants twice the size of small units. The differential actually depends 
on where on the scale economies curve the three units lie, but those in 
table 2.7 are considered typical of industrialized country conditions.
On this basis, the difference between the small and large units ranges from 
$24/ton for ethylbenzene— a relatively simple plant, not amenable to large- 
scale economies— to $455Aon where high labour costs can be distributed 
over large throughputs from the large units. This is shown graphically in 
Fig. 2.B which relates transfer prices of the large units to those on the 
smallest. From this, petrochemicals can be seen to fall into four groups:

Group I 
Group II

Group III

Group IV

Products

ethylbenzene, styrene
PVC, VCM, PS, LLDFE, 
HDPE
methanol, PP, ethylene, 
LDPE, ethylene oxide

SBR

Large versus small plants 
$ difference

Less than 4$
7-10J6

13- 16$

19$

10/ Transfer prices include all production c o s t s  nius an allowance of  
25 per cent return on investment assuming an 85 per cent  load factor (see 
Annex I for further details).
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Table 2.7
Impact of plant size on transfer prices 

(United States Gulf Coast)

Product
Small
plant
(100)
t/ton

Medium
plant
(200)
f/ton

Large
plant
(400)
$/ton

DMT 1392 1265 1195
Ethyl benzene 799 788 775
Ethylene-pr opylene^/ 685 613 582

Ethylene-propylene, , 
butadiene-benzene —' 862 772 732
Ethylene glycol 768 740 720
Ethylene oxide 1075 965 902

HDPE 1135 1061 1025
LDPE 1079 979 913
LLDPE 1006 951 915
Methanol 314 288 274
Polyethylene 
terephthalate (PET) 1924 1741 1620

Polypropylene 1067 986 938
Polystyrene 1146 1068 1043
PVC 1130 1090 1043
Styrene 920 893 885

SBR 2368 2079 1913
Terephthalic acid (TPA) 1294 1207 1145

VCM 836 798 769

aj Ethylene price using ethane-propane feedstock 
b/ Ethylene price using naphtha feedstock
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Fig. 2 B
ECONOMIES OF SCALE FOR SELECTED PETROCHEMICALS
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In passing it may "be noted that the relatively nev technology to make 
linear low density polyethylene (LLDPE) is less affected by scale economies 
than LDPE. The explanation lies in the low pressure operating conditions 
for LLDPE, but it means that there is less need to invest in large-scale 
plants in order to complete economically with LDPE units.

The significance of table 2.7 is that most of these differentials are 
large compared to, say, the cost of shipping petrochemicals from a develop
ing location to the nearest industrialized country market. The average
differential in production costs is $13^/ton; this dwarfs, for example,

11/shipping charges for bringing ethylene glycol to Europe at $l6/ton.~
12/2.U.1.3 Location factors—

Location factors were introduced into plant capital cost estimating 
because of the different problems that arise in designing and building 
plants at different locations. Because the differences are greater, their 
main application has been in supplying capital goods to developing countries. 
The petrochemical industry, along with the fertilizer sector, is one of the 
main users of this concept.

In practice several definitions are current?-^ The one used here is 
the simple ratio of fixed investment at a given location (l^) to that of the 
same production unit at a reference location, in this case the United States

This means that if the location factor for a given area is known, plant costs 
can be estimated from those published for the United States. As shown later,

difference in supply, procurement and construction conditions for the 
developing country petrochemical plant.

11/ See table 2.20
12} This section is based on the ideas submitted by SRI International, 

Zurich, to the Gulf Organization for Industrial Consultancy (GOIC). See 
Proceedings, "Construction, Production and Distribution of Petrochemical 
Products", GOIC, Doha, Qatar, October 1979*

1_V Location factors can compare total overnight construction costs, 
total fixed investment, inside battery limits or outside battery limits 
investment costs. Some sources also use location factors as a multiplier to 
go directly from ISBL costs in the United States to total fixed investment 
at another location.

Thus,

it is important, however, for the load factor to represent accurately the
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The ratio is influenced by a large number of factors, of ’-'hich the r.-or 
ones are outlined in annex II. F. Two methods are offered for determining load 
factors— the points system and the detailed analysis method.

In the points system— considered accurate enough for preliminary 
estimates— a number of points (table 2.8 ) are given to each of lU cost 
components in relation to the whole. The effect is to weight each component 
according to its importance in relation to the whole— in this case, the 
total of 100 being taken as the overnight construction cost in the United 
States. Points are assigned (a) to the United States equivalent plant and
(b) to the second country unit— the second country being evaluated each time 
on a favourable-, medium-, and least-favourable case basis. Both costs are 
added up and the ratio of the two totals computed to give the load factor.
An example based on a study for a large petrochemical plant in the Middle 
East is given in annex IlJE.

The detailed analytical approach is used for all studies where the points 
system is generally regarded as not accurate enough, e.g. full feasibility 
studies. For example, whereas the points approach shown in annex IV gives a 
location factor of 1.61 for the Middle East, a more detailed analysis for 
another petrochemical plant showed a value of 1*577* If accepted by the 
buyer, this difference is equivalent to increasing his capital costs by 5.5  
per cent, which on an ethylene plant would raise transfer prices by S15 to 
$25/ton— around half the cost of shipping ethylene to the nearest industrialized 
country market^  Variations in location factors of this amount can easily 
occur in a matter of two years or so. Buyers should therefore ensure that 
accurate, up-to-date information is being used in contractors' computation 
of location factors.

The basis of the analytical approach is that the overall location factor 
is built up from a number of subsidiary location factors for each cost 
component. At a Middle East location, for example, these component location 
factors range from 1.16 to 2.0 for the important components and 1.0 to 4.5 
for the less important. On this basis (see table 2.9) the over-all load 
factor for total fixed investment ranges between 1.18 and 2.1.

The success of the analytical approach depends on the accuracy with 
which these component location factors are determined. They are used in 
stage 5 the following 10-step procedure for estimating overall fixed 
investment costs

Estimated shipping charges for moving ethylend from Qatar to Genoa 
(Southern Europe) and Rotterdam (Northern Europe) are $36 and $43/ton 
respectively. See table 11.5*1*
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Procedure for estimating investment costs 
(detailed analytical approach)

1. Define project - product, process, site, plant capacity and 
load factor.

2. Determine production capacity of equivalent plant in the 
United States.

3. Adjust United States’ overall construction costs using load 
factor differential to give required output and location 
conditions.

4« Break down adjusted United States construction costs into 
1 4 component parts (as per table 2.9).

5• Determine component location factors.

6. Use location factors to convert United States costs to location 
costs item "by item. Consolidate the results to give construction 
cost location factor.

7» Determine impact of plant efficiency on construction costs.

8. Calculate plant cost location factor (construction cost load factor 
x plant efficiency load factor).

9. Add other capitalized costs.

10. Calculate fixed investment location factor.

Source: GOIC

An example of the analytical meiin-i applied to a 320,000 t/a methanol project 
in the Middle East is given in annex II-E.



Table 2.8 Pointe assigned to 14 coat ooaponenta of fixed investment in the pointa weighting system 
for estimating looation faotora for patroohemioal planta

Points assigned
Cost iten United States 

average weighting 
(totali 128.4)

moBt favoured
(total! 173-5)

Developing country conditions 
nediun

(totali 274*0)
least favoured 
(totals 420.5)

Points Hates Pointa Hotes Points Kotea
Prefeasibility study 0 0.5 sisple 1 several alternatives 1*5 several alternatives 

and looations
Feasibility study 0.5 1 simple 2 several markets 3 complex project, many 

markets
Site development 0 0 non* 10 soam infrastructure 30 much infrastructure
Machinery and equipment 
(inol. apara parts) 
delivered plant site

52 72 good aooeas by sea, 
site near harbour

78 some transportation 
problems (inland)

82 transportation
difficulties

Salas taxes, duties, fees 2 2 iaport duty 6 import duty 10 import duty
Installation ̂ 20 22 no restrictions on contractors 30 subcontractore mixed, 

looal/foreign
38 specialized labour 

imported
Buildings* structural 
support

18 20 no restrictions on 
contractors 27 nixed local/foreign 

material, contractors 34 imposed use of looal 
material and contractor 
little competition

Miscellaneous ̂ 2 4 low risk 17 medium risk 30 high risk
Engineering 6 9 wall defined project, 

few special requirs- 
asnts

18 ohangea in design 27 project management 
difficulties, project 
ill-defined

Type of oontraot with 
engineering contractor

0 0 00 et plus a lump sum engineering! 
procurement and oon** 
stmotion on ooat 
plus basis

10 lump sum

Straanfsotor oospared 
to United States

0 0 ratio to United 
States - 1

11 ratio to United 
States > 0 .9

33 ratio to United 
States « 0.8

Cost escalation during / 
oonatruotion

10 15 oonatruotion tine 
as United States

26 oonatruotion time 
aa United States 
+ 1 year

45 construction time as 
United States + 2 
years

Cost of oonatruotion 
financing

10 13 construction time 
as United States

26 oonatruotion time 
as United States 
+ 1 year

47 construction time as 
United States 4- 2 
years

Start-up ooat inol. 
dpeoial training

8 15 trained staff 
available

20 lower staff new 30 all staff new

Total 128.5 1 7 3 .5 274.0 420.5
Location factor 1.00 1.36 2.13 3.27

a/ aa subcontract
b/ including commissions and goodwill 
cj United States = 2 years 

Source! COIC
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Table 2.9

Location factors for cost components 
in the Arabian Gulf (1978)

Cost component Location factor Weighting
Ü.S. ■ 1.00 (Total ■ 120)

Machinery and 1.3 - 1.5 52
equipment at site

Installât ion—^ 1.0 - 1.9 20
Buildings, structural 1.0 - 1.5 18

support a/
Miscellaneous—^ 1.5 - 7.0 k

Engineering 1.5 - fc.O 6

Overnight construction 1.21 - 1.80 100oosts
Provisions for cost 1.21 - U.5 10
escalation

c /Construction financing— 0.6 - 3.5 9
Plant cost 1.1 - 2.0 119

Prefeasibility study 0
Feasibility study 0.5
Site development 0.5
Total costs 1.5 - 3.0 120

Source: GOIC

a/ As subcontract.
b/ Includes commissions and goodwill.
c/ Depends on length of construction time and financing conditions.



-  114 -

2.5 Production costs
The 1970s witnessed major changes in the structure of petrochemical 

production costs. Costs rose overall at rates exceeding the rate of 
inflation, and their structure was radically altered by differing the 
price patterns in the industry's two main cost elements— raw materials 
(feedstock and energy) and capital charges (depreciation and return on 
investment).

Throughout th<= decade developed co u n tr ie s ’ primary raw m ateria ls  (gas 
and naphtha) t y p ic a l ly  accounted f o r  40 to  60 per cent o f  primary p etro 
chem icals and 20 t o  30 per cent f o r  d e r iv a t iv e s ; ca p ita l charges are 25 "to 
35 per cent and 40 to  50 per cen t, r e s p e c t iv e ly . In develop in g  cou n tries  
w ith low primary feedstock  p r ic e s , the cost d is t r ib u t io n  was more h eav ily  
weighted towards ca p ita l charges $

The critical change is the relative growth in feedstock costs^ at 
the expense of all othen. input factors (see table below). This is 
reflected in the petrochemical industry's overwhelming preoccupation with 
feedstock availability and pricing; it is also the main reason why some 
industrialized country producers are turning to co-operation as a key 
element in their development strategy.

These relative movements in raw materials and capital charges, their 
relation to overall production costs, product prices at global inflation 
rate are illustrated by developments in naphtha-based ethylene in Europe:

Changing cost structure for ethylene (1972=100)

yethylene price
y ,

consumer price
yproduction cost
yFeedstock cost
yDepreciation

m i m i 19 8 0

10 0 3 5 0 837

10 0 • • • • • *

10 0 40 4 861

10 0 6 1 0 14 6 5

10 0 1 7 7 215

y, See ta b le  2 .19  
b /  At 10$ /a .

is/ First World-Wide Study on Petrochemical Industry, 1975-2000, 
tables 17, 19.

16/ In practice, naphtha cracker operators work with net feedstock 
costs, but the trend is the same; see table
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The outlook for the 1980s is that both raw materials and capital 
charges will continue to outpace inflation; primary feedstock cost will 
reflect annual rises in oil prices of 4.5 per cent in real terms; 
capital costs will similarly increase 2 per cent annually. This means 
that in general conditions petrochemical producers with direct access 
to low cost raw materials, e.g. natural gas, will be favoured. In the 
case of developing countries such a trend will partially offset higher 
capital charges derived from investment costs ranging from 25 to 110 per 
cent above those in North America)-^

This difference in the relative endowment of some developing 
countries (those with access to primary feedstocks) and developed 
countries (i.e. those with simple capital but facing a deficiency in raw 
materials and energy supplies) constitutes a prima facie case for North- 
South co-operation. The pros and cons of industrial co-operation in 
petrochemicals are discussed in chapter VI. This section attempts 
to quantify the position regarding production costs in the different 
regions. The information also updates corresponding data in the First 
World-Wide Study

Because major new petrochemical production capacities will come on 
stream in the mid-1980s, especially in developing countries, production 
costs are worked out for three industrialized and three developing 
country locations. The data are developed for 1980 and 1985 to show the 
viability of developing country production in those years.

17/ For discussion of location factors applied to developing countries, 
see p. 00.

18/ First World-Wide Study on the Petrochemical Industry, op.cit., pp. 42-59
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On this basis, the following pages shov that, given favourable 
assumptions, a petrochemical industry «as both viable and internationally 
competitive in selected developing country locations even in 1980. Trends 
in torld feedstocks prices, rising world market prices and a relative fall 
in their capital outlays for petrochemical plant vill put them in a more 
favourable position in 1985-

In order to understand the position of new developing country 
producers, production costs are broken down into the following key 
components: feedstock, energy, by-product credit, other direct costs
(utilities, maintenance materials, operating supplies, operating labour, 
maintenance labour and control laboratory), depreciation, other fixed 
charges (plant overhead, taxes and insurance, interest on working capital), 
and general overhead (general and administrative charges, sales and 
R and D). The assumptions and values for each component are discussed 
in the next section; related definitions and the basic methodology are 
set out in (annex II.F). The production cost breakdowns for 18 petrochemical 
product^' are reproduced in (annexes II.G) (for 1980) (and II.H) (for 1985).

Although 18 petrochemicals have been considered, the analysis is 
mainly confined to"two bf the industry's basic building blocks for the present 
and future - ethylene and methanol3 “' Petrochemical producers, especially 
newcomers in developing countries, must be competitive at this stage if 
they are to make serious inroads in international markets with downstream 
products.

Their advantage in low primary feedstock prices is evident from the
impact of rising crude oil prices on the naphtha-based petrochemical
industry in developed countries. When crude prices double, the price of
naphtha in Europe, for example, rises 68 per cent. The effect of this

21/on do m  stream petrochemicals is broadly as follows.—

1£/ For listing of the 18 products, see Tables.
20/ The future for methanol as a chemical feedstock, as opposed to its

fuel and transport uses, is not yet clear. For discussion see Section
p.0 0.

2S[ For a similar set of relationships, see First World-vide Study on the 
Petrochemical Industry 1975-2000 UNIDO/ICIS.8 3, 1978, p.52.
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Product

The effect of doubling crude oil prices 
on Vfest European petrochemical costs

Feedstocks Increase in 
Product cost %

Naphtha crude oil 68.0
Ethylene and 

co-products
naphtha 37.5

Ethylene and 
co-products

gas oil 35.8

Ethylene and 
co-products

ethane-propane (LPG) 36.9

Polyethylene naphtha-based ethylene 16.8

Polypropylene naphtha-based ethylene 16 .2

DMT naphtha-based p-xylene U3.2
Polyester fibre naphtha-based p-xylene 2U.1

Although the above table suggests that the advantages to developing 
country producers with access to low cost liquid and gas feedstocks would 
be greatest at the upstream level, as¡y decision on how far to go down the 
petrochemical chain is more complex, On one hand, shipping charges are 
often higher for primary derivatives such as ethylene and ammonia than

f
for solid finished products like urea, polyethylene and fibres. Against 
this, selling costs and technical service requirements for finished 
products such ac polyethylene impose a severe barrier for new producers*
On the other, petrochemicals may be considered a vehicle for industrialization, 
for which finished products became the starting point of local manufacturing 
operations such as plastics processing.

These questions are taken up in a broad discussion of competitivity
at the end of this chapter. At this point the eim is to compare relative 
production costs in selected developing and developed .countries, and to 
isolate the factors that could change the relative advantages of the two 
regions.
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2.5.1 Key factors determining production cost trends

The long-term trend in the relative cost of producing any particular 
petrochemical at différent locations is influenced mainly "by five factors:

capital cost and related location factor 
working capital requirement 
plant size and choice of process 
feedstock prices 
by-product credits

The impact of changes in these factors on the competitive position of 
petrochemical producers in developing and industrialized countries for 
both 1980 and - in terms of a projection - for 1985, is discussed below.
The overall impact of several changes in these factors occurring 
simultaneously is analysed at the end of the section.

2.5.1.1 Capital cost and location factor
The investment required for 22 products and processes in the 

petrochemical industry at two locations in 1980 is shown in Table 2.10. 
Plant sizes are in the range likely to be considered for export-oriented 
projects in developing countries. In all cases, minimum o f f s i t e s  (ou tside  
battery limits - OSBL) add considerably to the cost of the basic unit 
(inside battery limits - ISEL) - for example, for polypropylene they 
account for U6 per cent of total fixed cost.

For comparison purposes, investment costs for 1985 are computed 
assuming a real rise in both battery limits, investment cost and total 
fixed capital investment of 2 per cenf—  ̂annually for the next five years. 
Similar costs in other industrialised countries will rise at rates 23/reflecting local inflation and exchange rates vis-a-vis the U.S. dollar*-

22/ This is based on an assumed annual rise of plant construction costs 
equal to the consumer price increase, i.e. 10.5 per cent annually.
The value of the current dollar is expected to fall inversely with the 
rise in GUP, i.e. at 8.5 per cent. The difference, 2 per cent p.a., 
is the increase in the cost index at constant 1980 dollars.

23/ Exchange rates reflect market conditions, trade balances and political 
conditions such as investment credit and confidence of world invest
ment in that particular currency.
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BREAKDOWN OF 1980 INVESTMENT COSTS TOR PETROCHEMICAL PROCESSES AT TWO LOCATIONS

O.S. GULP COAST QATAR
Capacity ISBL OSBL Total ■ Working Capital Capacity ISBL OSBL Total Working Capital
1000 t/a

fixed coat % fixed
1000 t/a

fixed cost % fixed
t million 8 million $ million S million cost t million $ million S million t million cost

Ammonia 430 90.2 35-5 125.7 12.4 9-9 430
EMT 100 80.1 30.1 110.2 10.4 9-4 100 120.2 45-2 165.4 11.5 6 .9

Ethyl benzene 2 9 0 18.7 11.9 3 0 .6 23.1 75-5 290 2 8 .0 17.8 45-8 23.8 5 1 . 9

Ethylene from ethane 500 215.3 100.0 315.3 4 6 .6 14.8 500 323.0 150.0 473.0 18.6 3.9
Ethylene from ethane/ 
propane 50 0 236.9 9 0 .2 327.1 43.1 13.2 500 355.3 135.3 490.6 35.0 7.1
Ethylene from naphtha 500 285.7 1 3 5 .5 421.2 130.6 31.0 - — — ...
Ethylene from sea oil 50 0 314.9 148.7 463.6 153.2 33.0 - . . . . —
Ethylene glycol 150 18.2 11.1 29.2 13.0 44.5 15 0 27.2 16.6 43.9 16.4 37-3
Ethylene oxide 131 81.8 26.2 i o 8 . o 11.3 10.5 131 122.6 39.4 162.0 * 11.4 7.0
HDPE 75 23.2 19.0 42.2 7-9 18.7 75 34.8 28.4 63.2 7.0 11.1
LDPE 200 99.0 39.4 138.4 20.2 14.6 200 148.5 59-1 207.6 16.3 7*8
LLBPE 200 59.8 32.9 92.7 18.5 19.9 200 88.9 49-3 138.3 18.4 13-3
Methanol 640 86.5 45.3 131.8 19-4 14.7 6 4O 129.7 67.9 197.7 8 .8 4.4
Polyethylene 
terephthalate (PET) 90 41.0 33-5 74-5 14.6 19.60 90 61.5 5 0 . 2 111.7 2 5 .9 23.3
PP 90 45.2 34.7 79-9 8.2 10.26 90 6 7 .8 52.0 119.8 11.1 9.3
PS 200 4 0 .2 2 8 .9 6 9.I 24.4 35-3 200 60.3 43-4 103.7 26.8 2 5 .8

PVC 75 43-9 21.9 65.9 8.0 12.13 75 66.9 32.8 99-8 13.1 13.1
SBR (rubber) 35 28.1 18.5 46.6 6.2 13.30 35 4 2 . 1 27.7 6 9 .9 7.8 11.1
Styrene 260 41.2 29.1 70.3 30.4 43.24 260 6 1 . 7 43-6 105.4 31.5 2 9 . 9

Terephthalio acid (TPA) 85 68.2 24.3 9 2 .5 9.1 9.84 85 102.3 36.4 138.7 10.9 7.8
Urea 680 35.6 2 8 .0 6 3 .6 12.4 19.50 680 53.4 42.0 95-4 11.3 11.8
VCM 1 5 2 37.1 28.3 65.4 10 6 16.21 152 55-7 42.4 9 8 . 1 12.3 12.5
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Capital charges represent the cost allocations for depreciation and
the expected rate of return on inrestaent. In this study, a plant is

24-/assumed to he -written off in ten years1-' and the internal rate of return 
is either 25 per cent - the normal pre-tax expectation in industrialized 
countries - or 5 per cent. As show helov, some developing country oroduoer 
often need this second option to remain viable under present-day conditions.

As emphasized in the first part of this chapter, the biggest 
disadvantage suffered by developing countries wanting to compete in 
petrochemicals internationally is the high cost of their production plant. 
Often imported or, as in India, equally expensive when made locally, due 
to protective tariffs on competing equipment that is imported, petrochemical 
plants erected and brought on stream in developing count rie s may cost more 
than double plants of the same size at the U.S. Gulf Coast.

These differences are exemplified by the hreakdotxx of investment
cost8 in table 2.10. These data for two locations - the U.S. Gulf1
Coast and Qatar - indicate an average ratio between the two of 1.5, i.e. 
any of these plants will cost 50 per cent more to build in Qatar than in 
the United States. In practice, a grass roots project in many developing 
country locations could cost a great deal more, since, for the purpose of 
this comparison, associated infrastructure developments - access roads, 
railways, port facilities, etc. - are assumed borne independently by the 
State and are therefore excluded.

The importance of this ratio, also know as the location factor, as 
a déterminent of developing country c carpet itivity, cannot be overemphasized. 
A 50 per cent penalty on investment costs means not only 50 per cent higher 
depreciation charges, but also that much higher a principal on which to 
calculate the internal rate of return for the production plant. As the 
following example shows, in an extreme case of a location factor of, say, 
2.1, this can totally offset the advantage of low feedstock prices:

High location factor offsets low feedstock cost
in ethane-baaed production

Location
factor

U.S. Gulf Coast 1.0
Far East 2.1
Source: Annex II.E

Ethylene production cost, $/ton product 
Feedstock Depreciation 25> ROT Other TOTAL

2(tk.h 63.1 185.1 117.3 629.9
30.7 132.U 373.8 103.3 61+0.3

24/ A more liberal depreciation policy allowed in some developing countries' 
accounting systems permits a depreciation rate of 7.5 per cent annually. 
The difference for an ethylene producer could he a saving of up to 6 per 
cent on production cost, see table 2.15.
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In this case, not even -when ethane is priced as low as $25 per ton 
(compared to $215 per ton in the United States) can the producer compete 
if the expected internal rate of return is 25 per cent. Faced with such 
high capital charges, the producer must drop his expectations for return on 
investment - not only to compete in the ■world ethylene market, hut also to 
produce ethylene for downstream units at a price permitting them to 
compete internationally as well.

Another demonstration of the importance of location factor is a 
sensitivity test in which capital costs are increased 10, 20 and 30 per 
cent respectively. The effect of a 20 per cent increase (the equivalent 
of raising Indonesia's load factor to 2.5 instead of 2.1, Qatar's to 1.87 
instead of 1.5 and Mexico's to 1.5 instead of 1.25) is to raise the cost 
of ethylene in developing countries hy between $60 and $100 per ton, i.e. 
13 to 16 per cent. This underlines the importance of ensuring that 
consultants and engineering contractors use up-to-date information for 
computing location factors. A location factor error leading to an increase 
in investment cost of 30 per cent increases the cost of ethylene hy less 
than 10 per cent in the United States and 12 per cent in Japan. In Mexico 
and Indonesia, the equivalent cost increase is 21 and 2h per cent 
respectively:

Impact of variations in fixed cost on 
ethylene production cost (19&0)

U.S.Gulf
Coast Japan Indonesia Mexico

Location factor 1.00 0.90 2.10 1.25
$/t $/t $/t $/t

Ethylene production cost:
Base case 630 7 1*6 6U0 1*1*0
At 10)5 higher fixed cost • • • 77 6 691 1*70
At 20% " • • • 806 7l*2 500
At 30% " • » • 837 . 793 531

Source: Table 2.15
These figures also underline the need for certain developing countries to 
give high priority to infrastructural and other changes that will bring 
down unnecessarily high location factors.

Not ail developing countries are penalized by high location factors, 
and same of those that are high at present could be brought down. 
Infrastructure improvements, better labour skills and increased mecha
nical engineering capacity in South Korea, for example, have, as
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in Japan, brought location factors down below those in the United States. 
In this analysis, it is assumed that progress will be made across the 
board in other countries—  and this is reflected in a 25 per cent 
reduction in the load factor for the calculations carried out for 1985
conditions (see annex III ) :

Location factor
Country 1980 1985
U. S. Gulf Coast 1.00 1 .0 0

F.R.G. 1.15 1 .1 0

Japan 0.90 0.95
Algeria 1.50 1.37
Indonesia 2.10 1.82

Mexico 1.25 1.18

Qatar 1.50 1.37

In practical terms the new location factors would give the 
countries with relatively low location factors, e.g. Mexico with 1.25, 
troadly the same capital costs in 1985 as in 1980. Countries with 
high location factors making a 25 per cent improvement could actually 
pay less in real terms in 1985.

2.5.1.2 Working capital

Working capital requirements, shown in table 2.10 vary 
considerably in their relationship to fixed capital. The practice of 
some engineering contractors, who apply a fixed percentage of fixed 
costs for all locations and processes, e.g. 20 per cent, should 
therefore be questioned. Developing countries are particularly handicapped, 
firstly because their fixed costs are already high due to the location 
factor, and secondly because many developing countries will evolve their 
petrochemical industries on the basis of gas rather than liquid feedstocks, 
for which working capital requirements are inherently higher:

25/ In Indonesia, for example, the fertilizer sector, in contrast to 
petrochemicals, already enjoys a location factor of 1.5 .
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Working capital requirements^* for 
ethane- versus naphtha-based ethylene (19S0)

(capacity 500,000 t/a)
Feedstock

Ethane--^ Uanhtha-^/
$ million $ million

Stores 4.73 • 2.11
Cash 2.36 2.11
Raw material inventory 2.04 6.79
Finished product inventory 5.29 68.87

Accounts receivable 7.05 91.83
Accounts payable -2.91 -41.06

TOTAL 18.56 130.65

Source; annex II.F

a/ For assumptions behind working capital, see annex I 
b/ Qatar conditions 
c/F.R .G. conditions
3/ In some cost accounting systems, raw material inventory is 

considered as zero where gas is supplied by pipeline; see 
text below.

For most other products, a ratio of working to fixed capital is below 
20 per cent for all countries. The exceptions are units in which processing 
is simple, i.e. plant costs are low in relation to high product values.

In most cases, working capital requirements for developing countries 
are slightly below those for developed country locations. Exceptions occur 
where local market prices for raw materials and products mean high inventory 
values for the developing country situation, e.g. for VCM and polyethylene 
terephthalate in the Middle East.

It can also be argued in contrast to the assumptions made for this 
study that with gaseous primary feedstocks and in integrated plants, there 
would be no need for raw material inventory. Whether this accounting 
approach is more typical of a developing than a developed country situation 
could not be ascertained. However, as far as the impact on total production 
costs is concerned, the difference is slight. Whether interest on working 
capital— the actual charge to the product— is taken as 10 per cent or zero, 
as favoured in some developing countries, the difference in ethylene 
production cost, for example, is around 1 per cent for developing countries 
and 1.6 per cent for the United States.
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2.5.1.3 Plant size and choice of process
Products were selected for study on the basis of their suitability 

in terms of raw materials abailable to developing countries in particular. 
The emphasis is thus on olefins and other petrochemicals that can be 
derived from natural gas. Three products with an aromatic base are also 
investigated: polystyrene and intermediates, polyethylene terephthalate
(PET) and intermediates, and styrene-butadiene rubber (SBR).

The influence of plant size on the competitivity of developing 
country production is apparent from the earlier discussion of installed 
costs at different locations (tables 2.5 and 2.6). Developing countries 
can only compete internationally when they build their main upstream plants, 
e.g. ethylene crackers, at something approaching world-scale. World-scale, 
however, reflects the evaluation of demand in developing countries rather 
than the combination of local demand and likely exports in the first few 
years after plant start-up in a developing country.

The difficulty of competing with small-scale units is illustrated by 
the position of such plants in Europe, built in 1980:

Construction for naphtha--based ethylene
plants in Europe (1980)

Plant -size
50,000

t/a
300,000

t/a
500,000

t/a
Fixed cost, $ million 89.8 329.2 379.1
Unit cost, $/t/a
Total prodution cost^ at 

100$ load factor, $/t

1796 1097 758

718.9 621 .9 457.4
Source: Tables 2.18 and 2.19 and Annex II.G

Excludes internal rate of return, general overhead and interest 
on working capital.

Because of the size of the above cost differentials, it has been 
assumed from the outset in this study that export-oriented petrochemical 
production in developing countries would have to start with world-scale 
ethylene crackers, i.e. with a capacity of 500»000 t/a. Mexico and Saudi 
Arabia are two of several developing countries with such plants under 
construction.
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With this starting point, a wide variety of products and downstream 
capacities could be selected. Those for this study are shown in Fig. 2.B.

The processes chosen are generally proven technology for which there 
are already a number of licensees. An exception is made for linear low- 
density polyethylene (LLDPE) which is considered to have good prospects in 
both developed and developing countries within the time period considered in 
this study. No attempt has been made to assess the optimum or more probable 
processes for a given location. However, table 2.11 indicates the likely 
spread of production costs for other technologies or other feedstocks at an 
industrialized country location.

2.5,1,1». Feedstock costs

The importance of feedstock costs for selected petrochemicals is evident 
from table 2.12. In some cases, especially ethylene processes, co-production 
of by-products reduces the effective cost. Ibis relationship is discussed in 
the next section.

Subject to local and seasonal variations, the feedstock prices listed in 
annex II.F (table II.F.2) are considered typical of mid-1980 conditions for 
the industrialized countries. Since they are the largest element in the 
production cost breakdown) an accurate knowledge of feedstock prices is vital 
for assessing the relative competitivity of production at two locations. Again 
using ethylene as an example, errors of + 10 to 30 per cent can lead to major 
cost differences!

The effect of price variations in ethylene feedstocks 
on production costs (1980)

(500,000 t/a)
U.S. Gulf Coast Japan Indonesia Mexico
*/t £ dif. % dif. t/t % dif. 1o dif.

Base case 769 0 746 0 640 0 440 0

Feedstock at:
+ 10 per cent 
- 10 per cent

• • • 629
364 + 15.7 636

644
+ 0.6 433

447 + 1.6

+ 20 per cent 
- 20 per cent

• • • 512
981 + 31.4 634

647 + 1.1 425
454 + 3.3

+ 30 per cent 
- 30 per cent

• • • 394
1098 + 47.2 631

650 + 1.5 418
462 + 5.0

Sourcet table 2.13
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Table 2.11

Product

Chlorine

DMT

Ethyl benzene

Ethylene

Ethylene glycol 
Ethylene oxide 
HOPE 
LDPE

LLDPE

Methanol

Polyethylene 
terephthalate (PET)
Polyethylene 
terephthalate (PET)
Polypropylene

Polystyrene

FVC

Styrene

SSR
TPA

VCM

d_ processes and variations in Irannfor irocesses 
•with alternative teclinolcgies

Variation in 3980 transfer price
Process Selected using alternative technology or

feedstock

electrolysis of sodium ...
chloride in diaphragm cells
successive oxidation and ...
esterification of p-xylene
homogenous liquid phase of -0 .5% (vapour phase process)
benzene
from ethane-propane by 
steam cracking
carbonation of ethylene oxide
air oxidation of ethylene
liquid phase solution process
high pressure, autoclave 
reactor
low pressure gas phase process, 
pelletized product

copper-based catalyst process, 
methane feedstock

from DMT and ethylene glycol

*26% (gas oil feedstock) 
to 26% (naphtha feedstock)
+1055 (hydration process) •
-1155 (oxygen oxidation process)_ „ _ (gasphase vs. liquid.7* to +7. % ph-ise slurry proems) 
-1.555 (tubular reactor)

-055 (granular product)
+UJ5 (low pressure slurry process) 
*6% (solution process)
-0 .5% (medium pressure solution 

process)
+18JS (high pressure process using 

methane)
+2955 (naphtha feedstock, low 

pressure process)

from terephthalic acid (TPA) 
and ethylene glycol
homopolymer via vapour phase 

bulk polymerization to crystal

suspension polymerization

dehydrogenation of ethyl 
benzene
emulsion polymerization 
bromine-promoted air oxidation

+2355 (liquid phase slurry process)
+ll»j5 (homo- and copolymer by 

slurry process)
+30J6 (expandable beads by

suspension polymerization)
+2355 (suspension polymerization 

for high impact pellets)
-l».535 (hulk polymerization)
+855 (emulsion polymerization)
-0.5J5 (hydroperoxide process)

+8)5 (solution polymerization)
-10? (modified process for 

medium purity TPA)
balanced oxychlorination of 
ethylene
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Table 2.12 Feedstock prices, by-product credit, net feedstock cost and capital 
changes in relation to total production coats (1980)

Developed country Developing country
(U.S. Gulf Coast) (Indonesia)

Feedstock 
cost % of 
total-'

By-product 
value %,ot 
totali

Met feed- , 
stock costly 
t of total—'

Capital 
charge2' % 
of total-'

Feedstock 
cost % at 
total"

By-product 
value i,at 
total-

Met feed- , 
stock cost-y 
% of total"

Capital 
charge" Ï 
of total—

Ethylene from: 
ethane 1*1.9 - 9.8 32.1 39.1* It.8 - 2.1 2.7 72.1*
et hane-propane 50.U -15.6 31* .8 1*2.1* 21.0 -13.7 7.3 68.1
naphtha 111*.8 -71*. 9 39.9 1*3.0 - - - -
gas oil 1 2 6 . 0 -95.5 30.5 1*8.6 - - - -
HDPE 51.1* - 51.1* 27.5 1*6.3 - 1*6.3 37.9
LDPE 5T.3 - 1.1* 55.9 29.3 1*7.0 - 1*7.0 39-9
TrT.TVPF 51.7 - 51.7 28.7 1*5.7 - 1*5.7 37.1
ethyl beaezene U6.8 - 1.9 1*1*. 9 2 8 . 1 1*2.0 - 0.2 1*1.8 33.1*
styrene 71*. 5 - 3.9 70.1* 13.6 78. It - 3.3 75.1 17.7
polystyrene 75.3 - 75.3 13.7 77.8 - 77.8 15.7
VCM 31.5 - 31.5 . 18.9 16.1* - 1 6 .1* 29.1
PTC 1*5.6 - 1*5.6 2 8 .2 53.7 - 53.7 31.2
ethylene oxide 52.1* - 52.1* 35.1* 1*0.1* - 1*0.1* 1*5.5
ethylene glycol 75.7 - 0.5 75.2 12.5 8 1 .0 - 0.2 80.8 12.5
DMT 38.9 - 38.9 35.T 1*5.9 - 1*5.9 32.1*
terephthalic
acid(TPA) 32.6 - 1.1 31.5 1*3.8 23.1 23.1 58.3

polyethylene
terephthalate 37.1* - 37.1* 1*0.8 25.5 - 0.9 21*.6 57-5
polypropylene 1*3.3 - 1*3.3 37.2 33.3 - 33.3 1*9.5
SBR 2l*.7 - 2l*.7 1*3-7 16.1 - 1 6 . 1 59.1*
methanol 52.3 - 52.3 29.3 7.5 - 7.5 71*.9
ammonia 1*7-7 - 1*7.7 36.8 5.3 - 5.3 71» .7
urea 57.8 - 57.8 22.9 61*.7 6U.7 27.0

a/ Feedstock less by-product credit; Feedstock at market price for US Gulf Coast, at 5 per cent ROI price for Indonesia
b/ Depreciation at 10 per cent plus ROI at 25 per centc/ Including 25 per cent ROI, 85 per cent load factor; the minus (-) sign indicates a credit 
i f  DMT feedstock 
e/ Methane feedstock
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For ethylene the variations in the industrialized countries are greater 
than are likely in practice because they would he partially compensated by the 
value of by-products (see next section). At the same time, those for the 
developing countries are small by comparison because of the relatively low 
contribution of primary feedstock costs (ethane at $25/ton for example) to 
total production costs.

For downstream products, the feedstock advantage for developing countries 
is not so great. The above data for Japanese ethylene production suggest this 
could be compensated in an integrated complex in which feedstock is provided at a 
30 p*r cent discount. At that rate a downstream products plant could increase 
its relative productivity by up to 40 to 50 per cent. Such discount pricing 
is a key feature in Mexico's development plan for petrochemicals, for example.
It is necessary because, as is shown later (table 2.l6), the market price
of many intermediates in industrialized countries is also well under the 
calculated cost of production assuming a 25 per cent return ofi investment.
This fact would be a major stumbling block for developing countries trying to 
penetrate industrialized country markets unless they too have access to low 
cost intermediates. In this respect using transfer prices calculated to include 
a 5 per cent (instead of 25 per cent) return on investment— the assumption made 
in this study— is an alternative to discount pricing.

Many of the above differences are ironed out in the feedstock prices
predicted for 1985* For this it is assumed that basic petrochemical raw material
prices will escalate at varying rates (table II.F.2 in Annex II.F) consistent with
a real annual rise in crude oil prices of 4«5 per cent. On average, the impact
on petrochemical-based raw materials is a real rise of four per cent annually
in the industrialized countries. This judgement is supported by information26/from public and private sources.—' In developing countries costs are assumed 
to rise by similar amounts unless, as with ethane from associated gas, the 
material is expected to remain in large surplus. Ethane and methane could 
however command a better price in 1985 and for this reason are costed in at 
$100 per ton.

26/  "Estimates o f Petrochemical Costs in 1985", o p .c it . , p.U.»
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2.5,1.5 By-products; availability and pricing
Closely related to feedstock pricing is the value of by-products in the 

local market. By-products play a critical role in petrochemical competitivity 
and they vary considerably in price and availability from location to location. 
The existence of strong refinery sectors in the industrialized countries, for 
example, allows an interchange of by-products with the petrochemical industry—  
refinery gases (ethane-propane), naphtha, gas oil, benzene, p-xlene, as petro
chemical feedstock; residual gas, propylene, C-4 stream, pyroylsis gasoline 
fuel oil, benzene and toluene for the refineries. Conversely where there is no 
local market, the case still for many developing countries, some petrochemical 
feedstocks would have to be imported at high prices while petrochemical by
products may have to be sold or consumed locally at their fuel value. This 
illustrates the importance of industrial strategies in oil exporting developing 
countries that are now developing a refining industry.

In the case of ethylene, a good market for by-products permits a broader 
choice of feedstocks with the addition of naphtha and gas oil. All available 
ethylene feedstocks produce by-products but their importance increases (see 
table 2.4» 13) with feedstock molecular weight. In this context
ethane has several advantages as an ethylene feedstock for developing 
countries without a well-developed refinery industry. The by-product
disposal problem is at a minimum (0.1 ton per ton compared with 1.57 tons 
when using naphtha). In addition ethane, as assumed throughout this study, 
can often be recovered from associated gas at very low cost. If such low 
cost ethane is available, a'developing country using any other feedstock 
would he incurring a deliberate penalty - justified perhaps by local demand 
for more of the by-products, e.g. propylene as the basis for polypropylene 
and motor fuel additives.

TSie ability to absorb or dispose of by-products apart, the optimum 
feedstook at a particular location depends on the relationship between 
feedstock and by-product prices. In 1980 in the United States for example 
the cheapest ethylene was made from ethane/propane, followed by ethane; 
gas oil and naphtha. In Europe and Japan where the availability of ethane
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propane is limited, gas oil would also have given cheaper ethylene than 
naphtha. By 1985 the pattern will change slightly with ethane giving the 
cheapest ethylene in the United States and naphtha the cheapest in Japan:

Ethylene cost in industrialized countries usinp 
different feedstocks
(S/ton, 1980 dollars)

U.S. Gulf Federal. Japan
Coast Republic of

________________ Germany_______________
1980 1985 1980 1985 1980 1985

Ethane 630 721 - - - -
Ethane-pr opane 613 927 - - - -
Naphtha 773 1075 948 1103 746 828

Gas oil 739 939 918 929 580 873

For ethylene producers, especially those in industrialized countries, 
the role of by-products is such that not feedstock price but net feedstock 
cost (feedstock less by-product credit) is the principal concern. As
table 2.12 illustrates, ethylene is exceptional in the olefin chain 
in that net feedstock costs are actually less important than capital costs. 
Seen another way, a drop of 25 per cent in the value of by-products for a 
naphtha cracker in Japan would have increased ethylene costs by 2? per cent
in 1980 (see table 2.13), In developing countries, by-product credits 
generally contribute less than ten per cent to total ethylene production 
costs and are correspondingly less important. Thus, a similar 25 per cent 
drop in by-product credits for an ethylene cracker in Indonesia would have 
raised ethylene costs in 1980 by only two per cent.
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One nonorganic-chemical for which "by-products assume a major role 
is the chlorine needed for VCM and FVC plants. Chlorine production is not 
only size-sensitive hut also greatly influenced by local prices for 
caustic soda:

Chlorine and caustic soda values in chlor-alkali units

Location U.S. Gulf Coast Japan Indonesia Mexico
Plant size 

t/a
92,000 92,000 92,000 640,000 92,000 640,000 640,000

Product : S/t S /t $/t S/t S/t s / t
Caustic
soda

165 309 220 220 115 120 381

Chlorine 408 573 670 351 487 276 66

With chlorine accounting for 19 to 26 per cent of VCM transfer prices, 
the very broad spectrum of chlorine values in, for example, Mexico, 
illustrates the importance of the caustic soda market for the petrochemical 
industry. The main large user is the pulp and paper sector. Its demand for 
caustic soda in some developing countries means that caustic becomes 
the main product, leaving chlorine as a low-price by-product. Conversely, 
where there is little or no demand for caustic soda, the resulting high 
price for chlorine may make production of VCM and PVC completely uneconomic 
as an export product.

2 .5 .1 .6  fig a ct q£.,fagl.Mid energ y

Fuel and electrical energy consumptions for different petrochemicals 
are shown along with other utilities in sanex II.F.3. They constitute a 
significant portion of total production costs only for the following:
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Developed / 
country"^

Developing. / 
country —'

Product Percentage of production cost

Fuel Power Total
ammonia from methane 17.7 neg. 17.7
ammonia from naphtha 
chlorine—^

15.4 neg. 15.4
— 20.0 20.0

ethylene from ethane 14.4 neg. 14.4
methanol from ethane 18.5 neg. 18.5
methanol from naphtha 18.7 neg. 18.7
PVC neg. t .2 7.4

ammonia from methane 2.0 neg. 2.0
chlorine — 13.9 13.9
ethylene from ethane 1.5 neg. 13 «9
methanol from methane 2.7 neg. 2.7
PVC neg. 0.5 0.5

a/ U.S. Gulf Coast 
h/ Indonesia
c/ Small unit, capacity 92,OCX) t/a
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la these products, energy saving process technology is already being 
developed to minimize production costs in an area of generally rising energy 
charges. Whether developing countries should also demand this latest technology 
however bears some discussion« The designs involve further increases in 
capital costs, which, as noted, is often the developing country producer's 
weak point. The plants are also often more difficult to run and require 
highly trained personnel.

In all other products, the impact of fuel and energy on total production 
costs is less than five per cent.

2.5.1.7 Impact of other operating costs

Other operating costal i.e. maintenance materials, operating supplies, 
operating labour, maintenance labour, control laboratory, general overhead, 
plant overhead, taxes and insurance, general administration charges, R + D - 
are often individually mall but as a group they add up to significant shares 
of total production cost. On a medium-size naphtha-based ethylene cracker 
in Europe the three largest-labour, plant overhead for joint services, taxes 
and insurance and interest on working capital-each account for around three 
per cent of total production cost.

Insofar as developing country operating costs are estimated by 
reference to ISBL capital costs, some charges in this category may be 
exaggerated. However, plants in industrialized countries often operate with 
lower maintenance labour and materials charges than those assumed in this 
study. These differences partly compensate one another in competitivity 
comparisons.

2.6 Sensitivity to factor inputs
To determine the relative importance of factor inputs, the ethylene 

cost sensitivity tests already mentioned were applied to nine variables: 
fixed capital, interest on working capital, depreciation, ROI, load faotor, 
feedstock, energy and by-product credit. The results are tabulated in 
table 2.13 for four countries - the United States, Japan, Indonesia and 
Mexico. The United States and Mexico, because of their raw material position 
and long experience in petrochemicals c m  be considered among the best placed 
industrialized and developing country producers respectively. Japan because 
of its poor raw material position and Indonesia because of its high location 
factor disadvantage represent the opposite extreme. Transfer prices at each 
location are compared with a bass case with 85 per cent load factor and 25 per 
cent ROI.



‘Table 2.13 Sensitivity of transfer price to variations in factor inputs ethylene production at four locations, 1980, in US dollars per ton

comer
Feedstock

u.s. CULF COAST 
Ethane

JAPAN
Naphtha

INDONESIA
Ethane

MEXICO
Ethane

Faotor Variation Coat in difference Cost in difference Cost in difference Cost in difference
in per cent US dollars per ton in per cent US dollars per ton in per cent US dollars Der ton in per cent U& dollars 

Der ton in per cent

Base oaae at 25)1 HOI and 630 746 640 440
89j( load faotor

Fixed capital + 10 655 +3 .9 776 +4.0 691 +7.9 470 «¿.e
+ 20 680 +7 . 9 806 +8.2 742 +1 5 .9 500 +13.6
+ 30 70S +11.9 837 +12.2 793 +2 3 .9 531 +20.7

Interest on working capital +0 620 -1.6 705 -5.5 635 -0/8 435 -1.1
Depreciation +7-5 610 -3.2 723 -3.1 600 -6.2 — —

BOI +o Hi 445 -29.4 518 -ЗО.5 266 -5e.5 216 -50.9+5 * 504 -20.0 596 -20.1 375 -41.4 282 -35.9
Depreciation and BOI +0 sJ 382 -39.4 442 -4O.7 134 -79.1 137 -6 8 .9

Load faotor +100 602 -4.5 708 -5.1 597 -6.6 413 -6.1
+65 » 684 +8.5 822 +10.2 726 +13.4 492 +11.8

Feedstock - 30 544 -1 3 .6 394 -47-2 631 -1.5 418 -5 .0- 20 573 -9Л 512 -31.4 634 -1.1 425 -3.3- 10 601 -4.5 629 -li.? £36 -0.6 433 -1 .6
+ 10. 658 +4.5 864 +I5 .7 644 +0.6 447 +1.6+ 20 687 . +9Л 981 +З1 .4 647 +1.1 454 +3.3
+ 30 715 +13.6 1098 +47.2 650 +1 . 5 462 ♦5 .0

Energy - 20 611 -3 .1 746 — 638 -0.4 438 -0.4
+ 20 649 ♦3.0 746 — 642 +0.4 442 +0.4

By-product oredit - 25 646 +2.5 950 +27.3 644 +2.1 442 +0 .4
+ 25 614 -2.5 542 -21.1 637 -2.1 437 -0.7

ь/ let coat of production at 100jt load factor
b/ Mt cost of production at load faotor

о/ Gaah coat of produotion
d/ let ooat of produotion« 255t HOI, 100JÌ load factor

sj let coat of production, 25jt BOI, 
655t load factor

114
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Arbitrarily defining +• 10 per cent as an important difference at the 
point of production, capital and capital-related charges are seen to be 
significant at nearly all locations. Dropping HOI expectations from 25 per 
cent,the norm in industrialized countries,to zero or five per cent (acceptable 
in some developing countries is seen to cut ethylene costs by between 35 per 
cent and 60 per cent in developing countries.) The impact is less in an 
industrialized country like the United States because capital costs are less 
important in the total picture. Japan lies between the two because capital 
costs of naphtha crackers sure higher than for ethane crackers.

In addition to location factors for developing countries and by-products 
for liquid based crackers in industrialized countries, table 2.13 
the importance of quickly reaching high load factors in petrochemical Droduction. 
Continuous production at 65 per cent of capacity increases production costs 
by ten per cent to fourteen par cent in Indonesia, Japan and Mexico.

Of generally less significance in determining international competitive.ty 
are variations in fixed capital requirements in industrialized countries, and- 
in all countries-operation at 100 per cent (versus 85 per cent) load factor, 
interest an working capital, energy costs in the range + 20 per cent and a 
polipy decision to drop depreciation rates from 10 to 7*5 per cent.

In reality, of course, competitivity would be subject to variations 
in several input factors simultaneously. A special case is where, for 
sales reasons, producers set prices for small lots at their cash cost of 
production with both depreciation and ROI set at zero. Because of their low 
feedstock costs, developing country producers are in a better position in 
this regard than industrialized country competitors. According to table 2.13, 
Indonesia, for example, could sell ethylene in small quantities at a price of 
|134/t, an effective discount of 80 per cent. On the same basis the United 
States producers can come down only to a cash cost of $519* & discount of 
32 per cent.

Many input factors are not, however, under the producers' direct
control. The combined detrimental effect of four variables__increased
feedstock and energy prices, by-product credit values and operation at 65 

per cent load factor could severely influence the production costs for a* 
badly-positioned maphtha—based producer in Europe vis-a-vis a competing 
producer in the Middle East.



-  1 3 6  -

2.7 Production costs; coapetjtlyity 

2*7«1 Compotitivi-ty in I960
From the foregoing it is clear that the ability of developing country 

producers to . manufacture petrochemicals more cheaply than their industrialized 
country competitors depends on the particular set of local operating 
conditions. In the folloving analysis the following basic assumptions are 
made:

Developing country producers:

- Have access to low cost primary raw materials - methane and ethane 
at $25/ton;

- Buy and sell intermediates and finished products at transfer
prices calculated to include 5 per cent ROI, (i.e. in integrated plants)

- Buy other materials either at notional market prices calculated 
at 1.25 x United States prices (for imported materials) or at 
the nearest industrial market price less shipping costs and less 
a further 25 per cent.

Industrialized country producers:

- Buy all raw materials and intermediates at prevailing market 
prices;

r—  Sell finished products at transfer prices calculated with 25 per cent 
ROI.

On this - admittedly favourable basis for developing countries - 
developing country producers are seen to be potentially competitive with lower 
production costs than those in the nearest industrialized country market in 
nearly every product (table 2.1b). Exceptions are ethylene glycol and 
fibre grade PET in Indonesia and PYC and fibre grade PET in Qatar. As already 
noted, the economics of PVC production are determined mainly by plant size 
and the local price for byproduct caustic soda in the associated chior-alkali 
unit. In Qatar, calculated chlorine transfer prices range from $18U to $U87/ton. 
Transfer prices for VCM and PVC were calculated using chlorine at $275/ton made 
on a 92,000 T/A chlor-alkali unit with a byproduct credit of $l85/T for caustic 
soda.
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Table 2.14 Calculated, production cost—  ̂for selected petrochemicals( $/t _ 1 9 g 0)

U.S. Gulf 
Coast FRG Japan Indonesia Mexico Qatar

Feedstock price calculated 25% 25% 25% 5% 555 ■ 555to include: RQ1 R01 R01 R01 R01 £/ R01
$/t $/t $/t $/t $/t $/t

Ammonia—^ 31T£/ 31,52/ 375&/ 195 126 151
DMT 1265 1H17 157h 1178 8*2 928
Ethyl benzene 782 978 1168 680 556 618

Ethylene^ 630 - - 375 282 290
Ethylene - propylene^ 613 - - *37 315 360

Ethylene - propylene -
butadiene - benzine e/ 773 9U8 7k6 -
Ethylene glycol 739 919 1053 1107 708 8*6
Ethylene oxide 965 1282 1287 905 581 695
EDPE 106l 1380 1*79 886 625 737
LDPE 979 1295 1367 8h9 5*0 658

LLDPE 951 12h3 1311 8*8 606 710
Methanol 288 313 352 136 93 111
PET^ 1773 1808 2157 2592 1759 2235
PP 986 1129 1283 1112 727 9**
PS 1068 1262 lh7h 1185 77* 1051
PVC 1090 1311 1*73 1699 796 13*3
SBR 2079 2286 2335 1856 1255 1671

Styrene 893 1069 1231 938 60* 831

TPA 1207 1381 1389 1201 876 972
Urea 169 197 3^9 168 109 13*
VCM 798 996 10*8 902 6*7 639

a/ At 85Î load feedstock.
b/ Methane feedstock at current market price.
c/ Ethylene production cost with ethane feedstock at current market price, 
d/ Ethylene production cost with ethane-propsà# feedstock at current market price. 
ej Ethylene production cost with naphtha feedstock at current market price. 
tj DMT feedstock.
¡J Based on ethylene at current market price: $230/t.
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The number of products developing countries could sell in industria
lized country markets in 1980 at prices that included a return of 
25 per cent on their investment was far smaller than indicated in 
table 2 .1 5. Indonesia’s high capital charges only permitted this high 
rate of return on exports to Japan in the case of smonia, ethylene, HDPE, 
LLDPE, methanol and urea. Quatar to Europe would add DMT, ethylbenzene, 
ethylene oxide, LDPE, TPA and VCM; Mexico to the United States would 
increase this list with PP, PS, styrene and TPA. None of the developing 
countries could sell either ethylene glycol or PET or SBR so profitably.

The above conclusions are summarized in table 2.15. While it may 
be concluded that for the three developing countries studied, their profit
able sales in 19 out of 5? possible combinations of products and markets 
at 25 per cent ROI transfer prices, and Uo out of 57 with 5 per cent ROI 
or more transfer prices indicate grounds for optimism, the reality facing 
these would-be exporters to industrialized markets is otherwise. The range 
of market prices below which they must land their export products - taking 
into consideration transport, tariffs, local expenses and other costs 
derived from other obstacles to entering the market - is in many cases far 
lower than their local competitors calculated transfer price assuming 
25 per cent ROI (see table 2.16). In other words in 1980 the petrochemical 
industry in industrialized country markets was vastly underpriced. Only 
for five products in the United States, three in Europe and seven in Japan 
did calculated production costs indicate a better than 25 per cent return 
on investment. Even more important for the future health of the industry 
in these countries is the long list of petrochemicals in each market that 
were apparently sold at a negative return on investment:

Petrochemicals being sold at low profitability in 
industrialized country markets a/, in 1980

Market Low profitability products
United States ammonia, DMT, ethylbenzene, ethylene, 

methanol, PET, PVC, SPR, styrene, TPA, VCM.

Federal Republic of 
Germany

ammonia, DMT, ethylene glycol, ethylene oxide, 
methanol, PVC, SPR, styrene, 'PT-A, VCM.

Japan DMT, ethylene glycol, PET, PVC, SPR, TPA, VCM.

a/ With less than zero apparent return on investment.



Table 2. t«i COMPETmvrof OP DCTBLOPItTO CODOTRY PETROCHEMICAL PRODUCERS IS NEAREST INDUSTRIALIZED COUWPRY EXPORT MARKETS - 1980
(production cost compared to market prices)

Supplier (market) Indonesia (to Japan) Mexico (to United States) Qatar (to Surope)

Feedstock at special or 
market price

at price includ
ing 25% ROI

at price includ
ing 5% SOI

at-sp ecia l or at price inolud- 
market price ing 25% ROI

at price includ
ing 5% ROI

at special or 
market price

at price includ
ing 25% ROI

at price includ
ing 5% ROI

Export price: F.O.B. export prices potentially competitive at: F.O.B. export prices potentially  competitive at: F.O.B. export prices potentially competitive at:
25% ROI 5% HOI 25% ROI 5% ROI 25% ROI 5% ROI 25% SOI 5% ROI 25% ROI 5% ROI •25% ROI 5% ROI 25% ROI 5% ROI 25% ROI 5% ROI 25% ROI 5% ROI

Ammonia yes yes - - - no yes - - - - no yes - - - -
DMT - - no no no no - - no no no no - - no no no no
Ethyls benzene •. • . . . ... e e • ... ... - - yes yeB yea yes - - no yes yes yes

Ethylene yes yes - - - - yes yes - - - - yes yes - - - -
Ethylene glycol - - no no no no - - no no no yes - - no no no no
Ethylene oxide - - no no no yes - - no yes yes yes - - no yes no yes
HDFE - - yes yes yes yes - - yes yes yes yes - - no yes yee yes
L.DPE - - no yes yes yes - - yes yes yes yes - - yea yes yes yes
LLDPE - - - yes yes yes - - yes yes yes yes - - yes yes yes yea i
Methanol yes yeB - - - - yes yes - - - - yes yes - - - " &
Polyethylene

terephthalate - - no no no no - - no no no no - - no no no no 1

Polypropylene no yes - - - - yes yes - - - - no yes - - - -
Polystyrene - - no no yes yes - - yes yes yes yes - - no yes yes yes

PVC - - no no no no - - no no no no - - no no no no

SBH - - no no no no - - no no no yes - - yes yes yes yes
Styrene - - no yea yes yes - - no no yes yee - - no no yes yes
Terephthalic acid - - ... • • * ... ... - - no no no no - - no no no no
Urea - - yes yes yes yes - - yes yes yes yes - - no yes yee yes
VCM - - no no no yea - - no yes yes yee - no no no no
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Although these negative rates of return suggests an apparent loss, in
reality vhat industrialized country producers are experiencing is a period 
of low profitability, for which there are two causes. Firstly, prices are 
too low in the sense they do not Justify new investment. Private industry 
only invests when there is at least an expectation of higher prices to justify 
operating plants with the latest, i.e. high capital charges. Such expecta
tions are hard to find in industrialized country markets at present and, as 
the next chapter shows, there is a consequent dearth of investment.

At the same time, prices for most petrochemicals in all three industrialized 
countries reflect the oligopolistic nature of those markets. Prices are not 
based on the free interplay of supply and demand because in most products there 
are too few independent producers. This is evident from the following table:

Petrochemical producers in developed countries

Olefins Benzene Xylenes

Western Europe 26 21 10
Japan 11 20 3
United States kl 37 15

In addition there are often very strong ties between these petrochemical 
producers and the local oil refining industry. In Europe it 7 per cent of the top 
31* petrochemical firms are back-integrated into oil refining. Back integration 
is less of a feature in Japan, but the number of producers is relatively smaller.
In the United States the number of producers is larger and the degree of back 
integration is lower. Nevertheless in the olefins group, there are only 25 
ethylene producers, 17 propylene manufacturers (mostly oil companies), and 
five butadiene suppliers.

Price setting in oligopolistic markets is exemplified by the approach of 
United States ethylene producers. As in this study, they calculate both their 
own and all their competitor's transfer prices by combining present day feedstock 
and other direct costs with capital charges based on overnight construction costs. 
This results in high transfer prices because - in a period of rising capital cost - 
capital charges that would not apply for two or three years (until a plant ordered
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today was built and running) are added to current raw materials and other charges. 
In a sellers market the contract prices actually negotiated are broadly at a level 
of the second or third most •expensive producer. However even that producer 
operates at a lower real cost of production since his plant incurs historic 
capital charges - not overnight ones. Hence all producers in an oligopolistic 
market should make some profit. Conversely in a buyer Is market - the case for 
practically all petrochemicals at present - prices drop to lower levels leaving 
marginal producers without profit and all producers with no immediate incentive 
to increase capacity. A buyer's market can occur, it should be noted, because 
of a fall in demand or because of an increase in supply - for example as imports, 
low ammonia prices in the United States reflect low cost imports from the USSR, 
Trinidad and Mexico, for example. In these circumstances, as noted above, 
producers only re-invest when they believe immediate real price rises will 
Justify it.

The implications for prospective petrochemical producers in developing 
countries is that they, like the local producers in each industrialized country 
market, face a prolonged period of low intermediate prices. However prices will 
probably rise in real terms in the next five years; developing country producers 
can therefore expect gradually rising returns from their exports to these markets.

The second broad conclusion evident from this analysis of manufacturing costs 
is that at current feedstock prices certain processes are clearly more economical 
than others:

- Ammonia from methane is IT to 20 per cent cheaper than from 
naphtha in industrialized countries; similar savings accrue 
with methane versus naphtha based methanol.

- Ethylene from ethane-propane is 2 to 3 per cent cheaper than 
from ethane in the United States; in developing countries 
where propane has a high opportunity cost as exported LPG, 
ethane-base ethylene is 8 to lU per cent cheaper than from 
ethane propane.

- Liquid feedstocks (gas oil and naphtha) for ethylene are around pQ /
20 per cent more expensive than ethane propane in the Unitcu States.

27J  These calculations are necessarily simplified. In reality companies use 
accounting techniques such as DCF to determine medium-term profitability and 
return on investment over the life of prospective new plants.

28/ Similar savings should be available to European producers with access to 
ethane or ethane propane from the proposed North Sea gas gathering pipeline =•
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Table 2.16 Calculated •production costs —  compared to local market prices
for •petrochemicals - summary results 

($/ton - 1980)

U.S. GULF COAST
FEDERAL 
REPUBLIC 
OF GERMANY

JAPAN MEXICO

Produc
tion
cost

- Market 
price

Product- Market 
tion price 
cost

Produc
tion
cost

Market
price

Produc
tion
cost

Market
price

Ammonia —^ 31T 172 3U5 201 375 591 199 66
m s 1265 705 1U17 675 157»* 1020 1171 -
Ethyl benzene 782 66l 978 75U 1168 • • • 589 -
Ethylene — 630 529 - 75U - 86U 1*90 25U
Ethylene-» propylene — 613 529 - 75U — 86U 1*79 251*
Ethylene—propylene— e/ 
butadiene-benzene 773 529 9U8 75U 7U6 861* 25l*
Ethylene glycol 739 750 919 7l»3 1053 908 919
Ethylene oxide 965 860 1222 9U8 1287 lll*0 997
HDFE 1061 918 1380 1180 1U79 1U80 988
LDPE 979 1030 1295 1190 1367 1290 958
LLDPE 951 1030 12^3 1190 1311 1290 925
Methanol 2§8 238 313 223 352 1*92 11» 5 l6l
Polyethylene , 
terephthalate (FET) —' 1773 1260 1808 1830 2157 I960 2262

PP 986 10U0 1129 1010 1283 1U10 733
PS 1068 1010 1262 1350 1U7U 11*30 911
FTC 1090 781 1311 8 3 lU73 928 ll»97
SBB (rubber) 2079 1260 2286 1200 2335 1570 1598
Styrene 893 787 IO69 937 1231 1200 861
Terephthalic acid (TPA) 1207 772 1381 902 1389 I960 1158
Urea 169 176 197 2l6 3h9 397 98
VCM 798 U85 996 6ll 10U8 908 858 Ull

a/ Based on 85 per cent load factor, 25 per cent ROI
b/ Methane feedstock
cj Ethylene cost using ethane feedstock
d/ Ethylene production cost with ethane-propane feedstock at current market price 
e/ Ethylene production coat with naphtha feedstock at current market price 
f/ DMT feedstock at current market price
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Low pressure technology for making LLDPE is seen to he some 
3 per cent cheaper per tonne of polymer across the hoard 
compared to LDPE.
Polyethylene terephthalate (PET) is 11 to 12 per cent cheaper 
using terephthalic acid (TPD) in developing countries and 3 to 
6 per cent cheaper in Japan and the United States compared to 
the DMT route. Low DMT prices in the Federal Republic of Germany 
give a 5 to 6 per cent saving the other way in Europe.
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2.7*2. Competitivity in 1985

One possible scenario for 1985 is represented by table 2.17.
The assumption is that between now and 1985 market prices in industrialized 
country markets will rise to give producers there something approaching their 
desired 25 per cent ROI. Along with other assumptions concerning the relative 
rise of feedstock and capital, charges discussed earlier in this chapter and 
this shows an across-the-board improvement in thecompetitive position of all 
dev||o^ing country producers compared to 1980 (table 2.15. Both Qatar and Mexico 
able to profitably market the complete range of petrochemicals with both selling 
and transfer prices based on a 25 per cent ROI. This is despite a four-fold 
increase in the price of ethane and methane (arbitrarily assumed to reach 
$100/tons by 1985 for local industry). Indonesia, still suffering from high,, 
although reduced, location factors would be profitable at export prices based 
on a 5 per cent ROI in the case of ethylene oxide, LDPE, LLDPE, PET, PVC and 
TPA. Ethylene glycol would be exported only on the basis of an ethylene transfer 
price with a 5 per cent ROI.

This means that if world market prices rise to a point where new investment 
is Justified in the industrialized country markets, developing countries could 
compete in their nearest industrialized country with U8 out of 57 product-market 
combinations with a 25 per cent ROI throughout and 57 out of 57 with export 
prices offering producers a 5 per cent return. At the higher ROI price level 
this represents a 150 per cent improvement of their position in 1980.

It can of course be argued that the construction of additional capacity by 
the developing countries and its use to supply the three industrialized country 
markets will prevent prices rising to levels permitting new investment in these 
markets. In practice, as chapter I makes clear, developing country production 
capacity in relation to world capacity will still be small in most petrochemical 
products. Their impact on world trade would be equally slight. Only in two 
product areas will developing country producers capture substantial portions of 
world output - ammonia and methanol. In both cases the advantages of low cost 
feedstock are so overwhelming, developing countries can produce and ship economically 
at far lower prices than the industrialised country market is ever likely to reach.



Table 2.17 COMPETITIVITI OF PEWELOPIIIQ COUMTHT PBIBOCHBIICAL PBODUCEBS I» IBDUSTBULIZED COUHTBY EIPOBT MARKETS -1985

Supplier (market) Indonesia (to Japan) Mexico (to United States) Qatar (to Europa)
Pasdutocki at speoial or 

market price
at price includ
ine 2^ HOI

at price includ
ine; %  BOI

at special or 
market prioe

at prioe includ
ing 25* BOI

at prioa includ
ing 5* BOI

at speoial or 
market price

at price includ
ing 2# BOI

at price includ
ing 5* HOI

P.O.B. exporta potentially cô ietitive ati P.O.B. exporte potentially compétitive at; P.O.B. exports potentially competitive at:
25* BOI 5* *01 23t BOI %  BOI 2%  BOI at BOI 25* BOI 5# BOI 2556 HOI at boi 2# BOI at hoi 2at BOI at hoi 25* BOI 5* BOI 25* BOI %  801

Ammonia yea yes - - - - yes yes - - - - yes yes - - - -
ONT - - no yea - - - - yes yea yes yos - - yes yes yes yea
Ethyl beasene - - yea yea yea yea - - yes yes yes yea - - yes yes yes yes
Ethylene yes yes - - - - yea yee - - - - yes yaa - - - -
Ethylene glyool - - 210 no ... « • • - - J»a yee ye* yes - - yea yes yes yes
Ethylene oxide - - no yea ye» yea - - yea yea yea yea - - yes yes yes yes
HOPS - - yea yea yss yee - - yss yea yes yea - - yea yes yes yes •
LDPE - - no yea yes yee - - yee yea yea yea - - yes yes yss yes VJI
LUPE - - no yea yes yee - - yea yes yes yea - - yes yes yes yes
Methanol yen yes - - - - yes yea - - - - yaa yes - - - -

Polyethyleneterephthalnte - - no no ... sea - - yes yes yes yes - - yea yss yes yes
Polypropylene no yos - - - - yes yea - - - - yes yes - - - -
Polystyrène - - yes yes yes yes - - yee yes yes yea - - yes yss yes yes
PVC - - no yes yes yea - - yes yss yea yes - - yes yee yes yea
SBB - - yes yes yes yes - - yes yea yes yes - - yes yes yes yes
Styrene - - yes yea yes yss - - yss yes yes yes - - yes yes yes yea
Terephthelic acid - - no yaa yes yss - - yes yea yes yes - - yes yes yes yes
Urea - - yes yss yes yaa - - yea yes yee yee - - yes yes yea ye 8
VCM ” yes yea yss yea *• yes yes yes yea • yos yes yes yes
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2.8 Changing structure of production costs
The main change in the structure of petrochemical production costs

anticipated for the 1930s is a further increase in the importance of
feedstocks at the expense of capital charges. This general trend will be
enhanced by technology improvements that increase nrodwr'-*- yields and
■’H o w  milder, and therefore lower cost, processing conditions (see below).
On average petrochemical raw materials— ethane, naohtha etc.— are expteced

2.9 /to rise in price at a rate of around four per cent—' compared to two per 
cent for investment costs. This differential is of course diluted with eaoh= 
step down the petrochemical chain, but it essentially works in favour of 
developing countries, for nearly all of whom high capital costs are a major 
hurdle in their attempts to enter world markets.

The extent of the change depends not only on the product and processes 
used but also on the age and size structure of plant in a particular industry. 
In the case of a small (50.000 t/a) naphtha cracker for ethylene in Europe 
(see table 2.18), a plant built in 1972 would have had a cost structure 
in which 80 per cent of production costs were accounted for by depreciation 
charges. Because by-product credit exceeded the cost of naphtha, net 
feedstock cost at start up was -8.6 per cent. The feedstock/capital charge 
retio already reversed in 1977 and the importance of capital charges continued 
to decline over the life of such a plant, finally vanishing altogether when 
it was fully amortized after ten years. An identical trend is seen for a 
large (300,000 t/a) unit except that capital charges are relatively lower due 
to scale economies (table 2.19)32/ For both units, the proportion of
total production costs (excluding HOI, interest on working capital and 
general overheads) allocated to capital and net feedstocks is summarized 
as follows:

29/ See chapter IV.
30/ Tables 2.18 and 2.19 imply that, because of their lower depreciation 

charges, older units are always more economic. However, this analysis 
takes no account of technology improvements that— plant size apart—  
could be included in new units, but may be difficult to apply to existing 
plants without extensive reinvestment. Production costs on new units 
could therefore be lower due to improved yields, lower utilities and 
catalyst consumption, reduced manning and less maintenance.
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Table 2.18 Cost of naphtha-based ethylene in Europe 
(Capacity: 50 000 t/a current $)

1972 1977 1980 1985
1972
unit

new
unit

1972
unit

1977
unit

new
unit

1972
unit

1977
unit

I960
unit

new
unit

Fixed capital cost, 
$ million 1*3.7 >*3.7 7 7 .5 1*3.7 7 7 .5 89.8 1*3.7 77.5 89.8 137.09
Manufacturing cost, 
$/ton:
raw materials
bi-product
utilities

70.5
-79.9
3.6

1*30.0
-283.0

7.3
U30.0
-283.0

7 .3

1033.1*
-625.7

6.8
1033.1*
-625.7

6.8
1033.1+
-625.7

6.8
2121.1
-129 9 .7

10.9

2121.1
-1299.7

10.9

2121.1
-1299.7

10.9
2121.1
-299-7
10.9

Catalyst and 
chemicals 2.1 3.3. 3 .3 1.7 1.7 1.7 3.2 3.2 3.2 3.2
Manpower 2.3 3.7 3 .7 23.0 23.0 23.0 86.0 86.0 86.0 86.0
Other charges 22.5 1*0.0 i*o.o 100.0 100.0 100.0 205.7 205.7 205.7 205.7
Depreciation 87. 1* 87.U 15 5 .0 87.1* 155.0 179.7 - 155.0 179.7 271*. 2

Total production 
cost 108.9 288.7 356.3 626.6 69l*.2 718.9 1127.2 1282.2 1306.9 11*0 1.1*

Product prices and 
values:

ethylene 90 315 315 751* 751* 751* 1623.9 1623.9 1623.9 1623.9
propylene 55 220 220 1*1*1 1*1*1 1*1*1 828.5 828.5 828.5 828.5

C-U fraction « • • • • . • • • • • • 1*56 • • • - • . 10U8.0 101*8.0
butadiene 150 370 370 661 661 « « • ll+9l*. 6 ll*9l*.6 • • • • • •
propane 32 130 130 • • • 1*32.8 1*32.8 • • •
butane 32 168 168 309 309 559.3 559.3 • as • « »
pyrolysis gardine « • * • • • • • • • • » * * • 359 • » • • • • 789.1* 789.1*

• • • • • • • * • * • • • • • 210 • • • • • • 1*1*2.1 1*1*2.1
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Table 2.19 Cost of naphtha-based ethylene in Europe 
(Capacity: 300 000 t/a, current $)

1972 1977 1980 1985
1972
unit

new
unit

1972
unit

1977
unit

new
unit

1972
unit

1977
unit

1980
unit

new
unit

Fixed capital cost, 
$ million 153.3 153.3 271.6 1 5 3 .3 2 7 1 .6 329.2 15 3 .3 2 7 1 .6 329.2 502.U
Manufacturing cost, 
$/ton:
raw materials 
bi-product 
utilities

70.5
-79.9
3.6

U30.0
-283.O

7.3
1»30.0
-283.0

7.3
1033.it 
-625.7 

6.8
1033.lt
-625.7

6.8
1033. It 
-625.7 

6.8
2121.1
-12 9 9 .7

10.9
2121.1 
-I299.7 ■ 

10.9
2121.1
-1299.7

10.9
2121.1
-I299.7

10.9
Catalyst and
chemicals 2.1 3.3 3.3 1.7 1.7 1.7 3.2 3.2 3.2 3.2
Manpower 2.3 3.7 3.7 23.0 23.0 23.0 ' 42.3 U2.3 H2.3 it2.3

a/Other charges— 22.5 ito.o UO.O 75.5 75-5 75.5 112.4 112.4 112.4 112.4
Depreciation 51.0 51.0 90.5 51.0 90.5 109.7 - 90.5 109.7 167.5

Total production 
cost 72.2 252.3 291.8 563.7 603.2 621.9 990.2 1080.7 1099.9 1157.7

Product prices and 
values:

ethylene 90 315 315 75U 75U 75lt 1623.9 1623.9 1623.9 1623.9
propylene 55 220 220 khl Nil UHl
C-lt fraction • . • • *■ * • • • • • • . . . U56

butadiene 150 370 370 661 661 e • •

propane 32 130 130 • • •

butane 32 168 168 309 309
pyrolysis gardine • • • e • • e e e ■ e e e e e 559

t e e e e e e • e • e • • • • 210

a/ includes only maintenance materials, operating supplies, control laboratory, plant 
overhead, taxes and insurance, i.e. excludes interest on working capital, general 
overhead and HOI.
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Capital and feedstock charges for small =?nd large 

ethylene units as a percentage of total production cost

1972 1977 1980 1985

j
1972
unit /

new
unit

. 1972 
unit

1977
unit_____ L

new
unit

1972
unit

r 1977 
unit

1980
unit

new
unit

SmalI plant (50,000 t/a)
$ $ % % ¿0 fo 7° % %

Capital
charges 80.2 30.3 43.5 1.2 22.3 25.0 - 12.1 13.7 19.6

Net feed-
stock - 8.6 50.0 41.0 65.1 58.7 56.7 72.8 64.1 62.8 58.6
cost

Largre j plani (300,1XX) t/a )
Capital
charges 70.6 20.2 31.0 9.0 15.0 17.6 - 8.4 9.9 14.5

Net feed-
stock - 13.O 58.3 54.0 72.3 72.3 65.5 82.9 16.0 74.7 7 0 .9cost

k----------
One non-quant ifiable factor that could substantially change feedstock/ 

capital ratios is significantly lower investment easts from improved process 
technology, As an example, new catalysts are being developed to give 50 to 
100 per cent improvements in yields for some processes* With a similar aim, 
other catalysts reduce the severity of processing changing operating conditions 
from high pressure-high temperature to low temperature-medi.um temperature 
conditions* On new plants this automatically cuts investment and utility 
requirements for a given throughput.

Whether these new low investment technologies will be freely available 
to developing countries is not clear. Their sources, petrochemical producers 
in the developed countries, are becoming more cautious in their licensing 
strategies than in the past. This underlines the need on the part of 
developing countries to bring down the investment costs for petrochemical 
plants in their home markets based on generally accessible* more convential* techno
logy. At the same time engineering contractors must prepare bids on the basts of 
realistic location factors that truly reflect the difficulties in erecting 
plants at one location versus another. In this context, assessing location 
factors in developing countries and persuading engineering contractors to adopt the 
lower values in their calculations is an area where UNIDO could provide 
worthwhile assistance.
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2.9 Transportation of petrochemicals
Given a favourable production cost profile at one location, two 

further factors are important in determining the competitivity of 
petrochemicals at a second location. Market access factors - tariffs and 
the cost of overcoming non-tariff barriers - were discussed in chapter II; 
this section focuses on the cost of transporting petrochemical products to 
international markets. Freight costs are assessed at two points in time, 
1980 and 1985, for four basic product types —  being exported from three 
developing countries to each of three developed country markets:

These
petrochemical 

products:
Exported from 

these developing 
countries:

To each of these 
industrialized 

country markets:

LPG (similar to ammonia, Indonesia, United States
ethylene and propylene) Mexico, Northern Europe,

Qatar Sou+hern Europe,
Methanol (similar to 
ethylene glycol and other 
chemicals not requiring 
refrigeration or 
pressurization)

Urea in bulk and bags

FVC powder in bulk and 
bags (similar to low- and 
high-density polyethylene)

Japan

In each case it is assumed that product is shipped by sea to a port in 
the industrialized country market from which local distribution costs would 
be equal to those of a local competing producer, and for the purposes of 
this comparison can therefore be ignored. The resulting matrix of 
transportation costs (table 2.20) is built up from a consideration of 
the following factors: cargo characteristics, type of carrier required
(e.g. pressurization, refrigerization or both), carrier newbuilding prices, 
carrier operating costs (manning, repairs and maintenance, insurance, etc.), 
voyage costs (fuel, port charges, canal dues), and vessel size (varying vessel 
size versus standard unit size).

Shipping data for LNO were also studied; see "Study of Transport 
Costs for Shipping Petrochemical'/ H»P. Drewry Ltd., London, 
February 1981. ^
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To forecast shipping charges for 1985, it was assumed - in line with 
forecasts for production plant earlier in this chapter - that ships would 
be ordered in 1983 end operational by 1985. Operating costs 
are expected to increase at 10 per cent per year in current dollars, their 
historical rate— ■ port costs are assumed to pace inflation at 8.5 per cent 
per year and canal dues for the Suez routes are fixed in SIB units. Bunker 
prices were calculated assuming crude oil prices would rise either $U0 or 
$80/barrel in 1985. In this section a median value has been
taken, relating approximately to $60/barrel, i.e. $U0 in 1980 dollars.

Table 2.20 shows the freight costs involved in shipping product from 
developing countries to developed country markets in 1980. In this connection 
several points are clear. Firstly shipping charges are an important factor 
compared to production costs in determining competitivity. Taking exports 
from Qatar as an example (Table 2.21), they exceed 10 per cent of production 
costs for ammonia, ethylene, polyethylene (high-, low- and linear-low 
density), methanol and urea going to all three industrialized markets. In 
the case of ammonia, ethylene and urea, freight charges account for 20 to 
h 0 per cent of production costs.

The importance of shipping costs changes with the producer's position 
in the petrochemical chain. They are at their highest with methane (LNG) 
and ethane, pass through a minimum with methanol as a representative non
refrigerated, non-pressurized liquid product, finally rising again for the 
solid products such as polyethylene. In each case the cost is strongly 
influenced by the use of varying or standard vessel sizes:
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- ethylene glycol could be shipped at up to 70 per cent of methanol 
transportation charges due to specific gravity differences. This 
differential would be reduced by higher capital charges for more 
expensive tanks, however;

- although neither glycol nor methanol are required— under IMCO 
regulations— -to be shipped in chemical carriers, future revision could 
classify them as type III cargoes (least hazardous of the dangerous 
chemicals), effectively doubling transportation costs;

- the impact of bagging (versus bulk shipment) is to increase trans
portation costs for urea, for example, by 66 per cent. This mainly 
reflects a difference in stowage factor of l.U cu.m./ton for bulk 
and 1.52 cu.m./ton for bagged products;

- other solid products would cost more or less according to their stowage
factors: hulk FVC powder, 1.98; bagged PVC powder, 2.2; LIFE bulk,
2.35; bagged LIFE, 2.63; bulk HDPE, 2.265 and bagged HDPE, 2.60 cu.m./ton

- all transportation costs are calculated assuming return journeys being 
made in ballast, a backhaul cargo could thus reduce costs considerably.

2.10 Competitivity in major markets
The main precondition for export success is a landed price that is lower 

than prevailing market prices. The purpose of this section is to demonstrate 
to what extent this condition is met for petrochemicals being shipped from 
developing to developed country markets in 1980 and how the situation could 
change by 1985. Landed prices are computed by adding transfer prices at the 
production plant (discussed earlier in this chapter) to freight costs 
(presented in the previous section) and applying ad valorem or equivalent 
tariff rates (Table 3.5, chapter III). The complete results for 18 products 
are presented in tables 2.22, 2.23 and 2.24.



-  153 -

Table 2.20 Freight costs for shipping petrochemicals to 
industrialized county markets in 195(3 

(1980 dollars)

Destination market Japan
l

Northern 
Europe j

Southern
Europe

United
States

Producer (exporter) Product $/ton $/ton $/ton $/ton
Qatar LPG 1*1.1 1*5.5 31*.1* 59.0 j

Ammonia 35. U 39.1 29.6 50.1 j
Ethylene 1*3.2 1*7.8 36.1 6 1.2 !
Propylene 1*0 .3 1*1*.6 1*8.2 78.1*
Methanol 19.2 21.8 1 6 .6 2 9.O I
Urea (bulk) 39.2 1*1.6 33.1 5I* .2 I
Urea (bagged) 6 7.O 69.2 58.1* 81*.6 !
FVC (bagged) 8 5.I 88.2 72.5 110.7
LOPE (bagged) 92.3 95.7 78.7 120.0

Mexico LPG 59.1 33.3 56.1 9 .0 !
Ammonia 50.8 28.6 1*8.2 7 . 7 i
Ethylene 62.1 35.0 58.9 9.1* j
Propylene 6 7.I* 38.0 63.9 1 0 .3 !
Methanol 27.9 15.6 16 .6 It.o 1
Urea (bulk) 51*.1 31.9 31*.8 11.5 !
Urea (bagged) 85.1 58.0 66.1 31.7 j
FVC (bagged) 109.9 72.0 83.7 31* .1* j
LDPE (bagged) 119.3 78.1 90.8 37.3 !1

Indonesia LPG 2U.3 53.1 1*2.3 68.8 ;
Ammonia 20.9 1*5.7 36.1* 59.1 j
Ethylene 25.5 55.7 1*1*.1* 72.2 j
Propylene 27.7 60.5 1*8.2 78.1* j
Methanol 11.1» 25.2 20.2 35.5 !
Urea (bulk) 2U.9 ‘ 1*8.1 39.6 6 1.I 11
Urea (bagged) 1*9.2 77.2 66.6 93.2 1
FVC (bagged) 59.!» 99.8 81*. 1* 12 3 .0 ;
LDPE (bagged) 61».U 108.2 91.6 133.5 j



Table 2.21 Coat of shipping petrochemicals from Qatar to industrialized country markets (1980)

Product Production
Cost-/
$/ton

Freight cost to:

$/ton
Japan
% production 

cost

North Europe
$/ton f production 

cost

Southern Europe
$/ton % production 

cost

United States
$/ton % production 

cost

Ammonia—^ 151 35. k 23-5 39.1 25.9 29.6 19.6 50.1 33.2
DMT 928 19.2 2.1 21.8 2.3 16.6 1.8 29.0 3.1
Ethyl benzene 
Ethylene—^

6l8 19.2 3.1 21.8 3.5 16.6 2.7 29.0 M
290 1*3.2 1U.9 1*7.8 16.5 36.1 12.5 6l.2 21.1

Ethylene glycol 8U5 19.2 2.3 21.8 2.6 16.6 1.9 29.0 3.1*
Ethylene oxide 695 19.2 2.7 21.8 3.1 16.6 2.1* 29.0 2.1*
HOPE 737 92.3 12.5 95.7 13.0 78.7 10.7 120.0 l6.3
LDPE 638 92.3 11*.5 95.7 15.0 78.7 12.3 120.0 18.8
LLDPE
Methanol—^
PET^

710 92.3 13.0 95.7 13.5 78.7 11.1 120.0 16.9
110 19.2 17.3 21.8 19.7 16.6 15.0 29.0 26.2
1871* 92.3 9.9 95.7 5.7 78.7 U.2 120.0 6.1*

PP 9U1* 92.3 9.8 95.7 10.1 78.7 8.3 120.0 12.7
PS 1051 92.3 8.7 95.7 9.1 78.7 7.5 120.0 11.1*
FVC 13UU 85.1 6.3 88.2 6.5 72.5 5.1* 110.7 8.2
SBR 1671 92.3 5.5 95.7 5.7 78.7 1**7 120.0 7.2
Styrene 831 19.2 2.3 21.8 2.6 16.6 2.0 29.0 3.5
TPA 972 19.2 1.2 21.8 2.2 16.6 1.7 29.0 3.0
Urea (bulk) 39.2 29.2 1*1.6 31.0 33.1 21*.7 51*.2 1*0.1+
VCM 1*3.2 6.7 1*7.8 7.5 36.1 5.6 6l.2 9.6
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Typical shipping costs for petrochemicals: 
Qatar to Northern Europe, 1980

(Dollars per ton)

Transportation costs
Product Vessel type Variable 

vessel size
Standard 
vessel size

Methane (as MG) Refrigerated - 70.31* -
LPG Pressurized and 

semi- or fully- 
refrigerated

50.22 1*5.5o ^

Ethylene Fully refrigerated 52.73 57.77 - f
Methanol Products carrier 26.39 21.16 -

Chemical tanker 
type III

- U2.08

Urea (bulk) Bulk carrier Ul.63 -
Urea (bagged) Bulk carrier 69.23 -
PVC (bagged) Bulk carrier 88.23 -

LBPE (bagged) Bulk carrier 95.75 -

a/ 125-130,000 cu.m.
b/ 75,000 cu.m.
c/ 55,000 DWT.

In connection with the above table it may be noted that:
- using standard vessel sizes dedicated to particular materials can 
reduce shipping costs by 10 to 25 per cent;

- in the LPG group, the lover specific gravity of anhydrous ammonia 
reduces transportation costs to 86 to 87 per cent of those for LPG;

- conversely, ethylene will cost more to ship than LPG due to lover
refrigeration temperature: a 5 per cent premium is assumed;

- propylene's lover specific gravity would increase shipping costs by 
lU per cent compared to LPG;



Table 2.22

Product

Anmonia
DOT
Ethyl benzene
Ethylene
Ethylene glycol
Ethylene acid
HDPE
LDPE
LLDPE
Methanol
PET
Po lypro pylene
Polystyrene
PVC
SBR
Styrene
TPA
Urea
VCM

Production cost y shipping charges and tariffs influencing competitivity of 
petrochemicals from Indonesia exported to industrialized 

country markets landed vs. local costs_'(l980)
(US dollars/ton)

Export Market

Production Japan Northern Europe Southern Europe
Shipping Tariff Total Local ShippingTariff Total Local Shipping Tariff Total Local Shipping ,PaT.iff.Total LocalCoat cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost at

at 25Î at 25$ at 25% 25 %

195 23 239 375 46 27 268 345 36 25 256 345 59 6 260 317

1178 — — — — — — — — — — — —

680 — — — — — — — — — •— — —
375 25 24 424 746 55 27 458 918 44 26 445 918 72 80 497

110 7

905
886

— — — — — — — — — — — —

963 IO4 IO53 1479 107 124 1117 1379 91 122 1099 1379 131 110 1127

849 100 1023 1367 108 120 1076 1295 90 118 1059 1295 133 106 1088
848 100 1144 108 119 1075 1243 92 117 1057 1243 133 106 108
137
2336
1112

11 7 155 352 25 21 183 •313 20 20 177 313 32 25 194

64 258 1283 108 152 1372 1129 92 150 1354 1129 133 139 1384

1185 64 175 1474 108 161 1455 1262 92 160 1437 1262 133 1519

1699 59 105 1863 1473 100 225 2024 1310 84 223 2006 1310 123 172

1856

939
1201

64 0 1920 2334 108 59 2023 2286 92 58 2006 2286 133 1989

— —— — — — — — — — — — —

168 39 — — — 48 — — 39 — — — 61 — — —

902 — — —

VJ1
On



Table 2.23

Product

Ammonia
DMT
Ethyl beneene
Ethylene
Ethylene glycol
Ethylene acid
HOPE
LDPE
LLDPE
Methanol

PEP

Polypropylene
Polystyrene
FVC
SBR
Styrene
TPA
Urea
VCN

Production coatt shipping charges and tariffs influencing competitivity of 
petrochemicals from Qatar exported to industrialized 

country markets landed vs. local costs (1980)
(US dollars/ton)

Export Market

Production Japan Northern Europe Southern Europe
U B *  H b  2 / 0

Shipping
Cost Tariff Total

Cost
Local 
Cost 
at 25*

Shipping
Cost

Local Shipping 
Cost Cost 
at 25#

TariffTotalCost Local 
Cost 
at 25*

Shipping tariff Total Cost Cost Local 
Cost 
25 *

151 7 193 375 39 21 211 345 30 11 192 345 51 5 207 317
928 —

618 — —

290 43 20 353 746 48 21 359 918 36 20 346 918 62 0 352 612
845 —

695 —

737 91 91 919 1479 95 IO4 936 1379 78 102 9 17 1379 119 92 948 1061
638 92 80 810 1367 96 92 826 1295 79 90 807 1295 120 80 838 979
710 92 88 890 1144 96 100 902 1243 79 99 888 1243 120 89 919 751
111 19 6 136 352 22 17 150 ' 313 17 17 145 313 29 20 160 281

1875 — — — — — — — — , — — ■ M m

— , 92 1283 96 1129 79 1129 120 181 986
1051 92 160 1303 1474 96 143 1290 1262 79 141 1271 1262
1343 85 86 15 14 1473 88 179 1610 1810 73 177 1593 13 10 120 131 1302 1068
1671 92 0 1763 2334 96 53 1820 2286 79 52 1802 2286 111 136 1590 1090

831 — 120 0 1791 2079

972
134
639

39

Vi

41 33 54



Table 2.24 Production coat, shipping charges and tariffs influencing oompetitivity of
petrochemicals from Mexioo exported to industrialised 
country markets landed vs. local oosts (i960)

(US dollars/ion)

Export Market

Froduot Production Japan Northern Europe Southern Europe
UOVI SV

Shipping
Coet Tariff TotalCoat

Looal Cost 
at 2556

Shipping
Cost TariffTotalCost Looal Shipping qju_j f » Tot al Coat Coet Coet 

at 25*
Looal Coat 
at 2556

Shipping -TariffTotal Coat Cost Local Coet at 
25 $

Ammonia 126 .51 7 I84 375 29 17 17 2 345 48 19 193 345 8 4 138 317
Ufr — — — * — — — — — — — —
Ethyl beasene 431 — —— — —— — —— — - —
Ethylene 282 62 21 365 746 35 20 337 9.8 59 21 362 918 9 0 291 612
Ethylene glycol 707 — — — — — — — — — • -- — — — -
Ethylene aoid 581 — — — — — — — — — — 0— — —
HUPE 625 118 82 825 1479 77 88 790 1379 90 89 804 1379 36 75 736 1061
LUPE 539 119 72 730 1367 78 77 693 1295 91 79 709 1295 37 67 643 979
LLDPE 606 119 80 805 1144 78 85 770 1243 91 87 784 1243 37 75 719 751
Methanol 93 28 6 127 352 16 14 . 123 •3 13 17 14 124 313 4 16 114 188
PEP 16 15 — — — — — —— — — — — — - --. —
Polypropylene 5 19 119 140 » 778 1283 78 75 672 1129 91 76 686 1129 37 65 621 986
Polystyrene 774 119 125 1018 1474 78 106 958 1262 91 108 973 958 37 132 942 1068
FVC 79 6 110 54 960 1473 72 108 976 1310 84 110 990 1310 34 80 910 1090
SBR 1255 119 0 1374 2334 78 40 1373 2286 91 40 1386 2286 37 0 1292 2079

Styrene
TPA
Urea
VCM

603
876

IO9

646

54

I
Î
1

32 35 12
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Tables 2.22, 2.23 and 2.2b permit two general conclusions concerning 
competitivity of developing countries petrochemicals in 1980. Firstly, geo
graphically well placed countries such as Mexico and those in the Middle East 
can land olefins and olefin derivatives at lower prices than those expected 
from similar new plants built in the industrialized countries. The main quali
fication is that the developing country producers may have to accept a 
relatively low rate of return on investment, e.g. five per cent, while 
competing industrialized country producers can price at levels that yield 
a 25 per cent return before tax.

The exceptions in the Middle East are petrochemicals with an aromatic 
base and those involving chlorine made on a dedicated chlor-alkali unit.
As noted earlier in this chapter, aromatics prices are likely to be high 
in countries where the refining sector is under-developed, but this position 
could change radically in the oil exporting developing countries within a 
few years. Similarly, chlorine could drop dramatically in price as soon as 
markets are obtained for by-product caustic soda and where large chlor-alkali 
plants can be constructed.

In contrast, some developing countries are either not well placed 
geographically or suffer heavy disadvantages due to high capital costs. 
Indonesia, for example, could compete in intermediates and polyolefins in 
Japan and Europe but would find it difficult to export finished polymer to 
the United States.

The second conclusion is an issue directly for government negotiations: 
while tariffs on intermediates such as ethylene are modest, on finished 
products they account for a significant portion of landed price - often 
equalling or exceeding costs of shipment. High tariff rates are not 
consistent with the recommendation of the First Consultation on the Petro
chemical Industry 32/ that future plants for basic and intermediate products 
should be constructed preferably in developing countries with oil and gas 
resources. CM the basis of the 1980 figures the commercial wisdom of high 
tariffs can also be questioned. Among the polyolefins, tariffs are not high 
enough to offer serious protection to inefficient industrialized country 
producers. Their impact therefore is simply to raise prices to consumer 
industries in the industrialized country markets or to depress profitability 
of production in developing countries.

Report of the First Consultation, ID/22T, paras 2 (i) and 2 (o)
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2.11 Summary and conclusions
The petrochemical industry has enjoyed a unique position among all

industries in that the orices of all its tvroducts have been declining 
throughout the post-war period due mainly to the then prevailing low costs
of raw material and energy, the tremendous technological progress that took 
place during the period and the increases in plant capacities and their 
subsequent effect on the cost of unit produced. However, due to the highly 
centralized nature of the Industry and the effective possibility of price 
control the prlce/cost relationship for petrochemical products were still 
considered high compared to other industrial products thus offering higher 
rates of profits while at the same time maintaining a high demand to push 
the industry forward.

The price increases in crude oil and energy since 1973 have, however, 
changed the situation and upset all the previously established balances. 
Prices because erratic and a new price/cost relationship has been intro
duced where the ratios of product prices to feedstock prices have been 
greatly reduced, reflecting the increasing impact of feedstock on cost and 
final prices. In the context of declining demand due to the general economic 
recession and the excess capacity resulting from previous anticipation of 
continuous high growth of demand, prices fell at times short of production 
costs. Due to the expected cost increase of raw material and energy as 
well se the increase in Investment outlays, It is believed that the future 
tendency of the prices of petrochemicals will be characterized by a con
tinuous increase closely related to the growth, in feedstocks and energy 
prices.
The close analysis of the cost structures of 18 petrochemical products has 
further revealed that the most important factors affecting investment costs 
were Inflation and plant size. For developing countries extra Investment 
outlays connected to their locations is by far the most Influential factor 
on investment as well as production cost. What is known as location factors 
for developing countries varies between 1.25 and 2.1 compared to a factor 
of 1.0 at a US Gulf location for the same plant. The main elements of pro
duction costs, i.e. capital costs (depreciation, rate of return on invest
ment, etc.), working capital, feedstock, fuel and energy costs, credits for 
by-products, plant loading factors, plant size and process used, were all 
analysed in detail for all eighteen products at six different locations in 
devalopad and in developing countries.
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The impact of each of these factors was subjected to sensitivity 
analysis in order to ascertain the range of its influence on net produc
tion cost. The objective of these in-depth analyses was to come out with 
a picture, as clear as possible, of the viability of establishing a com
petitive petrochemical industry in some developing countries and to 
accurately assess the degree of this competivity with similar products 
produced in the developed countries. Because the prices of petrochemical 
products in 1980 were not in many ways representative of a normal situation 
(i.e. in many cases they were below costs or with marginal profits), an 
additional future year was considered, 1985, in which transfer prices were 
used in order to have a better view of competlvity. This projection of 
competivity into the future greatly improved the competitive position of 
the selected developing countries vis-a-vis the developed countries.

Since the techno-economic characteristics of the industry impose the 
establishment of production capacities far in excess of the internal demand 
for their products in most of the countries examined here, the competivity 
analysis has to be taken a step further to the markets of the major consumer/ 
producer developed regions, i.e. Japan, the USA and Western Europe. For this 
purpose transportation costs for the various products and in the various 
regions were analysed. To the transportation costs were then added the 
expected tariff charges to arrive at the final cost/price of the products 
in the markets of the developed retions. Through this elaborate exercise 
it was established that the selected developing countries could be competi
tive in the markets of developed regions in a number of petrochemical 
products and their position would further improve if they were ready to 
foresake some of the stringent postulates usually adopted by market economy 
developed countries such as 25 per cent ROX, 10 per cent per annum depre
ciation, interest on working capital, etc.

Furthermore, tariff and non-tariff restrictions imposed by the developed 
countries have to be eased in order to facilitate the flow of these 
products. It should also be recognized that such action would have to be 
taken within the general framework of a global agreement based on macro- 
economic relationships between the developed and developing countries.
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III INTERNATIONAL TRADE IN PETROCHEMICALS : THE NEED
FOR RESTRUCTURING

3«1 Structure of international trade in petrochemicals
3 . 1 . 1 ,  C h e m ica ls

The chemical industry is among the most dynamic sectors in any 
industrial economy. With its extensive range of listed products, the 
chemical market includes approximately 40 different sub-branches, which 
together manufacture many thousands of products. During the entire post
war period this market has been characterized by high rates of growth, 
major changes in its branch structure and intensive exploitation of 
breakthroughs in science and technology.

In the period of 1950-1970 world chemical production increased 
fivefold, and average annual growth rate was 8.4 per cent as compared 
with 5.7 per cent for total industrial production. In spite of the 
slower growth rate since 1973, it still remained higher than that of total 
industrial production. As a result the share of the chemicals in industrial 
production of major developed countries increased from 5-7 per cent in 
1950 to 10-14 per cent in the 1970s« By production value, it ranks as 
a rule the third among different industrial branches.

The industry is heavily concentrated in developed countries in terms 
of production and consumption.

Chemicals are one of the fastest growing groups in international 
trade. During 1950-1970 their export increased more than ten times compared 
with total export increase of five times - annual growth in chemicals was 
12.4 per cent, whilst total export growth was 8.3 per cent.

The pattern of industrial localization applies to the trade flows 
of chemicals and petrochemicals in general, and up to now it has been 
dominated by the activities of the developed market economies (Table 3»1). 
During the 1970s the whole chemical sector accounted for 7 per cent of 
the total world trade^ with the developed market economies leading the 
rest of the world in the volume of trade. The share in world chemical 
trade of the centrally planned economies, on the other hand, has been



Table 3.1 World trade in chemical is 
(in million US dollars f.o.b.J

Exports to 

^cportT^ronT^^. Year
World

--------Market
Developed

Economies-“-—
Total

Developing
OPEC

Centrally
Planned

Economies
World 1974 64424 42789 15873 2977 5463

1975 6O898 37942 16441 3770 6374
1976 68385 45324 16114 3558 6178 •
1977 78146 51300 I8987 4495 7120
1978 95927 62565 24048 5517 6410

Developed Market 1974 56559 39189 13633 2582 3492
Economies 1975 53205 35256 13962 3251 • 3888

1976 60346 42348 13726 3179 3581
1977 68561 47486 I6O89 3966 42391978 85312 58869 20390 4889 5184

Developing Market 1974 4012 2181 1650 276 174Economies 1975 3273 1378 1691 325 181
1976 3597 1716 1697 230 188
1977 . 4611 2358 2029 352 236
• 1978 4851 2055 2547 416 222

OPEC 1974 550 278 243 43 29
1975 569 241 311 102 17
1976 . 649 367 247 36 33
1977 633 365 204 38 52
1978 537 158 338 52 39

Centrally Planned 1974 3854 1419 589 119 1797
Economies 1975 4420 1308 789 194 2205

1976 4442 1260 691 148 2410
1977 4975 1456 869 177 2645 '
1978 5764 1642 1112 212 3004

Sources Monthly Bulletin of Statistics, United Nations. July 1980 
Note: (SITC, Revised, 5)



Table 3 .2

SfRUgrUEE OF WORLD TRADE - Share by Regions for Chemicals (Pere entape ;

------------•^Export to Share of Trade in Chemicals' Share of World Trade by Regions«
\ Origin of Export Destination of Qcport Origin of Bcport Destination of EnsortI *Export frora\^ Year Total Chemicals Total Chemicals Total Chemicals Total Chemicals

! 1. World 1970 100 7.0 100 7.0 100 100 100 100
1975 100 7.0 100 7.0 100 '100 100 1C0’ 1977 100 6.9 100 6.9 100 100 100 1001Q7B 100 ...— .7.4 TiOO 7.1 _ . 100 11.00 100 100

2. Devoloped 1970 100 8.7 100 6.5 71.8 88.6 70.1 66.2Karkct 1975 100 9.2 100 6.7 66.1 86.7 ' 65-7 62.5, JSconcrsiea 1977 100» 9*4 100 6.8 64.8 88.0 67.0 6A'Î1978 100 9.8 100 7.2 67-2 88.5 67.0 65 .B
£33 1970 100 10.1 100 7.1 35.9 51.5 35.1 35.61975 100 10.9 100 7.6 33.9 52.7 32.6 35.31977 100 11.3 100 7.8 33.7 54.9 32.9 37.21978 100 11.5 . 100 8.5 35-3 54-9 33.6 38.8

; USA 1970 100 9.0 100 3.2 13.6 17.5 12.5 5-7
j 1975 100 8.4 100 3.9 12.2 14.2 10.7 6.01977 100 9.2 100 3.7 10.5 ' 13-9 12.8 6.91978 ■ 100 9-7 100 3.7 10.8 14.1 13.0 6.5Japan 1970 100 6.4 100 5.2 6.2 5.6 5.0 3.71975 100 7.0 100 3.5 6.4 6.3 5.8 2.9

W
100.100 ... W

100100 K4.3 u .. t l
S.64.1 «

3o Developing 1970 • 100 1.7 100 9.1 17.6 4.3 18.6 24.3Kark et 1975 100 1.8 100 8.2 24.2 6. 23.3 27.0-¿isonomies 19771978
100 

* 100 100100 M 13:2 t l m
24.8
25.3

OP SS 1970 100 0.4 100 8.4 5-8 0.3 3.1 3.71975 100 0.5 100 6.6 12.9 0.9 6.6 6.2
$ il

100 ,5.5 .. A* 7.3 5.3
4« Ccntrclly 1970 100

. I mil III«' :______ 3___ 5.04.7 100 6.5 ! 10.5 7i1 10.4
10.6

?:?

9.5  
10.5

. w

Planr.ed 1975 100 5-2 100 7.0 • 9.7 7.2Jbor.czies 19771973 100100 tl
100100

_ Ë _ J -
1:1 t l

Source; Based on monthly Bulletin of Statistics, TO July 1930.
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Table 3^3 Structure of the international market of chemicals
by area of origin and destination in 1978

(billion US dollars)

EXPORTS to: World

EXPORTS from

World 95-9(100.#)
Developed Countries 85.3

(10# )
Developing Countries 4*9(lOOi#)
Of which:
OPEC Countries 0 .5

Centrally Planned 5.8
(100.#)

Developed
Countries

Developing
Countries

Centrally
Planned
Ebonomies

62*6
(65.22)

24.0
(25.#)

8.4
(8.82)

58.9 .
(69.12)

20.4
(23.92)

5.2
(6.i2)

2.1
(45.#) 2.5

(52.#)
0.22
(4.42)

0.16 0.34 0.4
1.6

(28.#) 1.1
(19.32)

. 3.0
(52.12)

S o u r c e Bas«d on Monthly Bulletin of Statistics, U.N. July 1980
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rather low, followed only by the share of the developing countries 
regions as far as export is concerned (Table 3,2).

As a group, the developing countries are second only to EEC in 
the import of chemicals. Chemical exports to the developing countries 
originate mainly in developed countries, although an increase in chemical 
inter-trade among developing countries, and a small but rising growth 
of chemical export to developed countries from developing countries 
has been noticed (Table 3.1). The bulk of chemical export originated 
in developing countries includes fertilisers and some finished products.

3.1.2 Petrochemicals

In the period of the 1950s and 1960s the application of new 
technologies led to the use of oil and gas refinery products, such as 
feedstocks for chemical production. The economic advantages were 
responsible for a steady increase in the share of oil and gas in the 
sector's over-all raw material balance and a rise in the proportion of 
petrochemicals in the industry's output, reaching 50-70 per cent in the 
developed countries in the 19708« ®he petrochemical sector made remarkably 
rapid headway. While total industrial production in OECD members rose 
during the period 1960-1973 by 5*6 per cent annually and chemical 
production by about 8-9 per cent, petrochemicals showed a rate of growth 
between 10 and 17 per cent for important products (butadiene - 10 per 
cent, benzene - 13 per cent, propylene - 16.5 per cent, ethylene - 17 per 
cent). In volume terms, between 196O and 1973 production went up,

5

(in million tons) for ethylene from 3 to 24 (30 in 1980)} for propylene 
- from 1.6 to 12.4 (16 in 1980)} for butadiene - from 1.1 to 3*7 
(4«5 in 1980)} for benzene - from 2 to 11 (14 in 1980).

During the period 1950-1970 world consumption of synthetic fibres 
(in volume terms) increased by 68 times, plastics - 18 times and synthetic 
rubbers - 9 times. In the same period while total value of chemical 
export rose by 10*3 times, export of organic chemicals - by 24 times and 
that of plastics - by 32 times. Meanwhile, export grew considerably more 
(in volume): plastics - 76 times, synthetic fibres - 55 times, synthetic 
rubbers - 28 timeB. The increasing share in total chemical export of 
organic chemicals and plastics (15 per cent in 1950 and 40 per cent in 
1970) as well as synthetic fibres and rubbers reflects the main changes 
in the structure of world chemical trade in favour of petrochemicals.
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Under the prolonged economic recession and deepening of the 
energy crisis Bince 1973» the rates of growth of petrochemical production, 
consumption and international trade slowed but still remained higher 
than for the chemical industry as a whole.

The pattern of trade flows for chemicals also applies to petrochemicals. 
However, a distinction has to be made in respect to the group of 
products involved. The largest international trade flows for bulk 
petrochemicals are concentrated in developed market economies and in 
particular, in those of inter-trade in Europe. By comparison, inter
continental trade in bulk petrochemicals is still at relatively modest 
rate (Annex III.A)

The share of the developing countries in world trade of petrochemical 
has been low and only in recent years some exports,' mainly fertilizers 
and natural gas derivatives (methanol, to EEC, Japan ani United States and 
ammonia to developed market economies, except Japan) grew at a significant 
rate.

3*2 Organization of petrochemical markets and distribution systems

In the developed countries many large chemical companies have been 
steadily moving towards closer integration of their downstream operations. 
The bulk of oil based feedstock for olefins and aromatics production are 
supplied by pipelines from nearby refineries or gas liquids fractionation 
plants. Apart from feedstocks transportation savings the co-products or 
by-products from ethylene cracking can be easily transferred bade to 
the refinery. Since cracking economics dictate high levels of plant 
loading, companies try to raise the volume of captive consuming business 
which they control. Consequently, the merchant olefinB sellers have 
seen their business reduced. However, in N.W. Europe and US Gulf Coast 
the pipeline system gives possibility to maintain some level of merchant 
market and producers/buyers located on these grids have not had the 
worries as olefins producers in isolated locations.

The primary chemical products, where downstream integration has 
been sought are as follows:
Ethylene HOPE, LDPE ehtylene oxide, ethylene glycol, styrene, ethylene 

dichloride (EDC), VCM,
Propylene Polypropylene, cumene, acrylonitrile,
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Butadiene
Benzene
Paraxylene
Orthoiylene

SBR,
Styrene, eumene, 
DMT/TPA,
Phtalic anhydride.

Of the three main industrial areas, i.e. Western Europe, United 
States of America and Japan, integration levels between building block 
chemicals and downstream derivatives, are at their highest in Western 
Europe, owing to the intense competition. In the production of IDPE/ 
HOPE, ethylene oxide/ethylene glycol, styrene, cumene , acrilonitrile, 
SBR, the level of integration and captive supplies is extremely high. 
However, the degree of integration in production of EDC/VOi, para- 
xylene, orthoxylene is much lower. In the United States there i s  a 
high level of integration tat the sheer size of the market has enabled 
a much larger number of non-integrated or partly integrated downstream 
producers to stay in business. The level of integration and consequently 
the oaptive supplies are considerably less in Japan.

The merchant markets are made up of both buyers and sellers, who 
are wholly non-integrated or are only partially integrated. The merchant 
business can be broken down into contract sales and spot sales. There 
are merchant markets, which are concentrated and comparatively price 
stable and other markets, which are fragmented and price unstable.
This market characteristics reflect the types of companies involved in 
a particular business sector. Ethylene, propylene, butadiene, benzene 
and para-sylene are products traded mostly between relatively few 
producers/sellers. Nearly all transactions are between relatively large 
companies under contracts (3—5 years). For new suppliers this is a 
good type of markets, since both buyer and seller need each other over a 
long period. On the other hand, styrene and orthoxylene generally move 
to a smaller type of chemical companies, the market is more fragmented 
and the attitude is that the cheapest price takesthe business when 
the demand is weak. In these markets large intra-company transactions 
and long standing relations in general are not a rule. Besides, the loaders 
and brokers are much more heavily involved than they are in olefins and 
this may be a contributing factor. Spot sales include both regular 
business of a speculative nature and non-recurring business. Even a large 
buyer of a given commodity will cover no more than, say, 80 per cent of 
his requirements by contracts. The rest will be acquired on the spot
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market in the hope that by means of agile purchasing the weighted 
average cost of the commodity can be somewhat reduced, without 
incurring too much outside risks. The spot market is handled mainly 
by brokers and traders.

During late 1960s and early 1970s the number of chemical trading 
companies grew to more than 100 companies. But growing popularity of 
long-term direct relations between producers and consumers is one of 
the reasons for the shrinking role of trading companies.

A characteristic feature of the chemical products market at the 
present is the stability of the relationships both between producers 
and consumers in national markets, and between exporters and importers 
in international trading. This is reflected in the increasing practice 
of concluding long-term contracts for the sal© of chemicals in recognition 
of the advantages offered by stable supply relationships as opposed 
to short-term operations. By ensuring guaranteed markets and supply 
sources for raw and other materials, long-term contracts help to keep 
production facilities operating at higher capacity, contribute to lower 
production costs, and enhance the opportunities for production planning.
In addition,, because of the reliable quality characteristics of the raw 
materials used and the goods produced, the possibility of employing 
stable technological processes is afforded. This is particularly 
important at a time when the scale of production is being significantly 
increased, thereby complicating the restructuring of production processes 
and the transition to new product lines.

Lowering the utilisation of capacity at a production facility causes 
a substantial increase in production costs. For example, in the case of 
a 400,000 ton/year ethylene production plant operating at 75 and 50 per 
cent of it8 optimal capacity, ethylene production costs increase by 15 

and 45 P®r cent, respectively^^.
In international trading, long-term contracts have become most 

coaeon in the case of those kinds of chemical products for which stable 
quality is a major factor. This is true of the majority of basic 
petrochemicals.

32/ The Petrochemical Industry. United Kations, New York, 1973» p.3
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The greater volume of trade being conducted on the basis of long
term contracts is having a marked effect on chemical prices. The history 
of international trading on this basis indicates that, during the post
war period, the most common approach in such contracts has been the 
method of fixed prices set for a definite period, after which they are 
subject to review in the light of changes in the basis production and 
overhead cost components having the greatest effect on prices. Under 
long-term contracts, changes in the manufacturer's production costs are 
generally compensated not in f u l l ,  but within certain limits, agreed by 
the parties, within which prices may deviate during the subsequent period 
with respect to the original (base) period. Thus, in the case of ethylene, 
a standard reservation on the review of the fixed base price has included 
a cost variation index for labour, materials, and the basic raw material - 
naphtha. Accordingly, the base price level may be changed by as much as 
70 per cent 34/.

Other methods of adjustment, which take into account changes in the 
producer's costs, the foreign-trade prices charged by other countries, ete. 
are also in use. As a rule, the intention of the parties concluding a 
long-term contract is that the prices under the contract should not differ 
substantially from current market prices, i.e. the so-called "open market" 
prices, as this has an adverse effect on the interests of both buyer and 
seller. While by and large reacting to the movement of open market prices, 
the prices charged under long-term contractual agreements remain stable 
over specified periods and do not reflect current fluctuations in market 
conditions. The disparity in the prices charged under long-term contracts 
and those charged for one-time (spot) deals is a reflection of the ratio 
of the advantages to the partners as a result of the establishment of 
long-term commercial contracts and the consequent reduction in production 
and overhead costs. However, despite the relatively minor share of short
term commercial operations, the open market price functions as a price 
"leader" for long-term contracts as well. As spot prices rise, companies 
that normally sell on a long-term basis endeavor to dispose of as much 
of what they produce as possible on the open market, while conversely 
buyers try to curtail their open-market purchases. As the process also

34y European Chemical News. 22 No §63, 18 (1972)
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works in the opposite direction, the result is an equalization of long
term and spot prices.

The events of 1973~1974 showed that for many chemicals the price 
level increased by a factor of 3 to 6 over the 1972 level. At the same 
time the accompanying shortages gave rise to a proliferation of prices 
for one and the same kinds of products. The peak prices, however, not 
only reflected the real extent of chemical shortages and the rise in produc
tion costs, but were also very largely speculative in nature. Taking 
advantage of the higher prices, even major producers substantially expanded 
their sales on the spot market. The most severe losses during this period 
were sustained by those raw-material-oonsuming companies whose purchases 
were not ensured by long-term contracts, under which the price level was 
considerably lower than on the spot market. At the beginning of 1974, for 
example, the prices for styrene charged by the large Western European 
exporters were U$S 600—900 per ton, while the spot prices were as high 
as U$S 1,200-1,700 per ton.

The substantial increase in prices for petrochemical raw materials 
in the 1970s and the sharp fluctuations in prices during certain periods 
were responsible for a shortening of the specified period of fixed prices 
guaranteed under long-term contracts. Adaptation to new market conditions 
resulted in a greater degree of mobility in the prices charged under these 
contracts and their convergence with the prices prevailing on the "open" 
market.

At the present, very few products are the subject of traders* attention. 
Their involvement with benzene, paraxylene, ammonia and ethylene glycol is 
low in comparison with the volume moving from company to company; it is 
specialized traders who own facilities, i.e. Transammonia owns ships.
On the other hand, styrene, orthoxylene, phthalic anhydride and methanol 
have always had a high level of traders' involvement, although the actual 
volumes handled by traders probably do not account for more than 15 per 
cent of the total market. The traders have no essential place in the basic 
chemical business and for overseas suppliers it is better to establish 
direct relations with end-users. But in some cases and for particular 
types of companies or commodities, trading companies with experience, 
know-how and contacts can serve several useful functions.

In the chemical business, distributors are service-oriented companies 
that are selling and delivering the products of large chemical companies
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to small consumers as well as the products of companies that cannot afford 
the cost of their own sales netwoxk. Most distributors own warehousing 
facilities and a fleet of delivery trucks. Their flexibility enables 
them to service large numbers of small customers. The chemical companies 
use distributors when they are unable or unwilling to set up similar 
organizations of their own. The distributors rarely handle building- 
block chemicals, but are widely involved in markets such as phthalic 
anhydride and polymers, where the end-user pattern is highly fragmented.

In attempting to enter markets in the developed countries, new 
suppliers* strategies must be product-based because the type of product 
will determine the strategy used. In general for petrochemicals, which 
have a restricted number of buyers - for example, ethylene, it is desirable 
to sell directly to end-users. However, once a move downstream into 
products is contemplated, which are performance-oriented, and the end- 
users' pattern is fragmented, such as styrene monomer and plastics, the 
problems of marketing, technical support and distribution arise.

3.2.1 Basic petrochemicals

In the United States there are significant merchant markets in all 
the major petrochemical products, but particularly in butadiene, benzene, 
styrene, VCM and orthoxylene. There is less of a merchant market in 
propylene, cumene, paraxylene, DMT-TPA and acrylonitrile. Although in 
Western Europe there are relatively few totally non-integrated companies, 
the merchant market still tends to be quite large because of imbalances 
within companies, particularly in ethylene, propylene and butadiene.
Benzene is also a moderately open market, as is orthoxylene; paraxylene, 
on the other hand, is mostly a restructed market. Amene is now closely 
integrated. The merchant styrene market is comparatively large, but 
recently it has shrunk. In Japan, a significant market appears to exist 
for most products.

In comparison with other basic petrochemicals, including derivatives 
and major intermediates (polymeres), ethylene world trade has been very 
small, except for EEC inter-traue. The high degree of concentration of 
ethylene processing and trade can be explained by the fact that the bulk 
of ethylene is consumed in downstream plants owned by the very same 
companies that control the upstream activity and/or the major international 
producers, and consumers have established ethylene grids in the main two
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developed regions, namely, Western Europe and the United States, in 
order to facilitate easy supply and a captive market for their ethylene.

Nearly all ships supplying ethylene are refrigerated, whereas the 
pipelines are pressurized. The problem of unloading ethylene from ships 
and into pressurized storage in order to connect with pipelines is a major 
one. Direct transfer from a ship into the grid is not yet possible.

Excluding inter-trade in EEC, ethylene export to developed regions 
originated mainly in non-European DMEC. However, 22 per cent of the 
total export to the developed regions seems to have originated in 
developing countries, mainly Algeria, Mexico and the Republic of Korea.

The situation is quite different for other olefines. Both EEC and 
the United States import appreciable quantities of propylene from other 
DMECs, mainly non-European. In the case of butadiene, the United States 
is a major importer - 290,000-330»000 tons per year - and the facilities 
exist along the coastline to handle this product. EEC exports significant 
quantities to the United States, and other DMECs are involved in the 
trading of small quantities of butadiene with major developed regions.
Of the developing countries, only Mexico and Venezuela exported butadiene 
to the developed countries.

World trade in aromatics seems to involve all producing regions, 
particularly in the case of xylenes. These products can be shipped in 
uncoated steel tanks and stored under similar conditions. Considerable 
tankage in public terminals is available for importers, exporters and 
traders. The flow of trade in aromatics is somewhat different from that 
of olefines. While major exporters to EEC were other European DMEC countries, 
the United States was the main exporter of olefines and the CPE was the 
main exporter of aromatics. In general Western Europe might be considered 
a net exporter of olefines, but a net importer of aromatics.

The situation is different in the United States, which is a net 
exporter of xylenes and propylene but a net importer of butadiene.

In the meantime, the United States relies on the imports of some 
quantities of aromatics, mainly benzene, from other developed regions, 
e.g. Canada. Because of the gasoline situation in the United States - 
higher consumption of unleaded high octane gasoline that creates a tight 
situation for aromatics - exports to Western Europe may decrease.
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Developing regions involved in the exporting of . limited quantities 
of aromatics to the three major DMECs include a long list of countries 
that usually serves one or more areas (Argentina, Colombia, the Dominican 
Republic, the Republic of Korea, Netherlands Antilles, Trinidad and 
Tobago, United States Virgin Islands, Yugoslavia, etc.)* Other DMECs 
particularly non-European countries, also export small quantities of 
aromatics to other developed regions.

The flow of gas-derivatives in world trade has been mainly from CPE 
and developing countries to developed countries. Major developing countries 
involved in the export of methanol include Algeria, the Republic of Korea, 
the Libyan Arab Jamahiriya, Mexico and the People's Republic of China.
Those who exported ammonia in appreciable quantities in 1979 were Mexico, 
Colombia, Iran, the Libyan Arab Jamahiriya, Trinidad and Tobago and 
Venezuela. Some DMECs exported small quantities of methanol, which 
originated mainly in non-European areas that, as a group, were net exporters 
of methanol, and ammonia to other developed regions.

The international ammonia trade has been undergoing fundamental changes 
in recent years and the level of imports has increased dramatically. In 
1973 the United States exported three times as much ammonia as it imported. 
During the first half of 1980, three times more ammonia was imported to 
the United States than was exported. Occidental petroleum compensation 
trade agreements with the USSR will allow them to import 2.8 million tons 
of ammonia in 198I. In the first half of 1980, Canada, Mexico and Trinidad 
have also increased their exports to the United States to a level of
1.090.000 tons. As a result of this changing pattern, some 28 ammonia plants 
in the United States have closed down since 1976* In Western Europe many 
companies have now moved to use imported ammonia. Japan has been conducting 
an industry rationalization programme since 1970, which has reduced ammonia 
production capacity by some 750,000 tons per year, in order to allow for 
ammonia imports.

In 198O there was a continuation of the decline in the export of 
methanol from such countries as the United States (by 50 per cent to
81.000 tons), the Federal Republic of Germany (by 15 per cent to 23,000 tons) 
and Japan (to 3,000 tons as opposed to 24,000 tons in 1979)* At the same 
time, imports to Japan reached 2751000 tons, to the Federal Republic of 
Germany, 492,000 tons and to Great Britain , 22,000 tons.
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In the case of basic petrochemicals, the three major Ш Е С  regions 
exported only a small portion of their 1979 production, ecxept for butadiene 
from Western Europe (and to a limited extent methanol and xylene from 
countries other than the EEC), xylene from the United States and ethylene 
from Japan. It is obvious that the bulk of their basic petrochemical 
production is directed toward local downstream processing that is highly 
integrated.

In general, the biggest exporters of petrochemicals have been the 
EEC and Japan. But Japan has been, and may continue to be, a good market 
for imported methanol and, to a certain extent, xylene and ammonia.
Should Western Europe choose to rely on heavy feedstocks at the expense 
of heavy fuel requirements, which will he compensated for by North Sea 
gas and gas imported from the USSR and nuclear energy, and if it. decides 
to increase the use of unleaded gasoline, the situation for aromatics 
may improve, thus lifting the pressure of the tight United States situation 
of aromatics. Such a situation may alter the trade flow of aromatics 
and open the door for new suppliers.

3.2.2 Intermediates

World trade in intermediates has not been very significant and it 
is concentrated heavily within developed regions. Inter-trade of intermediates 
among countries of the same developed regions was more pronounced in the 
case of the EEC. Exports of intermediates to developed regions have 
been very minimal, but axe expected to increase, at least in the case of 
monomers, once polymer processing capacities increase in developing 
countries.

The styrene monomer is probably the product most widely traded and 
stored. European imports from the United States have been running at 
150,000-200,000 tons per year during the 1970s. Compared with this 
volume, ethylene glycol and ethylene dichloride movements have been 
miniscule. Movements of acrilonitrile are primarily within the fibre 
industry. In general, storage facilities for imports are readily available 
for styrene and ethylene dichloride (EDC). Fibre grade ethylene glycol 
storage will he harder to find.

3.2.3 Polymers
The bulk of the trade in developing countries has been in end products, 

i.e. plastic * resins, synthetic fibres and synthetic rubber. The major
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partner of the developing countries in this activity has been the developed 
regions, where most exports are generated, rather than other developing 
countries that usually export semi-finished and finished products instead 
of polymers and resins. However, the developing regions have exported 
small quantities of polymers, mainly PVC, to developed-market economies. 
Among the major developing countries that exported some quantities of 
end-product groups plastic resins and S3R were South-Bast Asian and 
pacific countries and Brazil.

The share of DMECs, other than the three major developed regions in 
the export of end products has not been high except for polyethylene and 
SBR. In the case of SBR, non-Ehropean countries had a better share than 
the rest of other DMECs.

Centrally planned economies trade with developed market economies 
involves basis aromatics, plastic polymers and synthetic fibres. But the 
export of polymers, mainly polyethylene said PVC, and polyester fibres have 
been, relatively speaking, in small quantities destined for the EEC.
In the meantime, most of the trade in olefines between CPEs and DMECs was 
noted between the EEC and CMEA.

Balance of end-products traded quantities in 1979 indicate that the 
United States was a net exporter in most polymers, except PVC, and synthetic 
fibres, but not SBR, whose imports cams usually from developed countries.
Its export of end-products has been directed mainly toward Western Europe, 
particularly in the case of polyester fibres.

In 1979 the three major consuming regions- Western Europe, Japan 
and the United States - had an overall trade flow which indicated them 
as net exporters of polymers (Annex III.B) .and in general that the export 
share of their production has changed considerably for each of the main 
polymers from that of 1978 (see Table 3«4)»

Polyethylene, the largest plastic consumed, represents over 50 per 
cent of the net trade in all polymers of the three major consumption 
centers, with LDPE accounting for the highest trade volume among the rest. 
However, the highest plastic polymers in terms of trade growth during the 
period 1976-1979 have been polypropylene (17 per cent per year) and HDPE 
(13 per cent per year), while polystyrene represents the lowest growth rate 
(3 per cent per year).
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In 1979 Western Europe seems to have dominated plastic polymers trade 
except for ABS, with their aggressive pursuance of certain traditional 
markets, namely the Middle East, North Africa, South East Asia, South 
America and Eastern Europe. For specific products, namely polypropylene, 
Western Europe had good access to other markets in Canada and Latin 
America. In the meantime, the hulk of Japan polymers export has been 
to South East Asia, which in effect represents the largest import
consuming centre of polymers among all developing regions. The United 
States also has access to South East Asian markets, but Japan is the 
dominant trade partner; its share is nearly 50 per cent in that region in 
comparison with the United States and Western Europe. It is to be noticed 
that Eastern South Asia is the largest market for polystyrene among all 
others for the major exporting regions.-^/ other markets for United 
St ate b polymers include Canada and Latin America; for certain products, 
such as polystyrene, Mexico has been the major market.

The Federal Republic of Germany has been holding the highest trading 
position in polymers among all countries, with 30-40 per cent of its 
production going into export. Japan, on the other hand, has been among 
the major exporters, but started to loose considerable volume of its 
exports in the past few years in its own market, i.e. Eastern South Asia^.

In the late 1980s, overall self-sufficiency may be reached in the 
developing countries. Depending on the product, exports will become 
important, for example PVC to particular countries, both to other developing 
countries and to major consuming regions. Thus a shift in historical 
trade patterns can be expected, with reduced plastics export opportunities 
from Western Europe, the United States and Japan.

3.3 Factors affecting trends of future trade in petrochemicals
Future trend in petrochemical trade patterns will depend on many 

factors, but the cost factor will be the dominant one. During the last 
decade world trade was developing under the circumstances of slower rates 
of growth and inflation. Since 1973 & preocupation with secure feedstocks 
has dominated both the investment plans and strategic planning of the 
petrochemical industry. Feedstock uncertainties now tend to de^r investment

36V
Dodge, International Plastics Markets and Trends

Ibid
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Table 3.4 Plastic -trade off the three major consuming areas

CD
I

a)' Trade volume for Western Europe Include intra-trade.
1978 figures obtained from Dodge paper (international Plastics Markets and Trends) and 1979 figures obtained 
from data provided by UNCTAD (K.T. Murray).
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iecisions and add -fco installed plant cost. Rising feedstock and energy 
costs also lower profitability, since producers often find it difficult 
to pass these higher costs on to their customers as rapidly as they incur.

At the present time the Western European chemical industry is 
dominated by about 34 large companies, but of these top companies only 
16 have some equity participation in a refinery. The United States 
chemical industry is dominated by 27 companies and only 5 are oil companies, 
who have moved into petrochemicals. The Japanese market; in building 
block petrochemicals exhibits a moderate degree of vertical integration 
between oil refining, olefins and aromatics - of 25 top companies in 
chemical industry only 3 are directly involved in oil refining and 6 
are involved in olefines manufacture. Meantime high cash flow and control 
of raw materials will facilitate the major oil companies' penetration into 
many of intermediate petrochemicals. This will tend to make production 
of such petrochemicals considerable less attractive to traditional chemical 
companies.

Ascending crude oil prices and relevant energy policies are likely 
to prevail in the 1980s and will have a direct impact on the competitive 
position of traditional suppliers, affecting most of all the level.of 
utilization of their plant capacities. Furthermore, it is likely that 
new investment if undertaken may not be compensated by maintenance of 
profit margin. Accordingly some adjustment to the overall chemical trade 
structure can be expected.

Because of its feedstock position, the United States with its high 
product/feedstock advantage may continue to enjoy in spite of decrease 
a trade surplus in chemicals and its petrochemical industry may have 
a higher growth rate than Western Europe, its major chemical trade partner.

Total value of the United States chemical export during 1979 and 1980 
jumped 37 P«r cent and 20 per cent respectively. In 198O conspicuous 
gainers in export were organic intermediates, up 13 par cent over 1979 

level for a total value of USl 5 ,7 billion, synthetic resins and plastic 
materials, up to 20 per cent (U$S 3,9 billion), synthetic rubbers, up 
20 per cent (U$S 695 million). In I98O the value of its petrochemical 
exports (organic intermediates, fertilizers, plastic resins, man-made 
fibres and synthetic rubber) constituted 59 per cent of total chemical 
export and 6,5 per cent of its total export (except fuels) with fertilizers
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showing the highest growth (57 per cent per year over 1 9 7 9 ^ .  In 
1980 the volume oil petrochemical export from the United States was twice 
larger than in 1977 and exceeded U$S 14 billion in value. At the same 
time the share of |ts petrochemical imports (the above m entioned 5 groups) 
of products constituted 50 per cent of chemical import and only 2 per 
cent of the total iinport (except fuels). However, the United States 
import of petrochemicals has been rising, with organic intermediates and 
fertilizers showing the highest growth (17»4 and 17.6 per cent during 
1979/1980 period).

There are reasons to believe that the United States chemical trade 
surplus has reached its zenith in 1980 and is likely to shrink during 
the next few years. Under the circumstances of coming decontrol of oil 
and gas prices, the United States chemical producers will loose an 
advantage of their feedstock and energy costs, and conversely, foreign 
producers* goods will be more competitively prices in their home market 
and in the United States. The outlook is that there will be a decrease 
in the growth rate of the United States chemical export, and an increase 
of import, particularly of benzenoid chemicals and some organic inter
mediates.

With the expected expiration of gas price controls the United 
States may need to import petrochemicals, and this may force the United 
States to negotiate relaxed trade agreements with new suppliers (specially 
where hydrocarbon resources are abundant) for importing certain petro
chemicals that seem to be critical as far as cost is concerned. Costly 
environmental regulations and marketing strategies made few United States 
petrochemical producers seek alliances with producers in developing 
regions. Already some agreements have been concluded with countries like 
Saudi Arabia to that effect.

The US petrochemical industry may be in a better position to with
stand the competition of oil-based developing oountries than other developed 
regions. Bit it is envisaged that some of its traditional markets (namely 
Canada, Mexico and some Latin American countries) may not only reach a 
point of self-sufficiency but could become competitors, particularly Canada 
which enjoys some trade concessions in the United States markets.

37/ Chemical Week. March 4 1981
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The weaker growth in demand may force European petrochemical 
producers to seek bigger export markets to load their plants operating 
at marginal basis, with the hope of maintaining good price levels at 
home. Western European producers that already feel the United States 
threat, particularly in speciality porducts including synthetic fibres 
but not intermediates'^, will face more competition from Eastern 
Europe that may reach parity in production with Western Europe by 1985» 
and from developing countries that are destined to bring even larger 
volumes of petrochemicals by 1990s to world market 32/.

West European traditional suppliers may also look into the 
possibility of participating in developing countries capacities. But 
because they are in a somewhat better position than Japan as far as 
feedstock position is concerned, and because they intend to invest at 
home with exports in mind, their participation in outside capacity will 
be limited to projects located in highly populated developing region 
markets rather than in larger export orientated projects,

Japan, realizing the changing situation in feedstock, has been inclined 
to participate in new petrochemical projects in developing countries.
New investments are being channeled in part toward joint-venture in oil 
exporting countries to ensure the economic supply of basic petrochemicals 
for polymerization and down-stream processing at home, and also to have 
sin assured market in those countries for its end products as well.
Its ventures in Iran and Saudi Arabia are two good examples.

It is quite possible that other DMEC, particularly those facing 
critical balance of payments situation, might seek bilateral agreements 
with oil exporting countries whereby they can reduce the financial burden 
of raw material and energy while at the same tirâ  expanding the exports 
of their engineering industries embodied in new petrochemical capacities 
at minimum risks. In this context, co-operation between producers and 
governments will be imperative.

To manage a solution for the energy problem in general, major 
companies may seek further co-operation with governments. Such co-operation 
might involve arrangements for the construction of synfuel plants, subsidies

^  Chemical Age, 30 November 1979 
Chemical Week, 24 January 1979
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on buy-back arrangement a for the product through long-term government 
contracts, etc. Such a process will allow the improvement of feedstocks 
situation for petrochemicals and hence affect the trade flow.

Giant petrochemical companies, particularly those in the United 
States, have already been pursuing backward integration of their down
stream processing activities. This has also lead to close co-operation 
between chemical producers and oil companies, who have become more 
involved in petrochemicals than before, particularly in Western Europe.
For all these companies, it was important that their prior objective 
should be to pursue a policy of feedstock flexibility to hedge against 
shifts in prices and availability. Toward that end, some companies have 
started already to invest in relevant infrastructure expansions (terminals 
and distribution systems of different feedstocks from different sources).

Traditional producers, also under the pressure of rising raw materials 
and capital costs, as well as environmental considerations, are.indicating 
more interest in bein selective in their projects.

Quite few are planning to move further down-stream to speciality areas, 
thus slowly relinquishing part of their control over commodity petrochemicals. 
This might open bright prospect for developing countries to enter into 
world trade.

Developing countries may continue having significant imports of 
plastic materials and synthetic fibres in the 1980s but most likely it 
will be at lower rate. Up to now the import of polymers in general comprised 
mostly low cost products or polymers of low sophistication level and of 
limited variation in grade properties in comparison with developed regions. 
This may have been due to foreign exchange problems in some countries and/ 
or due to the limited technological capacity in the case of others. Their 
plastic exports on the other hand, have been mainly semi-finished and 
consumer goods, and this may continue to he the case for some time.

With ambitious plans to build up their production capacities, 
some developing regions may reach an overall Belf-sufficiency in certain 
categories of products. OPEC countries are already in the process of 
building their commodity petrochemical capacities. Irrespective of some 
shortfalls associated with excess of capital cost and technology handicap, 
these capacities will bring about occasional disruption of the market 
in the 1980s. Up to now the developing regions have been a merchant



183 -

Geographic redeployment of the industry will also be influenced 
by other factors; the rapid development of the economies of such major 
petrochemical contenders among the developing countries sv. jh as Brazil 
and the Republic of Korea, the major petrochemical expansion plans of 
the USSR, China as well as other Eastern European countries that enjoy 
raw material and manpower skill positions, and the efficient exploita
tion of oil resources by some major consuming areas, such as Canada 
and Mexico, to build solid position in petrochemical commodity products.

Prospects for more changes in the international trade structure 
may also be promoted by other factors;

- Mergers and consolidations toward fewer but bigger companies 
which can afford better investments in research and development and better 
leverage in trade strategies. This will be stimulated more in the 
United States to afford the cost of complying with government regulations.

- Formation of more trading blocks among geographic regions countries 
is likely to take place. An example is the proposed North American Common 
market that includes United States, Canada and Mexico.

- Low per capita utilization of petrochemical end products and 
foreign exchange situation may bring about higher inter-trade activities 
among CMEA members, a fact that may reduce export potentials from that 
area, but also ought to diminish import. However a too-tight hard 
currency situation may lead to some export, enough to tip the balance
of trade at least in Western Europe.

3.4 The prospects of new producers in international trade in
pet rochemicals
The bulk of petrochemical production has been managed up to now 

by OECD multinationals. The management of the international trade and 
investment in this sector has led to the growing oligopolization of the 
market, and to the rapid increase of trade power which is concentrated 
in the hands of the multinationals leaving the developing countries with 
residual markets.

The dominance of the petrochemical market by the developed countries

market for end products. Increased local intermediate petrochemical
capacities w ill result in the captivity of their markets for certain
products.
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is quite evident as illustrated in Annex III.B. The Annex contains 
data for seven basic petrochemicals (ethylene, propylene, butadiene, 
benzene, xylene, methanol and ammonia) and five intermediates (poly
ethylene, polypropylene, polystyrene, PVC and SBR). For basic 
petrochemicals (ethylene, propylene and benzene) imports account for a 
minimal share of domestic consumption in the developed countries; 
butadiene (for the United States), xylene (for Western Europe) and 
methanol (for Japan and Western Europe) account for a moderate share. 
Imports account for a minor share of consumption for each of the 
int ennediat e s.

On the average, imports of petrochemicals account for only 4 per 
cent of developed countries consumption, and the developing countries 
account for only 21 per cent of these imports, i.e. imports from the 
developing countries account for less than 1 per cent of total consumption. 
Moreover, two-thirds of this developing countries’ trade involves a 
single product, namely methanol. Excluding methanol, total imports 
account for 3 per cent of consumption with the developing countries 
supplying 9 per cent of imports and less than 1 /4 of 1 per cent of 
consumption.

The fact that developing countries account for a small share of 
current consumption in the developed countries does not mean that they 
will not do better in the future. However, a comparison of developed 
country productive capacity with total consumption shows that these 
countries currently have capacity that is roughly 25 per cent greater 
than current consumptions; and capacity utilization averages only 83 per 
cent even though the developed countries were net exporters of petro
chemical products in the magnitude of over 4 million metric tons 
(in 1979)* Such exoess capacity might explain why the developed country 
producers express concern over the recent trends in world-wide capacity.

This relationship between capacity and consumption presents 
definite problems for the developing countries in their needs for 
dynamic export market. However, the result of rising prices for feed
stock in the 1970s has led to substantial increase in production costB of 
basic, intermediates and final petrochemicals in developed countries.
At the present time the costs of raw materials and energy as a per
centage of the over-all production costs of Western Europe’s petrochemical
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industry has risen to 83 per cent as opposed to 73 per cent in 1977 

and 46 per cent in 1973» Under these circumstances there is ground 
to expect that in 1980s intercontinental trade in these commodities will 
increase particularly after 1985* This suggestion is supported hy the 
fact that in the developed countries there is a tendency to close 
unprofitable enterprises, substantial decrease in export and increase in 
import of some basic petrochemicals and intermediates. This tendency will 
grow further as prices for oil and natural gas go up. While trying 
to secure long-term needs in feedstock, the developed countries are 
showing greater interest in constructing plants near the sources of 
hydrocarbons. The lower production costs of petrochemicals in the 
developing countries will stimulate production growth, the considerable 
part of which will go for export.

However, the entrance of developing countries petrochemical products 
in developed countries markets is expected to be met with gmt resistance 
including tariff and non-tariff barriers. Most important obstacles will 
be discussed hereunder.

3.4.1 Tariff barriers

A tariff is a tax on a product when it is imported into the customs 
territory of a country. Since the tax is not assessed on locally produced 
products, the immediate impact of a tariff is to place a wedge between 
the price which consumers (or users) in the importing country pay and that 
which the exporters receive. Thus, the foreign exporter would receive 
less for the same product than the local producer (by the amount of the 
tariff) in order to be competitive. In other words, the foreign exporter 
must be a more efficient producer than the local producer in the importing 
country. Or to put it in another way, the local producer can be less 
efficient and still remain competitive in his home market.

(A) Effective rate of protection
Table 3.5 presents the average tariff rates which the major developed 

countries assess on imports of selected petrochemical products. The 
products include seven basic petrochemicals, five intermediates and two 
fibres. In general, the tariff rates on basic petrochemicals, 56 are aero 
or less than 1 per cent; 8 are 5 per .cent or less and 10 are between 6 per 
aent and 7 per cent; only 14 are higher than 7 per cent and half of these 
involve a single product - methanol - and five of them applied in a
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gost-MTN average tariff rates for selected, petrochemical products;
(ad valorum or ad valorum equivalent)

Table ^ . 5
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%Basic Feedstocks 
Ethylene 6.3 6 F F F F F F F 6.5Propylene 6.3 G F F F F F F F 6.5 -
Butadiene 6.3 G F F F F F F F 6.5 —
Benzene F A F 10 F F 2.2 F F . F —
Xylene-para F 2 -F 10 F F F F F F —

-ortho F 2 F 10 3 F F F F F -
Ammonia 11 4 3 22 F F F 13 F 9 6
-Methanol 13 5 18 15 « 19 10 F F 7.7 9 —

Intermediates 
Polye tbylene-LD 12.5 il 12.5 21 22.5 9.5 F F 10 9 2

-HD 12.5 il 12.5 21 57.5 9.5 F F 10 9 2
Polystyrene 12.5 14- 17 21 j 22 .-5 9-5 F F 20 9 2
Polypropylene 12.5 22 12.5 21 22.5 9.5 • F F 20 9 2
PVC 12.5 6 10.1 18 22.5 9.5 F . F 20 9 5
SBR 3 F F F 37.5 ' F F F 7.7 F **

Fibres
Polyester 7-5 10 9 F F 8-5 F F 2 3.2 G
Polyamide 7.5 10 5 F 7.5 8.5 F F 2 3.2 G

Source; National tariff schedules and GATT, Geneva (1979) Protocol to the General 
Protocol to the Centura! Agreement in Tariffs and Trade, 30 June 1979 and 
Protocol Supplementary to the Geneva (1979) Protocol to tlie General Arrrecmont 
on Tariffs and Trade. 22 November 1979«

fF) duty-free
(—) less than 1 jS ad valorum
Note: In some cases the product is subdivided for tariff purposes with different

rates applying to the various subdivisions; in such cases a trade weighted 
tariff rate is given.
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single country - Austria.
In contrast, the tariff rates Which apply to the intermediate 

petrochemical products are significantly higher. Of the 66 possible 
rates only 19 are zero or less than 1 per cent and involve synthetic 
rubber (a holdover from World War II) or are applied by Finland or 
Wew Zealand. With the exception of synthetic rubber, the EEC, Japan, 
the United States, Austria, Australia, Canada, Norway and Sweden have 
uniformly high tariff rates ranging from 9 per cent up to 37,5 per cent. 
Moreover, there are considerable differences in the tariff rates 
relating to different groups of countries, particularly to CPE countries.

The tariff rates applicable to fibres vary by country more than 
ty product type. Half of the possible tariff rates are less than 4 

per cent. However, the three major markets (EEC, Japan and United 
States) tend to have the higher rates.

A casual examination of these tariffs would imply that developing 
country exporters have rather open access to the developed country markets 
for the basic feedstocks - with only a small efficiency advantage 
required by developing country exporters. Regarding intermediates, the 
required efficiency advantage is more substantial at 12,5 Per cent for 
exports to the EEC, from 10 per cent - 17 per cent for the United States,
6 per cent - 22 per cent for Japan and so on (excepting SBR).

However,a more carefhl application of the theory of tariffs reveals 
that the protective effect of a tariff is often much higher than 
indicated by the nominal tariff rate. And, therefore, the foreign exporter 
must be much more efficient than the local producer. This so-called 
theory of effective protection is designed to quantify the competitive 
advantage which is provided to local producers by tariffs. To illustrate 
the relationships involved, consider the processing activity of converting 
ethylene into polyethylene (high density). Roughly 50 per cent of the 
cost of polyethylene is expended on ethylene as input; the other 50 per 
cent of the costs are local value-added , i.e. utilities, labour, capital 
(depreciation, maintenance, etc.) and so on.

If a developing country wishes to export ethylene to the United 
States, it faces no tariff related competitive disadvantage since ethylene 
is subject to duty-free treatment. However, if the country wishes to 
process the ethylene into polyethylene for exportation, the polyethylene
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will be subject to a 12,5 Per cent tariff. Thus, if U$S 1.00 worth 
of ethylene is processed into U$S 2.00 worth of polyethylene, upon 
importation into the United States market it must pay a tsaiff of $ 0.25 
(12,5 per cent of $ 2.00) which brings the total cost to $ 2.25*
In contrast a United States producer would be able to process the 
ethylene into polyethylene for sale on the United States market for only 
$ 2.00, i.e. $ 1.00 worth of ethylne and $ 1.00 worth of local value- 
added. In order for the foreign producer to be competitive in the 
United States market he must be able to sell polyethylene, inclusive 
tariff, for $ 2.00. Thus, the foreign producer must be able to convert 
$ 1.00 worth of ethylene into polyethylene for only $ 0.75 in processing 
cost in order to have a total cost, inclusive of tariff, of $ 2.00 
(i.e. $ 1.00 (ethylene) + $ 0.75 (processing) +• $ 0.25 (tariff) =
$ 2.00). In comparison with a United States producer, the foreign 
producer must be more efficient in processing (i.e, processing cost 
of $ 0.75 versus $ 1.00 for a United States processor) in order to be 
able to be competitive^/.

This efficiency differential is better explained by the so-called 
effective rate of protection (EEP), which can be calculated as:

T
EBP = ----- (1)

VA
where T is the tariff rate (in decimal form) and VA is the share of 
total costs accounted for by local processing costs (value-added). In 
the above example EBP = .125/.5 = .25 and denotes that the foreign 
processor must improve his local processing cost efficiency by 25 per 
cent in converting ethylene into polyethylene in relation to the United 
States processor to counteract the latter advantage accorded to him by 
the tariff.

An assumption underlying this example is that both the foreign 
and the United States processor can obtain the essential feed, ethylene, 
for the same cost. This would be essentially true in the case of the 
United States since the United States processors have duty-free access 
to world mazkets. In Germany however, processors must pay a 6.3 per

The analysis is simplified in:
- assuming equal production components costs (feed and local value 

added) in both regions, or
- assuming custom valuation by the importer for protection purposes 

or as anti-price measure.
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cent tariff on ethylaie imports - which put them at a competitive 
disadvantage by increasing their costs of ethylene feed. This element 
can he incorporated into the formula for the effective rate of 
protections as

T - at T - at
EBP = ------ = --- ---- (2)

VA (1 - a)
where T and VA are as in equation (1), t is the tariff on the ethylene 
feed and '•a" is the share of total costs which is accounted for by the 
ethylene feed (thus, 1 - a is the processing cost). In the case of 
Germany, ERP = (.125 - »5 X . 063) / (1 - .5) = .187 and thus the foreign 
processor must be 18.7 per cent more efficient in processing ethylene 
into polyethylene than the German processor. The difference between 
the United States EEP of 25 per cent and the German ERP of 18.7 per 
cent is due to the competitive disadvantage imposed on the German 
processor by the 6.3 per cent tariff on ethylene feed^^.

Effective rates of protection have been calculated for the five 
intermediates in the sample of petrochemical products ; these calculations 
are presented in Table 3»6. Two sets of calculations were made for each 
of three major markets; one using current input coefficients and market 
prices, the second using estimates of full costs of production (including 
a 25 per cent before-tax profit margin) at 100 per cent capacity 
utilization. With the exception of synthetic rubber (SBR) these calcula
tions indicate that on the average, foreign exporters to these countries 
must improve local processing costs by 23 per cent in processing basic 
petrochemicals into intermediates in relation to local producers in 
order to be competitive in import -country market; the efficiency differen
tial is 69 per cent higher on the average than the price wedge imposed 
by the tariff. In contrast, the structure of tariffs is quite insignifi
cant in the case of SBR due to the very low duties on this product.

41J The formula can be expanded to include several, say k, feedstocks as
T - ¿ a .  t.l lEBP =
(1 - U )b-L X

where T, t and a are defined as.above and i indicates the particular 
feedstock.



Table 3*6 Effective rates of protection

Product
EEC

«
Japan

■ ■■
USA

Tariff
Rate

ERP
Actual

ERP at 
100 JS 
capacity

Tariff
Rate

ERP
Actual

ERP at 
100
capacity

Tariff
Rate

ERP
Actual

ERP at 
100 £ 
capacity

Polyethylene «
High Density 12.5 24 24 11 18 22 12.5 28 30
Low Density 12.5 25 23 11 23 21 12.5 27 29

Polystyrene 12.5 23 23 14 NA 29 17 35 35
Polypropylene 12.5 18 • 18 22 37 42 12.5 22 24
PVC 12.5 19 15 6 7 6 1 0 .1 19 16

OTTO 3 0.5 1.3 0 KA - 4.7 0 0 0

Source: SRI International, PEP Yearbook 1980 and.UNIDO secretariat calculations.
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(in fact, for Japan the EHP is negative which implies that tariffs on 
basic petrochemicals put Japanese processors at an actual competitive 
disadvantage of almost 5 P©r cent).

There is a qualification to the above analysis and conclusion about 
the protective significance of tariffs, namely the preferential access 
of developing country exports to the developed country markets under 
the so-called Generalized System of (Tariff) Preferences (GSP).

Under the GSP, EEC, Japan and the United States imports of inter
mediates enjoy duty free treatment. Thus, whenever GSP duty-free treat
ment is applied, then developing country exports will not face any 
tariff imposed efficiency differential requirement. However, if any 
developing country becomes a major supplier of any of these petrochemical 
products it is likely to lose the benefits of duty-free treatment under 
the GSP, i.e. its exports (or increasing exports) will face normal tariffs 
and the efficiency differential requirements as calculated in Table 3*6. 
For example, in 1980 a customs duty in the amount of 14.4 per cent 
was imposed on methanol imports from Libya to Western Europe, whereas 
previously this product had been imported duty-free. Furthermore, the 
GSP is a non-reciprocal arrangement which contains numerous limitations 
including ceilings on the volume of duty-free trade, minimal processing 
requirements, special documentation to certify origin of products, and 
so on.

In this respect, the evolution of trade liberalization in the 1960s 
- 1970s and participation of the developing oountries in the series of 
negotiations within GATT are of interest.

(B) Trade liberalization
Post-war tariff and trade negotiations resulted in some significant 

results by 1967 during the Kennedy Round within the framework of the 
General Agreement on Tariff and Trade (GATT). The chemical sector, and 
particularly petrochemicals, occupied a prominent position in the Customs 
Co-operation Council Nomenclature (CCCN) for partial harmonization of 
tariffs, as a step toward trade liberalization.

It has to be emphasized that the whole programme was promoted by 
the leading trading powers, notably the United States and the EEC. The 
main objective of the programme is to place all major producing companies 
on the same competitive level when there is no significant difference
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between properties of products produced in different countries. Worth 
noting in this respect is that the EEC pursued the negotiation more 
feverishly than the others for the following reasons'^/:

- The Common External Tariff (CET) of the EEC was generally lower 
than that of the United States, and thus special treatment for a long 
list of chemical items for which appreciable tariff disparities exist 
was very important.

- Under the American Selling Price System (ASP), which was introduced 
in 1922 for the protection of the dyestuff industry and been applied
to certain organic chemicals derived from benzene, duties were assessed 
on the basis of the value of competitive United States products rather 
than on the value of the imported chemicals themselves, thus the 
elimination of the (ASP) and other valuation systems meritted consideration.

The final Kennedy Hound agreement incorporated certain tariff 
reductions on dutiable petrochemical imports on individual basis by 
different countries who subscribed to the Round's concessions.

Some important concessions included in the Round were 4 y :
- 50 Per cent tariff reduction by the United States on most chemicals 

which had previously been subject to duties higher than 8 per cent and
20 per cent reduction on those previously subjected to 8 per cent or 
less, while keeping the &.2P valuation method in effect.

- In general a 20 per cent tariff reduction by EEC on chemicals 
imported from the United States, with higher reductions on those subject 
to duties of 25 per cent ad valorem.

- 44 per cent tariff reduction (on a weighted average basis) by 
Japan on dutiable chemical imports from the United States,

There have been some exceptions invoked by different subscribers, 
in line with each country position in that particular product. Important 
tariff reductions in general were made for synthetic rubber and manufactured 
fertilizers. Low reduction concessions were made for artificial fibres 
and certain kind of synthetic man-made fibres were excluded by EEC for 
United States products because of the significant disparities.

In the Tokyo Round (MTN) of GATT negotiations, further concessions 
were negotiated to improve the prospects of trade, mainly among industrialized

UB-ECWA publication. E/ECWA/MTN/SEM.1/4. Petrochemicals in World Trade.
^  idem.
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countries. Among the main features of that round was the discontinuation 
of valuation practice, particularly the United States ASP system.

As a measure to apply the agreement on an even basis among various 
parties, some provisions were made in the event that countries adopt 
national policies which upset trade flow. The imposition of such 
measures might be seen in the case of rising imports from a producing 
country where price dumping or a price-war among local producers made 
the product very attractive to the importing area. A case in point is of 
a recent occurance when EEC introduced a dumping duty on imported 
United States polyester fibres (15*6 per cent for flat fibres, 9*7 per 
cent for textured y a m  and 10.6 per cent for vinyl acetate, a fact that 
could force the United States to pursue an antidumping action.)

The underlying principles of the GATT are non-discrimination and mutual 
benefit (reciprocity). The international negotiations conducted under 
these principles have resulted in a general lowering of tariffs and the 
binding of negotiated rates. Binding essentially means that tariff rates 
will not be increased and, therefore, tariffs are gradually being eroded 
as a trade policy tool. Tariff negotiations of today concentrate on which 
products must be exempted from negotiated reductions in order to maintain 
effective protection. Pour of the five intermediates contained in Table 3.5  

have apparently been on the exception list, or at least singled out for 
less than average tariff reductions. In contrast, the dictates of World 
War II resulted in very low tariffs on synthetic rubber (SER).

Pew industrialized countries (Australia, Austria, Canada, EEC,
Finland, Japan, New Zealand, Norway, Sweden, Switzerland and the United 
States) have introduced preferential tariff arrangements on imports of 
manufactured and semi-manufactured products originating in certain 
developing countries. The scheme, known as the Generalized System 0f 
Preference (GSP) does have some advantages to those granted the treatment, 
but it- also incorporates a series of exceptions which might undermine its 
validity:

- Not all the countries can benefit from every developed market 
economy GSP. In other words, it could be discriminatory.

- Not all petrochemicals qualify for GSP tariff treatment. Some 
developed countries exclude paraffins and basic aromatics, others exclude 
man-made fibres or bulk polyethylene from their GSP lists.

- Major petrochemical producing regions (United States, EEC and Japan)
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place limits on the value of imports that can receive GSP tariff treatment.
- Some countries, i.e. EEC and Japan place ceiling limits on value 

of imports from all beneficiaries combined on certain product groups that 
receive preferential treatment. Ceiling limits imposed by EEC included 
chemical fertilizers, man-made fabrics and their yarns, and woven fabrics 
of synthetic fibres. Japan includes artificial resins and plastic 
materials in its ceiling limits list.

Imports in excess of the ceiling limits imposed by some of these 
countries could receive most-favoured-nation (MEN) duties. However, 
such concession sometimes would be ineffective if the import of a specified 
product from a single country is limited to a posted percentage of the 
total import ceiling.

There has been a tendency among the original sponsors of the GSP 
scheme to remove from the beneficiary list both the more advanced developing 
countries and the so-called sensitive products including final petrochemicals. 
The United States scheme has already incorporated a competitive need 
criteria under which a beneficiary country may no longer qualify for GSP 
tariff treatment, regarding a certain product whose export value to the 
United States has a high absolute value or its quantity would be over a 
certain percentage of United States total import of that product. In 
the meantime the EEC has been in the process of reviewing its scheme with 
the idea of easing the limits for single countries but only for specific 
products. But in 1980 there was a failure to adopt the measures to make 
it easier for the developing countries to gain access to the markets of
EEC countries. The Commission's proposals called for a reduction— in the-----
number of products protected by import quotas or other trade barriers 
from 30 to 11 in 1981. Under pressure from Western European manufacturers 
24 more chemicals were added to the list of protected products.

The preferential agreements embody certain reciprocal concessions, 
aiming at establishing a custom union or a trade area. This could in 
effect restrict the entry to the beneficiary of certain products origi
nating outside the country or trading block-granting the preferential 
treatment. A good example was the high duty applied by Greece on 
HDPE imported from non-EEC countries (36 per cent) when it was 
granted the EEC preferential treatment (before joining the EEC).

The chemical industry in the developed market economies considers 
tariff as the mean issue for trade negotiation. Non-tariff barriers, 
i.e. subsidies, customs valuation, government procurements, standards,
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etc. are of little significance to their intra-trade prospects.
The participation of the developing countries in GATT has been 

minimal, and any benefit accruing to these countries resulted from 
negotiations on the basis of reciprocity. Furthermore, despite the 
Tokyo Round cuts, tariff charges on quite few sensitive petrochemicals, 
will still be relatively high enough to hamper new petrochemical producers 
entry to the international market in petrochemicals, though the range 
varies from one market to the other. This is more true in the case of 
intermediates and end-products, particularly synthetic fibres and 
plastics. It should be stated in this context that escalating tariff 
rates for certain products on a country level is quite possible.
Therefore, unless some vigorous action is undertaken at the international 
level, under the auspices of multi-trade negotiations (MTN) new producers 
in developing countries may not be able to export substantial amounts 
of their surpluses.

The multi-trade negotiations(MTN) may offer a good opportunity for 
developing countries to negotiate improved and more secured terms of 
access to main petrochemical consuming centers. In contrast to the 
GSP which is a unilateral system taken on a non-reciprocal basis and without 
contractual status MTN concessions can be duty-free and of relative stability, 
and more related to the bargaining power of the countries involved. An 
advantage of MTN reduction is their multilateral nature when the obligation 
not to increase the rate is taken in respect to all petrochemical suppliers.

The developing countries who are in a position to offer competitive 
products ought to be in a position to participate in the trade liberalization 
process through the MTN system of negotiations.. However, their status as 
late comers may turn down their negotiation strenght. Thus their trade 
advantage based on a comparatively cheap raw material should not preclude 
them from being granted preferential treatment and should not justify any 
safeguard measures or so-called anti-dumping procedures against their 
export. Furthermore, as it was noted by some participants to the Conference 
of the Society of Chemical Industry (The Hague, October 1979) that while 
trade should be free, preferential tariff treatment ought to be granted 
to developing countries as a part of a comprehensive policy of preferential 
treatment.
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3*4*2 Non-tariff barriers
While the tariff rates were being lowered, on a reciprocal basis, 

two other trends emerged. First, as tariffs became less a barrier to 
trade other governmental barriers to trade became visible - such as quotas, 
health, safety and environmental standards; import licensing schemes; 
governmental purchasing preferences in favour of domestic producers; 
customs valuation practices^^ and so forth. The second trend was the 
emergence of changing international comparative advantage and the pressures 
placed on governments to safeguard domestic firms that were unable to scope 
with such developments. Since governments could not increase tariffs they 
are increasingly resorting to non-tariff techniques such as "voluntary 
export restraint" agreements (now called "orderly marketing agreements").

Government non-tariff barriers may include a spectrum of mechanism 
each of which is an obstacle to import . The ̂ main barriers include:

- Arbitrary customs valuation based on different criteria in assigning 
a home market value for determining the tariff.

- Explicit import quotas on certain products from specific regions 
or in general.

- Imposing special import fees and/or border taxes.
- Discretionary import licensing programme, which affects most 

intermediate products.
- Administrative discouragement to local importers through the 

requirement of tedious licensing procedures and exchange control.
- Specification and standard requirements to qualify the imported 

products for utilization in home markets.
- Applying stringent rules of origin in qualifying the imported product 

for duty reduction on entry to the local market.
- Subsidies and other government aids to local manufactures, including 

the provision of credits and marketing infrastructure facility, conducting 
bilateral negotiations for qualifying local production for exports, etc.

- Government preference in selecting suppliers for its own and 
public welfare procurement.

The most infamous of these techniques was the American Selling Price 
system for administering tariffs on benzoid chemicals. Under this system 
tariff rates were applied on the value of the product selling in the American 
market in comparison to the general practice of using the (significantly lowe: 
price recieved by the exporter. This practice could easily double the tariff 
assessment. This practice was discontinued under the Trade Agreements Act 
of 1979 which implemented US concessions negotiated in the Tokyo Round 
(MTN) of GATT negotiations.
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- Limited, exemptions of companies from anti-trust law imposed by their 
governments.

- Antidumping procedures.
Regarding the petrochemical products mentioned earlier, the EEC 

imposes quotas on imports from Romania (on synthetic fibres (GGGN 56.04); 
Italy has a bilateral quota regarding Yugoslavia (on acyclic alcohols:
OCCN 29»04) and Italy has certain restrictions regarding centrally 
planned economies countries (polymerization and copolymerization products: 
CCCN 39.02 and synthetic rubber: CCCN 40«02); Japan imposes industrial 
standards on the basic petrochemicals and intermediates; and the United 
States imposes quota on import from USSR (ammonia). As far as it can be 
determined at this time, non-tariff measures do not appear to be a serious 
obstacle to developing country exports to the EEC, 4aPan or the United 
States. But, of course, the reason for this is the very high protective 
effect of the existing tariff structures of these three major markets on 
one hand and the limited volume of import on the other. And there is a 
danger that under the circumstances of depressed growth rates in advanced 
economies the problems of adjustment in developed countries will be 
shifted to developing countries through import restrictions as their 
petrochemical export will go up. Export of some petrochemicals from 
developing countries at low prices, which reflect comparative costs 
advantages, could lead to a retaliation in the form of either tariffs 
or import quotas.
3.5 Obstacles facing developing countries in world trade of basic. 

intermediate and final petrochemicals
The examination of obstacles to trade imposed by governments of the 

developed countries indicates that emerging developing country exporters 
will face substantial tariff barriers. The calculations presented in 
Table 3.4 reveal for instance, that the effective rates of protection range 
for polyethylene from 18 per cent to 30 per cent, that is to say, developing 
country processors of ethylene must be 18 per cent to 30 per cent more 
efficient than those of the EEC, Japan and the United States to be 
competitive in exporting polyethylene to these three markets.

Such protection provided by the structure of tariffs in the developed 
countries is in effect to discourage the developing countries from processing 
their basic petrochemicals into more advanced products for exportation.
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Instead, the developing countries axe encouraged to export basic petro
chemicals rather than processing them into commodity intermediates and 
final products, which have higher value added. This is now more 
sophisticated fora of international division of labour which is not 
in the interest of developing countries. Moreover, other factors more 
important than tariffs put greater limits to the prospects of developing 
countries' exports of such building blocks as ethylene, other basic 
intermediates and final products.

3.5*1 The vertical integration of the petrochemical industry in
major developed regions
Ethylene is mostly limited to companies that process ethylene into 

downstream products such as polyethylene, ethylene oxide, ethylene dichloride, 
ethylbenzene, etc. The first three intermediates account for roughly 
75 P®r cent of the ethylene market with polyethylene being the largest 
(about 40 per cent). In the United States, the four major polyethylene 
producers (Union Carbide, Dow Chemical, Du Pont and Gulf Oil) account 
for just under one-half of the entire market - and each has ethylene 
capacity to satisfy its actual polyethylene requirements. That is to 
say, these four companies are not likely customers in short run for 
foreign producers of ethylene who wish to export to the United States, 
unless highly attractive economic factors compete these companies to close 
their ethylene capacities. Dr. Wohoff (of Azko N.V. Arnhem, the Nether
lands) has estimated that 84 per cent of ethylene used to produce low 
density polyethylene in the United States provided within the company 
(the figure is 52 per cent for Europe^/), It is anticipated that a 
similar pattern prevails for high density polyethylene. Thus assuming 
no shut down in ethylene capacities only 16 per cent of the United 
States market and 48 per cent of the European market is even potentially 
available for foreign exporters to serve. Moreover, a significant share 
of this "open" market is, in practice, a "closed" market which is being 
served under long-term contracts or through traditional (historical) 
marketing/distritution channels. Considering no changes in the present

45/—' "Integrated and Non-integrated Petrochemical Companies: Why all the 
the Discussion" presented at the 13th Annual Meeting of the European 
Petrochemical Association, 30 September - 2 October 1979* Venicelido, Italy.
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situation, only one-half of the "open", truly "open" market, since 
the other half is ’’closed." by such arrangements, would provide access 
for 8 per cent of the United States market (or 1 million metric tons 
in 1979) and 24 per cent of the European market (or 3 million metric 
tons in 1979)»

3.5*2 Degree of concentration of the market
A second issue which might limit developing countries access to the 

developed country markets is the degree of concentration in these countries. 
If the market is essentially served by very few suppliers in the developed 
countries, it is possible that the major companies would jointly determine 
the allocation of suppliers in the market. A common measure of the 
degree of concentration in the market is the "concentration ratio", 
namely a measurement of the share of the market served by the largest 
(four and eight) suppliers. Table 3.7 presents the concentration ratios 
pertaining to ethylene for the United States, Japan and the larger EEC 
member States.

Table 3*7 Concentration ratios for ethylene supply in 1980
(percentage of total)

Market Largest 4 Largest 8
suppliers suppliers

Ufiited States 40 66
Japan 39 70
EEC

France 82 100
Italy 93 100 (top 6)
Netherlands 100 100 (top 4 )
United Kingdom 95 100 (top 5 )
West Germany 60 89

Source:Based on information in Oil a. Gas Journal, Sept. 1, 1980.

The concentrations are quite high for Europe, and moderately high 
for the United States and Japan, Moreover, a closer examination of the 
company names producing ethylene reveals that the major suppliers 
in Europe are often foreign affiliates of the United States companies; 
similarly Shell Chemical is one of the top 4 companies in the United 
States. Thus, the world market is highly linked by cross-ownership 
of productive capacity by the large oil and chemical multinational
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corporations.
This indicates that developing countries which are moving into 

the petrochemical field must be aware of the dominance of Western 
markets by relatively small number of large companies. Whereas under 
the existing conditions it would be possible to carve out a small nitch 
in the large market, it would be very difficult to export products to 
these markets in large volume unless the developing country productive 
capacity is taken into consideration by the multinational corporation^ 
network through long-term arrangements such as joint ventures, long
term contracts or other close commercial arrangements. Otherwise, the 
introduction of large capacities in the developing countries would 
create a new situation which sooner or later disrupt the existing 
market structure causing unforeseen losses to all concerned.

3.5*3 The oligopolistic structure of the market
The high competitive position of traditional suppliers in the 

world trade is linked to, and resulted in the continuing maintenance 
of good performance over a long period, which has been associated with 
availability of enormous capital to finance the needed investments for 
production and development, and the access to economic feedstock resources. 
The time-lead enjoyed by the multinationals made it possible for them to 
get a better leverage in various aspects of the industry. In the absence 
of long-term arrangements and mutual understanding between the traditional 
suppliers and the new ones the threat of new suppliers may cause traditional 
ones to respond to:

- patent monopolization
- price fixing practices; (
- group "gentlemen" agreements on investment and territorial maiket 

allocations;
- cartel arrangements which propagate a posted price policy in 

equalizing the competitive position of all associates, and
- joint facility for rates (with profit-equalization plan) or for 

distribution of products (i.e. piping grid system and terminal facilities 
to be used by all partners) as well as for production.

However, comparative cost advantages would ultimately be the 
decisive factor in proving the effectiveness of such measures.
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3»5»4 Competitive position of dynamic new suppliers
New suppliers from developing countries may face competition in 

the international market, not only from traditional suppliers, but also 
from other developing countries, particularly from those linked to 
traditional suppliers from developed regions through joint venture, 
buy-back contracts, territorial marketing arrangements, distribution 
facility arrangements, etc., although such linkage might have some 
negative aspects. Relocation of some phases of the industry by tradi
tional suppliers nearer to oil resources is usually for the purpose 
of ensuring continuous access to raw material and to a growing market.
Bit usually relevant joint ventures are directed toward the replacement 
of traditional products manufactured from alternative or natural origin 
resources, which are usually less competitive in developed regions. 
Imposed conditions on markets and on product mix and specification may 
hamper the development of the industry in those developing regions.
The most damaging tactic to the developing countries in conjunction 
with joint ventures would be the delays in implementation of new 
productive capacities.

It needs no emphasis that mutual understanding between traditional 
and new suppliers as partners would offer an ideal situation for the 
transformation of this industry to a new structure of production and 
trade to the net benefit of all concerned.
3.5 Summary and conclusions

During the period 1950-1970 the value of international trade has 
grown 20- fold. Petrochemicals have had the best performance within 
the chemical sector in the same period.

It is noted, however, that the organization of the petrochemical 
markets is such that the major part of basic and intermediate products 
are captively used by the same producers or by virtue of the closely 
integrated production process or ownership control. Very little, between 
16-50 per cent, of the production of the basic and intermediate products 
are transacted in the open merchant market. A major part of this is 
again organized on a long-term contract basis (3-5 years) on traditional 
supplier/consumer relationship.

The major part of the products are concentrated in three main
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regions of developed countries, i.e. United States, Western Europe 
and Japan. Therefore, the trade flow is essentially between or within 
(in the case of Western European developed countries) these regions.
The share of the developing countries in petrochemical trade is minuscule.

Since the increase in oil price and the subsequent changes in the 
production cost structure of petrochemical products, i.e. increasing 
share of raw material and energy share, better prospects for some 
developing countries for the production and marketing of petrochemicals 
have emerged. This situation is expected to influence the restructuring 
of international trade in the future whereby the role of developing 
countries as exporters of basic and intermediate petrochemicals will 
greatly increase.

However, in view of the present situation of economic recession, 
overcapacities in developed countries, and the energy problems it is 
expected that the increase of exports from the developing countries to 
developed countries will meet greater resistance. The system of 
tariffs imposed by the developed countries is so organized, increasing 
ratio as the degree of processing go higher, as to discourage the 
developing countries from further processing their basic petrochemicals 
for export purposes. Thus the average effective rate of protection 
against exporters to developed maricet economy countries (DMECs) is 
23 per cent for intermediate petrochemical products. EUrthermore, a 
host of other non-tariffs barriers will confront the prospective 
exporter from developing countries.

Since the cost/price factor will in the end determine the develop
ment of trade in the international maricet mechanism, it is thought that 
if this is left to happen at will, then the structure of the maricet 
will be disrupted with unforeseen losses to all concerned. However, 
the best way to manage the situation without allowing such disruption 
would he to come to some sort of global understanding (see Chapter IV) 
between producers/consumers with the direct participation of govern
ments of the developed and developing countries to resolve the problem 
in a permanent way to the mutual benefit of all concerned.
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IV. PETROCHEMICALS FEEDSTOCK 

4*1 Ehergy and raw materials
The petrochemical industry came inter existence in association with 

the chemical industry in general and the crude oil refining and energy 
industry in particular* Therefore the study of the future development 
of the petrochemical industry should be considered within the context 
of the development of energy resources. If the feedstock demand of the 
industry has smoothly developed in the past decades, prior to the sharp 
increases in crude oil prices, due both to its limited share in total 
energy requirements and to the availability of cheap and excessive 
supply of hydrocarbon resources,the situation after 1973 is quite 
different. A possible fuel/feedstock conflict could jeopardize the 
future development of the petrochemical industry.

This chapter deals with the possible future development of 
traditional feedstock supply, mainly naphtha and LPG and the trends of 
development of alternative feedstocks to satisfy the expected 
development in demand and still maintain a viable petrochemical 
industry.

4*1» 1 World energy balance in the next two decades
Projections made by different analysts for energy supply and 

demand for this decade and thereafter seem to vary considerably.
Economic recession and the energy crisis, energy conservasion policies, 
improved utilization of energy resources, environmental protection 
measures and energy pricing policies underline the arguments of most 
authors. The arguments used in these projections seem to reflect the 
attitude of two different camps; i.e. major energy consumers and oil 
exporting developing countries. The oil exporting countries are 
adopting measures to maximize the life span of the their hydrocarbon 
resources through higher prices and production cuts whereas the oil 
consuming countries are restricting higher energy consumption and 
trying to develop alternative energy resources.

Efforts by major consumers (developed countriei for co-ordinating 
energy programmes are going just short of direct ini rvention.
Governments of few countries are being involved in developing alternative 
sources of energy while at the same time minimizing their oil imports and 
restricting the expansion in energy and fuel consumption by means of 
energy conservation measures and prices control.
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In the meantime major oil exporters, responding to domestic (social 
and economic) needs are becoming more reluctant to allow higher export. 
With foreign exchange no more a constraint, and in view of the limited 
absorptive capacity for local investmentt oil-rich developing countries 
see themselves in a position to dictate less production, better prices 
(specially for gas), and more involvement in petroleum downstream 
activity to valorize their oil resources before it is depleted.

While prices have a strong relationship to energy demand, it has 
only a minimum effect on demand for petrochemicals. Since high energy 
cost, while increasing feedstock cost, it will also increase indirectly 
the cost of natural products for *ihich petrochemical end-products are 
substitutes.

A first approach to achieve higher energy efficiency is the 
modification of refineries to maximize the utilization of the oil 
barrel’s energy content. Usually the output of any refinery depends 
not only on the characteristics of the crude feed but also on the 
severity of treatment as deemed essential by market demand quantitatively 
and qualitatively. With higher conversion processes, such as cracking, 
minimum losses (of too-heavy, undesired products) and more by-products 
will result. Some of these by-products are valuable as petrochemical 
feedstocks.

To design a refinery scheme, fuel consumption pattern need to be 
analyzed. This means the analysis of other energy sources available 
and the nature of the sectors they serve most. Thus, a regional 
analysis is required since each region differs from other in its 
consumption trends. For instance, while natural gas is a major fuel 
for the domestic and commercial as well as the industrial sectors in 
the US, fuel oil is the one that serve mainly these sectors in 
Western Europe and Japan. This fact together with the high fuel 
consumption of the transportation sector in the USA promoted the 
development of conversion refineries there at a much earlier stage to 
the point that the possibilities for higher conversion are almost 
exhausted (Table 4.1). Demand in the developed market economy countries 
on three groups of refined products is given in (Table 4*2).
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Table 4*1 Developed countries refining capacity (MMB/day)

USA-/ OECD
Europe

TOPPING 18.104 17.672

CAT.
Cracking 5.869 O.9O6

Thermal
Cracking 1.496 0.616

CAT
Reforming 3.794 2.323

Japan Other Total
OECD

5.509 3.OI9 44.304

0.341 O.8I5 7.933

— O.O79 2.191

0.565 0.613 7.295

&/ USA and Canada capacity as of 1 January 1979» except for US topping 
which is, like the rest» as of 1 January 1980.

Source: OPEC, Proceedings of the "Workshop on Refining Operations in OPEC
member countries", Djakarta» Indonesia, 11-14 February 1980.
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table 4»2» Oil product dea»and in major consuming markets
(MMB/D)

Demand

1978

Per cent 
growth rate
1973-1978

Predicted

1980

Demand

1985 1990

USA

Casoline 7.454 2.1 7.12 6.8 6.46
Middle
distillates 4.619 1.1 4.80 5.32 5.87
Residue oils 2.881 0.2 2*90 2.96 2.96

OECD Europe

Gasoline and
naphtha 3.128 1.4 3.3 3.73 4.22
Middle
distillates 5.O8O 0.06 5.29 5.84 6.45
Residue oils 3.955 -2.8 4.3 4.75 4.75

Japan

Gasoline 0.572 4.1 0.63 0.80 O .98
Naphtha 0.652 -0.1 0.66 0.66 0.73
Middle
distillates 1.265 4.3 1.25 1.52 1.76
Residue oils 1.867 -3.0 1.8 1.88 1.95

Source: OPEC, Proceedings of the "Workshop on refining operation in 
the OPEC member countries, Djakarta, 11-14 February 1980.
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Most projections for energy balance are based on the author’s 
interpretations pertaining to the traditional relationship between 
population, GDP and energy, taking into consideration energy savings or 
conservation policies and relevant technological developments. Since 
the energy crisis of the 1970s, energy supply/demand projections have 
become one of the most popular theme of our time. In one such study 
world demand was predicted to grown on the average by 3«7 per cent 
annually between 1973 and 1985, and by 3*2 per cent from 1985 to the 
year 2000, as against GDP growth rate of 4.2 per cent and 3.4 per cent 
and population growth rate of 2 per cent and 1.7 per cent for the same 
period, respectively.4^ Changes in income elasticity of net energy use 
for the periods under consideration, hence, were 0.9 and 0.95« Results 
of the study are presented in (Table 4.3).

Table 4.3 Production

1973 1985 2000
MMB/dS/ % MMB/D^/ % WtB/lft' %

Coal 34.2 28.9 58.4 30.6 126.3 38.5
Oil, NGL 58.2 49.3 81.4 42.7 93.4 28.5

Gas 22.6 19.1 36.2 19.0 48.6 14.8
Hydro-power 2.2 1.9 3.9 2.1 7.6 2.3
Nuclear energy 1.0 0.8 10.9 5. 46.3 14.1
Other sources - - - - 5 .8 1.8

Total 118.2 100% 190.9 100% 328.1 100%

a/ Equivalent to barrels of oil. For hydrogen at 3.6 MJ per Kwh, and 
for nuclear power at 10.29 Mj/Kwh corresponding with efficiency of power 
generation of 35 per cent.

46/ Van Item and Associated Ltd, supply and demand analysis, 1973-2025, 
Canada, 1978.
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Table 4.3 (continued)

World net energy demand

1973 1985 2000

mmb/d % MMB/D % MMB/D %

Coal 20.2 20.2 31.4 20.3 63.2 25.4
Oil, NGL 5 0.0 5 0 .0 70.9 45.8 85.9 34.6
Gas 19.5 19.5 30.7 19.8 45*4 18.3
Electricity 10.3 10.3 21.9 14.1 5 2.0 20.9
Other sources 2.1 0.8

Total 100.0 100% 154.9 100% 248.7 100%

Other projections also stress the competition between coal and oil 
as a major source of energy in the next two decades. Coal is expected 
to generate more energy for the industrial markets, but not in the 
residential or commercial markets, since electricity which can be based 
on coal could be the major competitor to oil products (namely heavy fuel 
oil) with some dependence on oil products (light fuel oil, diesel fuel, 
natural gas) at least for peak load. Nuclear power might expend at 
higher rates. But oil products will continue to be uncontested energy 
source for transportation for a long time.

fhe latest projection on primary energy resources just published 
by I U S A  indicate another interesting view on the future development of 
energy resources. (Table 4.4).
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Table 4.A Primary energy sources. 1975. 2000. 2030
(in Quads - 10*5 BTU)

1975 2000 2030
(base year)

Primary source Quads * Quads % Quads 1»

Oil 115 46.5 177 35.0 205 19.2
Gas 45 18.2 93 18.5 179 16.8
Coal 68 27.5 148 29.3 359 33.7
Huclear 4 1.6 52 10.3 242 22.7
Hydroelectricity 15 6.2 25 4.9 43 4.0
Solar 0 - 3 0.6 14 1.3
Others * 0 - 7 1 .4 24 2.3
Total 247 100.0 505 100.0 1066 100.0

* Include biogas, geothermal, commercial wood use. 
Source: IIASA as quoted in CW/March 18, 1981.

With all expected changes in energy consumption and production 
trendB the highest portion of world energy will always be oil and 
their products. Ehergy major exporters in this context will no doubt 
be OPEC members (dominated by the Kiddle Ehst and Korth African 
countries), and very few non-OPEC countries, i.e. USSR, Mexico. 
Whereas world trade in coal is expected to be dominated by USA and 
USSR.



-  2 1 0  -

4.1.2 Energy balance in selected developed regions
4* 1.2.1 Energy situation in the USA
Growth in petroleum consumption in the USis forecast to average 

2.3$ per annum "between 1977 - 199^-/. a significant reduction from the 
7*7$ rate observed between I960 - 1970» The ratio of energy consumption 
to GNP in the USA is expected to decline from 57*3 to 50.6 thousand BTUs 
per dollar (at 1972 prices) between 1977 - 1990. The main changes in 
consumption is expected to be in transportation (from 26$ to 22$) with 
motor gasoline requirements projected to peak in the early 1980s, 
reflecting improvement in automotive fuel economy. OECD countries as a 
whole is expected to reduce the average annual growth of oil consumption 
by 1.3$ over the same period, with an average growth rate of 1.7$ in 
petroleum production. OPEC member states, on the other hand, are 
expected to lower their production growth rate to 1.1$ annually, with 
their share in global supplies probably declining to 45$ in 1990. But 
non-OPEC developing countries (Mexico etc.) may increase their global 
supply share to 12$ by then, growing at a rate if 6.5$ annually. In the 
meantime the centrally planned economies (mainly USSR and China) will 
remain a net exporter.

Share of oil and gas in total energy consumption may decline from 
about 75$ (1977) to 62$ (1990) while coal and nuclear power share should 
rise from 22$ to 34$ during the same period.

Local production of domestic fuel may stay at the same level, while 
that of gas should decline according to all studies on US energy 
projection. To compensate for that the country plan to rely on increasing 
imports of oil and gas, and on local coal production which is anticipated 
to increase 80$ by 1990 over 1977 level.

On the average, there should be a moderate increase of light end 
products consumption as compared to that in the early 1970s.

4.1.2.2 Energy situation in Western Europe
Energy supply/demand situation in Western Europe is expected to 

change during the 1980s and thereafter not only as a result of energy

47/ Refinery flexibility, an interim report of the National Petroleum 
Council, Dec. 1979*
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conservation policies and new sources, but also to balance the specific 
need to be imposed on different resources. In mid seventies petroleum 
constituted 56% of all energy supply, followed by coal (21%), natural 
gas (13%), hydroelectric power (about 8%) and the rest was nuclear 
energy. During the 1980s the growth rate of supply is expected to be 
very high for nuclear energy, followed by natural gas; and by 1990, 
petroleum may account for 50% followed by coal (20%) natural gas (16%) 
and hydroelectric power (8%).

In balancing the supply/demand situation for different petroleum 
products, it is anticipated that transportation will be a big sector in 
promoting any adjustment. With high increase in motor gasoline and jet 
fuel requirements, naphtha will be in greater demand. To overcome the 
tight situation of naphtha supply which is also widely used as 
petrochemical feedstock, new refinery configuration will be needed, 
along the line which has long been taken by the refineries in the USA, 
to maximize the middle and light distillates, (catalytic cracking and 
visbreaking). This could add substantive quantities of synthetic naphtha 
to supplement the virging naphtha at the expense of the heavy fuel oil 
which might be replaced by natural gas, coal and nuclear energy in the 
utility and industrial sectors (for power generation). This also means 
better supply situation for gas oil which will be relieved as a substitute 
or supplement for residual oil market.

LPG (and some lower paraffins) from refining operations in Wèstern 
Europe is normally used for fuel in residential or municipality 
applications. Only a small amount of either propane and butane is 
used as petrochemical feedstocks. Larger quantities should be available 
in conjunction with NGL indigenous resources. Speculations are that 
NGL surplus will be at hand in this decade. The argument should be 
valid if the price of imported NGL (mainly from the Middle Ehst region) 
is right.

Western Europe suffered no lasting negative effect of petroleum 
supply disturbances that happened in the past, and it does not seem that 
they will, except for high prices associated with cost of developing new
resources.
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4«1*2.3 The energy situation in Japan
Japan's energy situation is characterized by its high dependence on 

foreign resources and high elasticity againts GNP. This elasticity is 
expected to drop from 1.1 to 0.7 by 1985 mainly due to the decreasing 
contribution of energy intensive industries. The increased utilization 
of nuclear energy for power generation and the intensive drive to use 
coal and diversify the energy supply resource should ultimately lower 
the degree of Japan's dependence on imported crude oil and natural gas 
from 74*5 per cent in 1975 to 50 per cent in 1990 (Table 4.5).

Table 4.5

Outlook for energy demand and supply for Japan

Demand 1975 1985 1990
4.12 6.62 7.22 oil equivalent 10® KL

(after energy saving) 5.82 7.00 II
Oil imports 
(incl. LPG) 3.07 3.06 3.66 1«

LFGr imports 9.39 20 26 million tons
Ehergy dependence1 
on imported oil) 74.5# 62.9# 50#

4.1.3 Qiergy balance in petrochemioals
There is a consensus that during this decade the main sources for 

feedstock and energy for the petrochemical industry still will be oil 
and natural gas. This conclusion eminates from the fact that:

(a) economic decision making has to take into account the high 
risks involved in high-cost investments in alternative 
feedstock or energy sources at thiB stage, and

(b) the time required to install immense capital investment needed 
to create significant alternative sources makes it unlikely
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that a large section of the industry would shift to other than 
petroleum based resources within relatively short period of one 
decade«

Quantity of energy used as raw material will remain almost 
proportional to production volume of respective petrochemicals. But 
for power generation the energy consumption will depend on the 
technological development in conjunction with fuel saving* In 
general, the chemical industry consumption of energy as power and as 
feedstock has been in the proportion of approximately 3i2. The bulk 
of the energy used is in the form of electric power, steam or other 
energy carrier media before entering the process.

Petrochemical products are heavy energy consumers with consumption 
varying according to the feedstock used and to the technology involved. 
The energy value (content of a product i*e. energy consumed in the form 
of raw material plus energy spent over the various transformation steps) 
are represented in (Table 4*6) for some petrochemical products.

Table 4*6 Baergy requirements of petrochemical^1
Wilding blocks

Baergy requirement
Thermies/ton
(kgcal/kg)

Feedstock energy 
(equivalent ton 
of naphtha)

Process energy 
fuel equivalent 
ton of fuel

Ammonia 9900 0.535 0.429
Benzene 14150 1.750 - 0.423
Butadien 17870 1.226 0.500

Ethanol 10930 0.736 0.320

Ethylene 14070 1.226 0.120

Methanol 9450 O.550 0.367
Propylene 14070 1.226 0.120

Toluene 12160 1.400 0.254
Ô-xylene 19580 1.652 0.223
F-xylene 22350 1.652 0,500

a/ C. Rainsbault, and others, Evolutions of the Refining and Petrochemioal 
Industry, Technip, Institute Français du Petrole, Teefcni.p, 1979«
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Based on certain assumptions pertaining to growth rate of chemicals 
production and improved fuel efficiencies, energy requirements of the 
chemical industry (including feedstock energy contents) were predicted 
to grow annually at 4.8$ for the USA, accounting for 10.7$ of the 
country's total energy consumption by 1990 (aB compared to 7.3$ in 1971, 
with 52$ coming from oil as against 31$ in 1971)» The proportion of 
oil and natural gas to total energy earmarked for petrochemical 
consumption in centrally planned economies is expected to be 6$ by 
1990» For the world as a whole the share of energy used as raw material 
is expected to rise from 5-6 in mid-seventies to more than 12$ in the 
year 2000-— /.

4.2 Feedstocks for the petrochemical industry
4*2.1 Present situation

From the outset the petrochemical industry has been based on 
hydrocarbon resources whose primarily utilization was energy generation, 
starting with coal, then settling predominantly on petroleum-based 
resources including natural (dry) gas. Thus, discussing the feedstock 
situation, it is imperative that the trend in energy supply and 
consumption be viewed in terms of the interrelationship between energy 
and non-energy uses of hydrocarbon resources.

Petrochemical feedstocks in general can be categorized as gas-based 
geedstocks or liquid feedstock.

Gas-based feedstock include methane, ethane and propane, all of 
which make up the bulk of the constituents of natural gas (including 
associated gas) and refinery gases as well as synthesis gas.

Liquid feedstocks, on the other hand, sure mainly crude oil 
refining cuts, NGL and condensates whose components include in 
addition to the above some olefins and aromatics. The most noted of 
these cuts are butane (in LPG), naphtha and gasoil. Synthesis fuel 
(namely from coal), coking liquids as well as biomass ethanol are 
also classified as liquid feedstocks.

Traditionally the location of petrochemical industry has been 
resource oriented. In Europe and Japan in the neighbourhood of oil

W Qaergy economy and efficiency in the Chemical Industry: EEC publication
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refineries, in the USA it is largely concentrated on the US Gulf Coast 
near the Texas and Louisiana gas fields. Products were disposed of via 
water transport to the East Coast and barge transport to the Midwest.

4*2.2 Main Feedstocks

The petrochemical industry relies essentially on ethylene and 
benzene derivatives. Other basic petrochemicals (except for ammonia 
and methanol) are usually produced concurrently with these two major 
building blocks and are difficult to adjust to he demand. Thus, 
feedstock selection will depend on the most appropriate source for 
ethylene and benzene in terms of their long-term supply reliability 
and prices, including by-product credits.

Natural and refinery gases as well as refinery liquids form the 
main sources of feedstock for all petrochemicals around the world. 
However, different feedstocks patterns prevail in different regions, 
pending economic availability and supply security. Gaseous feedstocks 
are the most desired for ethylene production, but its competitiveness 
is influenced by its marketing potential as a fuel.

Cost of gas cross oceanic transportation place a high burden on its 
import, because of high cost essential logistics required for terminal 
facilities and carriers whereas pipeline transport afford a much cheaper 
alternative when possible.

Refinery liquids as feedstocks could be very competitive because 
they render both ethylene and benzene. But their competitiveness will 
depend very much on the by-product credits associated with ethylene 
production, in Bpite of the fact that their ethylene/feedstock yield 
is much inferior to the gaseous feedstock (Table 4*7)«

Table 4.7 Tons of feedstock per ton of product (ethylene)^

steam cracking naphtha 3*57
steam cracking gas oil 4*2
steam cracking ethane 1.22
steam cracking NGL 1*52
steam cracking LFG 2.30

a/ SRI data for average Western European feedstocks
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For other products, the following conversion factors represent an 
average: (Ton per ton)

2.08 tons of naphtha per ton of aromatics;
1.07 tons of naphtha per ton of ammonia;
0.53 tons of naphtha per ton of methanol.
Feedstock availability iB governed primarily by price value in 

alternative uses (i.e. heating media, or for power generation, etc.) 
and by the supply and demand situation. In the case of heavy (liquid) 
feedstocks, i.e. naphtha and gas oil, prices are dependent on crude 
oil prices. Therefore, any approach in estimating feedstock prices has 
to take into consideration first the trend in crude oil prices.

Petrochemioal producers are currently most concerned with the 
supply of feedstocks and the cost of energy. Major efforts are being 
made to reduce future risk and uncertainty by ensuring flexibility to 
use a range of oil or gas based feedstocks and subsequently by 
diversifying out of oil sources, for example by switching to coal, 
lignite, or electricity as an energy source. Feedstock uncertainties 
tend to delay investment decisions and add to installed plant cost, 
through provision of operating flexibility for alternate raw materials. 
Rising feedstock energy costs also lower profitability, 8inoe producers 
often find it difficult to pass these higher costs on to their customers 
as rapidly as they are incurred.

Competition from the fuels market is also now beginning to restrict 
the ability of petrochemical producers to satisfy their feedstock 
requirements at an acceptable cost. If, as expected, crude oil prices 
keep rising at a rate faster than inflation and supplies of petroleum 
products are frequently tight, the petrochemical manufacturers will need 
to develop effective strategies to lessen their dependence on those 
hydrocarbons that are particularly valuable in the fuels market, 
including naphtha, aromatics and natural gas.

4.2.3 Qas-based feedstocks
4.2.3.1 Mature! gas
Tbs major constitutes of natural gas are methane and ethane. Methane 

is the main feedstock for aaseonia and methanol (so-called gas petrochemical 
derivatives). Ethans is an excellent feedstock for ethylene production
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both economically and technically; since it entails lower investment and 
simpler operation with minimum by-products volume (which could be all 
utilized within the plant as fuel) as compared with other ethylene 
feedstocks. There is no other competitive use for ethane, except as 
fuel. Natural gas containing more than 3 per cent ethane is likely to 
be considered for ethane recovery. Natural gas liquids and associated 
gas are two important sources for LPG, which upon recovery present an 
interesting feedstock for steam cracking.

4*2.3*2 Refinery gases

Gases from distillation, catalytic cracking, catalytic reforming, 
thermal cracking or vis-breaking contain appreciable quantities of 
ethane and propane as well as small quantities of low paraffins and 
olefins (butane, ethylene, etc.). Ethane-propane mixture, is a good 
cracking stock for ethylene production. Other low olefins can be 
produced from refinery gases, but they are most used as in-plant fuel.

Ethane as valuable feedstock has been widely used to produce 
ethylene in the USA but little elsewhere though it does seem to be an 
obvious feedstock for developing countries. Ethane high yield of 
ethylene (70-80 per cent conversion) and negligible yield of propylene 
or C4,s makes it unsuitable feedstock for other products which could be 
obtained from other sources (i.e. propylene from cracker gas, butadiene 
from butane).

A large part of the ethane in the USA is captively used and only 
a small part is marketed. The average price of ethane in the USA for 
the period 1970-1980 is shown in Table 4*3, as well as the projection 
of these prices

Table 4.8 Ethane average prices in the USA (USS/ton)

1970 22 1977 119

1971 24 1978 112
1972 22 1979 143
1973 24 1980 191
1974 48 1985^/ 345
1975 75 I990S/ 660
1976 86

&j UNIDO estimates
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The price of ethane is expected to increase faster than the price 
of crude oil, and in accordance with the price increases of natural gas 
(in terms of calorific value). In the seventies the price of gas was 
low compared with crude oil (on a calorific value basis) and a rapid 
price increase should be expected if natural gas is to reach parity with 
oil. This means that the advantage of producing ethylene from ethane may 
not be as great as might have been expected in areas where it has 
immediate alternative uses. Low cost methanol from natural gas and from 
petroleum residues is an energy-carrier and a major chemical intermediate, 
covering the entire range of naphtha supports. The production technology 
for methanol passed the prototype scale, and is available for commercial 
use (with units of 2500 tons per day).

Methanol and syngas could be used directly to produce some ethylene 
derivatives, thus if it becomes commercially viable, these routes may 
reduce ethylene consumption, and hence reduce the reliance on its 
conventional feedstocks.

4.2*4 Liquid feedstocks
The major petroleum based liquid feedstocks are naphtha, gas oil, 

NGL/LPG and condensates. The first two and LPG are available as oil 
refining products, while the rest (as well as LPG) are produced in 
conjunct ion with natural gas processing. Thus their availability and 
prices should be a function of crude oil prices and refining schemes 
which are in turn a function of energy supply and demand situation.

4.2.4.1 Naphtha
Naphtha is a mixture of many components whose properties being a 

function of crude oil properties and fractionation cut. It is usually
produced as a straight distillation cut (virgin naphtha which is 
usually made available for transportation fuel and petrochemical's or 
specialty uses) or as the non-aromatic portion in catalytic reformate 
after solvent-extracting BTX. It is also a by-product associated with 
pyrolysis gasoline or produced in the cracking of various heavy 
feedstocks. In the latter cases it is usually referred to as synthetic 
naphtha (non virgin naphtha).

As an ethylene feedstock, its use depends on its availabilty and 
price which has been influenced by the growing need for catalytic
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reforming in modern refining schemes because of the increased demand for 
better gasoline. Its consumption as a petrochemical feedstock is less 
than its use for gasoline production. The preference for naphtha as a 
feedstock is usually eminent in areas where there exists high demand on 
its valuable by-products.

Since naphtha prices are closely related to crude oil prices, 
producers in their effort to secure long-term supply of naphtha, are 
usually integrated with refineries in order to avoid too much reliance 
on the spot market.

Historically the price of naphtha has been 1.3 to 1.4 times the 
price of the basic crude oil though it was lower in the early 1970s, 
when it was in very free supply. A probable naphtha/crude oil of 1.35 
could possibly be held during the 1980s with a little higher ratio for 
Japan (may be 1.45)» Another important factor that will effect the 
naphtha price is fuel oil prices. The price of fuel oil will broadly 
be in equilibrium with the cost of coal. At a time when fuel oil was 
at USl 210 per ton, naphtha was US$ 310 per ton but this difference 
was not stable. It costs about US$ 40-50 per ton to convert one ton 
of fuel oil into lighter products by cracking so with the present 
price differential there is an incentive to instal more cracking 
capacity as there is a shortage in Western Europe. The differential 
between fuel oil and naphtha should settle down at US$ 50-60 per ton. 
Fuel oil has been near parity with crude oil but as the latter rises 
coal will depress the price of fuel oil, motor gasoline and possibly 
naphtha will bear the brunt of the increase. The cost of conversion 
in real terms will however increase perhaps to USt 60 per ton in 1980.
If therefore the price of crude oil reaches US$ 350 per ton, naphtha 
will presumeble be in the USt 430-480 per ton range.

If crude oil prices are projected to increase in real terms at an 
average annual rate of 3-4» 5 P®** cent for the period 1980-1985-1990, 
then naphtha prices, on the basis of 1.35 multiplier to crude prices, 
will be as indicated in (Table 4»9)»
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Table A.9 Estimated average price of naphtha (USS/ton 
(in 1980 US dollars)

Years Western Europe 
at growth rate

USA
at growth rate

Japan
at growth rate

3% 4.5# 3% 4.5% 1 % 4.5#
1900 344 344 368 368 350 350
1985 400 496 400 496 430 533
1990 462 534 462 534 497 573

a/ Crude at an average price of USJ 25O per ton.

Table 4*10 shows the relationship between crude oil and naphtha
prices in Western Europe and USA for the period 1970-1980.
Table 4.10 Crude oil and naphtha prices in Western Europe and USA

1970-198O*(US dollars per ton)
Western Europe USA

Crude oil Naphtha^Naphtha/crude
oil

Crude oil^/ Naphtha Napht ha/crude 
oil

(1) (2) 3=2 î1 (1) (2) 3=2:1
1970 14.0 21.0 1.5 22.3 20.0 0.9
1971 21.2 21.0 0.99 23.8 21.0 0.9
1972 21.2 25.O 1.2 25.3 23.O 0.9
1973 28.9 69.O 2.4 26.7 25.O 0.9
1974 76.0 123.0 1.6 64.0 80.0 1.2
1975 95.5 110.0 1.1 73.6 I3O.O 1.8
1976 98.5 131.0 1.3 79.6 I25.O 1.6
1977 103.2 I25.O 1.2 87.8 I3O.O 1.5
1978 105.4 I46.O 1.4 90.7 I4O.O 1.5
1979 189.4 312.0 1.6 133.1 I79.O 1.3
1980 255.O 320.0 1.2 211.3 268.0 1.3
* Crude oil gravity assumed at API 38° (0.85 S.G). 
a/ C.l.F. Rotterdam, Platt’s Oilgraa Press Service 
1y  F.O.B. Rotterdam (barges), Platt's Oilgram Press Service
o j Average price paid by Refiners in USA, taking into account the effect 

of control
N.B. The USA price takes into consideration the phasing out of controls by 

the end of 1981« In the case of Japan higher factor was used in view 
of the fact that the refiners there places higher burden on naphtha to 
compensate for lower-than usual kerosene prices to accomodate domestic 
consumers.



-  221

4*2.4*2 Gas oil
Atmospheric gas oil is a possible olefin feedstock, but its economics 

depend on its value as a fuel and as a feedstock for catalytic cracking 
and synthetized gas production. Should lighter crudes Which give high 
yields of naphtha without cracking become dearer, gas oil could be a 
valuable alternative to naphtha.

However, a refinery production — demand balance should be achieved before 
large quantities of gas oil could be committed as feedstock, since a large 
demand for light distillate for the fuel market, including gas oil for the 
diesel engine does exist. Furthermore, certain refining conversion process 
rely on gas oil. It is to be noted that gas oil with maximum quantity of 
parafinic hydrocarbons is desired both as petrochemical feedstock and as 
diesel oil (with higher cetane value and lower sulfur content).

Quite few steam crackers have been designed for naphtha-gas oil 
flexibility. In order to be competitive, it was ascertained that the gas 
oil price must not exceed 85 per cent of the naphtha price, due to the 
lower yield expected from gas oil and the higher investment involved. Such 
case may not materialize because of the expected increase in demand for 
middle distillates in the regions where naphtha might be available. Thus, 
it is not likely that gas oil will be an important feedstock in the near 
future except in special circumstances when it is in surplus.

Historioal prices of gas oil in Western Europe in the seventies indicate 
that their ratio to crude oil prices (except for 1973) fluctuated between 
a maximum of t.85 in 1970 to a minimum of 1.04 in 1973 but settled at around
1.2 in the late seventies (except for 1979 that it climbed to 1.6 per cent).
A rough indicator of the future prices of gas oil would be arrived at by 
multiplying crude oil prices by a factor of 1.2.

Because VGO* s have significantly lower price than both naphtha and 
gas oil, pretreatment may afford to render improved steam cracker feedstock 
along with other products (i.e. cracked fuel oil, diesel oil, etc.). The 
viability of its use in this route will depend on its availability and 
pretreatment coBt involved as well as market realization of the co-products 
and degree of utilization of the cracked fuel oil in the production of 
carbon black for instance.
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4.2.4*3 Liquified petroleum gas ( LPG)

L.P.G. generally speaking is a mixture of butane, isobutane and propane 
with possibly some propylene and butylenes. It is usually obtained from 
L. N.G. or associated gas or, depending on the pressure under Which the oil 
well is operated, it may be the first fraction when crude oil is distilled.
It may also be the first liquefiable fraction from cracking a high boiling 
petroleum fraction but in this case it will contain substantial amount of 
olefins i.e. propylene and butylene.

Its traditional use has been as a heating media. The butanes fraction 
used for domestic heating can be stored at relatively low pressures, with 
some propane required in the liquid gas to give the necessary volatility 
in cold climates. For industrial purposes propane under a relatively high 
pressure is generally preferred.

L.P.G. can be used as petrochemical feedstock but till now little 
elsewhere. The good yield of both ethylene and propylene makes it very 
attractive and ought to boost its price Which is usually low as a fuel.
In practice it is very difficult to find representative prices for L.P.G. as 
a Whole. In the U.S. it is usually separated into its three major constituents 
Which have different values. There is little difference between them on a 
weight basis as a fuel, but isobutane has a definite value as a chemical raw 
material. It reacts with olefins, (usually butylenes) to give »alkylate', a 
hydrocarbon with a high anti-knock rating and a valuable blending agent 
in gasoline. With the phasing out of lead this product may become even more 
valuable. A process has just been announced by Which isobutane can be 
dehydrogenated to isobutylene Which react with methyl alcohol to give 
methyl tertiary butyl ether (M.T.B.E.), a recently developed super blending 
agent for gasoline.

In a rather different field isobutane can form with oxygen under 
suitable conditions a peroxide Which will then react with propylene to form 
propylene oxide and tertiary butyl alcohol.

n-Butane has also been used on a very large scale for the production of 
butadiene by dehydrogenation. This has been widely used in the U.S. Where 
ethane and propane have been for many years the preferred cracking stock 
but the gradual shift to naphtha has enabled butadiene to be extracted from
the C. stream of naphtha steam cracking. Thus the demand for butane for4dehydrogenation, Which has been always small in West Europe, is steadily 
falling of in the U.S.A.
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In steam cracking of L.P.G., isobutane is poor cracking stock and 
gives little ethylene. Table 4» 11 shows the product from cracking 1000 tons 
of L.P.G. of different composition under comparative conditions.

Table 4 .11 Product from cracking 1000 tons of L.P.G.er-'

n-Butane (less 70% nrButane^ 
Propane_______than 5% iso) 30% Isobutane

Gases (largely methane
and hydrogen) 262 225 229

Ethylene 440 410 330
Propylene 150 170 185

V 35 111 115

1/ The figures represent the arithmetic mean of those of Stone and 
Webster and Chem. Syst.

2/ Isobutane fraction in total butane from different crudes ranges 
between 20% and 50% iso and the 70% - 30% represents a fair average.

Isobutane is undesirable as a cracking stock. In only very few cases 
it has been possible to obtain prices for unseparated L.P.G. *s. Average 
prices for the three components of L.P.G. in the U.S.A. are shown in Table 4* 12.

Table 4.12 Average U.S. prices for propane, n-butane and isobutane
(in % ton)

Propane n-Butane Isobutane
1970 25-43 22 24
1971 25-44 24 33
1972 24-44 22 32
1973 45-52 31 40
1974 80-84 128 70
1975 82-10C 86 114
1976 92-112 H5 145
1977 118-128 117 141
1978 116-128 112 142
1979 contract 140, spot 200 250 350
1980 " 230, »' 270 330 400
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Propane prices vary according to location, the highest prices are f.o.b.
New York harbour. Normal butane and isooutane prices between 1970 and 1978 
are tariff commission unit values representing an overall average.

The price from 1978 onward became very erratic. Butane which had been 
at about U.S. $ 120 per ton in the latter half of 1977 fell during 1978 to 
about $ 80 per ton. During early 1979» the Iranian situation caused an increase 
in butane demand for blending with naphtha as cracking feedstock, for blending 
with gasoline and even for steam generation owing to the high price of 
intra-state natural gas. Spot market prices rose fourfolds to U.S. I 320 
per ton or even higher. However they fell again to U.S. S 200220 per ton 
towards the end of 1979« Usually little butanes or propane is sold on the 
spot market and the actual contract price may be steadier than it has appeared.

Propane in the U.S.A. is used mainly as a fuel for heating and is subject 
to price control so the price has shown far less fluctuations than butane. 
Imports from Canada via the pipe-line, were priced at about I 120 per ton 
and averaged I 160 per ton for those delivered from the Middle East. A further 
complication is that Whereas propane is always controlled, as mentioned above, 
butane and isobutane are not controlled except When used for domestic purposes.

t

In Japan the prices for butane between 1974 and 1976 inclusive remained 
remarkably constant, falling slightly from U.S. $ 143-140 per ton, which is 
not very different from the price of L.P.G. in Europe. There has, however, 
been steep rise just recently and a price of more than U.S. $ 300 per ton 
has been reached. The price of propan as domestic fuel is more under control 
in Japan, although it is higher than those of other regions.

In trying to estimate the future prices for L.P.G. a number of factors 
must be borne in mind. When its sole use is for fuel, an average price will 
be used in Which case the user will be paying a premium for the isobutane 
Which has no great calorific value.

The use of butanes to make butadiene is likely to decrease. B-butane is 
a useful additive to gasoline, helping to quick starting of motors. Separation 
of the two isomers is not absolutely essential but is advantageous as any 
appreciable amount of isobutane would give vapour lock.

A recently developed process to produce maleic anhydride direct from 
butane Should be in competition with benzene and »«butylene, and add to 
its value.
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There is much competition for L.P.G. use as a cracking feedstock. Chem 
Systems have forecasty however that the use of L.P.G. will increase as steam 
cracker feed from 7.2$ ( mainly in U.S.A.) to 13.1 % by 1990. Existing naphtha 
crackers may allow 10-15% of butane in a naphtha feed blend. Simple modification 
would be deeded to operate on butane alone. New crackers design is essential 
in order to have a larger flexibility of propane, however it could be handled 
in association with ethane better.

In view of its high yield of ethylene a higher price for L.P.G., 
particularly n-butane, would be justified in a steam cracker. If it is assumed 
that n-butane will be worth 10% more than naphtha and isobutane at least 10% more 
than thaty while propane would remain about 10% below fuel parity with n-butane.
A future price indication for these products on the basis of the above assumption 
is Shown below for Wester Europe.

Table A. 13 Future prices of propane and butanes in US t/ton
' (1980” dollar)

Propane »-Butane Isobutane
1980 359 378 416
1985 419 441 485
1990 485 511 562

For the U.S.A. the figures for 1985 onwards would be similar. In Japan 
the prices are expected to be slightly lower, owing to the drive for keeping 
L.P.G. prices down for the sake of the domestic uses, making the use of L.P.G. 
for steam cracking more attractive.

4.2.5 Logistics for oil-baaed or liquid feedstocks (naphtha« gas oil, 
MGL/LPQ condensates)

The bulk of oil based feedstocks for olefins and aromatics production 
are supplied Moveiwthe~fenceM by Short pipelines from nearby refineries or 
gas liquids fractionation plants. Occasionally, somewhat longer pipelines 
might be used, as occurs in naphtha movements from Flushing to Terneuzen for 
Dow Chemical or, as is now proposed, a gas liquids pipeline from Scotland 
to TeeBside, linking existing ethylene plants at Wilton and Grangemouth with 
the new Exxon cracker at MoBsmorran in Fife ah ire.



-  226 -

Apart from feedstocks transportation savings it is the fact that the 
coproducts or byproducts from ethylene cracking - pyrolysis gasoline, 
raffinate (minus aromatics) or streams can be easily transferred back 
to the refinery, for the gasoline pool, Which makes an over-the-fence 
logistic system the prime favourite.

However, the West Europeans and the Japanese in particular, plus 
isolated U. S. companies, such as Union Carbide and Corco in Puerto Rico, 
have regularly imported large volumes of naphtha and condensates and in the 
future sill import large quantities of L.P.G. chiefly from the Middle East, 
North Africa and the North Sea. The main sources of export naphtha for 
West am Europe, Japan and the U.S.A. are shown in Table 4*14*

Table 4.14 Main export naphtha suppliers 
(main countries excluding Iran)

Country Approximate aanual naphtha 
metric tonnage for sale

USSR 3 000 000

Bahamas 2 500 000
Kuwait 2 000 000
Egypt 900 000

Algeria 400 000

Bangladesh 300 000

Pakistan 300 000

Cuba 300 000

Romania 200 000

Libya 300 000

Yugoslavia 200 000
Tunisia 150 000

Sri Lanka 100 000

FDRY 100 000

Singapore 1 500 000

TOTAL 12 250 000

The largest naphtha buyers in Europe of these exports are Cow, ICI,
DSM, CdP Chimie and BASF. These companies usually take delivery of 20 000 
metric ton cargoes, either directly into their own storage (ICI and Cow) 
or via the extensive public terminals in the Rotterdam-Antwerp area, such as 
those of Paktank, Van Onmeren or Pakhoed.
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Condensates move in the same way, in handy sire 20-25*000 metric ton oil 
tankers and again Dow, CdP Chimie and BASF are major buyers, with Sonatrach in 
Algeria the largest seller. Some of this condensate also moves as far as 
Puerto Rico for use by Corcc and Union Carbide, because it was treated as a 
chemical feedstock, under the US Government entitlement system.

L.P.G., which is a feedstock only now gaining popularity for ethylene 
production is facing ligistics problems because of the lack of either 
directly owned or public terminalling facilities. Dow Chemical has built 
its own storage facilities at Terneuzen and Van Ommereiy^Thyssen Bomemizva are 
constructing a major public terminal (Eurogas) in Flushing. DSM are discussing 
underground clay cavern storage in Antwerp and Shell/BP are constructing a 
large terminal at Maasvlakte on the edge of Rotterdam's Europoort, to be 
opened in 1984* However, there is no doubt that the builofc-up of imported L.P.G. 
usage by the Europan chemical industry, to a level of say 7 to 10 million 
metric tons per year, will take time, because of the slow pace of import 
terminal building. There is no doubt that L.P.G. export availability and much 
of the sepcialised shipping are already in existence. Possible export 
availabilities from North Africa and the Kiddle East is expected to amount to
33.0 mt/y and 33*4 mt/y in 1985 and 1990.

Table 4.15 LFG export forecast for Middle East and for Africa to 1990
(millions of metric tons)

Area/Country 1978 1980 1985 1990
Saudi Arabia 4.9 6.7 12.8 12.9
Other Kiddle East 2.5 5 .7 14.2 13.6
Algeria 0.2 2.0 5.6 6.1
Other Africa 0.2 0.3 0.4 0.8

7.8 14.7 33.0 33.4

Source; Chem Systems.

Japan and the U.S.A. are believed to be in a better position than Western 
Europe as regards L.P.G. terminals because of the higher levels of historical 
L.P.G. fuel usage in Japan and in the U.S.A., as well as the existence of 
specialist L.P.G. companies, such as Neches Butane, Who produce butadiene from 
butane. In addition, the USA has been for a long time a major user of L.P.G. 
feedstocks for ethylene production.
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The very large volumes of chemical feedstocks required, (40 million 
metric tons of naphtha in Western Europe per annum, for example), have led 
companies to install pipelines and storage facilities to handle the products 
and they are ready to invest further sums if a feedstock price/supply 
advantage can be obtaines such as with L.P.G. Imports of naphtha/condensates 
have been in the 3 to 5 million metric ton range in the U. S.A., about 5 to 7 
millions for Western Europe and somewhat less for Japan.

The effect of feedstock on production cost varies according to the 
properties of feedstock and changes in by-products credits. By-products 
credit depends on the availability of a market for its utilization, mainly 
for further processing or as end-product, but not as fuel. A 1980 costing 
relationship of different feedstock was made for a developed region (USA)
Where a market for the by-products do exist, expressed as a percentage of 
ethylene cost. The percentages indicated express the relationship between 
the cost of ethylene produced and the net cost of the feedstock used, i.e. 
the cost of naphtha less the value of the propylene, butadiene, etc. co-produced 
(table 4.16).

Table 4.16 Raw material (feedstock) costs and by-product credits 
expressed as a percentage of ethylene cost

50/50 per cent 
ethane - propane Gas oil Naphtha

7 0 /3 0 per cent N 
and ISO — butane

Gross feedstock cost 53.3 119.5 111.2 109.7
By-product credit 14.O 82.4 63.8 65.5
Net feedstock cost 39.3 37.1 47.3 44.2

It is to be ascertained that co-products such as popylene and butadiene 
might be considered as by-products since their production do not always respond 
to a demand situation. Thus their prices are usually influenced by their 
over-supply via many processes When they are by-produced in conjunction with 
products (other than ethylene) i.e., cat. cracking since there is & certain 
degree of control on their quantities as co-products to ethylene and Where 
some balance can be achieved.
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Accordingly the coat of ethylene is linked to the value of all co-products. 
Ethylene prices, however, assume a wide spectrum in each region even as 
contract prices, with occasional spot prices falling in between the spectrum 
limits which interlinks themselves When contracts are negotiated at different 
periods. The magnitude of the variation in prices cf ethylene as a 
commodity product is usually influenced by the feedstock prices and the 
degree of control over their movement. Hie effect of this can easily be 
noticed in table 4*17» in Which United States* ethylene price range seems 
to be lower than that of Japan and Western Europe, indicating better cost 
range (with ethane as a major feedstock where higher yeild, less low priced 
by-products and gas price control).

Prediction of future prices of petrochemicals on the basis of products 
sources (crude and gas) cost is rather hard, particularly for those in a 
further down stream activity. This is quite obvious from Table 2.2 and Annex II.A 
Which presents a historic trend of prices of feedstocks and different products.

Table 4.17 Ethylene ontract rice 1970-1980 
(in dollars per ton)

Wester Europe U.S.A. Japan

1970 80 68 n. a.
1971 80 77 n.a.
1972 83 - 90 66 n.a.
1973 8 8 - 1 4 2 73 n.a.
1974 242 - 350 77 - 176 200 - 251

1975 280 - 333 176 - 259 282 - 297

1976 298 - 350 242 - 270 312 - 332
1977 311 - 338 259 - 286 332 - 365
1978 339 - 373 242 - 330 331 - 488

1979 460 - 679 292 - 397 394 - 528

1980 723 - 805 441 - 550 756 - 770
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4*2.6 Ethylene pipeline grid, ay sterna
It is appropriate to discuss the inter—producer/consumer pipeline grid 

systems Which exist in Europe and the US Gulf. They are very extensive and 
complex. This type of system is confined to ethylene and, apart from some 
short pipelines between producer/consumers, similar systems are not used for 
propylene. There is no ethylene grid in Japan.

There is at present, certainly in Western Europe, no possibility for an 
overseas producer to supply ethylene into these grids without the co-operation 
of one of the participants with a sea pipeline linkage — such as Dow Chemical 
at Terneuzen. Nearly all ethylene ships are refrigerated, whereas the pipelines 
are of course pressurised. The problem of unloading ethylene from ships and 
into pressuresed storage, for connection into the pipelines, is a major one. 
Direct transfer from a ship into the grid is not possible.

These pipelines systems are the best example of the sophisticated logistics 
systems developed by the European and US chemical industries. The AHG system 
grid began in the 195®’ anA I960’, when a number of local ethylene pipelines 
were constructed between suppliers and customers in the Rhine—Ruhr area of 
West Germany. In mid 1968 Hoechst, Frankfurt, were connected to UHBK, Wesseling, 
a distance of 156 km. Also in 1968 a new company, the Aethylen Rohrleintungs 
Gesellschaft (ARG), was founded to safeguard supplies in the face of increasing 
demand, especially during upsets and shut-downs. The ARG was founded by 
six equal share partners amongst the suppliers and consumers in the Rhine—Ruhr 
area. They rapidly developed a 100 bar pressure grid Which by the end of 1970 
connected DSM, Beek, with Erdoel, Dormagen and hence to Veba, Scholven, 
together with a spur to ROW, Wesseling. At the same time, an ethylene pipeline 
system had developed in the Antwerp, Terneuzen, Rotterdam area, also capable 
of operation at 100 bar, and by 1971 ARG had constructed a line extending from 
DSM, Beek to Bayerm Antwerp.

By 1971 therefore, there was a grid extending between Rotterdam and 
Terneuzen on the Netherlands North Sea coast, via Antwerp and Cologne, to 
both the Ruhr and Frankfurt areas of West Germany. Since tat time, many small 
additions have been carried our to the overall grid, the largest of Which 
was to extend the line south from Hoechst, Frankfurt to BASF, Ludwigshafen 
in 1978. The overall scheme is complex and is Shown schematically in detail in 
•Figure 4*4, Total length of the system is now
about 1.100 km, of which about 450 km comprises the centred ARG grid.
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Fig. 4.A North-West European ethylene grid (geographical)
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Bie ARG system is centrally controlled from a site in BSM at Beek.
Because the line is pressurised, extraction of ethylene by the customer 
takes place at the same time as the supplier pumps ethylene into the line.
ARG charges fees according to distance and authorises pumping. The ethylene 
itself changes hand at free market controlled prices between buyers a«d 
sellers. There is no such thing as an ARG price.

Other shorter pipeline systems are found in the IK, France, Italy,
Germany and Spain and are shown in Table 4.18.

So far, nearly all the ethylene trade in Europe has been between European 
locations. 3hus, Dow Chemical has regularly moved ethylene from Terneuzen 
to Tarragona and ICI has shipped regularly from Teesside to Rozexiburg.

However, in 1979 Algerian Sonatrach began to export ethylene to Southern 
Europe.

Table 4.18 Other West European Athylene pipeline systems 1980

Country Line route Companies involved

United Kingdom Or angeraouth-W iIton-Runcora- 
Carringtcn-Sanlow

BP/lCl/Shell

France Fo a/ Lavera-Iyort-Tavaux ICl/ Haphthachimie/Shell/ 
Rhone Foulenc/Assoc. Feyzin/ 
ATO. Solvay/PCUK

France Carling-Sarralbe Cdf Chimie/Solvay
France Port Jerome Line E bbo/ATO and 6 consumers in 

the area
Italy Mantov&-Ferrara-Porto

Maghera
Monte dison

Italy (Sicily) Gelap-Ragusa-Priolo Montedi sox/AHIC
Spain Tarragona-Martorell Enpetrol/ERmiQfc/ Dow/ 

AiBCondel/Viniclor
Germany Muenchmunster-Burghausen-

Gendorf
Veba/Marathor/Wacker Hoechst

USA
In the USA, ethylene movements have been almost exclusively internal. 

There are currently only two liquid ethylene terminals in the US and neither 
are being used. Conoco installed a 90 toq/hr import terminal during the
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1973/74 ethylene shortage and Imported 3-4 loads in late 1974 time period. 
Conoco* s terminal was mothballed shortly thereafter. Conoco has evaluated 
adding liquificat ion capability, but elected to forego the opportunity.

Puerto Rico olefins (PRO) a joint venture of Corco and PPG, has been 
active in exporting liquid ethylene, especially to Venezuela. However, 
this plant was shut down indefinitely in November 1978, due to a feedstock 
pricing dispute between Corco and PPG and the consequent Chapter 11 bankrupcy 
of Corco. The 6,800 tons of storage at Penuelas represented total plant storage 
capability for all purposes, including customer inventories. ThuB, they only 
had space for 2—3 thousand tons which could be devoted to the export market.

Georgia Pacific is currently planning a salt dome type of import terminal 
at Plaquimine, La, to be on-stream in 1982. These three terminals should be 
compared to the 21 in/out terminals Which exist in Wester Europe and are 
capable of receiving and delivering liquid ethylene to and from a ship. On 
the other hand internal ethylene movement by pipeline in the USA is very 
extensive. Figure IV.B is a pull out of the Texas Louisiana ethylene pipeline 
system, broken down into 21 geographic areas.

Summary

Logistic systems for chemical gases have generally only been built 
to meet a specific trade. Eurogas in Flushing is the only example of 
Speculative investment. Ammonia and VCM facilities are mainly specific; 
butadiene facilities are primarily orientated to the Europe/USA trade, and 
ethylene/propylene terminals only exist at company locations.

4.3 Feedstock outlook
In developed regions, the feedstock situation is expected to be different 

from the previous trends due to many reasons:
1. Declining share in total world production capacity, with a lower 
growth rate in building blockB (ethylene and aromatics) capacities.
This may also stem from the developed countries* growing interest in 
speciality products. On the other hand, a growing share of developing 
regions in world petrochemical production, particularly those with 
abundant feedstock resources, is expected to materialize during the 
later part of the 1980s.
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2. Technological development that allow new routes for the production 
of certain intermediates directly from unconventional sources, such as 
syngases and methanol.

3. The negative impact of the energy situation, inflation and 
environmental protection on investment in the developed regions, in 
which case traditional producers become very selective When considering 
new investment opportunities.
The important issue in selecting the feedstock for future investment and/or 

for buying existing plants would be the availability and prices of reliable 
feedstocks. This issue compresses the degree of dependency on energy sources 
for fuel and the degree of backward integration of the processing to those 
sources. To dwell on this point further, the feedstock situation in major 
production centres needs to be discussed.

4*3*1 Feedstock situation in the United States of America

4*3*1.1 Trends in feedstock utilization
In the United States of America, traditional feedstocks for ethylene 

production consisted mainly of ethane and propane. Trends in recent years 
have been toward increasing the use of naphthas and middle distillates. If 
present rate of increase of prices persists and if the pattern of energy 
usage of petroleum products changes as mentioned earlier, future olefins 
plants in the United States will increasingly use heavier feedstocks. This 
will be a more realistic trend should the cry for fuel conservation and the 
substitution of coal for petroleum products in electrical power generation 
continue. This could lead toward more naphtha based olefins plants should 
available gas, which is depleting at a modest rate, is channelled toward power 
generation and municipality usage at a higher rate. But future supplies of 
naphtha in the United States at attractive prices are not certain either.

Increased utilization of naphtha (and middle distillates) for the 
production of petrochemicals in the USA will result in a significant shift 
of petrochemicals spectrum. This by itself will have an impact n. r only 
on international trends in petrochemicals, but also on tlv struct* > •>{' th- 
industry in the USA itself. The latter point can be explained ben.-r by 
considering the higher shift toward naphtha production o f  c . r t a i t .  im p o r t a n t  

by-products (butadiene) in naphtha based olefins plants h wil: i • au t i
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shutdowns of dehydrogenation facilities (for the butadiene). The same can 
apply to present refining facilities producing aromatics, although, the 
effect is not as clear due to the possible increasing need of such facilities 
for more aromatics in conjunction with higher need of improved motor fuel.

Although heavy feedstocks will be available at attractive prices, 
pretreatment to enhance their value as petrochemical feedstocks will add to 
production cost of final products.

For heavy petroleum residues no economically attractive technology has 
yet been commercialized, although on-going pilot activities indicate that 
products yield of vaccum gas oil is quite comparable to that of naphtha. Thus, 
more work is needed to help in increasing the range of feedstock flexibility.

The trend in the United States of olefins feedstock (for ethylene) has 
been projecteá^ in the following manner, expressed in percentages of ethylene 
produced.

Table 4.19 Feedstocks in the United States for ethylene production
(per cent of ethylene produced)

1965 1970 1975 1980 Í9S5

Ethane and refining gas 51 52 46 40 29
Propane 32 33 25 10 8
Butane 2 2 2 9
Naphtha and middle distillates 17 13 27 48 54

Yield of different feedstocks depends not only on the feedstock properties 
(constituents and component characteristics) but also on the process conditions 
and technology involved. However, the variation in the yield of the same range 
of one type of feedstock can be very minimal, and. an average yield can be 
drawn for the sake of comparison. A comparative analysis of an average yield 
of different ethylene feedstock in the United States-' is given in table 4.20.

The feedstock situation in the USA is expected to change such that the 
combined effect of heavier feedstocks usages would lead to an appreciable 
increase in byproducts quantities associated with ethylene production, i.e., 
between 1975 and 1985, the yield trend would give an increase of 56-58 per cent 
for propylene and butadiene, 100 per dent for benzene and 75 per cent for Xylene.

42/ Hydrocarbon processing, Nov. 1974» CEP Sept, and Oct. 1976.

Oil and gas Journal, August 1977-
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Furthermore, the supply of butadiene and benzene from olefins plants would 
increase from 30 per cent to 96 per cent and from 11 per cent to 27 per cent 
of the total demand between 1975 and 1985 respectively.

Naphtha and gas oil are expected to dominate the US feedstocks well 
last the end of the century* But coal—based synthesis gas is not expected 
to be of significance before the 1990s.

Table 4.20 Average yield of ethylene feedstock in the United States

Feedstock
Ethane-Propane 
50 per cent mix

Full range 
naphtha

Syn. Gas 
Gas oil

Feed rate 1.77 2.97 3.86
Products
Ethylene 1.00 1.00 1.00
Off—gas 0.38 O.49 0.47
Propylene O.I5 0.47 0.62

Butadiene O.O5 0.15 0.18

Butene - Butane 0.10 0.13 O.19
Benzene 0.03 0.18 0.23
Toluene 0.01 0.14 0.11
Xylene - O.O7 0.08
Others 0.03 0.22 0.28
lytolisis fuel oil 0.02 0.12 0.7

4.3.1*2 Feedstocks sources and future prospects
Because of the abundant domestic supply of natural gas liquids (NUL* s) 

for ethylene production in the U. S., there is currently a much lower level of 
chemical company integration with refinin sector than in Western Europe.
Even though many of the top companies own refineries, they have primarily 
integrated these with aromatics production (via reformate) and not used them 
to supply naphtha feedstock. However, this situation is changing since the 
demand for naphtha and gas oil feedstocks for steam crackers is expected to 
nearly double from the 1979 level by 1985. This new demand is the result of
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an almost complete shift to heavy liquids cracking for plants built or planned 
since the mid 1970* sf which is in turn due to the poor outlook for increasing 
the supply of NGL* s. Hie diminishing supply of natural gas and the high cost 
of extracting NGL’s in new gas plant facilities are expected to limit the 
availability of ethane for steam cracking. Government regulations establishing 
propane allocation and use patterns have curtailed any steam cracking expansion 
based on this feed. However, the legislated expiration of controls on propane 
in 1981 could cause its possible use as a steam cracker feedstock to be 
reconsidered. As long as normal butane is primarily prices relative to the 
gasoline market, it will not seriously contend as an olefins plant feedstock. 
However, with diminishing gasoline demand in the USA, any surplus »-butane 
will probably be sent for steam cracking, When the price drops to a level 
competitive with other olefins feedstocks.

a) Olefins production

Of the 25 ethylene producers in the USA only 13 own refineries and only 
10 of those own more than one refinery. In general those large oil companies 
with several refineries also have significant ethylene capacity, between 1 and 
4 billion pounds per year, except for two, i.e., Mobil and Conoco. There are 
only two large ethylene producers Who are not heavily involved in refining, 
Union Carbide (the largest' ethylene producer in the USA) and Dow Chemical.

In 1979 *116 practice of substituting NGL* s for heavy liquids in steam 
cr&ckerB became more widespread as operators strove to make up for shortfalls 
of naphtha and gas oil supply after the (Iranian cutback) and in some cases 
to improve economics with lower cost feeds. Such substitutions can be 
expected to continue in varying degrees, depending on the economics of the 
feed choices in each case.

Based on committed new plants scheduled to come on stream through 1985* 
the HGIr-related ethylene capacity iB expected to decrease from nearly 65 per 
cent of total operating nameplate capacity in 1979» *0 about 53 per cent 
in 1985«

Installed ethylene nameplate capacities in billion pounds per yeea--/ 
for 1979 and 1985 are broken down according to feedstock type as follows*

51/ 50 states plus Puerto Hico.
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Additions

At end of 1979 1980-1985 Net at end of
NGIr/ 21.1 0.2 21.4
Heavy liquide^/ 14.3 4*6 18.7

Total 35.4 4.8 40.1

j/ Total includes estimated shutdown of old plants and restart of former 
Arco-Polymer E/P cracker by USS Chemicals.

2/ Ethane, propane and n-butane.
¿/ Naphtha, condensate and gas oil.

N.B.: Note the difference from that indicated in table 4.19, which were
based on projections made in 1974» 1976. However, the two figures 
were maintained in order to show that the projected trend was 
foreseen at the beginning of the energy crisis.

b) Other olefins
1. Propylene
Unlike Europe and Japan, Where almost all propylene and butadiene is 

derived from olefins production, the United States, because ethylene capacity 
has been natural-gas based, produces propylene primarily from refineries. 
However, this balance is slowly changing, as shown in Table 4.21.

Table 4.21 US Propylene supply 1980-1985 
(billions of pounds)

Source 1980 1985 Percentage split 1985

Steam crackers
NCL feed 2.0 2.2
Naphtha/gas oil feed

Subtotal 7.4 11.4 35
Refineries 20.7 M 65

Total 28.1 32.0 100
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2. Butadiene
There has been a significant shortfall in US butadiene needs for several 

years Which has been eliminated by the imports of European olefin derived 
butadiene, at the rate of about 250 thousand metric tons per year. This 
shortfall ( and the European surplus) is directly attributable to the production 
of ethylene from non-naphtha feedstocks in the USA.. One third of US butadiene 
is currently made by butene hydrogenation or butane dehydrogenation although 
this percentage is declining, as more heavy liquids crackers come on stream, 
as shown in Table 4.22.

Table 4.22 US Butadiene supply
(million pounds

1̂ 80-1985

Source 1980 1985 Percentage from each 
source 1985

Steam cracker by-product 2,100 3,200 81%
Dehydrogenation ’.360 _J60

Total 3,460 3,960 100%

Unlike Western Europe or Japan, there are in the USA a number of specialised 
companies Who produce the butadiene from non-olefin sources, such as Neches 
Butane Which is a joint venture of Texaco, Uniroyal and BF Goodrich.

c) Aromatics
1. Benzene
In the United States as in Western Europe and Japan, benzene is produced 

by three routes, refinery catalytic reforming, olefins production and coal 
tar processing. Additional supplies are imported, while high cost intentionally 
produced benzene, made via hydrodealkylation and disproportionation, bridges 
the gap between supply and demand. A summary of current and future benzene 
supply by source is given in Table 4.23.
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Table 4.23 US Benzene supply 
(million gallons)

Source 1979 198O 1985 % in 1985

Catalytic reformate 718 709 820 39.2
Olefin plants 310 310 525 25.1

Coal tar processing 120 120 120 5-7
Imports 81 70 90 4.3
Inventory change (48) (35) -

Subtotal 1,181 1,174 1,555 74.4
Hydrodealkylation and 

disproportionation
(by difference) 582 506 535 25.6

Total benzene
supply 1,763 1,680 2,090 100,0

2. Xylenes

A mixture of the xylene isomers (ortho, meta and para) plus ethylbenzene 
is commonly called mixed xylenes. This mixture is produced during catalytic 
reforming and steam cracking. Mixed xylenes are frequently used as gasoline 
blending stock, normally without extraction from the reformate stream. However, 
a major portion of extracted mixed xylenes is employed as feedstock for the 
production of the separated paraxylene and orthoxylene. Extracted mixed xylenes 
also find use in solvent applications and some extracted material is blended 
back into gasoline.

The only chemical use for paraxylene is in the manufacture of dimethyl 
terephthlate (DMT) and terephthalic acid (TPA).

All paraxylene and orthoxylene producers in the USA except Hercofina 
are benzene producers, but 10 out of the 25 ethylene producers do not make 
any aromatics.
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4-3-2.1 Trend in feedstock utilization
Western European petrochemical industry has been primarily naphtha 

baset^. Competing for naphtha are petrochemicals and gasoline, with the 
demand, by both, increasing at a higher rate than the demand for other 
energy products during the past few years. Hie situation in the future may 
be slightly different due to possible declining growth i*ate in ethylene 
and aromatic production, and changing pattern in energy consumption.

It is estimated that by the year 2000, 99-5 million tons of feedstock 
will be required by W. Europe, a quantity representing about 13 per cent 
of the total petroleum demand in that region. Hie estimates of feedstock 
requirements Which were based on projected petrochemical production (using 
an average annual growth rate of 3-6 per cent for ethylene and 3.9 per cent 
for aromatics) and gross feedstock conversion factors (SHI data) are 
summarized in table 4-24»

Feedstocks requirements for petrochemical production 
in Western Europe

4-3*2 Feedstock situation in Western Europe

Feedstock Thousand of metric tons Average annual
___________ 1977 1980 1985 1990_______ growth rate(%)
Naphtha 39,500 41,500 47,700 54,300 2.7
GaB oil 4,000 7,600 12,500 15,200 7-7
NGL 200 9OO 1,100 3,200 15*3

The above estimate represents an over ad 1 annual growth rate in feedstock 
demand for motor gasoline in the last few years, low naphtha surplus (Which 
waB used as boiler fuel) went down. Since higher gasoline demand is expected, 
naphtha supply will be tight to a point that it becomes essential that other 
types of feedstock such as gas oil, exclusively or in conjunction with naphtha, 
be used.

5^ R.G. Muller (SRl) reported that petrochemical industry in Europe was 
based ont 94 per cent naphtha, 9 Per cent gas oil and 1 per cent NGL. "Outlook 
for Traditional Feedstocks in Western Europe", symposium of chemical engineers 
and The Society of Chemical Industry Process Engineering Group, London,
24 April 1980.
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In a more specific way, besides naphtha, gas condensates (NGL) from the 
North Sea Oil fields have been in use mainly in Norway as olefin feedstock.
As these fields continue to develop, it is expected that more ethylene plants, 
particularly in North-West Europe, will be built. But one has to consider 
the magnitude of investment required not only in developing these fields, 
but also for facility to transfer feedstock from remote sources such as 
those, and the effect of that on feedstock prices.

The lighter feedstock supply to Western Europe may come from the USSR 
and OPEC countries, particularly from the Middle East and North Africa. The 
latter may enhance the feedstock situation in South Western Europe.

For aromatics, Europe rely on reformates for about 2/3 of its production. 
The rest is based on pyrolysis gasoline and to a much less degree on coal 
gas and coke production. The latter source which used to be the main 
traditional source in Europe still occupies a 7*5 per cent share in total 
capacity and may be relied upon for sometime to come.

For the so-called gas derivatives (ammonia, methanol, acetic acid, etc.) 
naphtha and heavier petroleum cuts are being used (at a rate of about 5 million 
tons a year)» Their low economics may not allow their use further, at least 
in the case of heavy petroleum cuts.

In the mid 1970* s, 26 per cent of the total European naphtha was used 
as petrochemical feedstock as against 71 per cent for gasoline. The same 
ratio is expected to prevail for a while. By 1990, total naphtha supply is 
expected to be about 217 mt with synthetic naphtha contributing about 26 per 
cent of the total supply as compared to about 10 per cent in 1977 (when total 
naphtha demand was about 150 million tons).

Technological development for alternative sources of energy and feedstock 
will be directed in Western Europe towards lesser dependence on petroleum 
derived feedstock. Coal liquifLcationand gasification will be a major area 
of extensive research. But it is unlikely that commercialization of technology 
to affect the realization of important projects will start before the 1990* s.
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4.3.2.2 Degree of integration of petrochemical industry ancL 
future prospects

47 per cent of the top 34 companies involved in olefins production 
in Western Europe are back-integrated into refining.

Very few large olefins companies now find themselves entirely non- 
integrated into refining, i.e, Dow Chemicals and D8M.

Benzene is produced by three routes by 36 companies operating as 
follows:

- Pyrolysis gasoline route - 18 companies;
- Reformate route - 19 companies;
- Coal route - 7 company groupings.
Of the seven coal-based producers/marketers (who produce 10 per 

cent of the benzene in Europe), only one top chemical company is involved 
in the production of benzene, CdP Chimie (in France). The 18 benzene 
producers from pyrolysis gasoline are all back integrated into refineries, 
either directly or via a joint venture, except one (DSM).

However, some of the reformate based benzene producers are not 
involved in olefins. Mobil is the leading example with its aromatics 
plant adjacent to the Naples refinery. Petrogal in Portugal is another 
example, plus CEPSA and UERT in Spain and CONOCO in the United Kingdom.
All of these companies except CONOCO.have made attempts to move into 
olefins production within the last 10 years; Mobil at Wilhelmshaven and 
CEPSA/UERT with Dow at Huelva in Spain. Portugal is a special case since 
the Portuguese government has now olefins production at Sines, under CUP 
banner. All major chemical production in Portugal is state-owned.

All producers of paraxylene/orthoxylene produce both products 
except for ICI and Texaco who produce one product each. All producers 
are back-integrated into 'refining. Producers except Mobil and CEPSA 
are involved directly or indirectly with olefins production.

The above'presentation illustrates the total integration level 
between refiners, olefins producers, benzene and xylenes producers. The 
highest integration level is between refining and olefins production 
with- beagono not far-behind. The. key to thia.close structure.is.the. _ 
very high naphtha requirement of the petrochemical industry in relation 
to gasoline. In 1979» about 100 million metric tons of gasoline and
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Table 4.24 West European links between olefins producers« 
oil refiners and aromatica producers 1980

Company/Grouping Refining Olefins Benzene PX
-------!

:ox

anic/eni X X X X X
BASP/ROW/Wintershall X X X - -
BP/Erdoelchemie/

Raphthachinie X X X X X
British Celanese - X - - -

CdP Chimie X X X - -

Caltex/Техасо X X X - X
CRP/Petrogai X X X X X
Dow Chemical X X X - -
DSK - X X - -
Elf/ATO/CPP X X X X X
Enpetrol X X X - -
Enron X X X - -
Gulf X X XX - -
ICl/Phillips X X X X -
IQA X X - - -
Marathon X X X - -
Montedison X X X X X
Reste Oy X X X - -
Hbretyl X X - - -
OMV X X - - -
Petrochim (Phillips/Pina) X X X - -
SIR/Runianca X X X - -
Shell X X X X X
Solvay X X - - -
Veba^Huels X X X X X
ШБК X X X X X

Source: Chero-System
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The major advantage of integrated companies is their ability to 
switch feedstocks within a few days from naphtha to gas oil to LPG, 
according to the dictates of the market, provided that olefins crackers 
are modified suitably. Table 4.24 gives a clear picture of the degree 
of integration between olefins producers, oil refiners and aromatics 
producers in Western Europe in 1980.

In future, Borth Sea hydrocarbons and imported LPG will influence 
this close refinery-olefins relationship. The major impact expected 
from the increasing availability of North Sea hydrocarbons on the 
European chemical industry will be that of natural gas liquids in the 
sector of olefins. Crackers will be built or converted to consume 
essentially all ethane plus some pro pane/but ane, generally in the areas 
where these materials are separated. Capacities will be related to 
feedstock availabilities rather than to local market requirements and 
net shipments of both the excess olefins and derivatives will be made 
from Northern United Kingdom/Norway to Continental Europe.

The increase in the quantities of LPG coming onto the inter
national market (Kiddle East and African sources) in the early 1980s 
will provide opportunities for European olefins producers to further 
diversify their feedstock base. Italian companies are well placed 
geographically to take advantage of this situation. Partial modification 
of existing plants and the provision for LPG cracking in new plants will 
be justified in many cases. LPG is expected to be a more interesting 
alternative to naphtha than gas oil.

The greatly reduced growth rate of fuel products and the avail
ability of good technology from engineering companies will lead hydro
carbons producers to take over, to an ever increasing degree, the 
manufacture of olefins, aromatics and their first stage derivatives.
In future, oil companies - both privu.^ and government owned - will 
produce an increasing share of intermediate chemicals. High cash flow 
and control of raw materials will facilitate the oil companies' 
penetration into many of these markets and will tend to make production 
of such petrochemicals considerably lesB attractive to traditional

40 million metric tons o f naphtha were consumed for petrochemicals in
Western Europe, thus petrochemicals having become a highly significant
market for refinery production.
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chemical companies. The oil companies will also continue their pattern 
of acquiring existing plants from chemical producers who plan to 
specialize in other areas. The independent chemical companies will, 
conversely, find it increasingly difficult to generate the cash necessary 
to remain competitive in the area of primary petrochemicals. This will 
lead to a number of possible solutions, including withdrawal to down
stream products, as recently happened with Rhone-Poulenc. (See Chapter VI.)

4.3.3 Feedstock situation in Japan
All Japanese olefins production of ethylene, propylene and 

butadiene is based on naphtha feedstocks. Most of this naphtha is 
supplied from Japanese refineries under arm's length contracts. A 
controlled quantity of naphtha is also imported and for this purpose 
there is a special association of importers known aB FFIC (Petrochemical 
Feedstock Importing Company) jointly operated by Sumitomo, Mitsubishi 
Petrochemical, Mitsui Petrochemical, Showa Petrochemical, Osaka Petro
chemical and Mitsubishi Chemical, who handle the purchases collectively.

In Japan as in Western Europe, benzene is produced by three 
routes - pyrolysis gasoline, reformate, and coal. The largest number 
of producers (55 per cent) tend to use the olefins route, using pyrolysis 
gasoline as feedstock. There is however a high degree^of flexibility to 
use alternative feedstocks. Table 4.25 shows the benzene capacity in 
Japan in 1979 and the sources of feedstock.

Paraxylene producers in Japan tend to be neither olefins nor 
benzene producers but rather DMT -producers, back integrated. Thus, a 
low level of integration between the aromatics producers and the 
paraxylene/orthoxylene producers doeswexist in Japan. Only a moderate 
degree of vertical integration exists in Japan between oil refining, 
olefins and aromatics. The only two fully integrated groups are Mitsu
bishi and Toa Nenryo/Tonen Petrocheraical/Tonen Sekiyu Kagaku, the joint 
ventures between Mobil, Exxon and Japanese interests (see Table 4.26).

Out of the 25 major chemical companies in Japan, 3 are directly 
involved in refining and only six are involved in olefin manufacturing. 
However, there is a strong relationship between oil refiners and olefin 
producers. The major significance of this relationship is their 00- 
operation in making available feedstocks from overseas for refining 
operations managed or owned jointly by Japanese companies.
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Table 4.25 Japanese benzene capacity 1979 
(thousand metric tons per year)

Company Location Capacity Source

Asia Oil Sakaide 10 0 Reformate
General Petrochemical Sakai 30 Reformate
Idemit su Tokuyama 175 Pygas/r e f0 rmat e /ШМ

Chiba 155 Reformate
Kawatetsu Mizushima 36 Coal Tar
Maruzen Oil Mat suyama 8 Reformate
Maruzen Petrochemical Chiba 159 Pygas
Mitsubishi Chemical Mizushima 1 5 0 Pygas
Mitsubishi Oil Mizushima 134 Reformate/pygas
Mitsubishi P/chemical Yokkaichi 356 Pygas
Mitsui Petrochemical Chiba 76 Pygas

Iwakuni 96 Pygas
Nippon Petrochemical Kawasaki 70 Pygas

Ukishima 73 Reformate
Osaka Gas Torishima VO 0 Coal Tar
Osaka Petrochemical Senpoku 10 0 Pygas
Sanyo Petrochemical Mizushima 230 Pygas/refo rinate/ 

PressShin Daikyowa Yokkaichi 70
Shin Nippon Steel Muo roram/h iroh it a 64 Coal Tar
Shin Nippon Steel Tobata 72 Coal tar/pygaa

Chemical Oh it a 80 Coal tar/pygas
1 2 7 Pygas

Sumitomo Chemical Chiba 90 Pygas
Nijhama 65 Pygas

Toa Oil Nagoya 1 1 2 Reformate
Tonen Wakayama 40 Reformate
Toray Kawasaki 90 Di spro port ionat ion;

HDA
Total Japan 2,857

Source : Chem-Syet erne
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Table 4.26 Japanese linke between oil refiners 
and aromatics producers 1980

Company/Orouping Refining Olefins Benzene PX OX

Asia Oil X X
Idemitsu X X X - -
Kawatetsu - - X - —
Kuraray - - - X —
Maruzen X - X - X
Matsuyama - - “ X -
Mitsubishi Group X X X X X
Mitsui Group - X X -
Nippon Petrochemical - X X - -

Osaka Petrochemical X X X - -

Sanyo Petrochemical X X X -
Shin Daikyowa X X X - -

Sumitomo Group X X X - -

Toa Oil X - X - -

Tonen Petrochemical X X X X X
Toray - - X X X

Source: Chem-Syatems



-  249 -

4.3.4 Feedstock situation in the developing countries
It is more difficult to estimate the feedstock situation in the 

developing countries according to its sources, partly "because of the 
limited quantities of petrochemicals produced there and partly because 
of the limited statistical data available. However, taking into 
consideration the pattern of petrochemical production, mainly basic 
olefins, and the pattern of demand on petrochemical products arising 
mainly from predominantly primary economies requiring little sophisticated 
products, aB well as the low level of fuel consumption, it can be said 
that at present and during the 1980s the problems confronting the 
developed countries are not likely to confront the majority of the 
developing countries, i.e. fuel/feedstock conflict.

However, such a generalized statement would not be true when 
applied to the developing countries as a whole but rather to specific 
groups of countries within the developing countries. Oil producing 
developing countries will have an obviously excessive supply of feed
stocks, even after taking into consideration all the planned utilization 
of their hydrocarbon resources to the end of the century. Flared gases 
alone in oil producing countries have reached a level of 2.7 mbl/d 
(oil equivalent) in 1978 which was equivalent to 46 per cent of their 
total production of these gases, and 8.4 per cent of their total crude 
oil output &  With the anticipated increase in their refining capacities 
for export purposes, this group of countries would have large amounts 
of feedstocks for the production of aromatics in the future not only to 
satisfy their own production plans of petrochemicals but alBo would be 
available for exports to developed and developing countries.

Newly industrialized developing countries with no hydrocarbon 
resources which have achieved a relatively high-level of petrochemical 
production to satisfy their internal demand and achieve a certain 
position in the international market, will be in a situation of 
dependence on imports not much different from developed regions. The 
future of their petrochemicals in this context will depend on the 
availability of supply and prices of crude oil (for refining) and imports 
of supplementary feedstocks and basic and intermediate petrochemicals 
from the rest of the world, especially oil producing developing countries.

5_y See The Industrial Uses of Associated Gas, UNIDO,
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A third group of developing countries with large vegetation or 
large coal supply would he in a favourable position in the future to 
utilize these resources for the production of syngas and methanol (see 
Table 4.27).

The majority of the other developing countries will have to depend 
for their energy and feedstock supply on imports from the oil exporting 
countries. With anticipated increase in oil prices, it is doubtful if 
these countries could maintain a viable petrochemical industry without 
entering into special long-term arrangements with oil producing 
developing oountries and/or with other developing countries, either on 
multilateral or bilateral basis.
4.4 Alternative sources of feedstocks

The major hydrocarbon resources that have been utilized as a common 
source for energy and feedstocks for the petrochemical industry have 
been petroleum and natural gas. Non-petroleum sources, including coal, 
biomass, shale oil and tar sands, have their own economic or technol
ogical limitations at least for the time being.

4.4*1 Coal
In the case of coal, the cost of mining, transportation and 

environmental investments are still high enough to block its uses for 
the industry on a competitive basis against even the expensive new oil 
discoveries.

Furthermore, under present eoonomic conditions, synthesis gaB 
(carbon monoxide and hydrogen which has been utilized for the production 
of a number of petrochemicals, i.e. acetaldehyde, acetic acid, vinyl 
acetate, ethylene glycol, etc.) is not so economical if it is coal-based 
when compared with petro 1 eunv-based hydrocarbons. Thus the trend in coal 
usage for the industry will be toward large energy plants co-generating 
electricity and low-pressure steam, probably in conjunction with the 
production of synthesis gas. However, efforts of many companies and 
governments of few developed countries are underway to develop a better 
system for coal gasification and liquification, but active investments 
are still confined to regions that have already been in this activity 
for a long time, such as South Africa.
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In the United States, plants of 1,000-1,500 tons of coal per day- 
capacity are being considered for the provision of synthesis gas as feed
stocks for the petrochemical industry and as fuel for power generation. 
The gas can be used for the synthesis of ammonia, methanol, hydrocarbons 
and substitute natural gas as well as for the production of hydrogen.

Economics of such plants varies. At a United States location in 
raid-1977, the investment for a 4 million cubic meter/day plant was 
estimated at #120 million. For a low-cost coal feed, the synthesis gas 
cost would amount to $2.5 per million BIU, but for deep-mined coal (as 
in Europe) the cost could be as high as $3.5 per million B T U ^

Underground gasification experiments have been initiated in 
different parts of the world to optimize the yield of coal mines in 
response to energy crises. Marginal coal gasification experiments in 
places like Wyoming in the United States gave some indications of 
successful results in comparison with underground liquificationi-^

Synthetic fuel technology is still under improvement and it was 
predicted that several decades may elapse before there is any commercial 
production of coal-derived fuels!^

There is a large number of processes for obtaining oil from coal 
and many of these include the production of naphtha and similar feed
stocks for petrochemicals.

Omitting processes based on coal carbonization, which have been 
in use for a very long time and produce mainly aromatic hydrocarbons 
but only as by-products, the following are the main existing processes 
producing ethylene precursors.

4.4.1»1 The Bergius process
This process is basically the hydrogenation of powdered coal under 

very high pressure. A modification was used by ICI before the war. 
national security was then of more importance than economics with 
gasoline as the main products, although it could yield steam-cracking 
stock. There was, and had been, considerable use of the process in 
Germany but most of their plants were destroyed during the war. The

5 V  Chemical Age, 26 October 1979 
55/ Chemical Engineer, 3 December 1979 
5jy Chemical Week. 6 December 1978
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only one that remained operating into the fifties was that at Leuna (GDR).
tICI have soon found that the process was uneconomical, and; its plant was 

converted to other uses. Later developments for this procfess have taken
i

place mainly in the United States. *

4-4.1.2 The COED process (EMC Corporation). In this process, coal 
is converted to char (60$) and”synthetic crude oil"(Syncrude) (10-20$).

4.4.1.3 Flash pyrolysis (Occidental Research Corporation). This
is a rapid pyrolysis at low pressure and rapid quench. The tar is hydro
treated to form a "syncrude".

4 .4.1.4 Hydrogen donor solvent process (Exxon). Coal is heated 
with a hydroaromatic solvent to give naphta-blending stock with 30-40$ 
recovery on coal.

4»4.1.5 H-coal process (Hydrocarbon Research Inc.). In this 
process, pulverised coal slurried with coal-derived recycled oil is mixed 
with hydrogen and fed into amebullated bed in the presence of a cobalt- 
molybdenum catalyst. It yields a low-sulphur fuel oil, with 30-40$ 
recovery on the coal. This fuel can be used as cracking stock.

4 .4.1.6 Fischer-Tropsch process. This was operated in the F.R.G. 
during the war and now operates on a large scale in South Africa, where 
complete gasification of coal is followed by hydrogenation over cobalt 
catalyst. It is mainly designed for gasoline (excellent cracking stock), 
but it also yields large quantities of paraffin wax.

4.4.1.7 Mobil process. Coal is completely gasified and converted 
either via methanol or directly over a Zeolite catalyst to yield liquid 
hydrocarbons. Ninety per cent yield is claimed. This is possibly one 
of the most promising of the processes.

4.4.1.8 Solvent extraction (National Coal Board). In this process, 
coal is extracted with super-critical gas, e.g. toluene vapour. Fifty 
per cent of the coal can be extracted, to be converted to chemical 
feedstocks or liquid fuel.

Except for the Bergius process, which is considered unviable, and 
the Fischer-Tropsch process, all other processes are at various stages 
of development mostly at pilot plant stage. The Mobil process is under
stood to be going ahead, but from methanol produced from oil in the
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first instance. Many of the others are excellent for producing high- 
hoiling aromatics, but these do not produce good cracking stock.

Calculations have been made by the National Coal Board indicating 
that with crude oil at $ 30 per barrel a range of oil products inclu
ding naphta could be produced at competitive prices now that the price 
of coal is $ 35-40 per ton. So that from the NBC calculations, a viable 
process from coal could be developed now that the price of crude is 
being allowed to reach world prices.

It must however be reemphasized that none of the processes, except 
the Fischer Tropsch, give much better yields than the old Bergius 
process. SASOL in South Africa are not very forthcoming about costs, 
but their balance sheets do show that they are making a profit.

The price of coal is inevitably linked with the price of fuel oil 
and it is possible that coal might hold the price of fuel oil down, in 
which case the lighter products might have to carry more of the 
refining cost. If the coal is required on a large scale for petroche
mical production its price may be increased, and once again it becomes 
uncompetitive.

4.4*2 Biomass
The-world production of photosynthesis biomass was estimated at 

150 billion tons/year, and probably no more than %  of this quantity

portion appears to be too small to really affect other utilization of 
biomass i.e. food for human, animal feed, restitution to the soil of 
organic matter in order to maintain fertility.

The major problem associated with utilization of this source of 
energy and feedstocks for the chemical industry is the difficulty to 
collect the appropriate quantities. To overcome such a situation 
special economic and efficient production scheme known as energy farming 
has been proposed. For certain countries this may not be feasible 
because of Boil and climatic limitations. For others, large quantities 
of agriculture wastes are being transfered to useful by-products and/or 
for energy purposes.

57/ Workshop obl Fermentation Alcohol for Use as Fuel and Chemical 
Feedstock in Developing Countries (ID/WG.293/41, P. Duyuyi 
Products of Photosynthesis as Raw Material for Chemical Industry)

will be necessary to meet the present This
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The most important routes for the utilization of biomass for the 
petrochemical industry are the ethanol and methanol routes. Several 
companies are investigating different aspects of relevant economic 
processes to justify this application not only in oil-deficient countries, 
but to improve their competitive status in areas with other hydrocarbon 
resources.

Ifost of the attention in this area has been focussed on motor fuel 
production, notably ethanol for gasohol. The conclusion has generally 
been that biomass is not an economical energy source without some form 
of government subsidy. However, many governments are prepared to provide 
this subsidy in one form or another, so it is to be expected that such 
energy projects will proceed in some developing countries that are rich 
in agriculture and short of hydrocarbon resources. Such countries include 
those listed in table 4.27. Having said that, the French Government 
has recently, to confound everyone, begun investigations into gasohol 
with potential imports from Brazil.

Since chemicals are generally highly-valued products than fuel, it 
has been suggested that biomass might be able to replace significant 
amounts of petroleum derived chemical feedstocks over the next 20 years. 
Many small volume, specially chemicals and pharmaceuticals, produced 
via fermentation enzymes and other biotechnologies, are already 
important and will expand dramatically during this century, but will 
have little effect upon demand for petroleum derived feedstocks.
Biomass feedstocks must be competitive for the production of large 
volume commodity chemicals such as ethylene if they are to have any 
significant effect on the petrochemical industry.

The only biomass derivatives for which the technology for conver
sion to usable chemical intermediates exists are ethanol via fermen
tation (with or without hydrolysis), synthesis gas via partial oxidation, 
and pyrolysis liquids via thermal pyrolysis.

The economic analysis can be simplified by examining the economics 
of the primary conversion processes. The products of these processes 
which include synthesis gas, pyrolysed liquids, and ethanol are not in 
themselves generally considered commodity petrochemicals; they are 
instead intermediates to major petrochemicals. Thus further conversion



Table 4.27

COUNTRIES WITH FAVORABLE FACTORS FOR BIOHftSS UTILISATION

Oil 611 1975 Trade 1975 International Forested Arable Economically
Balance' Reserves Oalance. Reserves. Land. Land. Active Population. IDA

MM metric tons fM bbl m i S Gillian №4 hectares MM hectares t of total population Canmitmcnts. MHI

Ivory Coast -1.5 - 141 0.1 •a

Kenya -2.6 - -227 0.2 2.3 1.7 «0 160.3
Orai11 -30.1 000 -6 745 4.0 517.9 30.1 31.7 -
Colonbla -0.9 960 -226 0.5 69.4 5.1 29.4 19.5 1
Peru -2.1 730 -1 613 0.1 07.0 2.7 20.6

ro
VJ1

Burma • 0 55 -96 0.1 45.3 16.4 - ISO.5 >
India -14.1 3 000 - 0.6 60.5 163.6 32.9 4 606.7
Philippines -9.6 100 -1 241 1.4 14.6 0.5 31.0 32.2
Thailand -7.4 0 -60? i.e 27.2 - 49.0 32.0

Source: Chem-Syetemn'
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to commodity chemicals such as ethylene must also he examined, in order 
to evaluate the economic competitiveness of biomass versus petroleum 
derived feedstocks.

According to Stone and Webster ethyl alcohol could be obtained 
from the fermentation of corn in a temperate climate, using the straw 
as a source of energy in the distillation process at about $ 780 
per ton, wholesale price without tax. Corn is oosted into the plant 
at $ 230 per ton and straw at I 35 per ton, both prices on a tax-free^ 
basis. This is of little use at present as to be in equilibrium with 
gasoline on an energy basis it would have be down to about $ 310 per 
ton again without tax.

Davy McGee's costing for ethylene from ethyl alcohol for a
60,000 tons p.a. plant was as follows:

1 ton of ethylene requires 1„7 tons of ethyl alcohol * 132 6
1.1 tons steam % 22
475 KwH electricity S 47.5
0.625 K cals fuel % 11.8
depreciation $ 15

labour $ 1
20^ on capital $ 30

Total % 1453.3

i.e. ethylene produced from ethyl alcohol from corn would have to be 
priced at not less than % 1450 per ton so that it could only be com
petitive with ethylene from naphta in am industrial country if the price 
of crude oil increased muck faster than the price of corn.

In a country like Brazil using sugar cane in very large quantities 
the position is touch more promising. Crude oil has to be imported over 
relatively long distances and shortage of foreign exchange has resulted 
in the Government encouraging chemicalB from fermentation in various 
ways. Cane sugar is particularly valuable as it provides its own energy. 
Badger reckon that ethyl alcohol can be produced for about % 500 per 
ton at 1980 priees which would make ethylene cost about % 980 per ton. 
This is still considerably higher than present prices. But according 
to Badger much more weight is being placed on the production of other



-  257 -

organic materials such as ecetaldehyde, acetic acid, 2-ethyl hexanol 
and. butadiene. In 1979 'the cost of producing the first three from 
fermentation alcohol was only slightly above that from naphta and it 
would only take a very small shift in the cane sugar/crude oil price 
ratio to make the fermentation route the cheaper for these particular 
.chemicals. This of course only applies to Brazilian conditions. 
Badger’s actual figures are shown in table 4.2.8.
Table 4.28 Prices of chemicals obtained from fermentation alcohol 

and from naphta in $ ton, 1979 figures

From alcohol From ni
Ethylene 702 393
Acetaldehyde 495 484
Acetic acid 575 563
2-Ethyl hexanol 1445 1204
Butadiene 1181 563

4*4.3 Others
For shale oil and tar sand, recovery technology has been developed 

and quite few projects based on these two resources have already been 
undertaken. But due to the volume of investment and time needed, it is 
not certain that these sources will have a significant impact on the 
feedstocks trends in the near future. Furthermore, these two sources 
of energy would involve tremendous environmental and water problems 
which may not be solved within the present decade or even after.

The utilization of biomass or photovoltaic energy in the chemical 
industry has not yet gained much attention except in certain areas or 
countries in a very specialized use of by-products from forestry and 
food industries where small petrochemical processing plants are 
installed to cater for small local markets. Brazil is a good example, 
success is being attained in this direction. In regions where major 
traditional hydrocarbon resources are available, such as the USA, no 
evidence supports that biomass will be of importance to the industry. 
Furthermore, there is a controversy regarding the effect of its 
utilization on food production.
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4.5 Summary and conclusions
The petrochemical industry relies predominantly on crude oil and 

natural gas resources for its main raw materials and energy supply. In 
the era of cheap energy supply the industry developed rapidly on the 
assurances of the continuity of such supplies. Analysis of the three 
major producing/consuming areas, i.e. Western Europe, the USA and Japan, 
shows a very high degree of integration between refiners and petro
chemical producers for the majority of the products.

The increase in oil prices since 1973 and the economic recession 
of the 1970s have disturbed the balance of feedstocks supply to the 
industry and have created a host of complications which have hastened 
the process of restructuring the industry with regard to specialization, 
refinery, configuration, the search for new sources of feedstocks supply 
and a general reexamination of the industry’s future.

The increasing demand of the fuel sector on naphta and the middle 
distillates have initiated a potential motor fuel/feedstocks conflict 
that is threatening the future of the petrochemical industry in Western 
Europe and Japan. Coupled with this, the depleting natural gas resources 
in the USA have brought home to the USA the same type of situation. 
Furthermore, the worry about security of supply and prices of crude oil, 
the main source of naphta production, have initiated and accelerated 
measures and actions in the direction of reduced energy and fuel con
sumption in general and the search for alternative sources of energy 
and feedstocks as a consequence. It is not expected, however, that 
these changes will have a substantive effect on the feedstock structure 
of the industry in the timespan of one decade. As energy sources, coal, 
natural gas and nuclear energy will make some advances and thus release 
part of the pressure on crude oil products which then will be available 
in greater quantities for the fuel sector and for the petrochemical 
industry.

To alleviate the problems of feedstock supply security the general 
trend of the industry is feedstock-flexibility which will give producers 
better maneuverability with regard to type and price of feedstock. It 
is understood that the greater the degree of severity of cracking, the 
higher is the level of utilization of the oil barrel, but of course at
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higher cost. It is clear that the adjustments which are being made to 
cope with the feedstocks problem will succeed in maintaining the via
bility of the industry but at higher cost. A more logical solution 
seems to be the restructuring of the industry towards the sources of 
energy supply, particularly in areas where associated gas are being 
flared, long-term arrangements between hydrocarbon producers and consuming 
nations for secutity of supply and greater attention towards the 
development of alternative resources particularly from biomass, which 
present a promising solution to many developing countries.
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V. PETROCHEMICAL TECHNOLOGY: STRUCTURE AND PROSPECTS

5*1 The structure of the petrochemical industry
Since two of the basic issues of the present study relate to the 

modalities of transfer of industrial capacity and the direct transfer 
of technology to developing countries, neither of which is moving at 
the pace demanded or needed by the developing countries, it becomes 
important to analyze those factors which have inhibited such industrial 
transfers. A study of the structure of the industry is therefore 
necessary.

The technological structure of the industry is analyzed hereafter 
in basically two time periods, i.e. the period prior to 1973 and the 
succeeding period. Although desirable, it has not been found feasible 
to characterize each period with all data pertinent to that period. As 
a result some of the information presented here overlaps and part of the 
information is qualitative in nature.

5 .5 .I The period 1950-1973
In the years 1950-1973, the petrochemical industry was superimposed 

on an organic chemical industry which was largely based on by-products 
of the coking industry and on acetylene manufactured from calcium car
bide. The pattern of the industry1 s development has varied according to 
the geographic regions of the United States, Western Europe and Japan as 
a result of different raw materials* becoming available to them, parti
cularly from the petroleum-refining industry, which is the main impetus 
to the boom in petrochemical investment.

Low-cost crude enabled the United States to support an energy- 
intensive high-octane gasoline market, resulting in the co-production of 
large volumes of butane and propylene - chemical feedstocks - in associa
tion with high-octane gasoline blending stocks in fluid catalytic crackers 
(PCC). In a contemporary development in the United States, natural gas 
liquids (NGL) and condensates, but more importantly their ethane component, 
became a surplus commodity as a result of energy industries exploiting low-
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priced associated and natural gas from rich fields in the southeastern 
part of the United States. Thus, a major feedstock for ethylene, again 
a hy-product of an unassociated industry, became available to the 
chemical industry.

In Europe and Japan, the chemical industry has developed based on 
circumstances, but is still an off-shoot of the petroleum refining 
industry. In both regions, refinery configuration in the early post
war years was oriented to the production of heatinp oils with better 
access to low-cost light crudes from the Middle East. Such a configura
tion yields large quantities of the co-product naphtha for which there 
was then inadequate demand as gasoline. Thus with alternate use only 
as boiler fuel, European industries in particular developed the naphtha- 
cracker, the predominant world-wide source of chemical feedstocks today 
and especially that of ethylene. One of the important results of the 
naphtha-cracker concept has been the concurrent availability of three 
important chemical raw materials, propylene, butadiene and pyrolysis 
gasoline. Market prices for the latter products (by-products credit) 
in effect lead to a lower ethylene price than would be feasible in gas
cracking of ethane.

While the technological development of the naphtha-cracker to the 
giant plants that are presently in operation is significantly the con
tribution of the United States engineering companies as a result of 
their association in the design and construction of large and complex 
petroleum refineries in the United States, technological innovation in 
downstream products, particularly in petrochemical intermediates, is 
the joint contribution of the United States and Europe. Ibus major 
European technologies such as high-density polyethylene (Hoechst), 
acetaldehyde from ethylene (Hoechst), vinyl acetate monomer (Wacker), 
suspension grade of FVC (Wacker), polypropylene (Montecatini), poly
esters (ICI), and in a slightly different context low-density poly
ethylene (ICI), either led to the discovery, or played a large role in 
the development, of each of the big five thermo-plastics - LDPE, HDPE, 
PP, PTC and PS - as well as other petrochemical products, l.e. high- 
density polyethylene (Hoechst), acetaldehyde from ethylene (Hoechst), 
vinyl chloride monomer (Hoechst), vinyl acetate monomer (Wacker), 
suspension grade of PTC (Wacker), polypropylene (Montecatini),
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polyesters (ICI), methanol (ICI), ammonia (TCI) and in a slightly different 
context low-density polethylene (iCl), synthesis gas (BASF), aromatics 
(BASF), ethylene oxide (Shell), ethanol (Shell), acetic acid (BP), cumene/ 
phenol (BP), While these product technologies are of essentially European 
origin, those related to acrylonitrile (Sohio), nylon (Dupont), ethylene 
glycol (Dupont), propylene oxide, styrene-hutadiene rubber, etc., enamate 
from the United States.

Essentially, of course, such technological development was the 
result of market forces at work. On the demand side, chemical products 
presented a viable means for substituting, on a cost-performance basis, 
traditional materials as metals, glass, ceramics, natural fibres, natural 
rubber, etc. On the supply side were located the factors of low-cost and 
free availability of co- and by-products of the petroleum-refining and 
energy industries.

In the case of advanced countries, however, technology did not and 
could not remain at the level of inventor companies. In products such as 
ethylene, propylene and butadiene, technology was basically concentrated 
in the hands of engineering companies which were eager to multiply the 
number of production units. In the area of most petrochemical interme
diates (with exceptions such as acrylonitrile), effective patent protec
tion was not feasible because specific utility (as with pesticides or 
pharmaceuticals) could not be claimed or because a variety of dissimilar 
production routes could be developed. At the same time, priviledged 
production through patent protection was not available for products 
such as polyethylene, styrene or polyvinyl chloride because their develop
ment had been government-funded or because they constituted public dis
closures following the end of the Second World War.

Similarly, because of the anticipated costs of patent infringement 
suits, many companies continued imitating or copying technologies which 
were otherwise under the protection of viable patents (polypropylene).
In addition, to avoid competitive development of technology, a divisioning 
of markets was attempted by methods such as cross-licensing of patents 
(ICI and Dupont) or competition avoiding licensing agreements, which in 
their provisions fell just short of penalties and restrictions imposable 
under the Treaty of Rome (EEC countries) or the provisions of the United



-  263 -

States Anti-Trust Acts. In fact, it would not be incorrect to say that 
technological diffusion occurred to the extent that it was not prohi- 
bitable under the aegis of free enterprise economies within the developed 
market economy countries. Although technology was diffused, and perhaps 
each major country of Europe as well as the United States and Japan had 
the proprietory and competitive sources of technology covering most petro
chemical intermediates (and potentially available for licensing outside 
these regions), it was limited in number and controlled in most parts 
by a small number of multinational organizations.

Thus, whereas upstream technologies such as those pertaining to 
naphtha-cracking are available from engineering companies because the 
latter do not have a competitive interest in production, and technolo
gies for intermediates become potentially licensable because of technology 
diffusion, an entirely different situation prevails for products far down
stream such as speciality plastics (e.g. engineering plastics), pesticides, 
pharmaceuticals, etc. In these areas, the inventor companies have extre
mely strong proprietory positions in patent and trademarks; hence the 
technologies are the most difficult element to obtain, even in the 
advanced countries. In such products, the inventor companies have geo
graphic presence wherever markets are large and prefer not to license 
technologies to firms in which they do not have controlling interests.
The possession of such technologies thus becomes the source of differen
tial (monopoly) profits to these companies. The Governments of the coun
tries of the market economy developed countries (Europe, the United States 
and Japan) have also supported the concentration of productive capacity 
within their regions and overseas near large markets (mostly markets in 
the market economy developed countries) through incentive taxation. Sub
stantial tax credits for overaseas locations, large depreciation allow
ances for home industries and research and development write-offs have 
provided companies with funds which have enabled them to integrate sub
stantially downstream, which in essence is the establishment of the 
strong propriety positions in products far downstream, as discussed above.

Another important facet of the petrochemical industry is its geo
graphic concentration in areas of largest immediate markets (developed 
market economy countries’ markets) almost to the exclusion of considering 
low-cost production centres in developing countries or production siting
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near sources of primary raw materials, such as those of the oil-producing 
developing countries. Yet when one examines the location of the United 
States and European industry today, one finds them situated near sources 
of percursor feedstocks (United States Gulf Coast, Rotterdam, near the 
ARG pipeline, or in the case of Italy near its largest refineries). The 
concentration of production facilities in developed areas seems to result 
from strategic (political) reasons rather than economic ones. Among the 
petrochemical producers until 1973 a fairly sharp line could be drawn 
between the market interests of oil majors and the chemical majors, even 
though some oil majors (such as Exxon and Shell) were very active in the 
chemical industries of Europe and the United States. Particularly in 
Europe, firms such as Hoechst, Bayer, ICI and Solvay were confident 
enough to avoid upstream integration, both with respect to refinery 
products and naphtha cracking. In the United States, too, firms such 
as Union Carbide, Dupont and Monsanto were prepared to depend on long-term 
supply contracts of ethane, propane and naphtha but, compared to Europe, 
had integrated to the extent of having self-sufficient facilities for 
propylene and ethylene (i.e. ownership of gas and naphtha crackers; see 
Chapter IV and Annex).

Over the period 1950-1973, rapid growth of home markets was the 
primary impetus for production expansion, and virtually all such produc
tive capacity remained in the neighbourhood of the markets. Engineering 
companies in Europe, the United States and Japan focussed almost entirely 
on developing advanced country clientele. The size of physical facilities 
grew at a rapid pace as each size increment reduced capital charges which 
until 1973 had dominated or had been a major constituent in production 
cost. While the number of production sites also grew, many units at such 
sites were feeder units to companies of the same group. There was little 
dispersion in the ownership of capital.

While all the advanced countries and their corporations were conscious 
of the rising dependence on imported energy, there was actually no fuel 
feedstock conflict. The enormous industrial output of the countries made 
feasible by low-cost energy and supported by large value-adding exports 
led to trade surplus sufficient to meet the rise in volume imports of 
energy. This facet, combined with growing productivity in industry, 
also enabled the countries to maintain stable currency values. Stable 
currency, in turn, further gave confidence to corporations to undertake 
large expansion projects and to renovate or dispense with older plants.
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In the United States, the United Kinrdora, the Federal Republic of 
Germany and The Netherlands, most of the major chemical corporations 
were privately-owned or were public stock companies, without Government 
capital, control or direction. Once again, most existed without colla
boration with the oil majors. In France and Italy, however, some companies 
had investments from oil firms, the latter mostly government-financed.
Despite such an ownership pattern, the companies nonetheless operated 
independently as public stock companies in a laissez-faire environment 
within the market mechanism of market economy developed countries.

5-1.2 The post-1973 period
Although one notes quite significant changes and shifts in the 

structure of the petrochemical industry in the advanced countries in 
the years following the increase in oil prices, the viability of the 
industry itself appears to be unaffected, i e. increased prices of 
downstream products, resulting from price increases in upstream feed
stocks, have not been sharp enough to cause a displacement of the indus
try's products by substitution materials, to alter ratios in the usage 
of the industry’s major products or to shift principal directions of 
trade. It is also felt that the governments of the advanced countries 
have consciously intervened in the market mechanism to maintain the 
viability of the industry by ensuring that otherwise competitive energy 
markets did not pre-empt the industry of its basic feedstocks. As a 
result, supply abberations that disrupted gasoline and heating oil 
markets in the years 1973-1975 had a minimal effect on the industry's 
level of raw material requirements provision. The overall effect of 
the economic and energy crisis of the 1970s on the products of the 
industry was mainly reflected in the slowdown in consumption growth 
rates from 5 to 7 per cent, ahead of the GDP growth rate of individual 
countries to about 2 per cent.

Despite the short-term measures adopted by governments of advanced 
countries to maintain the working of the petrochemical industry, the 
governments (with perhaps the exception of that of Japan, which basically 
intervenes in all industry) show stronger intervention attitudes in the 
energy industry, particularly with respect to electrical power generation, 
heating fuels and motor gasoline, than in the petrochemical industry.
However, there are significant differences in approaches among the countries,
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In the United Kingdom where there is little public opposition towards 
the use of nuclear energy, the nuclear route is seen as a major source of 
electrical power. However, with its North Sea finds, the United Kingdom, 
among the major advanced countries, is the least threatened with respect 
to energy or feedstock materials.

The situation in Italy is different because of public opposition to 
the establishment of nuclear plants and declining domestic natural gas 
reserves, which currently furnish about 40 per cent of Italy’s energy 
requirements. However, measured according to its proximity to the Middle 
East refining capacities, its extensive arrangements with the USSR for 
part of its natural gas requirement, and now the completion of a sub
marine gas pipeline connecting Italy to Algeria, Italy’s problems are not 
so much those of the economics of access (such as is the case with Japan), 
but rather those of ability to finance its imports. Thus, unless the 
petrochemical industry is able to obtain a better valorization in its 
use of feedstocks, the energy-feedstock competition in Italy promises 
to be the sharpest in Europe.

The United States have substantial coal, crude oil and natural gas 
reserves; however, due to its enormous consumption of gasoline, it is 
dependent to some 50 per cent on imports for its crude requirements.
Despite Government intervention to raise domestic gasoline prices and 
to curb gasoline consumption, which is no longer rising, and support for 
constructing the Alaskan crude oil pipeline, the United States show little 
sign of being able to reduce the volume of imports. Since the economic 
growth of the country is limited to higher availability of energy, 
stress is being placed by the Government, through Government-assisted 
projects, on exploiting the country's large coal reserves, the vigorous 
use of which, however, is partially limited hy ecological and environmen
tal considerations. For similar reasons the United States has not been 
able to expand its nuclear capacity rapidly. While this situation poten
tially heightens a fuel-feedstock conflict, its solution appears to depend 
upon the extent to which ownership in the chemical industry differs, or 
will differ, from that of oil.

Japan’s situation in terms of energy or feedstock dependency is 
radically different from the positions of those countries discussed above, 
basically because at present over 97 per cent of Japan’s energy (essentially
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partly as a result of the domestic political situations and partly 
stemming from the nature of their resource endowments. Such inter
vention lessens the energy-feedstock conflict and indirectly favours 
the position of the chemical industry.

In Prance, the major thrust is to replace fuel oil and natural 
gas with nuclear energy for electrical power generation so that it can 
constitute the "base-load in power distribution, with fuel oil and coal, 
ultimately used only as peak-shaving fuels. In addition, by 1990 
Prance plans to draw 10 per cent of its gasoline from non-petroleum 
sources, particularly from methanol and its derivatives. The Government 
is in a position to implement these changes because of its predominant 
ownership position and thus control in power generation and petroleum 
refining.

In the Federal Republic of Germany (FRG), the Government i s com- 
mitted to the maximum use of domestic lignite and hard coal, the sources 
of which it controls, and of natural gas from the Dutch Croningen fields 
and the USSR, for the generation of electrical power, as is shown in 
Table V.l below:

Table 5 »1 Means of electrical power generation 
in the Federal Republic of Germany

Means of electrical power production
1977-1980

(average in percentage)

Fuel oil 8
Natural gas 20
Hard coal 27
Lignite coal 30
Nuclear energy 10
Other 5

As far as the FRG is concerned, the principal source of demand for liquid 
fuel products will essentially come from the transportation and chemical 
products sectors and less for users in "static" forms, i.e. electrical 
power generation and domestic/institutional heating.
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as petroleum fuels) is imported. In addition, it is also necessary to 
recognize the vulnerability of the country to transportation economies 
since the basic configuration of its refineries is oriented towards 
Middle Eastern distillates. These facts have made it traditionally 
necessary that the Government intervene in aspects such as industrial 
planning, energy allocations between consuming sectors and pricing 
energy. However, in Japan there has always been an effective dialogue 
between industry and Government which, nevertheless, permits a substan
tial degree of competition between industries and between firms of the 
same industry.

5.2 The role of governments and private sector corporations in the
petrochemical industry
5.2.1 Government role in the petrochemical industry
In almost all of the developed market economy countries, chemical 

firms have traditionally operated as autonomous organizations, even 
though there is government investment in the capital structure of some 
of them. The independence of the firms is greatest in the United States, 
FRC, the United Kingdom and The Netherlands. Examples of firms which 
are wholly without government investment are Dupont, Union Carbide,
Dow Chemicals and Monsanto in the United States, Hoechst, Bayer and 
BASF in the FRG, ICI Exxon and Shell in the United Kingdom, and Shell 
N.V and AKZO in The Netherlands.

While the same can be said of the Japanese companies Mitsubishi, 
Mitsui and Sumitomo, for example, these are not public stock companies 
of the type found in the United States of the FRG, for substantial 
holdings of these companies lie in the banking companies of the complexly 
organized Zaibatsus.

In France and Italy, however, and particularly in recent years, 
Government intervention can be seen in major corporations usually by 
way of investments made in these companies by Government-controlled 
petroleum companies. Thus, in France public sector oil companies such 
as Elf-Aquitaine and Total have investments in ATO Chimie. A similar 
situation appears in the newly-formed organization CHLGE (Rhone Polenc, 
Total/El-Aquitaine), wlich is essentially a regrouping resulting from 
the virtual disinvestment by Rhone Poulenc. Likewise, CDF Chimie is a
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subsidiary of Charbonnages de Prance (once a Government organization 
wholly involved in coal products) which is now basically a Government 
oil company. However, private-sector organizations do exist in Prance 
such as Produits Chimiques Ugine Kuhlman (PCUK), one of France’s largest 
companies, and Naphtha Ohimie (5 0 per cent BP, 5° Per cent GHLQE), 
although their presence is diminishing.

The scene in Italy today is somewhat confusing since the Government 
is managing all the major Italian companies - Montedison, SIR, Rumiancea, 
Liqui-chinica and ANIC - due to the serious financial problems of the 
first four of these. In reorganizing of the Italian petrochemical industry 
the state-owned EOT has further entered into joint ventures with Monte
dison and Exxon. Under the auspices of EOT a new division of responsi
bilities within the industry is taking place whereby the role of wholly 
private companies is diminishing. The penetration of public ownership 
into the petrochemical industry in Western Europe as indicated above and 
the consequent effort to reorganize the various activities within this 
industry on the basis of national division of responsibilities has the 
following objectives:

- the improvement of the competitive position of the industry 
through greater public financial support;

- backward and forward integration;
- greater promotion of research and development for the 
development of new technologies.

This waB also evident as part of the national effort to reduce dependence 
upon the major oil companies.

5.2.2 Increasing presence of the oil majors in the petrochemical 
industry

One of the significant developments in the period following the rise 
in oil prices since 1973 is a marked increase in the penetration by oil 
majors directly and indirectly into the petrochemicals industry, which 
is most evident in Western Europe and the United States. While Shell,
BP and Exxon have traditionally been separately constituted chemical 
subsidiaries, in Europe they (the oil majors) have existed without linkages 
to the predominant chemical companies such as Hoechst, Bayer, BASF, ICI, 
Solvay, etc., and in direct competition with them.
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Since 1973, however, the oil majors have had an opportunity to par
ticipate more effectively in the chemical markets by virtue of their con
trol over the hydrocarbons supply and since some major chemical firms 
were seeking assurance of their feedstocks. One of the plausible reasons 
for chemicals firms’ seeking this assurance appears to be their over- 
estimation of the market growth for chemical products and the subsequent 
creation of large capacities for petrochemical intermediates. Without 
feedstock security, investments in new capacities would be seriously 
threatened; therefore the chemical majors are either disinvesting in 
basic and intermediate petrochemicals, which are taken up by the oil 
majors, or are entering into joint ventures with the oil majors to secure 
their feedstock supplies.

As discussed above, in Prance and Italy chemical firms have feedstock 
security to some extent by virtue of their linkage with Government-owned 
oil companies. However, it is characteristic of today’s European chemical 
industry that most major chemical companies either have their own (or 
shared) refineries (ICI, Montedison, BASF, Solvay) with purchase routes 
to crude in the conventional oil market, or are in collaboration with oil 
majors for the production of first generation intermediates (Bayer, Solvay, 
PCUK, Rhone Poulenc, BASF) and the aromatics. Althoup-h Hoechst is the 
largest consumer of ethylene in Europe, it is virtually the only company 
which is only slightly back-integrated.

Although the oil majors in the United States have made significant 
penetration into the chemical industry’s first generation products, the 
chemical firms (Shell, Amoco, Texaco and Gulf) have ethylene capacities 
as large, or larger than, those of the chemical majors. Among the major 
chemical companies, Monsanto, Union Carbide and Dupont own no refinery, 
whereas the biggest refiners, i.e. Shell, Exxon, Gulf, Arco, Amoco, 
Phillips, Texaco, Mobile and Conoco, have among them the largest ethylene 
capacities in the United States (20,555 billion pounds per year).

As mentioned above, in Japan the Government intervenes (through 
MITI) to allocate raw materials to industry; therefore, although firms 
such as the Mitsubishi group and Sumitomo have refineries, the pressure 
for feedstock security is abated.

The losses recorded hy most chemical majors in 1980 demonstrate that 
their partial backward linkages (to feedstock) did not change the on-going
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Figure 5.A Analysis of Divisional Profits of ICI - 1377

SOURCE - ICI ANNUAL REPORT, March 1978'



-  2 7 2  -

trend of the encroachment of the chemical major, hy virtue of their con
trol over the hydrocarbon supply, on basic, intermediate and some commo
dity petrochemical products. The attention of the chemical majors has 
therefore more and more been drawn towards the downstream sector.

The move downstream will be gradual while the major chemical companies 
reduce their commitment to certain intermediates and commodity re3ins by 
spinning off those activities or gradually reducing their market share 
(see Figure 5*4)» These sectors will be replaced by the increased produc
tion of speciality chemicals (e.g. pesticides, coatings), resins (e.g. 
engineering thermoplastics, adhesives) and performance chemicals (e.g. 
water treatment, oil field additives, lubricant additives and base stocks), 
supported by their traditional superiority in research and development and 
marketing.

In the meantime, the greatly reduced growth rates for fuel products 
and the ready availability of appropriate technology from engineering 
companies will lead the hydrocarbons producers to take over, to a sub
stantial degree, the manufacture of olefins, aromatics, and their first 
stage derivatives. In the future, oil companies, both private and 
government-owned, will produce an increasing share of intermediate chem
icals, including styrene, vinyl chloride, ethylene glycol and many grades 
of commodity thermoplastics (e.g. polyethylene and polypropylene). High 
cash flow and control of raw materials will facilitate the oil companies’ 
penetration int© many of these markets and will tend to make production 
of such petrochemicals even less attractive to the traditional chemical 
companies. The oil companies will also continue their pattern of acqui
ring existing plants from chemical producers that are planning to specialize 
in other areas. The moves in 1980 of Rhone Poulenc out of the petrochemical 
building blocks and by BP and Exxon to take over petrochemical assets of 
Rhone Poulenc, Union Carbide and USI in Western Europe are indications of 
this trend.

Hie resulting lack of raw materials control by the chemical companies 
will be judged less important than in the past with the world-wide avail
ability of basic commodity petrochemicals from oil companies and the new 
producers. These rationalization trends will be inhibited to some degree 
in Europe and Japan, in comparison with the United States, by nationalism 
and growing government influence in the industry. In summary, the
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structural break-point between oil and chemicals will move downstream 
into chemical building blocks and primary intermediates.

5-3 Technology ownership and diffusion
The years 1950 to the late 1960s were perhaps the most fertile 

for technological innovations in the petrochemical industry, particu
larly in the development of processes for the production of the first- 
generation products, ethylene, propylene and the aromatics, chemical 
intermediates such as ethylene oxide, acrylonitrile, acetaldehyde, the 
fibre intermediates, and most important, polymer materials, high- 
density polyethylene, polypropylene, suspension PVC, the elastomers, etc. 
Technology imiovati on in this period of time was characterized in parti
cular by the scaling up of plant sizes, simplification of processing 
steps, and greatly improved specification in the action of catalysts, 
their robustness and life.

After the late 1960s, despite sharp increases in production costs 
(as a result of increased crude prices in 1973)» there were few drama
tic changes in technology or in the invention of new major products; 
this was again especially the case with olefins, aromatics and the 
intermediates.

While the universities and scientific institutions made contribu
tions to new technologies (for example, the stereo specific Zeigler-Natta 
catalysts which led to the commercialization of polypropylene and the 
cis-rubbers), by and large most of the new technology was developed by 
independent chemical corporations, occasionally in collaboration with 
engineering companies. As discussed above, the major contributions came 
from the United States and Western Europe.

With some exceptions, Buch as Sohi o’s acrylonitrile process, the 
direct role of the oil companies in petrochemical technology has been 
limited. At the same time it should be recognized that many oil-industry- 
developed technologies related basically to petroleum refining operations 
are crucial in the integration of a chemical processing plant. Thus 
technologies of the Universal Oil Products (UOP) and the Institut Français 
du Petrole (IFF) are of importance in the structure of chemical industry 
plants.
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These preliminary facts are necessary in order to recognize a 
very important characteristic of the technological material. While 
some innovating firms have had patent protection with respect to tech
nologies dealing essentially with processing and catalysts, today there 
is a plurality of technology sources in individual products. As a 
result, competitive technologies exist in HDPE (for example, Solvay, 
Hoechst, Union Carbide, Phillips, Mitsubishi), in LDPE (Union Carbide,
ATO Chimie, CUP Chimie, ICI, etc.), in vinyl chloride and FVC (Solvay,
B.P. Goodrich, Sumitomo, Wacker Chimie), etc. Basically these technolo
gies are owned by producer companies and it is therefore competitive 
market presence (in products) that has been the principal driving force 
for diversity of technology ownership. Thus, diffusion of technology 
in the market-economy countries has mostly been through the imitative 
development (self-generation) rather than through licensing (Japan being 
an exception, at least in its early phase). This phenomenon is best 
exemplified in one of the latest developments, namely that of linear 
low-density polyethylene (LLDFE). Although it has been only four years 
since Union Carbide and Dow announced their technologies, development of 
similar technologies is well on its way at Phillips, Mitsui Petrochemicals, 
Amoco, CDF Chimie and Amoco. One of the significant results of these self- 
developed technologies, particularly in polymers, is product variation.
Each technology yields a range of resins with some properties superior to 
its competitors which enables the companies to find (and hold) a new 
group of customers. This characteristic of the industry also leads to 
large markets for ’'narrow specification" products, which in turn makes 
it difficult for broad specification materials, such as those produced 
or those which would be produced in the developing countries, to break 
through in these established markets.

In addition, it should be noted that technical services provided by 
companies to their clients are more or less considered part of the tech
nological development process. This aspect, together with product spe
cialization (narrow specification materials) results in the phenomenon 
of clusters of clients grouped around particular companies, which to a 
greater extent provides the innovator companies with a method of maricet 
segmentati on.
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5*4 The transfer of -technology processes in the petrochemical industry
The present large international dimension of the technology transfer 

process can be said to have its beginnings in the decartelization of in
dustrial combines that existed both in Europe (particularly the chemical 
cartels) and in the United States (the oil cartels) in the pre-war period. 
While the situations and motives that brought them about are dramatically 
different, in essence decartelization introduced the important mechanism 
of technology transfer or licensing by which technological exchange could 
take place between former cartel members on an "arms-length" basis. The 
reconstruction of European and Japanese industries in the post-war period 
and their needs for technology further expanded the concept of technology 
transfer and gave it its international character. Today it is viewed 
(particularly by the developing countries) as a viable mechanism by which 
industrial capacity can be geographically distributed, near markets or 
raw material sites, as logistics permit.

Total world turnover in technology (direct payments consisting of 
royalties, term and fixed payments) for know-how, trademarks, patents, 
technical assistance and management contracts is estimated by UNIDO to 
have been of the order of $10-11 billion in 1975* For the same year, 
transfer of technology to developing countries has been estimated at 
$1.5 billion, and for 1980, at between $3-4 billion. Although sectoral 
breakdowns are not available, the highest flows are assumed for chemical 
technology.

As pointed out above, a characteristic feature of the petrochemical 
industry is the high degree of duplication of technology (in chemical 
intermediates, particularly) which results in a plurality of both processes 
and technology owner firms in each product area with only marginal differ
ences in product properties or in process-economics conversion costs (if 
raw materials cost is not included). Such a situation should normally 
favour low costs in obtaining access to technology. However, it is one 
of the widely recognized features of the industry that its transfer to 
developing countries manifests itself in high fees for technology, inade
quate transfers of technological skills, restraints on licensee organiza
tions on the rights to markets and the introduction of inflexibilities 
with respect to expansion of plant capacities, their geographic distribution 
or product range diversification. Even where marketing rights are accorded -
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or not debarred. - oligopolistic attitudes are evident in tariff strategies 
that facilitate entry into advanced country markets of petrochemical raw 
materials, such as ethylene or methanol, but not their downstream inte
grated products, such as the plastic resins. Further, even where corpora
tions of advanced countries have established productive facilities in 
developing countries as subsidiary companies or joint-ventures, the 
objective continues to be containment of markets, on the one hand, and 
avoidance of vertical integration or other forms of valorization, on the 
other. Some of the basic arguments that are put forth by licensor firms 
are scale factors relative to market size or privileged market rights, 
under patents and trademarks granted to others (in attractive markets).

In order to highlight the incongruity of the position of the advanced 
countries, and more directly that of the corporations, it is necessary to 
consider their own marketing environment. For example, in Europe most of 
the large chemical corporations are export-oriented, both at the interme
diate level and at that of downstream integrated products, with exports 
(although much of it could be within the European region) constituting 50
0C) per cent of turnover. In other words, they operate at scales of pro
duction that are well in excess of demand at the national level. Similarly 
as discussed above, these corporations are integrated, both upstream and 
downstream, although there are no economic limitations placed on them for 
purchasing raw materials or intermediates from other firms, or importing 
them. In this connexion it is instructive to note that in some of Europe's 
largest chemical corporations (Hoechst, Bayer, ICI, PCUK) non-commodity 
speciality products are about 60-70 per cent of sales turnover, which 
emphasizes that lower valorization would otherwise be obtained if the 
product-mix stopped at an intermediary level.

When one considers potentials for the transfer of capacity, i.e. re
location of existing capacity or the creation of new capacity in new market 
areas as those of the developing countries, it is found that the industry 
has developed a complexity which would seem to indicate that the resulting 
costs would be prohibitively expensive (to the corporations). Indeed the 
complexity arises substantially from the defensive mechanisms which have 
long been in operation and which are expanding steadily. The very features 
that otherwise would make transfer rational are defeated by the sophisticated 
infrastructure that surrounds the chemical industry. It is important to note
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Europe's long drive to build up a self-sufficient refining capacity while 
historically refinery siting has been at sources of crude. The establish
ment of ethylene distribution grids is yet another example of resisting 
the siting of chemical plants at raw material sources (while incidentally 
creating production centres in national territories).

The defensive mechanism also works at other levels. One of the emer
ging trends in ownership of technology, or more importantly, in alternate 
sources of technology, is the potentially increasing capability of enginee
ring firms to undertake the construction of chemical facilities which can 
be operated without a "producer-company" involvement. This is charac
terized by the fact that the engineering firm, not being a "producer", 
would not have product-conflict or market-conflict interests. This 
situation also arises, particularly in commodity chemicals, because of the 
expiration of related patents. Nevertheless, the transfer of technology 
from the engineering companies is a relatively minor activity, except in 
the field of olefins, where, of course, they have always been in the lead. 
It is believed that one of the reasons which prevent this type of develop
ment from taking place is the producer-engineering company linkage, illus
trative of which are the so-called technology-engineering packages of 
favoured associations such as Hoechst, i.e. UTDE processes for acetalde
hyde, the Solio-Badger process for acrylonitrite, the Cosden-UCC-Badger 
process for styrene and other associations such as ICI-Kellog, Esso- 
Foster Wheeler, etc.

Likewise, there are also favoured "producer-equipment-supplier" 
associations which, in the transfer of engineering services or capacity, 
increase cost. Such association also occurs at a national level. For 
example, a survey carried out by the "Chemical Age" showed that, whereas 
for plant orders in the United Kingdom placed for hardware on local 
suppliers were 40 per cent of total equipment cost, those placed on 
suppliers from the United Kingdom for overseas plants rose to 76 per cent.

5 .5  Technological forecasting

5-5*l The uncertainties in forecasting
The stimulus for technological development comes from the commer

cial environment. Petrochemical products such as polyethylene have been
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demonstrated to have properties that make them ideal and cheaper substi
tutes for established materials. A demand is thus created and the tech
nologists set out to improve (i.e. reduce the cost of) the product further 
so that it might gain even wider acceptance and at the same time improve 
the profitability of the firm that introduced the technological improve
ment. Nowadays almost all technological developments in the petrochemical 
industry are the result of planned research into known product/process 
areas and are guided by the commercial environment. Forecasting tech
nological developments is therefore intimately connected with demand fore
casting.

Forecasting the future has always been a hazardous exercise and 
estimating the future demand for chemicals is no exception. Undertaking 
this task at the present time (early 1981), during what appears to be a 
very significant recession, presents a number of particular problems. 
However, the following general considerations should be borne in mind 
in order to keep the forecasts in perspective:

- Forecasts should always, where possible, be related to 
past events. It is tempting to assume at almost any 
point in time that a unique situation exists, making 
reference to past history irrelevant; but with the 
passage of time, the situation can usually be seen as 
part of a continuing pattern. Moreover, from today's 
perspective, comparisons with 1975 are obvious;

- Generalizations applied, for example, to all organic 
base chemicals should not be allowed to obscure the 
broad differences which may exist between product groups.
For example, several of the main aromatics derivatives 
find their way principally into synthetic fibres. The 
total potential for these, represented by the consumption 
of apparel-type fibres, has for many years been growing at 
a rate considerably lower than that of the economy, and the 
degree of penetration by synthetics is already high. The 
growth prospects must by now therefore be severely limited 
in the industrialized areas, quite apart from any special 
factors, such as textile imports from the Far East. Olefins, 
on the other hand, go mainly into plastics; but while quite
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Figure 5. b ILLUSTRATION OF RELATIONSHIP BETWEEN BASE 
ORGANIC CHEMICALS GROWTH AND GNP GROWTH

1973-1990
1965-1977 ILLUSTRATIVE ESTIMATES
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deep penetration may have been achieved into particular 
applications, the theoretical opportunities for plastics 
in general are still very significant and the present 
degree of overall penetration incomplete. There is 
therefore no underlying technical limit to growth in this 
case and future prospects will depend more upon price and 
cost considerations and the innovative ability of the 
industry.

Nevertheless, it is clear that a number of petrochemical products 
and their derivatives are reaching a degree of maturity, so that growth 
rates in the future are likely to be well below historical levels. The 
problem now is to discern the new trends which will determine the future 
levels of consumption. A good deal of work has been done to identify the 
factors contributing to petrochemical growth. These have been described 
in terms of an industrial production related effect which has been linked 
to substitution/innovation. The situation is illustrated in Figure 5 .  B. 
which can be regarded only as semi-quantitive, derived from an historical 
analysis by Shell Chemical.

While this concept is helpful, there still remains the problem of 
forecasting the future GNP situation and hence levels of industrial 
production as well as the rate and extent of decline in the substitution 
rate. The continuing changes in oil prices and subsequent fluctuations 
in feedstock prices are causing uncertainties in both aspects of growth. 
Thus, with respect to the future levels of GNP, two alternative scenarios 
based on those for future crude oil prices have been sketched. Substitu
tion levels are also difficult to determine in view of the problem of 
assessing future competitive costs between synthetic and natural products, 
new and traditional materials. Furthermore, increased penetration, which 
may be occurring, is sometimes masked by reduced consumption brought about, 
for example, by the uBe of thinner plastic films and recycled material.

5 .5 .2  Technology trends
Figure 5.8 illustrates that the period of growth from innovation/ 

substitution has passed and that the industry has reached maturity. 
Throughout the earlier period of burgeoning demand growth, technological 
developments in production techniques occurred and the processes for the
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production of all the basic petrochemicals also reached maturity, so 
that the rate of change of technology has slowed down. In the main 
products, the change to ethylene, propylene, benzine and synthesis gas 
as the basic chemical building blocks is largely complete.

Over the medium term, the technology to produce most of these 
petrochemical building blocks is not expected to change either in feed
stock used, process technology or plant scale. Continuous gradual 
improvements will not rapidly outdate existing plants. Many of the 
processes to convert these building blocks to end products are also 
mature when judged according to these three aspects. For these pro
cesses, competitiveness may be more related to catalyst improvements, 
utility savings, integration and utilization rates, rather than to the 
latest plant design.

Few plants built in the last decade will be outdated in the next 
ten years. The 1980s will therefore be a period when producers with 
modern basic petrochemicals plants and technology will be relatively 
secure from competition based on new plant economics, but will need to 
maintain and optimize the operation of existing installations. They 
will also step up their research and development efforts to prepare for 
change in the 1990S| when escalating oil prices will lead both to the 
use of alternative feedstocks and processes, avoiding the current building 
blocks entirely.

It is not anticipated that any new basic polymers will be developed 
which could revolutionize the petrochemical industry as did polyethylene, 
polystyrene and polyesters in the 1950s and 1960s. However, some signi
ficant process changes are still occurring in a few bulk products such as 
popypropylene, ethylene glycol, propylene oxide and linear low-density 
polyethylene. Technology of a greatly improved (i.e. breakthrough) nature 
will be rare, but will continue to allow some producers to build new, highly 
profitable plants or increase their overall market share through improved 
economics. Some companies, in an attempt to achieve higher investment 
returns in this sector, are therefore emphasizing process research on 
selected commodity petrochemicals and polymers. As the emphasis on market 
development moves to increasing product performance, further opportunities 
are foreseen in research for processes to make advanced polymers and many 
speciality and performance chemicals.
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Due to the commercial "push", process development work will he 
carefully planned and led by the traditional producers. Most of the 
advances in applied process technology will be made by the major oil 
and chemical companies rather than by universities or government re
searchers. Important opportunities are foreseen for those companies 
than can identify and utilize new technological approaches to cope with 
the changing manufacturing environment of the future.

Environmental considerations will also spur technical change.
Greater government emphasis on addressing environmental and toxicolo
gical problems will continue to result in high research and development 
investment levels for compliance, resulting in lower relative investment 
in fewer facilities. Probably the greatest technological changes will 
occur during the last decade of this century and will be related to the 
cost and availability of energy and new raw materials for existing petro
chemical products.

5*5*3 Energy and raw materials
Except in countries with ample hydrocarbon reserves, petrochemical 

producers will be greatly concerned with the supply of feedstocks and 
the high and unpredictable cost of energy. Feedstock uncertainties will 
tend to delay investment decisions and add to installed plant cost through 
provision of operating flexibility for alternate raw materials.

Competition from the fuels market will in the future hamper petro
chemical producers from satisfying their feedstock requirements at an 
acceptable cost, whereas in the 1950s and 1960s they have had no diffi
culties in securing naphtha as a "surplus" product. They will therefore 
lessen their dependence on those hydrocarbons that are particularly 
valuable in the motor fuels market, especially naphtha and gas oil.

While some analysis is possible in respect of medium-term (1980- 
1990) changes in the use of petrochemical feedstocks in Europe and the 
United States, it is extremely difficult to guage the Japanese pattern 
because all of its crude requirements are imported from distant locations 
and two sharp increases in crude prices (since 1973) have begun to test 
the viability of the conventional petrochemical industry’s continuing 
to remain home-based.
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The attitudes of West European corporations are conditioned by- 
three factors:

- access to feedstocks such as NGL, LPG and distillates 
from the North Sea fields;

- a sharp increase in the availability of LPG from the 
Middle East, the imports of which into Europe are ex
pected to increase from 1.4 million tons in 1978 to
12.4 million tons by 1990;

- diminuation of the energy-feedstock conflict releasing 
feedstock, such as coal, lignite and natural gas (im
ported or domestic), together with nuclear energy, and 
energy conservation increases, reducing the needs of 
distillates for energy usage.

Thus, over the medium term, Europeans expect to build flexibility 
into their steam crackers so as to handle light feedstocks. It must be 
recognized in this connexion that investment requirements for such flexi
bility are substantially lower than for flexibility in heavy stocks, and 
that flexibility, in this case means the use of co-feeds, viz. naphtha 
and LPG, naphtha and NGL, etc., since otherwise co-products yields, which 
are important to steam-crackers, will seriously decline. Modification of 
existing plants is already proceeding in this direction and it is expected 
that provision for LPG cracking will be made in almost all new plants.

The following other factors also reduce the concern of European cor
porations with respect to feedstocks, particularly increasing requirements

- substantial over-capacity in existing crackers as a result
of investment decisions taken at a time of fast-rising demand 
for petrochemical products;

- new capacities created or being created in Norway, Spain,
Portugal and Scotland (Exxon/Shell have indicated definite 
plans to build gas-based crackers using North Sea gas and 
liquids), all of which is expected to idle some of the 
presently operating crackers;

- greater stress in major European chemical corporations to 
pursue the development of speciality products which will 
have a low feedstock component in terms of product prices;
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-  the goa l o f  some chemical corporation s (such as Hoechst) 
t o  d iv e r s i fy  in to  non-chem ical businesses, and o f  others 
t o  d is in vest (Naphthachimie, Rhone Pou lenc); the la s t  
few years w itnessed considerable disinvestment in  syn
th e t ic  f ib r e s  in  the Europe-based investments o f  ICI and 
AKZO;

-  from the viewpoint o f  chemical corporation s, the expec
ta t io n  th a t, a t lea st in  the medium term, large new capa
c i t i e s ,  i f  any in  Europe, would be created by the o i l  
majors fo r  idiom d ivers ion  o f  d i s t i l la t e s  and the chemi
ca l in du stry  would represent a small fra ct io n  o f  th e ir  
business in  o i l .

In  the United S ta tes, to o , over the medium term, no b a s ic  a lterna
t iv e s  in  feed stock s  are expected, p a r t icu la r ly  as fa r  as the chemical 
firm s are concerned. However, d esp ite  the expectation  f o r  Europe and 
the r e la t iv e ly  qu iet upstream investm ents, United S tates c a p a c it ie s  in  
o le f in s  are expanding. The Europeans, in  fa c t ,  assess that in  many 
product areas, fo r  example HDPE and polypropylene film  consumption, the 
United S tates  t r a i l s  Europe in  per cap ita  consumption and that growth 
in  p la s t ic s  w il l  take p lace, although not at h is to r ic a l  ra te s . In  point 
o f  fa c t ,  European presence in  the United S tates bu ttresses the a foresa id  
assessment. Thus, the l i s t  o f  European chemical firm s in  the United S tates  
i s  im pressive (ICI America, American Hoechst, Moabay (a  Monsanto-Bayer 
jo in t  venture, now b e liev ed  t o  be w holly Bayer); S o ltex , a Solvay/Texaco 
jo in t  venture; BASF-Wyandotte; H ercofina, a H ercule^/Petrofina jo in t  ven
ture; American P etro fin a , e t c . ) .  The firm s operate in  areas such as 
paraxylene (H erco fin a ); HDPE (S o lte x  and American H oechst); ethylene 
oxide (BASF-Wyandotte and ICI American); propylene (BASF, America Petro
f in a ) ;  polypropylene (S o lte x ) ,  e tc .

While feedstock  ca te g o r ie s  are not expected to  change in  the medium 
term, adjustments are none the le s s  expected to  occur in  the r e la t iv e  
proportion s o f  feedstock s  in  use. This a r ise s  prim arily from expected 
d ec lin es  in  NGL'as natural gas re se rv o irs  ca p a c it ie s  decrease; and the 
re ten tion  o f  arom atics in  motor fu e l requirements at a n o -lead  le v e l .

The d eclin e  in  NGL i s  expected to  be met by la rger  uses fo r  naphtha 
(and gas o i l ) ,  a s itu a tio n  which i s  encouraged by the fa c t  that h ig h - 
octane fu e l production to  a ce r ta in  extent re leases  low -octane naphtha, 
which i s  u su a lly  exce llen t stock fo r  ethylene production .
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5*5*4 Alternate feedstocks
While the above trends are likely to hold in the medium term, there 

is world-wide recognition that towards the mid-1990s a. major restructuring 
of the industry would become necessary. This is predicted on the basis 
that:

- unless the reserves/production ratio becomes favourable 
rather dramatically - an unlikely situation from the 
historical data - including new finds, natural gas pro
duction would decline, and along with it NGL and conden
sates;

- new oil discoveries, such as the North Sea fields and in 
China, etc., are oriented to heavy crudes which will not 
yield light distillates in the volumetric ratios that 
light crudes do; this ratio, of course, has afforded the 
chemical industry fairly easy access to light distillates;

- new oil discoveries are at remote locations, often in 
"hostile environments", which will increase extraction, 
processing and transportation costs which the chemical 
industry may not be able to bear.

Conscious of these trends the industry has in the last twenty years 
or so devoted increased attention to the development of new feedstocks. 
New directions of effort can be summarized as follows:

- technologies for utilizing the "heavy end of the oil barrel", 
such as hydrocracking, flexicoking, etc., end-products of 
which resemble essentially conventional feedstocks;

-•methodologies for the production of synthesis gas from heavy 
oil fractions such as partial oxidation, with concurrent 
development of downstream technologies for the production 
of oxygenated hydrocarbons as well as the olefins; such 
efforts also comprise the utilization of tar sands and 
oil shale which are particularly abundant in the United 
States and Canada;

- the direct cracking of crude and heavy residues for the 
production of ethylene (UCC-Kureha-Chiyoda high temperature 
steam injection process, the Lurgi and BASF sand and coke 
based cracking processes);
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-  d ir e c t  l i  qui f i  cat ion  o f  coa l through a d iv e r s ity  o f  hydro
genation  tech n o log ies  (B r it is h  Gas C orporation, Lurgi,
K e llog g s , In s t itu te  o f  Chicago, e t c . ) ;

-  in d ir e c t  l iq u i f i c a t io n  o f coa l resu ltin g  in  higher a lco h o ls , 
methanol, e t c . ,  depending on the process rou te ;

-  biom ass-based tech n olog ies  fo r  the production o f  oxygenated 
hydrocarbons, p r in c ip a lly  ethanol;

-  b io g e n e tic  mechanism fo r  the d ire ct  production o f  petro
chem ical interm ediates, such as fo r  example, ethylene 
and propylene oxides, ethylene g ly c o l ,  e t c .  (Standard 
O il, Monsanto, Dupont).

In  p ra c tice  a l l  these tech n o log ies , with the exception  o f  those 
the end-product or ien ta tion  o f  which i s  methanol or the b iom ass/b iogen etic  
p rocesses, aim towards obtain ing feed stock s , which are id e n t ic a l t o ,  or 
resemble c lo s e ly , those in  current use and fo r  which w e ll-p ra c t ice d  
tech n o log ies  e x is t .

Another aspect o f these tech n olog ies  i s  that p r a c t ic a lly  in  a l l  
cases (excep t f o r  the crude o i l  cracking tech n olog ies) the usage spec
trum spans tran sportation  fu e ls ,  energy fu e ls  and chemical feed stock s .

The re a liz a t io n  o f these tech n olog ies  i s  t ie d  not so much to  research 
and development t o o ls  or to  the crea tion  o f  research and development s tru c
tu res as i t  i s  connected with the le v e l o f  investments requ ired  f o r  s ca le -  
relevant production  and sources o f  financing  production p la n ts . Investments 
in  each o f  the f a c i l i t i e s  i s  expected t o  be o f  the order o f  $2-3 b i l l i o n ,  
which are beyond the c a p a b il it ie s  o f  even the la rgest corp ora tion s . In 
a d d ition , the engineering design loads are expected t o  be o f  the order o f
6-7  m illio n  man hours per production f a c i l i t y ,  which again would s tra in  
even the la rgest engineering firm s. Thus, the physica l implementation 
o f  such p ro je c ts  would most l ik e ly  be on a m ulti-agency b a s is  with perhaps 
government p a r t ic ip a t io n . This type o f  s itu a tion  leaves open questions 
as t o  ownership o f  technology and p ro te ctio n  o f  technology through patents, 
which i s  usually  the endeavour o f  p r iva te  corp ora tion s . To some exten t, 
such con sidera tion s  indeed have delayed com m ercialization concepts even 
though most o f  the tech n o log ies  have been adequately te s te d  at the p i lo t  
s ca le .
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A longside these parameters there i s  wide reco g n it io n  in  the developed 
cou n tries  that any new development should he able to  use e x is t in g  in -  
p lace  in fra stru ctu re  -  p ip e lin e s , term inals, tankers and m arketing-dis
t r ib u t io n  linkages -  which has been b u ilt  at a r e la t iv e ly  low cost  in  
a cheap-energy era . Thus th is  s itu a tion  a lso  requ ires  that products 
o f  new tech n o log ies  be equ itab le with the physical c h a r a c te r is t ic s  o f  
present-day fu e l ,  energy and chemical m ateria ls.

One of the bright new developments of considerable importance to 
both advanced and developing countries is the conversion of methanol 
into olefins, aromatics and gasoline. While the leadership in this 
field is with Mobil (the Mobil M process), other organizations have also 
developed competitive processes, especially IFP. The latter being oil- 
oriented firms, technological forms are on the development of a 
methanol-to-gasoline route because of the higher critical need for a 
transportation fuel substitute.

However, the technology permits o le f in s  (and arom atics) t o  be obtained 
e ith er  as co -p rod u cts  with g a so lin e , or as a f in a l  product. This has 
induced many chemical companies, e s p e c ia lly  BASF and IC I, t o  g iv e  atten
t io n  t o  th is  area, with p i lo t  plants being run in  co lla b o ra t io n  with 
engineering firm s.

A significant aspect of a chemical firm’s interest in methanol
using technologies is that it permits them for the first time to gain a 
foothold in the petroleum industry. Thus, for example, Celanese and 
Dupont in the United States have committed plans to increase several- 
fold their involvement in methanol production* together they already 
produce approximately 50 per cent of the United States' requirements 
(1,100 billion US gallons). Celanese has forecast a 300-per-cent 
increase in United States methanol production between 1980 and 1990» 
with the world capacity increasing from 5»000 billion gallons to 11.3 
billion by 1990* Even thereafter, a 14-per-cent growth rate has been 
forecast.

5.5*5 Process technology improvements

It has already been explained that the technology for the produc
tion of most of the petrochemical building blocks is unlikely to change 
greatly over the next decade. In addition to improvements in process



-  287 -

technology over the la s t  twenty years, there have "been gradual improve
ments in  the mechanical performance o f  equipment and m ateria ls, which 
have allow ed both improvements in  process performance and in creases  in  
the sca le  o f  p la n t. The overa ll resu lt has been g re a t ly  improved pro
duction  e f f i c ie n c y .  Good examples o f the marriage between mechanical 
performance and process technology include:

-  in  o le f in s  production , improved tube m etallurgy perm itting 
the design o f  furnaces with v e r t ic a l  tubes which withstand 
very high heat f lu x ; th is , in  turn, permits a much higher 
conversion  o f  feedstock  to  ethylene, hence le s s  feedstock  
t o  be processed, reduced s ize  o f  downstream f a c i l i t i e s  and 
a more e f f i c ie n t  and cheaper p lant;

-  in  ammonia production , development o f  large cen tr ifu g a l 
compressors which can discharge at high pressure fo r  the 
ammonia conversion  rea ction . A s in g le  such compressor 
rep laced  b a tte r ie s  o f  o lder, re c ip roca tin g  machines and 
allow ed an increase in  ty p ica l ammonia plant capacity  to
1,000 tons per day and a quantum reduction in  the pro
duction  co st  o f  ammonia. These large  cen tr ifu g a l com
pressor developments were subsequently applied  todL efins 
production ;

-  in  arom atics produ ction , naphtha reforming using b i 
m e ta llic  ca ta ly s ts  and moving bed, continuous ca ta lyst 
regeneration , both o f  which reduce coke form ation, increase 
y ie ld s  and a llow  improvement in  a number o f  other areas 
which r e su lts  in  g rea tly  reduced production c o s ts .

Examples o f  future technology developments which would count as 
"breakthroughs" are:

-  o le f in s : c a ta ly t ic  conversion at high pressure would
reduce the very expensive crack ing /furnace area o f  a 
conventional o le f in  plant and, more im portantly, g re a tly  
reduce or even elim inate compression o f  the cracked gas;

-  ammonia: elim ination  o f  the carbon "c a r r ie r "  in  ammonia
production .

I t  does not seem l ik e ly  that e ith er  o f  these "breakthroughs" w il l  be 
achieved in  the foreseea b le  fu tu re , although the Mobil process fo r
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ethylene production (see  above) goes some way, a lb e it  in d ir e c t ly ,  towards 
a breakthrough in  d e f in s  production.

P oten tia l te ch n o log ica l developments in  the la rg er  volume d eriva tive  
products are summarized below under each o f  the major petrochem ical 
b u ild in g  b lo ck s .

Olefin derivatives
There are a great many minor process improvements occurring , but 

very few that can be considered to  have much seriou s impact on the indus
t r y .  The p rin cip a l developments occurring at the moment are:

-  Linear low -density  polyethylene (LLDPE) has been promoted 
strongly  by Union Carbide (Unipol p rocess ), but i s  now in  
an advanced stage o f development by many companies. The 
m ajority o f  new LLDPE plants w il l  be based on low pressure 
technology, while some ex is t in g  high pressure cap acity  w il l  
be adapted fo r  s p e c ia lity  grades. I t  i s  estim ated that the 
p oten tia l fo r  LLDPE in  Western Europe and the United S tates 
i s  as fo llo w s :

Region 1985 1990
( in  m illion  m etric tons per annum)

Western Europe 0 .4  1 .0
United States 1.2  2-4

The fig u res  fo r  1990 represent 13 and 24 per cent o f  the 
o v e ra ll polyethylene business in  Western Europe and the 
United S tates, re sp e c t iv e ly .

-  Propylene ox ide : The h is to r ic a l  chlorohydrine route has
been la rg e ly  superseded by d ire ct  ox idation  (Oxirane) 
although Dow s t i l l  operates the older rou te . I t  i s  
expected that more d ire ct  oxidation  routes w ill  emerge 
over the next two decades.

Aromatics derivatives
There i s  l i t t l e  p oten tia l fo r  developments which would have any 

s ig n if ic a n t  impact on the petrochem ical industry . A ll  major arom atics 
d er iv a tiv e s  are shown in  Figure 5*C. Y ie ld s  are a lready good and e f fo r t  
has th ere fo re  sh ifte d  t o  fin d in g  cheaper feedstocks to  make the in d ica ted  
products. The status o f  developments i s  shown in
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DEVELOPMENTS IN AROMATICS DERIVATIVES TECHNOLOGYTable 5 «2 
Product 

Styrene

Phenol/Capro! actam

Development C ited

Toluene based routes show 

potential

Vapour phase benzoic 

oxidation

Remarks

Toluene and synthesis 

gas are the raw 

m aterials. Pre p ilo t  

stage.

Doubtful economics

Cyclohexyl benzene oxidation Renewed activ ity .

Implementation would 

reduce benzene consumei

Adipic Acid Butadiene carbonylation Economic trends favour

th is  approach

HMDA (Hexamethylene None 

Di ami ne)

All new capacity is  

already non aromatic

Aniline/Polyisocyanates Nitrobenzene carbonylation This route rquires 0 

to +7.0% more benzene 

re lative to present use

Maleic Anhydride Butane/Butene oxidation Economic and technical 

trends should be 

toward elim ination of 

new benzene based units

Tolylene Di-Isocyanate Dinitrotoluene carbonylation No change in toluene

usage

Phthalic Anhydride Liquid phase oxidation I f  implemented, i t

requires 15% less  

orthoxylene

Terephthalic Acid Toluene carbonylation route Substitutes toluene

for paraxylene
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5-6 Summary and conclusions
The petrochemical industry has developed as an off-shoot of an 

organic chemical industry based largely on coking by-products and 
acetylene. The development of the refining and energy industry during 
the 19 5 0s and 1960s based on cheap hydrocarbon by-products imported 
at extremely low cost to the petrochemical industry, which developed 
at a rate of 5-7 per cent over and above the growth rate of GDP, pro
viding the market with highly attractive substitutes - on cost per
formance basis - to traditional materials and products.

During this period outstanding development of products/processes 
was achieved. Most of these early technological developments ori- 
nated in Western Europe and the United States and were quickly diffused 
in the market economy developed countries. Basic petrochemicals, 
largely in the hands of engineering companies, and intermediate pro
ducts quickly achieved a plurality, while only speciality products were 
effectively guarded by patent protection. Prior to the 1973 increase 
in oil prices major petrochemical production, marketing and research 
and development were concentrated in the hands of the major chemical 
companies in the United States, Western Europe and Japan.

The 1973 oil price increase brought about a market change within 
the structure of the petrochemical industry. The oil majors* taking 
advantage of their control over hydrocarbon resources and thus feed
stock supplies, the increase in feedstock price and its supply uncer
tainty, abundant cash-flow availability and the diversity in investment 
strategy gradually encroached upon the position of the chemical majors 
particularly in basic and intermediate petrochemicals. As a defensive 
policy most of the chemical majors moved further downstream into spe
ciality products and upstream to the hydrocarbon sources, alone or in 
joint ventures with the oil majors, to secure their feedstock supply.
In several developed countries direct and indirect government interven
tion increased principally the form of creating integrated hydrocarbon- 
chemical independent national companies.

No new major breakthrough is expected either in products or pro
cesses related to the petrochemical industry in the medium term. The 
industry has achieved a high degree of maturity and any development will
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principally "be directed towards improvement of processes and operation 
conditions to reduce costs, utilize less feedstock and less energy, and 
avoid environmental pollution. In the medium term, most of the develop
ment will be centred on the development of new feedstocks and feedstocks 
flexibility in existing and new plants. Most promising is the develop
ment expected in methanol as a feedstcok, which can be produced from a 
wide variety of sources. Particularly important for the non-oi1-producinr 

developing countries is its production from biomass.
The present structure and the expected development are expected to 

favour the development of basic, intermediate and commodity petrochemicals 
in those developing countries endowed with hydrocarbon resources or with 
large agricultural surpluses or vegetation. The development of speciality 
petrochemicals in the developing countries will be limited to a few newly- 
industrialized developing countries which have developed their economic 
and technological structures to a level compatible with the development 
and absorption of these products.

The developing countries will remain net importers of petrochemical 
technology from the developed countries. Co-operation with the developed 
countries and among themselves will be essential to increase their capa
bilities in the fields of selection, evaluation, and operation of imported 
technologies. Marketing, manpower development, research and development, 
and product transformation and servicing will remain the key issues for 
the development of their petrochemical industry.

Improved conditions for technology transfer from developed to develo
ping countries will remain the subject of intensive negotiations between 
the two blocs of countries in order to allow the global development of 
this industry on a rational basis to their mutual benefit.
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VI GLOBAL CO-OPERATION TN THE PETROCHEMICAL INDUSTRY: ANALYSIS OF
THE PRESENT SITUATION AND FRAMEWORK FOR FUTURE CO-OPERATION

6.1 Introduction
The approach to co-operation in the restructuring process of the 

petrochemical industry could not and should not be considered as a mere 
demand on the part of the developing countries and a counter response 
from the developed countries. It is a much more complicated process 
in which the role of the different operators in the developed countries 
is of greater importance, at the present time, than that of the 
developing countries themselves. In order to have a clear under
standing of this process and thereafter to determine the role of the 
developing countries which would be better served, analysis should be 
made of the structural changes that have been going on in this 
industry during the last decade, and particularly since the increases 
in oil prices that started in 1973.

There are numerous actors who exert real influence on the future 
development of the petrochemical industry and its restructuring, which 
could be conglomerated in five distinct groups, with several sub
groupings. They are the Oil Majors (Mp), the Chemical Majors (Me), 
the independents oil/chemioal companies in the developed countries (ipe), 
the states in the developed regions and the states of the developing 
regions. The role of each of these groups will be analysed in order 
to determine their place and influence in the future restructuring of 
the industry. Finally, a mechanism for co-operation will be examined 
which would facilitate the transformation of the industry, with minimum 
disruption, to a condition of global interdependence allowing its 
rationalization and serving the interests of all concerned.

6.2 Global evolution of the petrochemical industry between 1976 and
1983
In the developed countries, the dynamics of the operators in the
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petrochemical industry depends on their ability to ride through the 
"crisis" and at the same time to take upon themselves the process of 
restructuring that arises thereof. The petrochemical industry of the 
EEC and that of the USA present a specific case: they have emerged from
companies starting:

- first and foremost, from the oil industry and from the chemical 
industry where some of these companies have grown to become 
Majors,

- second, from the coal industry, by decisions aiming at creating 
public enterprises,

- or/and finally from an exhaustive diversity of firms whose 
essential activity was centered in other fields-^.

The different economic powers dealing with such important questions 
as those connected with access to hydrocarbons, to investment capacities, 
to the internationalization of their presence compel us to distinguish 
between:

- the oil majors (Mp) such as SHELL, BP, CPP, EXXON, GULP, 
PHILLIPS, CHEVRON, MOBIL, TEXACO and ARCO;

- the chemical majors (Me) such as ICI, BAYER, BASF, HOECHST, 
SOLVAY, AKZO, RHONE-POULENC, MONTEDISON, DOW, HERCULES,
EASTMAN KODAK, MONSANTO, UNION CARBIDE and DU PONT;

- the less concentrated independents (ipe), very dissimilar in 
the USA and in EEC for reasons dependent on the industrial 
background of these two separate economic groups.

When one comes to analyse the representivity of these groups of 
companies and therefore the relative rank they occupy with regard to 
possible approaches to long-term agreements, their investment decisions 
and financial control policies at different stages of petrochemical 
production are indicators of their power position. Thus, taking into 
consideration the projects which would start production within 1983, 
a look at the share of productive capacities in 1976, 1980 and 1983 

will allow the synthesis of new facts which have emerged in the course 
of the economic and energy crisis of the 1970s and which are and remain 
essential to any type of restructuring. A systematic analysis, however, 
is not possible because of the difficulties encountered in

5®/ The cases of U.S. Steel and PUK are typical example of these
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restructuring the history of the production structure prior to 1976.
Nevertheless, the information on EEC and the USA (Table 6.1) allows 

one to draw some (provisional) conclusions on this matter.

Table 6.1 Scope of the analysis on the share of financial
control in 1976, 1980 and 1983 of ncTfliinal 
production capacities

Financial Financial
controls controls
in EEC in the USA

Basic products
Ethylene X X
Butadiene X -

Benzine X -

Intermediate products
Ethylene Oxyde X —

Styrene X —
Final products
Low density polyethylene 
(LIFE)

X X
High density polyethylene 
(HBPE)

X X
Vinyl polychloride (FVC) X -

Polypropylene (PP) X X

6.2.1 The petrochemical operators in the EEC 
A. The weight of the oil majors

a) Basic products
Oil majors (Mp) control from 43 to 62 per cent of the basic 

products (building blocks) through their interventions in 1973s 
Ethylene 43.5$ (46.25?. in 1976)
Butadiene 61.3% (61.3$ in 1976)
Benzene 43.0$ (44.5$ in 1976)
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These figures correspond to the units where they intervene, 
regardless of their financial control, i.e. the units where their 
partners,the major chemical companies, always have to co-operate/ 
negotiate with the Mps, One can mention as examples:

- the ICl/BP unit (In Wilton, Great Britain),
- the BASF/SHELL unit (In Ludwigshafen, FRG),
- the BP/BAYER unit,
- the CFP/ELF unit (in Gonfreville, France).
In some, the Mp sell their production of building blocks:
- CALTEX and MARATHON (FRG): 310,000 ton/y of ethylene,
- EXXON: 60/ of the 1,530 Mt/y of ethylene,
- GUIF: half of its production.
b) Final products
The Mps spread their interventions systematically in the field 

of filial products as shown below:
Product 1976 1983 Growth(Z)

LDPE 30.1/0 3 2.6/ + 8.3/
HDPE 2 1.9/0 2 5.1/ + 14.9/
PVC 1 5 .3/ 2 1.3/ + 4 0.0/
PP 2 2.3/ 27.8jo + 20.0/

NB: The repurchase of the PUK petrochemical interests by Occidental
Petroleum should reinforce this tendency.

This is particularly the case of 3 Mps: EXXON, SHELL and BP, 
where their shares in final products have developed as indicated below:

LIFE HDPE FVC
(1) (2) 0 ) (2) 0 ) (2)

shell 480 +100 100 - - +120

EXXON - +480 - - - -
BP 115 +230 210 +140 260 ___-
Total 655 +810 310 +140 260 +120

NB: (1) capacity at the end of 1977 in 1000 t/year.
(2) increase between beginning of 1978 and end of 1980 in 1000 t/ 

year.
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c) Intermediate products
The Ире are much less aggressive in the two major intermediate 

products (EO and styrene) as they are in plastics in spite of the 
repurchase hy BP of the UNION CARBIDE ethylene oxide factory in Belgium 
(130,000 t/year) and the repurchase hy BP of the share that RHONE- 
POULENC had in NAPHTACHEMIE (Prance) ethylene oxide and the 
investments of SHELL and BP (EXXON not being present) in the following 
capacities (1000 t/year) in styrene:

End 1977 End 1982/83
SHELL 280 610
BP 220 520
The table below shows the evolution of the shares owned by the 

whole group of oil majors in the two intermediates:

1975 1982/83 Growth^)
Ethylene oxyde 20.8% 30.4% +46.1
Styrene 32.4% 33.3% + 2.7

B. The weight of the chemical majors (Mcs)

The chemical majors (Mcs) have been adjusting their petrochemical 
policies to overcome the problems they encountered to secure feedstock 
and raw material supplies. This adjustment process is characterized 
by gradual withdrawal from exercising direct and independent control 
over basic and intermediate products. Some of the changes that have 
occurred since 1978 are indicated as follows:

- UNION CARBIDE has given up some activities in the EEC which БР 
took over (LDPE) and ethylene oxide)}.

- US I (a US company) has passed on to EXXON its unit of LDPE 
(240,000 t/year) operating in Belgium;

- finally RHONE-POULENC has left its polyolefins (HDPE and PP) 
to BP and its VCM/FVC to Eli1 and CFP.

Consequently, in 1980 only se- m  major chemical companies (Mcs) 
were left in the EEC petrochemical 2 US (DOW and HERCULES) and 
5 EEC (BAYER, BASF, HOECHST, ICI, SOLVAY and MONTEDISON). (AKZO does 
not fare in the petrochemical products dealt with here).
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In line with the recesses noted in the years 1978-1980,
- the Mcs» share in the basic products does not increase,
- their share in plastics goes down, and
- finally, their share in intermediate products also goes down 

in spite of important investments by some Mcs.

Table 6.2 Changing share of Mcs in petrochemical 
capacities, 1976-1982/83

1976 1982/83 Growth
Ethylene 33.5$ 33.2$ 0
Benzene 26.3$ 27.4$ + 4.1
LUPE 48.1$ 34.5$ (-28.3)
HDPE 62.5$ 50.9$ (-18.5)
FVC 62.8$ 54.6$ (-11.1)
PP 71.5$ 55.7$ (-22.1)
Styrene 51.1$ 4-7.6$ (- 6.8)
Ethylene oxyde 67.2$ 47.0$ (-3 0.1)

The restructuring presently under way in Italy emphasizes this 
tendency with the partial withdrawal of MONTEDISON' from basic 
petro chemicals.

But the significant facts concerning the Me of the EEC chemical 
industry are to be found elsewhere:

a) Some Mcsare fighting to gain direct admission to hydrocarbons 
such as:
ICI; (i) participation in the NINIAN concession in the 

№>rth Sea which has realized in 1979s
- a turnover of £ 519 million (8 per cent of total 

ICI turnover)
- a net profit of £ 79 million (12.5 per cent of 

ICI total profits).
six gas fields in the Gulf of Mexico where operations 
should start in 1980/81 .

( - >
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BASF: (i^ Development of the WINTERSHALL branch which conducts 
exploration, exploitation and oil refinery operations 
for BASF and for DEMINEX (BASF owns 18.5 per cent of 
the capital) in the Aegean Sea and in Qatar (natural 
gas); finally, development of its coal activities.

(ii) In total, these activities were most important in the 
BASF , turnover for 1978 (21.2 per cent) and 1979 
(20.8 per cent).

b) All these chemicals majors, including those who withdrew 
from the EEC petrochemicals are trying to diversify them
selves as much as possible in fine chemicals, i.e.
- agrochemistry (pesticides, herbicides), pharmaceuticals, 

film/reproduction, and to retain some petrochemical 
specialities, such as: polyurethane (BASF), acrylonitrile 
(MONSANTO), porpylene oxide (DOW), catalysts (MONTEDISON) 
and chlorinated solvents (ICI, RHONE-POULENC - before it 
withdrew from petrochemicals).

C. The less concentrated independents

Globally considered, these firms which have been formed with the 
assistance of state capital, have adopted as aggressive a policy as 
that of the Mpsin plastics and in intermediate products, while being 
relatively independent from the Mpsin their access to naphta and gas 
supply.

In the pursuance of this aggressive development policy, the Ipcsr
a) rarely show a high cash-flow in their chemical activities; 

instead they depend on:
- the success of their interventions in hydrocarbons (DSM, EUF 

and ENT in particular)
- the help they get from the state (DSM, ENl/ANIC, CEF Chimie)
- agreements with groups outside the EEC (CEP Chimie and Qatar);

b) develop some technologies of their own with which they try to
compete with Mpsand Mc§ in the EEC as well as abroad. Examples 
of such particular technologies include: LDPE (ATO, CEF-
Chiwie, SNAM-Progetti); HIE (VEBA); PP (CDF Chimie); Ethyl
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benzene (SIR); VC/PVC (HUL-VEBA affiliate) and Cyclohexane 
(BSM by Stanicarbon).

Table 6.3 EEC: Share of Ipcg in selected petrochemical a
1976« 1983 (in per cent)

Ethylene^/
Benzene^/

1976 1983 Growth($)
27.6 31.2 + 13
32.0 31.8 (- 0 .7)

LOPE 27.7 30.1 + 8.6
HDPE 15.6 24.0 + 53.9
PVC 25.8 27.8 + 7.8

PP 6.2 16.5 + 116
Styrene 15.1 20.0 + 32.4
Ethylene-Oxide 11.9 22.6 + 89.9

KB: a/ Indirect control: total capacities in; which they intervene.
The transfer of some petrochemical activities by Montedison to 
ENI should reinforce the possible role to be played by the 
Ipcs of the EEC in possible approaches towards long-term 
agreement.

6.2.2 The operators of the petrochemical industry in the USA 
A. The weight of the oil majors

a) Basic products
The major oil companies (Mp*s) in the USA will directly 

control in 1983:
- 53.8$ of the Ethylene capacities (42.5$ in 1976)
- 45.4$ of the Benzene capacities (46.6$ in 1980),

and would have therefore greater determining role in the petrochemical 
industry than in the EEC. Moreover, unlike the West European 
industrial structure, if the common CONOCO and MONSANTO unit at Alvin 
(Texas) is excluded, there are no large steam crackers capacities in 
the USA in a joint venture between Mcs and Mps. Inversely, while in the 
EEC the production of non-captive ethylene is limited, in the USA 
numerous units are not or little integrated. The following not : so fully



Table 6*4 Petrochemical» control In the CTO ray Ion. . (p ercen t agea)

ETinaarB^/ BUTADIENE 2/ BENZENE £/ I35PE HOPE pro PP OX. ETKIL STTOffin.
i II I \ n I- _ II

Mp CEEü/ 76 34,0 29,9 52,1 39,6 24,2 22,7 30,1 18,4 13,6 22,3 1 20,8 • 25|e
SO 34,- 23,8 53,4 37,6 25,8 24,4 .28,3 20,4 15,7 83,8 31 24,7
83 32,3 24,5 52,8 38,4 25,8 24,4 ‘26,- 22,2 18,7 82,8 30,4 26,7

*° cosi/ 76 18,9 26,3 11,- 25,4 16,9 33,4 59,- 57ia 71 is 55,6 36,4
80 16,9 26,5 10,- 26,1 14,\ 16,4 3 0 ,3 53,5 54,4 54,8 53,5 27,2
83 19»- 26,9 9,7 24,- M,-3 16,2 30,- 47,8 49,6 51,2 47,- 26,5

Mp us-/ 76 T M 11,4 9,2 9,2 20i3 20; 3 3,5 l|7 8,-
80 18,1 12,1 0,5 8*5 17,8 17,8 4,6 3,- 1,6 5,5 - 5,8
83 11,2 11,2 8,5 8,5 17,2 17,2 4,6 2,9 2,6 5,- 5,7

Mo US 76 7,2 7i* 8,5 8,5 9,4 9,4 8,8 3,5 5 11,6 14Î7
80 6,8 6,8 7,5 7,5 11,2 11,2 7,4 3,2 4,8 5 - 21,7
83 6.3 6,3 7,5 7,5 11,2 11.2 7,3 3,1 3 4,5 21,1

Ipo 76 27,6 29.2 19,2 17,3 32,- 30i7 27,7 15,6 22,- 6i2 11*9 15,1
80 30,1 30,7 21,1 20,8 31,8 30,8 29,4 19,8 23,5 11,5 15,5 20,5
83 3 1 ,2 31,1 22,4 21,6 31,8 30,8 30 ,1 84,- 24,1 16,5 22,6 20

L*JO

•S/ those are the percentages of the total EEC capacities controlled on a pro rata basic of their financial . participations by each group. '
MpEEC« Oil majors of the EEC (BP, Shell,CFP), NpUSt Oil majors in the USA (Gulf, Exxon, etc.)

■S/ For ethylene, butadiene, benzene, two figures are given: (l) share of the. units where the oil majors are preeent 
regardless of their participation, Ex.j the ethylene unit BP-ICI is considered as directly controlled by BP.

(II) share according to the financial participation of each group. Ex.L tho same BP-ICI unit is considered 
50 per cent BP in the MpEEC group, 50 per cent for ICI in the McEEC group.
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integrated ethylene capacities could be mentioned;
In 1981 EXXON sold 65fo of its ethylene production to other parties; 

GULF 45$, MOBIL 65$ and SHELL 50$- Together these represent a nominal 
capacity of 3 Mt/y available to ethylene transforming plants.

b) Final products
The Mps in the U.S. systematically spread their intervention 

and increased their share in final products as shown below:

1976 1983 Growth in %,

LDPE 22.% 2l.% +.22.1%

HOPE 21.996 32.6$. + 48 .$%
PP 47.4??. 52.296 + 10.1%

This is particularly asserted for 4 major US oil companies 
(Mp):

LUPE HIPE PP
(1) (2) (1) (2) (1) (2)

SHELL - - - - 136 +136

EXXON 200 +236 - - 190 + 60

MOBIL - +136 - - - -
GULF 260 +136 95 +105 - +180

TOTAL 46O +508 95 +105 326 +376

(1) Capacity at the end of 1977 in thousand of tons per
(2) Increase between the beginning of 1978 and the end 6Î 

1983 in thousands of tons per year.

B, The weight of the chemical majors
In a parallel manner to their withdrawal from certain sectors 

in the synthetic fibres (withdrawals followed with similar purchases in 
the U.K. and in Spain, for instance Monsanto), the chemical Majors (Mbs) 
in the USA are modifying certain of their interventions in the U.S. petro
chemical industry. Thus Montedison, Monsanto, Goodrich have taken action 
in this direction and are continuing to do so, e.g. Montedison has sold 
its interest in Novamont to U.S. Steel.

Despite the maintenance by certain firms of important investment 
programmes (Union Carbide, Dow, Solvay, ICI) the relative importance of
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the "Chemical Majors" in the US 
as indicated below:

petrochemical industry tends to diminish

1976 1983 Difference in #
Ethylene 40.0# 32.9# - 17.7#
LDPE 40.4# 40.1# - 0.7#
HDPE 44.4# 37.5# - 15.5#
PP 38.4# 31.7# - 17.5#
In this relative decline of the role of the (Mc)s, one should 

note that:
(i) the traditional leaders in plastics maintain their invest
ments to keep their positions on the market taking advantage of 
their new technologies to reap differential profits (for instance 
the LLDPE at Union Carbide and Dow);

1976 1983
(Thousand tons capacity and rating)

Dow LDPE 445
2nd US producer

+120
2nd US producer

HDPE 130
4th US producer

+130
3rd US producer

Union
Carbide LDPE 700

1st US producer
+227

1st US producer
Hercules PP 500

1st US producer
+170

1st US producer

The above mentioned 3 Me firths could be considered
having aggressive policies in plastics similar to those of the 
4 Mps described earlier.
(ii) The diversification of the activities, of the Mcs has become 
as a rule in: agrochemicals, pharmaceuticals (purchase of
Richardson Merrel by Dow), electronics (development of Fisher by 
Monsanto), electro-metallurgy (Dow and DuPont in the titalium 
oxide sponge), etc. These are priorities for the Mcs similar to 
their efforts to have direct access to hydrocarbons.

(iii) The chemical industry of the EEC invests in North American 
petrochemicals: Corpus Christi steam cracker by ICI and Solvay 
plastics production extension by Solvay and Hbechst, specialties 
by Bayer (polyethers and MDI from its branch at Mobay), the inter
mediate products by BASF (ethylene, glycol and MDI at Wyandotte),...
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C. The role of other opera-tors in the US petrochemical industry
Although occupying an important place in the US petrochemical 

industry, the other operators in the US petrochemical industry are not 
fundamental elements for future approaches to long-term agreement: very 
little internationalized, very tied to a location (where they have the 
profit of the situation), these operators are centered on the North 
American market where they adapt to local evolution and patterns of 
development.

Table 6.5 sums up the control of petrochemical industry in the
United States



Table 6.5 - Control of the petrochemical industry in the U.S 
(percentages of production capacities)

Ethylene Benzene HBPE LDPE PP

Mp — US 1976 32.6 na 21.9 22.5 38.1
1980 42.1 38.1 37.1 28 42.6
1983 40.1 37.9 32.6 27.6 41.7

Mp - CEB 1976 9-9 na - - 9.3
1980 10.6 8.5 - - 10.9
1983 13.7 7.5 - - 10.5

Mo - IS 1976 38.2 na 32.3 44.4 38.4
1980 30.7 9 26.7 37.2 25.6

1983 30.4 12.5 22.4 40.1 28.2
Mc - CEE 1976 1.7 na 12.1 — —

1980 2.7 - 10.9 3.6
1983 2.5 1.5 15.1 - 3.5

Others 1976 18.2 na 33.7 33.1 14.2

1980 13.9 44.4 26.3 34.7 17.3
1983 13.3 40.6 29.9 32.2 16.1
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6.3 Internal changes indicative of the restructuring process
Since 1976 the decisions on new projects and the expansion of 

existing units have been taken on the basis of analysis taking into 
consideration an integrated approach to the crisis elements and the new 
world energy balance. Consequently, from now to 1983/1984 important 
changes will happen affecting the objective conditions inducive to inter
national co-operation or long-term agreements between developed and 
developing countries. Most important among these changes are:

- the oil majors have taken advantage of the general economic 
and energy crisis to assert their presence in the petrochemical 
industry;

- the chemical majors have been re-directing their investments to 
reduce the effect of competition in "mature products’̂ /  and to 
ensure new bases for their cash flow;

- finally, within the EEC, the public petrochemical sector is 
expanding and is becoming a clear partner in international 
relations through states' interventions (financial contributions, 
creation of new industrial structures).

At stake at present is, therefore, restructuring. Such 
restructuring would direct the actions and attitudes of the operators of 
the petrochemical industry towards greater international economic 
relations and especially towards international industrial co-operation. 
This statement, confirmed through the previous thoughts on technological 
strategies contains various elements. They could be summarized in two 
propositions:

- The crisis in the petrochemical industry has differentiated, 
particularly with regard to the industrial means and policies, 
to the benefit of the majors;

- the economic and energy crises have jointly disrupted the dynamic 
balance achieved since I96O-I965 between petroleum and chemicals 
companies, on the one hand, and chemical companies and end users 
on the other.

52/ as opposed to "Engineering products" which they try to develop in 
order to renew their cash flow.
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6.3.1 A restructuring process recuperated by the oil majors
The scope of the role of the oil majors in the petrochemical 

industry is not yet definitely finalized. It is possible, however, to 
evaluate its foundation from the information summarized in Table 6.6 and 
its analysis. Thus, within the group constituted by the United States, 
Canada and the EEC:

6 0 '  _- the seven sisters —'represent respectively 40% of the new steam 
crackers established between the beginning of 1977 and the end 
of 1983; and 83% of the expanded capacities of LDPE during the 
same period;

- Shell and Exxon concentrate alone nearly 30% of the additional 
ethylene capacities; and $0% of those of LDPE.

These figures stress the ability of the oil majors to take full 
advantage of the situation and the difficulties encountered by the 
chemical majors in order to enhance their investments in the basic 
petrochemical industry, a contradicting situation which led one of the 
Vice-Presidents of Union Carbide to stateV-^

" One can anticipate that the rationalization process of a new 
investment in ethylene will include the re-examination of the 
dedication to the merchant market by those now supplying it.
I also believe that some will conclude that investments down
stream of ethylene are better options than continued expansion 
of ethylene capacity for their merchant customers."
There are several major factors responsible for the growing 

integration of the petrochemical industry within the activities of the 
oil majors. Three of these should be pointed out:

60/ B.P., Shell, Exxon, Gulf, Mobil, Texaco, Chevron.
61J  Loy Willeinson, "Resource issues affecting olefins business", США, 

New York, Kay 1979*
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Table 6.6 The dominant role of the oil majors in the 
process of restructuring the petrochemical industry 

(in thousand tons per year)

Ethylene capacities LDPE capacities
a/ b/ а/ b/

1. Total EEC,
United States 
and Canada

26,100 10,530 8,080 2,465

2. Total "seven 
sisters" 7,850 4,250 1,135 2,040

(2) ♦ (1) 30.0$ 40.3$ 14.0$ 82.7$
3. Total Shell 

and Exxon 4,240 2,940 695 1,470

(3) + (1) 16.2$ 27.8$ 8.6$ 59.6$
(3) 4 (2) 54.0$ 69.0$ 61.2$ 7 2.0$

a/ end of 1976
b/ growth between the end of 1977 and "the end of 1983.

i) that the joint effects of the evolution in the demand for 
refined petroleum products and of the utilization of heavier 
crudes (see chapter on feedstocks) explain the differential 
incomes from napht haf-^

ii) that the need for higher price for ethylene to finance a
profitable new steam-crackers of the chemical majors; "if you 
want to паке 15$ internal rate of return - and nobody gets fat 
on that - on a new plant today, you need either $80/ton more 
for your ethylene or to buy naphtha $ 45 per ton lower than 
contract prices"^/

iii) that the need for the chemical majors and the independents to 
benefit from the higher prices of ethylene used directly or 
indirectly for the production of LUPE, HOPE and PP and produced

62y The cost of development of catalytic crackers (PCC); it is also
appropriate to note that the oil majors benefit (differential income) 
from the spot prices of naphtha.

63J  R.w. Russel, "Light Olefins in Western Europe", ECMRA/CMRA Conference, 
Munich, Hovember 1979*
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in large quantities which, on the one hand, guarantee the full 
utilization of the steam-crackers* capacities, and on the other 
hand cover most of the fixed costs of the units.

As a result, the decisions of the oil majors contribute to the 
creation of large production surpluses, particularly in the SEC and the 
United States.

In the EEC: In 1978 it was already forecasted that there would be 
an overcapacity of production in the EEC for 1982/1984 in the order of 
36 per cent for LIFE, 46 per cent for PP and 37 per cent for PVC. How
ever, during this very same period, important investment decisions were 
taken by the oil majors, mainly in LDPE, namely:

- Exxon: buying the plant from USI and adding a new unit
in Belgium;

- BP: buying a plant from Union Carbide.
The comparison of the arguments of a seller (Union Carbide) and a 

buyer (E£xon) demonstrates the ability of the oil industry to withstand 
the crises ami at the same time to contribute to the restructuring of 
this industry.-/

In Canada and the United States: The push of the oil majors in
this production coincides with the massive utilization of the LLDPE 
production processes (plastics competing with HDPE and LDPE). In Canada, 
the capacities towards 1984/1985 will be close to 1.5 Mt/year for a 
market of the order of a maximum of 0.5 Mt/yeaA^ In the United States, 
certain experts think that LLDPE plastics—/ will capture the whole growth 
demand in LDPE, which will result ultimately in the closure of numerous 
LDPE units'J-/

64 j  Point of view of Union Carbide (Chimie Actualité, 6 April 1979)! 
”...(for the 1980*s)... we have not noticed for this period any 
recovery of the market growth for textile fibres and for polyethylene 
in Europe...and...(in Belgium)... our units should be substantially 
enlarged to become capable of ensuring a 00-leader position in the 
industry...”. Point of view of Exxon (Chimie Actualité, 15 Jane 1979)* 
”...(considers)...the acquisition of USI as a logical extension of our 
plants in Europe...(after having underlined),., our forecasts coincide 
generally with those of CEFIC...”.

65J Shell project (in association with NOVA), 250,000 tons/year.
06J Cf. the Exxon project (275*000 tons/year), Wobil (225,000 tons/year).
6l J  Cf. Chemical Age, 30 Jan. 1981, which mentions the possible closure of 

a total capacity up to one Mt/year (p. 12).
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Thus, the energy crisis and the problems connected with cash-flow/ 
profitability of invested capital in the petrochemical industry facing 
the chemical majors create new conditions for investments by the oil 
majors (Mps) which favour the diversification of their downstream invest
ments in the refineries controlled by them. "Refinery/feteam cracker/ 
final plastic products” constitute then an efficient line of differential 
profits for the oil majors.
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6.3.2 Restructuring and inter indust rial relations
A. Relations “between oil and chemical industries
As early as 1975 it became clear that OPEC*s decisions had led to 

the loss of economic balance of the chemical industry in its relations 
with the oil companies. Indeed, because of its price and its distribution 
among users, particularly in Western Europe and Japan, naphtha had become 
a new means of income for the "oil majors".

The negotiations of 1974/1975 allowed the chemical majors to re
evaluate the terms of their relations with their oil-producing partners; 
three representative opinions on this development are indicated below:

a) "Two distinct philosophies have emerged on the pricing of 
ethylene and propylene in Europe in the last quarter of this year. 
The philosophies reflect the widely differing positions of oil 
company-related olefins producers and non-captive olefins consumers. 
At the centre of the iisue is the price of naphtha. Consumers say 
that the pressure for higher prices originates from the oil 
companies* inability to market their gas-oil and believe that 
naphtha prices should relate simply to naphtha costs and should
not have to compensate refiners for losses in other areas..."
(ECU', editorial Mo. 721, January 1976).
b) "... the independent petrochemical companies will find it 
harder to obtain domestic hydrocarbon supply... When the choice 
comes down to one between fuel use and raw material use, petro
chemical producers will be in an increasingly vulnerable position... 
(Mr. B.H. Melton, W.R. Gracy Cy, CMRA Conference, Mew York,
March 1975).
c) "..... In the supply and demand equilibrium the petrochemical 
and the larger gasoline market are competitors. For temporary 
imbalances this will be reflected in prices competition but in the 
longer term, the petrochemical industry has to be aware of the 
dependency of its supply situation on oil companies and govern
ment* s decisions..." (Mr. A.H. Pecasse, DSM, idem).
The situation does not seem to have changed since then and price 

increases of naphtha in the years 1979/1980, which at times were more
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•than proportionate to those of crude oil,-' have confirmed the convictions 
of the chemical companies.

Bearing the above in mind, the following points can be considered:

i) The "chemical majors" and the "independents" have included in 
their strategic analyses a long-term price increase for energy;
ii) The part to be played by the "oil majors" with regard to the 
price of naphtha and to its availability (same for the LPG) is the 
major concern of the "chemical majors" and the "independents" who 
are concerned with their own supplies. So much so that they try 
to act against the "spot-market" price of naphthaf^

iii) Whether these actors will keep on playing this decisive role 
in petrochemicals depends partly on the solutions they find to 
diminish and/or modify their dependency on the "oil majors". Other
wise, their future is jeopardized as expressed in the declaration 
of R.W. Russel (op. cit.): "I believe that as the older capacities
close down, replacement capacity will be owned by the oil companies"

iv) Dealing directly with the hydrocarbons-exporting countries 
and/or investing directly into the petroleum industry has

68/ Early in 1979» J* Gandois, President and General Director of Rhône- 
Poulenc declared to ECN "the price rise planned by the oil companies 
for the second quarter were speculative and dangerous... With the 
second quarter crude prices rising by 15-18 per cent, naphtha 
increases should be around 8-10 per cent. But the price ideas of the 
oil majors call for rises of 80-85$ for naphtha and 100$ on 
aromatics" (ECU, ,9 April 1979)»

6g/ See the Declaration of Mr. R. Rose, Director of Petro-Chemicals at 
Rhône-Poulenc, to Chimie-Actualités (21 March 1980)î "... There is 
no clear distinction between the ones who sell "on contract" and 
those who act on the "spot-market". The contracts had been set at 
•305/t for the fourth quarter of 1979» while the spot price in 
Rotterdam (which serves as reference point to establish contract 
prices) were rising from $335/t at the beginning of October to $395/t 
in December. The chemical companies tried in vain to sound the alarm 
the contract prices were nonetheless climbing to an average $367/t 
depending on the quotation published by the "five". Once the 
contracts bad been signed, the spot prices would climb down to about 
$ 345A  and stabilize themselves at that level as though by magic." 
See the 1979 decision of ICI, DSM and Rhône-Poulenc to publish a 
medium-price of their quarterly contract in order to eliminate the 
use of spot prices as reference (Cf. ECN, 3 March 1980).
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progressively appeared to be the only alternative to modify the 
relations of the chemical majors with the "oil majors".
Table 6.7 gives some indication of the new situation.

Table 6.7 - Attempts made by some "chemical majors" 
and "independents" to obtain autonomous crude supplies

Chemical Majors 
/Independents Refinery Contracts with 

hydro-carbon 
exporting countries

Explorât ion/ 
exploitât ion 
Oil/gas

BASF X Project X
RHOME-POULEKC X
ICI X X
MONSANTO X
MITSUBISHI X
DSM X X
CdF-CHIMIE X x:
DIAMOND-SHAMROCK X
DOW X X X

B. Relations between the chemical industry and downstream
industries

The relations between the "chemical majors" and "independents" and 
the downstream industries are not at present as clear as those with the 
"oil majors". After the synthetic fibre crisis (which has not come to an 
end) and its restructuring effects on the chemicals/petrochemicals of EEC 
and, to a lesser extent, the United States, the first signs of re
structuring are appearing. Given impulse by the crisis encountered in

I

the downstream petrochemical industries other than textiles, they should 
increase the already deeply devastating effects of the synthetic fibres 
industry.

Apparently, each major petrochemical producer sees a two-fold 
conflict facing its pricing and marketing situations:

- at the level of the petrochemicals producers themselves, mainly 
those of EEC facing the rest of the world, they have initiated 
anti-dumping complaints against imports from the United States,
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CMEA, and from developing countries to limit the entry of low- 
priced products. Some of these products are often needed by 
EEC petrochemicals’ convertors to ■'mprove their competitive 
position, (e.g. ECN of 30 April 1979 also writes concerning 
synthetic rubber "The existence of considerable tonnages of 
SBR imports has, according to major European producers enabled 
a couple of manufacturers to regain some lost market share, 
albeit at "intolerable" price levels".)

- at the level of petrochemical producers and their end products
users, the EEC is showing some typical cases of conflict:
conflict on the price of butadiene between the International70/Synthetic Rubber Company (ISR) and its English suppliers--; and 
conflict on the price of polypropylene in spite of an obvious 
over-capacity.

Beyond "prices" and "share of the market", another subject of 
conflict and therefore of restructuring is taking shape, namely: the . 
profitability of downstream industries is subjected to the contra
dictory effects of the increasing prices of petrochemical feedstocks 
and of international competition. Consequently, petrochemical producers 
in the market economy countries are confronted in the downstream 
industries with:

- the total transfer of payment of the revenues due to the oil 
majors (for feedstock supply);

- and being squeezed permanently to the extent that these industries 
will have no alternative except their redeployment to developing 
countries with less expensive factor inputs in order to improve 
their competitive position vis-a-vis other petrochemical 
producers in export markets.

Conflict commented upon by ECN (28 January 1980): "It is also
realistic to expect olefins producers to load as much value as 
possible onto products in which they have limited integration, in 
order to soften the blow to their ethylene and propylene consuming 
businesses". The new increase, requested by EXXON at the end of 
1980 (+ 12 per cent), following the hard negotiations at the 
beginning of 1980, seems to force ISR to think over its own future 
regarding its squeeze by its principal suppliers and by the weak
ness of the demand on SBR (utilized capacity 30-35 per cent) cf.
ECN (8 December 198O).
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The whole of these internal mutations - and their end result, the 
restructuring of market economy petrochemicals industry — do not imply 
one single issue for the actors involved, for the economies and 
populations concerned by it, nor for the interventions of governments.

Put back into the context of the coming years and put into motion 
by the needs of the developing countries, this restructuring process 
can find in international co-operation modalities and contents which 
are compatible with both the respect and the broadening/expansion of 
mutual interests of developed and developing countries.

6.4 Petrochemical producers of the developing countries* their policies
and significance in international petrochemical relationship
The identity of the petrochemicals producers of the developing 

countries is less complex than that of the operators of the EEC and 
the USA. The limited capacity of the private industrial capital to 
undertake large financial investments (more than 5-600 millions US$) 
in the highly capital intensive industry has led to a division of 
"responsibilities" along the following lines:

- the production of basic products is almost the exclusive 
responsibility of public companies, except perhaps the future 
complex of San Lorenzo (Argentina) which consists of private 
capital;

- other (downstream) products are divided between public and 
private sectors, the latter mainly acting in the newly 
industrialized countries.

This division of producers has sometimes been consolidated by 
legal action which tries to determine the field of interference of 
national and private foreign capital (cf. Algeria, Brazil, India,
Mexico, ...). It should, however, be underlined that :

. the definition of the sector destined to public funds varies 
from one country to another. For instance, LDPE has been 
designated to State companies in Mexico while it is not so 
in Brazil;

. that the few private companies interfering downstream have, 
among others, the task to acquire foreign technology on an
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ad-hoc basis in collaboration with the multinationals.
Consequently, the policy of each country should be considered 

as the frame of reference to know and understand the action of petro
chemical operators of the developing countries. However, 
notwithstanding the diversity of the situations, the policies followed 
are relatively homogeneous within three groups of countries, namely: 
"newly industrialized countries"; "countries exporting hydrocarbons 
with small population" and the other developing countries.

6.4.1 Position of the newly industrialized countries (NICS)-^

These countries have acquired the capacity to adjust the develop
ment of their internal demand to the benefit of their own 
industrialization. Likewise it is not surprising that their policy 
with regards to petrochemicals is comparable to that taken in numerous 
other sectors, mainly:

- to substitute their imports with national production and to 
instigate the development of their markets to suit the pattern 
of national production;

- to integrate basic products with downstream products, petro
chemicals with capital goods, petrochemicals with engineering;

- to improve their basic technological capabilities by 
strengthening national integration, and reducing their 
dependency;

- to find new forms of financing to reduce the growth of their 
international debt and the charges occuring thereof.

The main common fields of interest in international negotiation 
for these countries are therefore:

a) to secure ways and means to develop their technological 
capabilities;

b) to secure good conditions for international credit;
c) to secure foreign funds and mutual guarantees in case of

71/ Under the term "Newly Industrialized Countries" the study includes
countries such as Argentina, Brazil, India, Mexico, Republic of
Korea, Turkey, Venezuela, Yugoslavia, Other Asia.
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jo int-ventures.
Some of these groups of countries are faced with other problems:
d) those deprived (or almost deprived) of hydrocarbons, want

guarantees for their supplies and wish to develop direct 
relations with the OPEC countries: Brazilf India, Republic
of Korea, Turkey and Yugoslavia;

e) those close to large consumers' zone do not wish to be limited 
in their exports a priori in order to make their units 
profitable.

The fields (a) and (d) mentioned above are the most peculiar to 
the petrochemicals industry and should be examined closely as follows:

A. Development of technological capabilities
The importance of this subject would be put in a better 

perspective when comparing the interests of the Newly Industrialized 
Countries with those of the industrialized countries:

a) The interests of the NICs
On the one hand it is a matter of lowering the cost of 

technology to be paid to foreign companieJ^ and, on the other hand, 
of limiting the restrictive practices in technology transfer, all in a 
perspective supporting the relative technological independence of these 
countries and improving their capability for the choice and evaluation 
of technology.

With such an objective, at international negotiations the NIC's 
would aim at:

75/ P. Marzilla (Ss-Dr of Instituto Mexicano del Petroleo) evaluated
at 9 per cent of Mexican petrochemical investments between 1976 and 
19811 the payments for technology acquired from foreign companies 
being $ 276 million). cf. "Development and outlook of the petro
chemical industry in Mexico", UNIDO, Doc. ID/WG.268/3, 2 February 
1978.
Payment of'royalties" for petrochemical technologies raised to $ 76 
million for the Republic of Korea between 1973 and 1978, being
32.7 per cent of the whole of royalties paid in those years by the 
Republic of Korea, cf. Young-Hun Kim: "The comparative studies of 
national experience in technologies policies: the case of the 
Republic of Korea" - UNIDO, Doc. ID/WG.325/1, 19 August 1980.
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(i) products realization to enhance their grasp to master
(more or less) the assembly of production units and their 
efficient operation;

(ii) sophisticated products ("specialities1') to approach the 
highest limits designated by the technology (process and 
units operation) while at the same time lowering costs 
and constraints imposed by the "controlling" firms;

(iii) manufacturing of petrochemical equipment to increase their 
capacities for the design and manufacturing of petro
chemical equipment, according to international standards.

b) The interest of industrialized countries
Because of the lack of active State interventions in market 

economy industrialized countries in the field of technology transfer 
concerning petrochemicals, the interest of these countries tempt to 
merge with those of oil and chemical majors in spite of the efforts of 
public petrochemical companies to offer other procedures for technology 
transfer^.

At the present time (see chapter on technology) the majors are 
concentrating on improving the qualities of marketed products in order 
toprotect their markets (experience drawn from the previous competition 
on fibres), and towards the improvement of their manufacturing 
processes through researcl?^ in order to acquire monopolistic (or near 
monopolistic) revenues. If this policy of thé majors does not facili
tate the efforts of the NICs, several factors lead, one to think that

ly  cf. Technip (and ET I) /PBPROBRAS agreement for ethylene and SIR/ 
PETROBRAS for ethylbenzene and more recently the agreement ANIC 
(afiliated to ENI). The People*s Republic of China regarding joint- 
research in the sectors of petrochemicals and synthesis polymeres.

74/ This research on monopoly revenues through new petrochemical
technologies during the next years has been clearly referred to by 
Anthony Lowe (Shell Int*l Chemicals) quoted by Ann Taylor in Over
seas Competition Dilema for European Chemicals, Chemical Age, 9 
November 1979s "Success in discovering something in the high techno
logy area could not always be translated into high profits. The 
key to successful exploitation of high technology probably lay in 
the ability to secure a degree of monopoly via patent"
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the majors can only delay or restrain a historical movement started for 
certain countries just after the Second World War as examplified by the 
constitution of PEMEX or PETROERAS, and progressing with an acceleration 
since 1965. These factors are of two different natures:
Factor 1: The process of restructuring of the petrochemical industry
is historical in nature: the agreements between majors for certain
products and for marketing, linked with licencing monopolies are 
precarious; and the large chemical companies in the market economy 
countriel*^/ seem to lose their efficiency due to the extreme competi
tion among companies as dictated by the restructuring process.
Factor 2: The crisis imposes on the authorities of the industrialized
countries the export of their capital goods in order to activate their 
engineering industries. The transfer of technology agreements 
facilitate these industrial agreements. If the major transnational 
companies are somewhat autonomous in their decisions, public Western 
European petrochemical companies can be efficient operators for techno
logy transfers to the mutual interests of all the countries concerned.

B. To guarantee their hydrocarbons supplies
This global problem assumes particular importance when it 

interferes with the development of the petrochemical industry in the 
NICs:

- If they produce their naphtha,the conditions of the supply of 
crude oil affects the operational security of their installations 
(i.e. Republic of Korea) and their profitability;

- If they import their naphtha,they become completely dependent 
on the decisions of the oil majors

Consequently, the NICs seek:
- agreements on crude delivery with the OPEC countries and Mexico;

75/ cf. chapter III, "Comportements des grandes entreprises de 1*industrie 
chimique" of the report published byUNCTAD: "La structure et le 
comportement des entreprises de 1* industrie chimique: incidences 
sur le commerce et le développement des ces pays en développement" 
UNCTAD/ST/MD/2 3, 1 August I979.
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- agreements on crude refining with the same countries (as the 
example of Kuwait and the Republic of Korea);

- to develop their own hydrocarbon production, which concurs 
with the World Bank Fund for the development of energy in the 
developing countries;

- and finally, mainly in the case of Brazil and India, to develop 
alternative resources such as alcohol/methanol in Brazil and 
coal in India (as in the ammonia project).

6,4.2 The policy of hydrocarbons exporting countries with small 
population

Contrary to the countries mentioned above, certain Gulf States 
and Lybian Arab Jamahiriya have small internal demand, and the means 
to finance their own projects but do not have the industrial and techno
logical basis to acquire, within a few years, a technological capacity 
to reduce appreciably this form of dependence. Consequently, 
considering their political will to valorize to the utmost their hydro
carbons these countries request: access to international marketing
networks; cancellation of quotas restricting their exports to the 
markets of the market economy countries; and access to technical 
mastery (process and unit operation) of their installations.

Moreover, on the strength of their first industrial experiences, 
these countries refuse to pay an over-price to engineering companies 
and civil engineering firms by relying on international tenders to 
increase competition and ask for firm guarantees to operate their 
production units at maximum capacity.

This policy overs four production items-^:
- the refining of crude oil
- production of methanol
- production of ammonia
- production of ethylene and its first derivates (LBPE, styrene, 

ethylene glycol, ethylene-dichloride)
lj>'/ If Mexico has "petrochemical projects" as ambitious as those of the

Gulf countries, they are not "export oriented" except for a part of
its ammonia production.
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If numerous units are under construction in these countries and 
if some of them are already producing, the main question posed to the 
developed countries, namely, the opening of their markets, has not yet 
received a clear answer, free access to their markets is not yet an 
acquired fact and remains the object of global negotiations. However, 
the current restructuring taking place in the industrialized countries 
drives the more aggressive firms to show an immediate interest in the 
projects of certain Gulf States and Lybian Arab Jamahiriya either 
through joint-venture agreements as in Qatar and Saudi-Arabia, or 
through long-term contracts as in Lybian Arab Jamahiriya.

Thus, generalizing the scope of the agreements between these firms 
and the countries mentioned, it could be considered that the questions 
related to the exports to the developed countries will be treated 
simultaneously by the State, in the developing countries and by 
companies having an immediate interest in accelerating the restructu
ring process in the field of petrochemicals.

Table 6.8 demonstrates that four out of five companies (SABIC»s 
partners in the Saudi projects) are leaders in the world petrochemicals 
which, besides, have witnessed their largest expansions since 1976; 
the"crisisH has enabled them, therefore, to re-assert their role and in 
this capacity, their driving role in the restructuring process.

This convergence of interests is happening only with the"majors” 
who needed a clear-cut condition to associate themselves in joint- 
venture projects in the Gulf area. These conditions could, however, 
be revised when the second phase of petrochemical development in this 
area is reached.

a) The interest of the majors in ethylene or methanol projects 
is implemented through massive use of flared gas and not the 
use of naphtha produced by large refineries in the region. 
Naphtha would be undervalued (as compared with the internatio
nal market price for crude) when used to provide a ’’relative 
advantage” in favour of petrochemical products, a situation, 
which finds little tolerance by the OPEC members.

This establishes a future link between the ’’expansion of



Table 6.8' World position o f  M„a and M^b partners in Saudi Arabia Joint venture projects

PRODUCTS ■Stbylene WPS Methanol
MAJORS
SHELL .1983» 4.6 Mt/y (3 Mt/y in 1976) 

world first producer. Long term 
projects in Scotland and Alaska

1983: 0.7 Mt/y(0,5 Mt/y,‘in 1976. Long 
term project in Alaska —

EXXON 1983, 3.2 Mt/y (1.6 Mt/y in 1976) 
world third producer. Long term 
projects in Scotian, Alaska and 
Indonesia

1983! 1.05 mt/y (0.2 Mt/y in 
1976) third world producer. 
Long-term projects Scotland, 
.Alaska, Indonesia

—

MOBIL Little development 500,000 t/y 
(from which 410.000 in the USA) 
in 1976 and 1983

1983s O .36 mt/y (0 in 1976) 
long term projects in Canada -

BOW 1983» 3.6 Mt/y (2.6 Mt/y in 1976) 
Second world producer». Long term 
projects: Scotland., Alaska and 
Australia.

1983* i,25 Mt/y (0,73 Mt/y in 1976). 
First world producer long term projeots* 
Scotland, Alaska.

-

CELANESE 1983: 2.5 mt/y (l.l !it/y
in 1975) first vorld 
producer. Longterm 
projects: methtacl extractior 
from coal in the USA

322
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refining" and "petrochemical expansion" in these countries
b) The interest of the majors leads to the lessening of their 

financial commitments and to search for means to acquire part 
of the necessary capital accumulation needed for the implement
ation of their restructurât ing policy, to be taken care of by 
"external sources". It is not certain that the advantages 
granted by Saudi Arabia, in order to acquire a rapid mastery 
of technology (including construction) and in particular of 
international petrochemical trade, will be renewed in the
««.jy

The long-term position of the petrochemical industries of these 
countries in the process of global restructuring cannot be considered 
as being final. Three factors will determine the future:

i) the possible consequences of the development of State to State—1 
agreements (or regional economic organizations like EEC) on the 
delivery of crude and refined petroleum products, principally 
concerning the EEC countries and Japan;

ii) the progressively declining role of the oil majors as commercial 
and financial intermediaries between the Gulf States and the 
industrialized hydrocarbon importing countries;

iii) the development of exchanges and co-operation between the Gulf 
States and Lÿbia and other developing countries, particularly 
under the impulse of the energy problems.

6.4.3. The other developing countries
The main objective of a group of developing countries is to create 

the first elements of a petrochemical industry. The most advanced in 
this policy are:

- Some OPEC countries, such as Algeria, Indonesia, Iran, Iraq, 
Nigeria, which have larger population;

77/ It must be noted that the steam-cracker of Ras-Lanuf in the Lybian 
Arab J. will be supplied by the Ras-Lanuf refinery.

?£/ The announcement made not to link any longer a privileged access to 
crude oil with the amount of investment in Saudi Arabia

7j/ Between 1973-1979, "the State to State world crude supply moved from 
%  to 16.5$ of the total world crude supply. Cf PIN, 25.2.1980.
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- Some countries of South East Asia: Philippines, Singapore, 
Thailand;

- Finally, a few other countries: Chile, Colombia, Ecuador,
Egypt, Pakistan.

All the problems pointed out earlier affect also these countries 
but with greater intensity: they have not reached the technical-industrial 
level of the NICs; they have no adequate surplus of petroleum revenues as 
enjoyed by certain Gulf States and the Lybian A.J. Only their hydro
carbons and their place in the context of international relations 
constitute implicit means of negotiations to facilitate the financing of 
projects in their territories and the external marketing of their 
production (if need be).

Until the present phase or development of their projects is achieved, 
which will last in certain countries until 1985-1987» "the future of their 
petrochemical role could not be clearly defined at present.

A b a matter of fact, their eventual new decisions to further develop 
this industry will be dependent on:

a) the future of the export-oriented petrochemical industry in the 
OPEC countries;

b) the co-operation in the fields of energy and industry between 
the ?ame countries and other developing countries;

c) their external debts;
d) the existence, until then, of appropriate technologies conforming 

with their socio-economic conditions of development.
Moreover, the future of internal demand on petrochemical products 

in these countries, with a strong percentage of rural population and 
sometimes a low development level depends on the internationalization of 
their economies: only those having urban consumption models borrowed
from industrialized countries, promotion of export-oriented industries 
and ambitious overall development programmes, relying on petrochemical 
products, are in a position to give an impulse to a significant rise in 
demand during the next ten years.

Taking into account the above-mentioned elements, the future of 
the petrochemical industry in the majority of the developing countries 
from now until 1990 seems to be insufficiently clear. A fundamental
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question arises: Could co-operation among developing countries in the
petrochemical field substitute its own patterns for those of the present 
international division of labour (renewed by the current restructuring)? 
In the coming part of this chapter, attempts axe made to present a frame
work which could present a solution to this fundamental question.

6.5. Conclusion

In concluding the presentation cf the dynamics of the presently 
operating factors inasmuch as they affect international petrochemical 
relations and condition the field of every international co-operation, 
the analysed situations make difficult any firm statement for the future: 
however, there is room for alternative decisions.

On the one side, there cannot be any approach which considers the 
market economy industrialized countries and the developing countries as 
two homogenous groups: the oil majors and the state-owned companies of
Western Europe are different realities in the restructuring process of 
the petrochemical industry and carry, therefore, different potentialities 
for international co-operation. Likewise, the objects of negotiations 
with the industrialized countries do not have the same priorities in the 
developing countries.

On the other hand, the place of the various partners in the 1990 
image of the world petrochemical industry cannot be described today.
Many structural questions remain unanswered because they imply choices 
and the means to make these choices, mainly by the major chemical 
companies, the State in developed countries (EEC, Japan), and the OPEC 
countries.

Faced with the eoonomic recession and the energy crisis, the role 
of international co-operation, as an "extraordinary" medium of inter
national relationship could present an important remedy. Furthermore, 
the period of observation of the partners (from the end of 1976 to the 
end of 1983) is a period of restructuring which will not end in 1984*
It should be agreed, however, that the parties, at the present time, 
would be prepared to initiate negotiations under conditions very 
different from those which prevailed in 1974-76.

On the basis of ethylene production (Table 6.9), one may attempt 
to synthetize the characteristics of the restructuring process going on
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since 1976-77 and to recognize the dynamics pointed out previously.
The reinforcement of the position of some industries, the 

substantial recess of some others, the constitution of powerful national 
petrochemical industries and the definite engagement of the OPEC countries 
are indeed major facts which did not exist in 1975-76.

Partners in search for their place in a more and more interdependent 
world, in search for new inter-industrial connections, fixing long-term 
prices and profits are only some of the new realities in the petrochemical 
industry, indicating that new approaches are needed to be considered by 
all potential partners in international relations to safeguard the 
interests of each and every one but also to adapt them to the new inter
national economic situation and to the evolution and the implications of 
the energy problems.

International co-operation appears then as a choice which, in the 
long run, minimizes the economic and social costs of this adjustment and 
maximizes mutual interests.

Table 6.9 Ethylene; Synthesis of the evolution of capacities 
controlled by each operator between the end of 1976 and 1983/84 

(in thousands of tons per year)

Situation Growth Shares
at the end between in percent
of 1976 1977-198З/84 1976 1983/8/

Total USA + Canada 26.000 + 10,530 (63.3$) no C 82.2+ EEC 2ai2
Oil majors 10,600 + 5,870 (35.3/0 38.1 37.1
Chemical majors 9,420 + 2,640 (I5 .9/O 33.9 2 7.I
Indep.(US + Canada) 2,460 + 620 ( 3.7/0 8.9 6.9
Indep. (EEC) 3,520 + 1,400 (8.4$) 12.7 11.1

Developing Countries 1.790 + 6.100 (36.7$) 6.5 17.8(total)
EICs 1,680 + 4,200 (25.3$) 6.1 13.2
OPEC (small, popul.) - + 1,100 ( 6.6/0 ar- 2.6
Others 110 + 800 (4.8$) 0.4 2.0

World Total 27,790 + 16,630 (100$) 100.0 100.0
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6.6. Towards closer international co-operation in the petrochemical 
industry

6.6.1. The limited role of international co-operation in the past
The need to utilize specific ways and means of international co

operation is relatively recent in the international relations of the 
petrochemical industry. As a matter of fact, the search for solutions to 
soften the economic crisis of the industrialized countries during the 
1970s has led to the development of two distinct major international 
negotiations concerning the petrochemical industry:

1) the compensation agreements with the CMEA countries, started 
in 1972 and based on the mobilization of international credit to 
finance the delivery of complete petrochemical plants to the USSR 
and Eastern European countries and to be repaid in kind either 
with products of the same plants or otherwise,
2) the international multi-fibre agreement between developed and 
developing countries enabling the developed countries to adapt their 
textile industry, through an agreement limiting the export growth 
of the developing countries.

Though moderate, the impact of both types of agreements on international 
co-operation in the petrochemical industry should be underlined:

a) they are innovations though imperfect, which can be evaluatec^ 
as a contribution to international co-operation in the petro
chemical industry because they have been put in practice;

b) they demonstrate by their relative successes and failures, that 
only an approach in terms of respect of mutual interests can 
open new prospects permitting an economic dialogue.

c) they have renewed the ways and means .to deal with commercial 
matters.

The development of the petrochemical industry in the developing 
countries has not profited from these agreements or from any other form 
of international co-operation until the last few years.

The essential contribution of the industrialized countries to the 
developing countries prior to that was limited to:

80j  See contribution of the EEC (UN Geneva) "Counter-trade practices in the 
chemical industry; the experience of selected Western chemicals/ 
producers and plant contractors in East-West trade”, document Trade 
R. 410, 30.9.1980.



-  328 -

- direct investments in a few countries and, recently, to certain 
joint-venture agreements (seldom requiring interventions by the 
Governments of the developed countries);

- transfer of technology according to traditional procedures; the 
protection of the licencer*s interests being most frequently the 
main if not the only object of the discussions;

- ’’normal” credits for the export of capital granted in the frame
work of more or less active export promotion policies and 
allocated on a case-by-case basis.

The relative impact of these contributions could be illustrated by 
the information available on this subject in 1978 (Table 6.10) on the 
existing capacity to that date and on the projects being discussed and 
those under construction at that date (entering into function at the 
latest in 1984).

In 1978, only 5 of the newly industrialized countries were active 
in the three types of production lines (ethylene, intermediates/monomers 
for synthetic fibres and plaBtics). At that date, these countries were 
not beneficiaries of specific measures but only of some direct invest
ments as Rhone-Foulenc in Brazil.

Between 1979 and 1984» some projects will benefit from new forms 
of micro-economic co-operation and only some operations will be based 
on co-operation policies (macro-economic co-operation) as discussed 
hereunder.

i) Macro-economic co-operation
Projects in Singapore, Iran, Qatar and a transfer of technology 

projects for COPESUL (Brasil)^ are being constructed under the umbrella 
of macro-economic agreements involving governments of developing and 
developed countries.
ii) Micro-economic co-operation

This includes agreements between state or private enterprises in 
developing countries with petrochemical enterprises from developed 
countries and encompassing the financing/construction/marketing/managing,

8y India is interested in an enlarged petrochemical co-operation.
Ecuador wants to benefit from its integrated project through a buy-back
agreement; the projects will not be operational before 1985.



Table 6.10 Limits of development of the petrochemical industry 
in the developing countries from now to 1984

By type of production 
lines

Countries with 
petrochemical structure 

in 1978

New countries with available 
petrochemical structures 
between 1979 and 1984

Ethylene
Intermediaries/monomers 
for synthetic fibres

Plastics

7 countries (7 NICs)

7 countries (6 NIGs + Indonesia)

8 countries (8 NICs)

10 countries 

5 countries 

9 countries

Synthesis

Number of countries intervening Number of completely new
in all the above 3 production countries intervening in
lines: the above 3 production lines:
5 countries^/ 3 countries-^ 

Countries producing an
additional product from now
to Ï984 ;

2 countries^

a/. Brazil, India, Republic of Korea, Mexico, Other Asia, 
b/ Lybia, Saudi Arabia, Singapore, 
c/ Turkey, Yugoslavia.
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etc. of the projects involved without affecting the overall economic or 
trade relation between the two countries. Such micro-economic co-opera
tion involves projects in Saudi-Arabia, certain projects in Mexico (for 
instance intervention of STAMICARBON, a branch of DSM, in a caprolactum 
unit), projects in Indonesia, Portugal and Yugoslavia (for instance DOW 
and INA at Kirk).

Thus, since approximately fifteen years, the traditional instruments 
of micro-economic co-operation have found little use in the petrochemical 
industry. Macro-economic co-operation is too recent to be appraised and 
its application is still scarce. It should be noted that the developed 
countries have not granted a priority interest to macro-economic co
operation as a solution to the petrochemical crisis. Instead, they have 
preferred to rely on protectionist measures and internal restructuring 
operations (comprising petrochemical investments in the United States).

Moreover, micro-economic co-operation as well as the classical 
instruments available to firms and to developing countries have not 
permitted until 1978 a great expansion of the petrochemical industry in 
those countries and even in the newly industrialized countries.

The limitations of multilateral co-operation are also evident up to 
this moment. The only experiment along this line - the European-Arab 
dialogue - has encountered in 1977 many difficulties in bringing together 
the points of view concerning the refining of crude and the petrochemical 
industry. Thus two types of conclusions seem to assert themselves:

a) If the traditional forms of co-operation have not been 
efficient in the past years, how can they be better suited to 
respond to the evolution of an international petrochemical 
context during the coming decade? The analysis of present and 
future constraints, which is expected to reinforce inter
dependencies, should answer this question.

b) If international co-operation (micro and macro-economic) has 
played a very limited role, it might be worth considering that 
since 1973 the theoreticians and practicians on petrochemical 
development issued various doctrines responsible at present 
for the contradictory approach to this kind of co-operation by

82/ Cf. R. Stobugh: "Prospects of the petrochemical industry in the 
“ developing countries", Seminar on the utilization of petroleum 

resources in the Arab Countries, Tripoli, 20-23 April 1974* I. El- 
Zaim, *A reappraisal of the joint ventures and technology as a mean 
to petrochemical promotion". OPEC review,Vol.II, Hr.2,Vienna,
April 1978.
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the interested parties--' . This certainly constitutes an 
essential contribution of the years 1973—19Q1•

6.7 Evaluation of future constraints reinforcing international inter
dependencies in the petrochemical industry
A set of constraints limiting the freedom of partners to approach 

each other exists and will continue to exist during the next decade.
This is expected to lead to an increased interdependence of decisions 
making in the petrochemical industry. Consequently, a co-operative 
approach at different levels (global, regional, sub-sectoral) 
constitutes an alternative in the international relations in the petro
chemical industry.

These "constraints/interdependencies" are the direct products of 
the various policies adopted by the developing countries to manage 
their hydrocarbons and to establish their petrochemical industry, and 
of the various strategies of the operators in the industrialized 
countries to adapt themselves to the present economic recession and to 
the energy problems.

6.7.1 The constraints/interdependencies originating from the 
policies of the developing countries

The policies of the developing countries affect the whole of the 
world* s petrochemical industry, including the future of this industry 
in their own countries, mainly in three fields:

- the management (production, prices) of their hydrocarbons;
- the expansion of their crude refining capacities;
- the massive development of plastics production.

A. The effects of their hydrocarbon management
The legitimate policy of the OPEC countries to avoid the accelerated 

depletion of their oil reserves through too high production levels, and 
consequently to raise the price of crude oil in order to encourage the 
utilization of complementary sources of energy will affect mainly the

83j  OPEC, Seminar on "Downstream Operations" in OPEC member count ries- 
Prospects and Problems, Vienna, October 9.11» 1978.



-  332 -

supply conditions of steam-crackers:
(a) unfavourable allotment to the pet to chemical industry might 

happen when distribution of the various refined products 
among the various end users occurs. This will be the case 
if the forecasts of the OPEC experts is realized. These 
forecasts predict an appreciable decrease in the amount of 
crude exported by OPEC member countries in 1990 as compared 
with the 1979 level: 17 to 23 Mb/d against 28.3 Mb/cH^;

(b) the export of heavier crudes requiring more capital intensive 
processes which will lead to a substantial increase in naphta 
pries;

(c) a limitation on "flared-gas" utilized in the export-oriented 
petrochemical industry in favour of local consumption and 
reinjection in the oil wells;

(d) finally, a price level for crude oil, increasing in real terms 
by 3-4*5 per cent per year from now to 1990, but certainly by 
at least 10 per cent per year in current value, would reduce 
the possibility of long-term profits of numerous petrochemical 
industries.

B. The expansion of refining capacities in the hydrocarbon-producing
countries
In the quest for a greater supply security (quantity and price), 

the large importers in the developed countries are bound to be 
confronted with a counter-proposal from the oil exporters: to lift the 
commercial barriers and to permit them to deliver increased quantities 
of refined products and basic petrochemical to their markets, partly 
substituting the export of crude oil.

Since 1978, when the main industrialized countries had minimised 
the importance of this question (European-Arab dialogue) the exporting 
countries have developed their refining capacities:

v. the art. of Adnan A. Al-Janabi and Dr. F. Fesharaki in the OPEC 
Review, Vol. IV, 2, Sumner I98O.
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1977 - 1983 : + 100 MT/y
1984 - 1987 : +140 MT/y (only on the basis of the advertised

pro ject s.)
This means a minimum total in the order of 610 MT/y by 198T^f 
permitting an export of at least 180 MP/y of refined products after 
domestic consumption is taken into consideration (7.4 Mb/d around 1987).

Negotiations in this field are expected to affect the whole 
petrochemical industry in the market economy developed countries:

- It would modify the role of the "oil majors" in the supply
80/of steam-crackers-' , curtailing in particular, the Rotterdam 

spot market;
- It would create dynamics in favour of a "global approach" 

integrat ing:
i) energy and petrochemical industry; 
ii) production and marketing;
iii) developed countries and hydrocarbon exporting countries.
- It would further raise a fundamental question: the location of 

new steam-crackers, not in function of comparative advantages,
but in function of economic policies and therefore mutual interests 
of North /South partners.

C. The development of their plastics production capacities
The development of intermediate petrochemical products implies an 

important diversification of industrial structures. Thus, it is 
expected by 1986/87 that twenty nine developing countries are expected 
to manufacture plastics, the most common polymer at the time will be 
PE: at least 24 countries will implement projects during the period 
1980-1986/87, with a minimum total capacity of 2.6 MT/y, as follows:
(see Table 1.4)

85/ Figures established by: W.G. Mathews "Analysis of world petroleum 
refining" prepared for UN Centre on Transnational Co-operation, 
November 198O; Oil and Gas, October 1980 and OPEC "Workshop on 
refining operations in OPEC member countries", Djakarta, February 
1980.

86/ it should be pointed out that these majors are concentrating on 
their control over LPG port receiving installations in the EEC.
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Latin America
Mediterranean countries
Gulf countries
South East Asia and India 
and Pakistan

+ 550,000 t/y 
+ 220,000 t/y

+ 1.650,000 t/y

+ 815,000 t/y

The entrance of these new producers will increase the de- 
stabilization factors in this key production line affecting the 
profitability of steam-crackers; they will therefore contribute 
indirectly to re-direct the restructuring process to the benefit 
of the oil majors, and secondarily, some chemical majors as analysed 
in 6.3.1.

The simple export of 350,000 t/y of LIFE for instance, to the 
EEC countries (the nine) which is only 10 per cent of the additional 
capacities expected in the developing countries will speed up the de- 
stabilisation process. In addition to this, the EEC should also 
account for 600,000 t/y of more LDPE in Spain in 1<?84 and 280,000 t/y 
of LBPE in Sweden at the same time (owned by tINIFOS, joint venture 
between KEMA-HOBEL and Union Carbide).

Only an approach in*international industrial co-operation which 
takes into account the interests of each party can provide an answer 
to this situation as an alternative to de-stabilisation. Such an 
approach has to be identified and agreed upon through the process of 
international negotiations.

6.7.2 The constraints/interdependencies resulting from the internal 
conditions for restructuring the petrochemical industry in 
the market economy developed oountrieB

The factors mentioned previously indicate the main reasons for 
the adoption of a new approach in the world petrochemical industry, 
in order to establish a stable profile which could function best on 
the basis of international co-operations.

In a parallel direction, other constraints generated from ways and 
means available to the market economy countries; petrochemical industry 
to withstand the process of restructuring, will increase the interdepen
dencies with the policies of developing countries, in particular the
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replacement of old steam-crackers within the EEC and USA; and the export 
of Western petrochemical engineering components.
A. The replacement of old steam-crackers

This problem will become acute throughout the market economy 
developed countries as of 1982 until 1987/90. It will be particularly 
worrisome for the industrialized vountries with no indigenous hydro
carbons production as the EEC and Japan. As a matter of fact its 
amplitude and the financing of the new projects expose these petro
chemical industries directly to counter-proposals from hydrocarbon 
exporting countries. Regarding its amplitude:

a) In the EEC and Western Europe
According to R.W. Russeltin 1985:
- 33$ of the capacities existing in 1979 will be more than 15 

years old;
- 30$ between 10-15 years (see figure 6.A)

b) In Japan
According to Mitsui experts^:

35$ of the Japanese steam-crackers capacities operating in 
1979 will be 17 years old in 1985 (see figure 6.B)

All petrochemicals companies are concerned with the problem of 
financing new projects. However, the chemicals majors and petrochemical 
companies with public capital risk to be most affected in their decisions 
due to their foreseeable financing

As a matter of fact, considering inflation in the OECD countries 
and the increasing complexity of equipments, the investment costs in 
the ethylene production lines (steam-cracker plus ethylene derivatives) 
is expected to increase as follows:

8J/ M. Ischikawa and H. Koike (Mitsui and Co. "Japan's Petrochemical 
Industry". Chemical Engineering Progress, December 1980, Voi.76 
Kb. 12.

OECD, "L' industrie pétrochimique. Perspectives de la production 
et des investissements jusqu'en 1985"» Paris, 1979«
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Durable

ETHYLENE PRODUCTING CO.S
SUMITOMO CHEMICAL

NIPPON PETROCHEMICAL 

IIKISHIMA PETROCHEMICAL 

MITSUI PETROCHEMICAL

MITSUBISHI PETROCHEMICAL

MITSUBISHI CHEMICAL 

DEMITSU PETROCHEMICAL 

SHIN-OAIKYOWA PETROCHEMICAL 

TONEN SEKIYUKAGAKU

SHOWA DENKO

OSAKA PETROCHEMEMICAL 
MARUZEN PETROCHEMICAL

SANYO ETHYLENE

FACTORY

(UNIT: TON)

KASHIMA
MfZUSHIMA

Source: M. Ishikawa and H. Koike

TOKUYAMA

YOKKAICHI

KAWASAKI

SENBOKU
CHIBA

MIZUSHIMA

» "Japan* s Petrochemical Industry"
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1976 $ 1000/ron
1985 $ 2250/ron
1990 $ 3000/ron

This will require important reserves over and above the 
authorized amortization; at least $ 1 ,250/ton over the 
existing in 1980-/.

fiscally
capacity

However, the fight for the price of naphta As well as for that of 
the finished products (including the products imported from the CMEA 
countries, the USA and the developing countries) will restrict the cash 
flow resulting from the petrochemical industry producing final products 
and will force the chemicals majors and the national petroleum /coal 
companies operating in petrochemicals to an "essential" choice, "to be 
or not to be", namely:

a) Choice between investments in building blocks in the petro
chemical industry (also possibly upstream, as refining, ex
plorât ion/explo it at ion of hydrocarbons) and in investments in 
new zones of monopoly competition as biotechnology (including 
pharmaceuticals), agro-chemicals (including seed), high 
performance chemicals for the chemicals majoré-^.

b) Problems of financing the modernization of the older petro
chemical plants with public capital due to the decline of 
their cash-flow.

The parallel actions of the developing countries to increase their 
role in the world petrochemical industry give rise to the question 
concerning the new interdependencies which will be generated through 
the arbitrations of firms and governments on the occasion of new 
investment decisions.

The local social contexts will certainly have some weight when new 
projects in old petrochemical sites are evaluated in 1985» Medium and 
long-term mutual interests will certainly be the reason for a re-evaluation

The fiscally authorized depreciation being limited to the 
acquisition value (i.e. $ 1000/Ton for a unit constructed in 1975)» 
the balance is to be met by means of additional cash-flow.

90' Reference is made to the decisions of the EEC, Union Carbide (1978), 
Rhône-Poulenc (1980), Montedison (1981).



of these sites and lead to their case-by-case evolution into a 
general interdependent context.
B. Interdependency and the export of petrochemical engineering 

components
The interest of each of the operators responding to tenders 

announcements issued by the developing countries is to maintain a high 
export level. Several factors amplify the functions of these exports 
and contribute to stress restructuring among petrochemical companies 
in the market economy countries.

a) Considering the severe international competition at the stage 
of the tender announcement, the developing countries are in
a position to diminish the traditional barriers when entering 
the petrochemical in d u s t ry ^ l/, and have thereafter new 
facilities at a time when the market economy countries’industry 
future is being examined.

b) Agreements, including commercial counterparts are becoming 
frequent, often at the initiative of the majors which incor
porate such agreements in the restructuring process to their 
benefit.

In the absence of bilateral and/or regional agreements on industrial 
co-operation, these forms of interdependencies cannot develop freely 
with the consent of all concerned. Consequently, procedures/means of 
co-operation tend to lose their meaning and their effectiveness.
6.8 Synthesis: towards a collective management of interdependencies

The broadening and deepening of interdependencies lead to one of 
the following alternatives: (a) either the international petrochemical 
relations are exclusively given impulse by the factors breaking the 
preceding and dominant petrochemical structures; or (b) these relations
91J  Two examples are particularly significant:

- the COPESUL steam-cracker (Brazil): Technip-KTI were granted 
the contract through better conditions for the transfer of 
technology;

- HIMIC’s LBPE project (Greece): ECN states in its 5/1/81 issue 
"HIMIC rejected the French LBPE offer because ATO had put 
restrictions on the marketing of the final product in Europe. 
HIMIC would have been permitted to sell only limited quantities 
of LBPE in Europe” (p. 19).
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are reconsidered in the light of collective administration of inter
dependencies hy the international community on a medium and long-term 
"basis, to the mutual benefit of all.

The objective here is not to present two scenarios and to compare 
them. But before the ways and means of a system of "collective 
management of interdependencies" are analyzed, it seems useful to 
emphasize some essential implications regarding the inability of the 
international community to make such an alternative effective and 
efficient before 1985s
a) First implication. The restructuring process covers: the increasing 
internationalization of the petrochemical activities of the oil majors; 
and the absorption of the least advanced structures.
b) Second implication. The global integration of the activities of 
the oil majors reinforced by the governments* policies of the 
developing countries which have certain ties with them (through joint 
venture, counter trade, etc.) is accompanied by other opposing activi
ties! certain protectionist measures which will achieve no visible 
success at the 1990-95 horizon, but which nontheless will inhibit all 
willingness to initiate fruitful negotiations, be it on a world-wide, 
regional or sectoral basis.
c) Third implication. Between the governments of the market economy
countries and the developing countries certain barriers have developed, 
preventing the evolution of a useful dialogue. These barriers are 
examplified by: the oil majors, as intermediaries, who monopolize
the objectives of the North-South relations; the international prices 
as "means/causes" to "combat/reinforce” the barriers in international 
trade; and the costs of redeployment in so far as this measure was 
taken late.

Reaching beyond this chronical destabilization which is 
threatening the restructuring process, the reshaping of the internatio
nal petrochemical industry implies a consensus on a certain number of 
considerations concerning:

i) the legitimacy of the development of this industry in 
developing countries;

ii) the legitimacy of the desire of market economy countries to
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control or deal with the mutations of their petrochemical 
industry in time and space;

iii) the specific role of government to government relations
organizing the ways and means to the benefit of the mutual 
interests of the economies concerned;

iv) the specific role of the public enterprises in implementing 
the agreements between the governments concerned.

Taking into consideration that the international community tends 
towards such a consensus and that the preceding analysis brings to 
light an increasing process of interdependency in the decisions 
concerning the petrochemical industry and the functioning of this 
industry, the international co-operation concerning the future of this 
industry in the developing countries can be defined as a dynamic process 
leading to a "collective management of interdependencies in the inter
national petrochemical industry". This definition summarizes all 
elements which will make such international co-operation a real alter
native to the chronical destabilization which tends to exaggerate the 
conflicting interests of the international partners concerned.

By analyzing the approach to this international co-operation, 
four modalities of collective management of interdependencies are 
brought forward which conform to the expectations of developing 
countries but which also take into consideration the medium-term and 
long-term interests of the developed countries' petrochemical industry 
and are bound to evolve with or without oo-operation. After having 
examined these modalities, one can suggest procedures to initiate a 
dialogue between developed and developing countries.

6.8.1 Ways and means of international co-operation in petro
chemicals

The preceding analysis has shown that:
a) The responsibility of the governments is directly involved in the 
future in the search for new international relations in the petrochemical 
industry.

b) In spite of the weak petrochemical development in most developing 
countries, there is already at present iroom for international
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co-operation i.e. a possibility of dialogue to foster mutual interests 
in the framework of a growing interdependency regarding:

i) steam-crackers and more generally basic petrochemicals, and
ii) finished products, particularly plastic materials,

bearing in mind all specific constraints/interdependencies which they 
imply for the international community.
c) The future of the petrochemical industry in developing countries, 
apart from the main hydrocarbons exporters, presents some particular 
problems determined by: their economic structures and by their role in
the evolution of the crisis. Consequently, it is suggested to review 
successively:

i) the possible role of governments;
ii) an approach to the interdependencies in plastic materials; and
iii) the future of a co-operation favouring developing countries with 

a weak petrochemical industry.

A. Possible role of the governments
International co-operation implies intervention by the States» 

authorities; in the case of petrochemicals, this intervention should be 
specific. In fact, this co-operation should at the same time: permit a 
certain type of restructuring in developed countries and foster a 
certain kind of petrochemical growth in developing countries.

Consequently, the objectives of governments’ intervention would be:
(a) to prepare mutation in time, i.e. to organize the stages leading to 
a control of the interdependencies and to an operational development 
corresponding to joint interests;
(b) to search for suitable and efficient special steps in handling the 
issues related to the collective management of the interdependencies.

Apart from bilateral agreements, these steps could aim at: world-wide
negotiations (like the multi-fribre international agreement); regional
programmes (see Plan of Action for the implementation of the Monrovia
Strategy for the Economic Development of Africa»— /, Euro-Arab dialogue,

Documents 'recommended to the First Economic Summit of the Assembly 
of Heads of States and Governments of the Organization of African 
Uhity, Lagos, Nigeria, 28-29 April I98O.
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etc.), and grouping of countries (see the Andean Pact,the ASEAN and the 
OAPEC countried-/) .
(c) To mobilize the necessary actors and means in view of mutually 
beneficial interdependency, efficiently helping to bring about in the 
quickest possible way, inter-governmental agreements. For this purpose, 
two modalities of relations between actors should be-examined for all 
projects and all approaches concerning co-operation:

the role of national companies-^ and 
'•groups of companies"-^

the advantage of establishing

B. Approach to the interdependencies in the production of basic

The present and future interdependencies connected with the 
development of a production base in developing countries and the 
restructuring of production in industrialized countries are such that 
only a global approach of this part of petrochemicals could be allowed, 
taking into consideration the interests and constraints involved.

Proposing a global approach to this question means that none of 
the subjects can be discussed separately without one or another of the 
parties involved invoking other points reflecting their interest and 
interdependencies between the decisions to be taken. The key points 
of a global approach to the production of basic petrochemicals would 
be then as follows:
(a) gradual opening of the industrialized countries* markets to imports 

of refined oil products and petrochemicals from hydrocarbon 
exporting countries;

(b) redeployment of certain petrochemicals capacities from the 
industrialized to the developing countries and participation of

93J  OAPEC and its "investment arm" APICORP, who have decided recently
an inter-arab synthetic rubber project (50,000 t/y of SBR ECN 5/1/8)

94J  OPEC seminars on the role of national oil companies.
Grouping of Japanese Majors to buy their naphta; APICORP established 
by OAPEC - Grouping of Asean group countries for an ammonia unit 
(production unit). It would be interesting to compare these with 
existing groups of ooking supply of iron ore in developed countries.
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(c) security in terms of price and quantity, of supply to steam- 
crackers of industrialized countries by the oil exporting 
countries;

(d) participation of hydrocarbon importing countries in investments 
for exploration and exploitation of hydrocarbons in developing 
countries as well as joint participation of hydrocarbon 
exporting and importing countries in research and development 
activities in two principal areas, namely: conservation of 
hydrocarbons deposits, and refining of heavy crudeâ^

(e) For the entire group of projects realized by a number of 
companies acting as operators and setting up groups of enter
prises, in which each ad hoc group receives the funds allocated 
to it by States or groups of States (e.g. EEC), and enjoys 
guarantees against "traditional" risks and "uncertaintities" 
(e.g. hydrocarbons exploration).

o f industrialized, countries in the new projects o f the hydro
carbon exporting countries, the forms o f which are yet to be
defined;

96 / The Project of report prepared by Exterior Economic Relations 
Commission of the European Parliament, "Trade Realtions among 
EEC and the Gulf States" (PE 69.583/2 and PE 70.635, 22/12/80 
and 5/1/81) is a reference document for any global approach about 
energy/petro chemi cal int erdependencies.
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C. The interdependency approach to finished products, especially plastics
Until now, the export of finished (and intermediate) petrochemical pro

ducts from developing to developed countries has been carried out via the 
trade policies of the importing countries, and in particular those of the 
EEC. These policies alleviate short-term strain on the profits of their 
local producers. Over the medium and long term, however, they are insuf
ficient and in certain cases even unoperational:

(a) They do not meet the needs of developing countries, but 
are rather a handicap to these countries;

(b) They do not lead to a concerted reorganization of trade 
channels, but rather encourage the development of un- 
controlable channels (for example, the requirements for 
enforcing the International Multifibre Agreement);

(c) They do not provide the engineering companies with a 
framework responsive to the propositions of "counter
trade" and "buy-back" agreements with the developing 
countries.

The sum total of these insufficiencies has given rise to proposing a 
global approach to international co-operation in finished products, espe
cially plastics, which comprises the following points:

(i) Monitored, step-by-step opening of the markets of the 
industrialized countries to the finished petrochemical 
products of the developing countries, bearing the 
following points in mind:
- the identity of the trading partners in the develo
ping countries (to avoid, for example, allowing the 
negotiations' turning in favour of only the oil 
majors);

- the long-, medium and short-term need to export in 
order to ensure an effective level of operation of 
the units within the country; and

- the stage of development in the exporting countries.
(ii) Alteration of various petrochemical policies in the indus

trialized countries and participation in a way to be de
fined by these countries in various projects in the 
developing countries. This participation should involve 
the definition of an agreement framework for the entire
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operation of counter-trade and buy-back which would 
be included in these projects or would result inde- 
pendently thereof. Such an agreement framework:
- would be regional or applied to a group of coun
tries; as a result, there would be several agree
ment frameworks;

- would be compatible with the first point in the 
global approach;

- would take into consideration all cases of counter
trade and buy-back agreements.

(iii) Trade agreements among national enterprises in each of 
the countries concerned, assuming that the same exists 
for other products, dealing with the procedures for re- 
gulation/negotiation of the prices, independent of 
fluctuations on the spot-market. As in the preceding 
case, groups of enterprises are envisaged in order to 
establish the set of measures involving enterprises as 
well as operators.

D. The future of petrochemicals in the non-oil-exporting developing countries

Prom now until I986-I987, only 30 to 35 developing countries will be 
active in the world petrochemical industry. Among these many will just be 
entering the industry for the first time (approximately ten); the situation 
of the other among the newly-industrialized countries will depend upon the 
evolution of the energy situation in the industrialized countries. In addi
tion, the position of developing countries which have not yet entered into 
this industry will be affected by the evolution of relationships in inter
national petrochemical industry in their final decision upon developing 
their own petrochemical industry or establishing their own transformation 
industries with imported petrochemical products.

A specific global approach for developing countries which are not 
exporters of hydrocarbons could be initiated to deal with the security of 
their supplies; the "barriers” limiting their entry into this industry; 
and the improvement of conditions to facilitate the import of petrochemical 
products.

The terms of a global approach which takes as its objectives the above- 
mentioned points would be as follows:
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(a) Regional and interregional agreements with the OPEC 
countri j a J  and Mexico with a view to:
- concluding direct contracts for the supply of 

crude oil to the benefit of countries or groups 
of countries;

- investing in joint-venture in crude refining;
- transferring technology to be used in hydrocar
bon exploration;

(b) Creation of regional funds, or strengthening existing 
ones, by OPEC countries and the developed countries (or 
groups thereof) in order to finance projects in the 
developing countries concerned;^-^

(c) Controlled (gradual) opening of developed countries' 
markets to expected future exports by setting up an 
agreement framework which offers different treatment 
of exports according to their origin, i.e. export- 
oriented projects; regional/local projects with 
exports of a transitional or marginal nature; and 
projects financed through a regional fund. The 
monitored opening of the above-mentioned marketb 
within these requirements necessitates co-operation 
between the developing countries concerned and the 
industrialized countries in the following areas:
-  groups of enterprises should assume the respon

s ib ility  of trade within the developed countries 
(division of riBk);

- study of ad-hoc trade forms (buy-back, counter
trade) which will alleviate the burden of debt;

(d) Setting up funds to support research and development 
programmes dealing with technologies adapted to the 
socio-economic conditions in various groups of countrie

97/ The recommendations of OPEC's Long-Term Strategy Committee consti
tute the terms of reference for such agreements.

HÌJ Idem-
99/ The alternative experiences of some developing countries would be 

evaluated. For example, T.K. Roy, "Petrochend.cals and Appropriate 
Technology", Second Arab Conference on Petrochemicals, League of Arab 
States, Abu-Ehabi, 15-22 March 1976, Paper No. 9 (P-l).
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(e) Assistance in forming regional groups of "buyers— ' , 
based on agreement frameworks with the exports of 
petrochemical products which:
- list the conditions for revising the prices of 
imported products independent of the prices on 
the spot-markets;

- foresee the means of payment including those of 
counter-trade; and

- define the developed countries' petrochemical part
ners who guarantee these connexions.

6.8.2 Procedures for initiating the global approaches for co-operation 
in petrochemicals at the international level

The three global approaches proposed for the development of interna
tional co-operation make necessary a transitory phase which will allow:

(a) expression and confrontation of the diverse points of view, 
interests, projects (including their timetables) and situa
tions;

(b) study of the possibilities for the most efficient agreements 
at the outset, bearing in mind the regional characteristics, 
the various dynamics and specific urgent needs;

(c) in the light of present and past experience, in-depth 
study of certain co-operation objectives common to the 
three global approaches, i.e. monitoring the opening 
of developed countries' markets, on the one hand, and 
new forms for developed countries' participation in 
projects in the developing countries, on the other hand, 
are deemed essential.

In order to attain these objectives three main procedures are proposed:
(a) Regional meetings encompassing developed and developing 

countries to pin-point the requirements for implementing 
the two global approaches dealing with the location of 
new steam-crackers and the production and marketing of 
finished petrochemical products;

100/ The experience of the countries members of the Caribbean Community 
in the field of pharmaceuticals should also be evaluated.
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(b) A meeting of policy makers on the global approach for 
co-operation between OPEC member countries and other 
developing countries in the petrochemical industry;

(c) The establishment of two working groups to propose 
framework agreements which deal with monitoring the 
opening of developed countries* markets and new forms 
for developed countries* participation in developing 
the petrochemical industry in developing countries.

6.8.2.1 Regional meetings
Such meetings could be organized by UNIDO in co-operation with 

regional, governmental and United Nations economic and industrial 
organizations, provided that they are preceded by in-depth studies 
covering the present conditions and future possibilities for the 
development of the petrochemical industry in each region. These mee
tings should have the followin'- objectives:

- to instate the two proposed global approaches into the 
actual context of each region, bearing in mind the multi
lateral and bilateral consultations/negotiations in progress 
which affect the decisions taken within the field of petro
chemicals in each region, and the petrochemical programmes 
already decided upon;

- to specify each region’s co-operation priorities by calling 
special attention to the possible support given by national 
operators for a programme of action, and the balance of 
relations with the counterpart operators from the developed 
countries, especially the direct and indirect role of the 
oil majors and the chemical majors in each region;

- with regard to the meeting of OPEC with other developing 
countries, to analyze the present access to petrochemical 
feedstocks (conditions, counterparts, guarantees, etc.); 
the establishment of financial, marketing and research and 
development regional organization;

- preparation, for the third procedure, of reports on the 
experience of the developing countries which deal with 
the topics taken up by the proposed two working groups, 
and propositions dealing with the timetables of the frame
work agreements, priority products, and priority partici
pation.
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The regional meetings would constitute a decentralized application 
of the two global approaches with a view to preparing some significant 
elements for the second and third procedures.

6.8.2.2 Meeting of policy-makers from OPEC and other developing 
countries

The diversity of situations within the developing countries with 
regard to questions concerning energy, economic recession and the re
structuring of the world’s economy necessitates a set of differentiated 
relationships between OPEC and the other developing countries.

Taking into consideration the results of the Second Consultation on 
Petrochemicals, and the recommendations of the OPEC Long-term Strategy 
Committee, as well as the conclusions* of the regional meetings, the objec
tives of this meeting would be to make explicit the respective interests 
favouring co-operation and to formulate alternative co-operation schemes.

The synthesis of the respective interests favouring co-operation 
should facilitate:

(a) emphasizing the various national petrochemical policies 
as well as several ¡¡nultinational decisions, with a view 
to comparing co-operation needs within time and spatial 
limits;

(b) underlining the areas of possible interference in the 
decision-making of developing countries within the 
petrochemical industry as well as with regard to co
operation needs stemming from the world situation 
(i.e. overall economic situation of the developed 
countries; policies of the oil majors, etc.).

The formulation of alternative co-operation schemes for OPEC countries 
and other developing countries would comprises

(a) evaluation of the expected results from measures already 
proposed by OPEC (and its Committees), and of the inter
vention on the part of various institutions created at 
the initiative of countri.es exporting hydrocarbons (e.g.
IBB, various development funds, etc.);

(b) proposals for co-operation schemes based on different fore
casts concerning means, counterparts, procedures, etc.
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6.8.2.3 Working groups to formulate proposals for framework agreements 
This proposal aims at rendering compatible the following two actual 

situations: the sovereignty and responsibility of States with regard to
the choice of partners in co-operation, the means to be employed and their 
timetable; and the necessity of proposing to the International Community 
new ways for strengthening mutual interests.
A. Framework agreements for opening markets of industrialized countries 

to petrochemicals produced by the developing countries
The role of the proposed Ad-hoo Working Group would be as follows:

After having evaluated the various solutions presently being employed, 
such as the International Multifibre Agreement, exchanges of petrochemical 
products among the countries of the EEC and those of the CMEA, and the 
application of GSP, to propose framework agreements for co-operation 
which make explicit the requirements for such market opening; the pos
sible timetables; the role of governments and national companies; and 
the possible trade modalities in the markets of developed countries.
B. Framework agreements for new forms of developed countries* participa

tion in the development of the petrochemical industry in developing 
countries

The formulation of such framework agreements should be in response to 
the following two main objectives:

(a) The mutual need of both developed and developing countries to 
expand, reform and increase the developed countries’ parti
cipation in petrochemical projects in developing countries 
within the framework of the proposed global approaches;

(b) The necessity for establishing a framework of reference 
so that the ways and means of participating in these 
projects strengthen and respect the mutual interests of 
the parties concerned, and not only those of the companies 
involved,^2^ and do not create new types of international 
competition which could inhibit the participation of 
developed countries in an approach based on co-operation.
(See the issue paper on long-term arrangements for the 
development of the petrochemical industry.)

101 / The Report of the Economic Commission for Europe on "East-West Indus
trial Co-operation and Technology Transfer in the Chemicals Industry” 
(Geneva, 22 September 1980) emphasizes this fact in para. 30: "Actually,
the joint-venture is a pattern of business organization and not a form 
of industrial co-operation as such”.
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As a result, the Ad-hoc Working Group may be assigned the following 
tasks:

- to summarize the experience of the countries concerned in 
the light of the work/results of the regional meeting, 
adding where necessary an evalue.tion of the experience 
between countries of the EEC and those of the CMEA;

- to propose the bases for agreements, including those at 
a regional level, dealing with the buy-backs/counter
trade in payment for supplying equipment (or plants); 
co-operation in production and trade (in connexion with 
the preceding Ad-hoc Working Group); co-operation at the 
project level especially as concerns the transfer of 
technology; joint ventures.

6.8.2.4 Phasing the proposed procedure for global approaches for 
co-operation in petrochemicals

To expedite the process of moving towards a global approach for the 
restructuring of the petrochemical industry according to the previous 
propositions, it is suggested that a carefully planned procedure should 
be adopted whereby a logical continuation of a fruitful dialogue would be 
ensured. Towards this end it is proposed that a meeting at the level of 
policy-makers from OPEC member countries and other developing countries 
be convened at the initiative of OPEC by a joint invitation from the 
OPEC and UHIDO Secretariats. A working group would then be established 
by the meeting to work out in-depth studies on the main issues to be 
recommended by this meeting. Although such issues would concentrate on 
the interrelations between OPEC member countries and the other developing 
countries, it would at the same time bring out issues dealing with the 
relations between developed and developing countries as a whole.in the 
field of hydrocarbons ani the petrochemical industiy. Such issues should 
include the exploration of new ways and means, including framework agree
ments for the development of global co-operation in the petrochemical 
industry aimed at restructuring the industry to the mutual benefit of the 
world community.

The burning issue which is facing both the developing and developed 
countries now and which will increasingly press upon them during this decade, 
i.e. the security of feedstock supply and the opening of the developed
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countries* markets to petrochemical products of the developing- countries, 
should be tackled by another working group at a global level. The UNIDO 
Secretariat should undertake the responsibility for the preparation for 
such a meeting taking into consideration the work being done in this field 
by other specialized United Nations agencies and organizations. The global 
approach could then be dissegregated on regional level in order to pin
point the needs of each region and/or economic grouping, according to 
the urgency of the situation, which would allow a gradual implementation 
of the programme, settling these issues within a global context of each 
region.

6.9 Summary and conclusions

The approach to co-operation in the field of the petrochemical industry 
prior to 1972 between the developed and developing countries was mainly 
based on direct investment of the major chemical companies in the develo
ping countries. ïhis approach achieved little results.

Since the 1973 increase in oil prices and the economic and energy 
crisis of the 1970s, the petrochemical industry has undergone major struc
tural changes. The power positions of the different operators or would- 
be operators have changed, creating new conditions for the adoption of 
another approach towards international co-operation. Since feedstock and 
energy supply and prices are the major factors for the successful operation 
of the industry, those operators which control these two factors enhanced 
their positions, namely the oil majors and the oil-exporting countries 
(their national companies). Other operators, i.e. the major chemical 
companies and the independent hydrocarbons-chemical companies controlled 
by some governments of market economy developed countries, in their effort 
to maintain their positions in the industry have taken action in two 
directions, namely the chemical majors* moving into speciality petrochemical 
products and the independents' moving towards hydrocarbons and structural 
re-organization In the meantime, the developing countries with hydro
carbon resources are forging ahead with their plans of valorizing their 
resources, i.e. greater refining capacities and basic and intermediate 
petrochemicals. Other developing countries with established or yet to 
be established petrochemical industries want assurances for their energy 
and feedstock supply.
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The fact that a high ratio of the production capacities of basic 
and intermediate petrochemicals in the developed countries is outdated 
and needs renewal under conditions of high inflation, economic recession 
and insecurity of raw materials and energy supply further compounds the 
problems of the industry.

The solutions to these problems, tinder conditions of an on-going 
process of restructuring, is seen to be a global approach to a collec
tive management of inter-dependency serving the mutual interest of each 
and everyone in the industry. The direct role of the governments of 
both the developed and the developing countries is considered essential 
in implementing this approach. The basic elements of co-operation are 
energy and feedstock supply (price, quantities and quality), redeploy
ment of basic and intermediate petrochemical capacities towards the 
sources of raw materials, opening of the markets of developed countries 
to petrochemical products from the developing countries and assisting 
developing countries with no hydrocarbon resources in developing their 
petrochemical and hydrocarbon industries.
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I. WORLD DEMAND FOR AND SUPPLY OF PETROCHEMICAL PRODUCTS: 1975 to 1990
Annex 1

Introduction
The First Consultation on the Petrochemical Industry recommended that 

UNIDO establish a Permanent Working Group on World S,v«n1v of and Demand for 
Petrochemicals to assemble information on 10 basic petrochemical products 
and 15 intermediate and final petrochemical products. The information pre
sented in the Annexes was compiled by UNIDO in response to this 
rec ommendat ion.

At the first meeting of the Working Group, convened in March 1980, 
participants (a) discussed the approach to be adopted and (b) agreed to help 
UNIDO by assembling the information required before 30 September 1980.

UNIDO gratefully acknowledges the information contributed by the 
following organizations and countries.
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Region Organization/Country
Japan
Western Europe 
North Anerica
USSR and Eastern Europe
Other industrialized countries

Japan Petrochemical Industry Association
Conseil Européen des Federations de l'Industrie Chimique Association of Plastics Manufacturers in Europe
Department of Commerce, United States Federal Government Canadian Chemical Producers' Association
Council for Mutual Economie Assistance 
Australia

Africa and the Middle East Algeria, Egypt, Saudi ArabiaIndustrial Development Centre for Arab States 
Gulf Organisation for Industrial Consulting

Asia China, India, Indonesia Republic of Korea

Latin America

Product
Petrochemicals 
Synthetic Fibres 
Synthetic Rubber

Instituto Petroquimico Latino Americano Secretariat of the Andean Group Brazil, Mexico

Organization
Organization of the Petroleum Exporting Countries
Comité International de la Rayon et des Fibres Synthetiques
International Institute of Synthetic Rubber Producers
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The Working Group felt that instead of the 25 products recommended by 
the First Consultation, the initial exercise should only cover 7 basic 
petrochemicals and 9 final products as follows:

Basic Petrochemicals Ethylene, Propylene, Butadiene,
Benzene, Ortho-xylene, Para-xylene,
Methanol, Ammonia

Final Products L-D Polyethylene, H-D Polyethylene,
Polypropylene, PVC, Polystyrene;
Polyamide, Polyester and Acrylic Fibres; 
all general purpose Synthetic Rubbers.

For each of the above products, except ammonia, estimates have been 
prepared of:

(a) demand in 1975, 1979, 1981* and 1990.
(b) production in 1975, 1979 and 1931*.
(c) capacity in 1975, 1979 and 1981*.

For this purpose,the world was divided into 11 regions. The allocation 
of countries to each region follows closely that adopted in the First UNIDO 
World-wide Study and the recommendations of the Working Group. The grouping 
is mainly on the basis of geography and hence does not necessarily follow 
other classifications^ in particular as regards "developing" and "industrialized" 
countries.

Measuring Demand

The Working Group agreed on the following definition:

"For the basic and intermediate petrochemicals, demand shall be measured 
as the quantity required for all downstream production uses in the 
country. For final products, demand shall be measured as the quantity 
required for use in the country".

The estimate of future demand is an estimate of demand which can be 
satisfied either by local production or imports of the product. This estimate 
may be lower than the level of demand which would prevail in some developing 
countries if the product was more readily available.
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The estimate of demand for final products such as plastic resins 
measures the volume used in the country at present; it excludes the petro
chemical content of products that are imported in processed form (such as 
polyethylene sheets and pipes) even though these products may be produced 
locally in subsequent years.

Forecasts of Demand

Most participants only submitted forecasts of demand up to the year 
193U. UNIDO has therefore had to make its own assumptions as regards the 
growth of demand for the period 190^-1990 for all regions and for the period 
1979-193H for all the developing countries regions except Latin America and 
for Eastern Europe. For industrialized countries, the same rate of growth 
as from 1979-198U has been applied for the period 193l*-1990. For developing 
countries, demand is expected to grow fast enough to absorb all the increase 
in local production (80 per cent of capacity).

Measuring Capacity

Capacity measures nameplate capacity at the end of the year in question 
based on 330 operating days. /Vll statistical information is based on the 
concept of nameplate capacity except that of Western Europe for basic 
petrochemicals which is based on a concept of effective capacity in operation 
in the year in question.

Forecast of Capacity in 193U
UNIDO was supplied with estimates of total capacity up to 198U for Japan, 

the United States, Canada and Western Europe. For other regions, UNIDO has 
prepared Tables estimating capacity in each country, including those presented in 
Chapter I. Both published and official sources have been used.

Measuring Production
UNIDO has collected historical data on production for the period 1970- 

1979 for most industrialized countries and for some developing countries. 
Definitions of the product were made by the Working Group, but submissions 
do not always follow this. For example, the information on plastics supplied 
by Western Europe excluded polystyrene copolymers whereas Japan and the United 
States included them.



Estimates of Production in 198*1
For I98H and for previous years where information is not available, 

production has been estimated at about 80 per cent of capacity.

Basic Assumptions

The estimates presented in the following tables include the data 
supplied by oarticipants, even though in some cases more up-to-date 
information became available.

Accuracy of the Estimates
The UNIDO estimates are intended to give an order of magnitude of the 

level of demand and supply, and to indicate future changes. The estimates 
of regional and world total capacity and production are dependent on the 
accuracy of the data supplied or created by UNIDO. Estimates of the level 
of demand depend on the accuracy of estimates of demand in the base year 
(1979) as well as the growth rate forecast.

Improving the Estimates in the Future
The UNIDO secretariat would appreciate written comments on the information 

provided in these Annexes and Chapter I so that the estimates can be corrected 
or improved on future occasions.
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COUNTRIES INCLUDED IN EACH GEOGRAPHICAL REGION

Developed countries
Japan
Western Europe
Austria, Belgium, Denmark, Finland, France, Germany (Federal Republic 
of), Greece, Iceland, Ireland, Italy, Liechtenstein, Luxembourg, Ifelta, 
Monaco, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, U.K.
North America 
United States, Canada

USSR and Eastern Europe
Albania, Bulgaria, Czechoslovakia, German Democratic Republic, Hungary, 
Poland, Romania, USSR, Yugoslavia
Other industrialized countries
Australia, Israel, New Zealand, South Africa

Developing countries

Africa
Angola, Benin, Botswana, Burundi, Cape Verde, Central African Empire,
Chad, Comoros, Congo, Djibouti, Equatorial Guinea, Ethiopia, Gabon,
Gambia, Ghana, Guinea, Guinea-Bissau, Ivory Coast, Kenya, Lesotho,
Liberia, Madagascar, Malawi, Mauritania, Mauritius, Mozambique, Niger, 
Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sierra 
Leone, Somalia, Sudan, Swaziland, Togo, Uganda, United Republic of 
Cameroon, United Republic of Tanzania, Upper Volta, Zaire, Zambia
Middle East - North Africa
Algeria, Egypt, Libyan, Arab Jamahiriya, Morocco, Tunisia.
Middle East - West Asia
Bahrain, Democratic Yemen, Iraq, Jordan, Kuwait, Lebanon, Oman, Qatar, 
Saudi Arabia, Syrian Arab Republic, Turkey, United Arab Bnirates
Asia
Afghanistan, Bangladesh, Bhutan, Burma, Cÿprus, Democratic Kampuchea,
Fiji, Hong Kong, India, Indonesia, Iran, Israel, Lao People’s Democratic 
Republic, Malaysia, Ifaldives, Mongolia, Nepal, Pakistan, Papua New Guinea, 
Philippines, Republic of Korea, Singapore, Solomon Islands, Sri Lanka, 
Thailand, Turkey, Vietnam
China
Latin America
Antilles, Argentina, Bahamas, Barbados, Bolivia, Brazil, Chile, Colombia, 
Costa Rica, Cuba, Dominican Republic, Ecuador, El Salvador, Grenada, 
Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, 
Paraguay, Peru, Suriname, Trinidad and Tobago, Uruguay, Venezuela



Annex I.A. 
UNIDO 8.5.81.WORLD CAPiCITT. PRODUCTION ADD DEMAND FOR

( in thousand netrio tonnes
ETHYLENE 

)...........

CAPACI P X PRO DOCTI OI DENARO INCREASE IB DEMAND 
( p e r  ce n t  p o r  annus)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1979-84 1984-90

DEVELOPED COUNTRIES

JAPAN 5100 6000 6000 31*00 M o o 5200 3l*00 1*800' 5290 • 6200 "8_. 9 ... i.r~ .3.0
W. EUROPE 12500 1 U700 17600 7900 ,12350 lUOQO 7900 12200 13900 i66no 9 A 3 n
N. AMERICA 13200 18000 22200 9700 11,300 18500 9800 1Ì+200 1370a. 23600 .._9.,7 5.9 1*.0
USSR AND E. EUROPE 2700 3900 6500 2000 3000 5000 2000 3000 "000 8600 10.7 10.0 10.0
OTHER INDUSTRIALIZED COUNTRIES 300 600 1000 250 ' 500 75.0 250 500 750 1500 19.Q 9.0 P-0
T 0. T A L 33800 it 3200 53300 23250 3^950 1*31*50 23350 31*700 ^3550 56500 10.1* 5.8 1*.3

DEVELOPING COUNTRIES

AFRICA - - - - - — - — 300
MIDDLE EAST North Africa - 120 1*50 — 100 1+00 100 1*00 800 19.9
MIDDLE EAST West Asia 100 800 - 50 650 50 650 2650 -2.6.1*
ASIA 300 1000 2300 250 900 1900 250 900 1900.... 3800 37.7 1 6 .0 19.9
CHINA i*oo ‘ 5it0 950 300- 1*30 700 300 !+30._ 7 0 a 1 U00 9.3 10.3

*■
19 9

LATIN AMERICA 700 1600 3lt00 600 1200 2500 600 1200 2500 5000 18.9 15.8 12.2
T O T A L lit 00 3360 7900 1150 2680 6150 1150 2680 6150 13950 2l*.0 17.6 ll*.9

WORLD TOTAL 35200 U6560 61200 21*1*00 37630 1 
.... -1 1*9600 21+500 37380 *9700 701*50 11.2 6.2 6.0

SHARE OF DEVELOPING
COUNTRIES IN WORLD TOTAL % 12 .it- It .7 7 .2  12 .it 19.812 .9  it .7 7.2



Annex I.B

WORLD CAPACITI, PRODUCTION AND DEMAND FOR .
( in thousand metrio tonnes }

PROPYLEHE
u n r o  R. 5 . 8 l .

C A P A C I r I P R O D I I C I 1 0 I D E M A N D INCREASE IN DEMAND 
(por cent per annua)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1979-84 1984-90

DEVELOPED COUNTRIES ' '

JAPAN mnn lî nn li-3nn 93 nn 3100 3100 . 2300 3000 .3100 .3300 • 6.8 0,7- 1.0
W. EUROPE 6900 8100 9700 1*100 6500 7200 1*100 6300 7000 10000 12.0 3.0 3.0
N. AMERICA 7100 10000 12900 1*1*00 7200 10000 1*1*00 71*00 10200 15000 12.0 6.6 6.6
USSR AND E. EUROPE 1U00 2000 3000 1200 1500 2250 1200 1500 2250 3500 5.8 8.1* 8.0
OTHER INDUSTRIALIZED COUNTRIES 160 280 1*10 120 ‘230 350 120 230 .350 600 17.6 3.7 9.3
T 0. T A L 18560 21*680 30310 12120 18530 22900 12120 181*30 22900 321*00 8.7 l*.l* 5.9

DEVELOPING COUNTRIES

AFRICA 30 _ 30 30 60 13.2
MIDDLE EAST) Wnr̂-.V, Africa ■M 50 _ 50 50 m o 1?.?
MIDDLE EAST . W**+. Asia ... 1*0 100 ..30 80 30 . 80. 160 12.2
ASIA 250 500 ll60 200 1*50 goo 20.0 1*50 900 1800 li*.9 12.2. .
CHINA 90 230 1*10 70- 210 350 70 210 . 350_ 850 31.6 13.5 16.0
LATIN AMERICA 1*00 750 1300 200 500 1000 200 500 1000 1500 25.7 ll*. 9. 7.0
T O T A L 7lO 1520 3050 1*70 1190 21*10 1*70 1190 21*10 1*1*70 26.0 15.1 10.8

WORLD TOTAL 19300 26200 33360 12590 19720 21110.... 12590 19620 25310 „ 36870 .. „5.a2.. _6Ji .

SHARE OP DEVELOPINGCOUNTRIES DT WORLD TOTAL 3.8 5.8 9.1 3.7 6.0 9.5 3.7 6.0 9.5 1 2 . 1



Annex I.C

WORLD CAPACITI, PRODUCTION AMD DEMAND FOR
( in thousand metric tonnaa

BUTADIENE 
>...........

UNIDO 10.5.81.

C A P A C I T I P R O D U C T I 0  V D E U I O INCREASE IS DEMAND
(p a r  cent p e r  annua)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1979-84 1984-90

DEVELOPED COUNTRIES

JAPAN T50 . 800 800 5^0 670 6so 1)70 6№ 710 800 " 1 0 . 0 2 :1 - 2 .1
V. EUROPI 1890 2130 2250. 1080 1710 1900 810 1150 1350 1650 7 .9 3.1t 3.U
S. AMERICA 2100 2U00 2600 1250 1750 1900 1500 2000 2200 2500 7 . It 2 .0 2 .0  '
USSR AID B. EUROPE it 00 500 1000 300 Uoo 800 lt50 600 1000 1500 7 . It 7 .0 7 .0
OTHER INDUSTRIALIZED COUNTRIES 80 120 120 75 110 110 105 130 170 250 5.U 6 .0 6 .0

T O T A L 5220 5950 6770 3235 U6U0 5360 3335 H520 5^30 6700 7 .8 3 .7 3.6

DEVELOPING COUNTRIES

AFRICA - - - - - — — 60 _
MIDDLE EAST North Africa - - 60 - - 60 - - 50 50 - - - -

MIDDLE EAST West Asia 30 30 30 10 20 30 10 20 30 60 1 8 .9 8 .5 12 .2
ASIA 100 150 300 80 110 2lt0 80 110 2U0 500 8 .2 1 6 .9 13 .0
CHINA 50 i o o 220 Uo 80 170 Uo 80 170 330 1 8 .9 2 0 .7 11 .*7
LATIN AMERICA 100 260 U 30 80 210 itOO 80 210 U10 600 2 7 .2 l lt .3 6 .5

T O T A L 280 5^0 lOltO 210 U20 900 210 lt20 900 1600 1 8 .9 l6 .lt 10 .0

•

WORLD TOTAL 5500 61i90 7810 341t5 5060 6260 35U5 U9U0 6330 8300

CO•co , 5.-0 It.6

SHARE OP DEVELOPING) COUNTRIES TN WORLD TOTAL * 5 .1 6 .3 1 3 .3 5.8 7 .9 l it .  It 5 .9 8 .5 l i t . 2 19 .3



ANNEX I.D 
UNIDO 10.5.81

WORLD CAPACITY, PHODUCTIOK ARD DEHABD FOR .ROT&ERE
{ in thousand atetrio tonoaa )

C A P A C I T Y PR O D U C T I 0 V I H i  19 IKCHEASE IH DEKARD (per cent per annua)
1975 1979 | 19W 1975 1979 1984 1975 1979 1984 1990 1975“79 1979-84 1984-90

DEVELOPED C001T8XES * *

JA P A I 2700 3000 3000 1600 2000 2300 11*80 2010 2220 2500 7.8 ... 1.7 2.0
V . EUROPE _6lOO 66co 7200 3130 1*860 6Q00 3260 5060 5800 7000 1 1 . 6 2.7 3.0
S .  AMERICA 6U00 8600 Q600 3670 61*00 cc0 __ 37.1*0 .6380 7750 10000 ll* .2 3.9 1*.0
U SSR  ARD X . EUROPE 3000 3300 5000 2150 2600 1*000 2150 2600 1*1*00 6000 b.s 9.0 5.0
OTHER IR D BSTRIAU ZK B C O U E IU B 100 200 300 80

0-
3i—

1 230 80 150 230 300 1 6 .9 3 .9 5.0
T O . T A L 18300 21700 25100 10630 16000 201*30 10 710 16200 201*00 25300 10.8 f c . T 1*.0

DEVELOPIBC C O U ffR Z B

AFRICA rM 20 _, 20 20 50 , _ wm

m id d l e  e a s t  North Africa 30 ___ 50 — 3.0
MIDDLE EAST ' West Asia 0ITH 100 20 60 100 M 0 1*1.1* 1*.5 30.0
A S IA 200 1*50 -8 0 0 180 360 650 200 2*00 700 1600 . 10.6 12.1 15.0
C K U A 1*00 500 800 200 32fl_ 700 280 3U0 ... 70a 11*00 25.7 Q.8 15.0
U T I X  AMERICA U5.0_ 650 1 U00 - 300 OOIT

|

115SL 300 500 1150 . 1750 2.6 17.8 5.0
T O T A L 1050 l600 3170 680 1180 2620 800 1300 2700 5000 12.8 1 5 . 6 10.8

WORLD TOTAL
■ A 23 2L 23300 2S2IP LL31Q, 17180 23050 . . . i i a a . j j m , iSLfifi -.3000.0,. , - . .5 ,7 . ..

SHARE OP D5VEL0PIHC . 
C O U E TR B S IE  WORLD TOTAL > 5.k 7.1* 1 1 .2 6.0 6 .9 11.1» • ■ 7 .0 7.1* 11.7 16 .2

•

——...— '



Annex I.E.

XYLENES UNIDO 10.5.81.
WORLD CAPACITI, PRODUCTION AND DEMAND F O R .................... .............................................................................

(  i n  th ou sa n d  n e t r i o  to n n e s  )

C A P A C I r T P R O D U C T I O N D E K A N D INCREASE IS  DEMAND 
( p e r  c e n t  p e r  annua)

»975 1979 1984 1975 1979 1984 »975 »979 »984 1990 1975-79 1979-84 1984-90

DEVELOPED COUNTRIES *

JAPAN 9UO 1110 1110 580 860 9L0 650 I 930 1020 11L0 • 9 .3 17& 1 .8
W. EUROPE 1930 2000 2110 960 1380 1560 1090 1590 1780 20L0 9 .2 2 .3 2 .3
N . AMERICA I960 3050 3250 1L50 2380 2850 1320 1950 2LL0 3320 10 .3 L.5 A.5. '
USSR AND E . EUROPE 700 ■900 1700 600 800 1500 600 800 1500 2250 7.L 1 3 .3 7 .0
OTHER INDUSTRIALIZED COUNTRIES 30 LO 90 20 ' 30 60 20 30 60 100 1 0 .7 1L.9 8 .8

T o . m 5560 7100 8260 3610 5L50 6910 3680 5300 6800 8850 9 .3 5.1 L .5

DEVELOPING COUNTRIES

AFRICA ir_ _ _ _ 100
KIDDLE EAST North Africa Lo _ 30 _ 50 100 12.2
KIDDLE EAST West Asia - - 200 - - 150 - 50 150 300 - 2L.6 12.2
ASIA Lo Loo 950 30 320 750 50 360 800 1200 — 1 7 .3 7 .0
CHINA - 30 210 - 20 150 - 20 150 300 — 12*. 2
LATIN AXERICt 170 LOO 750 130 320 610 150 370 650 1000 25 .2 11 .8 7.L

TOTAL 210 830 2150 160 660 1690 200 800 1800 3000 Ll .L 17 .6 8 .8

WORLD TOTAL 5770 7930 IOLIO 3770 6110 8600 3880 6100 8600 11850 11 .8 7 .1 5.6

SHADS OF DEVELOPING 3 6
COUNTRIES IN WORLD TOTAL > 19.7 5.112,6 21.7 L.2 10.8 13.1 20.9 25.3



Annex I.F.

WORLD CAPACITI, PRODUCTION AND DEKAHD FOR ... МЕТИЛИСЬ( in thousand metric tonnes }
UNIDO 13.5.81

C A P A C I r  r P R O D U C T I O Í D E M A N D 1SCREASE IB DEKAHD 
(per cent per annua)

1975 1979 1984 1975 1979 1984 1975 1979 1984 I 99O 1975-79 1 9 7 9 -id  j 1984-90

DEVELOPED C0UVTRIE3 '

JAPAN ib o o 1300 1300 700 900 1-000 Ooo 1200 lb  00 2100 10.7 b.-2 5.0
Ы. EUROPE 2500 3700 5000 1900 3000 1)500 2000 3000 Ьбоо 6OOO 10.7 8 .9 5.0
H. AKERIQA 3700 b l5 0 8000 2500 З650 5300 2U50 3650 5b00 8b 00 10.5 7 .6 7 .6
USSR ASB E . EUROPE 2200 3000 b850 2100 2800 booo 2100 2800 booo 5500 7 .b 7 . 3 / 5.0
OTHER lEDUSTRIALIZES COUNTRIES nil 125 1350 nil ' 50 1200 50 150 1200 2000 31.6 3b. 0 7.0
i o . m 9800 12275 205OO 7200 lo b o o 16000 7400 10800 I66OO 2b000 1 0 .1 1 1 .b 6 .3

DSVELOPIHO COUNTRIES

AFRICA 50
kiddle EAST N8rth, Africa b50 1)50 1)00 boo .... 25 50 75 100 18.9__. O.b b.Q
kiddle EAST West Asia ббО ■6oo_ - 25 50 75 100 10.9 8 .b b.9
ASIA 100 500 6OO 90 Uoo 550 100 3C0 60O 1200 2b . 6 lb. 9 12.3
CHINA 180 260 1)00 lUo. 210 350 150 2b0 .... 350 700 1 2 .5.. 2 8 .b I 2 .3 '
LATIN AMERICA IPO 1РПЛ -11/1 310 1000 - 150 3OO - 7n0 i8 9 ift 1. i p  P

T O T A L boo I560 3310 3bO 1320 2900 b50 9bO 1800 3550 2 0 .1 1 7 .6 12 .0

WORLD TOTAL
10200 13835 23810 75bO II72O 18900 7.З50 117bO 18b 00 27550 1 0 .b 9 :6 7.0

t
SHARE OP DEVELOPING 
COUNTRIES IN  WORLD TOTAL > 3 .9 11.3 13.9 b.5 11.3 1 5 .3 5.7 8 .0 9 .8 12.9



I

Annex I.G. 
UNIDO 8.5.01.

WORLD CAPACITT. PRODUCTIQI AHD SQUID FOR ..LBFg.'.( in thousand aetrie tonnas }

C A P I C I 1r  T P R O D U C T I 0  I D S  N A I D IHCHEASE I I  DEKANS 
( p e r  c e n t  p e r  annua)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1979-84 1984-90

DEVELOPED COUNTRIES

JA P  A I 13Ö0 1S70 1570_ 040 1370 1240 680 1200- 1080 IO8O 15.2 _  — _

W. EUROPE 4.500 5700 6500 3000 4520 43 00 2600 4000 U500 5190 9.0 2.4 2.4
I .  AMERICA 3200 4200 6000 2380 3920 5000 2310 3U60 4400 5860 10.6 4.9 4.9
U SSR A ID  R . EUROPE 800 i4oo 2150 600 1130 1660 TOO 1130 1660 2500 12 .7 8.0 7.1
OTHER IXDU S1RIALIZED CGUITRIES ISO ?80 _ 380 120 210 320 2U0 240 320 410 5.9 5.1
T  0 . T  A  L

10010 131.5.P I66C0 7040 11150 13020 6530 10030 U 96O 15040 1 1 .3 3.6 3.9

DETELQPigo countries

AFRICA _ ., 30 50 100 200 13.6 14.9 12.2
middle e a s t  Notf>& Africa — 50 2h0 - 4o 200 70 100 150 300 9.3 8.4 12.2
M ID D U  EAST '-'■SJ&fet Asia 20 20 510 10 15 4 00 120 180 300 600 10.6 10.7 12.2
A S IA 150 400 840 100 330 660 410 900 1500 3000 2 1 .7 10.7 12.2
CHINA 40 280 340 25 250 300 60 260 4 00 750 4 4 . 3 9.0 11. cr
L A T H  AMERICA U

)
vn 0 550 1330 320 45c 1030 43 0 720 J.J00 2100 16 .3 11.6 8.3

T O T A L 560 1300 3260 455 1085 2590 1100 2210 3750 6950 19.1 11.1 10.8

WORLD TOTAL 10570 14450 19860 7495 12235 15610 7630 12270 15710 21990 10.3 5.1" 5.8

SHARE OP DEVELOPING 5.3 9.0 16.4 6.1 8.9 16.6 14.4 18.2 23.9 21.6
COU STRESS ET V 03L 9 TOTAL $



Annex I ,н.
UNIDO Я.5.Si.

i

NORLD CAPACITI. PRODUCTION AITO DEMAND FOR .( in thousand uètrio tonnes )
HDPE

C A P A C I ' Г T P R O D U C T I 0 I D E U I S increase ih demand
(por cent per annua)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1 9 79-84 1984-90

DEVELOPED COUNTRIES

JAPAl 
N. SUSOPS
>. AKERICA
USSR ARD 8. EUROPS
OTHER IKDU3 TRIAL USD COUNTRIES

» 0. »  A L

SEmOPlRO C0U1TRI83 

AFRICA
KIDDLE east North Africa 
middle EAST , West Asia 
ASIA 
СВШ
LATH АХШС&

VOTAI.

'

890- — 900 900 350 800 940 220 68ö~ 720 770 "32.6 l;i- 1.1
1700 2100 26ОО. 1350 1770 2000 950 1500 L850 2380 12.1 4.3 4.3
1700 27ОО 4260 1260 2560 3200 1190 2250 29ОО 3930 I7 .2 5.2 5.2 '
l80 ЗбО 930 130 280 76О 150 300 700 1150 18.0 18.5 8.6
50 130 19О 40 100 I60 80 110 I60 210 8.3 7.8 4.6

4520 6190 8880 3130 5510 696О 2590 4840 63ЗО 8440 I6.9 5.5 4.9

10 10 20 Uo 14.9 12.2
lUo 110 20 20 4o 80 14.9 12.2

-■ - l4o - - 110 40 50 100 200 5.7 14.9 12.2
70 120 450 50 100 370 l40 400 700 1U00 30.0 11.8 12.2
30 ’ 35 35 5 - 20 30 10 50 100 200 49.5 16.9 12.2

u> 0 210 460 30 170 3Ó0 13C 310 500 8OO 24.3 10.0 8.1
I30 З65 1225 85 29О 980 350 84o 1460 272О 24.4 11.4 11.2

«

NORIA ТОШ 4650 6555 10105 3215 5800 7940 2940 5680 7790 |lii6o 17.9 • 6.5' 6.1

I
_1V»J
I

share w  gsmopoe . 
салим» n  ною «ovai. $ 5.6 12.1 2.6 5.0 12.3 11.9 14«8 18.5 24.4



Annex 1.1.
UNIDO 8.5.61Polyr r DpyleneWORLD CAPACITT, PRODUCTION AND DEMAND FOR ...... ........... .( in thousand aatri« tonnea )

C A P A C I T Y P R O D U C T I O N D E M A N D INCREASE IN DEMAND
(par cent par annua)

W 5 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1 9 79-84 1984-90

DEVELOPED COUNTRIES *

JAPAN 1050 Il60 1160 590 1020 il4o 440 930"" 1090 1320 ”20.8 3 & 3.2
V . EUROPE 1200 2200 2600. 650 1530 2100 600 1300 2000 3350 21.3 9.0 9.0
N . AMERICA 1U50 2330 3100 900 1850 2500 780 1550 2300 3690 18.7 8.2 8.2 '

U SSR  AND 8 .  EU RQR 180 240 600 150 180 450 200 280 48O 300 3.7 9.8 9.8
OTHER INDUSTRIALIZED COUNTRIES - 70 120 - • 60 100 40 80 100 130 18.9 4.6 4.5
T  0 . ?  A  L 3880 6000 7580 2290 4640 6290 2060 4140 5940 9290 19.0 7.7 7.6

DEVELOPING COUNTRIES

*

A F RIC A * 35 — 30 10 20 40 so 18.9 14.9 12.2
M IDDLE EAST North Africa — - 70 - — 60 10 20 30 60 18.9 8.4 12.2
M IDDLE EAST . West Asia - 60 - - 50 20 50 3.00 200 25.7 14.9 12.2.
A S IA .70 220 620 50 180 510 150 450 800 1600 31.6 12.2 12.2
CH IRR 120 200 90 150 20 90 150 300 45.6 10.7 12!2
L A T X I AXERXCI - 100 290 - 80 230 100 220 400 800 21.8 12.7 12.2
T O T A L 70 44o 1275 50 350 1030 310 850 1520 3040 28.7 12.3 12.2

WORLD TOTAL 3950 6440 8855 2340 4990 7320 2370 m o 7460 i123301", ------------- -1------------------ 20.4 . 8.5_ 8.6

SHADE OF DEVELOPING
COUNTRIES ZK WORLD TOTAL > 1.8 6.8 14.4 2.1 7.0 i 4.1 13.1 17.0 20.2 24.6



Annex I.J

1
PVCWORLD CAPACITY. PRODUCTION AND DEHAND FOR....... ......( in thousand oetrio tonnaa }

UNIDO 8.5 .81 .

C A P A  C I P I P R O D U C T I O N d e m a n d INCREASE IN DEKAND 
(par cent per annua)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1979-84 1984-90

DEVELOPED COUNTRIES

JAPAN 1930 2080 2080 1130 1590 1T90 1000 1520-- 17-30 2020 -•11.0 2.-6- 2.6
W. EUROPE 1*500 5200 5600. 3100 1*320 1*700 2800 3930 1*550 51*30 8.8 3.0 3.0

N . AMERICA 263O 3585 1*870 17U0 2970 1*100 1710 2850 3900 5690 13.6 6.5 6.5 -
USSR AND E. EUROPE 1H50 1850 2900 850 1500 2300 1000 ll*30 2000 2350 9.3 6.9 6.1
OTHER INDUSTRIALIZED COUNTRIES 120 350 1*00 100 250 320 200 300 330 1*30 10.7 2.0 U.5

T 0. T A b 10680 13065 15850 6920 IO63O L3210 6710 10030 12510 161*20 10.6 4.6 It.6

DEVELOPING! COUNTRIES

AFRICA ___ 20_ 50 100 200 13.6 11+.9 12.2
middle east North, A frica - 60 200 - 50 160 70 100 150 300 9.3 8.1* 12.2
middle east West- Asia - 50 200 - 1*0 160 130 150 300 600 3.6 ll*. 9 12.2

ASIA 250 900 1670 200 740 1380 360 O o o 1500 3000 22.1 13.1* 12.2
CHINA 300 1+00 000 220 - 350 700 250 360 700 ll*00 9.5 lit .2 12^2
LATIN AXERI84 300 600 1070 250 1*20 820 320 650 1100 1700 19.1+ 11.1 7.5

T O T A L 050 2010 39^0 67O 1600 3220 1160 2110 3850 7200 16 .1 12.7 11.0

-

WORLD TOTAL 11530 15075 19790 7590 12230 16I 30 7870 1211*0 16360 2362O 11.4 6.2 6.3

I
_i

i

SHARE OP D S m O P H O
c o u n t r ie s  n  WORLD TOTAL %

8.8 13.0 19.6 . 14.7 17.4 23.5 30.57.4 13.9 19.9



Annex I.K.

WORLD CAPACITT. PRODUCTION AND DEMAND FOR ..( in thousand aetrie tonnos )
UNIDO 8 . 5 . 8 1 .

C A P A C I ' r X P R O D V C T I 0 N D E M A N D INCREASE IN DEXAKD 
(por cent por annua)

1975 1979 1984 1975 1979 Í984 1975 1979 19B4 1990 1975-79 1979-84 1984-90

DEVELOPED COUNTRIES *

JAPAN
W. EUROPE
N. AMERICA
USSR AND E. EUROPE
OTHER INDUSTRIALIZED COUNTRIES

T 0. T A L

1250 1390 1390 690 1230 1360 600 1130 1260 1450 17.1 2.4 2.1+
2500 2000 3100. 1300 1800 2200 1250 17OO 2100 2700 8.0 !*.3 1*.3
21+00 2560 2980 1270 19kO 2600 12k 0 1900 2550 361*0 11.2 6.1 6.1

1*00 600 Ooo 300 ¡+50 600 300 1*50 600 900 10.7 5.9 7 .0
50 90 110 1*0 • 70 • 90 hO 70 90 120 15.0 5.1 1*.9

6600 7 M 0 9240 3600 51+90 6850 3k30 5250 66OO 8810 11.2 U.7 1+.9

DEVELOPINQ COUNTRIES

AFRICA _ 20 2 0 1+0 8 0 - 11+.9 1 2 . 2

middle East .N orth  A f r i c a - - - - - - 2 0 2 0 3 0 6 0 - 8.1* 1 2 . 2

MIDDLE EAST A s ia - 2 0 1*0 - 2 0 3 0 1*0 5 0 1 0 0 2 0 0 5-7 11+.9 1 2 . 2

ASIA 7 0 1 9 0 3**0 50 1 5 0 2 0 0 ll*0 3 0 0 5 0 0 1 0 0 0 2 1 . 0 1 0 . 7 1 2 . 2

CHINA 2 0 2 0 . 1 0  .. 2 0 ....... 1*0 . 7 0 1 5 0 1 1 . 8 .1 3 * 5
LATIN AMEBIC^ 2 2 0 1*00 1*60 ll+o 21*0 36O ll*0 27O 1*00 6 0 0 1 7 . 8 8 . 2 7 . 0

T O T A L 2 9 0 63O 8 6 0 1 9 0 1*20 69O 36O 7 0 0 lll+O 2 0 9 0 1 8 . 1 1 0 . 2 1 0 . 6

WORLD TOTAL 6890 8O7O 10100 3790 5910 75^0 3790 j 5950 771+0 10900 11.9 . 5 .4 ’ 5.9

«
SHARE OF DEVELOPINQ .— HAOrn MAM AT C 4.2 7 .8 9.3 5.0 7.1 9.1 9.5 11.8 14.7 19.2

.

1
O'
I



Annex I.L. 
UNIDO 11.5.81Acrylic FibresWORLD CAPACITI. PRODUCTION AND DEKANS POR ................. .

(  ln  th ou oan d  n o t r i o  t o n n o *  )

C A P A C I 1r I P R O D U C T I O N D E M A N D INCREASE IB DEMAND 
(por cent por annua)

1975 1979 »984 »975 »979 1984 »975 »979 1984 »990 »975-79 »979-84 1984-90

DEVELOPED COUNTRIES

JAPAN 340 400 400 25O 36O .360 I 5O 27O 29O 315 ...15.8 1.4 1.4
V. EUROPE 840 1000 IO5O . 530 75O 780 470 65O 660 730 8.4 0.3 1.7
N. AMERICA 375 380 380 24O 35O 330 23O 280 280 28O 5.0 - -
USSR AND E. EUROPE 150 200 400 120 150 300 120 I8O 300 45O 10.6 10.7 7.0
OTHER IN DU STRIALIZED COUNTRIES - - 30 - - 30 20 40 50 60 18.9 4 .5 3.1

T 0. T A L 1705 1980 2260 1140 I 6IO 1800 99O 1420 I 58O 1835 9.4 2.1 4.0

DEVELOPINO COUNTRIES

AFRICA - - - - - - 10 15 20 30 10.6 5-9 " .0

KIDDLE EAST North,, Africa — - - - - - 10 15 20 30 10.6 5.9 ^.0

RIDDLE EAST Went Asia _ ‘ — - - - - 10 20 30 40 13.9 8 .4 4.9
ASIA 140 210 320 100 I6O 230 90 I5O 210 310 13.6 7.1 6.7

CHINA1 10 ' ’60 60 10. 45 50 40 70 100 150 15.0 7.4 7 .0

L A TIN  AMERICA • 70 120 230 60 100 170 70 120 I7O 250 14.4 7.1 6.7
(

T O T A L 220 39O 610 170 3.05 450 230 39O 55O 810 14.1 7.1 —

«
WORLD TOTAL 19?5 2370 2870 1310 1915 2250 1220 1810 -2130 2645 10.3 . r'8 3.6

SHARE OP UEKbOPINO 11 .4 1 6 .4 21.2 13 .0 16 .0 20 .0 18 .8 21.5 25.8 30.6
countries if wem» tatti $



Polyamide (Nylon) FibresWORLD CAPACITY. PRODUCTION AND DEMAND FOR ........... ...............
( An thouuand Bûtrlo tonnas }

Annex X.M.
UNIDO 11.5.81

C A P A C I T Y { P R O D U C T I O N 9 I K A I D INCRKASS I f f  DEMAND 
(p a r  c e n t  p e r  « n n u s )

1975 I 1979  | « 8 4 1975 1979 1984 1975 « 7 9 « 8 4 1990 1 9 7 5 -7 9  . 1 9 7 9-84 1 9 8 4 -9 0

DEVELOPED COUNTRIES

JAPAff 350 IPS 140 280 310 310 210 280 29O 00 7.4 0.1 0.05
V. EUROPE 1000 970 91.0 620 720 660 570 .690 660 680 4.9 0.1 0.05

ff. AMERICA 1260 1470 1800 900 1300 1600 900 1200 1450 1450 7.4 3.8 -
USSR AMS E. EUROPE 400 600 750 OLP 450 600 350 450 600 800 6.5 5.9 4.9
OTHER INDUSTRIALIZE) COUffTRXES AO 40 50 30 .. 30 50 30 40 50 60 7.4 4.5 3.1
T  0 . T  A L 3050 3405 3850 2180 2180 3220 2060 2660 3050 3?90 6.6 2.8 1.3

DEVELOPIRO COUNTRIES

AFRICA 20 20 1.5 20 20 35 50 65 1 5.O 7.4 4.4
MIDDLE EAST North Africa 10 10 20 10 10 20 20 30 40 60 10.6 5.9 7.0
MIDDLE EAST West Asia 20 35 30 15 30 30 40 50 . 60 80 5.7 3.7 4.9
ASIA 200 250 350 150. 200 ?80 200 300 3'0 5 "5 10.6 4.7 6.0
CH?K1 _ 10 60 . .5 50 - 5 50 100 - 53.5 17. 7
LATIN AMERICA 180 220 260 130 170 n o 150 TOO 240 370 7.4 3.7 4.9
T O T A L 410 545 740 305 430 610 430 6ro 3io 1150 3.2 6.3 5.5

WORLD TOTAL 3460 3950 4590 2485 3?40 3830 2490 3?80 3860 4440 7.2 2.8 2.4

SHARE 07 DEVELOPIN') 11.8 13.8 16.1 12.3 13.3 15.9 17.2 18.9 21.0 25.9
COUNTRIES IE WORLD TOTAL >

1

CD

I



Annex I.H.

Polyester FibresWORLD CAPACITI. PRODUCTION AMD DCHAUD FOR ..... i..............( in thouoand motrio tonnas }

UNIDO 11.5.81.

C A P A C I 1P T 1 P R O D U C T I O N B S X U B INCIDIASE IM DCKAKD 
(por cent per annua)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1979-84 1984-90

DEVELOPED COU MTR US

JA PAI
V. EUROPI
I. AMERICA
USSR AMD I. EUROPE
OTHER INDUSTRIALIZE) CGUKIZES

T O . T U

DEVELOPISQ COUNTRIES 

AFRICA
MIDDLE EAST North Africa 
MIDDLE EAST West Asia 
ASIA 

CiqKA

LATH AMERZC&

T O T A L

WORLD TOTAL 1*670 5650
1
j 7230 3500 1*885 6210 3385 l*9l*0 6370 7930 9.9 5.1 3.7

SHARE 07 DEVELOP IKS iw iiw w  tv UAM.n < 18.0 21.2 29.7 20.0 21.8 28.3 26.I* 29.5 33.1 39.6

Om

1*0

OLTS 30 35 1*5 35 50 70 110 13 . 6. 6.9 7.0
10 20 1*0 10 20 35 30 1*0 70 110 7.1* 8.1* 10.6

50 75... 70 1*5 60 70 50 60 . 80 100 l*-7 L1-.6 7 .i* .
500 650 1000 1*00 550 800 500 700 1000 11*00

00•CO 7.1* 5.8
— 15 1+50 5 70 350 Uo 250 350 700 58.1 6.9 12.2

250 1*00 5U0 210 330 U60 21*0 360 51*0 720 10.7 8.1* fc.9
81*0 1200 2150 700 2.065 1760 895 1U60 2110 311*0 13.0 7.6 6.9

520 69O 7I+O 1*50 63O 68O 28O 510 570 65O 15.8 2.2 2.2

1080 . 101*0 IO6O 65O 800 8OO 530 76O ?8o 890 9.1* 0.05 2.2

1800 2170 21*00 11*00 1950 2200 1350 1750 2180 2350 6-7 1*.5 1.2

1*00 500 8OO 280 1*00 .100 _ 300 1+00 650 900 7.1* 10.2 5.6
30 50 80 20 1*0 70 30 60 80 100 18.9 5.9 3.8

3830 1*1*50 5080 2800 3820 1*1*50 2U90 31*80 l*26o 1*890 8.7 l+.l 2.3



VORU) CAPACITT, PRODUCTION AH) PF.KAKD FOR 
( in thousand utri« tonnsa

' SBR 
)“ *’ ........

Annex 1*0.
UNIDO 8.5T8Í.

0 A r A C X t T PRO DOCTI OI S I K i l l 1ISHEASB II DEKANS 
(por cent par annua)

W5 1979 1984 1975 1979 1984 1975 1979 19B4 1990 1975-79 1979-84 1984-90

DEVELOPED 00111781X8 * ♦

JAPAI 800 930 950 500 600 700 350 1*1* Ĉ . ■5-50 70.0 ... 5.8 i*.j6- l».l

V. EUROPE 1.H5P 1600 1600 . 1000 1150 1200 850 870 950 1000 0.5 1.8 0.8
V. AMERICA 1500 1800 2000 1170 1600 1750 950 ll*50 1600 1750 11.1 1.9 1.1*
USSR ARD X. EUROPE 1200 1600 2U00 1100 1U00 2000 1250 l6 l0 2100 2800 6.6 6..8 ^-9
OTHER UDUSTRIAUSD COOIBUDB 50 70 130 30 • 50 100 Co 80 100 150 7.'i* 1*.6 7.0

T 0. T A L 5000 6000 7080 3800 1*800 5750 31*60 1*1*50 5300 61*00 6.6 3.5 3.2

DEVEL0P1R0 COUNTRIES
'

AFRICA _ _ _ ?.o 30 1*0 50 31.6 5.9 3.1
RIDDLE EAST Sorth A frica - - - - - - 10 20 30 1*0 10.9 10.7 k.9
middle cast -Vest Asia 30 30 40 10 20 30 20 30 30 1*0 10.7 - 1*.9
ASIA 100 130 220 80 100 I 7O 180 290 1*00 500 12.6 6.6 3.8
CHUA 30 'ko 100 30- 1*0 100 30 90 150 250 31.6 10.7 8.B
UTU AMERICA 200 350 56O 150 2l*0 1*00 200 310 500 750 11.6 10.0 7.0

TOTAL 360 550 910 270 1*00 700 1*50 770 1150 1630 ll*.3 8 .3 6.0

MORLD TOTAL 5360 Sj'jQ 8000 1*070 5200 61*50 3910 5220 - 61*50 8030 7.2 , fc.ß- 3.7

6.6 7.7 10.8 11.5 lU.9 17.8 20.3SR A R S 0 7  D E V E L O P »«
coimas n  vos» vate» $ 6.7 8.4 8.9



I

WORLD CAPACITI. PRODUCTION AND DEHAND FOR( in thousand netrio tonne«
Palybutadiene 

>................... .

Annex I.P. 
UNIDO 8.5.81.

C A P A C I ' P I P R O D U C T 1 0 I S i U I D INCREASE 11 DEKAND 
( p o r  c e n t  p e r  onnun)

1975 1979 1984 1975 1979 1984 1975 1979 1984 1990 1975-79 1979-84 1 5 8 4 -9 0

DEVELOPED COUNTRIES * *

JAPAN 200 230 230 1 5 0 1 5 0 1-70 10 0 120 * 1 7 0 220 - 1 + .7 7 .5 r 1+.3

V. EUROPE 320 360 360 .

0LPv
CVJ 2 7 0 320 2 1 0 22t0 2 9 0 320 3 . 3 3 .9 1 . 6

S. AMERICA 1+00 500 600 350 1»50 520 300 ¡»30 500 550 6 .0 3 .0 1 . 6

USSR AND E. EUROPE 200 2 50 i+oo 11+0 200 350 1 5 0 200 350 1+50 7.1+ 1 1 . 8 1+.2

OTHER INDUSTRIALIZED COUNTRIES 20 30 30 .10 1 20 2C 1 0 20 20 30 1 8 . 9 - 7 .0

T 0. T A L lll+ O 13 7 0 1620 900 10 9 0 1 3 8 0 7 7 0 1 0 1 0 1 3 3 0 15 70 7 . 0 5 . 6 2 .8

DEVELOPING COUNTRIES

AFRICA _ — — — — — — 1 0 1 0 20 - - 1 2 . 2

kiddle east North 'Africa - - - - - - - 1 0 1 0 . 1 0 - - -

kiddle EAST Vest Asia - - - - - - - 1 0 1 0 1 0 - - -
ASIA - 20 n o 30 1+0 70 i+o 50 7 ° 90 5 . 7 1+.6 1+.2

CHINA - - 50 - . - 1+0 - - 1+0 50 - - 3 . 1

LATIN AXE8XC& 60 10 0 1 2 0 i+o 60 90 50 7 0 n o 1 7 0 8 .8 9.1* 7 . 5

T O T A L 60 1 2 0 280 70 10 0 200 90 1 5 0 250 350 1 3 . 7 1 6 . 7 5 .8

■ -

WORLD TOTAL 1200 ll»90 1900 970 1190 1 5 8 0 860 ll60" 1580 1920' . 7.8 . 6.3' 3.2
*

SHARE OP DEVELOPING 5.0 8.0 lk.3 7 .0 8.1+ 1 2 . 6 Ì0 .5 12.9 1 5 . 8

e

1 8 .2

«•

n n i v r a n a  n  u o s u t  « m t  <
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Level of annual export priceE for petrochemicals per ton
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980-*

Ethylene
UFA (» UF) ---- — — ---- — 260 284 306 230 310 AIOFRG (DR) — ---- — 309 736 80d 831 725 636 960 I334(* us) — — — lit 284 327 330 312 317 524 747

Propylene
USA (f UF) — — — — — - 331 170 253 194 335 399FRG (DR) — — — 232 572 482 561 461 434 626 750(f UF) — — — 87 221 196 223 198 216 342 420

Butadiene
USA (t US) — — — ™ _ 344 410 394 403 531 624FRG (DR) 626 611 515 447 934 772 855 834 841 919 1096(* us) 172 175 ltl 167 360 314 340 359 419 501 614

Benzene 
USA (tus) 66 59 64 IO8 341 250 242 217 208 459 488FRG (DR) 258 210 204 258 902 834 667 560 598 971 1007(i US) 71 60 64 97 348 339 265 241 298 530 564

Toluene
USA (f UF) 48 54 51 87 189 122 162 154 169 331 415FRG (DR) 178 179 174 288 640 406 492 435 400 748 817(* US) 49 51 55 108 247 165 195 187 199 408 457

Styrene
USA (Ï US) 141 123 128 300 529 392 425 399 355 641 747FRG (DM) 552 499 497 487 1169 1098 1137* 1055 922 1431 15 5 1(* us) 151 143 156 182 451 446 452 455 459 78 1 868

ParazyleneUSA (S UF) — — — 152 253 317 368 319 254 497 607FRO (DR) 553 475 453 501 1163 911 1016 706 575 1052 1210(» US) 152 136 142 188 449 370 404 304 286 574 677
Orthoxvlene
USA (FUS) — ... 112 105 74 112 112 237 387 477FRG (DR) 204 20? 207 484 833 514 682 6 10 543 827 941(* us) 66 58 65 181 321 209 271 263 270 451 527

Acrylonitrile
USA (FUS) — — —— 260 531 489 483 474 450 549 685
FRG (DR) 1350 923 9 15 736 1539 1379 • 1376 1309 1021 1162 1245

( Î us) 370 265 287 275 594 560 546 564 508 634 753
Caprolacturn
USA (* UF) 414 420 443 478 1X68 873 890 888 900 12 1 5 1494

tpaArt
USA (S US' 333 311 311 315 558 500 516 438 373 658 685
FRG (DR) 1231 1335 1155 1119 1735 1331 1534 1146 969 1372 1487

(* UF) 338 363 362 419 669 541 609 494 482 749 832
Methanol
USA (t US) 77 40 38 49 55 60 91 108 1X0 132 220FRG (DM) 307 229 201 247 456 402 290 340 348 424 611

(f us) 84 66 63 92 175 163 118 147 174 231 342
Ammonia
USA (J US) 35 35 34 49 140 ■ 250 105 102 86 123 149FRG (DR) 300 300 199 216 535 530 405 354 316 458 620

(* us) 82 65 62 81 206 215 164 15 2 158 250 347
tDPE
USA (S US) 296 301 265 369 748 583 610 595 571 841 980FRG (DR) 1153 1053 833 954 1909 1355 1507 1112 1127 1742 2059

(* us) 316 302 261 357 736 551 598 479 561 950 1153
HDPU
USA (t US) 297 283 270 353 764 544 569 601 582 774 956FRG (DR) — — - 1076 IO81 2039 1698 1722 1601 1412 2002 2231(f US) 320 323 336 404 787 690 684 689 703 1093 1249

PVC
USA (C US) 300 300 220 570 753 629 607 673 742 845 873FRG (DR) 1571 1306 1473 1526 2220 1620 1585 1570 1400 1698 2121

(* us) 431 375 462 571 857 659 630 676 697 926 1187
Polystyrene

tisïT? lis) 364 329 294 494 980 872 938 717 714 883 1070FRC (DR) 1296 1237 1164 1295 2240 1931 1965 1906 1724 2355 2583
(* US) 355 355 365 485 864 784 788 821 858 1285 1446

Source: Foreign Trade Statistics, United Hâtions Publication.
Hote: Rate of exchange ia taken from "International Financial Statistica".

Calculated for USA for 7 months and FRG for 9 months.
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Annex II.B Level of annual contract and spot prices for petrochemicals
(in US dollars/per ton)

1977 1978 1979 1980

Ethylene
USA-/ 267-274 285-295 336-357 497-513
Western Europe Bpot — 420-425 620-630 —

Propylene
USA^

contract 323-342 352-372 565-602 732-754

198-209 220-231 250-269 320-346
Western Europe spot 181-193 185-193 377-389 —

Butadiene
USA-/

contract 217-223 217-244 385-416 463-479

416-449 453-469 497-530 598-682
Western Europe spot 392-408 481-496 576-597 588-593contract 413-433 457-488 586-641 655-700

Benzene
usa2/ 233-236 225-227 386-457 484-516
Western Europe spot 224-228 259-267 574-589 502-516

contract 255-262 238-247 503-522 556-566

Toluene
USA 154-157 167-179 327-344 404-405
Western Europe spot 164-169 192-196 414-425 427-440

Styrene
USA-/

contract 171-182 183-190 401-471 442-454

.a/spotty
428-433 350-380 640-690 789-821

Western Europe 397-403 384-393 911-921 759-775spot-' 419-424 407-420 939-952 797-819

Paraxylene
USA-/

contract 428-453 399-417 848-913 863-896

330-338 260 453-554 571-620
Western Europe spot 279-291 280-302 711-723 615-629

Orthoxylene
USA-/

contract 314-325 268-284 663-679 676-691

243-253 242-253 371-410 475-506
Western Europe spot 248-251 262-269 496-506 527-540

Ammonia
USA-/

contract 264-274 270-289 482-493 523-531

108 98-100 120-125 135-145Western Europe spot 136-141 103-107 175-189 170-190

Methanol
USA-/

contract 117-140 120-136 152-174 200-220

92-95 98-100 115-121 206
Western Europe spot 103-111 100-120 183-218 235-245contract 113-142 121-128 173-184 238-262

Source: ’’European Chemical News'*.
Note: Import subject to tariffs

-'j Duty-free import.
USA price range.



Annex II.C Level of prices for basic petrochemicals in 1980 (in 08 dollars/per ton)

January February June July November December

Western
Europe USA Western

Europe USA Western
Europe USA Western

Europe USA Western
Europe USA Western

Europe USA

Ethylene contract
spot

747-786 462-48 4
• • s

775-810 462-482 723-743 52 8 -550  
« « • 725-775 462-491 703 513 703

Propylene contract
spot

490-510 264-286 
• « • 520-545 264-286 445-465

• • a
438-446
402-416

396-429 43&-446
393

369-418 438-446
393

366-420

Butadiene contract
8p0t 595-605

636-660 
* * ♦

710-770 638-660 676-692 63&-66O 660-730 682 607-611
618 704 607-611

670
778 -78 3

• e e

Benzene contract
spot

620-636
6 0 5 -6 1 5

495-510 625-635 495-540 575-592480-490 495 531420-450 465 505
5 5 0 -570 5 10 -54 0

505
56O-5 6 5 510-542

Toluene contract
spot 490-495510-525

412 
• • •

455-510
s e e

412 450-465
370-395

382 422
375-3 8 5

382 425-430
460-470 420-430 4 25-430450-460 420-430

Xylene contract
Bpot

5 0 0 -5 10  
. 5 10 -5 2 5

416 500-510
490-495

416 460-456
380-385

416
365-410

416
5IO-53O 45O-4 75 500-520 4 50 -4 75

Styrene contract
spot 870-895?̂

945-955-'
795-836 
• • •

97O-IO9O 792-836 855-895 / 660-730̂  
700-725='

858-890 
• • • 769 a/ 620-640=/

66O-680-
858 -8 91 830 a/ 760-7805'/

800-830='
660-682

910-920,/8oo-8io5l
840-860?'

660-682

P-xylene contract
spot

740-770
700-715

516-616 
• • • 740-750«SS

516-616 6 69-68 9580 6 6O-6 9 3
520-530 660-693 607-634600-630

506-528 607-634640-660 503-525
s e e

0-xylene contract
spot 545-575550-560

440-506 
• « •

590-610 440-506 530-540
425-430

484-506 476
415-420

484-5O6 496525-530
484-506 496

550-560
484-506

Phenol contract
spot -- 748-770 

• • •
1010 748-770

s e e

89 0 -9 10 8 14 -8 3 6 840 814-836 742-754750-778
814-836 742-754b/760-800='

814-836

Methanol contract
spot 2 2 5 -2 3 5220-245

206-f 
• • *

230-240 206=/ 245-259
220-250

206-f • a • 

s e e

206-f 240-302 /
2 10-2 15tv 
235-245-'

206?/ 240-302,/
210-215ty
235-245-'

206?/

Source :
Note: if

if.y

’European Chemical News", several issues.
Import subject to tariffs.
Duty-free import.
List prices.
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Anne» II.D (i)

Petrochemical production; factor;-, and
cor.tfi

✓ /
C a p i t a l  c o s !

C a p a c i t y  ( m i l l i o n  d o l l a r s )

C o n v e r s i o n  f a c t o r  ’ ( t h o u s a n d  ----------------- ----------------------------------------
( t o n s  o f  s t a r t i n s  m a t e r i a l  t o n s  -. B a t t e r y  E n e r g y  s u p p l y

P r o d u c t  \ p e r  t o n  o f  p r o d u c t )  p e r  y e a r )  l i m i t s  i n s t a l l a t i o n s  S u m

PRIMARY«
Ethylene 

(by steam 
cracking)

4 naphtha SO

100

14.5®

20
Coproducts: 

50% propylene 
15% butadiene

ISO
200

26
32.5

Aromatics: •
benzene
o-xyler*c
/»-xylene

1.88 plat formate 
- + 0.77 pyrolysis gasolene-' 

with dealkylation ! 1 !

21®

benzene
toluene
ethyl benzene
o-xylene
»»•xylene
/»-xylene

1.30 plat formate 
. + 0.56 pyrolysis gasolcne- 

without dealkylation

f 34 ' 
12 
14

■ »1 14 J ■

2 10*

Methanol ' 0.7 natural gas 30 3 .1.5 5
Chlorine 1.75 rock salt 3.5 1.1 0.5 1.6

Coproduct: 
113% caustic 
soda

(+ 3350 kWh electricity 
+ 2.1 kg graphite 

electrodes)

17.5 3.5 1 5

Oxygen • 16 1.6 0.6 2.2

c ;i m  l;.l

I

tort
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Annex II.D (li)

C o n v e t t i v a  f a c t s *  • 
( t o u t  o f  s t a r t i n g  m a t e r i a l  

P r o d u c t  p e r  t o n  o f  p r o d u c t )

C a p a c i t y  

( t h o u s a n d  

f o n t  

p e r  y e a r )

C e p p a i  t o s i  

( m i l l i o n  d o t t u r s j

P o t t e r

l i m i t s

E n e r g y  s u p p l y  

I n s t a l l a t i o n s Sum

' INTERMEDIATE

Acetylene
+

4.3 methane 
4.9 oxygen

33 8.5 1.5 10.0

Styrene
+

1.00 benzene ~ 
0.36 ethylene

24
100

5
11.5

1
2.9

6
14.4

Vinyl chloride 
! +

0.50 ethylene 
0.61 chlorine

24
100

4
9.5

1
2.4

5
11.9

Vinyl chloride + 0.60 acetylene
0.43 hydrogen chloride 20 3 1 4

Vinyl acetate
+
+

0.39 ethylene 
0.33 oxygen 
0.72 acetic acid

12
50

3
7.5

1
1,9

4
9.4

Ethylene glycol
+

0.70 ethylene 
0.95 oxygen

40 3 1 4

Acrylonit<üe
+

1.40 propylene 
0.43 ammonia

10
45

3.5
8

2.4
6

5.9
14

Phcnol/acctone
1.00/0.65 + 
(cumene process)

1.0 benzene 
0.6 propylene

25/15 6 2 8

DMT
+

0.7 p-xylcnc 
0.5 methanol

30 10 0.6 11

Cyclohçxançc
• ■ \ + 

• •

0.94 benzene 
0.08 hydrogen

30 0.5 — 0.5

Caprolactam^ 1.0 cyclohexane 20 14 5 19
Coproduct; + 
45% ammonium + 
sulphate, +

1.5 ammonia 
1.4 sulphuric acid 
0.7 sulphur

Phthalic anhydride
+1 • » .

0.97 o-xylcne 
0.92 naphthalene

50 10.5 3.1 13.6

2-Ethyl hsxanol 1.147 propylene 10 16 4 20
Coproducts: + 

16% isobutanol + 
30% isobutyr- 
t aldehyde 

2.7% isooetanol

0.996 water gas 
0.03S hydrogen

coni



- 27 -

Anne» II.P (ili)

P r o d u c t

’  _  • • C a p i t a l  c o s t

Q t p a c i t y  ( m i l l i o n  d o l l a r s }

C o n v e r s i o n  f a c t o r  ( t h o u s a n d  — :---------------------------------------------------- r
( t o n s  o f  s t a r l i n g  m a t e r i a l  t o n s  H a t t e r , y  E n e r g y  s u p p l y

p e r  t o n  o f  p r o d u c t }  p e r  y e a r )  l i m i t s  I n s t a l l a t i o n s  S u m

INTEKM EDI ATE (coni’d)

Dioctyl phlhalatc

+•

, END 

' Plastics

0.7 2-cthyI hcxanol 
(or isooctanol)
0.4 phtItalic anhydride

10 1.0 0.1 1.1

Polyethylene, HP
Polyethylene, LP 

or

1.05. ethylene
1.05 ethylene 

or

40
20 ’ 
or

17 7 24

Polypropylene 1.07 propylene 14 - 10 4 14
(LP polymerization) .

m

PVC 1.06 vinyl chloride 6 2.0 0.5 2.5
1
t 26 6 2 8

Polystyrene 1 styrene 6 1.5 0.4 1.9
•

1 Fibres
i

24 .4.0 1.0 5.0

Acrylic fibre 1.06 acrylonitrile 4 6.5 l.S 8.0
!

Polyamide (nylon 6)
30 20 2.5 22

j chips
Polyamide (nylon 6)

1.10 caprolactam 3 1.5 0.3 1.8

fibre • 1.08 nylon 6 chips 3 8 1 9

Polyester chips
+

1.OS DMT
0.4 ethylene glycol

10 4.5 0.5 5.0

Polyester fibre 1.05 polyester chips 4 3 0.7 4

i Elastomers
;

10 6.5 1.0 7.5

¿R 1.04 butadiene
•s

8
SBR

+
0.78 butadiene 
0.33 styrene

16 8.5 3.4 11.9

cont
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A n n «  XI.P (iv)

C a p i t a l  c o s t

C a p c c i t y  ( m i l l i o n  d o l l a r s )

C o n v e r s i o n  f a c t o r  ( t h o u s a n d ------------------------------------------------— —
( t o n s  o f  s t a r t i n g  m a t e r i a l  f o n t  B a t t e r y  E n e r g y  s u p p l y

Ptoduet p e r  t o n  o f  p r o d u c t )  p e r  y e a r )  l i m i t s  . i n s t a l l a t i o n s  S u m

END (coin'd) 

Others
Thermosetting 0.72 PF resin

•
•

plastics or
0.72 UF resin 

or 2.5 1.2 0 .3 / 1.5

Detergent ilkylate

1.60 unsaturated 
polyester resin
0.83 propylene 13 2.5 0:5 3.0

Dctcigent alkylate, 
sulphonatcd

+ 0.34 benzene

13 5.0 0.8 5.8

®These represent total investment costs for the steam-cracking and aromatic extraction plants 
shown; the costs of tlic refinery supplying the naphtha inputs are not included.

^This capital cost dees not include the cost o f t)ie reformer. An allowance lias therefore been 
made for this in computing the cost o f specific plants.

CT n c  profitability o f this operation depends on the availability o f cheap hydrogen.

^The profitability of this process is greatly affected l> the price at which the ammonium sul
phate can be sold.

Source: The Petrochemical Industry, UN. 1973, PP* 12-15
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Location factor calculation
Annex II.E

To illustrate the use of two approaches to calculate location 
factors they apply to a proposal of a 320,000 t/y methanol plant under 
conditions of a Gulf location. Overall investment is around U$S 50 
million. Installation cost, buildings and structural supports are sub
contracted. The plant is an independent, new production unit and the 
technology is new to the area. The site has already been developed 
by the local industrial authority. However, access roads, telephone 
and telex are excellent. Repair shops are available for repairing 
construction tools. Staff is to be trained by the licensor.

The points allocated to the United States Gulf Coast at the Gulf 
locations are shown in the table 2.8 together with the considerations 
behind the Gulf allocations. From these data, three location factors 
can be calculated:

Construction cost 
location factor

L - items 4 to 10 Gulf
~ items 4 to 10 US Gulf Coast m

100 1.45

Plant cost 
location factor -

?r--items 4 to 11 Gulf
•t-Litems 4 to 11 US Gulf Coast

156
Too 1.56

Fixed investment 
location factor

L - *=- items 1 to 14 Gulf
~ items 1 to 14 US Gulf Coast

207
1283 1 . 6 1

Detailed analytical method
Step 1 Define the project in relation to the product, the process, the 
developing country site, the plant capacity and its stream factor.
The proposed plant has a capacity of 320,000 t/y and a stream of 0.8.
Step 2 Determine production capacity of a United States reference plant 
with the dimensions required to give the same output as the developing 
country unit (allowing for stream factor difference). In the United 
States, the developing country plant would produce

» 320,000 = 360,000 t/y

Step 3 Scale United States construction costs from 320,000 t/y plant 
to 360,000 t/y plant. A 320,000 t/y unit costs U$S 48,384 million, the 
reference plant (360,000 t/y) cost UIS 53,232 million.

4/ Construction, production and distribution costs of petrochemical projects, 
GOIC, Doha-Qatar, October 1979
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Step 4 Break down United States construction cost into individual 
items;, thousands of dollars

Machinery and equipment
delivered plant site 26,459

Installation 10,332
Buildings, structural supports 10,873
Miscellaneous 2,417
Engineering _3tLSl
Total 53,232

Step 5 Determine component location factors for each cost component
(for range applicable to Gulf conditions see table ).

Component
Location

factor
Machinery and equipment 1,373
Installation 1,194
Buildings, etc. 1 .0

Miscellaneous 1 .2

Engineering 3.J0
Weighted average 1,392

Step 6 Convert United States components costs to the Gulf component
costs using component location factors; 
cost location-^factors;

determine overnight construction 

IKeSsamds of dollars
Machinery and equipment 36,328
Installation 12,336
Buildings, etc. 10,873
Miscellaneous 2,900

Engineering 11.659
Total 74,096
Provision to inflation on a United States plant with this capacity 

is U*S 4,645 million. The corresponding figure for the reference plant 
is $ 5,110 million. Applying a location factor of 2,088 to allow for 
(Juif inflation, cost escalation provision rises to % 10,670 million.

J Excludes provision for inflation and construction financing,
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Construction financing for a United States plant with the same 
output is $ 4«242 million, at the reference plant would need $ 4.667 

million. Because of low interest construction loans, the Gulf 
location factor is 0*981 bringing the construction financing provision 
to $ 4.577 million.

Comparing total construction costs for the reference at the Gulf 
plants give the construction cost location factor:

1.418

Step 7 Determine effect of plant operating efficiency using ratio 
of reference plant to same-si zedUnited States plant costs as location 
factor:

4,645 + $ 4,242) ~ 1.10

Step 8 Calculate plant cost location factor:

kp " LC * ^
Lp = 1,418 x 1.10 - 1.56

Step 9 Add other capitalized costs, e.g. prefeasibility study, feasibility 
study, site development, paid up royalties and licenses, land, start up 
cost and other outside costs.

United States 
reference plant 
(US 1000 dollars)

Gulf plant
Location thousand« of 
fact or dollars

Prefeasibility study 0 - 200

Feasibility study 242 4.0 968

Site development 300 - 0

Start up cost 3123 1.628 5084
Other outside costs 0 - 500

Step 10 Calculate final investment location factor, L-j.. Total final
investment for same-sized United States plant:

Ijjg = ($ 57,271 + $ 242 + $ 300 + $ 3123) x 103 = S 60.936 million

Total final investment for Gulf plant;
IQ * ($ 89,343 + S 200 + I 968 + $ 5084 + * 500) x 103 =

» Z 96,095 million,
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Thus,
II 2 Ш

OÕT93 = 1.577
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ANNEX II.F

Methodology

The competitiveness of petrochemical production at a given location 
depends on a broad range of factors: production costs in the country of
origin, taxes on input factors and rebates on output, shipping and other 
transportation charges, import duties in the export market, additional 
costs deriving from non-tariff barriers, storage costs, and finally local 
sales sind service charges. The following calculations are concerned only with 
the first stage - the relative advantages in production. The method used 
is the "cost difference" approach employed for feasibility studies comparing 
chemical and petrochemical operations at different locations. By taking the 
U.S. Gulf Coast as a reference location, a series of location factors and 
other multipliers together with local inputs for raw material, utilities and 
labour costs can be used to build up the cost structure for other locations.
This method eliminates errors that would otherwise appear due to country-to- 
country and enterprise to enterprise differences. In addition, errors in the 
assumptions to some extent cancel out since they apply to all situations.

Two data sources —  provided cost figures for 20 petrochemical products 
produced at three locations: the U.S. Gulf Coast, the Federal Republic of
Germany and Japan. Data sets for each country were assembled for two base 
years (1980 and 1985) for several alternative processes and for three plant 
sizes. This provided the input to a UNIDO-developed computerized conversion 
programme that converted the data to developing country conditions. As this 
programme presently stands, production costs can be developed for any country 
if four groups of factors are known: location factor relating local to
U.S. Gulf Coast investment costs; and the local cost and price of feedstocks, 
by-product credits, utilities (cooling water, process water, steam, electricity, 
fuel and inert gas). The results can also be converted to represent a range 
of plant sizes.

In this report the results are presented for the three industrialized 
countries - the Federal Republic of Germany being taken to represent 
Western Europe - and three developing countries: Indonesia, Mexico and Qatar.

J  1980 PEP International Yearbook mod Estimate« of Petrochamleal Costa in 
1985, SRI International, Zurich, 1980.



- 34 -

All the developing countries together with the United States are able to 
base their petrochemical industry on low-cost associated gas. —  They thus 
hold the best chance for establishing an internationally competitive olefins- 
based petrochemical industry.
The assumptions

The assumptions for the analysis of production costs are as follows:

Capital cost: comprised of two elements - inside battery limits (ISBL)
and outside battery limits (OSBL) or minimum offsites. This breakdown, 
together with unit investment cost, is shown in table IlA.2.1.

ISBL capital costs: comprises the cost of pre-feasibility and feasibility
studies, site development, equipment and materials (including spare parts), 
buildings, structural support, freight, labour, indirect costs, construction- 
related insurance costs, home office costs (including engineering), type of 
contract (e.g. lump sum or cost plus), contingency, escalation, construction, 
financing, start-up costs, and owner's expenses (royalties and licences).
ISBL costs vary from one country to another according to a location factor (see 
below).

OSBL capital costs (minimum offsites): covers site preparation, auxiliary
utilities, e.g. power transformers, land drainage, office, laboratory 
buildings, etc. Location factors are assumed the same as for inside battery 
limits (ISBL) capital cost.

Location factor: the ratio of investment costs for petrochemical production
in a given country to the cost of building the same plant at a U.S. Gulf Coast 
location. The main factors influencing this ratio are the scope of the project; 
local exchange rates vs. the United States dollar; the size and complexity of 
the project; input costs; site conditions; capacity of local contractors; 
availability, efficiency and cost of local construction labour; impacts of 
local trade unions; fees and commissions; country rules and procedures; 
contractor risk. Two methods for calculating load factors in developing countries 
are described in chapter II. In this study the developing country Location 
factors are those reported by the countries themselves. They are, lowever, in 
general agreement with the views of European engineering contractors. Indus
trialized country location factors are those submitted by the data source.

__/ For a full description of the opportunities offered by flared gas, 
see UNIDO report "Industrial Uses of Associated Gas", Vienna, 1981.
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Depreciation: capital costs (ISBL plus offsites) are amortized over
ten years, i.e. at a depreciation rate of 10 per cent. The possibility of 
other depreciation rates is foreseen in the UNIDO computer programme.

Working capital: composed of six elements - stores and cash (as a
per cent of fixed capital); raw material inventory in days of consumption; 
feedstock and product inventory in days at direct cost plus overhead; 
accounts receivable in days at direct cost plus overhead; and amounts payable 
(deducted from the foregoing and estimated at number of days of raw materials 
consumption plus labour costs). Different assumptions are made for stores 
and raw materials inventory for developed and developing country locations.

The quantitative assumptions made for working capital are shown below.
The interest on total working capital forms part of the fixed charges on each 
petrochemical plant and is assumed to be 10 per cent. However, the UNIDO 
computer programme foresees the possibility of zero interest rate to reflect 
situations where producers have access to working capital on such terms.

Component

Stores
Cash
Raw material 
inventory
Finished product 
inventory
Accounts receivable 

Accounts payable

Working capital

Developing country Industrialized country

1% of fixed capital 0.3% of fixed capital
0.3% of fixed capital

3 days at purchase 5 days at purchase
value a/ value

30 days at direct cost 
plus plant overhead
kO days at direct cost 
plus plant overhead
30 days raw material con
sumption plus 11 days labour

a/ 60 days for imported materials.

Feedstock: Over 100 different raw materials are needed to make the 18

products covered in this study. In many cases the major raw material is 
produced in another plant whose production cost has to be evaluated first.

In some cases, e.g. ethylene, there are several alternative raw materials; 
the production costs were investigated for each. In developing countries the 
primary feedstock is considered to be low-cost ethane extracted from associated
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gas. An ethane-propane mixture is offered as an alternative only to provide1 /a local source of propylene for polypropylene plants. —  Developed countries 
are assumed to use an appropriate feedstock at current or 1985 market prices - 
naphtha or gas oil in Western Europe and Japan, ethane or ethane-propane in 
the United States.

Feedstock and by-product prices for petrochemical operations in the 
reference years 1980 and 1985 are listed in tables A.I.l and 2. The prices 
shovn are either those prevailing in the local market - the case for all the 
developed countries and to a lesser extent for Mexico - or those computed from 
prices elsewhere allowing for shipping charges.

All three developing countries are assumed to be gas based. As by
products of an LPG exporting sector, ethane and methane in Qatar and Indonesia 
are assigned an arbitrary low value of $25/ton for 1980 and $100/ton for 1985. 
Notional market prices for other feedstocks such as benzene and p-xylene in 
the developing countries are calculated assuming local production with prices
determined by the opportunity costs in the nearest international market.2/Shipping costs are thus deducted —  from the price in the nearest industrialized 
region and the result reduced by a further 25 per cent to give local consumers 
access to intermediates at a favourable rate.

Petrochemical plants whose feedstocks are intermediates, i.e. the product 
of an upstream unit, are assumed to have access to those materials at one of 
three price levels - one based on local market prices, a second at the 
production cost or transfer price for the upstream unit calculated to include 
a 25 per cent return on investment and a third assuming a 5 per cent return on 
investment. These variations are the basis of table II.U.2.

By-products; Values of by-products are estimated similarly to feedstocks 
vhere quantities are large enough to transport. Otherwise the value is taken 
either as the next alternative use, e.g. propylene spiked into LPG exports, or 
fuel value. In some cases, values are computed assuming the same price ratios 
as in developed countries, e.g. polymer-grade to chemical-grade propylene and 
ethylene to purge ethylene. All by-product values are shown in tables A.I.l and 2.

_V Propane is normally exported directly as LPG. It would only be considered 
as a source of propylene where local demand Justifies.

2_/ If feedstocks are imported, shipping charges would be added to inter
national prices. The practice of offering local producers feedstock at favourable 
prices is exemplified by Mexico vhere benzene is sold for $326 per ton as against 
the opportunity cost in the United States after deducting shipping charges of 
$U75 per ton.
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Other raw materials: Materials such as catalysts and subsidiary
chemical inputs are assumed to be imported by developing countries at an 
average price of 1.25 times their cost in the United States. For 1985 
these are assumed to have risen in price by k per cent annual in real terms 
for all countries.

Utilities : Utility consumption for each process considered is shown in
table A.1.3. Utility costs (for cooling water, steam, process water, electric 
power and fuel) for 1980 are the values reported either by the data source 
(for developed countries) or by the developing countries themselves. They 
are listed in tables A.I.l and 2 and included in "other direct costs" in the 
production cost breakdown. For 1985, steam, electricity and fuel oil are 
assumed to have risen in line with crude oil prices; natural gas will rise 
to parity with fuel oil; and both gas and oil prices in the United States 
will rise to world levels.

Maintenance materials; In all countries maintenance materials are 
estimated as a fixed percentage (3 per cent) of ISBL capital cost. ~  Thus 
the location factor automatically builds in an extra allowance for their 
higher unit cost to developing countries. Maintenance materials are included 
in other direct costs.

Maintenance labour: also estimated at 3 per cent of ISBL capital cost
for all countries. This could be subject to wide variations according to 
the cost and efficiency of labour (see operating labour below); their impact 
on total production cost is negligible, however. Maintenance labour is 
included in other direct costs.

Operating labour: Annual* costs per man, as reported by country corres
pondents and the data source are listed in table A.I.l and 2. Labour 
efficiency in all developing countries is assumed to be 60 per cent of that 
for petrochemical plants in the U.S. Gulf Coast, giving the following labour 
factors :

3/ Some sources apply 1.5 per cent of ISBL capital costs; see, for 
example, "Construction, Production and Distribution Costs of Petrochemical 
Products", op. cit., p. U2.
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Country
Annual labour 
cost (1980)

($ per man-year)
Labour

efficiency
Labour
factor
(198o )

U.S. Gulf Coast 29,500 1 1.00
Federal Republic 
of Germany 33,000 1 1.12
Japan 25,700 1 0.87
Algeria • • e 0.6 • • •
Indonesia 5,000 0.6 0.28
Mexico 12,17U 0.6 0.69
Qatar 20,000 0.6 1.13
Operating labour costs are included in other direct costs.

Operating supplies: estimated at 10 per cent of operating labour. This
excludes operating materials such as catalysts and chemicals that are listed 
separately as other raw materials. Both are included in other direct costs.

Control laboratory: estimated at 20 per cent of operating labour and
included in other direct costs.

Plant overhead: estimated at 80 per cent of total labour - covers
joint services such as fire protection, security, canteens, cleaning, etc. 
Included in other fixed costs.

Taxes and insurance: Estimated at 1 per cent of total fixed capital for
developing countries and 2 per cent for industrialized countries, this 
covers low local taxes only. Wide variations are found, with many developing 
countries applying zero taxes. Taxes and insurance are included in other 
fixed costs.

General overhead; Head office expenses covering general and administration 
charges, sales and R and D are arbitrarily estimated at 2.5 per cent of net 
cost of production for developing countries and 5 per cent for industrialized 
countries. —

J/ A more rigorous approach applies different percentages to a product 
sales price which is defined in turn as a net manufacturing cost plus the 
value of by-products. This would penalize liquid feedstock ethylene plants 
more than gas-fed units, and weighs more heavily on specialty chemicals than 
commodities:

Chemicals used captively - 3%
Commodity chemicals - 3%
Intermediates (non-commodity) - 5%
Commodity plastics - 10)t
Speciality chemicals, 
plastics, rubber - 1.5%

See "Estimates of Petrochemical Costs in 1985", SRI International, Zurich, 1980.



- 39 -

The calculations
The aim of the cost calculations is a  transfer price at which a 

production plant could profitably sell locally or export product, i.e. which 
would include some return on investment in addition to covering fixed and 
variable costs. Such transfer prices were developed for the study by first 
calculating net manufacturing cost and then the net cost of production.

Met manufacturing cost is the result of adding five groups of unit costs 
for the plant, i.e. $/ton on product produced: feedstock, energy, other
direct costs (utilities, other raw materials, maintenance materials, 
operating supplies, operating labour, maintenance labour and control laboratory), 
depreciation and other fixed costs (plant overhead, taxes and insurance and 
interest on working capital).

Adding the charges for general overhead expenses to net manufacturing
cost gives the net cost of production, which is the total expenditure to
produce one ton of product at a given location assuming 100 per cent load
factor. Except in periods of undersupply, few petrochemical plants operate
at full capacity, however. Net cost of production is therefore also calculated

yat 85 per cent load factor — as a more realistic level, and at 65 per cent 
load factor to show the impact of lower operating levels on costs. Low 
operating levels frequently occur in developing countries during the first 
years after commissioning.

To analyse competitivity it is necessary to make assumptions concerning 
the internal rate of return on investment. No interest rates, it may be 
noted, are applied to the fixed capital. Fixed investment charges in the 
net cost of production are therefore solely accounted for by depreciation.
In lieu of interest, a pre-tax return of 25 per cent corresponds to the 
expectations of petrochemical companies in industrialized countries and also

y  Production costs at reduced load factor are higher because a lower 
output has to bear the same fixed costs. Unit cost is calculated using the 
following relationships:

at 85* load factor: NCP(85) = NRM - —

at 65* load factor: NCP(65) * NRM - ° — 57^  —
where NRM = net raw material cost (raw materials - less by-product credit) 

U * utilities cost 
FC * fixed cost.

The assumption that if the plant is turned down to 85 and 65* of full capacity 
utilities consumption will drop to 0.91 and 0.T9, respectively, is arbitrary.
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some organizations in developing countries. In the interests of industriali
zation, downstream employment etc., some developing countries are prepared 
to invest domestically on terms much less stringent. The expectations of 
these countries are reflected in a pre-tax return of 5 per cent.

In the summary charts (annexes 0 and H ), transfer prices in dollars 
per ton are thus computed for each product at each location at both rates 
of return and at 85 per cent load factor.

Deducting depreciation from net cost of production gives the cash cost 
cost of production which is the actual cash outlay per ton of product.
This is often considered the minimum price at which the plant could operate 
without suffering immediate cash flow problems

J/ Same plant accountants also calculate the marginal cost of production. 
This includes only raw materials, utilities and by-product credits. Sometimes 
small lot s of product are sold at prices between this marginal cost and the 
net cash cost.



Annex II.F.1.
PRICES OP FEEDSTOCKS, BY-PR0DUCT3, UTILITIES ADD OPERATING LABOIR 

AT 3IX LOCATIONS (I960)

t i r S Y unis
DEVELOPED COUNTRIES DEVELOPING COUNTRIES

o.s.
Gulf Coast F.RjG. Japan Indonesia Mexico Qatar

PEED3T0C ^
ethaue 
L P 0
ethane-propane
napht ha
gas oil
benzene
ethylene oxide
ethylene
methane
propylene (polymer grade) 
styrene
vinyl chloride (VCR)
ethyl benzene
chlorine
ealt
ammonia
p-iylene
butadiene
dimethyl terephthalats (DMT) 
ethylene glycol 
terephthalic acid (TPA) .

* A
* A
* A
t/t
* A
*/t
* A
* A
* A
* A
* A
* A
* A
* A
* A
* A
» A
* A
» A
* A
* A

215̂
1982/
¡5#
4932/
51$
2282/
4412/
7882/
485̂ /
5662/1602/
U ^ /135-1457
617=/
7052/.
7052/
7502/
nzt/

3262/
2802/
564ft/
9842/
7542/
2232/
4632/
1 $
S $ .

400-220tt
7142/
6 6 12/
6752/
7432/
9022/

2952/ 
7322/ 
11402/
5$

'111
s t f ,
4622/ 
8512/ 
7282/ 
10202/ 
9082/ 
10202/

25£/ 

902/

50°|/
‘2 ®

25 .

i g

32c£/
« 52/
> ? g
. S $

56.52/
902/

3262/
S f ,
» I f
g i
595. , 

682/ 

1 1 7a ,

252/
902/

5 °o£/ 
ii3°I/

25fv4°0|/
lsi§
3

112/
2402/

i i

130o£/

fUKL (natural gas) tl/ton cai. 0.01592/ 0 .01822/ 0.02262/ 0 .0017852/ 0 .0015632/ 0.001192/

BY-PRODUCTS
propylene, chemical grade 
C-4 fraction 
pyrolysis gasoline 
fuel oil 
caustic soda 
sulfuric acid (69 pet) 
hydrogen (as fuel) 
residual fuel 
steaa
diethylene glycol
triethylene glycol
propyilnn- oxldd .
propylene (dilute)
benzene
toluene
purge ethylene

*A
»A
*A
*A
*A
*A

eta/ton cai 
cta/too cai

*A
*A
*A
*/t
Mi
*A
*A
*A

4192/
5442/
2882/
1832/

■sfr'
!:g

1 4. U »

,8®

366̂ 404̂
4762/

4 4 12/
5422/
nji

::g
1 6 .202/
7582/
U 9rf/
2 $

6792/

6592/6c«2/
ssi

2 .262/
2.262/

ly$j
(n<&.
7782/

3 $
2902/

220S/
0.238§/
0.23a5/

« f

iM
3

s i
2102/
1202/
0.179|/
0.1797
le592/

30tf
'"V
— y

3268/

stf

s i
2352/

1902/

0 .119 2/
0. U W
2 .252/

4.C3̂ /
4.83=/

5502/

s i  •

utilities

cooling water . 
steam
process water 
electricity 
inert gaa

*A
•A
•A.mille/Kvh

Cte/lhr

0.0139
14.U
0.159
32.40
2.61

________ j__

0 .0 14 8
1 6 .2 0

0 .0 6 2 9
4 2 .9 0

6 .3 1

0.0317
1 8 .5 1
0.317
68.20
8.66

0 .0 12
1.5
0 .8 0

30.0
2 0 .0

0 .0 1 1 3
1.59
0.489
26

0 .0 4
2 .2 5
0.30
10.00
30.0

0PBUT1H  LAB01B •l/h 1 5 .4 0 17.25 13.40 2 .6 1 6.35 10.44
a/ Market price 1 b/ calculated pj-ii at 25SC ROI. 855t (load factor c/ tffllDO estimajte ij fuel value



Annex II.P.2
ESTIMATED PR IRES OP FEEDSTOCKS, BY-PRODUCTS, UTILITIES AMD OPERATING LABOUR

AT Sri IflC»TioK3 (1985)

tlPOI unis
DEVELOPED COUMTBIES DEVEhOPUQ COUNTRIES

o.s.
Gulf Coast F.HiO. Japan Algeria Indonesia Mexico Qatar

KEBSTOC^
•than« *A 350 - 100 70 100IPO *A - - - _
athane-propane *A 326 375 375 135 135 135naphtha *A 439 445 379gaa oil *A 353 353 353benzena *A 626 670 664 483 396 480ethylene oxida *Aethylene *A■ethane *A 344 387 381 100 100 100propylene (polynor grade) *A 582 562 595 403 14 1 396styrene *Avinjl chloride (VCM) *Aethyl bensene *Achlorine *Aaalt *A 13.4 13.9 30.3 13.4 66 13.4taeoaia *Ap-iylene *A 752 611 745 544 660 588butadiene *A 906 994 992 729 606 725dimethyl terephthalate (DMT) *Aethylene glycol *Aterephthalic acid (TPi) *A

№ 1 8/ton oal 0.0262 0.0290 0.0286 0.002224 0.001948 0.00148
BT-PRCDUC15

propylene, cheaical grade *A 551 551 564 368 126 374C-4 fraction *A 608 798 796 - 442 -

pyrolyeis gasoline *A 527 496 461 346 381 353
fuel oil »A 265 294 290 185 200cauatic aoda *A 201 333 376 268 474 230
sulfuric acid (6 5 pet) ,*A 32.7 21.2 29 - - -

hydrogen (ns fusl) eta/ton cal 2.62 2.9 2.86 0.2224 0.1948 0.148residual fuel cta/ton cal 2.62 2.9 2.86 0.2224 O.1948 0.148
stesa *A 2 1-4 7 24.05 23.74 1.87 1.98 2.80
diethylene glycol *A 845 923 1 1 10 6.02 185 190
triethylene glycol *A 1260 1450 1450 6.02 185 190
propylina- oxldd • */t 939 939 1500 - - -

propylene (dilute) t/< 268 268 308 212 61 171
feeniene *A 628 670 664 483 396 480
toluene »A 446 569 615 597 342 406
purge ethylene *Aresidual gas I/O cal 2 .9 6
■ethanol »A 365reoovered catalyst */t 2320 2670 2670 2900 2900 2900

UTILITIES
cooling water *A 0 .0 19 0 .0 19 3 0.037 0 .0 15 0.0141 0.049atesa lA 21.47 24.03 23.74 1.87 1.98 2.80

•A 0.0581 0.0845 0.359 1 .0 0 0.609 0.374
electrioity ■ills/lhh 32.4 42.9 69.3 37.4 32.4 12.5
inert gaa cta/la3 2 .6 1 6.87 5.9 2 5 .0 12.46 37.4

OPaUTINQ UBOIK *A 15 .8 0 17.70 13.75 2 .6 8 6.52 10 .7 1



Tattle II.F.3
Utilities consumption in petrochemical products (per ton of product)

(1980)

Feedstock Fuel Electricity Steam Cooling water
Type ton/ton million kcal/ton kWh/ton ton /ton cu m/ton

Antonia natural gas 0 .1*180 3.528 18 239naphtha 0.581*1 3.556 17 - 2l*2
DMT p-xylene 0.63 1.500 1*17 1.5 73
.Ethyl benzene (ethylene 0.270) 8.8 n.3°.-0.92̂ ' 8.7(benzene 0.7U3) -0 .1 0 6

Ethylene ethane 1.21
Ethylene-propylene- ethane-propane 1.56 9l*l* ho 2.1 . 

-0.12-
221

butadiene-benz ene naphtha 3.17 - 79 280
gas oil 3.901* - 99 0.8U 301*

Ethylene glycol ethylene oxide 0.71*6 - 79 1.1 36
Ethylene oxide ethylene 0.957 - 862 -l*.^ 272
HDPE ethylene 1.009 - 5l*7 0.02 122
LCPE ethylene I .0 6 - 1113 -1.2-̂ 132
LU>PE ethylene 0.9271 0.5556 276 - 0.88
Methanol natural gas 0.1*27 3.361 33 1.1 128

0.525 lt.191* 1*0 - 125
Polyethylene tere- (t p e 0.8563) 1.556 163 1.1 S'*phthalate (PET) (Ethylene glycol) 0.3591*)
Polyethylene tere- phthalate (PET) (DHT(ethylene glycol) 1.001 ) 0.359«*) 0.991* 165 1.1* 53
Polypropylene propylene 1.02 - 913 0 .0 8 159
Polystyrene styrene 1.02 - 106 0 .1*1 27
PVC VCK 1.025 - 390 3.5 233

SDR (butadiene 0.728) 591 1.2 69
(styrene 0.223)

Styrene ethyl benzene 1.11*8 1.000 77 1*.2 88
Terephthalic 
acid (TPh)

p-xylene 0.672 2.222 650 1.7 193

Urea ammonia 0.57 - 22 0.93 78
VCR (ethylene 0.1*75) 3.222 71 1.8 183(chlorine 0 .606)

a/ C redit



Anne* XI.G T able  1 . COU’AHIGQN OX' lytìO PtTHOCIkLlCAL >ANUKACTUHil<G CGUTò AT DlKr KHtNT LOCATI OIK

PRODUCT: snaonia from methane PLANT SIZE: 1*30,000 too/year

LOCATION U.S. GULF COAST F.H.O. JAPAN PAH MAST KEX1C0 AR.Uif.Afl Olili

FEEDSTOCK Battane ■ethane methane methane methane methane
FEEDSTOCK PRICE, »/ton 228.00®/ 223*00®/ 314.00®/ 25.0^ 25.86®/ 2 5.00*/
LOCATION FACTO* 1.0 0 1.15 O.90 2 .1 0 1.25 1.50
FIXED CAPITAL COST,*/ t million 12 5 .7 0 14 4 .6 0 113.20 264-00 157.12 188.55
NORJOJK3 CAPITAL, 1 all!ion 12 .4 2 13.19 16.22 10.04 6.70 7.97
UNIT JHVESTNEHT COST, t aillion/ton/a 292.3 336.3 263-2 613.9 365-4 438.5

PRODUCTION COST: l/ton * ♦/ton % •/ton % l/ton * »/ton * »/ton *
FEEDSTOCK 9 5 .4 4 41.5 93-35 38.1 131.44 44-7 10 .46 7-4 10.82 11.6 IO.46 9.4
EKE ROT 5 6 .1 0 24.4 64.21 26.2 49-73 2 7 .1 6 .30 4.4 5-51 5-9 4.20 3.8
BT-PRODUCT
OT1EH DIRECT COSTS®' 2 1.4 9 9.3 23.31 9 .5 26.80 9.1 46.65 20.8 27.35 29.3 35.34 31.7
GENERAL OVERHEAD 10.94 4.8 11.67 4 .8 14.01 4-8 3.46 2.4 2.28 2.4 2.72 2.4
(¡TIER FIIED COSTS®/ 16.53 7-2 18 .8 3 7 .7 16,00 5-4 19.40 13.7 10.83 11.6 14.90 13-4

HET CASH COST 2BS7Ì9 8773 21I73T "85T3 267758“ TT7i 80.47 5 6 .7 56.80 , 60.9 67.61 66.7
DEPRECIATION®/ 29 .2 3 12.7 33.63 13.7 2 6 .3 3 8.9 6 1.4 0 43.3 36.54 39.1 43.85 39.3

HET COST 0? PRODUCTION (NCP)
AT IOC# LOAD FACTOR 2 2 9 .73 100.0 244.99 100.0 2 9 4 .3 1 100.0 141.87 100.0 93.34 100.0 111.46 100.0
AT 855( LOAD FACTOR 244-23 261.39 30 9.17 164.28 10 7.6 5 12 8 .79
AT 65jt LOAD FACTOR 271.30 291.95 336.60 206.91 133.66 161.00

TRANSFER PRICE AT 8 5% LOAD FACTOR
WITH %  HOI 258.84 278.20 322.34 194.98 125.92 150.71
WITH Z% 801 317-31 345.46 374.99 317.77 19 9.OO 2 38 .4 1

a/ Batter? limita plua offaitee e/ Locai market prie»
b/ Include» otber ne aateriale, Utilities, maini un ance materiale, operatine tj UMIDO aaeunption (aee annez II.P.l )

supplica, operatine laboar, maintenemeo 1 aiiour, control laboratoiy.
c/ Includaa plant overhead, tana «xì inaurami, interest on uorking

capitai, generai adainiatration cliargea, B ss-“. S>.
d/ At lOjt per annua



Annex II.G Table 2. COMPARISON OF Î Bg PfcfHOCHU.ICAL I-ANUFACTURlIjC COOTS AT DIFFERENT LOCATIONS

PRODUCT; anaonla from naphtha PLANT SIZE: 1*30,000 ton/year

LOCATION F.R.fi. JAPAN
FEEDSTOCK naphtha naphtha
FEEDS TOC ii PRICE, t/ton 326.001/ 344.002/
LOCATION FACTOR 1.15 O.9 0
FIXED CAPITAL COST,*/ < ail lion 16 4 .8 0 129.00
WORKING CAPITAL, t million 16.23 20.72
UNIT INVESTMENT COST, t  million/ton/a 383.2 300.0

PRODUCTION COST» t/ton % t/ton 5t •
FEEDSTOCK 136.46 45.3 200.93 53.3
ENERGI 64.21 21.3 8 0 .3 7 21.3
BY-PRODUCT
OT1GR DIRECT COSTS*' 26.15 8 .7 28.97 7.7
GENERAL OVERHEAD 14.35 4.8 17.95 4.8
OTIGB PIXED COSTS*' 21.89 7.3 lfl.7 7 5 .0

NET CASH COST zGSW "W.3 34279?" 927b
DEPRECIATIONS' 38.33 12.7 30.00 8 .0

NET COST OF PRODUCTION (NCP>
AT lOOji LOAD FACTOR 301.39 100.Õ 376/99' 1ÕO.O
AT 653b LOAD FACTOR 320.44 394.38
AT 65jt LOAD FACTOR 355.8 1 426.34

TRANSFER PRICE AT 8j?b LOAD FACTOR
WITH ROI 339.60 409.38
WITH 255" ROI 416.25 469.38

a/ Battery lúalta plue offaitee a/ Local aarkat price
y  Ia e liéM  ether rm aateria la , u t il it ie s , aaiateeaana eatariala, operati«* f/ UMBO naawaptioa  (eoe annex II.F.1)

supplica, operatine labour, aaintenance labour, control laioratory.
c/ Include« plant overliead, taxea and Insurance, interest on working

capitai, generai adainiatration charges, 8 and D.
à j At 10J( per annua



Annex IX.О Tabla 3. COi.PARlSOM _<*■ J2e9 FtTBOCIkJ.-ICAl. t̂ UFACTURlilC СШТ5 ATDlKKEKtNT LOÜATJUHS

PRODUCT: DHT PLANT SIZE: 100,000 toо/year
aatkaacl transfer price includes 25 £ SOI in developing countries}
developed countries at prevailing market price.

LOCATIQS U.S. QUIP COAST F.R.fS. JAPAN PAH EAST FEXICO АКАНТА:) Г/1 IP

FEEDSTOCK p-xylsns p-iflmm p-xjrlsne p-rylane p-xylane p-xylens
PEEDSTOCg PRICK, »/ton ótJ.OÔ 714.00s' 8 5I.00S1 625.OÍP 544. 520.00^
L0CATI0K FACTOR 1.00 1 . 1 5 0 .9 0 2.10 1.25 1 .5 0
FIXED CAPITAL COST,̂  S Billion 110.25 126.80 99.17 2Í1.5? 13 7 .8 1 Г c. 17
НОКИЮ CAPITAL, ( Billion 10.40 11.78 13.73 1 5 .1 7 1 1 .1 6 1 2 .1 9

URIT IHVESTKERT COST, t aillion/ton/a IIO2 .5 12 6 8 .0 »I.? 2315*2 1378.1 18 53.7

PRGDUCT10M COST» »/ton * S/ton % »/ton i »/ton i »/ton i »/ton $
FEEDSTOCK 388.71 47.3 449.82 48.4 536.13 5 0 .2 393.75 41.6 342.72 48.9 327.60 43.6
EREHOT 2 3.8 5 2.9 27.30 2.9 ЗЗ.9 0 3 .2 2.68 0.3 2.34 0.3 1.78 0 .2

BY-PRODUCT • _ _ - • _ _ _ - - - -
0ТЮН DIRECT COSIŜ 194.47^ 23.7 206.46̂ 22.2 286.01*̂ 26.8 214.95̂ 22.7 146.94̂ 21.0 172.18̂ 2 2 .9

GENERAL OVERBAD 3 9 .12 4 .8 4 4 .2 4 4.8 5O.9O 4.8 23.10 2.4 17.10 2.4 18 .3 2 2 .4
OTiCR PXXB> COSTS^ 6 5 .1 7 7.9 74.48 8.0 62.81 5.9 81.03 8 .5 54.13 7.7 66.0 5 8.8

1ST CASH COS* 7TÜ55 96»6 802.Jo ”85.3 935Л5 W.7 7 1 5.5O 75Г5 563.24 "BÕ.3 1S.0
DEPRECIATION^ 11 0 .2 5 1 3 .4 126.80 13.6 99.17 9.3 2 3 1 .5 2 2 4 .4 137.81 19 .6 16 5 .3 7 22.0

RET COST CP PRODUCTION (RCP)
AT lOOji LOAD FACTOR 8 2 1.5 8 100.0 9 2 9 .10 100.0 1,oS^2 100.0 947.02 1ÕÕ70 7Õ O 5 iW .o 7 5 1 .3 1 ÍÕÕ.0
AT LOAD MCTOB 989.38 1,099.58 1,32 5.62 1,13 7 .3 5 826.76 900.46

AT 6Sjl LOAD FACTOR 1 ,12 9 .6 8 1,253.79 1,493.60 1,333.25 952.56 1,050.91
TRARSFBR PRICK AT 85 Ji LOAD FACTOR

HITH 5)1 ROX 1,044.50 *,162.98 1,375.20 1,253.11 8 9 5.6 6 9 8 3 .14

hith  255. HOI 1,265.00 1,416.58 1,573.54 1,716.15
I

1,171.28 1,313.88

У  Battery Units plus offsites e/ Bocal aarket price
Ъ/ Includes ether rmt nsterials, Utilities, aaiateaanoe fcaierials, operating 

supplies, operating labour, Maintenance lsbour, control laboratory.
о/ Includes plant overhead, taxes and insurance, interest os working

capital, general adninietretion chargee, В and D.
d/ At .10£ par annua

f/ 0ID0 ansunption (aee «щах II .P.1)
g/ Includes nethancl at aarket prices! U.S., t 237/ton; Japan, t 432/ton; Kexioo, » l6<Vton.
у  Includes eetlieool at calculated price» K $ 223/»on; Arabian Oulf,S 17?/ton. 
gf PRO, » 223/ton

■C*CTv
I



ILO Table 4. СГОРАВ 130И№19 8 О РЕ TROC teP.ICAL К^РАСТО1ШС_С0йТЗ ;АТ D I FFERENT LOCATI ONS

PBODUCT-.T^^ PLANT SIZE: 100,000 ton/уеаг

---------------------------------------------------------------
■ethanol transfer price includes 5Ji HOI
in developing countries;
developed countries at prevailing market price.

LOCATIOH FAR EAST KEXICO ARABIAN C'JLF
FEEDSTOCK p-mylene p-xylene p-xylene
FEEDSTOCK PRICE, S/ton 625.0Ì/ 530.002/ 520.00»
LOCATIGB FACTOR 2 . 1 0 I.2 5 I.5 0
FIXED CAPITAL COST, S million 231.52 137.81 165.37
HORKUG CAPITAL, S million 14.36 1<M5 11.46
UHIT IRVESTAEHT COST, $ million/ton/a 2315.2 1378.1 1853.7

PRODUCTION COST: S/ton * $/ton $£ S/ton 2
FEEDSTOCK 393.75 43.3 ' 333.90 49.8 327.60 45.I
EBEHGT 2 .6 8 OJ "1 2.34 0.3 1.78 o'. 2
В1-РН0ШСТ _

OTJfflR DIRECT COSTS^ 181 .46j9/ 19.9 127.16fî  I9 .O 1 4 7.82^ 20.4
GENERAL OVERfEAD / 22.24 2.4 16.37 2.4 I7.7O 2.4
OTHER FIXED COSTS» 8 0 .0 2 8.8 53.42 8.0 65.32 9.0

BET CASH COST
d/ 680.14 74.6 533.20 79Ô 560.22 77.2DEPRECIATION» 23I.5 2 25*4 137.81 2B.5. 165.03 2 2 .8

BET COST OF PRODUCTIOH (ncp)
AT 100ju LOAD FACTOR 9 1 1 .6 6 10 0 ¿0- 671.01 100.0 725.59 100.0
AT 8556 LOAD FACTOR 1,062.27 773.19 845.84
AT 655C LOAD FACTOR 1,245.37 891.31 986.98

TRABSFER PRICE AT 8 5% LOAD FACTOR
WITH %  ROI 1,178.03 842.09 928.52
WITH 1% ROI 1,641.07 1,117.71 1,259.26

a/ Battery limits plus offsites e/ Local market price
b/ Includes other ran materials, utilities, maintenance materials, operating tj UHIDO assumption (see annex nj.i) 

supplies, operating labour, maintenance labour, control laboratory.
&/ Includes meti anol at calculated crice: Ft  *>r+, t 137/ton; Mexico,

ç/ Includes plant overhead, taxes and insurance, interest on working I 93/ton; Arabian Gulf, $ 111/ton.
capital, general administration charges, H and D.

d/ At 10J& per annum



1

tr»w>T II. 0 Table 5. COMPARISON OK IJ&O PETROCHLIiilCAL MANUFACTURING COSTS AT DIFffilffiNTLOJ AT ION'S

PRODUCT: ethyl benzene PLANT SIZE: 290,000 ton/year

ethylene transfer price includes 5 $ ROI
in developing countries;
developed countries at prevailing market price. a

LOCATION FAR SAWT| KEXICO ЛЗЛЧПТ TTT **

FEEDSTOCK benzene benzene benzene
FEEDSTOCK PRICE, $/ton 50 0.00" 318.00̂ 500.00"
LOCATION FACTOR 2 . 1 0 1.25 I.5 0

FIXED CAPITAL COST,3/ $ million 6 4 .1 6 3 8 .1 8 45-82
WORKING CAPITAL, S million 25-95 1 6 .5 6 23.76
UNIT INVESTMENT COST, S million/ton/a 2 2 1 .2 136.6 1 5 8 .0

PRODUCTION COST: S/ton % j/ton $ $/ton £
FEEDSTOCK ЗП.50 6 9. 9 263.27 69-4 3 7 1 .5 0 7 3 .5

ENERGY - - - - -
BY-PRODUCT -1.63 -0 .3 -1.65 -0.5 -2.20 -0 .4

OTHER DIRECT COSTS^ 115.98s/ 21.6 74.51s/ 21.9. 94.25^ 18.6
GENERAL OVERHEAD 13.06 2.4 8.30 2.4 12.32 2.4.
OTffiR FIXED COSTS5/ H .4 4 2.7 9.76 2.9 13.45 2.7

NET CASH COST 5 1 3 .3 5 95-9 327.30 96.1 489-33 9T 9
DEPRECIATION3' 22.12 4.1 13.17 3.9 15.80 3 . 1

NET COST 0? PRODUCTION (NCP)
AT 100£ LOAD FACTOR 535-47 100.0 34 0 .3 6 1 0 0 .0 505.13 100.0
AT 85$ LOAD FACTOR 669.18 424.36 610.47
AT 65£ LOAD FACTOR 728.47 462.04 6 5 8 .6 8

TRANSFER PRICE AT 855b LOAD FACTOR
WITH 55£ ROI 680.24 430.95 618.37
WITH 2% ROI 724.49 457.28 649.97

a/ Battery limits plus offsites
b/ Includes other гаи materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10¡> per annum

e/ Local market price
t / UHIDO aasumption (see annex II.F.1)
g/ Includes ethylene at: Par $1375/ton; Mexico, $282/ton, Arabian

Quit, |290/ton.

&l



Annue II.O Table 6. ÇOKPARI|ON_œ,̂198o PETROClIä.ICAL ».^FACTORING CÛST|_.AT_DIFFEHENT LOCATIONS

P RC® UCT: ethyl benzene PLANT SIZE: 290,000 ton/year

ethylene transfer price includes 25 ROI 
in developing countries;
developed countries at prevailing market price.

LOCATION U.S. GULF COAST JAPAN FAR EAST MEXICO ARABIAN GULF

FEEDSTOCK benzene benzene benzene bensene benzene benzene
FEEDSTOCK PRICE, {/ton 4 9 3.OO2/ 564.00s/ 7 3 2.OO5/ 01 326.OO5/ 500.00 /̂
LOCATION FACTOR i.a 1.15 O.9O 2.10 1.25 I.50
FIXED CAPITAL COST,5/ { million 3 0 .5 5 30.35 23.82 64.15 3 8 .1 8 45.82
WORKING CAPITAL, $ million 2 3 .1 2 2 7 .9 3 34.20 32.19 2 1 .7 2 2 8 .2 2

UNIT INVESTMENT COST, S million/ton/a 105.3 105.3 82.1 221.2 131.6 I5 8.O

PRODUCTION COST: {/ton % {/ton {/ton % {/ton ÿ {/ton * {/ton %
FEEDSTOCK 366.30 63.9 4I9.O5 6 0 .2 543.88 63.6 3 7I.5O 6O.9 2 4 2 .2 2 59.7 37I.5O 6 6 .5
ENERGY
BY-PRODUCT -1 4 .6 7 -2.6 -1 6 .5 5 -2 .4 -1 9 .1 3 -2.2 "-I.6 3 -0 .3 -1.65 -0 .4 -2 .2 0 -O.4
OTHER DIRECT COSTS5/ no.iSS/ 29.7 2 3 4.2<ß! 3 3 .7 265.37®/ 31.0 1 8 6.88 /̂3 0 .6 130.48̂ 32.2 144.91̂  2 5 .9
GENERAL OVERHEAD 2 7 .2 9 4 .8 33.12 4-8 4 0 .7 2 4.8 1 4 .8 9 2.4 9.89 2.4 13.63 2 .4
OTHER FIXED COSTS5' 13.38 2.3 1 5 . 1 4  2 .2 16.02 1.9 16.59 2 .7 11.54 2.8 14.99 2.7

NET CASH COST 5 6 2 .4 8 98.1 6 8 5 .0 6 9 8 .5 8 4 6 .8 5 99.0 5 8 8 .2 2 9 6 .4 3 9 2 .4 8 96.7 542.83 97.2DEPRECIATION2' 10.53 1.8 10.47 1-5 8.21 1.0 22.12 3.6 13.17 3.2 15.80 2.8
NET COST OF PRODUCTION (NCP)
AT 10# LOAD FACTOR 573.01 100.0 6 9 5 .5 3 10 0 .0 8 5 5 .0 6 10 0 .0 610.34 100.0 4 0 5 .6 5 100.0 5 5 8 .6 3 10 0 .0
AT 8# LOAD FACTOR 755-79 951.73 1,146.92 828.16 5 5 6 .0 9 724.07
AT 6556 LOAD FACTOR 8 3 1 .8 3 1,053.07 1,261.10 9 1 4 .5 5 6 1 5 .2 5 791.65

TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  HOI 7 6I.0 5 956.96 1,151.03 839.22 562.67 7 3 1 .9 7
WITH 2% ROI 782.12 977.89 1,167.46 883.46 589.OO 763.57

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 1# per annum

if UNIDO assumption (see annex II.F.1)
gj Etaylene at local market price (U.S., $529/ton; PRO, {754/ton, Japan, 

S864/ton).
y  Ethylene at UNIDO assumed price with 2JJbR0I F'ir {1640/ton;

Nexioo, 81440/ton{ Arabian Gulf, $48o/ton).



Annex II.G Table 7 . COMPARISON 1 § 8 0 PKTR0CIÜ.ICAL h^FACTURUiG CœT3_AT_DIlff-ERENT LOCATIONS

PRODUCT: ethylene fro« ethane PLANT SIZE: 500,000 ton/year

LOCATION U.S. CULP COAST PAR EAST MEXICO ARABIAN GULF

FEEDSTOCK ethane ethane ethane ethane
' FEEDSTOCK PRICE, $/ton 2 1 5.00-/ 25.00Î/ 56.52*/ 25.00Î/
LOCATION FACTOR 1.00 2.10 1.25 - 1.50
FIXED CAPITAL COST,*/ S million 315.30 662.13 394.12 473.00
WORKING CAPITAL, $ million 37.89 23.57 18.24 18.56
UNIT INVESTMENT COST, $ million/ton/a 630.6 1324.3 788.2 946.0

PRODUCTION COST: $/ton % t/ ton J» S/ton % S/ton Jo
FEEDSTOCK 264.45 59.4 30.75 11.5 69.52 32.2 30.75 14.5
ENERGY 88.88 20.0 9.98 3.7 8.74 4.0 6.65 3.1
BY-PRODUCT -61.9» -13.9 -13.54 -5.1 -10.07 -4.7 -9.21 -4.3
CTH3R DIRECT COSTS2/ 34.51 7-7 60.50 22.7 38.79 17.9 54.19 2 5 .6
GENERAL OVERJEAD 2 1 . 1 8 4 .8 6.50 2.4 5.27 2.4 5.17 2.4
OTffiR FIXED COSTS5/ 34.71 7 .8 39.88 1 5 . 0 2 5 .0 4 1 1 . 6 2 9 .8 6 1 4 .1

SET CASH COST a/ 381.75 85I8 134.06 50.3 137.29 63.5 117.42 55.4
DEPRECIATION2' 63.06 14.2 132.43 49.7 78.82 36.5 9 4.6O 4 4 .6

NET COST OF PRODUCTION (NCP)
AT 100£ LOAD FACTOR 444.81 100.0 266.49 100.0 216.11 100.0 212.02 100.0
AT 8# LOAD FACTOR 472.30 309.20 242.74 243.03
AT 6556 LOAD FACTOR 526.63 394.76 295.30 306.64

TRANSFER PRICE AT S55L LOAD FACTOR
HITS %  ROI 563.83 375-44 282.15 290.33
HITS 253» ROI 629.95 640.26 439.80 479.53

a/ Battery liait8 plue offsites e/ Local market price
V  Includes other ran Materials, utilities, maintenance materials, operating if UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, central laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10 f, per annum



Annex II. Q T a b le  8 .  COKPARISOH^gF^igSoPETHOCipiICAl; »ANUFACTURDfC.COSTC A?_DlFrE№NT^L0CAT10N5

PRODUCT; e th y le n e  f r o «  e th an e-p rop an e  'PLANT SIZE; 5 0 0 ,0 0 0  tcra /y ea r

LOCATION U .S . GULF COAST FAR EAST KEXICO
ARABIAN OUIF

FEEDSTOCK ethane-propane ethane-propane ethane-pro pa»e ethane-propane
FEEDSTOCK PRICE, S/ton 198.06?/ 9 5 . 0 0 i / 9 5 .0 0 i / 9 5 .0 0U
LOCATION FACTOR 1 .0 0 2 .1 0 1 .2 5 1 .5 0

FIXES) CAPITAL COST,5 /  $ m i l l i o n 3*7.11 6 8 6 .9 3 406.88 4 9 0 .6 6

WORKING CAPITAL, S m i l l i o n 4 3 .1 0 4 1 .5 2 3 0 .65 3 5 .0 2

UNIT INVESTKENT COST, S m i l l i o t y 't o n / » 8 5 4 .2 1373-8 817.8 9 8 1 .3

PRODUCTION COST» S/ton £ - $/ton £ S/ton £ S/ten £
FEEDSTOCK 3 0 8 .8 8  7 3 .8 1 4 8 .2 0  4 6 .9 1 4 8 .2 0  6 0 .4 1 4 8 .2 0  53 .8
ENSROnr 15 .01  3 .8 1 .6 9  0 .5 1.4c 0.6 1 .1 2  0 .4

BY-PRODUCT -9 5 .7 8  - 8 2 .9 -9 6 .6 7  - 3 0 .6 -6 9 .3 6  - 2 9 .3 - 7 8 .4 4  - 2 8 .4
OTHER DIRECT COSTS^ 68.81  1 6 .0 7 1 .3 7  2 2 .6 4 7 .2 6  1 9 .3 63.69  23.1
GENERAL OVERHEAD 1 9 .9 3  4 .8 7 .7 1  2 .4 5 .9 6  2 .4 6 .7 2  2 .4
OTffiR FIXED COSTS2 / 3 8 .3 2  9 .1 4 6 .5 1  1 4 .7 2 9 .9 5  1 2 .2 3 6 .2 2  13.1

SEX CASH COST
a/ 3 53 .17  8474 1 7 8 .8 0  5 6 .5 1 6 3 .5 0  66.7 1 7 7 .5 2  6 4 .4

DEPRECIATION» 65.42 1 5 .6 1 3 7 .3 9  4 3 .4 8 1 .7 8  3 3 .3 . 9 8 .1 3  35 .6
NET COST OF PRODUCTION (NCP)

AT 1009» LOAD FACTOR 4 1 8 .1 9  1 0 0 .0 316.19  100.0 245.26 100.0 275.65  100.0
AT 85£ LOAD FACTOR 4 4 9 .3 5 362 .56 2 7 4 .5 0 3 1 1 .0 6
AT 6556 LOAD FACTOR 5 1 0 .8 2 4 5 5 .6 4 3 3 2 .3 9 3 8 1 .6 6

TRANSFER PRICE AT &>% LOAD FACTOR

WITH %  ROI 4 8 2 .0 6 4 3 1 .2 6 3 1 5 .3 9 360 .1 3
WITH 2% ROI 612.91 706.03 4 7 8 .9 4 5 5 6 .3 9

¡/ B a tte r y  l i m i t s  p lu s  o f f s i t e s  e /  L o c a l market p r ic e

b /  In c lu d e s  o t h e r  r s e  m a t e r ia ls ,  u t i l i t i e s ,  m ain ten ance m a te r ia ls , o p e r a t in g  fj UNIDO assum ption  ( s e e  annex I I .P .1 )  
s u p p l ie s ,  o p e r a t in g  la b o u r , m ain ten ance la b o u r , c o n t r o l  la b o r a to r y .

c/ Includes plant overhead, taxes end insurance, interest on working
capital, general administration charges, R and D.

¿/ At 1C£ per annum



Annex II.O Table 9' COyPARISON=OK^198op|TRCK;iEJJiCALj ^TJFACTUfiIIjGj Ca5'K_AfjDIKrï№NTLOCAT10)i5

PRODUCT; ethylene from gas oil PLANT SIZE: 500*000 ton/year

LOCATION U.S. GULF COAST F.R.O. JAPAN

FEEDSTOCK
FEEDSTOCK PRICE, t/ton 
LOCATION FACTOR
FIXED CAPITAL COST,5/ t million
WORKING CAPITAL, S million
UNIT INVESTMENT COST, S million/ton/a

gas oil
2 4 5.005/ 

1 .0 0  
463.62 
153.22 
927.2

gas oil 
280.1 5s/ 
1.15 

533.18 
170.55 
1066.4

gas oil 
2 9 5.00 /̂ 
0.90 

417.32 
193.49 
834.6

PRODUCTION COST:
FEEDSTOCK
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS^
GENERAL OVERHEAD 
OTffiR FIXED COSTS5/

RET CASH COST 
DEPRECIATION̂ /

BET COST OF PRODUCTION (NCP)
AT 10Qj, LOAD FACTOR 
AT 85i LOAD FACTOR 
AT 6556 LOAD FACTOR 

TRANSFER PRICE AT 8 5$ LOAD FACTOR 
KITH 591 hoi 
WITH 25Ji R01

S/ton ^
9 5 6 .4 8 1 9 8 .2

-7 2 5 .0 9 -1 5 0 .2  

6 4 .3 8 13.3 
2 2 .9 8 4 .8  

7 1 . 1 1 1 4 . 7

3 8 9 .8 7 8 0 .8  
9 2 .7 2 1 9 .2

482.59 100.0
5 2 7 .4 0

6 1 3 .9 8

5 7 3 .7 6

759-21

S/ton i 
1 ,0 9 3 .1 2 182.2

-7 8 3 .7 8 -130.6 
74.93 12.5 
28.57 4.8 
80.56 13.4

4 9 3 .4 0 8 2 .2  
106.64 17.8

600.04 10ÔTÔ
652.35
752.46

7 0 5 .6 6

918.94

8/ton i
1 ,1 5 1 .6 8 2 7 0 .5

-9 70 .8 0 -2 2 9 .5  

74.74 17.5 
20.31 4.8 
75.06 17.
342.99 8 0 .4  

8 3 .4 6 19.6

426.45 100.0
471.13
555.58

512.86
679-79

a /  B a tte r y  l i m i t s  p lu s  o f f s i t e s  e /  L ooa l s a r k e t  p r i c e

b /  In c lu d e s  o t h e r  rmt s s t e r i s l s ,  u t i l i t i e s ,  m a in ten ance m a te r ia ls , o p e r a t in g  tj 0 IID 0  assum ption  (see annex I I .F .1  ) 
supplies, o p e r a t in g  lsB tear, s a in tenamc e  la b o u r ,  c o n t r o l  la b o r a to r y .

ç/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration charges, B and D.

d/ At tOjC per anrnis



Annex II.G Table 10. COMPARISON OF 1980 PRTROÇItJ-.ICAL I.ANUFACTUR1HG COüK AT DIKPERENT LOCATIONS

PRODUCT: ethylene from naphtha PLANT SIZE: 500,000 ton/year

LOCATION U.S. GULF COAST F.H.G. JAPAN

FEEDSTOCK
FEEDSTOCK PRICE, $/ton

naphtha 
280.00«/

naphtha 
326.00«/

naphtha
3 4 4.OOS/

LOCATION FACTOR
FIXED CAPITAL COST,5/ $ million

1.00 I. 1 5 O.9O
421.23 4 8 4 .4 1 379.10

WORKING CAPITAL, S million 1 3O.6 5 1 4 7.OO I6 6 .4 9

UNIT INVESTMENT COST, t million/ton/a 842.5 968.8 758.2

PRODUCTION COST: S/ton * í/ton * í/ton %
FEEDSTOCK 8 8 7.6O I6 9.I 1,033.42 1 5 6 .6 1,090.48 210.4
ENERGY - - - - -  —

BY-PRODUCT -568.99 -1 1 0 .3 -625.69 -94.8 -7 8 9 .3 8 -I5 2 .3
OTHER DIRECT COSTS2' 43.76 8.3 5 2 .2 1 7.9 50.13 9-7
GENERAL OVERHEAD 
OTHER FIXED COSTS2/

24.99 4 .8 31.43 4 .8 2 4 .6 8 4 .8
63.16 12.0 7 1 .8 1 0 .9 66.49 12.8

NET CASH COST 
DEPRECIATION̂ /

NET COST OF PRODUCTION (NCP)

4 4 0 .5 2
84.25

8 3 .9
I6.I

5 6 3 .1 7
9 6 .8 8

8 5 .3
1 4 . 7

4 4 2 .4 0 8 5 .4
75.82 14.6

AT 100£ LOAD FACTOR 
AT 85?» LOAD FACTOR 
AT 65$ LOAD FACTOR 

TRANSFER PRICE AT 85?t LOAD FACTOR

524.76
562.32
639.37

100.0 66O.O5

7 0 5 .5 6
795.42

100.0 5 1 8 .2 2 10 0 .0

5 5 6 .7 3

6 3 2 .2 4

WITH % HOI 6 0 4 .4 5 754.00 594.64
WITH 2% ROI 772.94 947.76 746.28

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materiels, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10J& per annum



Annex II.O Tabla 11. CO^WISOH_OF _12|0 P|TROCi£>.ICAL Ĵ HUFACTURllIG COSTS AT DIFFERENT .LOCATIONS

PRODUCT: ethylene glycol PLANT SIZE: 150,000 ton/year

ethyl ana azide transfer price includes 25 Jt SOI
in developing countries;
developed countries at prevailing market price.

LOCATION U.S. GULF COAST FeReGa JAPAN FAR EAST mico ARABIAN OULF

FEEDSTOCK ethylene oxide ethylene oxide ethylene oxide_ ethylene oxide . ethylene 0xide ethylene oxide
FEEDSTOCK PRICE, t/ton 750.00 ■s/" 948.00 1,140.00 a' 1,515.00 633.00"V 1,130.00
LOCATION FACTOR 1.00 1.15 0.90 2 .1 0 1.25 I.50
FIXED CAPITAL COST,2' S million 33.68 26.34 61.42 36.56 43.87
KORKINS CAPITAL, • million — 16.28 19.19 25.36 11.39 19.22
UNIT INVESTMENT COST, t million/ton/a 195.0 224.5 175.8 409.5 243.7 292.5

- PRCDUCTION COST» •/ton '■It •/ton * l/ton i •/ton £ •/ton St •/ton %

‘ FEEDSTOCK 559.50 83.9 707.21 -aos£ J 850.44 86.7 1,130.19 69*6 472.22 854 842.98 88.7EHSROT me nm m m - a. m .. m mBT-PMCOCT fe/ -3.61 -0,5 _Tisai, -Oil _ r U 2 . --t-0 .5 ,^•»44. rJUg.. —  rsML._4>.3 1 ”2,08 -0.2OTWN DINBCT cons9' 3S.J4 5.8 44.33 5.3 4749 4*8 34.07 2.7 28.40 5.1 32.35 34UljWUH. 0VBU8EI9 31.74 4.8 39.72 4.a: 46.71 A .8 39,77 2,̂ L 13.49 2 4 23.17 2.4
otbh pixm carrtpJ M .55 3.1 24.28 , _2»9. 2340 2.4 28.15 2.2 16.23 2.9 24.31 -1*5NET CASE COST 
DSPHSCIATIQĤ 647.12 97.1 811.59 97.3 963.31 98.2 1,220.74 96.7 528.78 95.6 920.74 96.919.50 2.9 22.45 2.7 17.56 1.8 40.95 3.2 24.37 44 29.25 3.1

NET COST OP PHONJCTIOH (NCP)
AT 100£ LOAD FACTOH looTo -■834IS5- 100.0 980.87 10ÓT0 1,261.69 100.0 553.15 100.0 949.98 100.0

-• AT 85)1 LOAD FACTOR 690.71 862.49 1,009.43 1,292.64 575.23 976.81
AT 65jt LOAD FACTOH 726.56 905.03 1,052.21 1,339.20 603.60 1,(04.92TRANSFER PRICE AT 85% LOAD FACTOH
WITH Ml BOX 705.46 873-72 1,018.21 1,313.11 587.42 99143
WITH 25Jb R01 739.46 918.62 1,053.83 1,395.01 636.17 1,049.93

a/ Battery limits plus offsites e/ Local sarket price
b/ Includes other raw materials, utilities, saintenance materials, operating tj UNIDO assumption (see annex IIJ.I) 

supplies, operating labour, aaintananca labour, control laboratory.

cj Includes plant overhead, taxes and insurance, interest on working
capital, general administration charges, B and D.

d/ At 10jt per anrnia



Asma» 11.0 Tabla 12. COMPARISONS _1§8 OPETROClüllCAL lAWFACTURIHĈ COiTS =AT_DIFFSRENT LOCATIOliS

PRODUCT: «tbylene glycol PLANT SIZE: 150,000 ton/year

ethylene oxide transfer price includes 5 $ ROI 
in developing countries;
developed countries at prevailing market price. t

LOCATION FAR EAST KEXICO A RAH TAD CUF

FEEDSTOCK ethylene oxide etuylene oxide etlylene oxide
FEEDSTOCK PRICE, $/ton 1 ,2 5 1 .0 0 7 8 7.ОО 943.00
LOCATION FACTOR 2 . 1 0 I.2 5 I.5 0

FIXED CAPITAL COST,3/ t million 61.42 36.56 43.87
WORJONO CAPITAL, t million 21.37 13.71 1 6 .4 0

UNIT INVESTKENT COST, % million/ton/a 4 0 9 .5 243.7 292.5

PRODUCTION COST: $/ton £ $/ton $, j/ton $>
FEEDSTOCK 9ЗЗ.2 5 8 8 .3 587.10 87.3’ 703.48 8 7 .4

ENEBtJI - - “
BI-PRODUCT -2.44 -°*2 -I.5 6 -0 .2 -2.08 -0.3
OTHER DIRECT COSTS5/ 34.07 3.2 28.40 4.2 32.35 40
GENERAL OVERfEAD 25.78 2.4. 16.40 2.4 1 9 .6 4 2 .4

OTHER FIXED COSTS5/ 2 5.5О 2.4 17.78 2.6 22.43 2.8
NET CASH COST 1,016.15 96.1 648.13 96.4 775-82 96.4
depreciation/ 40.95 3.3 2 4.З7 3.6 2 9 .2 5 3 .6

NET COST OF PRODUCTION (NCP)
AT 100£ LOAD FACTOR 1,057.10 10070 6 72 7 5О 10010 805706 ШГ.0
AT 85j& LOAD FACTOR 1,086.70 695.37 8ЗО.9З
AT (,% LOAD FACTOR 1,130.49 7 2 5.З5 867.08

TRANSFER PRICE AT 8 5% LOAD FACTOR
WITH %  ROI 1,107.17 707.55 845.56
WITH Z% HOI 1,189.06 7 5 6.ЗО 9 0 4 .0 5

a/ Battery limits plus offsites e/ Local market price
Ъ/ Includes other гаи materials, utilities, maintenance materials, operating t/ UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 1CÇS per annum



Annex II.О Table 13 .  CO>.PAHISON_OH lÿB-0 PETROCIüJ-.ICAL KAKUFAÇTÜRIKG COSTS AT DIFFERENT LOCATIONS

PRODUCT: eilyrlene oxide PLANT SI2E: 13 1,OOO too/yetr

ethylene transfer price includes 25 £ ROI 
in developing countries;
developed countries at prevailing market price.

LOCATION U.S. GULF COAST b\JV. *■• JAPAN V\--i ViÇp MEXICO ARA3IAM Г.ULF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, $/ton 529.00Ê/ 754.006/ 8 6 4.OQS/ 640.00£/ 440.oo£/ 480.00Ê/
LOCATION FACTOR 1.00 1.15 O.9 0 2.10 1.25 I.5 0
FIXED CAPITAL COST,^ $ million 108.00 124.23 97.19 226.81 135.01 162.01
WORKING CAPITAL, I million 11.35 14.65 1 7.ЗО 1 9.З5 13.24 I4.7I
UNIT INVESTMENT COST, | million/ton/a 824.4 9 4 8 .3 7 4 1 .9 1,731.4 1,0 3 0 .6 1,236.7

PRODUCTION COST: l/ton * l/ton * l/ton % S/ton * l/ton % l/ton %
FEEDSTOCK 506.25 71.6 7 2 1 .5 8 78.0 826.85 79.1 612.48 61.3 421.08 62.2 459.36 60.9
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS** 30.60 4.3 2.64 0 .3 42.54 4.1 ' 123.73 12.4 92.50 13.7 98.04 13.0
GENERAL OVERBAD 33.60 4.8 44.03 4.8 49.81 4.8 24.38 2.4 16.52 2.4 18.39 2.4
OTiER FIXED COSTS5/ 52.62 7.4 61.55 6.6 52.52 5.0 6 5 .6 6 6.6 44.33 6.5 54.59 7 . 2

NET GASH COST 623.07 5873 S29I5Ö 8977 9 7 1 .7 2 92.9 826.30 82.7 574.44 8 4 .8 6 30 .38 8 3 .6
DEPRECIATION3' 82.45 11.7 94.83 10.3 7 4 .1 9 7.1 1 7З. 1 4 1 7.З 103.06 1 5 . 2 1 2 3 .6 7 16.4

NET COST OF PRODUCTION (NCP)
AT 100# LOAD FACTOR 7 0 5 .5 2 100.0 924.63 100.0 1,045.91 100.0 9 9 9 .4 4 10 0 .0 6 7 7 .5 0 10 0 .0 754.06 100.0
AT 855S LOAD FACTOR 756.98 984.68 1,101.05 1,083.77 739.27 8 2 3 .5 6
AT 6556 LOAD FACTOR 8 3 8 .2 9 1,073.40 1,183.79 1,218.81 828.01 928.17

TRANSFER PRICE AT 8556, LOAD FACTOR
WITH %  ROI 800.21 1,032.10 1,138.14 1 ,1 7 0 .3 4 7 9 0 .8 0 8 8 5 .3 9
WITH 255; ROI 9 6 5.ll 1,2 2 1 .7 8 1 ,2 8 6 .5 2 1,516.61 996.92 1,132.73

a/ Battery limits plus offsites e/ Local market price
Ъ/ Includes other гам materials, utilities, maintenance materials, operating fj (ШЛО assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
0/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10J& per annum



йшттж II.a TAble 14. COMPARISONigSO PETB0ÇIÊH1CAL »^MUFAÇTURXHGCOSTS A|_DIPfîp:NT^LOCATXOIB

PRODUCT: ethylene oxide PLANT SIZE: 131,000 ton/year

ethylene transfer price includes 5 $ ROI
in developing countries;
developed countries at prevailing market price.

LOCATION FAR EAS'1’ KTEXICO ARABIAN O'JLF

FEEDSTOCK ethylene ethylene ethylene
FEEDSTOCK PRICE, »/ton 375-00^ 230.00-s' 2 9 0 .0 0 &
LOCATION FACTOR 2.10 1.25 1 .5 0

FIXED CAPITAL COST,^ » million 226.31 135.01 162.01
WORKING CAPITAL, » million 14.78 9-63 11.44
UNIT INVESTKENT COST, S million/ton/a 1,731.4 1,030.6 1,236.7

PRODUCTION COST: S/ton * $/ton * »/ton $
FEEDSTOCK 358.87 48.8 220.11 47.0 2 7 7 .5 3 4 9 .1
ENERGY - - - - -
BY-PRODUCT - - - - -

OTHER DIRECT COSTS^ 123.78 16.8 92.50 19.7 9 8 .0 4 1 7 .3

GENERAL OVERHEAD 17-95 2.4 11.43 2.4 1 3 .7 8 2 . 4

OTHER FIXED COSTS5/ 62.18 3*4- 41.57 8 .9 5 2 ,1 0 9 .2

NET CASH COST
a/

562.78 7 6 .5 3 6 5 .6 1 7 8 .0 4 4 1 .4 5 7 8 .1
DEPRECIATION5' 173.14 2 3 .5 103.06 2 2.0 : 123.67 21.9

NET COST OF PRODUCTION (NCP)
AT 100$ LOAD FACTOR 735.92 10 0 .0 425735 100.0 5S5 7 1 2 100.0
AT 8556 LOAD FACTOR 818.50 5 2 9 .0 5 633.36
AT 65^ LOAD FACTOR 949.95 614.95 735.40

TRANSFER PRICE AT LOAD FACTOR
WITH 5$ ROI 905.07 5 8 0 .5 9 695.20
WITH г# ROI 1,251.34 7 8 6 .7 1 942.54

a/ Battery limits plus offsites e/ Local market price
h/ Includes other raw materials, utilities, maintenance materials, operating fj UNIDO aseumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10$ per annum



Annex II.C Table 15. COMPARISON OK 1 9&О PETROCILLICAL lANUFACTURIKC COSTS AT DIFFERENT LOCATIONS

PRODUCT: HOPE PL АКТ SIZE: 75,000 ton/year

ethylene transfer price includes 25 £ R01 
in developing countries;
developed oountries at prevailing market price.

LOCATION U.S. GULF COAST JAPAN гЧ У • -,t ' MEXICO ARASTI-' СП F
FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene

• FEEDSTOCK PRICE, 8/ton 5 2 9.00sJ 754.002/ 864.002/ 640.oo£/ 4 40.oo£/ 480.оо£/
LOCATION FACTOR 1 .0 0 1.15 0 .9 0 2 . 1 0 1.25 1.50
FIXED CAPITAL COST,^ $ million 4 2 .1 6 4 8 .1 6 37.94 88.54 52.69 63.23
WORKING CAPITAL, 8 million 7.93 10.65 12.04 1 0 .8 9 8.04 6 .8 8

UNIT INVESTMENT COST, 8 million/ton/a 5 6 2 .1 642.1 5 0 5 .8 1,1 8 0 .5 702.5 843.1

PRODUCTION COST: S/ton £ 8/ton £ 8/ton £ 8/ton £ 8/ton £ 8/ton £fi
FEEDSTOCK 536.93 6 5 .0 7 6 5.З1 6 8 .9 876.96 7 0 .7 649.60 6 5 .6 446.60 63.2 4 8 7 .2 0 6 2 .1

ENERGY 8.8 4 1 . 1 10.12 0 .9 12.57 1 . 0 0.99 0 .1 0.87 0.1 0.66 0 .1

BY-PRODUCT
OTHER DIRECT COSTS^ 138 .8 3 16.8 164.02 1 4 .8 1 9 3 .5 5 1 5 .6 1 5 1.5З 1 5 . 3 136.09 1 9.З 1 4 7 .4 8 18.8
GENERAL OVERHEAD З9.З2 4.8 52.88 4.8 5 9 .0 4 4.8 24.14 2 .4 1 7 .2 3 2.4 1 9 . 1 3 2.4
OTHER FIXED C0SmS^ 45.49 5.5 5 3 .8 6 4.8 47.06 3.8 45.42 4 .6 35.58 5 .0 45.46 5*8

NET CASH COST 769.42 9T. 2 1,"046719 ■9 4 .2 1,fB9Tl7 95Г9 871.68 8871 636.38 907o "699̂ 94 8972
DEPRECIATION̂ 56.21 6.8 6 4 .2 1 5.8 50.59 4.1 118.05 11.9 70.25 10.0 84.31 10.8

NET COST OF PRODUCTION (NCP)
AT 100£ LOAD FACTOR 8 2 5 .6 3 100.0 1 ,1 1 0 .4 0 1 0 0 .0 1,239.75 10 0 .0 989.74 ■ 00.0 7 0 6 .6 3 1 0 0 .0 784.24 100.0
AT 85$ LOAD FACTOR 9 2 0 .5 5 1 ,2 1 2 .2 2 1,353.01 1,108.63 812.24 8 9 6 .6 5
AT 6535 LOAD FACTOR 1 ,0 1 0 .8 5 1,326.34 1,458.37 1,222,00 8 9 8 .3 7 9 9 6.7З

TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  ROI 948.66 1,251.33 1,378.31 1,167.65 847.36 938.80
WITH 2% HOI 1 ,0 6 1 .0 9 1,379.76 1,479.48 1,403.78 987.87 1,107.42

a/ Battery limits plus offsites e/ Local market price
b/ Includes other гаи materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 1C£ per annum



¿miei II.С Table 16. COMPAR1SON=0F 19 8 OPETROC HELICAL K^FACTURING _C0UT3 __АТ̂1) 1FFERKNT LOCATIONS

PRODUCT: HDPE PLANT SIZE: 75,000 ton/year

ethylene transfer price includes 5 f> KOI in developing countries;
developed countries at prevailing market price.

LOCATION FAR EAfy MEXICO ARABIAN GULF
FEEDSTOCK ethylene ethylene ethylene
FEEDSTOCK PRICE, (/ton 375.00^ 230 oos/ 290.0C£/
LOCATION FACTOR 2 . to 1 .25 I.5 0

FIXED CAPITAL COST,5/ ( million 8 8 .5 4 52.69 63-23
WORKING CAPITAL, ( million 8.23 5.9З 6 .9 8

UNIT INVESTMENT COST, ( million/ton/a 1,18 0 .5 702-5 843.1

PRODUCTION COST: S/ton > a0 $ (/ton %
FEEDSTOCK 38 0 .6 2 53.6 2 3 3 .4 5 48.1 2 9 4.З5 5O.4
ENERGY 0.99 0.1 0 .8 7 0. 0 .6 6 0 . 1 •
BY-PRODUCT - - - - -
OTHER DIRECT COSTS^ 1 5 1.5З 2 1 . 3 136.09 2 8 .0 147.48 2 5.З
GENERAL OVERHEAD 17.33 2.4. 11.84 2.4 14.24 2.4
OTHER FIXED COSTS2/ 41.87 5.9 32.77 6.8 42.92 7.3

NET CASH COST 592.34 S3.4 4 1 5 .0 1 8 5 .6 499-66 8 5 .6
DEPRECIATION2' 1 1 8 .0 5 1 6 .6 70.25 1 4 .5 8 4 .3 1 1 4 .4

NET COST 0? PRODUCTION (NCP)
AT 1005» LOAD FACTOR 710.40 tocco 485727 1TJ070 5вЗ.'96 10070
AT 8536 LOAD FACTOR 827.46 589.43 6 9 5 .0 6

AT 65J& LOAD FACTOR 937.08 672.58 792.44
TRANSFER PRICE AT 85% LOAD FACTOR
with 556 HOI 886.49 624.55 737.21
WITH Zft ROI 1,122.59 765.06 9 0 5 .8 2

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating fj UBIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10j£ per annum



Annex II.G Table 1 7. COMPARISON=0F 428g.FfTR0Cia.ICAL ►ANUPACTURUJO COSTS AT =DIFFERENT_LOOATIONS

PRODUCT! UP* PLANT SIZE: 200,000 ton/year

ethylene transfer price includes 25jt SOI 
in developing countries;
developed countries at prevailing market price.

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR EAST . MEXICO ARABIAN GULF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, S/ton 529.00» 754.00^ 8 6 4.00^ 640.00^ 440.00^ 480.00^
LOCATION FACTOR a/ 1.00 1.15 0 .9 0 - 2.10 1 . 2 5 1 . 5 0
FIXED CAPITAL COST, S million 138.40 159.20 1 2 4 .6 0 2 9 0 .6 4 1 7 3 .0 0 2 0 7 .6 0
MORJONG CAPITAL, S million 20.21 27.84 31.50 28.94 19.77 2 1 .4 7
UNIT INVESTMENT COST, S million/ton/a 692.0 796.0 623.0 1,453-2 8 56.O 1,038.0

PRODUCTION COST: l/ton f S/ton % S/ton * S/ton S/ton i S/ton *
FEEDSTOCK 560.74 7 3 .7 799.24 76.7 9 1 5 .8 4 79-0 678.40 67.0 466 *40 67.8 508.80s 67.7ENERGT
BY-PRODUCT

"h/ -14.23 -1 . 9 -20.30 - 1.9 -23.26 -2.0
0T(ER DIRECT COSTS5' 65.95 8 .7 82.00 7.9 102.77 8.9 109.77 10.8 82.10 11.9 77.31 1 0 .3GENERAL OVERffiAD e/ 36.25 4 .8 49.64 4.8 55-17- 4.8 24.71 2«4 16.78 2 .4 18.33 2 .4OTHER FIXED COSTS5' 43.40 5 .7 52.22 5.0 45-78 3-9 55.07 _5.-4 36.12 _5.-2 d3.d2 _5.*8

NET CASH COST
„ 4 /

692.11 9 0 .9 962.80 92.4 1,096.29 94-6 867.95 8 5 .6 6 0 1 .4 0 8 7 .4 647.87 86.2DIPRBCIITICRR 69.20 9 . 1 79.60 7.6 62.30 5-4 145.32 14.3 86.50 12.6 103.80 13.8BT COST CP PRODUCTION (HCP) .
AT 10# LOAD nCTGR 761.31 10 0 .0 1,042.40 100.0 1,158.59 100.0 1,013.27 100.0 687.90 100.0 751.67 100.0
AT 8 5 LOAD FACTOR 806.07 L,096.28 1,211.22 1,080.12 735.27 804.40
AT 6% LOAD FACTOR 879.23 L,I8 5.O6 1,294-77 1,193.91 809.12 889.26

TRANSFER PRICE AT 8 5% LOAD FACTOR
WITH %  SOI 840.67 1,136.08 1,242-37 1,152.78 778.52 856.30
HITS 2% ROI 9 7 9. CP

1
1,295.28 1,366.97 1,443.42 951.52 1,063.90

Battery limits pins offsites e/ Local market price
}>/ Includes other ram materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.P.1) 

supplies, operating labour, aaintenance labour, control laboratory.
0/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10£ par annua



Annex II.6 Taille 18 ÇO>.PMlSON_OK^128p reraOCIftjaCAL ^W A Ç T U hlK G  C0ÜT3 AT.DINERENT LOCATIONS

PRODUCT: LDPE PLANT SIZE: 200,000 ton/year
,ethyleneIn developing countries;transfer price includes 5% ROI
developed countries at prevailing market price.

LOCATION PAR EAS1’" MEXICO AiUBI/üi CULF

FEEDSTOCK a th y le n e e th y le n e ethylem e
FEEDSTOCK PRICE, $/ton 875.00 ̂ 230.00?/ 290.00 •É'
LOCATION FACTOR 2.10 1.25 1.50
FIXED CAPITAL COST,4' $ million 290.64 173.00 207.60
WORKING CAPITAL, $ million 21.77 14.02 16.36
UNIT INVESTMENT COST, $ million/ton/a 1,453.2 865.O 1,038.0

PRODUCTION COST: S/ton fo %/ ton % l/ton $
FEEDSTOCK 3 9 7 .5 0 5 5 .9 243.80 54.1 307.40 58.5
ENERGY - -  - -

BY-PRODUCT -10 .08 -1 . 4 - « . 1 9  -1.4 -7.80 -1.5
OTHSR DIRECT COSTS-' 1 0 9 .7 7 1 5 . 4 82.10 18.2 77.31 14.5
GENERAL OVERHEAD 17.35 2 .4 10.99 2.4 13.04 2.4
0TIER FIXED COSTS5' 51.49 7.2 33.25 7.4 40.87 7.6

NET CASH COST
h/ 5 66.03 79.6 363.90 80.8 430.81 8 0 .6

DEPRECIATION5' 145.32 20.4 8 6 .5 0 1 9 . 2 103.80 1 9 .4
NET COST OF PRODUCTION (NCP)
AT 100g LOAD FACTOR 7 1 1 . 3 5 ïoïT.o 450.44 3-00.0 534.61 ÏÔÔ.0
AT 8596 LOAD FACTOR 776.27 4 9 6 .2 8 585.97
AT 655( LOAD FACTOR 8 8 6 .0 9 5 6 7 .0 0 667.98

TRANSFER PRICE AT 8 5^ LOAD FACTOR
WITH %  ROI 8 4 8 .9 3 5 3 9 .5 3 637.87
WITH ROI 1,139.57 7 1 2 .5 3 845.47

a/ Battery limits plus offsites e/ Local market prioe
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex Il.p.1) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
Aj At 10£ per annum



Annex 11.0 Table 19. С0>.Р̂ 150И=№128р Р£ГНМШ,1САЬ VJjnjFAÇTURUJG COüK_AT_DlFfTEffiNT LOCAT101ÎS

PRODUCT: LLEPE - ethylene PLANT SIZE: 200,000 ton/year

ethylene transfer price includes 25 jl ROI 
in developing countries;
developed countries at prevailing market price.

LOCATION U.S. GULF COAST F.R.j. JAPAN FAR EAST mico ARABIAN GVLF

FEEDSTOCK ethylene ethylene ethylene __ ethylene ethylene ethylene
FEEDSTOCK PRICE, S/ton 529.00 е/ 7 5 4.0o5/ 8 6 4.Оos/ 64O.OOÍ/ 440.ooí/ 48O•00-Í-/
LOCATION FACTOR
FIXED CAPITAL COST,5/ S million

1.00 Ijl5 0.90 2.10 1.25 I.5 0
92.76 1Q6.00 8 3.ОО 193.62 115-24 133.30

WORKING CAPITAL, S million 18.46 . 2 5 .0 7 2 7 .8 7 2 8 .2 0 20.88 23.12.
UNIT INVESTMENT COST, S million/ton/a 463-5 530.0 415.0 968.1 576.0 691*5

PRODUCTION COST: S/ton $ S/ton ;6 S/ton 56 S/ton % S/ton * S/ton *
FEEDSTOCK 490.44 6 7 .7 699.03 71.3 8 0 1 .0 1 7 4 . 1 593.34 64.9 4 0 7 .9 2 62.7 445.01 61.5
ENERGT
BT-PRÜDUCT
0TJER DIRECT COSTS^

0.88 0.1 1.01 0.1 1.26 0.1 0.10 0.1 0.09 0.1 0.07

117.54 I6 .2 I4O.IO 1 4 .З 149.00 13.8 16 0 .9 0 1 7 . 6 139.89 2 1 . 5 156.38 21.6
GENERAL OVERHEAD 
OTHER FIXED COSTS5/

34-47 4.3 4 6 .7 0 4 .8 51*45 4-8 2 2 .2 9 2 .4 15.87 2.4 1 7 .6 6 2.4
З4 .2 7 4-7 4 0 .8 6 4 .2 36.2 5 3. 40.38 4-4 29-14 4-5 З5 .7 8 4.9

RET CASH COST 
DEPRECIATION̂ /

6 7 7.6O 93.6 9 2 7 .7 1 94.6 1,038.97 96.2 8 1 7.OI 89.4 5 9 2 .9 1 91.1 654.89 90.4
4 6.З5 6 .4 53.00 5.4 41.50 3.8 9 6 .8 1 1 0 .6 57-62 8.8 69.15 9-5

RET COST OF PHODUCTIt* (HCP)
1 ,0 0 0 .4 7 iocT"AT tOGjl LORO FACTOR 7 2 3 .9 5 10 0 .0 9 8 0 .7 1 10 0 .0 913.82 100.0 6 5 0.5З 100.0 724.04 100.0

a* 859t. u n  iacw» 8 3 4 .9 1 1,110.17 1,208.10 1,056.95 780.95 860.07
AT 69H LOAD FACTOR 

TRANSFER PRICE AT 8 5?, LOAD FACTOR
915*02 1 ,2 0 5.8 8 1,299*64 1,166.20 864.13 954.74

WITH %  ROI 8 5 8 .0 8 1,136.67 1,228.85 1,105.36 8 0 9 .7 6 894*64
WITH 2% ROI 9 5 0 .7 8 1,242.67 1,311.85 1,298.98 9 2 5.OO 1,032.94

m/ Battery limits plus offsites e/ Local market price
t/ Includes other ram materials, utilities, maintenance materials, operating tj UNIDO assumption (see annex IIJ.1) 

auppliea, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and insurance, interest on working 

capital, gnard, administrât ion chargea, R and Г.
d/ At lOf. par ama



Annex II.O Tabla 20, C0».PA81|0H_0F igep PETROCHaa.CAL KA^ACTURIHGCOSTS _AT̂ DIFreœ»T_LOCATIOIiS

PRODUCT; PLANT SIZE; 200,000 ton/yi

ethylene transfer price includes 5 $ ROI
in developing countries;
developed countries at prevailing r&arket price. _

LOCATION FAR EAST KEXICO ARABIAN CUtt1
FEEDSTOCK ethylene ethylene ethylene
FEEDSTOCK PRICE, */ton 375-00^ 230.00̂ 290.00̂
LOCATION FACTOR 2.10 1.25 1 .5 0

FIXED CAPITAL COST,5̂  S million 193.62 115.24 138.30
WORKING CAPITAL, $ million 21.57 15.63 1 8 .3 6

UNIT INVESTKEHT COST, * million/ton/a 968.1 576.0 691.5

PRODUCTION COST: S/ton 0*
7> S/ton f, t/ton $

FEEDSTOCK 347.66 5 2 .8 213.23 47.6 26 8 .8 6 4 6 .7
ENERGY 0.10 0 .0 0 .0 9 0 .0 0 .0 7 0 .0
BY-PRODUCT
OTHER DIRECT COSTS^ 160.90 2 4 .4 139.89 31.2 156.38 28.9
GENERAL OVERIEAD 16.06 2 . 4 10.93 2 .4 13 -2 0 2 .4

OTHER FIXED COSTS5' 3 7 .0 7 5 .6 26.51 5-9 33.40 6.2
NET CASH COST 561.79 8 5 .3 390.66 87.1 471«90 8 7 .2
DEPRECIATION5' 96.81 1 4 . 7 5 7 .6 2 1 2 .9 69.15 12.8

NET COST OF PRODUCTION (NCP)
AT 10$ LOAD FACTOR 6 5 8 .6 0 10 0 .0 4 4 8 .2 8 10 0 .0 5 4 1 .0 5 10 0 .0
AT 85J6 LOAD FACTOR 8 0 0 .0 5 577.36 675.87
AT 6% LOAD FACTOR 9 0 5 .8 4 657.81 7 6 8 .0 7

TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  ROI 8 4 8 .4 5 606.17 710.45
HITH 2% ROI 1,042.07 721.41 848.75

a/ Battery limits plus offsites •/ Local market price
b/ Includes other rax materials, utilities, maintenance materials, operating x] UHIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
of Includes plant overhead, taxes and insurance, interest on working 

capital, general administration charges, R and D.
d/ At 10i oer annum



Annex II.G Table 21. COMPARISON OF J_98o PETROCIÜ.ICAL UNUFACTURING COSTS AT DljfKSRb'NT _LOCATIONS

PRODUCT: Bethai101 froe «ethane PLANT SI2E: 640.000 ton/year

LOCATION U.S. GULF COAST р.ч. JAPAN PAR Ц1? MEXICO ARABIAN C'.'LF

FEEDSTOCK methane methane methane methane methane methane
FEEDSTOCK PRICE, $/ton 228.00^ ггз.оо5' Зи.ОО5' 25.00Í/ 25.86*/ 25.00^
LOCATION FACTOR 1.00 1.15 0 .9 0 2.10 1.25 I.5 0
FIXED CAPITAL COST, S million 1 3 1 .8 0 1 5 1 .6 0 118.60 276.78 164.74 1 9 7 .7 0
WORKING CAPITAL, $ million 1 9 .4 0 20.74 25.56 10.41 7.35 8 .8 4

UNIT INVESTMENT COST, S million/ton/a 2 0 5 .9 236.9 185.3 4З2 .5 257.4 308.9

PRODUCTION COST: •/ton * •/ton * •/ton % S/ton <£/* •/ton % •/ton $
FEEDSTOCK 97.3Q 43.4 95.24 З9 . 7 134.11 45-9 10.68 1 0 .8 1 1 .0 4 1 5 .8 10.68 1 3.О
ENERGY 53.44 23.8 61.17 25.5 75.96 26.8 6.00 6 .0 0 5 .2 5 7.5 4.00 4.9
BY-PRODUCT
OTHER DIRECT COSTSF' 29.71 13.2 34.16 1 4.З 37.12 12.7 23.80 2 4 .0 1 7 .4 4 25.0 24 .0 9 29.З
GENERAL OVERHEAD / 10.68 4.8 11.41 4 .8 1 3 .9 1 4.8 2.42 2 .4 1 . 7 0 2.4 2.01 2.4
OTHER FIXED COSTS5' 1 2 .5 0 5.6 13.94 5-8 12.45 4.3 13.08 1 3 . 2 8 .5 5 12.2 10.60 12.-9

RET CASH COST 203Г7Т- 9 2 1 5.9З 95Ti т Ж ~ 93^ 55.98 5 6 .4 4 3 .9 9 6 3 .1 5 1 .3 8 62.4
DEPRECIATION5* 20.59 9.2 23.69 9-9 18.53 6.3 43.25 4 3 .6 2 5 .7 4 36.9 30.89 3 7 .5

NET COST OF PRODUCTION (NCP)
AT 10055 LOAD FACTOR 2 2 4 .3 1 100.0 239.62 10 0 .0 2 9 2 .0 7 100.0 99.23 10 0 .0 6 9 .7 3 100.0 8 2 .2 7 100.0
AT 85$ LOAD FACTOR 236.86 254.06 305.75 1 1 5 .2 1 80.59 95.22
AT 6555 LOAD FACTOR 259.кз 279.59 327.70 lM».H 99.03 117.95

TRANSFER PRICE AT 8 5% LOAD FACTOR
WITH 5JÈ ROI 247.12 265.9О 315.02 136.83 93.46 110.67
WITH 2% ROI 288,31 3 13 .2 8 352.08 223.32 1 4 4 .9 4 172.45

a/ Battery limite plue offsites е/ Local market price
Ъ/ Includes other гаи materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10ji per annum



Armez II.G Table 22 ÇOKPAR1SON_OFJ28q PCTROGlfct.ICAL bJkNUPACTlJRIIîG COSTS_AT_D 1FKERENT UOCATIOIIS

PRODUCT: methanol from naphta PLANT SIZE: 640,000 ton/year

LOCATION U.S. GULF COAST F.R.O. JAPAN

FEEDSTOCK
FEEDSTOCK PRICE, S/ton 
LOCATION FACTOR
FIXED CAPITAL COST,5/ S million
WORKING CAPITAL, S million
UNIT INVESTMENT COST, $ million/ton/a

naphtha 
280.OO5/ 

1 .0 0  

143.90 
2 3 .8 2  

224.8

naphtha
3 2 6.002/
1.15

I6 5 .5 0

26.09
2 5 8 .6

naphtha
344.005/

0 .9 0
129.50
29.53
202.3

PRODUCTION COST:
FEEDSTOCK
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS^
GENERAL OVERHEAD 
OTHER FIXED COSTS5/

NET CASH COST 
DEPRECIATION̂ /

NET COST OF PRODUCTION (NCP)
AT 10$ LOAD FACTOR 
AT 8$  LOAD FACTOR 
AT 6$ LOAD FACTOR 

TRANSFER PRICE AT 8 5% LOAD FACTOR 
WITH %  ROI 
WITH 2% ROI

.

A/ton $ 
1 4 7 -0 0 5 1 .6  

6 6 .6 8 23.4

20.03 7.0 
13.57 4.8 
15.23 5.3 

2 6 1 .5 1 9 2 .1  

2 2 .4 8 7 . 9

2 8 4 .9 9 10 0 .0

301.25
326.40

3 1 2 .4 9
357.46

$/ton 56

171.15 54.8 
6 1 . 1 7 1 9 .6

22.39 7.2 
1 4 .8 8 4 .8  

1 7 .0 8 5 -5  

2 8 6 .6 8 9 1 . 7  

2 5 .8 6 8 .3

3 1 2 .5 4 10 0 .0

3 3 0 .5 1

35-7 .7 7

3 4 3 .4 4
3 9 5 .1 6

i/ton # 
1 8 0 .6 0 5 1 . 6  

9.78 2 7 .1

22.74 6.5 
1 6 .6 5 4 .8  

14.92 4.3 
329.71 94.2 
20.23 5.8

349-95 10 0 .0
3 6 6 .7 8

3 9 2 .3 1

3 7 6 .9 0

4 1 7 .3 7

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
of Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10f, per annum



Annex II.G Table 23. CaVPABISON.OF IJÖQ.PKTROCHUUCAL »AKUFACTUBUIG COSTSDIFFERENT LOCATIONS

PRODUCT! ИВР from DMT PLANT SIZE: 90,000 ton/year

DDT transfer price includes 25 Jl ROI
in developing countries;
developed countries at prevailing market pries.

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR EAST KEXICO ARABIAN GULF
FEEDSTOCK DMT DMT DMT DMT DMT DMT
FEEDSTOCK PRICE, 8/ton 4 0 5.0 0.2/ 6 7 5 .0 0 s/ 1 ,0 2 0.0^/ 1,715.0<£/ 1 ,1 7 0 .0 0 tJ 1,315.0<£/LOCATION FACTOR

a/FIXED CAPITAL COST, 8 million
1 .0 0 1.15 O.9O 2 .1 0 1 .25 1.50

7 4 .5 0 8 5.6О 67.00 156.45 98.L2 111.75
WORKING CAPITAL, 8 million 1 6 .0 9 16.00 22.02 З9.1З 23.74 30.26
UNIT INVESTMENT COST, 8 million/ton/a 8 2 7 .8 9 5 1 .1 744  . 4 1,738.3 1,090.,1 1,2 4 1.7

PRODUCTION COST: 8/ton * 8/ton $ 8/ton % 8/ton 5° $/ton i 8/ton Л
FEEDSTOCK 7 0 5 .7 0 59.1 675-67 56.5 1,021.02 6 6 .9 1,716.71 6 5 .2 1 ,1 7 1 . 1 7 10.0 1,316.31 6 4 .8ENERGY 1 5 .8 0 1.3 18.09 1.5 22.46 1 . 5 1,77 0.1 1 . 5 5 0 . 1 1 . 1 8 0.0BY-PRODUCT
OTHER DIRECT COSTS^

-7 9 .9 6 6.7 -75.24 -6.3 -1 4 5 . 7 6 -t-9-5 _
350.126/ 2 9 .4 358.128/ 2 9 .9 4l8.29fi/ 2 7 .4 588.15ß/ 22.3 2 9 8.96s/ 17.9 465.40*/ 22.9GENERAL OVERHEAD 

OTHER FIXED COSTS2/
56 .8 0 4.8 56.97 4 .8 72.69 4 .8 6 4 .1 9 2.4 4 0 .8 2 '2.4 49-56 ' 2 .4
6 1 .5 0 5-2 6 7 .7 0 5 .6 63.35 4 . 1 8 7 .0 9 3.3 •58-35 h i . ISag _3i7

BET CASH COST 
DEPRECIATION^ 1,109.95 93.1 1,101.31 92.1 1 ,4 5 2 .0 6 9 5 .1 2,457.92 93.4 1,570.34 93.8 1 ,9 0 7 .9 8 9З.9

8 2 .7 8 6 .9 9 5 .1 1 7 . 9 7 4 .4 4 4 .9 1 7З.8 3 6.6 10 3 .4 7 6.2 1 2 4 .1 7 6.1 'NET COST OF PRODUCTION (NCP)
AT 100# LOAD FACTOR 1 ,1 9 2 .7 3 100.0 1 ,19 6 .4 2 100.0 1 ,5 2 6 .5 0 1 0 0 .0 2,631.76 100.0 1 ,6 7 3 .8 1 10 0 .0 2,0 3 2 .1 5 100.0
AT 855b LOAD FACTOR 1 ,5 6 6 .1 0 1,569-91 1,9 7 1 .1 8 3,304-55 2,0 0 3 .6 6 2,545.80
AT 6% LOAD FACTOR •1,759.87 1,772.14 2,19 0 .0 0 3,632.43 2,1 8 3 .1 7 2,801.43

TRANSFER PRICE AT 85^ LOAD FACTOR
WITH %  ROI 1 ,6 0 7 .4 9 1 ,6 1 7 .6 4 2,0 0 8 .4 0 3,391.47 2,0 5 5 .3 9 2,6 0 7 .8 8
KITH 2% HOI 1 ,7 7 3 .0 4 1 ,8 0 7.6 8 2,1 5 7 .2 9 3,739.13 2,2 6 2 .3 2 2,8 5 6 .2 1

— -a/ Battery limits plus offsites e/ Local market price
Ъ/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At Wjt per annum

t j UNIDO assumption (see annex II.F.1)
jS/ Includes ethylene glycol at: U.S. Gulf, 875/ton; FRG, *743/ton; Japan, 8908/ton; Far East 81395/ton; Mexico, 8919/ton; Arabian Gulf, 81Q50/ton.

i



Annex II.O Table 24 COMPAR I3O N O K I 9 8 OPETROC Hbl'l 1C AL f^lWFACTURIKCCOGTS AT, DIFFERÌ. NT LOCATIONS

PRODUCT: pgr from BUT PLANT SIZE: 90,000 ton/year

DMT transfer price includes 536 R01
in developing countries)
developed countries at prevailing market price.

LOCATION FAR EAST MEXICO ARABIAN GULF

FEEDSTOCK mr Ш9
FEEDSTOCK PRICE, f/ton 1 ,1 7 8 .0 0 •£/ 842.ОО£/ 928.ОО i/
LOCATION FACTOR 2 .1 0 I.2 5 I.5 0
FIXED CAPITAL COST,2' S million 1 5 6 .4 5 93.12 111.75
WORKING CAPITAL, S million 2 9 .7 4 20.32 25.94
UNIT INVESTMENT COST, t million/ton/a 1,7 3 8 .3 1,090.2 1,241.7

PRODUCTION COST: 8/ ton S/ton 2 i/ton %
FEEDSTOCK 1 ,1 7 9 - 1 8 60,1 8 4 2 .8 4 62.2 , 928.93 56.5•
ENERGY 1.17 .2 < 1.55 0.1 a H CD О a

BY-PRODUCT -О.5 2 — 0.0
OTHER DIRECT COSTS2' 4 8 2.ЗЗ5/ 2 4 .6 320.07s! 23.6 479.77*/ 2 9 .2
GENERAL OVERHEAD 
OTIER FIXED COSTS2/

47.84 2.4 3 3 .0 5 2.4 40.12 2.4
7 6 .6 6 3 .9 5 4 .5 6 4.0. 7 0 .7 2 4.3

NET CASH COST 
DEPRECIATION̂ /

1,787.79 91.1 П751-55 92.4 1,5 2 0 .7 2 9 2 .5
173.83 8 .9 103.47 7-6 124.17 7.5

NET COST OF PRODUCTION (NCP)
AT loo?! LOAD FACTOR 1,961.62 100,0 1,355-02 100,0 1 ,6 4 4 .8 9 10 0 .0
AT 85$ LOAD FACTOR 2,505-20 1,707.66 2,172.93
AT 6% LOAD FACTOR 

TRANSFER PRICE AT 85J6, LOAD FACTOR
2,785.08 1,890.62 2,428.61

WITH 5i ROI 2,592.11 1,759.39 2,235.01
WITH 25̂  ROI 2,939.78 1,966.33 2,483.35

m/ Battery limits plus offsites e/ Local market prioe
b/ Includes other ram Materials, utilities, Maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
0/ Includes plant overhead, taxes and insurance, interest on working

capital, general adainistration charges, fi and D.
d/ At 1$ per annum

tj Ш Ш 0  aaauaption (aee annex 11.7,1)
¡¡/ Includes ethylene glycol at: Far Eaat, 11313/ton) Mexico, t870/ton; Arabian Gulf, t991/ton.



Annex II.в Table 25. COMPARISON _QF _ 1§8Ô PHTHWlEMCAL >4 №FACTURUJg C0aK_ATEDIKra№NT L0CAT10IlS

• PRODUCT:. РИ fro* TPA PLANT SIZE: 90,000 ton/yeap

TPA tranafer price includes 25jt ROI
in developing countries;
developed countries at prevailing market prioe.

LOCATION U.S. GULF COAST F.rt.C. JAPAN FAR EAST MEXICO ARABIAN GULF

‘ 'FEEDSTOCK TPA TPA TPA TPA TPA TPA
FEEDSTOCK PRICE, S/ton 772.00*/ 9 0 2.0c SÍ 1,020.005/ 1.660.00Í/ 1 ,1 6 0.00X/ 1,300.001/

‘ - LOUTlOa FACTOR a/ 1 .0 0 1.15 O.9 0 2 . 1 0 I.2 5 1 . 5 0
- - FIXED CAPITAL COST,2' $ million 60.95 70.18 54.93 127.99 7 4.9З 9 1 .4 2

WORKING CAPITAL, $ million I3 .8I 1 5 .4 9 17.29 34.81 21.04 2 7 .2 5
UNIT INVESTMENT COST, S million/ton/a e n . 2 779.8 610.3 1,422.1 832.5 1,0 1 5 .8

' PRODUCTION COST: S/ton * S/ton % S/ton * S/ton Л t/toa * S/ton %
-‘FEEDSTOCK 661.06 54.8 57.2 873.43 58.2 1,421.46 6 2 .5 993.31 68.3 I.II3 .I9 62.4
SNERGT 2 4 .7 4 2.1 28.32 2.1 З5 . 1 7 2.3 2.78 0.1 2 .4З 0.2 I.8 5 0.1
flr-PRQDUCT - - .. —

‘ - OTHER DIRECT COSTS^ 340.38«/ 28.2 З4 6.51«/ 25.7 407.35«/ 2 7.I 576.86«/ 25.4 289.12«/ 1 9 .9 456.8Э®/ 2 5 .6
' ~ GENERAL OVERHEAD

OTHER FIXED COSTS2/
57.39
53.96

4 .8

4-5
64.31
61.1

4.8

4.5
7 1 .5 2
53.5 2

4 .8
3.6

55-47
75.48

2.4
3.3

35-48
51.24

2.4
3.5

4З.5 2

67.47
2 .4
3.8

"" НЕТ GASH COST 37137.54 1Г.4 1,272 3̂ 94-2 1,440.98 95.9 2,132.04 93.7 1,371.59 94.3 1,682.86 94.3
DEPRECIATION2' 67.72 5 .6 77.98 5.8 6 1 .0 3 4 . 1 1 4 2 .2 1 6.2 83.26 5.7 IOI.5 8 5.7

' ЖЕГ COST CP PRODUCTION (NCP) — — — —
AT TOOjt LOAD FACTOR 1,205.26 100.0 1,350.61 100.0 1 ,5 0 2 .0 1 100.012,274-25 IÖÖT0 1,454-84 100.0 1 ,7 8 4 .4 4 10 0 .0

' AT 85jt LOAD FACTOR 1,572.18 1,718.18 1,939-54 2,934.31 1,773.25 2,2 8 8 .5 5
AT 65f, LOAD FACTOR 1,̂ 55.40 1,911.35 2,146.77 3,239.41 1,937-48 2,5 2 7 .9 4

‘ TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  ROI 1,606.04 1,757.17 1,970.05 3,005.42 1,814.87 2,339*34
WITH 255b ROI 1,741.49 1,913.12 2 ,0 9 2 .1 2 3,289.84 1,981.38 2,5 4 2 .4 9

a/ Battery limits plus offaitea e/ Local market price
Ъ/ Includes other ram materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and 0.
if At 1(ÿ per annum

t] UNIDO assumption (see annex II.P.1)
s/ Includes ethylene glycol ats U.S. Gulf, $75/ton; PRC, 8743/ton) Japan, 

1908/ton; Par East 81395/ton; Mexico, *919/ton; Arabian Gulf, 81050/ton.

i
SBi



Aimez II.O Table 26. ÇOMPjUUSON OFI9 8 O FETROÇIfcKICAL »̂ TJFAÇTURING COSTS AT.DIFfEREïJT.LOÇATIOliS

PRODUCT: pur from TFA PLA1JT SIZE: 90,000 ton/year

TPA transfer price includes 5 fl HOI
in developing countries;
developed countries at prevailing market price.

LOCATION FAR EAST MEXICO ARABIA’S O’ILF

FEEDSTOCK TPA TPA TPA
FEEDSTOCK PRICE, 8/ton l,202.00i/ 876.00Î/ 972.00^
LOCATION FACTOR 2.10 1.25 1 . 5 0
FIXED CAPITAL 005?,= $ million 127.99 74-93 91.42
WORKING CAPITAL, 8 million 26.93 18.74 21.78
UNIT INVESTMENT COST, $ million/ton/a 1,422.1 832.5 1,0 1 5 .8

PRODUCTION COST: S/ton 5» $/ton $ l/ton $
FEEDSTOCK 1 ,0 2 9 .2 7 59-0 750.12 61.1 832.32 58 .9
ENERGY 2 .7 8 0 . 2 2.43 0. 2 1 .8 5 0 .1
BY-PRODUCT
OTHER DIRECT COSTS^ 4 6 1.36^  2 6 . 4 313.29^ 25.5 38 0.5 2^  2 6 .9
GENERAL OVERHEAD / 4 2 .3 6 2 . 4 29.94 2.4 34.44 2.4
OTHER FIXED COSTS2' 66.72 3 - 8 4 8 .6 8 4 .0 61.39 4.3

NET GASH COST .1,602.68 91.ó 144.47 9372 1.310.52 92.8
DEPRECIATION2' 142.21 8.2 83.26 6.8 101.58 7.2

NET COST 0? PRODUCTION (NCP)
AT 10C# LOAD FACTOR 1 ,7 4 4 .9 0 1 0 0 .0 1 ,2 2 7 .7 2 1 0 0 .0 1,4 1 2 . 1 0  10 0 .0
AT 85# LOAD FACTOR 2,265.25 1,573.14 1,823.76
AT 6% LOAD FACTOR 2,520.69 1,743.19 1,030.04

TRANSFER PRICE AT 85£ LOAD FACTOR
KITH 5% ROI 2,336.36 1,614.76 1,814.55
WITH 2% ROI

.
2,620.78 1,781.27 2,077.70

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 1CJt per annum

tj UHID0 essumption (see annex II.F.1)
g/ Includes ethylene glycol ati Far East, 81313/ton; Mexico, 8870/ton; 

Arabian Oulf, 8991/ton.



Annex II.O Tabla i COKP^ISQK OP^IgaQ PEraMltl.ICkL »-WIUPACTUR1BCCOSTS^ATJ)IFraRíOTLQCATl QNS

PRODUCT: polypropyleae PLANT SIZE: 90,000 ton/year

LOCATION U.S. GULF COAST FmRmGm JAPAN FAR EAST MEXICO \n.‘.T3T7.,TTJLF

FEEDSTOCK propylene propylene propylene propylene propylene propylene
FEEDSTOCK PRICE, t/ton 419*G0S/ 463.002/ 672.002/ 485.0GÍ/ 3 1 5.00Í/ 400.0Qtí
LOCATION FACTOR 1.00 1.15 0.90 2.10 1.25 1 . 5 0

FIXED CAPITAL COST, t million 79*90 91.90 7 1 .9 0 167.79 99.87 1 1 9 .8 5
WORKING CAPITAL, t million 8.20 9*45 12.14 12.57 8.33 11.07
UNIT INVESTMENT COST, t million/ton/a 887.8 1,021.1 798.9 1,864.3 1,109.7 1,331,7

PRODUCTION COST: t/ton $ 1/ ton 56 t/ton 56 t/ton % t/ton 56 t/ton st
FEEDSTOCK 427.38 6O. 4 472.26 5 8 .4 2 6 8 9 .4 4 67.1 4 9 4 .7 0 52.8 321.30 54.4 406.00 5 0 .7
ENERGY - - - - - - - - - - - -
BY-PRODUCT - - - - - - - - - - - -

OTffiR DIRECT COSTS» 101.23 14.3 130.41 16.1 1 5 1 .0 6 14.8 1 7 1 . 2 0 18.3 120.96 19.7 185.95 2 3 .1
GENERAL OVERIEAD 33.72 4*8 38.49 4.8 48.62 4.8 2 2 .8 5 2.4 14.94 2 .4 19.63 2 .4
OTHER FIXES COSTS» 56*93 8.0 6 9 .0 2 8.0 5 6 .0 3 5.5 61.59 6.6 44.33 7.2 57.93 7 . 2

JET QUSH COST 6Í9Ü 5 3775 7<X>.18 3774 9 4 1 . 1 5 92.2 750.34 80.1 501.52 61.9 671.50 83.4
BBPKSCIATKHF’ 8 8 .7 8 1 2 . 5 102.11 12.6 7 9 .8 9 7.8 186.43 19.9 59.27 18.1 133.17 16.5

NET COST OP PRODUCTION (NCP)
AT 10# LOAD FACTOR 7ÖB.03 10 0 .0 806.29 700.0 1,021.04 100.C 936.77 100.0 612.49 100.0 804.67 10 0 .0

AT 8.5JI UNAS FACTOR 764*26 873*69 1,063.06 1 ,0 1 9 .2 0 671.80 877.42
AT 6# LOAD FACTOR 857.04 982.01 1,184.10 1,160.06 765.25 998.45

TRANSFER PRICE AT 85Jb LOAD FACTOR
WITH %  ROI 8 0 8 .6 9 924.75 1,123.03 1 ,1 1 2 .4 1 727.28 944.00
WITH 2% ROI 986.20 1,128.97 1 ,2 8 2 .8 0 1 ,4 8 5 .2 8 949.21 1 ,2 1 0 .3 3

•J Battery liaita plus offsites e/ Looal sarket price
b/ Includes other xm seterials, utilities, Maintenance material«, operating 1/ UNIDO aesusption (see annex II.F.1) 

supplies, operating labour, Maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, B and D.
d/ At I C5( per anms



Annex II.(}Table 28 СОБРАН ISON.OF 1980 PETROCHEMICAL »ANUFACTURIJÍO COSTS .AT, D1FFERENT LOCATIONS

PRODUCT: polyetyrene PLANT SIZE: 200,000 ton/year

styrene transfer price includes 25 % HOI
in developing countries;
developed countries at prevailing market price.,

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR EAST MEXICO V7\4I.tV T '■F

FEEDSTOCK styrene styrene styrene atyrene styrene styrene
FEEDSTOCK PRICE, $/ton 7 8 8.00?' 937.002/ 1,170.00s/ 1,300.00̂ 6 5 2.00s/ 1,090.00̂ /
LOCATION FACTOR 1.00 1.15 0 .9 0 2.10 1.25 1 .5 0
FIXED aPITAL COST,2' S million 6 9 .1 5 79-53 62.27 134.61 85.44 1 0 3 .7 2
WORKINa CAPITAL, $ million 24.39 28.9О З4 .9 1 39.99 21.04 33.98
UNIT INVESTKENT COST, S million/ton/a З4 5 .7 397.6 З1 1.З 673.0 422.2 518.6

PRODUCTION COST: S/ton * l/ton $ 8/ ton % S/ton fi S/ton $ S/ton
FEEDSTOCK 8 0 3 .7 6 84.1 9 5 5 .7 4 84.4 1,193.40 87.3 1,326.00 88.1 6 6 5 .0 4 8 4 .9 1,111.80 87.3
ENERGY - - - - - « _ - -  — m. me
BY-PRODUCT
OTHER DIRECT COSTS^ 3 5 .8 3 3.7 41.43 3.7 38.82 2.8 35.18 2.3 2 9 .3 6 3.7 38.59 3.0
GENERAL OVERHEAD 
OTHER FIXED COSTS—/

4 5 .5 1 4.8 53.93 4.8 6 5.IO 4 .8 36.72 2.4 1 9 . 1 1 2.4 31.06 2.4
36.63 3.8 41.59 3.7 38.63 2.8 40.31 2.7 27.30 3.5 4 0 .0 4 3.1

NET CASH COST 
DEPRECIATION̂ /

9 2 1 . 1 3 96.4 I.0 9 2 .6 9 9675 1,335.94 97.7 1,438.21 95.5 740.81 94.5 1,221.49 95.9
34.57 3.6 З9 .7 6 3-5 3 1 . 1 3 2.3 6 7.ЗО 4.5 42.72 5.4 5 1 .8 6 4.1

NET COST 0? PRODUCTION (NCP)
AT 100$ LOAD FACTOR 9 5 5 .7 0 100.0 1,132.45 100.0 1,367.08 100.0 1 ,5 0 5 .5 2 10 0 .0 7 8 3.5З 10 0 .0 1,273.35 10 0 .0
AT b% LOAD FACTOR 981.50 1,162.40 1,396.07 1,536.75 8 0 4 .0 4 1,301.51
AT 6536 LOAD FACTOR 

TRANSFER PRICE AT 8 5% LOAD FACTOR
1,034.41 1,223.85 1,455.56 1,600.81 846.11 1,359.29

WITH %  hoi 998.78 1,182.29 1,411.64 1,570.40 8 2 5 .4 0 1,327.44
WITH 2% ROI 1,067.93 1,261.82 1,473.91 1,705.01 9Ю.84 1,431.16

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includeb plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10$ per annum



I

Annex II.C Table 29. ÇOJ.P AR 1 SON^OK IyB 0 PETROC HELICAL i^NUFACTURING C0UT3 /^DIFFERENT LOCATIONS

PRODUCT: polystyrene PLANT SIZE; 200,000 ton/year

styrene transfer price includes 5 £ ROI
in developing countries;
developed countries at prevailing market price. ,

LOCATION FAR FAS'r MEXICO AHA1»!.-.”' 0",.F
FEEDSTOCK styrene styrene styrene
FEEDSTOCK PRICE, $/ton 939*002/ 6 0 4.002/ 831.oo£/
LOCATION FACTOR 2.10 1.25 1 . 5 0

FIXED CAPITAL COST,2/ t million 134.61 85.44 103.72
WORKING CAPITAL, S million 30.05 19-72 26.85
UNIT INVESTMENT COST, t  million/ton/a 673.0 422.2 518.6

PRODUCTION COST: $/ ton * f/ton $ j/ton si
FEEDSTOCK 957.78 85.3 616.08 84.1 847-62 8 4 .9

ENERGY - - -
BY-PRODUCT - - -
OTHER DIRECT COSTSV 35.18 3.1 29.36 4.0 38.59 3 .9

GENERAL OVERHEAD 27.39 2 . 4 17.87 2.4 24.36 2.4
OTHER FIXED COSTS2/ 35.34 3.1 26.63 3.6 36.47 3.Î

NET CASH COST 11,0 5 9 .6 9 94Ï© 689.95 94.2 947.05 94.8
DEPRECIATION̂ 67.30 6 .0 42.72 5 .6 51.86 5.3

NET COST 0? PRODUCTION (NCP)
AT 10C# LOAD FACTOR 1 ,123 .00  100.0 732.67 10 0 .0 998.91 100.0
AT 8596 LOAD FACTOR 1,151.70 752.84 1 ,0 2 5 .2 6
AT 6535 LOAD FACTOR 1,210.59 794-23 1,079.32

TRANSFER PRICE AT 85Jfc LOAD FACTOR
WITH ROI 1,185.36 774.20 1,051.19
WITH 25Ji ROI 1,319.96 859.64 1,154.91

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating tj UNIDO assumption (see annex 11,7.1) 

supplies, operating labour, maintenance labour, control laboratory.
0/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges. It and D.
d/ At 10£ per annum



Annex II.G table 30. COMPARISON_0F 158о.РЕТЙОС1Ич1САЬ̂ >Л№РАСТий1НС .ÇOSK AT̂ DlFreffilÎT̂ LOCATlOHS

PRODUCT: PTC PLANT SIZE: 75,000 toe/year
VCR transfer price includes 25jt BOI

in developing countries;
developed countries at prevailing market price.

LOCATION U.S. GULF COAST F.R.O. JAPAN FAR EAST mico ARABIAN 'V4.F

FEEDSTOCK VCM VCM VCM VCM VOI VCM
FEEDSTOCK PRICE, $/ton 485.00s/ 611.00s/ ЯCO 1,214.00̂ / 860.00̂ / 8 6 5.00 /̂
L0CATI0H FACTOR 1.00 1 . 1 5 0 .9 0 2.10 1 . 2 5 1 .5 0
FIXED CAPITAL COST,2' $ million 6 5 .8 7 7 5 .7 8 5 9 .3 0 1 3 8 .3 2 8 2 .3 3 9 9 .8 0
WORKING CAPITAL, * million 7.96 9 .6 8 1 1 . 9 3 17.30 1 2 . 1 4 1 4 .1 3
UNIT INVESTMENT COST, S million/ton/a 878.3 1,010.4 7 9 0 .7 1,844.3 1,0 9 7 .7 1,3 3 0 .7

PRODUCTION COST: S/ton $ $/ton $ S/ton $ S/ton $ S/ton $ $/ton $
FEEDSTOCK 497.12 6 1 . 3 626.27 63.3 8 5 6 .9 0 7 0 .8 1,244.35 74.9 88I.5O 7 5 .9 886.62 68.0
ENEROY
BY-PRODUCT
OTHER DIRECT COSTS2' I2 9.OO 1 5 .9 148.61 1 5.O 1 5 8 .8 2 1 3 . 1 118.61 7.1 9О.З2 7 . 8 18 6 ,5 8 14.3
GENERAL OVERHEAR 38.62 4-8 47.09 4.8 57.60 4 .8 4 0 .5 4 2.4 28.33 2.4 3 1 .8 1 2.4
OTHER FIXED COSTS2' 58.49 7.2 6 5 .8 7 6.7 57.27 4.7 7 4 .1 5 4.5 51.44 4*4 65.98 5.

NET CASH COST 723.23 “85.2 8B7 7 5 5 "S9 .8 1,1305 9375 1,477.65 8 8 .9 1,051.59 9Ö.5 1,170.99 8 9 .8
DEPRECIATION2' 87.83 10.8 1 0 1 .0 4 10.2 7 9 .0 7 6 . 5 184.43 11.1 109.77 9.4 133.07 10.2

NET COST OF PRODUCTION (NCP)
AT 100$ LOAD FACTOR 811.06 100.0 9 8 8 .8 9 100.0 1,2 0 9 .6 6 10 0 .0 1 ,6 6 2 .0 7 100.0 1,161.3 6 100.0 1,304.06 10 0 .0
AT 85$ LOAD FACTOR 870.55 1,058.08 1,275-60 1,746.92 1 ,2 2 2 .3 3 1,381.12
AT 65$ LOAD FACTOR 969*81 1,172.32 1,381.53 1,892.51 1 ,3 1 8 .9 4 1,510.72

TRANSFER PRICE AT 65$ LOAD FACTOR
WITH 5$ ROI 9 1 4 .4 6 1,108.60 1,315.14 1,835*13/ 1 ,2 7 7 .2 2 1.И7.65
WITH 25$ ROI 1 ,0 9 0 .1 1 1,310.68 1,473.27 2,207.99* 1 ,4 9 6 .7 6 1,713-78

a/ Battery limits plus offsites e/ Local market price
b/ Includes other гаи materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10$ par annum

I
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Annex II.G Table 31 COLPAR 1 SON OK 128 0 PETROCIfcKICAL bJJiUPACTURIKG COSTS AT 'dIFFEREST LOCATIONS

PRODUCT: PTC- PLANT SIZE: 75,000 tort/yeax

-------------------------------------------------------- ------
VCH transfer price includes 5# ROI

in developing countries;
developed countries at prevailing market price. ,

LOCATION FAR EAST KEXICO ARABIAN GULF
FEEDSTOCK VCM VCM VCM
FEEDSTOCK PRICE, $/ton 1,083.00i/ 411.00 s/ 768.00̂ /
LOCATION FACTOR 2.10 1.25 1.50
FIXED CAPITAL 0031,= $ million 138.32 82.33 99.80
WORKING CAPITAL, S million 15.94 7.48 1 3 . 1 2
UNIT INVESTMENT COST, t million/ton/a 1,844-3 1,097.7 1,3 3 0 .7

PRODUCTION COST: S/ton ÿ $/ton $ < if 0 9 'Л

FEEDSTOCK 1,110.07 72.9 421.27 61.6 7 8 7 .2 0 6 5 .5

ENERGY - - -
BY-PRODUCT - - - -
OTHER DIRECT COSTS5' 118.61 7.8 90.32 13.2 186.58 15.5
GENERAL OVERHEAD 37.14 2.4 16.66 2.4 29.29 2.4
OTHER FIXED COSTS5/ 1,485.45 97.6 45.23 6.6 64.64 5.4

NET CASH COST 1,338.16 87.9 573.49 8 3 .9 1,067.71 88.9
DEPRECIATION̂ / 184.43 12.1 109.77 16.1 133.07 11.1

NET COST 0? PRODUCTION (NCP)
AT 10$ LOAD FACTOR 1 ,5 2 2 .5 8 1 0 0 .0 683.26 100.0 1,200.78 100.0
AT 85$ LOAD FACTOR 1,606.51 741.08 1,277.15
AT 6$ LOAD FACTOR 1,750.22 8 3 1 .2 2 1,405.36

TRANSFER PRICE AT 8 5^ LOAD FACTOR
WITH 5S& HOI 1,698.72 795.96 1,343.68
WITH 2 %  HOI 2,067.58 1,015.51 1,609.81

a/ Battery limits plus offsites e/ Local market price
Ъ/ Includes other гаи materials, utilities, maintenance materials, operating fj UNIDO assumption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxée and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10jh per annum



Annex II.Q Table 32. C0h,PAfll50N_0FJ98g PETROCHEMICAL mWACTURIlJG COSTS AT̂ DIPFERENT LOCATIONS

PRODUCT: 3BR PLANT SIZE: 35,000 ton/year
atyrene transfer price includes 25 ̂  ROI
in developing countries;
developed countries at prevailing market price.

LOCATION U.S. GULF COAST F (RiQ • JAPAN FAR EAST MEXICO ARABIAN O'ILP

FEEDSTOCK bntadiaas butadiene butadiene butadiene butadiene butadiene
FEEDSTOCK PRICE, 8/ton 705.00 1/ 661.002/ 728.0 0 1/ 535.00tJ 500.00i/ 520.00Î/
LOCATION FACTOR 1.00 1.15 0.90 2.10 1.25 1.50
FIXED CAPITAL COST,4' « million 46.60 53.60 41.90 97.86 58.24 69.90
WORKING CAPITAL, t million 6.22 6.64 6« 44 8.40 5.86 7.82
UNIT INVESTMENT COST, S million/ton/a 1,331.4 1,531.4 1,197.1 2,796.0 1,664.0 1,997.1

PRODUCTION COST: •/ton % t/ton # •/ton # •/ton * •/ton % •/ton $

FEEDSTOCK 513.24 ».4 481.21 34.7 529.98 38.1 389.48 30.9 364.00 39.1 378.56 32.3
ENEROY
BY-PRODUCT
OTHER DIRECT COSTS2/ 468.40*/ 35.9 545«79*/ 39.3 609.5^ 43.9 452.60 8/ 35.9 268.65*/ 30.8 437.95*/ 37.3
OENERAL OVERHEAD 62.06 4.8 66.11 4.8 66.16 4.8 30.71 2.4 22.73 2.4 28.60 2.4
OTHER FIXED COSTS2/ 126.28 9.7 142.08 10.2 64.03 4.6 106.53 8.5 91.81 9.8 127.65 10.9

NET CASH COST 1 >175*05 * 05*8 1,TB57I8 “89.0 1,269774 TH4 97532 7778 755738 "57.1 972775 "5T.0
DEPRECIATION/ 133.14 10.2 153,14 11.0 119.71 8.6 279.60 22.0 166.40 17.8 199.71 17.0

NET COST 0? PRODUCTION (NCP) 
AT 10<# LOAD FACTOR 1,303.20 1ÔÔIÔ V,388.33 100.0 1,389.45 100.0 1,255792 IOO 931.78 TOCr.O 1 #tT2*2P5 fW*0
AT 85# LOAD FACTOR 1,746.55 1,903.29 2y035*33 1,716.38 1,181.86 1,571.04

AT i>% LOAD FACTOR 2,024.42 2,221.59 2,332.31 2,026.30 1,383.28 1,855.38

TRANSFER PRICE AT 85% LOAD FACTOR 
WITH %  ROI 1,813.13 1,979.87 2,095.19 1,856.18 1,265.06 1,670.90

WITH 2 %  ROI 2,079.41 2,286.15 2,334-61 2,415.38 1,597.86 2,070.32

a/ Battery limits plus offsites •/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and B.
d/ At 1«# per annum

fj UR IDO assumption (see annex II.F.1)
§/ Includes styrene at: U.S. Gulf, 1788/ton; FRG, t937/ton; Japan, i1170/ton; Far East, $1300/ton; Mexico, (650/ton; Arabian Sulf t1090/ton.

I
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Annex II.O Table 33. COT.PARISOH.OK̂ B 0 PETR0C№K1CAL ̂ AOTFACTURIl.’C CÖ3T3 AT DIFFERENT LOCATIOtiS

PRODUCTS SBR PLANT SIZE: 35.000 tom/year

styrene - transfer price includes 5 % HOI in developing countries}
developed countries at prevailing market price. I

LOCATION FAR EAST KEXICO ARABIAN C5ULF
FEEDSTOCK butadiene butadiene butadiene
FEEDSTOCK PRICE, */ton 535.00^ 487.00^ 520.00i/
LOCATION FACTOR 2.10 1.25 1.50

FIXED CAPITAL COST,4̂  t million 97.86 58.24 69.90
HORJONO CAPITAL, I million 8.40 5.81 7.82
UNIT INVESTMENT COST, * oillion/ton/a 2,796.0 1,664.0 1,997.1

PRODUCTION COST: ♦/ton * l/ton $ ♦/ton $
FEEDSTOCK 389.48 30.9 354.54 38.4 378.56 32.3
ENEROT - - - -
BY-PRODUCT • — -  - «• —

OTHER DIffiCT COSTS^ 452.60«/ 35.9 286.85 s / 31.1 437.95S/ 37.7
GENERAL OVERHEAD 30.71 2.4 22.49 2.4 28.60 2.4
OTHER FIXED COSTS2/ 106.53 8 .5 91.68 9.9 127.65 10.9

BET CASH COST 979.32 7718 755,55 81.9 972.75 83.0
DEPRECIATION» 279.60 22.2 166.40 18.0 199.71 17.0

NET COST OF PRODUCTION (NCP)
AT 100$ LOAD FACTOR 1,258.92 100.0 921.95 100.0 1,172.46 100.0
AT 8556 LOAD FACTOR 1,716.38 1,171.96 1,571.04
AT 6556 LOAD FACTOR 2,026.30 1,373.24 1,855.38

TRANSFER PRICE AT 65$ LOAD FACTOR
KITH 5$ ROI 1,856.18 1,255-16 1,670.90
HITH 25$ ROI 2,415.38 1,587.96 2,070.32

a/ Battery limits plus offsites e/ local market price
b/ Includes other rstr materials, utilities, maintenance materials, operating 

supplies, operating labour, aaintenanee labour, control laboratory.

c/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration charges, B and D.

d/ At 10jt per annum

t j UNIDO assusption (see annex IIJ.1)
g/ Includes styrene at: Far East, *1l85/ton; Mexico, $794/ton; Arabian

Gulf, *1008/ton.



Annex 11*0 T a b le  3 4 . C0XPARIS0N=0K_ 1§8gP£TH0CHtt.ICAL .IM P A C T  ÜR1KÇ COSTS_AT_DITERENT LOCATIONS

PRODUCTS styrene PLANT SIZE: 2 6 0 ,0 0 0  to n /y e a r

e t h y l  benzene t r a n s fe r  p r i c e  in c lu d e s  25 #  RQ1 
in  d e v e lo p in g  c o u n t r ie s ;
d e v e lo p e d  c o u n t r ie s  a t  p r e v a i l in g  market p r i c e .

LOCATION U .S . GULF COAST F.R.-'i. JAPAN FAR EASn’ KEXICO
ARABIAN CJIF

FEEDSTOCK e th y l  benzene e th y l  ben zen e

687.OO^
e t h y l  benzene e t h y l  benzene e t h y l  benzene 

5 9 0 .0 0 ^ /
e t h y l  benzene

FEEDSTOCK PRICE, $ /t o n 566. 005, 8 4 3 .0 0 s / 885.OO " 7 6 5 .0 0 ^ /
LOCATION FACTOR

FIXED CAPITAL COST,5 /  $  m i l l i o n
1.00 1 .1 5 0.90 2.10 1 .2 5 I .50

70.26 80.78 6 3 .1 8 1 4 7 .5 5 87.82 1 05 .39
WORJONC CAPITAL, S m i l l i o n 3 0 .3 9 3 6 .53 44 -1 0 4 2 .9 5 28.60 3 7 .44
UNIT INVESTMENT COST, S m i l l i o n / t o n /a 270.2 310 .7 2 4 3 .0 567 -5 3 3 7 .8 4 0 5 .3

PRODUCTION COST: 8/ to n  # $ /to n  # î / t o n  # $ / t o n  # l / t o a  # $ / t o n  #
FEEDSTOCK 6 49 .77  8 1 .4 788.68 82.2 9 6 7 .7 6  85. I .1 ,0 1 5 .9 8  9 0 .3 6 7 7 .3 2  8 9 .7 878.22 91.4
ENERGY 1 5 .9 0  2.0 1 8 .2 0  1 .9 2 2 .6 0  2.0 1.78  0 . 1 1.56  0.2 1.19  0 .1
BY-PRODUCT

OTHER DIRECT COST'S^/
-3 4 .8 1  - 4 . 4 -4 2 .3 3  - 4 - 4 - 58.26 - 5.1 - 4 2 .7 0  - 3 . 8 - 25.15 - 3 .3 -4 3 .9 6  - 4 .6

78.98 9-9 90 .33  9 .5 9 9 .7 5  8 .S 3 5 .7 5  3 .2 28.61 3.8 36.06 3.7
QENERAL OVERHEAD 

0T1ER FIXED COSTS2/
38.02 4.8 4 5 .7 0  4.8 5 4 .1 8  4.8 2 7 .4 5  2 .4 1 8 .4 1  2 .4 2 3 .4 4  2 .4
2 3 .4 6  2.9 2 7 .5 4  2.9 2 7 .4 5  2.4 3 0 .5 7  2 .7 2 0 .1  2 .7 2 5 .7 4  2 .8

NET CASH COST 

DEPRECIATION^
7 7 1 .3 2  9676 928 .71  9 6 .8 1 ,1 1 3 .4 7  9 7 .9 1 ,0 6 8 .8 3  9 4 .9 7 2 0 .8 3  9 5 -5 9 2 0 .6 9  95 .8

2 7 .02  3 .4 3 1 .0 7  3 .2 2 4 .3 0  2 .1 5 6 .7 5  5 .0 3 3 .7 8  4 .5 4 0 .5 3  4 .2
NET COST OF PRODUCTION (NCP) 

AT 100# LOAD FACTOR 7 98 .35  100.0 959.78 100.0 1 ,1 3 7 .7 7  100.0 1 , 125.58 100.0 7 5 4 .6 1  100 .0 9 6 1 .2 2  100 .0
AT 85# LOAD FACTOR 825 .63 991.55 1 ,1 7 0 .1 3 1 ,1 0 0 .6 2 7 7 6 .6 9 9 87 .46
AT 65# LOAD FACTOR 872.58 1 , 046.44 1 ,2 2 6 .2 4 1 , 209.01 811.30 1 ,0 3 0 .0 1

TRANSFER PRICE AT 8 5 #  LOAD FACTOR 

WITH %  ROI 839 .15 1 , 007.08 1 ,1 8 2 .2 8 1 ,1 8 4 .9 9 7 9 3 .7 8 1 ,0 0 7 .7 3
WITH 1% ROI 8 9 3 .1 9 1 ,0 6 9 .2 2 1 ,2 3 0 .8 8 1 ,2 9 8 .4 9 8 6 1 .3 3 1 ,0 8 8 .8 0

i! B a tte r y  l i m i t a  p lu s  o f f s i t e s  # /  L o c a l market p r i c e

b /  In c lu d e s  o t h e r  raw m a t e r ia ls ,  u t i l i t i e s ,  m ain ten ance m a te r ia ls , o p e r a t in g  f /  UNIDO assum ption  ( s e e  annex X I .P .1 )  
s u p p l i e s ,  o p e r a t i n g  la b o u r ,  m a in te n a n ce  l a b o u r ,  c o n t r o l  l a b o r a t o r y .

c/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration chargea, R and D.

d/ At 10# per annum

I
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Annex I I . 0 T a b le  3 5 . COMPARISONOF _ 1^ 80  PETROOItlùICAL KAN№ACTÇRING=C0üT3 _AT_6 lFFERENT L0CATI01JS

PRODUCT: styrene PLANT SIZE; 260,000 ton/year

e t h y l  ben zen e  t r a n s fe r  p r ic e  in c lu d e «  5 j l  ROI 
in  d e v e lo p in g  c o u n t r ie s )
d e v e lop ed  c o u n t r ie s  a t  p r e v a i l in g  market p r i c e .  ,

LOCATION FAR EAST MEXICO ARABIAN CULF

FEEDSTOCK

FEEDSTOCK PRICE, $ / t o n  

LOCATION FACTOR

FIXED CAPITAL COST,5 /  $ m i l l i o n

WORKUta CAPITAL, S m i l l i o n

UNIT INVESTMENT COST, S m i l l i o n / t o n A

e t h y l  benzene

6 8 0 .o o ^ /  

2 .1 0  

1 4 7 .5 5  

3 4 .6 9  

5 6 7 .5

e th y l  benzene 

4 3 1 .0 0 ^ / 

1 .2 5  
8 7 .8 2  

2 2 .1 6

3 3 7 .8

e th y l  benzene 

6 1 8 .0 0 ^ / 

1 .5 0  

1 0 5 .3 9  

3 1 .5 1

4 0 5 .3

PRODUCTION COSTl 

FEEDSTOCK 

ENERGY 

BY-PRODUCT

OTJfiR DIRECT COBTB^/

OENSRAL OVERHEAD 

OTISR FIXED COSTS5/

NET a s H  COST 

DEPRECIATION^/

NET COST OF PRODUCTION (NCP)

AT 1 0 #  LOAD FACTOR 

AT 8] #  LOAD FACTOR 

AT LOAD FACTOR 

TRANSFER PRICE AT 85$  LOAD FACTOR 

WITH 5/1 ROI 
WITH 2556 HOI

S /t o n  $

7 8 0 .6 4  8 8 .6  
1 .7 8  0 .2  

4 2 .7 0  4 .8

3 5 .7 5  4 .0  

2 1 .4 9  2 .4  
2 7 .3 9  3 .1

8 2 4 .3 5  9 3 .5

5 6 .7 5  6 .4

8 8 1 .1 0  10ÔIÔ

9 1 0 .5 3
9 5 9 .6 0

938.90
1 ,1)5 2 .4 0

S /t o n  %
4 9 4 .7 6  87.5 

1.56  0.3 

24.48 4 .3
2 8 .6 1  5 .0  

1 3 .8 0  2 .4
17.61  3.1 

5 3 1 ,8 9  9 4 .0
3 3 .7 8  6 .0

5 6 5 .6 7  10ÔIÔ

5 8 6 .6 9
618.54

603.58
671.13

l / t o n  $ 
7 0 9 .4 6  90 .3

1.19  ' 0 .1 

43.96 5.6 
36.06 4.6 

19.17  2.4
2 3 .4 6  3 .0

745.38 94T8 

40.53 5.1

785.91 100.0 
811.00 

8 5 1 .1 7 .
8 3 1 .2 6

9 1 2 .3 3

a /  B a tte r y  l i m i t s  p lu s  o f f s i t e s  e /  L ooa l m arket p r i c e

b /  In c lu d e s  o t h e r  raw m a t e r ia ls ,  u t i l i t i e s ,  m a in ten an ce  m a te r ia ls , o p e r a t in g  t] UNIDO assu m p tion  ( s e e  annex I I . F . 1 ) 
s u p p lie s ,  o p e r a t in g  la b o u r , m a in ten ance la b o u r ,  c o n t r o l  la b o r a to r y .

c/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration charges, R and D.

d/ At 10{( per annum



Annex II.0 Table 36. Cg>.PARISON_OT\128o/ETROCIO,ICAL lANUFACTURIKC COSTS AT DIFFERENT LOCATIONS

PRODUCTS TPA PLANT SIZE: 85,000 ton/year

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR EAST KEXICO ARABIAN GULF

FEEDSTOCK p-xylene p-xylene p-xylene p-xylene p-xylene p-xylene
FEEDSTOCK PRICE, {/ton 6 1 7.oo5/ 714.002/ 851.002/ 625.0o£/ 544.002/ 520.00É/
LOCATION FACTOR 1.00 1.15 0.90 2.10 1 .2 5 1.50
FIXED CAPITAL COST,5/ $ million 92.53 106.42 83.24 194.27 115.63 138.76
UORKINQ CAPITAL, • million 9.11 1 0 .8 2 11.89 13.17 9.91 10.89
UNIT INVESTMENT COST, * mil lion/ton/a 10 8 .8 1 2 5 .2 97.9 228.5 136.0 163.2

PRODUCTION COST: •/ton $ •/ton % •/ton % •/ton $ •/ton $ •/ton $
FEEDSTOCK 416.62 50.4 4 7 9 .8 1 5 1 .5 571.87 56.2 420.00 45.0 365.57 5 2 .6 349.44 46.3
ENERGY 35.33 42.3 4 0 .4 4 4 .3 5 0 .2 2 4.9 3.97 0.4 3.47 0 .5 2 .6 4 0 .3

BY-PRODUCT
OTHER DIRECT COSTS^

-13.80 -1 3 .8 0 -1 . 5 -1 3 .8 0 -1 . 4 -1 4 .9 6 -1 . 6 -1 4 .9 6 -2 . 1 -14.96 -2.0
159.13 19.3 1 8 6 .5 5 1 9 .9 199.15 19.6 192.63 20.6 132.75 19.1 168.96 22.4

GENERAL OVERHEAD 
OTHER FIXED COSTS5/

39.21 4 .8 44.73 4 .8 4 8 .4 6 4.8 22.78 2.4 16.95 2 .4 1 8 .4 2 2 .4

66.35 8.0 76.43 8.1 6 3 .8 5 6 .3 81.18 8.7 55.15 7-9 6 7 .5 8 8.9
NET CASH COST 
DEPRECIATION̂ /

NET COST OF PRODUCTION (NCP)

714.64 86.8 8 1 4 .1 6 8 6 .7 919.75 90.4 705.60 75.5 5 5 8 .9 2 8O.4 592.08 7 8 .4

IO8 .8 4 1 3 .2 1 2 5 .2 0 13.3 97.93 9.6 228.55 2 4 .5 136.04 19.6 163.25 21.6
AT 100/, LOAD FACTOR 823.48 100.0 939.36 100.0 1,017.68 100.0 9 3 4 .1 5 10 0 .0 6 9 4 .9 6 10 0 .0 755.33 100.0
AT 85JS LOAD FACTOR 934.84 1,068.19 1,144.51 1,087.35 818.23 890.33
AT 6% LOAD FACTOR 

TRANSFER PRICE AT 8 5/, LOAD FACTOR
1,059.67 1,212.23 1,275.02 1,2 7 2 .1 2 941.63 1,037.79

WITH 55Î ROI 989.25 1,130.79 1,193.47 1,201.62 8 8 6 .2 5 971.96
WITH 2% ROI 1,206.92 1,381.19 1,389.33 1,658.73 1,158.32 1,298.45

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.P.1) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration chargea, R and D.
§/ At \Qf> par annum



Annex II.O Table 37 COMPARISON OP 1980 PETROCHEMICAL MANUFACTURING COSTS AT DIFFERENT LOCATIONS
a s s a a s i a s s B S s A s a s v a s s i s s s i i  s  a j  • l a a j i B s a s s s s a s a s a & s M a s a s a s a a B s a s s j a s s a s s s . i «  s s

PRODUCT: urea PLANT SIZE: 680,000 ton/year
ammonia transfer price includes 2.%, ROI in developing countries;developed countries at prevailing market price.

LOCATION U.S. GULF COAST F.R G. JAPAN FAR EAST KEXICO ARABIAN GULF
FEEDSTOCK ammonia ammonia ammonia ammonia ammonia ammonia
FEEDSTOCK PRICE, «/ton 1 7 1 .0 0 2 0 1.0 0 462.00 320 .0 0 19 9 .0 0 240.00

LOCATION FACTOR 1 .0 0 1 .1 5 • 90 2 .1 0 1 .2 5 1 .5 0

FIXED CAPITAL COST,5/ $ million 6 3 .6 1 7 3 .1 3 57.23 13 3 .5 8 7 9 .5 1 9 5 .4 1

WORKING! CAPITAL, S million 12 .3 7 1 4 .4 6 27.98 20 .38 12 .8 9 1 5 .8 9

UNIT INVESTMENT COST, $ rail lion/ ton/a

PRODUCTION COST: S/tan i S/ton * S/ton % S/ton ef 
% S/ton * S/ton rrf

79

FEEDSTOCK
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS5/

97.47 70.0 1 1 4 .5 7 70.3 263.34 82.2 182.40 8 0 .9 1 1 3 .4 3 80.0 136.80 78.7

1 9 .5 0 1 4.O 22.49 1 3 .8 24.99 7.8 10.10 v5-5 7 .9 0 5.6 1 1 .9 1 6.8
GENERAL OVERHEAD 
OTHER FIXED COSTS5/

6.63 4.8 7.76 4.8 1 5 .2 5 4.8 5 .5 0 2.4 3.46 2.4 4.24 2.46.36 4 .6 7.40 4-5 8 .1 7 2-5 7-87 3 .5 5.29 3 .7 6 .7 0 3.8
NET CASH COST 
DEPRECIATION̂

129.97 93.3 152.23 93.4 7TT7T5 . 37T3 205.87 9 1 .3 1 3 0 .1 5 9I.7 159.64 9 1 .9

9 .3 5 6.7 10.75 6.6 8 .4 2 2.6 19.64 8.7 11.69 8.3 14.03 8.1
NET COST OF PRODUCTION (NCP)
AT 1O05C LOAD FACTOR 139-32 100.0 162.98 100.0 3 2 0 .1 7 10 0 .0 2 2 5 .5 1 100.0 141.84 100.0 173.68 10 0 .0

AT 85$ LOAD FACTOR 1 4 5 .1 3 169.71 327.98 232.79 146.54 1 7 9.6O
AT 655S LOAD FACTOR 

TRANSFER PRICE AT 8̂ > LOAD FACTOR
1 5 7 .0 4 183.50 344.01 247.74 1 5 6 .1 8 1 9 1 .7 7

WITH %  ROI 149-81 175.09 3 3 2 .1 9 242.62 15 2 .3 8 186.62
WITH 1 %  ROI 16 8 .5 1 196.59 349.02 2 8 1.9 0 1 7 5 .7 7 2 14 .6 8

a/ Battery limits plus offsites e/ Local market price

b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.1)supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d,' At 10ji per annum



Annex 11.0 т*Ь1в 38.  Ç№.PAfllS0»_01,’ j 1^8 0 PETROClfcJilCAL mWAÇTURJÎiG CasTS AT DIFFEffiNT LOCATXOI.'S

PRODUCT: urea PLANT SIZE: 680,000 ton/year

anaemia transfer price includes 5 $ R01
in developing countries;
developed countries at prevailing market price.

LOCATION FAR 5АТГ MEXICO ARABIA” TILT

FEEDSTOCK ammonia aamonia ammonia
FEEDSTOCK PRICE, S/ton 1 9 5. <x£/ 1 2 6.oo£/ 1 5 1.00Ê̂
LOCATION FACTOR 2 .1 0 1 .2 5 1 .5 0

FIXED CAPITAL COST,3/ 8 million 133.58 7 9 . 5 1 95-44
WORKING CAPITAL, 8 million 13.95 9.14 11.33
UNIT INVESThENT COST, 8 raillion/ton/a 196.4 116.9 140.3

PRODUCTION COST: 8/ton d* $/ton # 8/ton $
FEEDSTOCK IU.I5 73.4 71.82 72.8 86.07 71.1
ENERGY - - - - -
BY-PRODUCT - - - - -
OTHER DIRECT COSTS^ 10.10 6 . 7 7.96 8.1 II. 9 1 9.8
GENERAL OVERHEAD 3 .7 0 2 .4 2.41 2.4 2.95 2.4
OTHER FIXED COSTS5/ 6 .9 3 4.= 4.74 4.8 6.03 5.0

HET CASH COST
a/ 1 3 1 .8 7 8 7 .0 36.‘,'3 6 6 .1 106.96 8 8 .4

DEPRECIATION2' 1 9 .6 4 15,0 11.69 11.9 14.03 11.6
NET COST OF PRODUCTION (NCP)
AT IOC# LOAD FACTOR 1 5 1 . 5 1 10 0 .0 0 98.62 100.00 1 2 0 .9 9 10 0 .0
AT 85# LOAD FACTOR 1 5 8 .3 1 103.04 1 2 6 .5 7
AT 6556 LOAD FACTOR 1 7 2 .2 6 112.10 13 8 .0 3

TRANSFER PRICE AT 8 5^ LOAD FACTOR
WITH %  ROI 168.13 108.89 1 3 3 .5 9
HITH Z% ROI 2 0 7 .4 2 132.27 1 6 1 .6 5

a/ Battery limits plus offsitee e/ Local market prioe
b/ Includes other гаи material«, utilities, maintenance materials, operating t} UNIDO aaeunption (see annex II.F.1) 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, taxes and inauranoe, interest on working

capital, general administration chargea, R and D.
d/ At 1G# per annum



Annex II.0 Table 39. ÇOMPAKISONOPigBO PETROCICJ-.ICAL »ANUFACTURING COSTS AT'DIFFERENT LOCATION'S

PRODUCT: ycM from ethylene PLANT SIZE: 152,000 ton/year

ethylene transfer price includes 25% ROI 
in developing countries;
developed countries at prevailing market price.,

LOCATION U.S. GULF COAST F.W."• JAPAN FAR n'.ST KEXICO ARABIA'; GUIF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, t/ton 529.00 */ 754.002/ 864.002/ o\ • 8 440.00 i/

ÎÏI8d9

LOCATION FACTOR 1.00 1.15 0.90 2.10 1.25 1.50

FIXED CAPITAL COST,5/ S million 65.41 75.24 56.82 137.36 81.76 98.11

WORKING CAPITAL, $ million 10.65 13.69 15.13 19.76 14.51 14.12

UNIT INVESTMENT COST, t million/ton/a • ' n ? 7.3  ̂!c «r

PRODUCTION COST: t/ton * t/ton * t/ton £ S/ton 1° %/ ton % $/ton %
FEEDSTOCK 251.27 45.6 358.15 50.6 4IO.4O 52.8 304.OO 43.0 209.00 41.4 228.00 44.1

ENERGY 51.23 9.3 58.64 8 .3 72.82 9.4 5.75 0.8 5.04 1.0 3.83 0.7

BY-PRODUCT - - - - - - - - - -
OTHER DIRECT COSTS5/ 150.77 */ 27.4 175.18*/ 24.7 189.38*/ 24.4 253.82*/ 35.9 199.25*/ 39.5 178.31*/ 34.5
GENERAL OVERHEAD 26.21 4.8 33.73 4.8 37.01 4.8 17.24 2.4 12.31 2.4 12.60 2.4
OTHER FIXED COSTS5/ 27.96 5.1 33.14 4.7 28.85 3.7 35.57 5.0 25.23 5.0 29.43 5.7

NET CASH COST 507.44 92I2 658.83 93̂ 0 7ÌOB 95TÖ 616.38 87.2 450.82 89.3 452.17 87.6
DEPRECIATION5' 43.03 7.8 49.50 7.0 38.70 5.0 9 0 .3 7 12.8 53.79 10.6 64.55 12.5

NET COST 0? PRODUCTION (NCP)
AT 1009C load FACTOR 550.48 100.0 708.33 100.0 777.15 100.0 706.75 100.0 504.61 100.0 516.72 100.0

AT 859» LOAD factor 69O.22 871.77 950.89 989.07 723.92 7OI.I3

AT 65jt, LOAD FACTOR 773.38 969.68 1,047.78 1,131.05 827.52 801.46
TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  ROI 711.73 896.52 970.24 1,034.25 750.81 733.40
WITH 2% KOI 797.80 995.52 1,047.63 1,214.99 858.39 862.49

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, aiaintenance labour, control laboratory.
of Includes plant overhead, taxea and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10% per annum

t] UNIDO assumption (see annex IIJ.1J
gf Includes chlorine at: U.S. Gulf, $l60/ton; FRG, tl86/ton, Japan, S203/ton; 

Far East, $350/ton; Mexico, S275/ton; Arabian Gulf, S217/ton.

I
Co



ton«* II.O Table 40, CO.VPAfi I SON .GF.I9 8 O P£TB02HtJ..lCAL KUÎUFACTJRIJ.'G COiTÙATDIFFERKHT LOCATIONS

PRODUCT! VCM from ethylene PLANT SIZE: 152,000 ttm/ynr

ethylene transfer price includes 5 % 801 
in developing countries;
developed countries at prevailing market price.

LOCATION FAR FAS1’ K,EX ICO ARABTA?' TJLF

FEEDSTOCK ethylene ethylene ethylene
FEEDSTOCK PRICE, S/ton 375.0OÎ/ 2 30.00S/ 290.00£/
LOCATION FACTOR 2 .1 0 1.25 1.50
FIXED CAPITAL COST,5/ S million 137.36 8 1 .7 6 9 8 .1 1

WORKING CAPITAL, S million 1 7 .2 1 12.49 1 2 .2 9

UNIT INVESTMENT COST, $ mill ion/ton/a *; 37 #o 6’c.5

PRODUCTION COST*. S/ton 7° S/ton % S/ton *
FEEDSTOCK 1 7 8 .1 2 3 0 .9 10 9 .2 5 2 7 .2 137.75 3 2 .6

ENERGY 5.75 1 . 0 5-04 1 . 3 3.83 0.9
BY-PRODUCT _ - -  - -

OTHER DIRECT COSTS5/ 253.82®/ 4 4 .1 1 9 9.25®/ 49.7 178.31®/ 4 2 .2

GENERAL OVERHEAD 14.05 2 . 4 9.78 2.4. 1 0 .3 2 2 .4

OTHER FIXED COSTS5/ 33.90 5;S> 2 3 .9 0 6 .0 28.22 6 .7

NET CASH COST 8413 34?, ïè 86.16 358-43 '8 4 :7
DEPRECIATION5' 90.37 15* 53.79 13.4 64.55 15-3

NET COST OF PRODUCTION (NCP)
AT 100JS LOAD FACTOR 5701 ÎÔÎf.O 45îtïïi ictr.o 455758 TOÖ70
AT 8536 LOAD FACTOR 857.47 6 1 9 .6 3 606.77
AT 65i LOAD FACTOR 997.69 7 2 1 .8 4 7 0 5 .8 4

TRANSFER PRICE AT 853» LOAD FACTOR
WITH %  HOI 902.65 646.53 6 9.05
WITH 2% ROI

.

1,083.39 754.11 768.14

a/ Battery limits plus offsites «/ local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10£ per annum

f/ UHID0 aasuoption (see annex II«F,1)
&! Includes chlorine ats Far East, *l62/tonj Mexico. $l64/ton; Arabian Gulf, A82/ton.

I
CD

I



ттги Table 1. COyPAHlSON OF^I^ PETROĈ ilCAL_KANWACTUfiIHG COSTSJAT DXFra^NT LOCATIONS

PRODUCT: Ammonia from methane PLANT SIZE: 430, 000 ton/year

LOCATION U.S. GULF COAST JAPAN FAR EAST MEXICO ARABIAN GULF

FEEDSTOCK methane ire thane methane methane ■ethane
FEEDSTOCK PRICE, «/ton 344.00 381.00 100.00 100.00 100.00
LOCATION FACTOR 1.00 -90 1.82 1.18 1.32
FIXED CAPITAL COST,5/ S million 133.40 126.80 242.78 157.40 182.7
WORKING CAPITAL, S million 17.58 19.57 11.66 8.83 10.01
UNIT INVESTMENT COST, t million/ton/a 310.2 294.9 242.8 366.0 424.9

PRODUCTION COST: t/ton i $/ton i $/ton ÿ $/ton i S/ton i
FEEDSTOCK 144.00 44.4 1 5 9 .4 9 44.9 41.86 24.5 41.86 31.9 41.86 28.6
EHERGT 92.43 28.5 ЮО .9 0 2 8 .4 7.90 4 .6 6.87 5-2 5-2 3.6
BY-PRODUCT
OTIEH DIRECT COSTS5/ 22.57 7.0 3 0 .2 1 8 .5 4 2 .0 2 2 4 .6 29.72 22.7 38.01 26.0
GENERAL OVEHfEAD 15.42 4.8 16.91 4.8 4.17 2.4 3.20 2.4 3.56 2.4
OTER FIXED COSTS5/ 18.47 5-7 18.09 5-1 18.44 10.8 12.90 9-8 15.00 10.3

NET CASH COST 2$2.8;) 9573 3-2 5 :3 5 9T77 114.39 67.0 9475̂  72.1 103.66 70.9
DEPRECIATION3' 3 1 .0 2 9 .6 29.49 8 .3 5 6 .4 6 33.0 36.60 2 7 .9 42.50 29.1

BET COST OF PRODUCTION (NCP)
AT 100£ LOAD FACTOR 3 2 3 .9 1 10 0 .0 355.09 10 0 .0 170.85 1007b 15T7IF 1СШ) i46.16 18S.0

AT 85g LOAD FACTOR 340.24 372.11 192.48 146.45 1 6 3 .8 2

AT LOAD FACTOR 370.66 403.34 233.00 173.97 1 9 6 .2 0

TRANSFER PRICE AT 8 5* LOAD FACTOR
WITH %  HOI 355.75 366.86 220.71 164.75 18 5 .0 7

with 253» HOI
I

417.80 4 4 5 .8 3 333.63 237*96 270 .0 8

>■ —  !■ 1
a/ Battery limits plus offsites ¡J Local market price
b/ Includes other гаи materials, utilities, maintenance materials, operating tj щщ )0 assumption (see annex n.p.2) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration chargee, H and D.
d/ At 1C5t per annum



Annex II.H Table 2. СОБРАН ISONOF 19J5 PETRKIOilCAL KANUFACTURUW CffiKATDIFFERENTLOCATIONS

PRODUCT! Ammonia from naphtha PLANT SIZE! 430,000 ton/year

LOCATION U.S. GULF COAST F.R.C. JAPAN —

FEEDSTOCK naphtha naphtha naphtha
FEEDSTOCK PRICE, 8/ton 445.00 3 7 9 .0 0

LOCATION FACTOR I. 1 5 .9 0

FIXED CAPITAL COST,5/ i million 1 6 7.ЗО 1 4 4 .4 0

WORKING CAPITAL, S million 2 1 .5 6 2 3 .7 0

UNIT INVESTMENT COST, S million/ton/a 389-10 3 3 5 -8 0

PRODUCTION COST: l/ton $ $/ton %
FEEDSTOCK 186.28 4 6 .8 2 2 1 .3 7 5 1 .З

ENERGY 102.31 25.7 1 0 1 .7 0 2 3 .6

BY-PRODUCT
OTHER DIRECT CCS IS5' 27.92 7.0 3 2 .8 8 7 .6

GENERAL OVERIEAD 18.94 4.8 2 0 .5 4 4 .8

OTHER FIXED COSTS5' 23.37 5.9 2 1 .2 6 4 .9

№£T CASH COST 350T 9 0 .2 3 9 7 .7 5 9 2 .2
DEPRECIATION5'

NET COST OF PRODUCTION (NCP) З8 .9 1 9.8 З З .5 8 7 .8

AT 10$ LOAD FACTOR 397.72 10 0 .0 4 3 1 .3 3 1ÖO.O
AT 85# LOAD FACTOR
AT 6555 LOAD FACTOR 418.31 4 5 0 .9 5

TRANSFER PRICE AT Sjjb LOAD FACTOR 456.44 4 8 7 .0 8

WITH 5# ROI 437.76 4 6 7 .7 4

WITH 25̂  ROI
!

5 1 5 .5 8 5 3 4 .9 0

a/ Battery limits plus offsites tj Local market price
bj Includes other rax materials, utilities, maintenance materials, operating fj UHIDO assumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working 

capital» general administration charges» R and D«
d/ At 1$ per annum



---- II.H Tabi* 3. C0№AfiIS0H=0P̂ 1̂ ^̂ PETRQCHüiICAL̂ ANUPACTURIIJG CœTĈ AT DIPFEREHT̂ LOüATIONS

PRODUCT: DMT PLANT SIZE: 100,000 ton/year
methanol transfer price inol'jdes 2 5 % HOI 

in all countries.

LOCATION U.S. GULF COAST F.R.G. JAPAN FAS SAS" MEXICO AitB’AM GULF

FEEDSTOCK p-xylene p-xylen* p-xylene p-xylene P-xylene P-xylene
FEEDSTOCK PRICE, S/ton 752.00 811.00 745-00 544.00 660.00 588.00
LOCATION FACTOR 1.00 1.15 .9 0 1.82 1.18 1.32
FIXED CAPITAL COST,2̂  S million 117.03 128.66 1 0 9 .8 4 212.94 138.06 15 4 .4 4

WORKING CAPITAL, t million 13.13 14.46 13.37 14.60 12.80 1 3 .0 1

UNIT INVESTMENT COST, $ million/ton/a 1 170.30 1 286.60 1 0 9 8 .4 0 2 129.40 1 380.60 1 544.40

PRODUCTION COST: t/ton i l/ton % i/ton % S/ton 7° t/ ton $ î/ton
FEEDSTOCK 473.76 45-9 510.93 4 5 . 1 469.35 45-2 342.72 3 9 .0 415.80 51.8 370.44 46.5
ENERGY 39.30 3.8 43.50 3 .8 42.90 4.1 3.36 .4 2.92 .4 2.22 -3
BI-PRQDUCT
OTHER DIRECT COSTS^ ̂ 281.64 27.3 318.80 28.1 2 9 9 .3 8 2 8 .8 2 2 3 .0 6 2 5 .4 169-39 21.1 186.51 23.4
GENERAL OVERHEAD 49.13 4 .8 54.00 4 .8 4 9 .4 3 4 .8 21.43 2.4 19.55 2.4 19-44 2.4
OTHER FIXED CCSTS2̂ 70.87 6.9 78.11 6.9 6 7 . 1 7 6 .5 75.14 8.6 55.83 7.0 63.85 8.0

1ST CASH COST 914.70 "5877 1 005.34 "SST? $28. ¿3 85Ta 665.79 75-8 663.49 8 2 .8 642.45 80.6
DEPRECIATION̂ 1 1 7 .0 0 1 1 . 3 128.66 1 1 . 3 1 0 9 .8 4 1 0 .6 212.94 2 4 .2 13 8 .0 6 1 7 .2 154.44 19.4

NET COST OF PRODUCTION (NCP)
AT 100jC LOAD FACTOR 1 031.70 10 0 .0 1 1 3 4 .0 0 10 0 .0 1 0 3 8 .0 7 10 0 .0 878.65 lSCTo "551755 10C7D 755789 1ÓÓ.0
AT 8336 LOAD FACTOR 1 2 9 0 .2 7 • 1 4 2 4 .9 2 1 2 9 7 .7 4 1 077.78 950-53 9 6 2 .7 8

AT 6# LOAD FACTOR 1 467.78 1 6 2 2 .6 9 1 473.48 1 266.31 1 085.30 1 113.52
THAJSFEE PRICE AT 85% LOAD FACTOR
WITH %  ROI 1 348.77 1 4 8 9 .2 5 1 352.66 1 I8 4 .2 5 1 0 1 9 .5 6 l 040.00
WITH 25ji HOI 1 582.77 1 7 4 6 .5 7 1 572.34 1 6 1 0 .1 3 1 2 9 5 .6 8 1 348.88

a/ Battery limits plus offsites «/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
0/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At IC9C per annua

UNIDO assumption (see annex II.F.2)
Includes methanol at prices: U.S. Gulf Coast, S 423/ton; FRG *478/tonj 
Japan, S423/ton; Par East, S245/ton; Mexico, 1182/ton; Arabian Gulf. 9206/ton.



Annex II.H Tafele 4. COKPARXSOH OF 198Ç) PETROC^,ICAL_»^№JFACTyRXJjG COSTS AT DIFFERENT _LOCAT1ONS

PRODUCT: DMT PLAUT SIZE: 100,000 ton/year
methanol transfer price includes 5 % ROI 

in all countries.

LOCATION U.S. GULF COAST F.R.C. JAPAN FAR EASiT MEXICO ARABIAN GULF

FEEDSTOCK p-xylene p-xylene p-xylene p-xylene P-xylene P-xylene
FEEDSTOCK PRICE, S/ton 7 5 2.OO 8 1 1 .0 0 745-00 544.00 660.00 588.OO
LOCATION FACTOR 1.00 1.15 .90 1.82 1.18 1.32
FIXED CAPITAL COST,3/ t million II7.OO 128.66 109.84 212.94 13 8 .0 6 1 5 4 .4 4
WORKING CAPITAL, $ million 12.85 1 4 . 1 4 I3.I6 13.76 12.22 12.32
UNIT INVESTMENT COST, S million/ton/a 1 I7O.3 0 1 286.60 1 098.40 2 I2 9.4O 1 380.60 1 544.40

PRODUCTION COST: l/ton $ S/ton * 3/ ton fo S/ton /0 S/ton i S/ton i
FEEDSTOCK 4 7 3 .7 6 46.9 5 1 0 .9 3 4 6.I 4 6 9 .3 5 46.0 3 4 2 .7 2 40.4 4 1 5 .8 0 5 3 .2 3 7 0 .4 4 4 7 .9
ENERGY 3 9 .3 0 3 .9 4 3 .5 0 3.9 4 2 .9 0 4 .2 3.36 . 4 2.92 .4 2 .2 2 .3

BY-PRODUCT
0 EH DIRECT COSTS3/%/ 261.10 25.9 2 9 5 .1 9 26.6 283.48 27.8 1 9 5 .0 4 2 3 .0 I5O.OI 1 9 .2 163.71 21.2
ük\ '•AL OVERHEAD 48.09 4 .8 5 2.8O 4.8 48.63 4.8 2 0 .7 1 2 .4 1 9 .0 5 2 .4 I8 .8 5 2 .4
OTHER FIXED COSTS3' 70.59 7.0 77.79 7.0 6 6 .9 6 6.6 74.30 8.8 55.25 7.1 63.17 8.2

NET CASH COST 8 9 2 .8 4 8574 9 8 0 .2 2 6574 9ÛT31 8975 636.13 74-9 6 4 3 .0 3 82.3 618.38 80.0
DEPRECIATION3' 1 1 7 .0 0 1 1 . 6 1 2 8 .6 6 1 1 . 6 10 9 .8 4 1 0 .8 2 1 2 .9 4 2 5 .1 13 8.O6 1 7 .7 1 5 4 .4 4 20.0

NET COST OF PRODUCTION (NCP)
AT 10<# LOAD FACTOR 1 0 0 9.8 4 10 0 .0 1 108.88 100.0 1 0 2 1 .1 5 10 0 .0 8 4 9 .0 7 lööTo 7 8 1 .0 9 10 0 .0 772.82 100.0
AT 8556 LOAD FACTOR 1 2 4 4.O2 1 3 7 1 .7 5 1 261.94 1 0 1 4 .9 6 9 0 7.O8 9II.6 6

AT (,% LOAD FACTOR 1 413.62 1 560.43 1 4 3 1 .5 5 1 1 9 2 .7 8 1 034.44 1 053.69
TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  ROI 1 30 2.52 1 436.08 1 316.86 1 1 2 1 .4 3 976.11 988.88
WITH Z% ROI 1 5 3 6 .5 2 1 693 .4 0 1 536.54 1 5 4 7 .3 1 1 2 5 2 .2 3 1 297.76

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At to£ per annum

f/ UNIDQ assumption (see annex II.P.2)
Si Includes methanol at calculated price: D.S. Gulf Coast, *369/ton;

FHG, «416/ton; Japan, 1382/ton; Par East, *l66/ton? Kexioo, *131/ton:Arabian Gulf, *146/ton. ’ ' ’



Annex II.H Table 5, COTJARISONOFI9 8 5 PETROC löilCAL KAIWFACTURIljG COSTS _AT DIgFERENT LOCAT I0N5

PRODUCT: Ethyl benzene PLANT SIZE: 290,000 ton/year
Ethylene transfer prxce 5 noludes 25 % ROI 

in all countries.

LOCATION U.S. GULF COAST F.R.C. JAPAN FAR EAST MEXICO ARABIAN GULF

FEEDSTOCK benzene benzene benzene benzene benzene benzene
FEEDSTOCK PRICE, S/ton 628.00 67O.OO 6 6 4.OO 4 8 3.OO 3 9 6.OO 480.00
LOCATION FACTOR 1.00 1.15 .90 1.82 1.18 1 .3 2

FIXED CAPITAL COST,5/ S million 32.53 35.69 30.88 59.20 3 8 .3 8 4 2 .9 3

WORKING CAPITAL, S million 3 2 .5 2 36.07 32.83 3 2 .5 1 2 4 .0 5 2 9 .3 3

UNIT INVESTMENT COST, S million/ton/a 112.20 123.10 IO6 .5 0 20 4.IO 132.30 148.00

PRODUCTION COST: S/ton $/ton Jt S/ton S/ton f S/ton $ S/ton %
FEEDSTOCK 4 6 6.6O 58.4 4 9 7 .8 1 56.2 493.35 61.8 3 5 8 .8 7 59.3 2 9 4 .2 3 63.6 356.64 63.4
ENERGY
BY-PRODUCT -22.53 -2.8 -2 5 .2 0 -2.8 -2 4 .8 7 -3.1 -I.9 6 -.3 -2.03 -.4 2.73 -.5
OTHER DIRECT COSTŜ  &/ 2 8 8 .4 9 36.1 3 3 9 .5 8 38.4 2 6 5 .0 3 33.2 I9 7.IO 32.6 133.55 28.9 I6 4 .6 3 2 9 .3
GENERAL OVERHEAD 
OTHER FIXED COSTS5/

38.05 4 .8 4 2 .1 6 4 .8 38.05 4 .8 14.77 2.4 11.28 2.4 1 3 . 7 1 2.4
1 7 . 1 4 2.1 18 .8 0 2.1 1 6 .7 6 2.1 16.26 2 .7 12.36 2.7 1 5.II 2 .7

NET CASH COST 787.75 9576 573TÏ5 9576 7 5 5 7 3 2 9577 58 5.0 4 96.6 449.39 97.1 547.36 97.4
DEPRECIATION5' 11.22 1.4 1 2 .3 1 1.4 10.65 1.3 20.41 3.4 13.23 2.9 14.80 2.6

NET COST OF PRODUCTION (NCP)
AT 100j6 LOAD FACTOR 798.97 100.0 8 8 5 .4 6 100.0 798.97 100.0 6 0 5.4 6 100.0 462.63 100.0 562.16 100.0
AT 8555 LOAD FACTOR 1 II2.4I 1 2 5 5 .8 1 1 08l 27 8 3 4 .7 6 616.34 749.87
AT 6556 LOAD FACTOR 

TRANSFER PRICE AT 85% LOAD FACTOR
1 2 3 4.7O 1 3 9 8 .2 9 1 1 9 3 .9 6 923.91 6 7 7 .2 9 8 2 4 .0 7

WITH 5# ROI 1 118.01 X 261.96 1 0 8 6 .6 0 844.96 622.96 757.28
WITH 23% ROI 1 140.45 1 286.57 1 107.89 885.79 6 4 9 .4 3 78 6 .8 8

a/ Battery limits plus offsites e/ Local market price

b/ Includes other raw materials, utilities, maintenance materials, operating 
supplies, operating labour, maintenance labour, control laboratory.

c/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration charges, H and D.

d/ At 1C$ per annum

f/ UNIDO assumption (see annex II.F.2)
S /  Ethylene at calculated price: U.S. Gulf Coast, S927/ton; F.R.g |1103/ton: 

Japan, $828/ton; Par Bast, |672/ton; Mexico, S443/ton; Arabian Gulf, 1545/ton.



Ляпах II.H Tabi# б. 00kPARXS0H_̂ 1||̂ JPETHOĈ iICAL̂ KABWACTURIHO COÛTS AT̂ DIFFKBENT.LOCATIONS

PRODUCT: Ethylene from ethane PLANT SIZE: 500,000 ton/year

LOCATION U.S. OULF COAST FAR EAST MEXICO arabm;:GULF

FEEDSTOCK ethane ethane ethane ethane
FEEDSTOCK PRICE, S/ton 350.00 100.00 70.00 100.00
LOCATION FACTOR
FIXED CAPITAL COST,5  ̂S million

1.00 I.8 2 1.18 1.32
З2 5 .5 5 592.49 384.14 446.00

WORKING CAPITAL, S million 53.31 27.84 19.31 23.87
UNIT INVESTMENT COST, t million/ton/a 65I.IO 1 1 8 5.OO 768.30 892.00

PRODUCTION COST: t/ton * l/ton Jt $/ton * l/ton $
FEEDSTOCK 4 2З.5 0 80.2 121.00 36.1 8 4 .7 0 37.8 121.00 4 1 .5ENERGY 59.29 11.2 5 .0 7 1.5 4.4 2.0 3.35 1.1
BY-PRODUCT
OTHER DIRECT COST'Ŝ

-1 2 1 .7 2 -23.1 -13.27 -3.9 -1 2 .8 1 -5.7 -10.75 -3.7
36.69 6.9 57.68 -17.2 39.78 1 7 .8 51.02 1 7 .5

GENERAL OVERfEAD 
OTHER FIXED COSTS^

25.13 4.8 8.18 2.4 5.46 2.4 7.П 2.4
З9 .6 7 7.5 38.32 11.4 25.54 11.40 30.44 10.4

NET CASH COST 
DEPRECIATION̂

462.56 87T7 216.97 64-7 147.08 65.7 202.16 69.4
NET COST OF PRODUCTION (NCP) 6 5 .1 1 1 2.З 1 1 8 .5 0 З5.З 76.83 34.3 8 9 .2 0 30.6
AT 1003Î LOAD FACTOR 527.67 100.0 335.47 100.0 223.90 100.0 2 9 1.З6 10 0 .0
AT 8556 LOAD FACTOR 
AT 6% LOAD FACTOR

557-77 375.83 251.05 321.66

TRANSFER PRICE AT 85£ LOAD FACTOR 6 1 7 .0 4 455-54 303.66 383.80
WITH %  ROI

59О.З2 435.08 2 8 9 .4 7 366.26WITH 255Î ROI 720.54 6 7 2 .0 7 443.12 544.66
a/ Battery limita plus offsites e/ Local market price
Ъ/ Includes other гаи materials, utilities, maintenance materials, operating f/ щщ)0 assumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.
с/ Includes plant overhead, tases and insurance, interest on working

capital, general administration charges, R and D.
d/ At 1Cjt per annuo



Annex II.H Table 7. COMPARISON OK 1^85 rçTROCHU-ilCAL >'^WAÇTURINÇ COU*Po J i$.DIFKEHENT LOCATIONS

PRODUCT: Ethylene from ethane—propane PLANT SIZE; 500,000 ton/year

LOCATION U.S. GULP COAST MEXICO ARABIA" '¡'JLF

FEEDSTOCK
FEEDSTOCK PRICE, $/ton 
LOCATION FACTOR
FIXED CAPITAL COST,^ S nîillion
WORKING CAPITAL, $ million
UNIT INVESTMENT COST, S million/ton/a

ethane-propane
375*00
1.00

347*07
6 8 .0 8

6 9 4 .1 0

ethane-propane 
135*00 

1 . 1 8  
409*53 
34.31 
819.10

ethane-propane
135.00 
1.32

475.49
41.17
951.00

PRODUCTION COSTS 
FEEDSTOCK 
ENERGY 
BY-PRODUCT 
OTHER DIRECT COSTS^
GENERAL OVERHEAD 
OTHER FIXED COSTS^

NET CASH COST 
DEPRECIATION̂ .

NET COST OP PRODUCTION (NCP)
AT IOC# LOAD FACTOR 
AT %% LOAD FACTOR 
AT 6555 LOAD FACTOR 

TRANSFER PRICE AT 855» LOAD FACTOR 
WITH 5$ ROI 
WITH 255o ROI

$/ton %
5 8 5.00 8 1 .7  

24.73 3.4
-128.46 -17.9 
85.97 l? -0  

34.10 4.8
-JSiS2
6 4 6 .5 9 9 0 .3

69.41 9*7
716.00 100.0 
753.54
827*47

7 8 8 .2 5

927.07

$/ton
210.60 6?.22 
1.84 .6 

-60.32 -I8 .7  
50.26 15.6 
7.87 2.4

3 0 .7 1 _2i5 
2 4 0 .9 6 7 4 .6

8 1 .9 1 2 5 .4  
3 2 2 .8 6 10 0 .0  

3 5 3 .7 5  
4 1 3 .2 8

394.71
558.52

%/ ton %

2 10 .6 0 6 5 .2

1.40 .4  
-9 5 .8 6 -2 9 .7  

67.05 20.8 
7.87 2 .4  

3 6 .6 1

227.67 70.5 

95.10 29.5
3 2 2 .7 7 10 0 .0
358.98
429.42

406.53
596.72

a/ Battery limits plus offsites e/ Local market price

b/ Includes other raw materials, utilities, maintenance materials, operating f/ IJNIDO assumption (see annex XI,P.2) 
supplies, operating labour, maintenance labour, control laboratory.

o j Includes plant overhead, taxeB and insurance, interest on working
capital, general administration charges, B and D.

d/ At 1C# per annum



Annex II.H Table 8. Ç0№AH1S0N=№.2^85 PCTHOCM»ICAL .W^ÎÇTURIB0_çgBT3.i^.DlPKB»m.WÇAWOBS

PRODUCT: Ethylene from gas oil PLANT SIZE: 500,000 ton/year

LOCATION U.S. GULF COAST F.R.O. JAPAN •

FEEDSTOCK gas oil gas oil gas oil
FEEDSTOCK PRICE, $/ton 353.00 353.00 353.00
LOCATION FACTOR 1.00 1.15 .9 0
FIXED CAPITAL COST,5/ S nfillion 491.99 541.22 467.43
WORKING CAPITAL, $ million 214.60 222.74 221.29
UNIT INVESTMENT COST, S million/ton/a 984-00 1 08 2.40 9 3 4 .9 0

PRODUCTION COST: t/ton it c0 * î/ton i
FEEDSTOCK 1 378.11 214.5 1 3 7 8 .1 1 228.5 1 378.11 2 3 4 .4
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS5/

1 0 2 5 .1 4 1 5 9 .5 1 0 8 7 .7 2 18O.4 1 0 8 1 .7 5 I8 4.O
74.83 11.6 8 4 .0 8 13.9 85.44 14.53

GENERAL OVERHEAD 
OTHER FIXED COSTS5/

30.59 4 .8 2 8 .7 2 4 .8 28.00 4.8
85.69 13.3 91.65 1 5 . 2 8 4 .6 7 14.4

NET CASH COST 5 4 4 .0 9 84.7 494.84 82.0 494.47 8 4 .1
DEPRECIATION̂ /

NET COST OF PRODUCTION (NCP) 98.40 15.3 10 8 .2 4 2h3 93.49 1 5 . 9
AT IOC# LOAD FACTOR 6 4 2 .4 9 10 0 .0 603.0 8 10 0 .0 587.95 100.0
AT 85/, LOAD FACTOR 693.86 658.81 639.30
AT 6555 LOAD FACTOR 

TRANSFER PRICE AT 8554. LOAD FACTOR
792.67 7 6 5 .1 3 736.22

WITH %  ROI 743.06 712.93 686.04
WITH 25?» ROI 939.05 929.42 8 7 3 .0 2

5 / Battery limitB plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.2} 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 1(# per annum



lim« II.H Table 9. COKPAHISON OF 1985 PETROC№J;ICAL K̂ KUFACTURIHG COSTS AT DIFFERENT LOCATIONS

PRODUCT: Ethylene from naphtha PLANT SIZE: 500,000 ton/year

LOCATION U.S. GULF COAST F.R.C. JAPAN

FEEDSTOCK naphtha naphtha naphtha
FEEDSTOCK PRICE, </ton 439-00 445.00 379.00
LOCATION FACTOR 1.00 1.15 • 90
FIXED CAPITAL C0ST,= i ntillion 446.96 491.69 424.70
WORKING CAPITAL, S million 192.18 199.03 183.40
UNIT INVESTKENT COST, t million/ton/a 893-90 983.40 849.40

PRODUCTION COST: $/ton % $/ton * $/ton %
FEEDSTOCK 1 391.63 172.3 1 410.65 174.6 1 201.43 209.7
ENERGY
BY-PRODUCT 835.58 -103.4 -8 7 6 .3 6 --108.48 -869.24 -151.7
OTHER DIRECT COSTS^ 4 6 .2 0 5 .7 53.80 6.6 54.84 9.6
GENERAL OVERHEAD 38.46 4.8 38.47 4.8 27.28 4 .8

OTffiR FIXED COSTS5/ 77.55 9.6 82.89 10.3 76.62 12.8
NET CASH COST 7 1 8 .2 6 8 8 .9 709.45 87-8 487.93 85.2
DEPRECIATION̂ /

NET COST OF PRODUCTION (NCP) 8 9 .3 9 ll.l 98*34 12.1 84.94 1 4 .8

AT 100% LOAD FACTOR 8 0 7 .6 5 10 0 .0 8 0 7 .7 9 100.0 572.87 100.0
AT 85% LOAD FACTOR 8 5 1 .4 3 857-39 6 1 5 .8 9
AT 65% LOAD FACTOR 941.23 954.82 699.82

TRANSFER PRICE AT 85% LOAD FACTOR
WITH 5% ROI 896.12 906.55 658.З6
WITH 25% ROI 1 074.91 1 103.23 8 2 8 .2 4

•J Battery limits plu. offaitea ,,y Local market price
Ъ/ Indudea other raa aateriala, utilitiea, maintenance materials, operating tj UNIDO assumption (aee annex II.F.2) 

supplies, operating laboar, maintenmice labour, control laboratory.

cj Includes plant overhead, tuaa and insurance, interest on working
capital, general administration charges, R and D.

d/ At WJf, per annua



Annex II.H Table »0. С0УРАH1 SON OK 1985 PETHOCifcLICAL KAWFACTURING COSTS ATDIFFERENT LOCATIONS

PRODUCT: Ethylene glyool PLANT SIZE; 150,000 ton/year
ethylene oxide transfer price 25̂  Я01
in all countries.

LOCATION U.S. GULF COAST F.F.O. JAPAN FA* MEXICO AR-iITA:’ (TJLF

FEEDSTOCK ethylene oxide ethylene oxide ethylene oxide ethylene oxide ethylene oxide ethylene oxide
FEEDSTOCK PRICE, */ton x 36^.00 1 545.00 1 270.00 1 500.00 1 0 1 5 .0 0 1 172.00
LOCATION FACTOR 1.00 1.15 O.9 0 1.82 1.18 1.32
FIXED CAPITAL COST,5/ t million 3 1 .0 5 34.25 29.̂ 3 56.67 36.87 42.69
WORKING CAPITAL, % million 2 2 .6 9 2 5 .6 6 21-49 2 5.0 8 17-29 19.93
UNIT INVESTMENT COST, S million/ton/a 2 0 7 .0 0 235.00 196.9° 377.80 259.10 284.60

PRODUCTION COST: t/toa $ --
-1 tf О s

i

*3*
 j S/ton i $/ton i */ ton £ */ton 5»

FEEDSTOCK 1 018.29 87.3 1 1 5 2 .5 7 8 7 .3 947.42 86.4 1 1 1 9 .0 0 8 9 .4 7 5 7 .1 9 8 8 .7 8 7 4 .3 1 8 8 .7
ENERGY
BY-PRODUCT -4 .3 9 -0.4 -4 .8 0 -0 .4 -5-77 -0 .5 -0.03 -0 .9 6 -0 .1 -0 .9 9 -O.I
OTHER DIRECT COSIS^ 48.90 4.2 5 5 .3 6 4 .2 5 6 .6 8 5 .2 37-09 3.0 32.1? 3-8 3 5 . 5 9  3 . 6
CENERAL OVERHEAD 55-55 4.8 62.84 4.8 52.19 4.8 3 0 .5 3 2 .4 20.83 2.4 2 4 .0 5 2 .4
OTHER FIXED COSTS5/ 27.59 2.4 30.82 2.3 ' 25.75 2.3 27.IS 2.2 20.21 2.4 24.59 2.5

NET CASH COST
a! 1 145-94 98.2 1 296.79 98.3 1 076.26 98.2 1 213.76 97.0 829-44 97.1

DEPRECIATION5' 20.70 1.8 2 1 . 3 1 . 7 1?.69 1.8 27-18 2.2 24.58 2.9 28.46 2.9
NET COST OF PRODUCTION (NCP)
AT t00£ LOAD FACTOR 1 l66.<$4 100.0 1 319-¿2 100.0 1 095-95 100.0 1 2 5 1.5 4' 1(30 854-02 l o o T o 98O 0 10070
AT 85$ LOAD FACTOR 1 198.92 1 356-16 Z 128.98 1 284.02 880.62 1 015.30
AT 655( LOAD FACTOR 1 248.30 1 411.64 1 177.26 1 329-61 914.15 1 054.38

TRANSFER PRICE AT 85 ¡fe LOAD FACTOR
WITH %  RQI 1 209.27 1 367.58 1 138.83 I 302.91 892.91 1 029.53
WITH 25$ ROI 1 250.67 1 413-25 1 178.20 1 378.47 942.07 1 086.45

*/ Batter/ liiiti plue offsites e/ loeil market price

b/ Includes other raw materials, utilities, maintenance materials, operating tj UHIDO assumption (see annex II.P.2) 
supplies, operating labour, maintenance labour, control laboratory.

c/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration c h a rg e s , R and D.

d/ At 10)1 per arrnun

1
VO
t



Annex II.H Table 11. COMPARISON_QF_12% PETBOCHü.ICAL ШМРАСТУ|1Ив СОВ̂ З.AÍhUFreRENT .LÛÇAT10B3

PRODUCT: Ethylene glycol PLANT SIZE: 150,000 ton/year
Ethylene oxide transfer price >"»i•!■?«!■ 5jS HOI 
in all countries.

LOCATION U.S. GULF COAST F.P."'.. JAPAN FAR HI У MEXICO АЯ-.Л Л" 0-4F

FEEDSTOCK ethylene oxide ethylene oxide ethylene oxide ethylene oxide ethylene oxide ethylene oxide
FEEDSTOCK PRICE, S/ton 8 4 3.ОО 1 1 5 1 .0 0 9 2 8 .0 0 944.00 6 5 5.ОО 7 6 1.OO
LOCATION FACTOR 1 .0 0 1.15 0 .9 0 1 .8 2 1 . 1 8 1.32
FIXED CAPITAL COST,^ % million З1.О5 34.25 2 9.5З 56.67 36.87 42.69
WORKING CAPITAL, S million I4.8O 53.96 16.33 1 6 .6 8 II.8 5 13.72
UNIT INVESTMENT COST, S million/ton/a 20 7.OO 2 35.ОО 1 9 6 .9 0 377.80 2 5 9.IO 2 8 4 .6 0

PRODUCTION COST: S/ton % l/ton % S/ton S/ton £ S/ton * S/ton %
FEEDSTOCK 628 .8 8 8 3 .6 8 5 8 .6 5 8 5.З 6 9 2 .2 9 8 4 .0 7 0 4 .2 2 8 5 .8 4 8 8 .6 3 8 5 .0 5 6 7 .7 1 8 5.I
ENERGY
BY-PRODUCT -4 .3 9 -0.6 -4 .8 0 -0 .5 -5.77 -0 .7 -0.03 -О.9 6 -0.2 -0 .9 9 -0 .1

OTHER DIRECT COSTS^ 4 8 .9 0 6.5 55.36 5.5 5 6 .6 8 6.9 3 7 .0 9 4-5 32.17 5.6 35-59 5.3
GENERAL OVERHEAD 3 5 .8 2 4.8 47.94 4.8 39.26 4 .8 20.02 2.4 14.03 2.4 1 6 .2 8 2 .4

OTHER FIXED COSTS5/ 22.33 3.0 26.85 2.7 22.30 2.7 2 1 .5 8 2.6 16.59 2.9 20.45 3.1
NET CASH COST 731.54 97Г2 984.OÖ У М 804V?3 97T6 7 8 2 .8 8 95-4 550.45 95.7 639.03 95.7
DEPRECIATION5* 2 0 .7 0 2.3 2 6 .8 5 2.7 1 9 .6 9 2.4 3 7 .7 8 4 .6 2 4 .5 8 4.3 2 8 .4 6 4.3

NET COST OF PRODUCTION (NCP> «мота _ _ —  . - мам --- M-M ____  ___
AT 100/. LOAD FACTOR 752.24 10 0 .0 1 ОО6 .8 3 100.0 824.44 100.0 8 20 .66 10 0 .0 575.03 10 0.0 6 6 7 .4 9 10 0 .0

AT 85jt LOAD FACTOR 780.10 1 О4О.О5 854.59 8 5 0 .2 9 599.79 694.69
AT 65jt LOAD FACTOR 820.45 1 088.70 896.94 8 9 0 .0 5 629.55 729.45

TRANSFER PRICE AT 8 5$ LOAD FACTOR
WITH 556 ROI 790.45 1 0 5 1 .4 7 8 6 4 .4 3 8 6 9 .1 8 612.08 708.92
WITH 25ji ROI 831.85 1 0 9 7 .1 3 9 0 3 .8 1 944.74 661.24 765.84

aj Battery limits plus offsites e/ Local market price
b/ Includes other гаи materials, utilities, maintenance materials, operating fj щщю assumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratoiy.
с/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and I.
d/ At 10jt per annua



Anaux Il.H Î2 ça№MI3QHa0IM$g^ .PETROC HEM CALMANUFACTURING COSTS AT .DIFFERENT LOCATIONS

P RC® UCT: Ethylene oxide PLANT SIZE: 131,000 ton/year
Ethylene transfer price includes 25 % ROI 

in all countries.

LOCATION U.S. GULP COAST F.R.O. JAPAN PAR EAS" MEXICO ARABIAN GULF

' FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, »/ton 927.00 1 103.00 8 2 8 .0 0 672.00 443.00 545.00
LOCATION FACTOR 1 .0 0 1 . 1 5 O.9 0 1.82 1 . 1 8 1.32
FIXED CAPITAL COST,^ S million 114.65 126.11 10 8 .8 8 208.65 135.28 151.34
WORKING CAPITAL, S million 17.43 19.65 16.27 1 9 .6 8 13.60 15.74
UNIT INVESTMENT COST, t million/ton/a 875.20 962.60 8 3I.IO 1 5 9 2.7 O 1 0 3 2 .7 0 1 155.30

PRODUCTION COST: 8/ ton it l/ton Jt 8/ton * $/ton * %/ ton % J/ton 5#
FEEDSTOCK 887.14 81.7 1 0 5 5 .5 7 85.0 7 9 2 .4 0 7 9.O 643.10 63.3 423-95 6I.4 521.57 64.3
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS^ 1 .9 2 0.2 -32 .6 3 -2.6 2 5 .1 2 2 .5 1 2 7 .3 1 1 2 .5 101.33 14.7 10 0 .6 0 1 2 .4

GENERAL OVERHEAD 51.74 4.8 59.17 4.8 47.74 4.8 27.49 2 .4 16.83 2.4 1 9 .7 7 2 .4

OTHER FIXED COSTS5/ 58.12 5.3 64 »16 5.2 54.26 5.4 62.00 6.1 44.65 6 .5 5 3 .0 7 6 .5

NET CASH COST w 998.92 91.9 1 146.26 9 2 .3 919̂ 51 9ÏT7 8 5 7 .2 0 84-3 5 8 6 .7 6 8 5 .0 6 9 5 .0 0 8 5 .7
DEPRECIATION5’ 8 7 .5 2 8 . 1 96.27 7.7 8 3.II 8.3 1 5 9 .2 7 I5 .7 103.27 15.0 1 1 5 .5 3 1 4 .3

NET COST OF PRODUCTION (HCP)
AT 100£ LOAD FACTOR 1 0 8 6 .4 4 1Ö0 .0 1 242.53 10 0 .0 1 0 0 2 .6 2 100.0 1 016.48 100.0 6 9 0 .0 2 10 0 .0 8 1 0 .5 3 10 0 .0

AT 853! LOAD FACTOR 1 146.65 1 304.73 1 0 6 1 .9 5 1 IOI.9 2 757.12 8 8 2 .9 1

AT 1% LOAD FACTOR 1 233.05 1 395.19 1 1 4 6 .5 2 1 230.80 8 4 8 .3 6 984.98

TRANSFER PRICE AT 85> LOAD FACTOR
WITH %  ROI 1 190.41 1 352 .8 6 1 IO3 .5 1 l 181.56 808.76 940.67
WITH 2% ROI 1 365.45 1 545.40 1 269.74 1 500.11 1 015.29 171.72

a/ Battery limits plus offsites e/ Local market price
b/ Includes other ram materials, utilities, maintenance materials, operating zj ukjdo assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on workingcapital, general administration charges, R and D.
d/ At 10)t per annua



Annex II.H Table 13. COKPAH150H 0P 1^8% PETROCHrJuICAL KANUFACTUR1I1Q COSTS AT DIFFERENT LOCATIONS

PRODUCT: Ethylene oxide PLANT SIZE: 131,000 ton/year
Ethylene transfer price irele-ies 5 % Hül 

in all countries.
— --- '---------- ---- —-- -------

LOCATION U.S. GULF COAST JAPAN FAR 2AS" MEXICO AAt3T.V'¡COLF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, $/ton 590.00 907.00 658.OO 435.00 289.OO 366.00
LOCATION FACTOR I. 00 1.15 O.9 0 1 .8 2 I. 1 8 1• 32
FIXED CAPITAL COST,5/ S million 114.65 1 2 6 .1 1 IO8 .8 8 2 0 8 .6 5 1 3 5 .2 8 1 5 1 .34
WORKING CAPITAL, t million 1 1 .6 2 16.27 13.35 1 5 .5 9 10.94 1 2 .6 5

UNIT INVESTMENT COST, t million/ton/a 875.20 9 6 2 .6 0 83I.IO 1 59 2.7O 1 032.7O 1 155 .30

PRODUCTION COST: l/ton % 8/ton % i/ton % $/ton £ $/ton 55 S/ton %
FEEDSTOCK 564. 6  3 7 6 .0 8 6 8 .0 0 8 3 .2 629.71 75.9 416.30 5 3 .3 276.57 5 1 . 5 350.26 55.4
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS^ 1 .9 2 0.3 -32.63 -3.1 2 5 .1 2 3.0 127.31 I6 .3 101.33 1 8 .9 10 0 .6 0 1 5 .9
GENERAL OVERHEAD 35.39 4.8 49.66 4.8 3 9 .5 0 4.8 1 9.O4 2.4 13.09 2.4 1 5 .4 3 2.4
OTHER FIXED COSTS5' 53.69 7 .2 61.58 5.9 5 2 .0 2 5.3 5 8 .8 8 7 . 6 42.63 7 .9 5 0 .7 2 8.0

NET CASH COST
a/ 655.63 88.2 946.61 90.8 746.34 9 0 .0 621.53 79.6 433.62 8 0 .8 5 1 7 .0 1 8 1 .7DEPRECIATION̂ ' 87.52 11.8 96.27 9.2 8 3.II 10.0 I5 9 .2 7 20.4 103.27 1 9 .2 1 1 5 .5 3 18.3

NET COST OF PRODUCTION (NCP)
AT IOC# LOAD FACTOR 743-15 l557o 1 042.87 1 0 0 .0 829.45 100.0 780.80 Ï8ÜT.0 lööTo 632753 iocT.o
AT 85# LOAD FACTOR 799.70 1 102.94 886.93 8 6 4 .6 9 6 0 2 .9 7 7 0 3 .7 3
AT 65# LOAD FACTOR B7 8 .5 7 1 189.03 967.70 990.36 692.12 8 0 3.37

TRANSFER PRICE AT 8 5^ LOAD FACTOR
WITH %  HOI 843.46 1 151.07 928.49 944.32 654-60 761.49
WITH 25?o RQI

1

1 0 1 8 .5 0 1 343.61 1 0 9 4 .7 1 1 2 6 2 .8 7 861.14 992.55

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ ujiidO assumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working 

capital, general administration Charges, R and D*
d/ At 10g per annum



Anne* II.H Table 14 CÔ tóllOT̂ OF̂ liâ P̂ETHOC^iieAL^A^ACTUfilliQ CKK^T^BIFra^NT^LOCATIONS

PRODUCT: HOPE PLANT SIZE: 75*000 ton/year
Ethylene transfer price incl-idos 25$ ROI 

in all countries.

LOCATION U.S. GULF COAST w o / ' *t  • it • 1 e JAPAN FAR EAST MEXICO ARABIA!! CJLF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, S/ton 9 2 7 .0 0 1 10 3 .0 0 8 2 8 .0 0 6 7 2 .0 0 443.00 545.00
LOCATION FACTOR 1 .0 0 1.15 0 .9 0 1 .8 2 1 . 1 8 I . 3 2

FIXED CAPITAL COST,5/ t million 44.65 49.14 42.24 8 1 .2 5 ' 5 2 .6 8 58.93
WORKING CAPITAL, • million 1 2 .2 8 14.49 1 2 .3 0 11.53 8.54 9.89
UNIT INVESTMENT COST, $  million/ton/a 595.30 655.20 5 6 3 .2 0 1 O8 3.3O 70 2 .4 0 7 8 5 .7 0

PRODUCTION COST: •/ton $ l/ton $ S/ton $ •/ton $ •/ton $ •/ton $
FEEDSTOCK 9 4 0 .9 0 73.0 l 119-54 7 3 .7 8 4 0 .4 2 6 7 .0 682.08 65.9 449.64 61.2 5 5 3 .1 7 63.7
ENER0Ï 1 4 .5 7 1.1 16.12 l.l 1 5 .9 0 1 . 3 1 .2 5 o.l 1 .0 8 0.1 O.8 2 0 . 1

BÏ-PHODUCT
OTHER DIRECT COSTS^ 1 5 9 .7 8 12.4 185.18 12.2 223.79 1 7 .8 1 7 4 .1 3 16.8 159.87 21.8 168.67 1 9 .4

GENERAL OVERHEAD 6 1 .3 8 4 .8 72.30 4.8 59.77 4 .7 2 5 .2 5 2.4 17.93 2.4 21.17 2.4
OTHER FIXED COSTS5* 5 2 .8 3 4.1 59.67 3 .9 59.04 4 .7 4 4 .0 6 4.2 36.27 4.9 4 5 .5 0 5.2

NET CASH COST 1 Z&ZW 95T4 1 4 5 2.82" 9S7 1 I9 5T92 95T5 926.75 89.5 664.79 90.4 789.33 9 0 .9
DEPRECIATION5* 59.53 4*6 65.52 4 .3 56.32 4 .5 108.33 10.5 7 0 .2 4 9.6 78.57 9.1

NET COST OF PRODUCTION (NCP)
AT 100$ LOAD FACTOR 1 20 0 .9 9 10 0 .0 1 5 1 0 .3 4 10Ö.O 1 2 5 5 .2 4 1 0 0 .0 1 0351̂ 5* 10Ô.Ô 715̂ 35 1ÖST0 8677W lööTo
AT 85$ LOAD FACTOR 1 404.60 l 647.34 1 3 8 6 .13 1 17 0 .0 7 8 5 9 .1 5 997*56
AT 65$ LOAD FACTOR 1 5 1 2 .7 2 l 770.02 1 5 0 7 .7 6 1 2 8 5 .6 9 952.49 102.24

TRANSFER PRICE AT 85% LOAD FACTOR
WITH 5$ ROI 1 434.37 1 680.10 1 4 1 4 .2 9 1 224.24 8 9 4 .2 7 036.84

WITH 1% ROI
.
1 553.43 l 811.14 1 5 2 6 .9 3 1 44O.9O 1 0 3 4 .7 5 1

______ l
19 3 .9 9

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10$ per annum



Annex II.H Table 15 COMPARISON _QF J9É?> PETROGf^iICAL KAWPACTURING COSTS AT_DIFFEREHT LOCATIONS

PRODUCT: HOPE. PLANT SIZE: 75,000 ton/year
Ethylene transfer price includes 5 % ROI 

in all countries.

LOCATION U.S. GULF COAST FsR.0• JAPAN FAR ЕЛЗФ MEXICO ARABIAN GULF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, $/ton 590.00 9О7.ОО 6 58.OO 435.00 289.00 366.00
LOCATION FACTOR 1.00 1.15 0.90 1 .8 2 1.18 1.32
FIXED CAPITAL COST,5/ S million 4 4 .6 5 49.14 42.24 8 1 .2 5 5 2 .6 8 58.93
WORKING CAPITAL, $ million 8.89 12.52 10.59 9.14 6.99 8.09
UNIT INVESTMENT COST, $ million/ton/a 595.30 ¿55.20 563.20 1 О83.3О 702.40 7 8 5.7P

PRODUCTION COST: $/ton $ 1/ton % S/ton $ $/ton # $/ton * î/ton %

FEEDSTOCK 59 8 .8 5 64.7 920.60 70.5 6 6 7 .8 7 62.3 4 4 1 .5 2 5 6 .2 293.33 5 1 .2 371.49 54.7
ENERGY 1 4 .5 7 1.6 16.12 1.2 15.90 1.5 1 .2 5 0 .2 1 .0 8 0.2 0 .8 2 oa
BY-PRODUCT
OTHER DIRECT COSTS^ 1 5 9 .7 8 17.3 185.18 1 4 -2 223.79 20.9 1 7 4 .1 3 2 2 .2 159.87 27.9 168.67 24.8

CENERAL OVERHEAD 4 4 .0 5 4.8 62.22 4.8 5 1 .0 3 4.8 19.15 2.4 13.97 2.4 16.57 2.4
OTHER FIXES) COSTS5' 4 8 .3 1 5.2 57.04 4.4 56.76 5.3 40.88 5.2 34.20 6.0 43.10 6 .3

NET CASH COST 8 6 5 .5 6 93.6 1 24ШТ 95ГО 1 ST5735 9477 676.93 86.2 502.46 87.7 6OO.6 5 88 .4

DEPRECIATION5' 5 9 .5 3 6 .4 65.52 5.0 56.32 5.3 108.33 13.8 70.24 12.3 78.57 11.6
NET COST OF PRODUCTION (NCP)
AT 100$ LOAD FACTOR 9 2 5 .0 9 10 0 .0 1 366.69 iCCTb 1 6 7 1 .6 7 10 0 .0 7Й5.26 ШЛО 57577C 16Ü7D 67572? 15510
AT 85$ LOAD FACTOR 1 0 36.8 5 1 4 3 3 .4 5 1 2 0 0 .62 918.61 695.76 8 0 7 .6 4

AT 6556 LOAD FACTOR 1 137.06 1 5 5 1 .5 3 1 318.26 1 030.87 786.92 909.79
TRANSFER PRICE AT 8554 LOAD FACTOR
WITH %  ROI 1 066.61 1 4 6 6 .2 1 1 2 8 8 .7 8 972.78 730.88 8 4 6.92

WITH Z %  ROI
i

1 18 5 .6 8 1 5 9 7 .2 5 1 341.42 1 1 8 9 .4 4 8 7 1 .3 6 1 004.07

a j Battery limits plus offsites 0/ Local market price

b/ Includes other raw materials, utilities, maintenance materials, operating f j  uhido assumption (see annex II.F.2) 
supplies, operating labour, maintenance labour, control laboratory.

c/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration charges, R and D.

d/  At 10JS p er annum

I

I



Annex II.H Table 16. COKPAflISON OF I965. PETRQCIH'iICAL MANUFACTURING COSTS AT ^DIFFEREHT LOCATIOUS

PRODUCT: LDPE PLANT SIZE: 200,000 ton/year
Ethylene transfer price includes 25 % ROI 

in all countries.

LOCATION V.S. GULF COAST F.R.O. JAF AN FAR EAST MEXICO Aiuar.>3; OULF
FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, $/ton 9 2 7.OC 1 10 3 .0 0 828.OO 672.00 4 4 3.OO 545.00
LOCATION FACTOR - 1.00 1.15 0 .9 0 1.82 1 . 1 8 1.32
FIXED CAPITAL COST,2/ S million 14 6 .9 0 I6I.5O I3 9.5O 267-36 173-34 1 9 3 .9 1

WORKINC CAPITAL, S million 31.99 38.13 30 .58 3O.5O 20.87 23.89
UNIT INVESTMENT COST, t million/ton/a 7 3 4 .5 0 8 0 7 .5 0 6 9 7 .5 0 1 336.80 8 6 6 .7 0 969.5O

PRODUCTION COST: #/ton $ i/ton io î/ton io î/ton io $/ ton % $/ton *

FEEDSTOCK 9 8 2.6 2 8 1 .8 1 1 6 9 .1 8 8 2 .0 8 7 7 .6 8 7 7 .8 7 1 2 .3 2 6 9 .7 4 6 9 .5 8 6 8 .0 5 7 7.7O 7 1 .9

ENERGY
BY-PRODUCT -25.18 -2.1 -2 9 .9 6 -2 . 1 -2 2 .4 8 -2 .0 -1 8 .2 7 -1 .8 -1 1 .9 3 -1 . 7 -1 4 .8 0 -1.8
OTHER DIRECT COSTS2/ 62.48 5.2 78.16 5-5 IO2.O9 9.O 116.49 11-4 9 2 .6 1 1 3 .4 81.04 10.1
GENERAL OVERHEAD 57.24 4.8 6 7.8$ 4 .8 53.77 4.8 24.92 2.4 1 6 .8 4 2 .4 1 9 .5 9 2.4
OTHER PIKED COSTS2/ 51.35 4.3 8 0 .7 5 5*7 4 8 .4 1 4.3 52.69 5*2 3 6 .7 2 5 .3 42.78 5.3

NET CASH COST 1 1 2 8 .5 1 93-9 1 344.92 9 4 .3 1 0 5 9 .4 7 93.8 388.15 8 6 .9 60 3.8 2 8 7 .4 706.31 87.9
DEPRECIATION2' 73.45 6.1 80.75 5.7 69.75 6.2 133.68 1 3 . 1 86.67 12.6 96.95 12.1

NET COST OF PRODUCTION (NCP)
AT lOOJJ. LOAD FACTOR 1 2 0 1.9 6 10 0 .0 1 4 2 5 .6 7 10 0 .0 1 12 9 .2 2 10 0 .0 1 0 2 1.8 3 1 0 0 .0 690.49 100.0 803.26 100.0
AT 85# LOAD FACTOR 1 255.45 1 486.63 1 I8 4 .5 6 1 0 8 9 .7 8 7 4 2 .3 5 8 58 .44

AT (>% LOAD FACTOR 1 341.16 1 5 8 5 .6 5 I 2 7 2 .0 3 1 1 9 9 .1 6 8 1 8 .7 5 941.65
TRANSFER PRICE AT 857. LOAD FACTOR
WITH %  ROI 1 2 9 2 .1 7 1 527.01 1 2 19 .4 4 1 156.61 7 8 5 .6 9 906.92

WITH Z %  ROI
.

1 439.07 1 6 8 8 .5 1 1 358 .9 4 1 4 2 3 .9 7 9 5 9 .0 3 IOO.8 3

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ ujfIDO assumption (see annex II.F.2)supplies, operating labour, maintenance labour, control laboratory.
£/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, H and D.
d/ At Kÿ per annum



Annex II.H Table 17 CQ№ARI50N=0F1§85 PETROCHEJ.iICAL KAMFAÇryRIWG CQ6TS AT DIFFERENT LOCATIONS

PRODUCT: LO™ PUNT SIZE: 200 ,000 ton/year
Ethylene transfer price includes 5 % ROI 

in all countries.

LOCATION U.S. GULF COAST F.R.".. JAPAN FAR EAS" MEXICO ARABIA" GULP

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, S/ton 59 0.00 9 0 7 .0 0 6 5 8 .0 0 435-00 2 8 9 .0 0 3 6 6 .0 0

LOCATION FACTOR 1 .0 0 1.15 • 90 1 .8 2 1 .1 8 1 .3 2

FIXED CAPITAL COST,3/ S million 14 6 .9 0 161.50 139.50 267-36 1 7 3 .3 4 193.91
WORKING CAPITAL, S million 2 2 .3 5 32.52 25.72 23-71 16.46 18.77
UNIT INVESTMENT COST, A million/ton/a 734.50 8 0 7 .5 0 697.50 1336.80 8 6 6 .7 0 969.50

PRODUCTION COST: S/ton i t/ton * S/ton % S/ton S/ton % $/ton *
FEEDSTOCK 6 2 5 .4 0 76.1 961.42 79-8 6 9 7 .4 8 7 4 .4 461.10 6 0 .6 306.34 58.8 387.96 6 4 .0

ENERGY
BY-PRODUCT -2 5 .1 8 -3.1 -29.96 -2.5 -2 2 .4 8 -2 .4 -18.27 -2.4 -11.93 -2.3 -14.80 -2 .4
OTHER DIRECT COSTS3/ 62.48 7.6 78.16 6 .5 10 2 .0 9 1 0 .9 116.49 15.3 9 2 .6 1 1 7 .8 81.04 13-4
CENERAL OVERfEAD 39.13 4.8 57.36 4 .8 4 4 .6 4 4 .8 18 .5 6 2.4 12.71 2.4 14.78 2 .4
OTHER FIXED COSTS5/ 46.53 5.7 56.85 4-7 4 5 .9 8 4 .9 49.30 6.5 34.52 6.6 40.22 6.6

HET CASH COST
a / 748.37 91 ."l 1 123.82 93v3 8 6 7 .7 1 9 2 .6 627.17 82.4 434.24 83-4 509.20 8 4 .0DEPRECIATION̂ 73.45 8 .9 80.75 6.7 6 9 .7 5 7 . 4 13 3 .6 8 17.6 86.67 16.6 96.95 16.0

NET COST OF PRODUCTION (NCP)
AT 100£ LOAD FACTOR 8 2 1 .8 2 10 0 .0 1 204.57 100.0 9 3 7 .4 6 10 0 .0 760.85 lÔÔTo 5 2 0 .9 1 10 0 .0 6 0 6 .15 10 0 .0
AT 8Sf LOAD FACTOR 8 7 1 .2 6 1 263.19 9 9 0 .7 6 827.08 571.65 660.04
AT (>% LOAD FACTOR 9 4 8 .6 8 1 357.37 1 0 7 4 .0 4 932.93 645.75 740.57

TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  HOI 9 0 7 .9 8 1 303.56 1 0 2 5 .6 3 893.92 614-99 7 0 8 .5 1
WITH 2% HOI 1 054-88 1 4 6 5 .0 6 1 1 6 5 . 1 3 1 161.28 788.33 9 0 2 .4 2

a/ Battery limits plus offsites e/ Local market price
b/ Includes other ran materials, utilities, maintenance materials, operating t/ qrido assumption (see annex IIJ.2) 

sappliea, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration chargea, R and S.
d/ At 10ji per annua



Annex II.H Table 18. СОБРАНIS0N 0K1§Ç PETBOCHÜ.ICAL^^PACTURIIIG COSTS AT DIFFERENT LOOATIONg

PRODUCT: LLDPE PLANT SIZE: 200,000 ton/year
Ethylene transfer price ir.n Vides 25 ÿ HOI 

in all countries.

LOCATION U.S. GULF COAST F.n.'l. JAPAN FAS SiŜ MEXICO ARABIAN GULF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, 8/ton 9 2 7.OO 1 103.00 828 .00 6 7 2 .0 0 443.00 5 4 5.ОО
LOCATION FACTOR 1 .0 0 1 .1 5 .9 0 1 .8 2 1.18 1.З2
FIXED CAPITAL COST,^ % million 97.80 10 7 .6 0 93.00 17 8 .0 0 115.40 12 9 .0 9
WORKING CAPITAL, S million 2 8 .9 9 34.37 27.60 30.12 22.40 26.01
UNIT INVESTNENT COST, 8 million/ton/a 48 9 .0 0 538.00 4 6 5.ОО 8 90 .0 0 577-00 6 4 5 .4 0

PRODUCTION COST: 8/ton $ 8/ton ^ 8/ ton $ 8/ ton # 8/ton 5# 8/ ton 5»
FEEDSTOCK 859.42 75-4 1 022.59 75.9 767.64 71.6 6 2 3 .0 1 6 4 .8 4 1 0 .7 1 6 0 .4 5 0 5 .2 7 6 2 .6
ENERGY 1.46 .1 1.61 .1 1 .5 9 -1 .12 .11 .08
BY-PRODUCT
OTHER DIRECT COSTS5/ 1 3 4 .8 1 1 1 .8 159.12 11.8 I6 7.I7 1 5 .6 185.89 1 9.З 165.43 24.3 18 2 .0 6 2 2 .5
GENERAL OVERHEAD 54.26 4 .8 6 4 .1 6 4 .8 5 1 .0 5 4 .8 2 3 .4 3 2 .4 16 .6 0 2 .4 1 9 .7 0 2 .4
OTHER FIXED COSTS5' 4 0 .5 2 3 .6 46.04 3.4 38.07 3.6 З9 .3 7 4.1 29.93 4.4 З6 .0 7 4.5

NET CAS« COST ,/ 1 093745" 9577 1 293757 957o 1 0 2 5 7 5 7 9577 8 7 1 .8 3 9 0 .7 6 2 2 .7 7 9 1 .5 743.18 92.0
DEPRECIATION5* 4 9 .9 0 4 .3 5 3 .8 0 4 .0 4 6.5О 4.З 89-00 9 .3 5 7 .7 0 8 .5 64.54 8.0

NET COST OF PRODUCTION (NCP)
AT IOC# LOAD FACTOR 1 139.36 10 0 .0 1 347.32 10 0 .0 1 0 7 2 .0 2 10 0 .0 9 6 0 .8 3 10 0 .0 6 8 0 .4 7 10 0 .0

ОIfmf-r-000

AT 85$ LOAD FACTOR 1 2 7 4 .6 0 1 5 0 2 .1 2 1 2 2 1 .8 4 1 1 2 6 .4 5 8 3 5 .3 8 9 6 7 .3 7
AT 65$ LOAD FACTOR 1 371.28 1 6 13 .0 8 1 3 2 2 .6 0 1 2 4 0 .2 9 9 2 7 .2 5 1 068 .96

TRANSFER PRICE AT 8551, LOAD FACTOR
with 556 HOI 1 2 9 9 .0 5 1 5 2 9 .0 2 1 2 4 5 .0 9 1 17О.9 5 864.23 9 9 9 .6 4
WITH 2% ROI 1 3 9 6 .8 5 1 636.62 1 338 .0 9 1 348-95 979.63 1 1 2 8 .7 3

У Battery limits plus offsites У Local market price
У Includes other raw materials, utilities, maintenance materials, operating 

supplies! operating labour, maintenance labour, control laboratory. У UNIDO assumption (see annex II.F.2)

У Includes plant overhead, taxes and insurance, interest on working 
capital, general administration charges, R and D.

У At 10g£ per annum



i

Annex II.В Table 19 ÇOkPARI§qN_OF .19^^PET^I^ICAL.KM№AÇTyRIBÇ COSTS AT DIFFERENT__LOCATIONS

PRODUCT: LLDPE PLAUT SIZE! 200,000 ton/year
Ethylene transfer price includes 5 % HOI 

in all countries. ,

LOCATION U.S. GULF COAST 7.R.C. JAPAN FAR H T MEXICO Aa*3LA" TJLF

FEEDSTOCK ethylene ethylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, t/ton 590.00 9 0 7.OO 6 5 8.ОО 435.00 289.ОО 36 6.ОО
LOCATION FACTOR 1 .0 0 1 . 1 5 .90 1 .8 2 1 .1 8 I.3 2
FIXED CAPITAL COST,5' S million 97.80 10 7 .6 0 93.00 1 7 8.OO 1 1 5 .4 0 12 9 .0 9
WORKING CAPITAL, I million 2 0 .5 5 29.47 2 3 .3 4 2 4 .1 9 18.55 2 1.5З
UNIT INVESTMENT COST, S raillion/ton/a 4 8 9.ОО 538.00 4 6 5.ОО 8 9 0.OO 577.00 645-40

PRODUCTION COST: d
I 

0 
4»> $/ton * t/ton JÊ t/ton a*P t/ton £ t/ton *

FEEDSTOCK 5 4 6 .9 9 6 7 .8 8 4 0 .8 8 7 2 .9 6Ю .0 3 67-5 4 0 3 .2 9 5 5 .1 2 6 7 .9 3 5 0.З ЗЗ9.З2 5 3 .4
ENERGY
BY-PRODUCT
OTHER DIRECT COSTŜ /

1 .4 6 .2 1.61 .1 1 .5 9 .2 .12 • - .11 .08

1 3 4 .8 1 1 6 .7 1 5 9 .1 2 1 3 .8 1 6 7 .1 7 1 8 .5 I8 5 .8 9 2 5 .4 165-43 31.1 182.06 2 8 .7
GENERAL OVERHEAD 
OTIEH FIXED COSTS5/

3 8 .4 2 4 .8 54-95 4 .8 43.06 4 .8 17-87 2 . 4 1 2.9З 2 .4 15 .5 0 2 .4
3 6 .3 0 4 .5 4З.5 9 3 .8 35-94 4.0 3 6 .4 1 5 .0 2 8.ОО 5 .3 ЗЗ.83 5 .3

NET GASH GOST •757T95 9 3 .9 1 1 0 0 .1 5 95T3 857-79 9479 64З.5 7 8 7 .9 474.46 89.2 570.79 8 9 .8
DEPRECIATION5'

NET COST OF PRODUCTION (NCP)
4 8 .9 0 6 .1 5З.8О 4 .7 4 6 .5 0 5 . 1 8 9.ОО 1 2 .1 5 7 .7 0 10.8 64.54 10.2

AT lOGgC LOAD FACTOR 8 0 6 .8 8 10 0 .0 1 1 5 3 .9 5 10 0.0. 9 0 4 .2 9 10 0 .0 732.57 10 0 .0 532.16 100.0 6 3 5 .3 3 10 0 .0
AT LOAD FACTOR 9 3 8 .5 7 1 3 0 6 .6 9 1 0 5 2 .3 3 896.68 686.08 7 9 3 .8 4
AT 6# LOAD FACTOR 

TRANSFER PRICE AT 85% LOAD FACTOR
1 0 2 8 .0 1 1 4 1 3 .4 3 1 1 4 9.4З 1 ОО7 .4 4 775.95 8 9 3 .10

WITH %  HOI 9 6 3 .0 2 1 3 3 3 .5 9 1 0 7 5 .5 8 941.18 7 1 4 .9 3 8 2 6 .1 1
'WITH 255e ROI 1 060.82 1 4 4 1 .1 9 1 168.58 1 119.18 8 3 0 .3 3 9 5 5 .2 0

a/ Battery limits plus offsites e/ Local market price

b/ Includes other res materials, utilities, maintenance materials, operating f] UNIDO assumption (see annex IÏ.F.2) 
supplies, operating labour, maintenance labour, control laboratory.

ç/ Includes plant overhead, taxes and insurance, interest on working 
capital, general administration charges, B and D.

d/ At 10jl per annum
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Annex II.H Table 20. g0fcPARIS0H_0P^1g^ PETBOCtOilCAL=W»WACTyRIBQ CGBK AT^IPraREBT LOCATIONS

PRODUCT: Methanol fron methane PLANT SIZE: 640,000 ton/year

LOCATION U.S. GULF COAST F .R .T . JAPAN FAR SIS" MEXICO ARA3I; ■.‘ 1 CULP

FEEDSTOCK methane methane methane methane • methane methane
FEEDSTOCK PRICE, S/ton 344.00 3 8 7.OO 38I.OO 100.00 100.00 100.00
LOCATION FACTOR 1.00 1 .1 5 •90 1.82 1.18 1.32
FIXED CAPITAL C0ST,= S million 53.41 61.44 1 3 2 .9 0 254.44 I6 4 .9 6 191.52
WORKING CAPITAL, S million 8.88 9-97 31.22 13.08 IO.5 9 12.02
UNIT INVESTMENT COST, S raillion/ton/a 8 3 .4 0 9 6.OO 2 0 7.60 3 9 .7 O 2 5 7 .7 0 2 9 9 .2 0

PRODUCTION COST! 0O4*>

% S/ton * S/ton * S/ton > S/ton £ S/ton i
FEEDSTOCK 14 6 .9 2 4 3 .3 16 5 .2 9 4 3 .3 162.73 45-7 4 2 .7 1 32.9 42.71 4 0 .4 4 2.7 I 36.3
ENERGY 8 8 .06 26.0 97-47 2 5 .6 96.12 2 7.O 7 .5 3 5 .8 6.55 6 .2 4*97 4-2
BY-PRODUCT
OTHER DIRECT COSTS^ 4 3 .2 0 1 2 .7 4 4 9 .0 3 1 2 .9 45-03 12.6 24.14 18.6 1 9 .1 1 1 8 .1 2 6 .2 0 2 2 .3
CENERAL OVERHEAD 1 6 .1 5 4.8 1 8 .1 5 4.8 16.94 4.8 3 . 1 7 2 .4 2 .5 8 2 .4 2.87 2.4
OTHER FIXED COSTS5' 18.06 5 .3 2 0 .5 8 5-4 1 4 .2 2 4.0 12.61 9-7 9 .1 8.6 10 .8 5 9.2

NET CASH COST 3T2T39 9271 3 5 0 .5 2 9ÏT9 3 3 5 .0 4 94T2 90.16 6 9 .4 80 .0 2 75-6 8 7.6O 74-5
DEPRECIATION5' 26.70 7 .9 3 0 .7 2 8.0 20.77 5.8 39.76 30.60 25.77 24.4 2 9 .9 2 25.5

NET COST OF PRODUCTION (NCP)
AT IOO5J LOAD FACTOR 3 3 9 .0 9 10 0 .0 381.24 100.0 3 5 5 .8 1 10 0 .0 1 2 9 .9 1 10 0 .0 1 0 5 .7 9 100.0 1 1 7 .5 3 100.0
AT 85# LOAD FACTOR 3 5 6.O9 4 0 0 .9 3 371.60 1 4 5 .9 0 117.72 1 3 1 .3 1
AT 65# LOAD FACTOR 3 8 7 .8 9 437.23 3 9 9 .4 8 1 7 3 .5 5 1 3 7 .0 5 15 4 .4 5

TRANSFER PRICE AT 8554 LOAD FACTOR
WITH %  HOI 3 6 9 .4 5 416.29 3 8 1 .9 8 1 6 5 .7 7 13 0 .6 1 14 6 .2 7
WITH Z% HOI 4 2 2 .8 6 477.73 423.52 245.29 182.16 206.12

a/ Battery limits plus offsites a/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating fj UNIDO assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.
0/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10jl per annum



Annex II.H Table 21. ÇO№ARISON_OPj1̂ ^̂ PETROCIôiIGAL KfANOTACTURIHGjÇOBTS_AT_DIFFEREliT LOCATION3

PRODUCTS Methanol from naphtha PLANT SIZE: 640,000 ton/year

LOCATION U.S. GULF COAST F.R.l. JAPAN FAR rh\S'n MEXICO ARID’AT OIJLF

FEEDSTOCK raphtha naphtha naphta
FEEDSTOCK PRICE, «/ton 439*00 445.00 379.00
LOCATION FACTOR 1 .0 0 1 . 1 5 O.9 0
FIXED CAPITAL COST,5/ « million 1 5 2 .7 0 16 8 .0 0 145.10
WORKING CAPITAL, « million 35*58 35.24 ЗЗ.9 6

UNIT INVESTMENT COST, t million/ton/a 2 3 8.6О 262.50

PRODUCTION COST: «/ton jS «/ton * •• if О 9 * $/ ton # «/ton % S/ton jS
FEEDSTOCK 230.47 54*3 233.62 5 5 .6 19 8 .9 7 49.4
ENEROT
BY-PRODUCT
OTHER DIRECT COSTS5/

10 9 .8 8 2 5 .9 97.47 2 3 .2 1 1 9 .9 5 29.8

22.11 5.2 23.94 5 . 7 2 5 .2 5 6.3
GENERAL OVERHEAD 
OTHER FIXED COSTS5/

2 0 .2 0 4 .8 20.01 4 .8 1 9 .1 8 4 .8
1 7 .6 7 4.2 18.98 4 .5 1 6 .6 9 4.1

NET CASH COST
a /

400.34 94-4 394.03 93Л 380.04 "94.4
DEPRECIATION® 2 3 .8 6 5 .6 26.25 6.2 22.67 5.6

MET COST OF PRODUCTION (NCP)
AT 100f LOAD FACTOR 4 2 4 .2 0 10 0 .0 420715 100.0 4 0 2 .7 1 100.0
AT Ь% LOAD FACTOR 4 4З.4 1 4 4 0 .1 7 421.71
AT (,% LOAD FACTOR 472.96 4 7 1 .5 6 450.42

TRANSFER PRICE AT LOAD FACTOR
WITH %  HOI 455-34 4 5 3 .3 0 433.04
with г% hoi

1

5 0 3 .0 6 50 5.8 0 478.39

a/ Battery limits plue offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating fj UKIDO {»sumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.
c j Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10JS per annum
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Annex II.H Table 22 Cg>PARISON_OF 1985 PEragCl.EW.CU MAGACI URINÇ COSTS_AT .DIFFERENT .LOCATIONS

PRODUCTS PET from DMT PUNT SIZES 90,000 ton/year
DMT transfer price ire',,-!»- 25 % ROI in all countries. ,

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR KS ’ MEXICO ARA3U" "'¡IF

FEEDSTOCK DMT DMT DMT DMT DMT DMT
FEEDSTOCK PRICE, S/ton 1 583.OO 1 747.00 1 572.00 1 610.00 1 296.00 1 349.00
LOCATION FACTOR 1.00 I.I5 .90 1 .8 2 1.18 I.3 2
FIXED CAPITAL COST,5/ * nfUlion 79.00 8 6.9O 75.10 I4 3 .7 8 93.22 IO4 .2 8
WORKING CAPITAL, t million 3 1 .6 8 33.80 3 0 .1 3 39.03 28.28 32.25
UNIT INVESTMENT COST, S million/ton/a 877.80 9 6 5.5O 834.4O 1 597.50 1 035.80 1 15 8 .7 0

•
PHODUCTIÛK COST! $/ton % t/ton * l/ton $ 8/ton a*> $/ton % S/ton %
FEEDSTOCK L 584.58 66.4 1 748.75 6 9 .2 L 573.57 70.2 1 611.61 66*7 1 2 9 7.3O 67.5 L 35O.3 5 67.4
ENERGY 26.04 1.1 28.83 1.1 28.43 1.3 2.2 . 1 1.94 .1 1.47 .1
BY-PRODUCT -1 4 2 .7 2 -6 .0 -161.28 -6 .4 -143.06 -6.4 -8 2 .6 6 -3 .4 -.66 - . 0 -69.5O -3 .5
OTHSR DIRECT COSIS^ t! 6 3 4 .3 1 26.6 6O3.8I 2 3 .9 5 1 7.OI 2 3.O 58 2 .0 8 2 4 .4 4IO.5 6 21.3 48O.3 9 24.O
GENERAL OVERHEAD II3 .5 6 4.8 120.25 4 .8 106.77 4.8 58.92 2 .4 4 6 .9 0 2.4 4 8 .8 6 2 .4
OTHER FIXED CCBTS5' 8 1 . 1 3.4 8 8 .2 8 3 .5 76.03 3.4 8 3 .7 3 3 .5 6 3 .4 3 3.3 75-81 3.8

NET CASH COST ! 296.92 9 6 .3 2 4 2 8 .6 3 96.2 ? 1 5 8 .7 5 96.3 2 2 55.9O 9 3 .4 1 8 1 9 .4 6 94.61l 8 8 7 .3 7 94.2
DEPRECIATION5/

NET COST OF PRODUCTION (NCP) 6 3 4 .3 1 2 6 .6 96.56 3 .8 83.44 3.7 I5 9.76 6.6 IO3 .5 8 5.4 II5 .8 7 5.8
AT 100Î LOAD FACTOR r 3 8 4 .7 0 10 0 .0 2 5 2 5 .1 9 10 0 .0 ! 242.20 100.0 2 415-66 ioo’.o 1 923.04 100.0 2 OO3 .2 4 10 0 .0
AT 85$ LOAD FACTOR
AT 6536 LOAD FACTOR O9 2 .7 6 3 18 9 .4 8 ! 8 0 1.0 3 3 0 7 8 .4 9 2 3 8 3 .5 4 2 5 3 1 .9 0

TRANSFER PRICE AT 85^ LOAD FACTOR 3 416-59 3 50 9 .0 6 1 074.13 3 395.28 2 607.01 2 78 9.O6
WITH %  HOI 3 136.65 3 2 3 7 .7 6 : 8 4 2 .7 5 3 1 5 8 .3 7 2 435.32 ? 58 9 .8 4
WITH 25Ji ROI 3 312-21 3 f-CO«Orr\ 1 0 0 9 .6 4 3 477.88 2 642.48 2 821.57

y Battery limits plus offsites y Local market price
V Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory. y

y

UNIDO aesumption (see annex II.F.2)

sJ Includes plant overhead, taxes and insurance, interest on working 
capital, general administration charges, R and. D.

Includes ethylene glyool at* 
Japan, J1178/ton; Far East, 
11006/ton.

U.S. Gulf, $1251 /ton} F.R.G., *U13/tonj 
#l378/ton; Mexioo, (942/tont Arab Gulf,

y At \0ji per annum
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Annex II.H Table 23. CavPARISOK^OF 1985 PETROCHEKICAL /^WAÇTURING COOTS AT DIFFERENT LOCATIONS

PRODUCT: PET from DMT PLANT SIZE: 90,000 ton/year
DMT transfer price • 'Imo..- 5 % ROI

in all countries.

LOCATION U.S. GULF COAST F.R.G. JAPAN -Vi» nvi’ MEXICO A R A B I A ”  '•iLF

FEEDSTOCK DMT DMT DMT DMT DMT DMT
FEEDSTOCK PRICE, $/ton 1 3 0 3 .0 0 1 4 3 6.OO 1 317.00 1 121.00 976.00 9 8 8 .0 0

LOCATION FACTOR 1.00 1.15 • 90 1 .8 2 1.18 I.3 2

FIXED CAPITAL COST,3/ S nlillion 79.00 8 6 .9 0 75.10 1 4 3 .7 8 93.22 IO4 .2 8

WORKING CAPITAL, S million 2 4 .8 2 28.22 25.54 28.37 21.18 23.81
UNIT INVESTMENT COST, * million/ton/a 877.80 9 6 5.5 O 834.40 1 5 9 7 .5 0 1 035.80 1 I5 8 .7O

PRODUCTION COST: */ton % S/ton $ $/ton % S/ton $/ton $ S/ton gf
P

FEEDSTOCK 1 304.30 71.2 1 4 3 7 .4 4 6 8 .9 1 3 1 8 .3 2 7 0 .2 1 122.12 6 3 .4 976.98 6 6 .7 988.99 65.7
ENERGY 26.04 1.4 2 8 .8 3 1.4 28.43 1.5 2.23 .1 I.9 4 .1 1.47 .1
BY-PRODUCT -1 2 4 . 5 0  -6.8 -1 4 0 .3 6 -6.7 -128.89 -6.9 -56.01 -3.2 -.66 -49.26 -3 .3

OTHER DIRECT COSTS3' » 378.41 20.6 4 8 2 .3 1 2 3.I 416.41 22.2 425.88 2 4.I 2 9 1 .7 6 1 9 . 9 344.79 22.9
GENERAL OVERHEAD 8 7 .2 8  4 .8 9 9 .3 4 4 . 8 89.43 4.8 4 3.I5 2.4 35.73 2.4 36.71 2.4
OTHER FIXED COSTS3' 73.53 4.0 8 2 .0 0 3.9 70.93 3-8 7 1 .8 8 4.1 55.54 3.8 6 6 .4 1 4 . 4

NET CASH COST j/ L 745.06 95-2 1 9 8 9 .5 5 95.4 1 794.63 95.6 1 6O9 .2 4 9 1 . 0 36I.2 8 92.9 1 389.13 9 2 7 3

DEPRECIATION3' 8 7 .7 8  4 .8 96.56 4.6 83.44 4.4 I5 9 . 7 6 9.0 1 0 3 .5 8 7.1 115-87 7.7
NET COST OF PRODUCTION (NCP)
AT 1 0 #  LOAD FACTOR L 8 3 2 .8 4 1 0 0 .0 2 086.10 100,0 1 8 7 8 .0 7 1 0 0 .0 1 769.00 100,0 4 6 4 .8 6 100.0 1 5 0 5 .0 0 10 0 .0

AT 8 #  LOAD FACTOR l  233.86 2 602.66 2 3 1 4 .5 9 2 2 4 3 .1 9 782.22 1 870.33
AT f> %  LOAD FACTOR J 4 5 2 .7 8 2 8 6 8 .4 1 2 543.15 2 493.44 955.80 2 070.61

TRANSFER PRICE AT 85Jt LOAD FACTOR
WITH ROI ’  277.75 2 6 5 0 .9 4 2 356.32 2 323.07 8 3 4 .0 1 1 9 2 8 .2 7

WITH 2 %  HOI
.
2  453.30 2 8 4 4 .0 5 2 5 2 3.2O 2 642.58 0 4 1 .1 7 2 160.00

a/ Battery limits plus offsites e/ Local Market price

b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.2) 
supplies, operating labour, maintenance labour, control laboratory.

g j Includes ethylene glycol at: U.S.Gulf, *1209/ton{ P.R.O., *1368/ton;
c/ Includes plant overhead, taxes and insurance, interest on working Japan, *1l39/ton; Par East, J1303/ton{ Mexico, $942/ton- Arab Giü.f

capital, general administration charges, R and D. *1086/ton. ’ '
d/ At 1 #  per annum

i

i
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Annex II .H Table 24. ÇO>-ÇAKISpH_OF.19B5; PETRM^ICAL K^MUFACTURUjC COSTS AT^DIFp'EREKT LOCATIONS

PRODUCT! PET from TPA PLANT SIZE! 90,000 -ton/year
TPA transfer price 2 5 $ HOI

in all countries.

LOCATION U.S. GULF COAST F.R.G. JAPAN т?ду r*. MEXICO ARA3IA" T'LF

FEEDSTOCK TPA TPA TPA TPA TPA TPA
FEEDSTOCK PRICE, «/ton 1 353<00 1 499.00 1 477.00 1 533.00 1 269-00 1 3 5 6.OO
LOCATION FACTOR 1.00 1 . 1 5 O.9 0 1.82 1.18 1 .3 2

FIXED CAPITAL COST,2/ $ irflllion 64.73 7 1 . 1 5 23.62 1 1 7 . 8 0 76.37 85.45
WORKING CAPITAL, S  million 22.49 25.62 33.36 25.24 28.12

UNIT INVESTMENT COST, $ million/ton/a 7 1 9 .2 0 7 9O.5C 6 8 3 .4 0 1 308.80 8 4 8 .5 0 9 4 9.4 О

PRODUCTION COST! 4/ton $ t/ ton $ t/ton $ S/ton <fo l/ton $ %/ ton jo

FEEDSTOCK 1 1 5 8 .5 7 5 9 .1 1 283.59 57-9 1 264.76 6 1 . 5 1 3 2 9 .8 3 6 1 . 6 1 086.64 64.9 1 1 6 1 . 1 4  6 3 .0

ENERGY 40.77 2.1 45.12 2.0 4 4 .5О 2.2 3.49 0.2 З.ОЗ 0.2 2 . 3  0 .1

BY-PRODUCT
OTHER DIRECT COSTS2' " 5З1 .З2 2 7 . 1 616.73 27.8 5 1 5 . 7 5  2 5 .1 570.83 26.4 4 0 2 .2 4 2 4.О 4 7 1 .5 2  2 5 .6

GENERAL OVERHEAD 93.40 4.8 1 0 5 .6 2 4 . 8 52.66 4.8 52.66 2.4 4 0 .8 2 2 .4 4 4 .9 2 2 .4

OTHER FIXED COSTS5/ 6 5 . 4 2  3 . 4 87.84 4.0 68.47 3.1 71.18 3.3 5 6 .0 9 3.3 6 6 .8 5 3 . 6

NET CASH COST 1 8 8 9 .4 8 96.3 2 1 3 8 .9 1 9 6 .4 1 986.32 96. 7 2 027.99 9З.9 1 5 8 8 .8 2 9 4 .9 1 746.74 94.8
DEPRECIATION2' 71.92 3.7 79.06 3.6 68.34 З.З 1 3 0 .8 9 6.1 84.86 5 . 1 94.94 5 . 1

NET COST OF PRODUCTION (NCP)
AT 1 0 $  LOAD FACTOR 1 9 6 1 .4 0  1 0 0 .0 2 2 1 7 .9 6  100.0 2 054.67 100.0 2 1 5 8 .8 8  1 0 0 .0 1 673.68 100.0 1 8 4 1 .6 8  10 0 .0

AT 8 $  LOAD FACTOR 2 5 5 1.О5 2 8 8 5 .6 6 2 618.09 2 809.18 2 124.75 2 3 6 0 .7 0

AT 6555 LOAD FACTOR 2 820.27 3 1 9 9 .7 1 2 8 7 9.О5 3 104.77 2 333.72 2 6 0 2 .5 8

TRANSFER PRICE AT LOAD FACTOR
WITH %  ROI 2 5 8 7 .0 1 2 9 2 5 . 1 9 2 652.26 2 874.62 2 167.18 2 408.17
WITH 2 %  ROX 2 730.85 3 0 8 3 .3 0 2 788.95 3 136.40 2 336.89 2 598.06

a/ Battery limits plus offsites «/ Local market price

b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.2J 
supplies, operating labour, maintenance labour, control laboratory.

S / Includes ethylene glycol at: U.S.Oalf Coast, $125l/ton{ F.R.G.. *14l3/ton<
0/  Includes plant overhead, taxes and insurance, interest on working Japan, *1178/ton; Par East, t1378/ton: Mexico. 1942/ton- Arab Ôulf «inRKA„„

capital, general administration charges, R and D. '  ’ 1 * ,uao/ ™ n’
d/ At 10 f, per annum

I
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Annex II.H  T able  25 COMPARISON S ?  . 1 2 %  JPETRWH0iICAL^KAN№ACTORING COSTS AT _DIFFERENT _LOÇATIONS

PRODUCT: PET from TPA PLANT SIZE: 90,000 ton/year
TPA transfer price irò!'id «s 5ji HOI 

in all countries.

LOCATION U.S. GULF COAST 0 f*Ï • 1’ e * • JAPAN FAR EAST MEXICO ARABIAN O'ILF

FEEDSTOCK TPA TPA TPA TPA TPA TPA
FEEDSTOCK PRICE, S/ton 1 1 3 2 .0 0 1 2 4 5.OO 1 2 5 8.OO 1 1 3 2 .0 0 997.00 1 0 4 0 .0 0

LOCATION FACTOR 1 .0 0 1.15 O.9O 1.82 1.18 I.3 2

FIXED CAPITAL COST,5/ S million 64.73 7 I.I5 6 1 . 5 1 1 1 7 . 8 0 76.37 85.45

WORKING CAPITAL, S million 1 8 .1 8 21.40 1 9 . 9 6 2 4 .0 3 1 9 .2 0 21.17

UNIT INVESTMENT COST, S million/ton/a 7 1 9 .2 7 9O . 5 683.4 1 3 0 8 .8 8 4 8 .5 949.4

PRODUCTION COST: S/ton * l/ton % S/ton % $/ton JS $/ton t t/ton *
FEEDSTOCK 969.33 61.2 1 0 6 6 .0 9 57-7 1 077.23 62.1 969.33 6 0 .9 8 5 3 .7 3 65.3 890.55 62.8

ENERGY 40.77 2.6 4 5 . 1 2 2.4 44- 50 2.6 3.49 0 .2 3 .0 3 0.2 2.30 0.2

BY-PRODUCT
OTHER DIRECT COSTS5/®/ V 3 6 5 .4 2 23.1 487.13 26.3 4 0 2 .6 5 2 3 .2 387.63 24.4 283-54 2 1 . 7 335-82 23.7

GENERAL OVERHEAD 75.40 4.8 88.03 4.8 82.61 4.8 38.80 2.4 31.86 2.4 3 4 .5 7 2.4
OTHER FIXED COSTS5/ 60.62 3.8 83.16 4.5 59.42 3-4 6O .8 2 3.8 49.38 3.8 59.13 4.2

NET CASH COST 1 5 1 1 . 5 4 95^5 1 7^9753 "9577 1 6 6 6 .4 0 96.1 1 460.07 91-8 1 2 2 1 .5 5 93.5 1 322.37 93.3
DEPRECIATION5* 7 1 .9 2 4.5 79.06 4 . 3 68.34 3 . 9 1 3 0 .8 9 8.2 8 4 .8 6 6.5 94.94 6.7

NET COST OF PRODUCTION (NCP)
AT 100£ LOAD FACTOR 1 5 8 3 .4 7 1 0 0 .0 1 848.59 100.0 1 734.74 1 0 0 .0 1 5 9 0 .9 6 1 0 0 .0 1 306.40 100.0 1 4Ï7712 lMTo
AT 85% LOAD FACTOR 1 9 7 3 .9 1 2 359.69 2 161.70 2 021.46 1 6I5 .O6 1 7 7 3 .5 0

AT 65jt LOAD FACTOR 2 174.83 2 618.96 3 374.74 2 241.97 1 7 7 5 .3 9 1 9 5 9 . 7 1

TRANSFER PRICE AT 855b LOAD FACTOR
WITH %  ROI 2 009.88 2 399.41 2 195.87 2 0 8 6 .9 0 1 657.49 1 8 2 0 .9 7

WITH 25J» ROI
i
2 153.72 2 557.53 2 3 3 2 .5 6 2 348.68 1 827.20 2 010.86

a/ Battery Units plus offsites e/ Local market price
V  Includes other ran materials, utilities, maintenance materials, operating tj UNIDO assumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.
s !  Includes ethylene glycol at: U.S.Oulf Coast, *1209/ton; F.H.O., 11368/tonj

o j Includes plant overhead, taxes and insurance, interest on working Japan, *1139/ton; Far Bis., *1303/ton; Mexico, 1942/ton; Arab Culf,
capitalv general administration charges» R and D« $1086/ton* 9

d/ At 10)1 per annum



Annex II.H TAble 26. COMPARISON^!' VjJÔ PETROCHEMICAL iJUJUFACTURING COOTS AT; DIFFERENT1 LOCATIONS

PRODUCT: Polypropylene PLANT SIZE: 90,000 ton/уеаг

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR Г.15M MEXICO АРЛ81Л” '¡’ILF

FEEDSTOCK propylene propylene propylene propylene propylene propylene
FEEDSTOCK PRICE, $/ton 58 2.ОО 582.ОО 5 9 5 .0 0 4O3.OO I4I.OO 396.00
LOCATION FACTOR 1.00 1.15 0 .9 0 1 .8 2 1 . 1 8 1.32
FIXED CAPITAL COST, $ ntUlion 8 4 .8 0 93.20 8 0 .5 0 I5 4 .9 6 100.06 116.17
WORKING CAPITAL, $ million 10. 3Ö 11.00 1 1 . 2 9 11.73 6 .5 1 11 ¡49
UNIT INVESTMENT COST, S million/ton/a 942.20 1 О3 5.5О 8 9 4 .4 0 1 721.80 1 111.80 1 2 9 0 .7 0

PRODUCTION COSTS l/ton Jt S ft 1/ton ft S/ton ti*P j/ton $ %/ton %
FEEDSTOCK 593.64 65.0 593.64 6 3.О 6 0 6 .9 0 6З.7 411.06 48.2 143.82 З2.З 4 0 3 .9 2 49.0
ENERGY
BY-PRODUCT
OTHER DIRECT COSTŜ 107.45 1 1 . 9 I32.O5 1 4.O 1 5 1 .8 5 15.9 1 9 1 .5 4 22.4 137.65 ЗО.9 2 1 3 .1 3 25.9
GENERAL OVERHEAD 42.85 4 .8 44.85 4 .8 45.36 4.8 2 0 .8 0 2.4 10.87 2.4 20.09 2.4
OTIER FIXED COSTSr- 61.75 6 .9 6 7 .6 9 7.2 59.00 6 .2 57.33 6.7 42.35 9.5 5 7 .4 0 7.0

NET CASH COST
a/

8 0 5 .6 8 " Щ 6 3 8 .2 3 8 9 .0 8 6 3.ll 9 0 .6 680.73 79*8 334.68 75.1 694.54 8 4 .3
DEPRECIATION2' 94-22 1 0 .5 1 0 3 .5 6 11.0 89.44 9.4 I7 2.I8 20.2 1 1 1 . 1 8 24.9 I29.O8 1 5 .7

NET COST OF PRODUCTION (NCP)
AT 10$ LOAD FACTOR 899.91 10 0 .0 941.79 100.0 952.55 100.0 8 5 2 .9 0 100.0 445.86 100.0 8 2 3 .6 2 10 0 .0
AT 8% LOAD FACTOR 9 6 3.OI 1 006.61 1 0 1 9 .8 9 936.08 5О8 .7 6 9ОО.8 5
AT 6% LOAD FACTOR L 064.75 1 118.66 1 1 2 5 .8 1 1 0 7 2 .0 9 6ОЗ. 1 9 1 0 2 4 .6 7

TRANSFER PRICE AT 8556. LOAD FACTOR
KITH %  ROI L  010.12 1 05З.3 9 1 064.61 1 022.17 5 6 4.З5 965-39
NITH 2% ROI . 198.56 1 265.50 1 2 4З.5 0 1 З6 6 .5 2 7 8 6 .7 0 1 223.54

У  Battery limits plus offsites у  Local market price
b/ Includes other гаи materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 1 $  per annum



Annex II.H Table 27 COMPARISON,®’J 2 65- pktrochej.;ical M A ^ ’ACTURIHG costs a t  .DIFFERENT .locations

PRODUCT: Polystyrene PLANT SIZE: 200,000 ton/year

LOCATION U.S. GULF COAST F.R.Q. JAPAN FAR EAST MEXICO ARABIAN GULF

FEEDSTOCK styrene styrene styrene styrene styrene styrene
FEEDSTOCK PRICE, $/ton 1 €50.00 1 852.00 1 602.00 1 282.00 934.00 1 124.00
LOCATION FACTOR 1.00 1.15 0.90 1.82 1.18 1 .3 2

FIXED CAPITAL COST,5̂  S nttllion 73.42 80.74 69.63 133.62 86.63 96.91
WORKING CAPITAL, i million 48.38 54.30 39.40 28.87 34.78
UNIT INVESTMENT COST, S million/ton/a 367.10 403.70 348.10 668.10 433-10 484.50

PRODUCTION COST: t/ton $ t/ton t/ton % t/ton t/ton % t/ton $
feedstock 1 683.00 88.6 1 8 8 9 .0 4 88.6 1 6 3 4 .0 4 8 8 .4 1 3 0 7 .6 4 8 8 .1 9 5 2 .6 8 8 7 .9 1 14 6 .4 8 87.9
ENERGY — — ------

• BY-PRODUCT
OTHER DIRECT COSTS*" 4 0 .2 2 2.1 45.60 2.1 4 4 .3 0 2 .4 34.22 2.3 3 0 .3 4 2 .8 38.20 2.9
GENERAL OVERJEAD 90.46 4.8 1 0 1 .5 0 4 .8 8 8 .0 3 4 .8 36.20 2 .4 26.44 2 .4 31.82 2.4
OTffiR FIXED COSTS5/ 49.20 2.6 54.99 2.6 47.42 2 .6 39.17 2.6 31.29 2.9 39.62 3.0

BET GASH COST 1 862.87 98.1 2 0 9 1 .1 3 98.1 1 813.79 98.1 1 417.22 95.0 1 040.74 96.0 1 2 5 6 .1 2 96.3
DEPRECIATION5' 36.71 1.9 40.37 1.9 34.81 1.9 6 6 .8 1 4 .5 43.31 4.0 48.45 3.7

NET COST OF PRODUCTION (NCP)
AT 100£ LOAD FACTOR 1 8 9 9 .5 8 10 0 .0 2 1 3 1 .5 0 100.0 1 848.60 100.0 1 484.03 10 0 .0 1 004*06 100.0 1 304.57 10 0.0

AT 85jt LOAD FACTOR 1 936.45 2 172.70 1 884.55 1 5 1 4.6O 1 106.74 1 3 32 .0 5

AT 65]t LOAD FACTOR 2 012.08 2 257.22 1 958.28 1 577.31 1 153.28 1 388.41
TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  SOI 1 954.81 2 192.89 1 901.96 1 548.01 1 128.40 1 356.28
WITH 2%  ROI 2 028.23 2 273.63 1 971.59 1 681.63 1 215,03 1 453.19

a/ Battery limita plus offsites a/ Local market price
b/ Includes other ran materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex. II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.

■A / (4 i ni meimns

o/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration charges, H and D.
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Annex II.E Tabla 28. ÇOKPARI5OH OP 1905 PETROClölICAL ̂ '-ANUPAÇTURIMO Ç00T3AT_DIFKEfiENT LOCATIONS

Styrene transfer price ir 5 JÍ R0X
PRODUCT: Polystyrene PLANT SIZE: 200,000 ton/year in all countries. •

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR EAST MEXICO ARABIAN GULF

FEEDSTOCK styrene styrene styrene styrene styrene styrene
FEEDSTOCK PRICE, S/ton 1 56 6 .0 0 1 758.00 1 5 2 2 .0 0 1 128.00 834.00 1 OO9.OO
LOCATION FACTOR 1.00 1.15 0.90 1.82 1.18 1,32
FIXED CAPITAL COST,3/ $ nhllion 73.43 80.74 69.63 133.62 86.63 96.91
WORKING CAPITAL, $ million 46.06 51.71 44-96 35.16 26.12 3 1 .6 1

UNIT INVESTMENT COST, $ million/ton/a 367.10 403.70 348.10 668.10 433.10 4 8 4 .5 0

PRODUCTION COST: î/ton SÈ $/ton $ t/ton % 1/ton % t/ton $ t/ton
FEEDSTOCK 1 597.32 88.3 1 793.16 8 8 .4 1 552.44 88.1 1 1 5 0 .5 6 8 7 .1 8 5 0 .6 8 8 7 .0 1 0 2 9 .1 8 8 7 .0
ENERGY
BY-PRODUCT
OTHER DIRECT COSTŜ / 40.22 2.2 4 5 .6 0 2 .2 44.30 2.5 34.22 2.6 3 0 .3 4 3 .1 38.20 3.2
GENERAL OVERHEAD 86.11 4-8 9 6 .6 4 4 .8 83.89 4.8 3 2 .2 2 2 .4 2 3 .8 6 2 .4 28.85 2,4
OTHER FIXED COSTS3/ 48.04 2.7 53.70 2.6 46.32 2.6 37.04 2.8 2 9 .9 1 3.1 38.04 3.2

NET CASH COST 1 771.69 98.0 1 989.10 9 8.O 1 726.95 98.0 1 2 5 4.O4 94.9 934.78 95.6 1 134.26 95-9
DEPRECIATION3' 36.71 2.0 40.37 2,0 34.81 2.0 66.81 5.1 43.31 4.4 48.45 4.1

NET COST OF PRODUCTION (NCP)
AT 10$ LOAD FACTOR 1 808.40 100.0 2 0 2 9 .4 7 10 0 .0 1 761.77 100.0 1 32 0 .8 5 10 0 .0 978.10 100.0 1 182.72 100.0
AT 8$ LOAD FACTOR 1 844.30 2 O6 9 .5 8 1 796.79 1 3 5 0 .3 5 1 00 0.0 8 1 2 0 9 .39
AT 6$ LOAD FACTOR 1 917.94 2 1 5 1 .8 7 1 8 6 8 .6 3 1 4 10 .8 5 1 045.19 1 2 6 4 .1 0

TRANSFER PRICE AT 85?» LOAD FACTOR
WITH %  ROI 1 862.66 2 089.77 1 814.19 1 383.75 1 021.74 1 233.62
WITH 2% ROI 1 936.08 2 1 7 0 .5 1 1 883.82 1 5 1 7 .3 7 1 108.37 1 330.53

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.F.2) 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and L.
d/ At 10j£ per annum



Annex II.H Table 29 COMPAR1 SON OF^ 1585 PETROCIElwICAL mWAÇTURIHÇ ÇOFP3 AT _D 1FFEKENT ̂LOCATIONS

PRODUCT: PVC PLANT SIZE: 75,000 ton/year
VCM transfer price 1ne’iH«-r 25 i 801 in all countries.

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR EAST HBÇC0 ARABIAN GULF

FEEDSTOCK VCM VCM VCM VCM VCM
FEEDSTOCK PRICE, «/ton 1 148.00 1 17 4 .0 0 1 156.00 1 14 2 .0 0 5 16 .0 0

LOCATION FACTOR 1.00 1 . 1 5 0.90 1.82 1 . 1 8

FIXED CAPITAL COST,^ $ nfellion 6 9 .8 9 7 6 .9 2 66,44 127.54 8 1 .9 9

WORKING CAPITAL, $ million 15-32 1 6 .0 3 1 5 .7 6 16.43 8 .7 2

UNIT INVESTMENT COST, S million/ton/a 931.90 1 0 2 5 .6 0 8 8 5.8 0 1 700.50 1 0 9 3 .2 0

PRODUCTION COST: t/ton i t/ton i t/ton % t/ton i t/ton Ì
FEEDSTOCK 1 176.70 74.8 1 203.35 73.4 1 184.90 73.9 1 170.55 74.5 5 2 8 .9 0 6 5 .8
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS5/ 15 8 .8 2 1 0 .1 180.85 11.0 186.44 11.6 122.83 7.8 98.73 12.3
GENERAL OVERHEAD 74.90 4.8 7 8 .1 0 4 .8 76.31 4.8 38.32 2.4 19.59 2 .4
OTHER FIXED COSTS5' 69.04 4.4 75.30 4.5 66.18 4-1 69.27 . 4.4 46.67 5-8

NET CASH COST 1 479.44 94.1 1 537.60 93.7 1 513.82 9 4 .5 1 400.97 89.2 693.89 8 6 .4
DEPRECIATION5' 93.19 5-9 102.56 6.2 88.59 3-5 170.05 10.8 109.32 13.6

NET COST OF PRODUCTION (NCP)
AT 100JS LOAD FACTOR 1 5 7 2 .6 3 10 0 .0 1 640.16 100.0 1 602.41 100.0 1 5 7 1.Ó2 100.0 8 0 3 .2 1 10 0 .0

AT 85$ LOAD FACTOR 1 6 4 6 .5 6 1 7 2 1 .9 0 1 680.80 1 655-64 866.14
AT 6555 LOAD FACTOR 1 7 6 9 .7 1 1 856.78 1 8 0 5 .6 9 1 793.60 959.59

TRANSFER PRICE AT 8 5% LOAD FACTOR
WITH %  ROI 1 6 9 3 .1 6 1 773.18 1 725.09 1 740.67 920.80
KITH 2% ROI 1 8 7 9 .5 3 1 978.30 1 902.26 2 O8O.7 8 1 139.44

a/ Battery limite plue offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, 8 and D.
d/ At 10JÎ per annum

I

I
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taw II.H Table 30, COiPARlSON OF 1983 PETROCHEMICAL MANUFACTURING COSTS AT DIFFERENT LOCATIONS
« k b a a s  . s  » S 8 .i a s 1i ï <  s a-s  i s * s a s a a s 3 3 S 3 - ; s s » » *  s a a ü s s  a *  « a  . s  s « . - ,  « s  • -t * im

PRODUCT: PTC PLANT SIZE: 75,000 ton/year
VCM trtmsfer price iwn'i»'” 3 % ROI in nil countries. ,

LOCATION U.S. GULF COAST F.R.G. JAPAN PAR HAr MEXICO ARA3IAK TJLF

FEEDSTOCK VCN VCN VCN VCN VCM VCM
FEEDSTOCK PRICE, S/ton 8 85.OO 974.00 9 8 2 .0 0 8 58.OO 332.00 620.00

LOCATION FACTOR 1 .0 0 1.15 0 .9 0 1 .8 2 1 . 1 8 1.32
FIXED CAPITAL COST,*/ t «rill ion 69.89 76.92 66.44 127.54 81.99 96.09
WORKING CAPITAL, S million 12.59 13.96 13.95 13.49 6 .8 1 11.93
UNIT INVESTKENT COST, S million/ton/a 931.90 1 0 2 5 .6 0 8 85.8O 1 700.50 1 093.20 1 153.20

PRODUCTION COST: S/ton * l/ton * i/ton i S/ton 5» S/ton % S/ton J»
FEEDSTOCK 9 0 7 *12 7 0 .6 9 9 8 .3 5 70.2 1 0 0 6 .55 7l.'3 879.45 69.3 340.30 56.0 635.50 59-8
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS^ 1 5 8 .8 2 1 2 .4 18 0 .8 5 1 2 . 7 1 8 6 .4 4 13.2 122.83 9.7 98.73 16.3 211.94 19.9
GENERAL OVERHEAD 6 1 .2 3 4 .8 6 7 .7 1 4.8 67.27 4.8 30.94 2 .4 14.81 2.4 25.93 2.4
OTHER FIXED COSTS5/ 6 5 .4 0 5.1 7 2 .5 3 5*1 63.77 4-5 65.35 5.2 44.12 7.3 6 1 .6 8 5 .8

NET CASH COST 1 1 9 2 .5 7 92.8 1 3 1 9 .4 4 9 2 .8 1 324.03 93.7 1 0 9 8 .56 W.6 4 9 7 .9 6 8 2 .0 935.05 8779
DEPRECIATION̂ 9 3 .1 9 7.2 1 0 2 .5 6 7.2 88.59 6.3 170.05 13.4 1 0 9 .3 2 1 8 .0 1 2 8 .1 2 12.1

NET COST OF PRODUCTION (NCP)
AT 100jJ LOAD FACTOR 1 2 8 5 .7 6 100.0 1 4 2 2 .0 0 100.0 1 412.62 100.0 1 2b5762 io5:o 6 0 7 .2 8 lööTo 1 Ô63TÏ7 15570
AT 8556 LOAD FACTOR 1 3 5 6 .6 4 1 501.43 1 4 8 8 .9 8 1 3 5 1 .2 4 6 6 8 .9 2 1 142.98
AT 65?6 LOAD FACTOR l 4 7 3 .5 2 1 631.54 1 609.73 1 4 8 5 .1 1 7 5 9 .7 2 1 271.07

TRANSFER PRICE AT 85% LOAD FACTOR
WITH %  ROI l 403.23 1 552,71 1 533.27 1 4 3 6 .2 7 7 2 3 .5 8 1 207.04
WITH 2% ROI l 589.60 1 757.83 1 710.45 1 776.38 942.22 1 4 6 3 .2 8

&/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on uorking

capital, general administration charges, R and D.
d/ At per annum

I
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¿imex XI.H Table 31. ÇOfcPARISOT=» ’_îÿÔ PETROCltJilCAL KWWFACTURIHG COSTSJ.TJilFKEREKT LOCATIONS

PRODUCT; SBR PLANT SIZE: 35,000 ton/year
SHE transfer price i Irne'- 25 ji SOI in ail countriea.

LOCATION U.S. GULF COAST F.H.G. JAPAN FAR PAS1:' MEXICO aradia:; tjlf

FEEDSTOCK butadiene butadiene butadiene butadiene butadiene butadiene
FEEDSTOCK PRICE, l/ton 9 0 8 .0 0 944.00 992.00 729.00 606.00 7 2 5.OO
LOCATION FACTOR 1.00- 1.15 0 .9 0 1 .8 2 1 . 1 8 1.32
FIXED CAPITAL COST,3/ $ nfillion 49*40 5 4 .4 0 47.00 8 9 .9 0 58.29 6 5.2O
WORKING CAPITAL, 1 million 8 .1 9 9 .1 0 9.11 9.85 8.34 9.64
UNIT INVESTIRENT COST, t roillion/ton/a 1 411*40 1 554.30 1 342.80 2 5 6 8 .5 0 1 6 6 5 .4 0 1 862.80

PRODUCTION COST: l/ton * l/ton $ l/ton % l/ton tì*T> l/ton i l/ton %
FEEDSTOCK 661.02 38.3 723.63 37*8 7 2 2 .1 8 3 7 .7 530.71 3 6 .3 4 4I.I7 3 6 .3 5 2 7 .8 0 37.I
ENERGY
BY-PRODUCT
OTHER DIRECT CCSTS^^ 7 0 3 .7 3 4O.8 794.30 41*4 8 3 6 .3 2 43.7 533.59 3 6 .5 478.49 3 9 .4 543.37 38.2
GENERAL OVERHEAD 8 2 .1 2 4 .8 9 1 .2 5 4.8 9 1.O8 4 .8 35.66 2 .4 2 9 .6 3 2.4 34.68 2 .4

OTHER FIXED COSTS5' 136.48 7*9 1 5 1 .6 6 • 7 . 9 1 2 8 .7 5 6.7 10 5.II 7 .2 98.92 8.1 1 2 9 .5 5 9.1
SET CASH COST 1 5 8 3 .3 6 9 1 .8 1 7 6 0 .8 5 9 1 .7 1 7 7 8 .3 2 93.0 1 2 0 5.0 7 8 2 .4 1 0 4 8 .2 1 86I3 1 2 3 5 .3 9 8 6 .9
DEPRECIATION5' 1 4 1 .1 4 8.2 1 5 5 .4 3 8.1 1 3 4 .2 9 7.0 2 5 6 .8 6 1 7 .6 166.54 1 3 .7 186.29 1 3 . 1

NET COST OF PRODUCTION (NCp)
AT 10C# LOAD FACTOR 1 7 2 4 .5 0 100.0 1 9 1 6 .2 8 10 0 .0 1 9 1 2 .6 1 1 0 0 .0 1 4 6 1 .9 3 100.0 1 2 1 4 .7 5 10Ò.0 1 4 2 1 .6 8 10 0 .0
AT 85$ LOAD FACTOR 2 436.35 2 7 1 6 .4 0 2 763.20 2 OI3 .4 4 1 687.57 1 9 4 4 .3 7
AT 6535 LOAD FACTOR 2 811.23 3 1 3 5 .9 3 3 1 7 8 .3 8 2 3 4 4 .5 3 1 962.47 2 264.16

TRANSFER PRICE AT 85Ji LOAD FACTOR
WITH %  ROI 2 5 0 6 .9 2 2 794.11 2 8 3 0 .3 4 2 1 4 1 .8 7 1 7 7 0 .8 4 2 0 3 7 .5 2

WITH Z% ROI 2 7 8 9 .2 1 3 10 4 .9 7 3 0 9 8 .8 2 2 655-58 2 IO3 .9 2 2 4IO.O9

a/ Battery limite plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
ç/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10J& per annum

JJ UNIDO assumption (see annex II.F.2)
&/ Includes styrene at: tf.S.Oulf Coast, |1650/ton-, F.R.G.,|1852/ton; 

Japan, |l602/ton; Far East, |128l/ton; Mexico, 1934/ton; Arab Gulf,

I
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lunar xx.h Table 32. COMPARISONOF_ 1985 PETROCt&iICALJ'A^AÇTyftUIG_Ç0ST3_AT_LIFratffiNTLOCATIONS

PRODUCT: SBR PLANT SIZE: 35,000 ton/year
SBR transfer price includes 5 $ ROI 

in all countries.

LOCATION U.S. GULF COAST i‘ • r* • • • • JAPAN FAR EAST MEXICO АЯязт;Д GULF

FEEDSTOCK butadiene butadiene butadiene butadiene butadiene butadiene
FEEDSTOCK PRICE, $/ton 908.OO 994.00 992.00 7 2 9.ОО 606.00 7 2 5.ОО
LOCATION FACTOR 1.00 1.15 • 90 1.82 1 . 1 8 1.32
FIXED CAPITAL COST,*' t million 4 9 .4 0 5 4 .4 0 47.00 8 9 .9 0 58.29 6 5 .2 0
WORKING CAPITAL, t million 8.10 9.02 9.ОЗ 10.54 8.87 10.29
UNIT INVESTMENT COST, $ millioiv'ton/a

PRODUCTION COST: S/ton 55 t/ton # t/ton % t/ton # t/ton £ t/ton 55
FEEDSTOCK 661.02 38.8 723.63 38.2 722.18 38.1 5 3 0 .7 1 3 4 .7 4 441-17 34=fi 527.80 З5 .6
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS»1*/ 684.93 40.2 773.40 40.8 818.53 43.2 5 9 6 .2 9 39.00 526.89 41.6 6 0 2 .7 7 40.6
GENERAL OVERHEAD 81.17 4.8 9О. 1 9 4.8 90.17 4.8 37.27 2.4 30.88 2.4 36.21 2.4
OTHER FIXED COSTS5' 136.22 8.0 1 5 1.З7 8.0 12 8 .5 0 6.8 107.08 7.0 100.45 7-9 1 3 1 .4 2 8.9

NET CASH COST 1 55T3Î 9ÏT7 1 73539 9ÏT8 1 75935 9279 1 2 7 1.З6 8 3 .2 1 0 99.З8 86.8 1 2 9 8 .19 87.5
DEPRECIATION5' 1 4 1 .1 4 8 .3 1 5 5.4З 8.2 134.29 7.1 256.86 16.8 16 6 .5 4 13-2 186.29 12 .5

NET COST (F PRODUCTION (NCP)
AT 100$ LOAD FACTOR 1 7 0 4 .4 8 100.0. 1 8 9 4 .0 2 10 0 .0 1 8 9 3 .6 6 100.0 1 528.22 100.0 1 2 6 5 .9 2 10 0 .0 1 4 8 4 .4 8 100.0
AT 85# LOAD FACTOR 2 394.00 2 6 6 9 .3 2 2 7 2 3 .1 3 2 154.12 1 796.17 2 0 7 7 .6 6
AT (1%  LOAD FACTOR 2 761.63 3 0 8 0 .79 3 1 3 1 .4 4 2 5 0 9 .2 2 2 О8 9 .5 9 2 4 2 0 .1 7

TRANSFER PRICE AT 8556 LOAD FACTOR
WITH %  ROI 2 464.57 2 747.03 2 790.27 2 2 8 2 .5 5 1 879.44 > 170.80
WITH 2% ROI

.
2 7 4 6 .8 6 3 0 5 7 .8 9 3 0 5 8 .8 4 2 796.27 2 2 1 2 .5 2 2 5 4 3 .3 7

a/ Battery limits plus offsites e/ Local market price
b/ Includes other гаи materials; utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
о/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D* 
d/ At Щ  per annum

fj UNIDO assumption (see annex II.F.2)
g/ Includes styrene at: U.3.0ulf Coast, «1566/ten; F.R.O., *1759/ton; 

Japan, $1522/ton; Far Ewt, |1128/ton; Mexico, $834/ton: Arab Gulf, $1009/ton.



Annex II.H Tau.« 33.  C0KP1R1S0N 0P 1|85 PETROÇHLWCA.L KÀ1OTACTURIHG .COBK_AT^til№EREMT ̂ LOCATIONS

PRODUCT: Styrene PLANT SIZE: 260,000 ton/year
Rthyi benzene transfer price irchrier 25 j( ROI 

in all countries.

LOCATION U.S. GULF COAST F.R.B. , JAPAN FAR EAS” MEXICO ARASIAK TJLF

FEEDSTOCK ethyl benzene ethyl benzene ethyl benzene ethyl benzene ethyl benzene ethyl benzene
FEEDSTOCK PRICE, »/ton 1 140.00 1 287.00 1 108.00 886.00 649.00 787.00
LOCATION FACTOR . 1.00 1.15 0.90 1 .8 2 1.18 1.32
FIXED CAPITAL COST,^ » Allion 74.57 81.99 70.81 136.09 88.55 102.53
WORKING CAPITAL, » aillion 56.17 63.60 56.76 43-13 31.52 38.12
UNIT INVESTMENT COST, » million/ton/a 286.80 315.30 272.30 523.40 3 4 0 .6 0 394.30

PRODUCTION COST: »/ton f »/ton % »/ton f> »/ton * »/ton % l/ton $
FEEDSTOCK 1 308.72 85.0 1 477-48 85.4 1 271.98 8 5.I 1 0 1 7 . 1 3 9 0 .8 745*05 90.4 903.48 9 0 .5
EKSHOT 26.20 1.7 29.00 1.7 28.60 1.9 r.2 4 0.2 1.95 0.2 1.48 0 . 1
BY-PRODUCT -43.29 -2.8 -5 3 .9 1 -3.1 -6 3 .6 3 -4.2 -4 6 .5 0 *4.1 -3 0 .4 6 -3.7 -34.47 -3 .6
0T№R DIRECT COSTS5' 111.83 7.3 125.37 7.2 125.53 8 .4 3 7 .7 1 3.4 32.21 3.9 40.09 4 .0
OBSSRAL 0VSRH3AD 73.31 4.8 7 1 . 1 6  4 .8 2 7 .3 2.4 20.10 2.4 24.34 2 .4
OTBR FIXED COSTS2/ 34.00 2.2 38.13 2.2 33.41 2.2 2 9 .5 8 2.6 2 1 .2 8 2.6 25.73 2 .6

NET CASH COST , m m IBTT 1 ¿9M 5 1572 1 467.06 98.2 1 067.47 95.3 790.13 95.7 958.65 9 6 .0
DEPRECIATION® 2 8 .6 8 1.9 31.53 1.8 27.23 1.8 52.34 4.8 34.06 4.1 . 39.43 3 .9

BET COST CP PRODUCTION (NCP)
AT 100gC LOAD FACTOR L 539.45 îôô.TT 1 7 2 9 .9 8 10 0 .0 1 494.29 1 0 0 .0 1 1 1 9 .8 1 100.0 8 2 4 .1 9 10 0 .0 998.09 10 0 .0
AT 855C LOAD FACTOR L 578.50 1 773.62 1 534.13 1 1 5 1 .0 9 848.53 1 025.78
AT 655C LOAD FACTOR L 647.72 1 8 5 1 .0 1 1 603.77 1 201.66 8 8 4 .8 8 1 068.99

TRANSFER PRICE AT 85£ LOAD FACTOR
WITH ROI L 592.84 1 789.38 1 547.75 1 177.26 865.56 . 1 045.49
WITH 2% ROI l 650.20 1 852.45 1 602.22 1 281.94 933.67 1 124.36

a/ Battery Units plus offsites •/ Local market price
b/ Includes other ran Materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.

c/ Includes plant overhead, taxes and insurance, interest on working
capital, general administration chargea, R and S.

àj At 10)1 per annum

l
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Annex XI.H Table 34. COMPARISON _0K iyB5 PETROCHEMICAL KANUFACTURING^COüTS =AT JDl№gK£NT _LOCATIONS

PRODUCT: Styrene PLANT SIZE: 260,000 ton/year
Ethyl benzenetransfer price 1 VO * V %  ROI

in all oountries.

LOCATION U.S. GULF COAST F.R.G. JAPAN FAR Ely MEXICO ARABIA” VJLF

FEEDSTOCK ethyl benzene ethyl benzene ethyl benzene ethyl benzene ethyl benzene ethyl benzene
FEEDSTOCK PRICE, S/ton 1  1 1 8 .0 0 1  2 6 2 .0 0 1  0 8 7.0 0 8 4 5.0 0 623 .0 0 7 5 7 .0 0

LOCATION FACTOR 1 .0 0 1 . 1 5 0 .9 0 1 .8 2 1 . 1 8 1 .3 2

FIXED CAPITAL COST,5/ $ iriillion 7 4 .5 7 8 1 .9 9 7 0 .8 1 1 3 6 .0 9 8 8 .5 5 1 0 2 .5 3

WORKING CAPITAL, $ million 5 5 .2 9 6 2 .5 9 5 5 .9 1 4 1 .4 8 30 .4 7 3 6 .9 1

UNIT INVESTMENT COST, S million/ton/a 2 8 6 .8 0 3 1 5 .3 0 2 7 2 .3 0 5 2 3 .4 0 3 4 0 .6 0 3 9 4 .3 0

PRODUCTION COST: f/ton jS $/ton $ l/ton $ S/ton fi $/ton * 8/ton $
FEEDSTOCK 1  28 3.46  8 4 .9 1  4 4 8 .7 8 8 5 .3 1  2 4 7 .8 8 8 5 .0 9 7 0 .0 6 9 0 .6 7 1 5 .2 0 9 0 .2 8 6 9.0 4 90 .3

ENERGY 2 6 .2 0  1 . 7 2 9 .0 0 1 . 7 2 8 .6 0 1 . 9 2 .2 4 0 .2 1 .9 5 0 .2 1 .4 8 0 .2

BY-PRODUCT -4 3 .2 9  - 2 . 9 - 5 3 .9 1 - 3 . 2 - 6 3 .6 3 - 4 . 3 - 4 6 .5 0 - 4 . 3 -3 O .4 6 - 3 .8 - 3 6 .4 7 - 3 .8

OTHER DIRECT COSTS» 1 1 1 .8 3  7 . 4 1 2 5 .3 7 7 . 4 1 2 5 .5 3 8 .5 3 7 .7 1 3 .5 3 2 .2 1 4 . 1 4 0 .0 9 4 .2

GENERAL OVERHEAD y 7 2 .0 3  4 .8 8 0 .9 3 4 .8 6 9 .9 3 4 .8 2 6 .1 2 2 .4 1 9 .3 5 2 .4 2 3 .4 7 2 .4
OTHER FIXED COSTS» 3 3 .6 6  2 .2 3 7 .7 4 2 .2 3 3 .0 9 2 .3 2 8 .9 4 2 .7 2 0 .8 8 2 .6 2 5 .2 7 2 .6

NET CASH COST 1 4 8 3 .9 0  9 8 .1 1  6 6 7 .9 1 9 8 .1 1 4 4 1 .4 0 9 8 .1 1  0 1 8 .5 7 9 5 .1 7 5 9 .1 2 9 5 .7 922.8 8 9 5 .9
DEPRECIATION» 2 8 .6 8  1 . 9 3 1 .5 3 1 . 9 2 7 .2 3 1 . 9 5 2 .3 4 4 .9 3 4 .0 6 4 .3 . 3 9 .4 3 4 .1

NET COST OF PRODUCTION (NOP)
AT 10$ LOAD FACTOR 1 5 1 2 .5 8  l o a o 1  6 9 9 .4 4  10 0 .0 1  4 6 8 .6 3  10 0 .0 1 0 76 .9 2 " l o o i o 7 9 3 *18  10 0 .0 9 6 2 .3 1 10 0 .0

AT 8$ LOAD FACTOR 1 5 5 1 .3 4 1  7 4 2 .7 5 1  5 0 8 .2 1 1  1 0 1 .8 7 8 1 7 .3 2 9 8 9 .7 6

AT 6$ LOAD FACTOR L 6 19 .9 7 1  8 1 9 .4 8 1  5 7 7 .2 8 1 1 5 1 .7 8 8 5 3 .2 5 1  0 32.49

TRANSFER PRICE AT 855L LOAD FACTOR
WITH $  ROI L 565-68 1  7 5 8 .5 2 1  5 2 1 .8 2 1  12 8 .0 4 834.34 1  009.48

WITH 25?o ROI L 623.04 1  8 2 1 .5 9 1 5 7 6 .2 9 1 232.73 9 0 2 .4 6 l  088.35

sf Battery limits plus offsites if Local market price
5/ Includes other raw materials, utilities, maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory. tj UNIDO assumption (see annex II.F.2)

2/ Includes plant overhead, taxes and insurance, interest on working 
capital, general administration chargea, R and D.

if At 1$ per annum

i
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Annex II^H Table 35, COKPARISON OP ig^ PETROCffiJiICAL fcANUFACTURIMG COSTS AT̂ DIFKERENT LOCATIONS Table

PRODUCT: TPA PLANT SIZE; 85,000 ton/year

LOCATION U.S. GULF COAST _ JAPAN FAR EAST MEXICO AiWl'AT GULF
FEEDSTOCK p-xylene p-xylene P-xylene p-xylane P-xylene P-xylene
FEEDSTOCK PRICE, t/ton 752.00 811.00 745-00 544.00 660.00 588.00
LOCATION FACTOR 1,00 1.15 •90 1.82 1.18 1.32
FIXED CAPITAL COST,2' t million 98.14 107.96 93.28 178.61 1 1 5 .8 0 134.45
VtORJONO CAPITAL, $ million 10.95 12.37 12.13 12.61 11.26 11.81
UNIT INVESTMENT COST, $ million/ton/a

PRODUCTION COST: S/ton % 9/ton f S/ton si S/ton * S/ton si S/ton SÎ
FEEDSTOCK 505.34 5 1 .3 544.99 5 1 . 2 500.64 4 8 .7 365-57 42.3 443.52 56.2 395.14 48.8
XREROT 58.22 5 . 9 64.44 6.1 63-55 6.2 4-98 .6 4.33 •5 3.29 .4
BI-PRODUCT
OTHER DIRECT COSTS^

-16.82 -1.6 -16.82 -1.6 -13.27 -2.1 -18.27 -2.3 -18.27 -2 .3
18 6 .9 0 1 9 .0 214.55 20.2 2 5 2 .6 7 2 4 .6 204.47 23.7 146.76 18.6 184*95 22.8

GENERAL OVERIEAD 
OTfER FIXED COSTS5/

46.87 4 .8 5 0 .6 7 4.8 48.95 4 .8 2 1 .0 6 2.4 19.23 2.4 19.76 2.4
71.49 7 .3 79.22 7.4 69.27 6.7 75-45 8-7 56.81 7.2 6 7 .2 7 8.3

HET CASH COS? a/ 8 6 8 .8 3 8373 937705* 887*1 91572*6 897*3 653.26 75-7 652.37 82.7 652.13 80.5
DEPRECIATION2' 115.46 1 1 . 7 214-55 2 0 .2 1 0 9 .7 4 10.7 210.13 24.3 136.24 17.3 158.18 19-5

BET COST OF PRODUCTION (HCP)
AT 10Ôt LOAD FACTOR 9 8 4 .2 9 10 0 .0 1 0 6 4 .0 7 1 0 0 .0 1 028.00 100.0 863.39 loc.b 788.61 100.0 810.31 100.0
AT 853C LOAD FACTOR 1 1 1 3 .6 5 1 210.89 1 203.11 1 027.35 928.97 9 60.8 5
AT (>% LOAD FACTOR 

TRANSFER PRICE AT 85Ji LOAD FACTOR
1 2 5 2 .6 5 1 365.80 1 356.98 1 205.72 0 5 8 .9 3 1 111.69

WITH %  ROI 1 1 7 1 .3 8 1 274.39 1 2 5 7 .9 8 1 132.41 997-08 1 039-93
WITH 2% ROI 1 4 0 2 .2 9 1 5 2 8 .4 2 1 477-46 1 552.67 269.55 1 356-29

a/ Battery limits plus offsites e/ Local market price
b/ Includes other ran materials, utilities, maintenance materials, operating {/ UKIDO assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10jl per annum



Annex II.H Table 36 COMPARISON OK 1^85 PETROCHEMICAL flANUFACTURUJu COSTS = AT DIFFERENT LOCATIONS

Ammonia transfer price 25 $ R0I
PRODUCT; Urea PLANT SIZE: 680,000 ton/year in all countries. ,

LOCATION U.S. CULF COAST F.R.G. JAPAN V'\u r..*S' MEXICO

FEEDSTOCK ammonia ammonia ammonia ammonia ammonia ammonia
FEEDSTOCK PRICE, S/ton 4 1 8 .0 0 5 1 6 .0 0 5 3 5 .0 0 3 3 4 .0 0 2 3 8 .0 0 2 7 0 .0 0

LOCATION FACTOR 1 .0 0 1 . 1 5 0 .9 0 1 .8 2 1 . 1 8 1 .3 2

FIXED CAPITAL COST,5/ S million 67.56 7 7 .2 2 6 4 .1 7 1 2 2 .9 6 7 9 . 7 2 8 9 .1 7

WORKING) CAPITAL, $ million 2 6 .1 3 3 2 .0 8 32.63 2 0 .9 1 1 5 .0 0 1 7 .4 5

UNIT INVESTMENT COST, % million/ton/a 99.30 1 1 3 . 5 0 9 4 .4 0 180.80 1 1 7 . 2 0 1 3 1 . 1 0

PRODUCTION COST: S/ton $ $/ton $

1

g4» $ $./ ton $ $/ton $ S/ton $
FEEDSTOCK 2 3 8 .2 6 8 0 .0 294.12 8 0 .4 3 0 4 .9 5 8I. 9 1 9 0 .3 8 8 2 .1 135.66 81.9 1 5 3 . 9 0  8O. 5

ENERGY
BY-PRODUCT
OTHER DIRECT COSTS5/ 2 6 .9 3 9.0 3 1 .6 6 8.7 30.93 8.3 IO.3 2 4.4 8 .7 0 5.3 1 2 .8 7 6 .7

GENERAL OVERHEAD 1 4 . 1 9 4.8 1 7 .4 2 4 . 8 17.73 4 . 8 5.66 2 . 4 4 .0 4 2.4 4.66 2.4
OTHER FIXED COSTS5' 8 *6 0 2 .9 11.26 3.1 9 .2 3 2.5 7 . 5 8 3.3 5 .6I 3.4 6.71 3 .5

NET CASH COST 2 8 7 .9 7 96.7 354.47 96.9 362.84 97-5 2 1 3 .9 4 92.2 1 5 4 .OI 9 2 l 9 178.15 93.1
DEPRECIATION5' 9 .9 4 3 . 3 II.3 6 3 . 1 9.44 2.5 18.08 7.8 II.7 2 7.1 1 3 .II 6.9

NET COST OF PRODUCTION (NCP)
AT 10$ LOAD FACTOR 2 9 7 . 9 1 100.0 365.82 1 0 0 .0 3 7 2 .2 8  1 0 0 .0 2 3 2.03" 100.0 1 6 5 .7 4  1 0 0 .0 1 9 1 . 2 6  1 0 0 .0

AT 85$ LOAD FACTOR 3 0 6 .0 9 375.85 381.35 2 3 8 .9 7 170.65 1 9 7 . 1 4

AT 65$ LOAD FACTOR ’2 2 .8 7 396.42 3 9 9 . 9 6 253.22 180.74 209.21
TRANSFER PRICE AT LOAD FACTOR
WITH 5$ ROI 3 1 1 .0 6 381.53 386.07 248.01 I 7 6 . 5 I 2 0 3 . 7 0

WITH 25$ ROI 3 3 0 . 9 3 404-24 404.94 2 8 4 .1 8 1 9 9 . 9 6 2 2 9 . 9 3

a/ Battery limits plus offsites «/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating f/ UNIDO assumption (see annex II.P.2) 

supplies, operating labour, maintenance labour, control laboratory.
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10$ par annum



1

Annex II.H Table 37. CON.PAfilüON OF 1̂ 85 FKTROCltJ.;K̂ L ►AKUFACTURUjG COOTS.AT.DIFVEHbKT_L0JAT10h5

Ammonia transfer price ->• 5 56 HOI
PRODUCT: Urea PLANT SI2E: 680,000 ton/year in all countries. •

LOCATION U.S. GULF COAST F.R.G. JAPAN F y/--;? MEXICO A it. Vi/." ■;TV*

FEEDSTOCK ammonia ammonia ammonia ammonia ammonia ammonia
FEEDSTOCK PHICE, 8/ton 3 56 .0 0 4 3 8 .0 0 468.00 2 2 1 .0 0 16 5 .0 0 I8 5.OO
LOCATION FACTOR 1 .0 0 1 . 1 5 O.9O CM00•ri 1.18 1.32
FIXED CAPITAL COST,5/ $ million 6 7 .8 6 77-22 64.17 1 2 2 .9 6 79-72 8 9 .1 7
WORKING CAPITAL, S million 2 2 .9 5 28.08 2 9 .2 0 1 5 . 1 1 11.25 1 3 .0 9

UNIT INVESTMENT COST, $ million/ton/a 9 9 .3 113-5 94.4 18 0 .8 117.2 I3 1.I

PRODUCTION COST: $/ton $/t on * S/ton * S/ton * S/ton $ S/ton %
FEEDSTOCK 20 2 .9 2 78.0 2 4 9 .6 6 7 8 .4 266.76 8O.4 1 2 5 .9 7 76.3 94.05 76.7 IO5 .4 5 7 4 .8
ENERGY
BY-PRODUCT
OTHER DIRECT COSTS^ 2 6 .9 3 1 0 .3 3 1 .6 6 9 .9 3 0 .9 3 9 .3 10 .3 2 6.3 8.70 7.1 12.87 9 . 1
GENERAL OVERHEAD 12.40 4 .8 1 5 . 1 7 4 .8 1 5 .7 9 4.8 4 .0 3 2.4 2.99 2 ,4 3 .4 4 2.4
OTHER FIXED COSTS5/ 8.13 3.1 10.68 3 .4 8.72 2.6 6 .7 3 4.1 5.O6 4.1 6.07 4.3

NET CASH COST 2 50 .38 96.2 3 0 7 .17 9 6 .4 3 2 2 .2 1 97.2 1 4 7.05' ■8T.0 1 1 0.8Ö 9ÖU 1 2 7 .8 3 -9 3 .7

DEPRECIATION̂ 9.94 3.8 1 1 .3 6 3 .6 9.44 2.8 18 .0 8 11.0 1 1 . 7 2 9.6 13.11 9 .3
NET COST 0? PRODUCTION (NCP)
AT 100ÇL LOAD FACTOR 26O.3I 10 0 .0 3 18 .5 2 100.0 331.65 10 0 .0 165.13 100.0 1 2 2 .5 2 10 0 .0 I4O.9 4 TÖ5.0
AT 85$ LOAD FACTOR 268.09 328.05 34 0 .2 9 1 7 1 .6 4 1 2 7 .1 5 146.49
AT 6% LOAD FACTOR 2 8 4.05 3 4 7.58 358 .02 184.99 136«66 157.88

TRANSFER PRICE AT 85> LOAD FACTOR
WITH %  ROI 273.06 3 3 3 .7 3 345.01 18 0 .6 8 13 3 .0 2 I5 3.O5

WITH 2% ROI 2 9 2 .9 3 3 56 .4 4 363.88 2 1 6 .8 5 15 6 .4 6 179.28

a/ Battery limits plus offsites e/ Local market price
b/ Includes other raw materials, utilities, maintenance materials, operating tj UNIDO assumption (see annex II.F.2) 

supplies, operating: labour, maintenance labour, control laboratory«
c/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D«
d/ At 1($ per annum
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Annoi IX.K Tali:l® 38 COJPAHÎSON OF 1585 PETROCHtlilCAL M/^WACTUHIHG C0GT3 A? DI№E!j£liT L0JATI0N5

PRODUCT: VCM PLANT SIZE: 152,000 ton/year
Ethylene transfer price : > ■ -i ̂' ~ 2555 ROI in all countries.

LOCATION U.S. GULF COAST F.R.G. JAPAN r ..., MEXICO ' -if

FEEDSTOCK ethylene ethylene ethylen ethylene ethylene ethylene
FEEDSTOCK PRICE, $/ton 9 2 7.OO 1 IO3.OO 8 2 8 .0 0 6 7 2.OO 443.00 545.00
LOCATION FACTOR 1.00 I. 1 5 O.9O 1 .8 2 1.18. 1.32
FIXED CAPITAL COST,3̂  t million 6 9 .4 6 76.29 6 5.9O 126.41 8 1 .9 5 9 1 .8 5
WORKING CAPITAL, $ million 16.43 1 7 .7 2 I6.3O 13.66 7.65 13-67
UNIT INVESTMENT COST, S million/ton/a 457-0 5 0 1 .9 4 3 3 .5 8 3 1 .6 539.1 6 0 4 .3

PRODUCTION COST: î/ton %

111 
S

1
«e 5t S/ton % S/ton * $/ton % $/ton %

FEEDSTOCK 440.32 52.0 5 2 3 .9 2 57.5 3 9 3 .3 0 47.2 3 1 9 .2 0 46.5 2 10 .4 2 60.8 258.87 49.6
ENERGY 8 4 .4 2 10.0 9 3 .4 4 10.2 9 2 .1 5 11.1 7.22 1.1 6 .2 8 1.8 4.77 0.9
BY-PRODUCT
OTHER DIRECT COST’S3̂ 202.66 2 3 .9 16 4 .9 0 I8.I 2 3 3 .7 8 2 8 .0 226.29 33.0 46.08 1 3 .3 1 5 7 .2 9 30.I
GENERAL OVERHEAD 4O.3O 4.8 4 3 .4 2 4.8 3 9 .7 0 4.8 16.73 2.4 8.44 2.4 12.74 2.4
OTHER FIXED COSTS3' 32.97 3 .9 3 6 .0 5 3 .9 3 1 .3 3 3.8 33.16 4.8 20.75 6.0 2 8 .1 5 5 -4

NET CASH COST 800.67 94*6 0 6 1 .7 3 94.5 7 9 0 .2 5 94.S 602.59 87.9 291.97 8 4 .4 461.82 8 8 .4
DEPRECIATION3' 45.70 5-4 5 0 .1 9 5.5 4 3 .3 6 5.2 8 3 .1 6 12.1 5 3 .9 1 1 5 .6 60.43 11.6

NET COST 0? PRODUCTION (NCP)
AT 100?: LOAD FACTOR 846.37 100.0 9 1 1 .9 2 10 0 .0 8 3 3 .6 1 100.0 685775 100.0 345.89 10 0 .0 5 2 2 .2 5 10 0 .0

AT 8555 LOAD FACTOR 1 0 3 4 .1 7 1 0 4 8 .8 1 l 0 4 7 .5 8 934.14 381.49 679.10
AT 6555 LOAD FACTOR 1 14 0 .9 3 1 14 4 .5 6 L I6I.7I 1 062.06 426.28 7 6 9 .2 6

TRANSFER PRICE AT 85% LOAD FACTOR
WITH 555 ROI L 057.02 1 0 7 3 . 9 0 L O6 9 .2 6 972.72 408.45 7 0 9 .3 1

WITH 25̂  ROI L 148.42 1 1 7 4 .2 8 1 I5 5 .9 7 1 I4 2.O5 5 1 6 .2 8 830.17

±j Battery limits plus offsites e/ Local market price
h/ Includes other raw materials, utilities, . maintenance materials, operating 

supplies, operating labour, maintenance labour, control laboratory.
o/ Includes plant overhead, taxes and insurance, interest on working

capital, general administration charges, R and D.
d/ At 10̂ 5 per annum

f/ UNIDO assumption (see annex II.F.2)
&/ Includes chlorine at calculated prices: U.S.Gulf Coast, *142/tonj

F.R.G., $220/ton; Japan, H98/ton; Far East, *302/ton; Mexico. *17/ton: Arab Gulf, *18l/ton. ' ' ’



Annex II.H Table 39 COMPARISON OF 1585 rbTROCIbKICAL MANUFACTURING COÌTO ip |K rïR b ST . bOJATlOKS

PRODUCT: VCK PLANT SIZE: 152,000 ton/year
Ethylene transfer price ■ ■-..> 5 $ ROI

in all countries. ,

LOCATION U.S. GULF COAST F.R.G. JAPAN V ь ; • ; MEXICO • 1 -

FEEDSTOCK ethylene et hylene ethylene ethylene ethylene ethylene
FEEDSTOCK PRICE, S/ton 5 9О.ОО 9 0 7.OC 6 5 8.OO 4 3 5.ОО 2 8 9 .0 0 3 6 6.ОС
LOCATION FACTOR 1 .0 0 1 . 1 5 О.ЗС 1 .8 2 1 . 1 8 1.32
FIXED CAPITAL COST,5/ S trillion ¿S*4h 76.29 6 5 .9 0 126.41 81.95 9 1 .З5

WORKING CAPITAL, $ million 1 3 . 1 9 I5 .S4 14.67 16. ¿S 6.16 11.95
UNIT INVESTMENT COST, S million/ton/a 457.00 5 0 1.9c 433-50 3.U. 60 539.10 5 0 4.ЗО

PRODUCTION COST: S/tor. f $/ton i S/ton i S/ton S S/ton $ 8/ton 1°
FEEDSTOCK 2 8 0 .2 5 41.5 4’0.32 5 3.О З1 2 . 5 5 4 1 . 8 2 0 6 .6 2 З6 .3 137.27 5 0 .9 1 7 3 .3 5 4 0 .1

ENERGY 84.42 12.5 9 З.4 4 11.5 92.15 12.3 7.22 1.3 6 .2 8 £•3 4.77 1 . 1

BY-PRODUCT
OTHER DIRECT COSTS5/ 202.66 30.0 I6 4 .9 0 20. 3 2 3 3 .7 8 31.2 226.29 39.8 4 6.O8 1 7 . 1 1 5 7 .2 9 3 6 .2

CENERAL OVERHEAD
c/OTHER FIXED COSTS-'

32.19 4.8 38.71 4.8 35.60 4.8 13.87 2.4 2 .4 IO.5 8 2 .4

30.84 4.6 34.81 4.3 3 0 .2 5 4.0 3 1 .6 6 5.6 1 9 .7 8 7 . 3 27.02 6 .2

NET CASH COST 
DEPRECIATION^/

5.' 0.35 93.2 7 6 2 .6 8 93.8 7 0 4 .3 4 94.2 4 8 5 .6 6 85.4 2 1 5 .9 9 6 0 .0 3 7 3 .5 1 6 6 .1

4 5 .7 0 6 .8 5 O .I9 6*2 4 З .З 6 5-8 &3.1Ó 1 4 .6 5 З .9 1 2 0 .0 50.43 1 3 .9

NET COST OF PRODUCTION (NCP)
AT lOOJu LOAD FACTOR 6 7 6 .0 5 1 0 0 .0 8 1 2 .6 7 IOC.O 747.69 IOC.O 568.83 IOC.O 2 6 9 .9 1  10 0 .0 4 3 3 .9 4 1 0 0 .0

AT 85# LOAD FACTOR 3 6 2 .0 5 948.70 960.75 816.44 3 0 5.OI 590.20
AT 65/0 LOAD FACTOR 

TRANSFER PRICE AT 8 5?. LOAD FACTOR
963.10 1 О4 2.3О 1 073.01 942.79 3 4 8 .7 З 6 7 9 .1 3

WITH %  ROI 834.90 973.79 982.43 8 5 8 .0 2 ЗЗ1.97 ¿2 0 *4 2

WITH Z% ROI 976.29 1 0 7 4 .1 7 1 0 0 9 .1 4 1 024.25 4 ’ 9 .8 0 7 4 1 .2 7

a/ Battery limits plus offsites <¡/ Local market price

Ъ/ Includes other гаи materials, utilities, maintenance materials, operating 
supplies, operating labour, maintenance labour, control laboratory.

c/ Includes plant overhead, taxes and insurance, interest on working
c a p i t a l ,  g e n e ra l a d m in is tr a t io n  c h a rg e s , Я and D.

f/ UNIDO assumption (see annex II*F,2)

Si Includes chlorine at: U.S.Oulf Coast, J142/ton; P.R.G., $220/ton,
Japan, «198/tonj Par East, $302; Mexico, $17/ton; Arab Gulf, $18l/ton.

d/  At 10jb p er annum

I

I
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Annex III.A Importe of selected, petrochemicals

Product

Ethylene

Propylene

Butadiene

Benzene

Region
a)

EEC Japan

World 27391 2402
CPE 0 0
Developing 16852 2402
Developed 10539 0 '
EEC 1327778 0
Japan 0
USA 10 0

World 162197 0
CPE 0 0
Developing 0 0
Developed 162197 0
EEC 945791 0
Japan 0 wm
USA 0 0

World 30338 35216
CPE 84 0
Developing 25O 0
Developed 28666 35216
EEC 288383 30699
Japan 5914 «
USA 7044 4517

World 368631 5155
CPE 107282 2196
Developing 24O67 2959
Developed 237282 0
EEC 815726 0
Japan 47092 -
USA 799B4 0



to major DMEC markets in 1979 (in tons)

b)
USA Other IMEC Import to all developed regions

Total Percentage

33388 1948S 8?6?0 100.0
0 0 0 0.0
0 0 19254 22.0

38388 19489 68416 78.0
0 18961 18961 21.6
0 0 0 0.0
■“ 526 536 0.6

238938 1151 402286 100.0
0 0 0 0.0
0 0 0. 0.0

238938 1151 402286 100.0
0 59 59 N .i.
0 0 0 0.0
«■» 1092 1092 0 .3

342457 53807 461818 100.0
0 0 84 H

4532 0 4782 1.0
337925 53807 455614 98.6
236211 3249 270159 5 8 .5

6864 13414 26192 5 .7
37144 48705 10 .5

225337 12776 611899 100.0
0 0 109478 1 7 .9

17308 0 44334 7 .2
208029 12776 458087 7 4 .9
54294 25 54319 8 .9
16555 ■ NA 64297 1 0 .5

«■ 12751 92735 1 5 .2

i

i
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Product

Xylene

Methanol

Ammonia

Polyethylene

Region EEC Japan

World 394721 99421
(PE 32610 1789
Developing 24102 15395
Developed 338009 82237
EEC 453316 3945
Japan 993 -

USA 277361 78292

World 440062 286611
CPE 59453 ■5353
Developing 284855 196366
Developed 95754 84892
EEC 540210 0
Japan 0 -

USA 38776 18319*

World 789500 32
CPE 426419 0
Developing 226179 0
Developed 136902 32'
EEC 577033 0
Japan 0 -
USA 43839 32

World 379157 12838
CPE 55263 221
Developing 3088 4637
Developed 320806 7980
EEC 2091586 1789
Japan 1573 -
USA 54142 4624

USA

205976
3988

13949
188039

5453
6894

207781
0

79953
127828

4571
0

1769852 
705012 
580038 
484002 

0 
0

61666
0

1992
59674
29671

995



Other M BS Import to

Total

•57076 757194
4066 42453
0 53446

53010 661295
18683 28081

959 8846
33142 388795

185338 1119792
20004 84810

0 561174
165334 473808
127308 131879

0 0
32371 89466

511487 3070851
109875 1241306
15 119 9 958218
250393 871329

43814 43814
1 0

187352 231223

397289 850950
7555 63039
2254 11971

387480 775940
190932 222392

294 2862
85598 144364

a ll  developed regions 

Percentage

100.0
5.6
7.1

87.3
3.7
1.2

51.3

100.0
7.6

50.1
42.3
11.8
0.0
8.0

100.0
40.4
31.2
28.4
1.4
0.0
7.5

100.0
7.4
1.4

91.2
26.1
0.3

17.0



Product Region EEC Japan USA

P o ly  World 96362 11019 9157
propylene CPE 3329 315 18

Developing 1005 1454 163
Developed. 92028 9250 8976
EEC 477024 4061 2590
Japan 5610 - 5824
USA. 14039 4730 —

Po ly World 79089 31390 9755
styrene CPE 5418 714 0

Developing 4106 12582 3
Developed 69565 18094 9752
EEC 1059014 3688 1C96
Japan 11621 - 248
USA 19615 12488 «■»

PVC World 249018 34768 88O54
CPE 64103 1523 0
Developing 33950 26627 > 36157
Developed 150965 6618 51897
EEC •-387425 2741 28827
Japan 3303 - 9318
USA 8785 3626 *■*

Polyester World 61444 11542 1446
P itre s CPE 10640 0 0

Developing . 85O 11222 888
Developed 49954 320 558
EEC . 122033 3 362
Japan 886 — 37
USA 21011 316 -



Other Hi EC Iraportto«
Total

84229 200767
162 3824
286 2908

83781 194035
31242 37893
1792 13226

44143 62912

94556 214790
316 6448
395 17086

93845 191256
35122 39906
2968 14837

49835 81938

225328 597168
5997 71623
2775 99509

216556 426036
95444 127012
1718 14333

59822 72233

55732 130164
48 10688

2015 14975
53669 104501

8615 8980
17235 18158
26179 47506

a l l  developed regions 

Percentage

100.0
1.9
1.5

96.6
18.9
6.6

31.3

100.0

89.0
18.6
6.9

38.1

100.0
12.0
16.7
71.3
21.3 
2.4

12.1

100.0
8.2

11.5
80.3

6 .9
14.0
36.5



Product Region EEC Japan USA Other 2MEC Import to  a l l  developed regions

• Total Percentage

Polyamide World 13137 1117 1537 14381 30172 100.0
Fibres CPE 923 0 0 0 923 3.0

Developing 0 112 30 0 142 0.5
Developed 12214 1005 1507 14381 29107 96.5
EES 64735 231 1079 2855 . 4165 13.8
Japan 23 - 299 221 543 1 .8
USA 6368 774 * • 9944 17086 56.6

SEg World 7235 233 18230 41777 67475 100.0
* * CPE 316 0 0 0 31' 0 .5

Developing 9 66 0 ■ • 2 0 968 1 .4
Developed 5556 233 18228 41777 65794 9 7 .5
EES 183691 15 3067 30927 34009 50 .4
Japan 61 - 13 95 171 0 .3
USA 1106 218 261 15B5 2 .3

a )'  Imports to EEC from the World and developed countries exclude EEC intra-trade  
which enters by i t s e l f  in  EEC export to  EEC.

Other S'iEC include Austra lia , Austria, Canada, Finland, New Zealand, Norway, 
Sweden and Switzerland, although not necessarily a l l  included fo r each entry.

Source: UNCTAD Computer Hun Data, UNIDO Calculations
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Annex I I I . B NMEC Capacity! Production! Consumption and' Trade 
in  Selected Petrochemical Products, 1979 

.( in  tons)

Imports Import Share a/

Product MEC Consumption Exports 'vApftdvj XTOCIuCXlOZl
Total Developing Total Developing Export/

• Countries Countries Product!on
____ — _____ :___ (3) ■ ■ (4 ) (5} (6) il) (8) (9) _ - (10) i.n ï•
Ethylene V. Europe 14709 . 12358 12211 184 17 17 0 - 1 .5

Japan 6000 4784 4734 2 2 2 0 - 0.04
USA 16800 13226 13261 3 38 0 0 0 0.02

Propylene W* Europe 8066 ‘ 6552 6164 393 25 0 0 0 6.02
Japan 4300 3 1 1 2 * 3016 96 0 0 0 0 3.1
USA 9200 6460 669ê 603 239 0 4- 0 9.3

Butadiene V* Europe 2131 1712 1174 612 74 0 4 0 35.7
Japan 800 670 688 17 35 0 5 0 2.5
USA 2000 ' 1612 1818 136 342 5 21 8 .4

Benzene V. Europe 6609 4858 5062 122 326 24 7 - 2.5
Japan 2970 2179 2011 173 5 1 3 • •• 7*9
USA 8000 576SL • 5943 51 225 1 7 4 • 0.9

Xylene W. Europe 1991 '1377 1586 195 404 24 30 1 2 14.1
Japan 1110 857 NA NA 99 15 12 2 -
USA 3050 2382 1950 638 206 14  . 9 • 26.8

Methanol W. Europe 
Japan

NA
1281

3000, , 
s é 1

449
287

285*/
196^ 31dJ

40d^ 15

USA 4200 3361 3369 200 208 80 6 2 6.0

Ammonia V» Europe BA NA NA NA 1145 377 NA NA
Japan HA NA NA NA 0 0 NA NA -
USA NA NA NA NA 1770. 581 NA NA -

Polythylene V. Europe HA 6290 5520 . 580 245 5 &
¿1 9.2

Japan 2470 2165 1869 586 13 5 1 - 17.S
USA 6250 5894 5206 750 62 2 1 — 12 .7



—  (1 ) - (2)------ \ì) U) . _ (5) T6l (7) <f9l T ïô l “ TT71----------

Polypropylene V. Europe NA 1530 1310 295 75 1 5 19
Japan 1160 1023 934 100 11 * 1 1 — 10
USA 2200 1742 1379 372 9 0 1 0 42

Polystyrene W. Europe NA 1400’ 1270 243 113 5 8 17
Japan 1390 1227 1129 129 31 13 3 1 11
USA 2400 1817 1772 55 10 0 1 0 3

iPYC W. Europe NA 4320 3930 597 207 37 5 14
Japan 2078 1592 1527 100 35 27 2 2 6
USA 3325 •2821 2675. 234 88 40 3 ' 1 8

SER W. Europe NA NA NA NA 8 1 4 * J /
Japan 1460 1107 911 196 0 0 0 0 18
USA 2200 1725 1672 71 18 x 0 1 0 4 «

r-0co
I

Source: Data on Capacity, Production -and Consumption were provided by mêsîbers 
of the UNIDO Working Group; import data were provided by UNCTAD 
secretariat calculations based on computer data provided by member 
governments; export data was calculated as (production + imports - 
consumption = exports) and verified by published national data 
where possible.

a/ Defined as imports divided by production.

b/ Defined as extra - W. Europe imports divided by intra - W. Europe imports. 

çJ Defined as imports divided by consumption.
d/ The figures are inconsistent and obviously contain an error since the 

calculated export figure is negative —  an impossibility,
-j


