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ABSTRACT 

The Saudi Arabian natural gas industry and its downstream 

activity, particularly petrochemicals, is characterized by its depen

dence on the country's crude oil production. This is because the main 

input into these industries is associated natural 9a50 

Most of the Saudi gas-based petrochemical products are sold in 

international markets where thei r cost advantage over naphtha-based 

products is directly proportional to the crude oil priceo The profits 

from Saudi natural gas and its dependent industries are influenced by 

two countervailing factors. The first is that of the level of crude 

oil production which determines the utilization level of the gas indus

try. The second is the international crude oil price on which the 

returns from petrochemicals, liquified petroleum gases and natural 

gasoline are directly proportional. This creates a tradeoff situation 

and necessitates finding a crude eil production level subject to opti

mizing the country's gas utilization system. A linear prograll'll1ing 

model is constructed to establ ish this level and to investigate possi

ble ways to satisfy the country's future gas requirement. 

The results of the model indicate that the associated gas 

produced in conjunction with 6.76 million barrels of crude cil per day 

is needed to operate the gas util ization system at capacity. However, 

the model estimates that gas associated with a daily crude oil produc

tion level of 4.35 million barrels produces the highest returns from 



the system. Furthennore, to meet the country's gas requi rements for 

1990 and 2000, based on 4.35 million barrels per day of crude oil~ the 

current daily nonassQciated gas capacity should be expanded to 2.27 

and 3.15 billion cubic feet, respectively. 

16 
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CHAPTER 1 

INTROOUCTION 

Since the mid-1970s, Saudi Arabia has been engaged in a mas

sive, hydrocarbon-based. industrial development program. This program 

has two main components. One is based on the country's crude oil in 

the form of expanding the country's refining capacity for domestic and 

export purposes. The other is founded upon natural gas associated with 

crude oil production. This study is primarily concerned with the latter 

component, that is the Saudi natural gas industry and its downstream 

uses. 

The Saudi natural gas industry and its downstream activity, 

denoted in this study as the gas utilization system, are characterized 

by their great dependence on the country's crude oil production. This 

is because the main input into these industries is associated natural 

gas. 

The starting point of the gas utilization system is a massive 

gas-gathering and processi"g program called the Master Gas System. The 

Master Gas System collects associated gas at gas-oil separator plants. 

The gas is then piped to gas plants where impurities are removed and 

hydrogen sulfide is recovered for conversion to elemental sulfur, and a 

sweet dry gas, methane. is extracted. The remaining gas liquids (NGL) 

are then fractionated into their separate components, which are propane 

and butane (LPG), ethane and natural gasoline. LPG and natural 
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gasoline are exported whi 1e ethane and methane are domestically used as 

industrial fuel and feedstock. Methane and ethane are utilized by the 

petrochemical industry to produce methanol, anunonia, ethylene and its 

derivatives. These gases are also used in a number of power genera

tion, water desalination. and other plants as fuel. 

The Saudi petrochemical industry 1s a world-scale industry, 

the products of which are mainly targeted for export due to the lack 

of a major domestic market. Saudi petrochemicals are sold in the major 

industrial regions of the United States, Western Europe, and Japan 

where they must directly compete with petrochemicals produced in these 

markets. The majority of petrochemical plants in these regions are 

based on naphtha, often produced from imported crude oil except in the 

United States. While charging the international price for LPG and 

natural 9aso1 ine, Saudi Arabia provides its petrochemical industry with 

methane and ethane gases at a price of $0.50 per million British 

thermal unit (nunbtu), which is inexpensive by world standards. In 

general, providing the petrochemical industry with inexpensive fuel and 

feedstock was meant to reduce the disadvantages of higher construction 

and transportation costs and, in some cases, to offset the high tariff 

favoring those Organization for Economic Cooperation and Development 

(OECD) petrochemical producers. 

The Saudi gas uti lization system was conceived when demand for 

Saudi crude oil was about 7.00 million barrels/day (rrmbbl/d) and grow

lng, and when crude 0; 1 prices were on the rise. Tt1e Master Gas 

System's capacity was reported to be the equivalent of processing gas 

associated with 8.5 mmbbl/d of crude oil. However, by the time most of 
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the gas and gas-dependent projects were completed, Saudi Arabia's crude 

011 production level was about half of that envisioned for the mid-

1980s. The decrease in crude oil production led to partial development 

of the country's nonassociated gas reserves so they could supplement the 

decrease in associated gas quantities. By 1986, a 1.2 billion cubic 

feet/day (bfts/d) of nonassociated gas capacity was made available to 

the gas utilization system. Although nonassociated gas can effectively 

reduce any deficiency of the methane component due to its different 

chemical composition. it cannot make up for the decrease of natural gas 

liquids. ethane, LPG~ and natural gasoline, which constitute a large 

portion of associated gas. This results in a decrease in the amount of 

LPG and natural gasoline available for exports and, therefore, a 

reduction 1n the system's revenues and profits. 

The decline of crude oil prices in the mid-1980s reduced 

feedstock naphtha prices for the OECD petrochemical producers. This 

resulted in reducing the saudi gas feedstock cost advantage. 

Because of the major role that Saudi Arabia plays in the 

international crude oil market, a tradeoff exists between the returns 

from its crude oil production level, inversely related to crude oil 

prices, and the returns from its gas utilization system. On the one 

hand. high Saudi crude oil production levels, low crude oil price, imply 

higher gas utilization, but lower international cost advantages for the 

country's gas-based petrochemicals. On the other, lower crude oil 

production levels (higher prices) imply for the Saudi petrochemicals a 

bigger advantage. However-; this means lower utilization levels for 



the gas system and the consequential use of the more expensive noo

associated gas. Defining the elasticities of these returns with 

respect to the variables of product mix and markets is the principal 

aim of this research .. 

Object1ve of the Study 

20 

This study acknowledges the dependence of the Saudi gas utiliza

tion system on the country's crude oil production level and the adverse 

effect of crude 011 prices on the system's returns~ this study's main 

objective 15 to define optimality for the gas utilization system under 

different scenarios of Saudi crude oil production levels and crude 011 

prices. This is done through the construction of a linear prograoming 

model that ties crude 011 production levels to the associated gas 

components and their downstream activities. 

Because the model concentrates on the phys 1 cal structure of the 

gas utilization system, it is a comparative static model that does not 

preclude investigation of optimal future strategies of gas use in Saudi 

Arabia through the imposition of "what if ... " situations. The struc

ture of the model is the same as the formal structure of a linear pro

granrning model with its components of an objective function and a set 

of constra1nts. The constraints are specified as: (1) the material 

balance equations of all the processes within the defined network and 

(2) the physical capacities of these processes. 

By introducing product costs and prices into the model, optimal 

revenues and profits are generated to aid policy makers 1n their 

decision making process. 
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Organization of the Study 

Th1s study is divided into four parts. Because a major portion 

of the Saudi Arabian gas utilization system is made up of the country's 

petrochemicai industry, the products of which are sold in the interna

tional market, and because the industry has been undergoing important 

changes globally, Chapter 2 discusses the world petrochemical industry. 

In Chapter 3, a detailed description of the Saudi gas utiliza

tion system is provided; economic and noneconomic factors are analyzed 

and the major related issues are discusseda The chapter concludes with 

unanswered questions that are covered later in the study. 

The empirical model, described in Chapter 4, is developed, 

including the objective function and the different relationships among 

the system's components. The model is applied within the context of 

three preselected Saudi crude 011 production levels. This is in answer 

to the questions raised in the conclusion of Chapter 3. The numerical 

results of the model are subjected to different sensitivity analyses to 

show how changes 1n some variables affect the results' of the model. 

The implications of these simulations, a general discussion and 

summary of the study are provided in Chapter 5. 
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CHAPTER 2 

THE WORLD PETROCHEMICAL INDUSTRY 

General Definitions 

The petrochemical industry involves numerous activities with 

highly complex interrelationships. Drawing the upstream and downstream 

boundaries is a difficult task since petrochemicals are interlinked with 

parts of the chemical industry, 011 refining, and in many cases with 

such processing industries as plastics. Generally, three main stages 

of petrochemical production are identified (OECO, 1985, p.15): 

1. Basic or primary petrochemicals, which are obtained directly 

from feedstock and have few direct end-uses.' They are chiefly con

verted into intermediate and/or finished products. These petrochemi

cals include methanol and ammonia, the elafins and the aromatics. The 

olafins include ethylene, propylene and butylene; the aromatics include 

benzene~ toluene, and xylene (BlX). 

2. Intermediate petrochemicals, which are also obtained from 

primary products, also have few direct end-uses. lhese are mainly used 

for producing petrochemical products and manufacturing many other mate

rials. Examples of intennediate petrochemicals are ethylene glycol, 

ethylene dichloride, and styrene. 

'Hethane as a fuel, for example. 



3. Petrochemical products which are used by the various end-use 

sectors without any further chemical processing. Some of these are: 

high and low density polyethylene (HOPE and lOPE), polystyrene (PS) 

and polyvinyl chloride (PVC). 

Petrochemicals are among the most energy-intensive products. 

23 

Table 1 lists the energy consumption figures (1n gigajoules/ton) for a 

number of main products and shows that only a few nonferrous metals 

requi re more energy for thei r production.. The petrochemical industry 

is dependent on the oil and gas processing industry for its energy 

requirements (OECO, 1985. p. 23). Figure 1 indicates that petrolellJm 

and natural gas products account for about 97% of the total energy 

(feedstock and fuel) used by the industry in the United States and 

Western Europe. The figure also shows that while the input mix differs 

between the two regions, the fuel to feedstock ratio is similar. 

The petrochemical industry uses three types of hydrocarbons in 

the production of its primary products: natural gas, natural gas con

densates, and petroleum products (Rudd et a1' 1 1981)g The hydrocarbons 

are utilized as folloW's: 

1. Natural gas is mainly used to supply the methane required for 

synthesizing a number of components, chiefly 8!lIIIonia and methanol. 

2. Natural gas condensates, extracted in the processing of raw 

gas, include ethane and LPG (propane and butane) that are util1zed to 

produce the olefins and the aromatics. 

3. A range of petroleum products are suitable for petrochemical 

application. from the lightest. for example, refinery gases, to the 

heaviest such as heavy fuel oil. Most of the industry's consumption, 



Table 1. Energy consumption of primary products 
(gigajoules/ton) 

Primary a 1 umi Rum 184 Ethylene 

Copper 130 Propylene 

Polystyrene 106 Methanol 

Polypropylene 97 AmIonia 

Polyethylene 87 lead 

Styrene 77 Paper 

Zinc 75 Steel 

PVC 70 Glass 

Butadiene 69 Chlorine 

Benzene 63 Cement 

SOurce: OECD (1985, p. 23). 
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however, is confined to the use of naphtha and to a lesser extent LPG 

and g8s-oil (OECD, 1985, pp. 28-29). These are also mainly utilized in 

the production of the olefins and the aromatics. 

Finally, in terms of location, petrochemical activities may be 

roughly divided into three main categories (OECD, 1985~ p. 81): 

1. Activities located close to raw material sources. Some of 

these i ne 1 ude those products manufactured from mater; a 1 s that cannot 

be economically transported over long distances. Others include those 

established to take advantage of economies of scale through optimiza

tion of a set of interdependent operations horizontally or vertically 

within huge integrated complexes. 

2. Activities that favor the proximity of markets and/or the 

existence of a well-developed industrial environment. These include 

the highly processed and differentiated products because they require 

sophisticated manufacturing techniques8 Also~ given the quantities of 

each, bulk shipment is not possible and transport economies are lost. 

3. Activities for which location is less subject to constraints, 

but more sensitive to changes in market conditions affecting the 

factors of production or the products themselves, government measures 

and strategic considerations specific to each enterprise. 

Economics of the Industry 

Like all other industrial sectors, the economics of the petro

chemical industry is generally influenced by 8. number of main factors 

such as energy prices, capital investment, general demand growth, labor 

cost, and competition with other materials. The petrochemical industry, 

however I is typically characterized as being energy and capital 
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intensive (Looney, 1982, p. 180). Hence. the energy requirement factor 

and economies of scale, which are directly responsible for this charac

terization, are d1scuased below. SOlIe of the other factors are encoun

tered later in the chapter. 

Energy Requi rement Factor 

The upstream linkage of the petrechemica1 industry to the 

petroleum and natural gas processing industries leaves the econosnics of 

the industry vulnerable to the energy factors provided by these indus

tries. The energy factor influences the petrochemical industry through 

its cost and its availability. More precisely, it affects the economics 

of petrochemical production and the deonand for petrochemicals, ulti

mately modifying the structure of the whole industry as discussed later 

in this chapter. In this section only the effect on the economicS 

of production 1s discussed, postponing the discussion of the effect on 

the demand for petrochemicals. 

The effect of the cost of energy on the petrochemical industry 

can be clearly illustrated by viewing the impact of the two oil price 

rises of the 1970s. The two oil price shocks have directly raised the 

industry's production costs (Fayed and Motamen, 1986, p. 43). Specifi

cally, the mu1tifo1d increase in crude oil prioes during the past dec

ade has been passed on, almost entirely, in the cost of petrochemical 

feedstocks, especially naphtha. For example, the almost fourteen-fold 

increase in naphtha cost between 1972 and 1980 resulted in increasing 

the share of feedstock (including fuel) cost in ethylene production in 

western Europe from ~ to 8SS, which consequently translated to an 



increase to 60% from 16% for linear low density polyethylene for the 

same period (OECD, 1985, p. 45). Figure 2 illustrates these changes. 
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As discussed earlier, the relative availability of the three 

main types of hydrocarbons in a particular region, dictates the energy 

mix used by the petrochemical industry in that region. Figure 1 shows 

that while the U.S. industry consumes about 60% petroleum products and 

37% natural gas and its condensates, the bulk of the Western Euroj:ean 

industry's energy comes from petroleum products, which amount to 90% of 

the total energy used during 1980-1981-

Historically. production of petrochemicals originated 1n Germany 

where it was based on coal. By the 19505, due to the availability of 

inexpensive gaseous and petroleum feedstocks, the United States was 

becoming one of the most dynamic centers in the world petrochemical 

industry, Although the technological information obtained frO!!': the 

postwar inspection of German plants and laboratories contributed to 

some degree to the rapid development of the petrochemical industry 

in the United States. other reasons were more important (Spitz, 1988, 

p. 59). The single most important of these was the wartime need to 

produce high octane gasoline and synthetic rubber from domestic feed

stocks. In the course of meeting this chal1enge~ petroleum refineries 

produced a large portion of 1 ighter fractions. After the war, strong 

domestic demand and the availability of inexpensive feedstock made it 

possible for the petrochemical industry in the United States to 

prosper. 
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Figure 2. The impact of the two crude 011 prtce shocks on the 
econotIIics of ethylene and linear low donstty polyethylene productton 
tn Western Europe.-SOurce: OECO (1985, p. 46). 
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In Japan and Western Europe, scarcity of natural gas and the 

weak demand for gasoline developed a heavier 011 fraction refin1ng 

1ndustry than that in the United States. Gasoline demand 1n these 

countries has generally been provided by straight-run naphtha. Despite 

thair recent feedstock flexibility efforts, J_n and the European 

Economic COIlIIIIUnity (EEC) remain dependent on naphtha as their primary 

feedstock. Figure 3 shows the u..S., West European, and Japanese 

petrochemical industries' percentage use of feedstocks 1n the produc-

tion of ethylene. Naphthe feedstock produced 83.7X of all ethylene in 

western Europe and 94.5% in Japan but only 15% in the United states 

during 1982. 

Recently, natural gas has been available to Western Europe 

through the construction of the USSR/Western Europe pipelines. some 

substitution of naphtha by natural gas is taking place but at a slow 

rate, which i. not expected to change sharply. Table 2 shows the 

long-run effect on the energy mix used 1n this region, but which is 

yet to be clearly defined. 

Once the energy mix i. determined by its cost and availability 

1n a region, the canpetit1ve position of the petrochemical industry 1n 

that region 1s established. Taking ethylene. the main indicator for 

the whole industry (Bower, 1986, p_ 16)2. as an exaaple and setting 

2Fesharaki and Isaak (1983, p~ 194) used ethylene as a surro
gate for all petrochemicals; furthermore, the Oil and Gas Journal 
singles out ethylene for a yearly issue. 
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Table 2. West European feedstock projections (%) 

Vear 

Feedstock 1990 1995 

Naphtha/gas 0; 1 

LPG 

Refinery gas 

8. Actual. 

82.8 

9.9 

7.3 

80.3 

11.0 

8.7 

Source: European Chemical News (February 22, 1988, p. 10). 

79.7 

11.3 

9.0 

aside its coproducts, gas-based ethylene plants enjoy a wide competi

tive edge over those based on naphtha and other petroleum products. 

This competitive edge stems from two main situations. First, ton per 

ton, the yield of gas-based plants, especially those based on ethane, 

1s more than double the yield from petroleum products-based plants 

(Hatch and Matar, 1981). Table 3 lists typical yields from various 

feedstocks and indicates that ethane yields 84% ethylene per ton of 

feedstock used compared to 32%-40% for naphtha. One may argue that the 

sale of coproducts from naphtha-based ethylene plants may e11minate any 

advantage of ethane-based plants. Table 4 illustrates the fact that 

even though coproducts contribution can effectively reduce total cost 

of ethylene production 1n a naphtha-based plant, and shows that it 

does not el iminate the advantage from a plant based on ethane. More

over, an additional cost may be required to sell coproducts based 
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Table 3. Typical yields from var10us feedstocks (including 
ethane recycle) 

Products (wt %) 

Aro-
Ethy- Propy- Buta- matics 

Feedstock lene lene diene (BTX) Other 

Ethane 84.0 1.4 1.4 0.4 12.8 

Propane 44.0 15.6 3.4 2.8 34.2 

n-butane 44.4 17.3 4.0 3.4 30.9 

Li ght naphtha 40.3 15.8 4.9 4.8 34.2 

Full-range naphtha 31.7 13.0 4.7 13.7 36.9 

Reformer raff; nate 32.9 15.5 5.3 11.0 35.3 

Light gas ail 28.3 13.5 4.8 10.9 42.5 

Heavy gas 01 1 25.0 12.4 4.8 11.2 46.6 

Waxy distillate 28.3 16.3 6.4 4.5 44.5 

Crude residual 21.0 7.0 2.0 11.0 59.0 

Crude oil 32.8 4.4 3.0 14.4 45.4 

SOurce: Hatch and Matar (1981, p. 71). 
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Table 4. comparison of cost configuration between naphtha
ethylene and ethane-ethylene (1983) 

Naptha Ethane 

Capacity (tons) 455,000 450,000 

Operating rata (..:) 90.0 90.0 

Battary limit capital cost (SII1III) 332.5 264.0 

Off-sita ( .... ) 112.5 70.4 

Total fixed capital ($min) 455.0 278.5 

Korfdng capital Una) 43.7 35.1 

Tot.l investment ( .... ) 488.7 313.5 

Raw ... tarial ($/ton) 707.86 211.84 

Utilities (S/ton) 67.24 55.53 

Operating expenses ($/ton) 36.73 24.99 

Labor 2.58 2.68 
SUparvisor 0.15 0.15 
Mat ntenance 34.01 22.16 

Overhead (S/ton) 141.22 92.84 

Insurance 16.30 10.31 
Oi rect overhead 1.09 1.13 
Plant overhead 23.88 16.25 
Depreciation 89.27 56.48 
Interest 10.68 8.66 

Royalty ($lton) 8.55 6.93 

By-product ($/ton) 534.33 55.69 

Net cost ($/ton) 427.27 384.44 

SOurce: Nomura Research Instituta (1984). 
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on thei r specific market condition. Second, until gas is priced in 

parity with crude oil and its products on an energy content basis, 

gas-based plants will continua to enjoy cheaper feedstock ~sts than 

petroleum products-based plants that are typically influenced by the 

fluctuation of crude oil prices. It should be noted~ however, that a 

reversal of this advantage would take place when petroleum product 

prices decl ine. For example, the decline ill the spot naphtha price by 

50% during the fi rst Quarter of 1986 was claimed to have resulted in 

the elimination of the cost advantage of ethane-based plants (Petroleum 

Intelligence Weekly. 1986). Thus, the energy factor plays a determinant 

role in establishing the Saudi Arabian petrochemical industry discussed 

in the next chapter. 

Economies of Scale 

Investment in the petrochemical industry does not vary 1n 

direct proportion to capacity, but rather according to a power factor 

lying between 0.6 and 0.7 (Kharabanda, 1979, p. 38).. Figure 4 gives a 

graphical illustration of this relationship and Table 5 lists estimates 

of the impact of plant size on transfer prices for a number of petro

chemical products. Notice that the cost advantage is generally matched 

by a similar price advantage as the size of the plant increases. For 

example, high density polyethylene (HOPE) shows 8 10% cost advantage 

for large plants over small ones which is matched by a similar price 

advantage.. Manpower and general plant overhead also appear to benefit 

in a similar way (Looney, 1982, p. 183). Economies of scale have two 

important effects (Wiseman, 1986, p. 28). First, they result in 

~--..... ~~~~~~-
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Table 5. Impact of plant size on transfer prices (United 
States Gulf Coast) 

Plant Size 

Small Medium largF.! 
(100) (200) (400) 

Product $/ton $/ton $/ton 

OMT 1,392 1,265 1,195 

Ethyl benzene 799 788 775 

Ethyl ene-propylene 685 613 582 

Ethylene-propylene butadi ene-benzene 862 772 732 

Ethylene glycol 768 740 720 

Ethylene oxide 1,015 965 902 

HOPE 1,135 1,061 1,025 

LOPE 1,079 979 913 

LLOPE 1,006 951 915 

Methanol 314 288 274 

Polyethylene terephthalate (PET) 1,924 1,741 1,620 

Polypropylene 1,067 986 938 

Polystyrene 1,146 1,068" 1,043 

PVC 1,130 1,090 1,043 

Styrene 920 893 885 

SBR 2,368 2,079 1,913 

Terephthalic acid (TPA) 1,294 1,207 1,145 

VCM 836 798 769 

Source: UNlOO (1981, p. 105). 
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petrochemical manufacture be1ng concentrated 1n a relatively small 

number of plants. second, for any given product there 1s a minimum 

economic scale of plant which 1s determined partly by the nature of the 

technology and partly by the scale on which other COIIpetitive companies 

are operating. The 110:;I11\III scale at which plants are built 1s 11mited 

by market considerations and by technological limits on the size of 

equ1""",nt. 

On a wider base, economies of scale explain Bluch of the OECD 

countries' advantage in petrochemicals (Fesharaki and Isaak, 1983. p. 

188). It may also account for underdeveloped countries shying away 

fran bu1ld1ng the1r own petrochemical industry where domestic demand 

does not justify the construction of an economical size plant. For 

exaJIII)le, In the Ph111pp1nes the demand for synthet1c polymer 1s about 

60,000 _ric tons/year (Marshall, 1980, p. 41), but an econOOllical 

plant size for such a product 1s 1n the range of 300,000 metric tonsl 

year (Isaak, 1982, p. 4). Faced with small d .... stic demand and the 

lack of marketing ability, experience, and distributing channels, 

under-developed countries would find it very difficult to market their 

surplus products. 

Although these two factors, energy requirements and economies 

of scale, greatly impact the production cost of the petrochemicsl 

industry, in recent years the fomer has emerged as the dominant one. 

In the developed countries economies of scale was reaching a plateau 

because the petrochemical industry 1n these countries was maturing. On 

the other hand, the cost of feedstock and energy outweighed the fixed 
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cost in the production of petrochemicals particularly in the production 

of basic products. For example, while the real capital cost for ethy

lene production In Western Europe tripled between 1972 and 1980, naphtha 

cost Increased 13.6 tim. (DECO, 1985, p. 46). The chenge in the rela

tive I""ortance of these twa factars during the 1970s played an essen

tial role 1n accelerating the industry's restructuring process as 

Illustrated In the r .... lnder of this chapter. 

The Traditional Structure of the Industry 

The petrochemical Industry Is a onajor part of the chemical 

industry. Because of the lack of a definitive boundary between the 

"chemical industry- and the "petrochemical industry,· these tems are 

used interchangeably in this section to provide a general picture of 

the structure of the petrochemical industry." 

Background 

The chemical industry is largei world trade in chemicals 

amounted to about .125 billion in 1979 (Chemical and Engineering News, 

1980) which roughly corresponds to $650 billion of world chemical 

production for the same year (DECO, 1980). Figures for 1982 are $140 

billion and $730 billion, respectively (UNlllO, 1985, p. 8). However, a 

large portion of this trade was within the European Connunlty. Almost 

401 of world CDIIErC8 1n chemicals 1s between members of the Connon 

0An Idea about the relative size of the petrochemieal Industry 
to that of the chemieal industry .. ay be deduced f ..... the following 
canparison. In 1983, total world trade 1n chemicals was $19,994,649 of 
which 55% to 65% was accounted for by petrocheonieals (UNlllO, 1985). 
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Market. Production and export of c_icals have traditionally been 

concentratad in the developed economies. Tha OECO and CMEA (Council 

fer Mutual Eco!!tllllic Assistance-the SOviet Block) countries account for 

almost 90S of world production at shares of 65S and 251, respectively 

(DECO, 1980). The following is a s .... ary of the structure of tha 

industry in these producing areas. 

The DECO's petroc_ical industry is often represented by that 

of the United Stetes, western Europe, and Japan (DECO, 1979). The 

Unitad states is the largest single market for chemicals in tha world, 

with estill8ted total sales of $150 billion in 1979 (Chemical and Engi

neering News, 1980). contrary to expectation, the U.S. chemical firms 

are not giant producers, rather they are surprisingly SIIall. For exalt

ple, the chemical sales of the largest c_1ea1 f1na. Du Pont, UlOunted 

to only 6X of the market in 1979 (Isaak, 1982, p. 5). Furthermore, tha 

nUllber of finns engeged in chemical production is fairly large, the 

top 50 __ anies accounting for only fIOX of cheIIical sales. Tabla 6 

lists major U.s. chemical firms ranked by thair 1979 sales. 

Examining the data in Table 6 reveals that out of tha 50 .... pa

nies listed, 14 are actually oil ccmpanies rather than chemical firms. 

Moreover, the third largest chall1cal f1m, exxon's Chanical, represents 

only 71 of Exxon's total sales. The table also indicates that, in 

gensral, diversification is a COIIIIOII characteristic of the U.s. firms. 

For example, only half of the fil'lls listed are dependent on cheonicals 

for mora than half of their sales, and only four of the firms are 

solely engaged in chemical production. -" 
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Table 6. U.S. chemical companies with chemical sales exceeding 
$500 million (1979) 

Chemical Major 
1979 Sales as PrOCh.lC6i 
Sales Percent of of Basic Industrial 

Company ($mm) Total Sales Olafins· Classification 

Du Pont 9100 77 Ves Basic Chern. 
Dow Chemical 6634 72 Ves Basic Chem. 
Exxon 5807 1 Ves Petroleum 
Union Carbide 5300 58 Yes Basic Chem. 
Monsanto 5215 84 Ves Basic Cham. 
celanese 3010 96 Basic Chem. 
W. R. Grace 2619 50 Specialty Chern. 
Shell 2599 18 Ves Petroleum 
Gulf 2437 10 Ves Petroleum 
A1l1ed Chemical 2150 50 Ves Basic Chem. 
Hercules 2039 87 Basic Chern. 
Occidental 1994 21 Yes Petroleum 
Standard (Indiana) 1958 11 Yes Petroleum 
Phillips 1693 20 Yes Petroleum 
American Cyanamid 1685 53 Basic Chem. 
Atlantic Richfield 1662 10 Yes Petroleum 
Eastman Kodak 1576 20 Ves Photographic 
Stauffer Chemical 1496 98 Basic Chem. 
ROM & Haas 1479 93 Basic Chem. 
Tenneco 1410 13 Yes Petrolewn 
Borden 1454 34 Oa1 ry Products 
Ethyl corp. 1440 87 Basic Chem. 
Mobil 1325 3 Ves Petroleum 
01 amond Shamrock 1234 52 Basic Chem. 
U.S. Steel 1207 9 Yes Steel 
FMC Inc. 1135 34 Fann Equip. 
Air Products 1062 86 Basic Chem. 
Texaco 1047 3 Ves Petroleum 
BASF Wyandotte 1045 95 Ves Basic Chem. 
Standard (Calif.) 1045 3 Ves Petroleum 
B. F. Goodrich 1041 35 Ve. Rubber 
Ashland 1017 16 Petroleum 
PPG Industries 972 31 Glass 
American Hoechst 968 82 Basic Chem. 
Mobay Chemica I. 955 100 Basic Chemo 
Union of Calif. 865 11 Petroleum 
Ciba-Geigy 844 64 Specialty Chem. 
Williams 840 49 Agri-Chem. 
Olin 823 46 Yes Basic Chern. 
Reicnhold 194 91 Basic Chem. 
Canoeo 192 6 Yes Petroleum 
Int'l Minerals 780 53 Agri-Chem. 
National Distillers 773 37 Beverages 
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Table 6.-Continued. 

Chemical M.jor 
1979 Sales as Producer 
Sales Percent of of Basic Industrial 

Company ($mm) Total Sales 01efi05 Classification 

Lubrizol 725 100 Specialty Chem. 
Dow Corning 510 100 Specialty Chern. 
Borg-Warner 595 22 Yes Automotive 
Nalco Chemical 579 100 Specialty Chern. 
AKZONA 576 57 Basic Chem. 
Fennwalt 562 52 Basic Chem. 
Nt Industries 537 30 Basic ehem. 

8. Based on reported ownership of production facilities within 
the United States. 

Source: Isaak (1982, p. 6). 



43 

Although some of the major U.S. companies have subsidiary 

marketing abroad, the U .. S. chemical industry's production is primar11y 

allied at the domestic market. About 11% of U.S. production was exported 

In 1979, with about half of that going to other GECD countries (Chemical 

and Engineering Naws, 1980). A high percentage of this trade has been 

in petrochemicals largely owing to the price subsidy U.S. firms have 

enjoyed In the fa"" of natural gas price control (OECD, 1985, p. 53). 

On the other hand, U.S. Imports for the sue year amounted to about 5JI 

of dauestic production (the majority of which was In the fa". of end 

products) leaving the united States with a chemical trade surplus of 

alllOSt $10 billion (Isaak, 1982, p. 8). 

Contrary to the U.S. industry, which Is charactarlzed by a large 

number of firms, the chemical Industry In western Europe Is dominated by 

a dozen giants. Table 7 Hsts the major western European companies and 

shows that In terms of .ale. these firms are larger than the U.S. finIS. 

An Interesting fact is that while the majority of the western European 

COIIpanies are privately held, state-owned companies also .x1stj examples 

of these are found In Italy and France (Bowar, 1986, p. 31). 

European chemical CCJllpanies are far more export oriented than 

U .. S. firms and, in general, have a better internat10nal marketing sys

tem via subsidiaries and affil1ates 1n developing countries. For ~ 

ple, in 1975 the percentage of turnover exported by Hoascht, Bayer, and 

ICI (three of the largest four fl rms) were 50%, 59% and _, respec

tively, of which about 601 went to non-EEC countrl .. ccnpared with a 

U.S. average of only 10% (iINCTAD, 1979). 



Table 7 g West European chemical companies with sales exceed
ing $500 mi 11 ion (1979) 

Company 

Hoescht (Germany) 

Bayer (Germany) 

BASF (Germany) 

ICI (UK) 

Montedlson (Itely) 

Rhone-Poulenc (France) 

OSH (Netherlands) 

AKZO (Netherlands) 

Clba-Geigy (Switzerland) 

Solvay (Belgium) 

Hoffman-La Roche (Switzerland) 

sandoz (Switzerland) 

SOC Int (UK) 

Fisions (UK) 

Albright & Wilson (UK) 

UCB (Belgium) 

Source: Isaak (1982, p. 9). 

Sales ($mI1l) 

15,653 

15,030 

14,968 

11,970 

8,498 

8,403 

6,710 

6,323 

6,220 

4,319 

3,264 

2,795 

2,704 

965 

880 

728 
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The Western European chem1cal 1ndustry exper1enced most of 1ts 

growth 1n the 1950s olld 1960s (Bower, 1986, p. 16). Since the late 

1970s, however, the 1ndustry has been plagued a 20-301< overcapac1ty 

(Isaak, 1982, p. 10). OVercapacity developed as a direct result of 

bas1ng expans10n on h1ghly opt1mistic demand growth project1ons wh1ch 

vere based on historical growth and did not foresee the events of 1973 

end 1979 (Ahearn., 1982, p. 42). Recently, overcapac1ty is being ful"

tiler aggravated by the influx of petrochemicals frotll East.rn Europe, 

the majority of wh1ch are 1mported as fulf1l1ment of buy-back compen

sation contracts, and those CClIIing fran the new producers of North 

Afr1ca and the Middl. East (Tumer and Bedore, 1979, p. 64). U.s. 

exports are also ilDJ)ortant here. 

The Japan.se 1ndustry is ccmposed of a fa1 rly large nUllber of 

med1u .... s1zed compan1es. Table 8 lists these CClIIIpanies wh1ch are gen ..... 

ally parts of the Japanese ·1ndustrial faml1ies· led by N1tsubiah1. 

The table 1ndicates thet 1n tenus of 1979 sales the largest Japanese 

CClIIIpany, N1tsubish1 Chem1cal, Is even smaller then the th1rtesnth

ranked European """pany shown 1n Table 6. 

Even though based on imported naphtha f.edstock, the Japanese 

1ndustry hod at low crude 011 prices been abl. to COIDJ)ate through 

uti1fzation of scale economies, cheaper labor and the large export 

markets of the Far East and, to a lesser extent, the Middle East. 

However, the industry has suffered greatly from the 011 price increases 

of the 1970s. Although production increased 1n 1978 and 1979, prof1ts 

were low and much of the traditional export market was lost to pro

ducers from Ta1wan and South Korea. In edd1t1on to econom1es of 
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Table 8. Japanese chemical compa.nies with sales exceeding $500 
million, (1979) 

company Sales ($,..) 

Mitsub1sh1 Chemical 2,486 

Sumitomo Chemi cal 2,225 

Asahi Chemical 2,085 

Torey Industries 1,86' 

Teljin 1,563 

Mitsui Toatsu 1,563 

Showa Denko 1,463 

Dainippon 1,283 

Mitsublshi Patch ... 1,327 

sakisul 1,182 

Mitsui Petchem 1,082 

Unitiks 781 

loyo Soda 761 

Kuraray 741 

Ilenki Kagaku Kogyo 733 

Kyowa Hakko Kogyo 701 

Mitsubishi Gas Chem 681 

Mitsublshi Rayon 673 

Kanagafuchl 641 

Tokuyama Soda 585 

Hitachi Chem 581 

Japan Synthetic Rubber 521 

SOUrce: Isaak (1982, p. 9). 
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scale, the petrochemical industry in these countries are mainly based 

an natural gas and enjoy even cheaper labor than that of Japan. More

over, Japanese companies are losing their share 1n the domestic market; 

the volume of imports has been approaching that of exports leaving Japan 

with a chemical surplus of less than $1.0 bi1l10n in 1979 (Chemieel and 

Engineering News, 1980). Recently, the Japanese industry has been 

developing capacity outside Japan util1zing export-oriented gas-based 

joint ventures 1n the M1ddle East and S1ngapore. The majority of prod

ucts from these ventures would have to be absorbed by the Japanese 

domestic market (Turner and Bedore, 1919, p. 149) and, if so, this may 

produce a chemical industry balance-af-payment deficit situation, 

making Japan a net 1mporter of chemicals by the end of the 1980s. 

The structure of the petrochem1cal 1ndustry in each of three 

major OECD reg10ns can be described as an 011gopoly which 1s IIOre 

profound on the product level. For these regions, as one moves from 

bas1c product production to end-product product1on the number of 

companies decreases, indicating a higher concentra~1on ratio for the 

latter. For example, 1n Table 6 when 1ndustrial classification 1s 

cons1dered along with sales data the figures indicate that among the 

50 companies listed only one company produces rubber and two CCIIIPanies 

produce agr1cultural chemicals. Moreover, only five companies are 

producers of specialty chemicals, which could be very well producing 

different products. This observation cannot be depicted from examin

ing chem1cal sales alone. 

The national industr1es of CHEA are coord1nated by the CMEA 

Permanent comm1ss10n for the Chemieel Industry (PCC!). Establ1shed 1n 
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1956, POO! has recannended a strategy of "n.tlonal specialization" in 

chemicals, each nat ton investing 1n complementary basic industries to 

allow for thorough integration of CMEA countries (Rajana, 1975). This 

policy, however, was generally resisted by most CMEA members who were 

more interested 1n hard currency earnings through challical exports than 

by self-sufficiency which would limit the freedcm of action of many 

Eastern European producers (OECD, 1980). 

The CMEA chemic.l industry is dependent on technology imports 

fran the west. For BX8lllPle, in 1980, .n of the 26 pl.nned or plents 

under construction in the USSR were being purchesed frem OECO finIS 

(Oil and Gas Journal, i980). However, ..... evidence suggests thet the 

CMEA countries have baen experiencing difficulties in absorbing west

ern technology In their industrial structure (DECO, 1980). 

Lastly, In spite of Its growing potential, the CMEA .. arket has 

so far ...... lned • f.irly l.rge net l.porter of petrochemlc.ls (DECO, 

1985). 

The chemical industry In developing countries accounts for the 

...... ining 101 of world production. About 6ax of ~lcal entarpri ... 

In these countries are subsidiaries of l18jor foreign firms and the 

percentage of flnns which .re directly dependent on DECO firms for 

supplies of baste chemicals 1s even larger (UNCTAD. 1979). However, 

a few countries such as Brazil, Mexico, India, Taiwan, and SOuth Korea 

have made considerable progress in developing _tic industries, and 

China's chemical production Is rapidly expanding (Marshell, 1980). 

It should be noted thet the est.blishing of • chemical/petrochemical 



industry in most of these countries was mainly a strategy of iRlport 

substitution due to the existence of large local .. ar1<ets rather then 
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an export-oriented strategy; the exception being SOIII8 Far Eastern coun

tries such as Taiwan and South Korea, in which the industry was built 

around speCialty and end products with a gradual linkage upstra .. 

(OECD, 1985, p. 89). 

Interragional chemical trade data for 1976 produce tho fol

lowing pattem (Isaak, 1982). First, llestern Europa is, by far, tho 

world's dominant exporter of cha111cals. accounting for about 50s 0" 
world exports. second, the developing world is by far the largest 

illporter of chemicals, absorbing about 501: of interragional i_rts. 

Finally. the OecD countries ara the only chenlical producars with • 

net trade surplus .. 

To Sllll up, the structure of the petrochemicel industry exhibits 

an oligopoly in which a few companies control tho production facilities, 

technology, and know-how in tho United states, Japan, and llestern 

Europe. The largest producers are characterized by an extensive degrae 

of integration, covering upstream operations such as 011 refining and 

basic products production, as well es downstream operations covering 

wide areas of final production, such as plastiCS processing and market

ing. This degree of integration f ..... on production and proc:assing 

further down to marketing of final products ensures for the .. conpanies 

a relatively stable market share and a sound base for future growth 

whne it allows them to capture more profits at certain stogas of the 

production process and to use transfer pricing. Globally, the inte .... 

regional trade pattern exhibits an even IlOre ol1gopol1st1c structure 



which makes it difficult for new producers to penetrate certain mar

kets, partly because production operations are heavily integrated and 

partly because the market is organized on the basis of long-term con

tracts between producers and users (Fayad and Motamen, 1986, p .. 66). 
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In the following section, a discussion of the major trends influencing 

the petrochemical industry and the present global changes that are 

taking place is provided. 

Major Trends 

Prior to the escalation of energy prices in the 19705, the 

petrochemica 1 industry was described as one of high fixed and low 

variable costs at about 70% to 30%~ respectively (Bower, 1986, p. 74). 

On the demand side, the industry enjoyed high growth during the 1950-

1970 period which stelMled from an expanding end-use base and rapid 

technological innovation (Fayad and Motamen, 1986, p. 7). Four major 

factors favored this high growth (Ahearne, 1982~ p. 42). Two of these 

were low-cost factors-cheap energy prices and economies of scale-and 

two were high-demand factors--substitution and GDP growth. However. 

by the beginning of the 1980s, these factors, at least in Western 

Europe and Japan, failed to continue the high growth. 

The oil price increases during the past decade greatly affected 

the structure of production cost of petrochemicals by reversing the 

high fixed cost/low variable cost ratio. Pressed by higher energy 

costs, the petrochemical industry had by the early 1980s become 8 ~lgh 

variable cost industry (Bower, 1986, p. 19). The example glven at 

the end of subheading "Economies of Scale" (p. 35) illustrates this 
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reversal. Fayad and Motamen (1986, p~ 53) argued that the canpetitive 

positiQn of many firms in the industry had deteriorated 1n favor of 

those enjoying cheap energy and, ultimately, speeded up introduction 

of new ones~ They concluded that in the OECD countries, petrochemical 

companies that were subsidiaries or aff11 istes of 011 companies became 

more competitive than companies that were involved only 1n petrochemi

cal production with no access to cheap feedstocke Their argument, hcnr 

ever, implies that the vertically integrated companies subsidize their 

subsidiaries and affi liates with cheap feedstock and does not provide 

the reason for doing it. Moreover, their argument does not account for 

the shifting trend in feedstock use from naphtha to natural gas. 

During the 1970s petrochemical producers in the United States 

using natural gas condensates did not experience the wide feedstock 

price variations thei r Japanese and European counterparts suffered. 

This was due to the fact that while naphtha has other competing appli

cations ethane, a natural gas condensate, is al~st exclusively used as 

a petrochemical feedstock. Domestic price controls have also served to 

hold down ethane, propane and butane prlces. Ethane and propane prices 

in the United States have remained below comparable global naphtha 

prices in equivalent energy units. By 1981 this feedstock price advan

tage gave U.S. producers a 40% cost advantage (OECD, 1985? p. 70). 

Figure 5 shows the trends in feedstock prices in the United States and 

Western Europe from 1972-1983. Table 9 demonstrates the average cost 

advantage enjoyed by U.S. producers over their Japanese and Western 

European counterparts in 1980. 
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* Three fi rst quarters. 

Figure 5. Trends in feedstock prices in the United States and 
Western Europe (1972-1983).--Source: OECO (1985, p. 55). 



Table 9. Average cost advantage for American petrochemical 
producers over European and Japanese petrochemical producers (1980) 

Average Cost 
United States Price Advantage 

Product ($/ton) ($/ton) 

Ethylene glycol 540 120 

LDPE 950 160 

Styrene monomer 795 140 

Polystyrene 935 135 

Para-xylene 630 110 

Polypropylene 700 100 

Acrylonitrile 760 130 

Vinyl acetate monomer 640 200 

Source: CECD (1985, p. 70). 
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The change 1n the structure of petrochemical production costs 

has also attracted hydrocarbon-rich countries to establish and/or 
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expand their own petrochemical industry; the high fixed-cost component 

in product cost structures was no longer an obstacle to these countries~ 

With the exception of Canada, the majority of these new producers are 

developing countries which saw many benefits in petrochemical produc

tion. Backed by a huge financial surplus from oil revenues, these 

countries saw the opportun1ty to absorb some of the surplus through 

developing their own gas-based petrochemical industry which would add 

value to their crude production by utl1izing the then flared associated 

natural gas while diversifying their industr1al base, thus reducing 

thai r dependency on crude oil exports. 

The dramatic 011 price increases of the 19705 also reversed a 

long-term trend of lower relative prices for synthetics vs. natural 

products (Bower~ 1986~ p. 20). However, it should also be noted that 

petrochemical producers tend to raise their product prices as soon as 

oil or naphtha p"r1ce rises are announced; in 1914 product prices for 

most petrochemicals rose at higher rates than those of oil (European 

Plastic News, October 3, 1975). Additionally, producers resist any 

downward trend in prices, even if oil prices are stagnant or declining 

in real terms, as has been the case during 1981-1983 when petrochemical 

products' prices continued to r1se despite the relat1ve decline in oil 

prices over th1s period (Plastic Industry Eurooe, March 1983).. This 

may be due to the fact that· they are bound by long-term contracts to 

supply their feedstock which means that their supply prices do not 

react to crude 011 prices in the short. run. When crude oil price rises 



they can raise their product prices and maintain their profits without 

having to explain the reason for doing so, assuming that other energy

dependent products~ prices are also raised. 
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While petrochemical products' prices were rising, end-usa mar

kets were being saturated (Fayad and Motamen, 1986, p. 18). Figures 6 

and 7 illustrate the saturation situation for Europe. Figure 6 indi

cates that ethylene penetration in Europe was clearly coming to an end 

in the mid-1970s and figure 7 specifies that it is the derivatives of 

ethylene that are responsible for much of the slowdown in growth (note 

that for a symbolic view all the products are located on the same 

curve)g The main reason for this is that the specialty and f1ne chemi

cal manufacturing sector could not absorb the whole amount of deriva

tives being produced (DECO, 1985~ p. 81). 

Coupled with the above factors, the global recession of the 

early 19805 greatly influenced the industry~s growth rates. While the 

industry grew at rates 30% to 50% faster than the GNP's of the indus

trialized .countries during much of the postwar period (Bower, 1986, p. 

16), and although growth rates during the 1970s were above 10%, these 

rates dropped to under 3% for most basic petrochemicals by the early 

19805 (Table 10). 

Meanwhile, especially in Western Europe, new capacity was being 

added to meet the highly optimistic demand forecasts made in the 19705. 

Figure 8 contrasts the actual vs. forecast ethylene consumption for 

Western Europe between 1972-1980. This added capacity resulted in 

lowering the capacity utilization level for most of the OECD producers 
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Figure 6. western EUrope ethylene penetration (ratio of ethy
lene demand to industrial production.-SOurce: OECD (19S5, p. BO). 



EMBRYONIC GROWTH MA.TURE 

ADS : Acrylonitri1e Butlldiene 
Styrene Resin 

PP : Polypropylene 

HDPE: High Density Polyethylene 

LDPE: LON Density Polyethylene 

ED : Ethylene Olide 

PVC: Pclyvinyl Chloride 

S8R : Styrene Butadiene Rubber 

F1gure 7. Typical maturity curve for the European petrochem
ical industry.-Source: OECD (1985, p. 80). 
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Table 10. Growth of demand for selected petrochemical products 
(X per annum) 

Basic Petrochemicals 

Ethylene 
Propylene 
Butadiene 
Benzene 
Xylene 
Methanol 

Thermol:'! 1 ast i cs 

LOPE 
HOPE 
PP 
PVC 
PS 

Basic Petrochemicals 

Ethylene 
Propylene 
Butadiene 
Benzene 
Xylene 
Methanol 

Thermo~lastics 

LOPE 
HOPE 
PP 
PVC 
PS 

1975-1979 1980-1985 

World Total 

11.2 1.5 
11.8 3.0 
8.8 2.9 

11.0 1.8 
11.8 2.7 
10.7 3.1 

10.3 4.3 
17.9 5.9 
20.4 6.4 
11.4 4.0 
11.9 3.6 

Industrial ized Countries 

10.4 1.0 
8.7 2.7 
7.8 2.4 

10.8 1.4 
9.3 2.0 

10.1 2.8 

11.3 3.5 
16.9 5.5 
19.0 6.0 
10.6 3.3 
11.2 3.1 

1985-1990 

3.7 
3.7 
5.1 
2.3 
2.6 
4.4 

5.0 
5.1 
6.6 
3.9 
3.5 

2.8 
3.4 
4.7 
2.0 
1.7 
3.8 

4.8 
5.0 
6.5 
3.4 
3.2 



BasiC Petrochemicals 

Ethylene 
Propylene 
Butadiene 
Benzene 
Xylene 
Methanol 

Thermoplastics 

lOPE 
HOPE 
pp 
PVC 
PS 

1975-1979 1980-1985 

Developing Countries 

24.0 
26.0 
18.9 
12.8 
41.4 
22.9 

19.1 
24.4 
28.7 
16.1 
18.1 

7.5 
7.0 
7.5 
7.2 
9.5 
7.4 

8.4 
8.3 
8.2 
7.8 
6.7 

Source: Fayad and Motamen (1986). 
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1985-1990 

7.4 
6.3 
7.8 
5.9 
8.5 

10.0 

5.7 
5.4 
7.4 
6.3 
5.2 
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Figure 8. Projection and actual ethylene conSUllPtion in the 
European Economic Ccamunity (1972-1983).--SOurce: Ahearne (1982, p. 
43). 
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as indicated by Table 11, which shows the excess capacity for 1982 exp ..... 

rienced by the traditional petrochelllical producers. For comparison pur

poses, Table 12 contains forecasts of west European ut11ization levels 

for the i985-2ooo period. The high utllizatlon levels are explained in 

the following section. 

Although it seems that the two all price shocks caused many 

problems for the patrocheloica1 industry in many OECD countries, the 

fact of the matter is that the industry in the traditional centers was 

showing signs of maturity and that energy price increases mainly 

speedsd up this process. The IIIIlny causes of this process 11e on beth 

the supply and the demand sides and, although some have a connection 

with changes in the energy situation, others 888111 to have none. same 

of the IIOre illlJlOrtant of these causes are su_rizsd below (0£00, 1985, 

p. 75). 

1. on the supply side, many basic pet_ica1 technologies had 

matured by the early 1970s. The banefits to ba gained by increasing 

plant size and by ener~ving procedures hsd reached a plateau. 

2. on the demand side, the field of potential application had 

narrowed, both for new uses and as substitutes for other materials, 

in existing 118rkets which hsd been considerably extended during the 

previous 15 years. In some limited cases, specific factors have even 

reversed the sUbstitution process; the requirement of more natural 

rather than synthetic rubber for radial tire production is an ex_1e 

of this reversal. 



Table 11. Excess ethylene capacities of OECD countries-end 
1982 (nm tons) 

Capacity 

Production" 

Excess 

a. Includes exports. 

SOUrce: Binder (1983, p. 840). 

western 
Europe 

15.0 

10.2 

4.8 

USA 

18.0 

11.2 

6.8 

Japan 

6.0 

3.6 

2.4 

Table 12. Western European utilization levels (1985-2000)-

Capacity Production I< 
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Year (nm tons) (II1II tons) utilization 

1985 13.3 12.1 91 

1986 13.2 12.7 96 

1987 13.8 13.6 98 

1988 14.2 13.2 86 

1990 15.4 13.2 86 

1995 16.6 14.3 87 

2000 17.0 15.8 93 

a. Asswnes 2.0 growth rate between 1986-2000. 

Source: Eurooean Challical News (March 7 t 1988, p. 19). 



Among the causes partly attributable to the energy situation, 

the more important seem to be: 
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L The change of direction in the long-term trend of relative 

prices for various products. This was, for a very leng time, highly 

favorable to petrochemicals. Table 13 shows trends in relative prices 

of various materials "in the United Kingdom during the past three dec

ades and indicates that the price edge for petrochemicals over compet

ing materials had continuously strengthened during the 1950s and 19605. 

The two all price shocks combined with a number of other factors (in

cluding the end of economies of scale, mentioned above) halted this 

long-term trend. Since 1973, petrochemicals, especially plastics, 

ceased to widen their competitive price advantage over their rivals. 

Indeed, the 1973 oil crisis caused an extremely abrupt reversal of the 

price trend (Figure 9). 

2. Changes in the relative importance of the various qual itative 

factors governing the competitiveness of variouS materials seem to have 

been minor by comparison with other factors mentioned. More impor

tantly, many of them are difficult to 1dentify and/or measure. The 

1973 oil crisis seems to have encouraged and even promoted changes in 

the attitude of users and consumers of materials. Two things may 

exemplify these changes. First, the fear of oil shortages encouraged 

many potential users to shy away from the most oil-dependent materials. 

Second. on the consumers' side. the energy conservation issue may have 

contributed to the re-evaluat10n of some aspects concerning petrochemi

cal use such as longer product life and waste prevention for which the 

majority of petrochemicals are not known. 
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Table 13. Trends in the relative prices of various materials-
United Kingd ... 

1954 = 100 Annual Growth Rate 

1966/ 1966/ 1976/ 
1954 1966 1976 1980 60 76 60 

Plastics 100 75 171 266 9.5 8.6 11.9 

Coppor 100 224 421 480 5.6 6.5 3.3 

Paper 100 120 377 558 11.6 12.1 10.3 

Steel 100 137 362 647 11.1 10.2 15.6 

WOOd 100 125 355 692 13.0 11.0 18.2 

Aluminum 100 104 263 428 10.8 9.7 13.0 

Source: OECO (1985, p. 75). 



PRICING PATTERN OF ETHYLENE IN THE UNITED KINGDOM. t95&-117& 

PRICING PATTERN OF LOW DENSITY POLYETHYLENE 
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Figure 9_ Effect of crude 011 price increases on petro
cheIIicals price trend_--Souroe: OECO (1985, p_ 76)_ 
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Changes in the Structure of the Industry 

As discussed so far, the petrochemical industry in the tradi-

tional producing regions has been undergoing a maturity process that 

started in the early 19705. Many factors are responsible for this 

process of which the energy situation was the most responsible for its 

acceleration. In this section, some of the major changes 1111 the struc-

ture of the industry are discussed.. For clarity. these changes are 

discus~ed on three levels; changes that are tak.ing place on the company 

level r changes occurring at the regional level, and finally, changes 

occurring on the international level. Further, changes that are taking 

place on the international level involving the traditional and new pro-

ducing regions are discussed in terms of location and trade patterns. 

This is followed by a summary of the impact of the emerging patterns 

on the OECD producers and their response. To avoid indulging 1n the 

particulars of each change, changes are generally viewed from the 

energy situation point of view. 

Changes in companies' Operations 
Due to the Energy Situation 

Until recently, many companies tended to pursue a strategy that 

did no more than mitigate the effects of changes in the prices and 

availability of feedstock by rationalizing their use, hoping to main-

taln their competitiveness and preserve their market share. To cope 

with increasing feedstock and fuel prices many companies introduced 

energy-related saving measures to reduce their production cost. 

"Housekeeping" measures aimed at reducing energy losses and increasing 
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efficiency, 1n addition to measures aimed at improving input flexibility 

to accept a range of feedstocks, were adopted. The successful 11% and 

6% reduction of energy use in the production of methanol in 1914 and 

after the second oil shock~ respectively, and the improved flexibl1ity 

of ethane and naphtha-based crackers serve as examples of these mea-

sures; the first an example of the former and the second of the latter 

(OECD, 1985, p. 40). The collective result of these measures trans-

lated into a reduction in total energy consumption by the whole lndus-

try. Figure 10 shows an approximate 111ustration of the energy saved by 

the industry throughout the OECD area. However, the increased saving of 

energy by the industry was not effective 1n solving the industry's 

overcapacity problem. The reason for this is that the imbalance between 

supply and demand klas not caused by higher energy prices alone, but also 

by add1tional factors that were emerging over time (see text under 

subheading "Major Trends" (p. 50». 

Reaction to the Energy Situation 
by the Traditional Producers 

The Situation that developed after 1973 profoundly altered 

the production cost structure of the major petrochemical products and 

started a change in the role of the main players in the industry, 

mainly the chemical companies and chemical subsidiaries of oil compa-

nies. The major chemical companies became anxious about the security 

of their raw materials at the same time they were facing increasing 

competition from the chemical subsidiaries of the 011 majors. The oil 

companies on the other hand were trying to dlversify their operations 
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Figure 10. OECD petrochelllieal Industry: Evolution of energy 
consllllption and productlon.--source: OECD (1985, p. 36). 
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and benefit fl"Clll the new situation In which the role of feedstock as an 

important production cost oomponent had become more p ..... inent. 

To obtain SOllIe feedstock independence f ..... the all _i ••• 
the chemical companies, especially Western European and Japanese c0m

panies that were dependent on petrolellll products. reacted in three ways 

(Fayed and Mot .... n. 1986. Chapter 2). First. they invested in upstream 

operations either through the acquisition of large shores in small all 

companies, built their own refineries, or went into joint ventures with 

011 companies in new, large-scale chemical plants. Second, they c0n

cluded direct long-term contracts with oil-producing countries or 

invested in joint ventures in these countries 1n return for 011 entitle

lIents (for • __ le. Mitsublshl In Saudi Arabia and Mitsui In Iran). 

Third. they increased research Into processes based on alternative feed

stocks such as methanol and synthetic natural gas (SHO) with tho long

term objective of IIOVlng away f ..... light grede all-based I18terla1s. 

Faced with a wave of nationalization of thol. interests In 011-

rich countries, the lIBjor 011 CCllpan1es, by virtue of their access to 

and control of ra. I18teria1s. aeized the opportunity to invest further 

in downstream _rations where conditions hod _ more favorable to 

th ... than to tho chemical COIIIpaniea (Fayed and HoteIIIen. 1986. p. 67). 

The involvement of the 011 companies 1n petrochemical production 1s 

clear f ..... their historical capital expenditure data. contained In 

Table 14. which shows Increasing In_nt In patrochellica1 plants 

during tho 1970s. The 1argast' investments. 1976 end after, were mainly 

concentrated In the United Stetes and Western Eu,- which together 
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Table 14. capital and exploration expenditures by oil 
companies ($ II1II)-

1970 1971 1972 1973 

WOrld 

Crude 011 and natural gas 6,650 6,520 9,590 12,415 
Natural gas liquids plants 560 695 515 510 
Pipelines 850 1,200 1,230 1,230 
Tankers 2,575 2,875 3,775 6,550 
Refineries 4,000 4,755 4,955 4,865 
Chemical plants 1,525 1,535 1,350 1,175 
Marketing and other 3,945 4,220 3,535 3,250 

Total capital expenditures 20,125 21,800 24,950 29,995 

United states 

Crude 011 and natural gas 4,110 3,185 6,740 7,290 
Natural gas liquids plants 225 200 175 160 
Pipelines 450 550 300 460 
Tankers 100 125 126 100 
Refineries 1,075 1,050 900 1,050 
Chemical plants 550 500 450 425 
Market I ng and other 1,715 1,640 1,360 1,175 

Total capital expenditures 8,225 7,250 9,050 10,640 

western EUIlHHl: 

Crude 011 and natural gBS 300 500 650 1,300 
Natural gas liquids plants 50 75 50 25 
Pipelines 75 150 400 350 
Refineries 1,050 1,400 1,500 1,550 
Che.ical plants 725 800 800 600 
Marketing and others 1,060 1,225 1,050 1,000 

Totsl capital expenditures 3,260 4,150 4,450 4,825 

Middle East 

Crude oil and natural gas 275 450 500 850 
Natural gas liquids plants 5 25 10 5 
Pipelines 75 66 140 130 
Refineries 140 125 225 300 
Chemical plants 25 40 25 30 
Marketing and others 45 120 75 75 

Total capital expenditures 566 825 975 1,390 

(COntinued) 
a. CUrrent dollars 
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Table 14.-Continued. 

1974 1975 1976 1977 

ll!!r1l! 
Crude oil and natural gas 18,765 18,295 23,860 28,680 
Natural gas liquids plants 770 960 1,915 3,780 
Pi peH nes 2,460 5,995 7,575 6,660 
Tankers 8,900 9,240 8,675 3,700 
Refiner1es 7,720 8,725 6,910 8,290 
Chemical plants 1,995 3,145 4,500 6,375 
Market i ng and other 2,090 3,265 3,290 4,095 

Total capital expenditures 43,700 49,626 56,725 61,560 

United states 

Crude 011 and natural gas 11,225 9,055 13,135 14,855 
Natural gas llquids plants 225 325 325 325 
Pipelines 1,400 3,500 3,625 1,800 
Tankers 200 225 275 500 
Refineries 1,775 2,100 1,575 1,200 
Chemical plants 825 1,500 2,200 2,500 
Marketing and other 975 1,020 950 1,220 

Total capital expenditures 16,625 17,725 22,085 22,400 

Western Europe 

Crude oil and natural gas 2,375 3600 4,200 5,275 
Natural gas liquids plants 40 50 50 225 
pipelines 475 1,000 1,100 875 
Refineries 2,250 2,350 1,450 2,000 
Chemical plants 850 1,100 1,200 1,300 
Marketing and other 930 950 950 1,200 

Total capital expendi ture. 6,920 9,050 8,950 10,875 

Middle East 

Crude 011 and natural gas 975 1,000 1,376 1,925 
Natural gas l1quids plants 26 25 676 1,400 
Pipeline. 120 350 1,250 2,i50 
Refineries 450 400 925 1,250 
Chemical plants 40 60 150 900 
Marketing and other 160 200 300 175 

Total capit.l expenditures 1,770 2,025 4,675 7,800 

(Continued) 
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Table 14.--Continued. 

1978 1979 1980 

World 

Crude 011 and natural gas 33,675 44,500 61,300 
Natural gas liquids plants 4,030 4,565 5,575 
Pipelines 5,780 5,775 6,475 
Tankers 2,950 2,250 3,400 
Refineries 10,675 11,775 13,475 
Chemical plants 6,650 7,235 8,300 
Marketing and other 4,615 5,525 7,000 

Total capital expenditures 68,315 81,625 105,525 

United States 

Crude oil and natural gas 17 ,325 24,150 32,350 
Natural g8S 1 iqulds plants 325 450 750 
Pipelines 750 1,100 1,550 
Tankers 600 350 600 
Refineries 1,750 2,625 3,250 
Chemical plants 2,300 2,000 2,400 
Marketing and other 1,425 1,525 2,000 

Total capital expenditures 24,475 32,200 42,100 

Western Europe 

Crude oil and natural gas 5,975 7,200 10,500 
Natural gas liquids plants 200 350 400 
Pipelines 950 700 550 
Refiner1es 2,500 2,525 2,950 
Chemical plants 1,500 1,600 1,800 
Marketing and other 1,350 1,100 2,425 

Total capital expenditures 12,475 14,075 18,625 

Middle East 

Crude 0; 1 and natural gas 1,550 1,700 2,450 
Natural gas liquids plants 1,500 1,650 2,500 
Pipelines 1,400 1,550 2,200 
Refineries 2,050 2,100 2,350 
Chemical plants 1,000 1,200 1,750 
Marketing and other 150 225 275 

Total capital expenditures 7,650 8,425 11,525 

Source: Fayad and Motamen (1986, pp. 182-183; taken from 
Chase Manhattan Bank, 1980). 
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accounted for about 60X of the world total. In the United States, 

investment in chemical plants exceeded those in refineries over the 

period 1976-1978, whereas in the Middle East substantial investment in 

chemical and natural gas liquids plants came into effect in 1977 and, 

by 1980, totallad $1.75 billion in chemical plants and $2.5 billion in 

natural 9as liquids plants. The table also lndicates thet investment 

In chemical plants in the Middle East had become equivalent to those of 

Nestern Europe by 1980. Finally, two other observations are detected 

from the "table. First, it reveals that the trend of the early 1910s, 

when investments in chemical plants in the United states and Nestern 

Europe accounted for more than 80X of the world in this sector by oil 

cOJRpanies, was changed to 50% by 1980, with increased investment in 

011 producing countries. Second, in 1980, worldwide investment in 011 

processing plants (oil refining, natural gas liquefaction and chemical) 

.... unted to $27.4 billion which is equivalent to 26X of the 011 COllI

panies' total capital and exploration expenditure" 

While the increasing investment by the on _&jars reisad their 

share in petrochemical capacity, it also raducad that of the chemical 

companies. This is illustrated by Table 15 which caapares the per

centage shares of the major oil and major chemical _ies in the 

United States and Western Europe for 1976 and 1982-1983. Table 15 

indicates that the increasad share of the oil majors was clearly at 

the expense of the chemical companies which experienced negative growth 

during the 1976-1983 period. 

An interesting observation made by Bower (1986, p. 71) is that 

following the -housekeeping" and other measures described above, 
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Table 15. The percentage share of major oi 1 companies and 
major chemical COIIIpanies in the United States and Western Europe 

Product 

Ethylene 
LOPE 
HOPE 
pp 

Ethylene 
LOPE 
HOPE 
PP 

Ethylene oxide 
styrene 
LOPE 
HOPE 
PVC 
pp 

Ethylene 
Benzene 
LOPE 
HOPE 
PVC 
pp 
Styrene 
Ethylene oxide 

1976 1982-1983 

Major Oil COmpanies in Petrochemical 
Capacity (United States) 

42.5 
22.5 
21.9 
47.4 

53.8 
27.6 
32.6 
52.2 

Maior Chemical CODIoanies 1n Petrochemical 
capacity (United States) 

40.0 
40.4 
44.4 
38.4 

32.9 
40.1 
32.5 
31.7 

Major Oil Companies in Petrochemical 
capacity <western Europe) 

20.8 
32.4 
30.1 
21.9 
15.3 
22.3 

30.4 
33.3 
32.6 
25.1 
21.3 
27.8 

Major Chemical companies 1n Petrochemical 
Capacity <Western Europe) 

3lt.5 
26.3 
48.1 
62.5 
62.8 
71.5 
51.1 
67.2 

33.2 
27.4 
34.5 
50.9 
54.6 
55.7 
47.6 
47.0 

Source: Fayad and Motamen (1986). 

Growth 

26.6 
22.7 
48.9 
10.1 

-17.7 
- 0.7 
-15.5 
-17.5 

46.1 
2.7 
8.3 

14.5 
40.0 
20.0 

o 
4.1 

-28.3 
-18.5 
-11.1 
-22.1 
- 6.8 
-30.1 
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concentration of the industry increased. Bower argued that because 

of the existence of high barriers to exit. those companies wanting to 

exit the industry overcame these barriers by virtue of mergers, swaps, 

acquisitions, and takeovers. Figure 11 shows the change in the number 

of polyvinyl chloride producers for Western Europe during the 1980-1983 

period. 

Changes 1n the Locational Pattern 

This section deals with changes that are occurring at the 

international level and involves the traditional producing and the new 

evolving regions. This is mainly done by a discussion of the changes 

in the location pattern of the industry, including the factors that 

traditionally shaped this pattern. 

Different factors combined to give the petrochemical industry 

its long-standing pattern (OECD. 1985, Chapter 4). Some of these fac

tors. whose relative importance varied over time~ are behavioral, such 

as company strategy and government policies; others are structural with 

the more important being the technological featUres of processes, pro

duction cost structures, the structure and nature of the market, and 

the cost of international transport of feedstock and products. 

No one structural factor is solely responsible for shaping the 

location pattern of the petrochemical industry, but rather these fac

tors combine in a complex way to 1nfluence the pattern. Defining the 

boundaries between these factors 1s made difficult due to the fact that 

the three main stages of production (basic, intermediate, and end prod

uct) and the major locational categories (proximity to feedstock 
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Societa Italiana Resine 
Rumianca Sud 
SeR Revenna 

ATO 
Rhone-Poulenc 

PCUK 

ICI 
BP Chemicals 

LonZa 

Norsk Hydro 
British Industrial Plastics 

Vinates 
KemaNord 

Dutch State Mines 
Societe Artesienne de Vinyle 

Monsanto 

+ 11 Others 

Total 29 

ATOChem 

-- Aiscondel 

1-- I + 11 Others 

Total 17 

Figure 11. Examples of restructuring of polyvinyl chloride 
producers in Western Europe.--Source: Bower (1986. p. 29). 
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sources, to markets, and others) are also complexly interl inked (see 

subheading "General Definitions," p. 22). Within the production chain. 

the dividing line between activities tending to be located near the 

downstream stage and those attracted upstream is unclear and discon

tinuous. Therefore. the degree of processing is not the only factor 

determining transport economics and, in turn, location; the physical 

nature of the product(s) may be equally important. For instance. some 

liquid primary products, e.g. benzene~ may be easier and cheaper to 

transport than gaseous intermediate products such as ethylene oxide. 

Moreover, processes attracted to primary coproducts may also influence 

the location by taking advantage of economies of scale. Finally. fine 

and specialty petrochemicals seem to be located close to developed 

industrial centers where adequate scientific and technical facilities 

are available and the necessary contact between the manufacturers and 

the users is possible. In the past, the location of feedstock sources 

tended to coincide with that of petrochemical markets, hence the 

apparent concentration of all petrochemical segments in OECD countries 

(OECD, 1985, p. 88). 

The change in the location pattern of the industry started in 

the late 19605 and early 19705 with the development of petrochemical 

capacities in several developing countries. Some of these countries, 

es9. Mexico and Brazi 1 f were motivated by the existence of a local 

refining industry and high domestic demand--an import substitution 

strategy (Isaak, 1982, p. 15). Others~ mainly in Southeast Asia, 

adopted an export-oriented production strategy, investing downstream 

first, e.g. synthetic fibers, plastics, and rubber. and then tried 
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to work back upstream to replace the imported intermediate products 

by national production. In either case, the development of the petro

chemical industry in these cCtlntries represented a major wave of 

-petrochemical activities away from traditional production centers and 

mainly reflected changes in the world petrochemical consumer markets 

(OECD, 1985, p. 89). 

Recently, another shift in the traditional location pattern 

was produced as a result of the energy situation of the 19105. The 

two oil price shocks have considerably weakened the forces that tended 

to locate feedstock sources and petrochemical markets at the same 

geographical location: 

1. World oil price rises resulted in an increase in petrochemical 

prices at a more rapid rate than transport prices (OECD, 1985, p. 89)g 

2. The change in the industry's production cost, with variable 

cost assuming the larger share, resulted in reducing the relative 

importance of economies of scale (see subheadings "Economics of the 

Industry," p. 26, and ·'Major Trends," p. 50) ~ 

3. With rising world energy prices, the exploitation of natural

gas reserves, in particular the associated type, has become economi

cally attract1ve~ Several oil-producing countries, especially in the 

Middle East, have launched schemes to recover associated gas to be used 

locally as fuel and feedstock for petrochemical production and/or as 

LNG and LPG for exports (see text under subheading on reaction of 

traditional producers to the energy situation, p. 67). 

For the industry, the new location pattern was mainly repre

sented by an influx of gas-based crackers in Canada and the Middle 
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East (OECD, 1985, p. 90). It should be noted that although gas-based 

crackers are more economical than crackers·based on petroleum products, 

as discussed previously, the difference in transport cost between 

natural gas and petroleum derivatives at low crude oil prices in no 

case provided sufficient grounds for establishing plants close to 

natural gas sources in less developed countries. However, the two oil 

price shocks changed this situation foi'" witt. them came the possibility 

of feedstock price differentials to offset the effect of the extra 

cost, including product(s) transport cost, of establishing production 

in less developed regions. Some authors believe that the expansion of 

petro chemical capacity in the Arabian/Persian Gulf represents the 

beginning of a long-term trend for basic petrochemical industries to 

locate where feedstock and fuel are available in the form of cheap 

associated gas (Fesharaki and Isaak, 1983, p. 290). Figure 12 pictures 

the historical development and the expected development in chemical 

plant sites. 

With the development of the petrochemical industry outside the 

traditional re9ions of the United states, western Europe, and Japan. 

the share of these producing centers in world production will decline 

in favor of the new producing regions as depicted by Figure 13. The 

figure pictures the possible change in ethylene capacity distribution 

for the 1980-1990 period and shows that OECO countries' share is 

expected to be reduced by 16% (from 92% to 76%) while the share for 

other producers will climb from 8% to"24t by 1990. 
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IIIpact on the Traditional Producers 

To successfully quantify the impact of the new capacities on 

the existing ones is not an easy task. The extent of this impact, for 

one thing, generally depends on the competitive position of the new 

producers and, for another, depends on the real demand growth for 

petrochemicals in developed economies as well as 1n the third world 

I118.rkets. 

As far as the competitive position of the new producers of the 

developing 8COO9111ies ,is concerned, the extent of the 1111Pact is influ

enced by three main aspects (Telfer, 1980, p. 31). First, the extent 

to which both the developing and developed countries add to world over

capacity, thus aggravating existing problemsa second. the extent to 

which new producers apply their selling prices, which may be less influ

enced by economic considerations than by political or long-term strate

gic forces~ For ex8lDple, they may elect to forego short-tem profits 

by undercutting the existing producers' price, thus forcing existing 

high cost producers to exit the industry, resulting eventually 1n an 

increased market share. Finally, the low labor costs 1n downstreaJI 

fabricated and semi fabricated products based on petrochemicals under

mine markets in OECD countries and elsewhere. Although, the extent of 

the last aspect can be observed 1n other industries (for ex8JIple, the 

autClllObile industry), Telfer did not clearly explain the importance of 

this aspect with regard to the petrochemical industry. 

Real demand growth for petrochemicals is difficult to forecast; 

forecasts generated during the past decade are witness to this. Dif

ferent assl.lllpt1ons including, among others, prevailing future prices 
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and rates of growth for the particular regions, produce different 

forecasts. As an example, consider Table 16 which lists projections of 

world ethylene demand for 1990 which range from 54.8 to 71.6 million 

metric tons. Different time of forecast (1978-1981) and different 

growth rates (4.0%-7.1%) are responsible for this discrepancy. Some 

of the most recent forecasts for ethylene, ethylene derivatives, and 

methanol are listed in Tables 17 and 18. In general, there are three 

basic schools of thought on future potential demand for petrochemicals 

(Fesharaki and Isaak, 1983, p. 197). The first 1s the upermanent slow

down" school which was developed for and is analogous with oil produc

tion. The belief is that petrochemical demand overexpanded during 

periods of low energy prices, and that OECD demand will slowly drop 

wh1le consumption in the developing regions will slowly rise, giving a 

net effect of an indefinite stagnation of total demand for petrochemi

cals. The second is represented by the "slow but steady'" growth theory~ 

Advocates of this school (for example, lowe, 1980), believe that petro

chemicals entered the world market with a very high growth rate that 

gradually slowed as the inunediate market opportunities were filled. The 

third school is presented by "the sky is the limit" thought. Advocates 

of this school point to the still substantial opportunities for new 

products or materials to emerge in the petrochemical industry .. 

One source attempted to quant i fy the impact of all producers on 

Western Europe by evaluating the effect of each producing region and 

its expected export to Western Europe (Telfer, 1980). It concluded that 

by the m1d-1980s, Western Europe would lose 1-2% of its production 

--------------------
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Table 16. Projections of world ethylene demand based on 
various growth rates (mt/y) 

Projection Growth 
Source Vear Rate (%) 1985 1990 

Spitz and Weiss (1978) 1978 7.1 50,820 71,611 

OECD (1979) 1979 6.0 48,510 n.8. 

Telfer (1980) 1980 5.7 48,125 63,496 

Shell (Wett, 1981) 1981 4.0 45,045 54,804 

Exxon (Wett, 1981) 1981 5.0 46,970 59,947 

Predicasts (Wett, 1981) 1981 6.4 49,280 67,201 
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Table 17. Projections of world demand for ethylene and some 
of its derivatives (mtty) 

Projection 
Product/Source Year 1985 1990 1995 

Ethylene 

OECD (1985) 1985 n.a. 42,070 n.8. 
pred1casts (1983) 1983 42,535 51,795 64,810 
UNlOO (1984a) 1985 39,806 48,598 59,303 
Nomura Research Inst. (1984) 1984 38,161 42,329 48,372 

lDPE/llOPE 

Dow Chemicals (Pearson, 1987) 1988 14,460 11,410 20,080 
Chern. Systems (1987) 1987 14,439 16,870 19,310 
UNlOO (19840) 1985 14,080 17,856 22,663 
Trichem Consultants ltd. (1983) 1983 10,977 12,302 n.a. 
Nomuro Research Inst. (1984) 1984 13,482 14,846 16,791 

HDPE 

Dow Chemicals (Pearson, 1987) 1988 7,630 9,960 12,190 
Chern. Systems (1987) 1987 7,690 9,850 11,680 
UNlOO (19840) 1985 6,903 9,685 13,008 
Trichem COnsultants ltd. (1983) 1983 5,944 7,350 n.a. 
Nomura Research Inst. (1984) 1984 6,511 7,241 8,130 
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Table 18. Projections of world methanol demand (mt/y) 

Projection 
SOurce Year 1985 1990 1995 

WOrld Petroch!!!!!. Anahsis (1987) 1985 15.672 18.929 n.a. 

Chan. Systems (1983) 1983 15.075 21.655 28,800 

UNIDO (1984) 1985 12.423 14.883 17 ,897 

because of lower exports to the developing 8COt10111es, and that by the 

end of the 1980s. the CMEA and the Middle East producers would each have 

a 5* share of the western European market. This was seen as an indica

tion of long-term erosion of th1s region's industr1al base. Similarly, 

the U.S. producers may also lose up to 10% of their domestic narket to 

the new producers (steinbruechel. 1983). Actual 1987 trade figures 

(Table 19) support these conclusions. 

In s ....... ry. the emerging new petroc_lcal regions have two 

major Implications for the treditional OECO producers. First. OECO 

producers' exports will be reduced due partly to an Increase In c0mpe

tition In these new regions and partly to losses in narkets In favor of 

the new producers. In countries adopting Import substitution strete9ies 

Imports fl'Cll OECD countries will be gredually replaced by domestic pra

duction while the new export-orlented producers will compete with the 

OECO producers In selling other products not affacted by these strate

gies. second. oeco producers will also face competition In their own 

dOlllest1c markets by the new producers, mainly the export oriented ones. 



Table 19. Intemational trade pattern for petrochemicals 
(1987) 

Main Regions 

Exports 

EEC 

other western Europe 

North America 

other deVeloped countries 

Latin AlDerica 

Middle East 

other dave lop1 89 countries 

COIInunlst bloc 

EEC 

other western Europe 

North America 

other developed countries 

L,tln America 

Middle East 

other developing countries 

communist bloc 

SOurce: Chemistry and Induatry (Jan. 18, 1988, p. 39). 

(£nom) 

4016.7 

673.7 

717.6 

670.1 

203.6 

668.5 

740.2 

266.1 

4507.6 

663.0 

600.2 

168.0 

32.1 

63.2 

55.2 

103.6 
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Response of the Traditional Producers 

The recent surge of petrochemical capacities in new regions 

started a precedent of "rationalization" among the traditional pro-
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dueers of the United states, Western Europe, and Japan; rationalization 

involves changes in several areas~ As expressed by a number of the 

petrochemical industry's professionals, there are several areas where 

changes, some of which are already taking place, are targeted <Chemis

try and Industry, 1980, 1982, 1983)~ 

Overcapacity is the main area of rationalization; supply has to 

be balanced with demand in order for the traditional producers to re

establ ish thei r competitive edge~ Reduction of excess capacity began 

through closure of uneconomic, mostly obsolete, plants (Beynon, 1982) 

and (Porta, 1982); a total of 8% of OECD's ethylene capacity, and an 

equally significant ethylene derivatives capacity was shut down during 

the 1980-1983 period (Bower, 1986). Table 20 shows examples of capacity 

reduction in the United States, Western Europe and Japan during 1981-

1983 period.' Additionally, rationalization also includes careful 

evaluation of investment in any future capacity expansion in OECD 

regions (Wamsley, 1980) and (Sparta, 1982) and through responsible mar

keting of western petrochemical technology and expertise in developing 

countries as a tool to limit expanding capacities in these countries 

(Telfer, 1980). Changes such as technological innovation marketing, 

4Rationalization in each of these regions is discussed under 
··Restructuring: A Note"" (p. 92)& 
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Table 20. Capacity reductions in the United States, Western 
Europe, and Japan, (1980-1983 )a 

Plant Closures • of Plant ldl ing 
Thousands Total Thousands 

(t/y) Capacity (t/y) 

Ethylene 

United States 1,700 100 3,800 
Western Europe 3,570 21 250 
Japan 2,2508 36 520 

Total 7,520 4,570 

PVC 

United State 200 6 50ab 

Western Europe 860 14 
Japan 490& 24 

Total 1,550 

LDPE 

United States 830 21 
Western Europe 1,820 27 
Japan 2708 

Total 2,920 

a~ The plant closure figures for Japan include the planned 
closures up to August 1985" 

b.. Postponed. 

Source: UNIDD (1984b). 



research, specialty products and possible trade policies are also 

suggested. 
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As in the past, technological innovation and invention in the 

petrochemical industry is seen as a continuing feature during the 1980s 

and beyond~ An example of the former is the success of Union Carbide 

1n considerably lowering energy use in its low-pressure low-density 

polyethylene process (Holmer. 1980). Increased real expenditure in 

research and development is considered an important factor in contin

uing and perhaps accelerating the industry's good record of inv9i1tion 

where a major challenge in the 1980s will be to invent new end products 

and find new product applications (Holmer. 1980). Optimism that polymer 

research has much future potential for displacing traditional materials 

in the transportation and construction industries is particularly 

expressed (Suckling, 1980); the growing use of lightweight polymers in 

automobiles is a good example. In the long run, research is looked at 

to provide for the development of alternative supplies of hydrocarbon 

such as coal liquefaction and gasification. 

Another area where the traditional petrochemical producers are 

making changes 1s in their portfolios, or product mix, where the ten

dency is to divert from nonstrategic activities, such as those link.ed 

to availabilities of raw materials and energy, and concentrate on 

specialty products (Porta, 1982). As commented on by a Dow Chemical 

Europe executive, "specialties will be in the mainstream of European 

producers' allocation of resources •.. and will also be the primary 

sector of exports" (Sparta, 1982). The trend toward higher value added 
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products, as opposed to bulk commodities, is predicted to accelerate in 

the coming years (Holmer, 1980). 

Strong marketing ability has always been one of the pillars of 

success for the traditional petrochemical producers; led by Western 

Europeans, the OECD producers constitute the main part of the interna

tional marketing system via subsidiaries and affiliates in developing 

countries (UNCTAD, 1979). Taldng advantage of this fact, the tradi

tional producers are rethinking their marketing strategies by using 

their existing marketing system to provide information for correct 

manufacturing and trading decisions and for research and development 

involvement (Binder, 1983). 

Finally, a noticeable response to the new developing capacities 

has recently taken place via the imposition of trade barriers on some 

of the products of these capacities. For example, the European Economic 

Community used its GSP (Generalized System of Preferences) scheme to 

justify the imposition of a 13.4% tariff on lLOPE (linear low density 

polyethylene) exported by some new producers (Chemistry and Industry, 

1984). This protectionist policy. however, is not advocated by all the 

traditional producers. For example, some of the biggest American pro

ducers oppose such a policy on the grounds that the long-term health of 

the industry is better with international competition than with such a 

policy, which is believed to be harmful (Steinbruechel, 1983). It 

should be noted that Americans and Japanese producers, who are less 

protected by protectionist policies than are European producers, have 

opted to participate as jOint venture partners, 1n some of the new 

projects in developing countries (Philpot, 1983) and (Steinbruechel, 



1983)0 This type of action could also be related to the earl ier dis

cussion of the involvement of some companies in ventures to secure 
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thei r feedstock and energy sources (see subheading "Reaction to the 

Energy Situation by the Traditional Producers," p. 61). Examples of 

protectionist policy implications to the new producers will be provided 

in the next chapter where issues relating to the Saudi Arabian industry 

are discussed. 

Restructuring: A Note 

TtIe petrochemical industry restructuring process in the United 

States, Western Europe, and Japan did not proceed in the same way or 

rate in these regions. To start with, the global development in the 

petrochemical industry did not equally affect these regions. While 

industry maturity, overcapacity, and the changing structure of produc

tion costs (from low variable/fixed to high variable/fixed cost ratio) 

were the main reasons for restructuring, among others, the severity of 

these factors varied among the three regions. For instance, the 

naphtha-based plants in Western Europe and Japan were more vulnerable 

to crude oil price increases 1n the 1970s than were plants in the 

United States which are less dependent on petroleum products and, fur

ther, enjoyed a natural gas feedstock which was, at the time, regulated 

at a lower price than naphtha on a btu basis. Furthermore, the problem 

of overcapacity was more severe in Western Europe and Japan (which were 

losing a good portion of their international sales to new producers) 

than in the United States. 
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The U.S. petrochemical industry, which is more dependent on 

domestic sales than its West European and Japanese counterparts, showed 

the most remarkable recovery. A major tool for boosting profitability 

was the merger and acquisition (European Chemical News, March 16, 

1987). Table 21 indicates that 29583 chemical and allied products 

transactions took place between 1982 and 1986 with the majority being 

in petrochemicals (specialty chemicals, plastics, and rubber). On the 

international level, the recent falling value of the dollar, compared 

to Europea.n and Japanese currencies made American products more 

compet i t i va. 

Based on the 1983 "Structural Improvement law" designed by the 

Ministry of International Trade and Industry (MITl) to improve corpo

rate profits? the restructuring effort of the Japanese petrochemical 

industry focused on two themes: structural improvement, led by a11m

inating excess capacity, and exploring the fine chemicals field. The 

improvement program was aimed at regaining international competitive

ness by realigning and consolidating the manufacture of general purpose 

petrochemical products. Further, it was designed to accommodate new 

levels of imports, especially those from new Japanese joint ventures in 

Singapore and the Middle East, and to take advantage of their lower 

cost. MITI formed a cartel among the country's eleven ethylene pro

ducers to share rationaliZing efforts (European Chemical News, March, 

1986). Table 22 shows the targeted products under the Structural 
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Table 21. Recent history for acquisitions of chemical and 
allied products companies by type of business in the United states 
(1982 to 1988) 

Number of Transaction 

Product Category 1982 1983 1984 1985 1986 Total 

Pharmaceut i ca 1 and other 
hea lth-care products 45 85 81 112 151 474 

Specialty chemicals 50 61 117 111 128 461 

Fabricated plastics and 
rubber products 38 80 73 57 75 323 

Tonnage chemicals 25 11 33 55 55 179 

Consumer products 19 19 27 28 43 136 

Advanced materialsa 48 46 94 

Plastics elastomers 
and fibers 17 28 12 17 83 

Surface coatings 12 16 24 22 81 

Glass, nontech ceramics, 
cement. and other 
building materials 26 14 21 16 77 

Biotechnology 19 15 26 74 

011, gas, and other 
energy 13 25 13 63 

Fine chemicals 10 4 16 43 

Other 70 84 102 103 130 489 

Total 308 445 503 598 729 2,583 

a. Included in specialty chemicals prior to 1985. 

Source: EUropean Chemical News (March 16, 1987, p. 22). 
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Table 22. Elimination of excess facilities under the 
structural improvement law (m tons) 

Proposed 
Official for 
Date of Production Elimination Targeted 
Legal Capacities (% total Date of 

Industry Liability as of 1982 facilities) Elimination 

Ammonia 5/24/83 3.371 660 (20%) 6/30/86 

Urea 5/24/83 2,318 830 (36%) 6/30/86 

Phosphoric acid 
(wet process) 5/24/83 761 130 (17%) 6/30/86 

Fused phosphates 6/17/83 748 240 (32%) 6/30/87 

Compound fertilizers 6/17/83 6,181 810 (13%) 6/30/87 

Ethylene 6/17/83 6,347 2,900 (36%) 3/31/85 

Polyolef1ns 6/17/83 4,125 9,020 (22%) 6/30/85 

Polyvinyl chloride 6/17/83 2,001 490 (24%) 3/31/85 

Ethylene oxide 8/30/83 743 2,010 (27%) 6/30/85 

Rigid PVC pipe 8/30/83 628 1,160 (18%) 3/31/84 

Source: Ja~an Economic Almanac (1985, p. 134). 
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Improvement Law and indicates that the proposed e1 imination of excess 

capacity ranged between 13% for compound fertilizers to 36% for urea 

and ethylene. The fine chemicals plan was intended to utilize high 

technology and increase production of high value-added goods which can 

be marketed on an international scale (Japan Economic Almanac, 1985, 

p. 129). 

Although West Europeans started a process to revitalize their 

petrochemical industry and even though the industry's profit margins 

improved during the past few years, evidence suggests that efforts to 

restructure the industry did not proceed as swiftly as in the indus-

tries of the United States and Japan (European Chemical News, January. 

1987, p. 81). Unlike the u.s. petrochemical industry that is made up 

of private companies and has the freedom to adjust to any prevailing 

market forces and unlike the Japanese petrochemical industry that is 

guided by the general policy set forth by I4ITI~ the petrochemical indus-

try in Western Europe lacks common motives to rationalize its excess 

capacity. Some of the major constraints to further concentrationS of 

the West European petrochemical industry are seen as follows: 

1. Nationalism: As a fundamental industry, governments endeavor 

to preserve its continued operation. Hence the fact that Europe is not 

SAccording to Cham Systems (1987) I there appears to be a 
remarkable degree of consensus within the EurOpean petrochemical 
industry that to assure its future profitability wi 11 requ1 ra a sig
nificant further reduction of the number of companies. This is con
sistent with the record of other industries. particularly as they move 
into their maturity, that profitability correlates quite strongly with 
industry concentrati~n. 



truly a conmon lIarket, but more an aggregation of national markets, 

sets lillits to total restructuring. 
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2. Controls on COIIIpetition: National governments are IIOrs sensi

tive to moves which reduce the number of competitors and which could, 

in consequence, adversely affect the consUEr. 

3. Type of QWnership: Differences in type of ownership (private 

VS. public, oil company subsidiary VB. independent, international VS. 

national) could preclude possible mergers or acquisitions. 

The above discussion points to the fact that while the petro

chemical industries in the United States and Japan have successfully 

ccmpleted their adjustment to global industry changes, the Western 

European petrochemical industry still must restructure. In this writ

er's opinion, this is a major reason why West European producers are 

more apposed to free entry of petrochemicals into their market than 

are producers in the United states and Japan. Resistance to the elim

ination of excess capacity to adjust to the influx of petrochemicals 

ffOlll the new, IIOre efficient producers, however. can only continue for 

a short time. This is because many of the Western European plants are 

quickly becoming obsolete. Figure 14 shows that 32 of the existing 46 

steam crackers in 1985 were 20 years old or older. 

Concluding Remarks 

The structure of the world petrochemical industry is that of an 

Dligopoly with tha major companies In the OECO countries, especially 

those in Western Europe, making up the bulk of petrochemical production 

and trade. 
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F1gure 14. Age and capacity profiles of West European steam 
crackers (1960-1985).--Source: European Chemical News (Jan. 19, 1987. 
p. 82)_ 



Two lIain factors influence the economics of petrochemical 

production, energy requirements and econan1es of scale. Prior to the 

two oil price rises of the 1970s, the industry was characterized by a 

high fixed cost/low variable cost ratio Which greatly contributed to 
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the concentration of plants 1n the OECD countries. The energy situa

tion of the past decade reversed this ratio when energy prices increased 

at a much higher rate than capital cost; thus, the oil-rich countries 

established their own industry. 

While it profoundly influenced many aspects of the petrochemi

cal industry, the increase 1n energy prices has additionally acted as 

an accelerating agent fOf the industry's maturation process, which 

began in the late i960s and early i970s. Slow demand growth and satu

ration of end-product markets were the main contributors to the matura

tion of the industry. 

Parallel to the industry's maturation process, overcapacity 

was introduced as a direct result of misreading future demand at a 

time when other capacities were being built outside the traditionsl 

producing areas. 

Anticipating a reduction of their exports and losses of their 

domestic shares to the new entrants. the traditional producers are 

expected to continue restructuring their industry through closure of 

old plants and to eephasize research and development, technological 

innovation, and specialty products. 

The discussion presented in this chapter is meinly aimed at 

paving the way for discussing the recently established export-oriented 

petrochemical industry in Saudi Arabia. 
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CHAPTER 3 

SAUDI ARABIA'S GAS UTILIZATION SYSTEM 

Introduction 

For the past 10 years Saudi Arabia has been engaged 1n a mas

sive industrial development program. This program emphasizes the best 

utilization of the country's natural advantages which consist, almost 

exclusively, of abundant cheap hydrocarbon reserves. The program has 

two components. The first utilizes crude 011 through a collection of 

domestic and export refineries~ The second component is a massive gas

gathering and processing scheme making available the major ingredients 

of the gas associated with the crude oil production for use as feed

stock and fuel for a number of newly constructed petrochemical (includ

ing fertilizer) plants. Additionally, associated gas is used as fuel 

for electric power generation, water desalination, and other high cost 

domestic mineral industries such as iron and cement. L1quif1ed petro

leum gases (propane and butane) and natural gasoline are produced by 

the system and exported.. Most of the industrial plants are sited at 

two newly bui lt industrial poles: Jubail on the Arabian Gulf and Yanbu 

on the Red Sea. Yanbu is supplied with crude oil and gas (NGL plus 

ethane) via a pair of crude oil and gas pipelines from the country's 

hydrocarbon rich Eastern Province (Figure 15). This study is con

cerned with the gas component of the industrial development program. 
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Figure 15. location of Saudi industrial centers 

------------



This chapter is designed to provide the following: 

1. A qualitative description of the various ingredients of saudi 

Arabia's gas utilization program in a manner that shows the relation-

ships among them. The purpose is to define a framework for the quan

titative analysis undertaken in ChalPter 4. 
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2. A discussion of the major issues related to this program which 

is intended to raise some relevant unanswered questions the response to 

which is the focus of Chapter 4. 

Rationale behind the Development of Saudi 
Arabia's Hydrocarbon-based Industries 

Saudi Arabia pOssesses the world's largest oil reserves D which 

by 1987 totaled 167 billion barrels. Its gas reserves are estimated 

at 135,8 trillion ft3 (Oil and Gas Journal, August 24, 1987)~ The vast 

financial surpluses accumulated during the 1970s presented a unique 

opportunity to broaden the country's industrial base by investing 'in 

downstream hydrocarbon activities. Downstream investment in 011, gas, 

and petrochemicals 1s seen as an essential step to ensure balanced and 

diversified economic growth and optimal development of irreplaceable 

resources (Taher, 1982a). 

The downstream integration of oil 1n general characterizes the 

behavior of several state-owned 011 companies. In moving downstream 

producers have taken different routes. For example, State 011 of Nor-

way purchased a chain of service stations in sweden, Kuwa1t has acquired 

100% of Gulf Oil company's assets in a number of west European coun-

tr1es, and Petroleos de Venezuela is involved in joint ventures in 

overseas downstream markets (Parra, 1985). In Saudi Arabia's case, 
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export refinery joint ventures have emerged as the country's strategy. 

While the topic of the joint venture approach is pursued in a later 

section, it suffices to state that Saudi Arabia's involvement in down

stream oil activities is by no means specific to it. but rather is 

part of the world oil industry restructuring process which is leading 

to more vertical (and less horizontal) integration (Parra, 1985). 

The existence of under-exploited gas reserves in Saudi Arabia 

has been one of the strongest arguments for developing gas-based heavy 

industries (Taher, 1982a). Gas~ especially the dry components (e.g. 

methane and ethane), is an expensive product to transport. Thus it is 

more sensible to look. for alternat1ve productive uses for its exploita

tion. Moreover, international trade theory provides a basis for ratio

nalizing a gas-based industrialization strategy. For example, according 

to the theory, a country tends to have lower comparative costs in the 

commodity that uses the largest amount of the relatively cheap factors 

in its economy; these considerations provide the fundamental rational 

for specialization (Ford, 1965). In broad terms, the theory indicates 

that Saudi Arabia should establish and promote industries based pri

marily on oil and/or gas: industries that are most l1kely to be effi

cient and successful. Fortunately for Saudi Arabia, these industries 

are not only energy intensive; but also capital 1ntensive; thus expand

ding the absorptive capacity base utilizing the country's abundant 

f1nancial surplus. According to the World Bank (1981, p. 5), for a 
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capital-surplus. 1 oil-exporting, country that is constrained by its 

very limited agricultural land and its supply of domestic labor (as is 

Saudi Arabia); diversification of the domestic economy largely means 

(in descending order of importance) investment in: (1) infrastructure, 

(2) capital-intensive industries. (3) supporting industries, and (4) 

productive services. This is exactly the route that Saudi Arabia has 

chosen. While emphasis on building the country's infrastructure was a 

major objective of the second five-year development plan, the estab-

lishment of hydrocarbon-based industries received priority in the third 

five-year development plan~ when most of the petrochemical plants were 

either operating or close to completion (El Mallakh~ 1982, p. 232). 

A major advantage of developing gas-based industries, especi-

ally to a prominent oil producer such as Saudi Arabia. is that once gas 

has been used. as oil is being substituted within the domestic economy. 

there is an excellent theoretical argument for developing gas-based 

downstream indUstries. These indUstries can either be chemical, which 

use the gas as both a fuel and a feedstock for conversion into higher 

valued, more easily transportable, products or they can be other energy 

intensive industries such as steel, aluminum, or cement that can use 

gas as a reasonably cheap source of heat. Saudi Arabia is endowed with 

various unexploited metal and nomnetal resources (Yamani, 1918). The 

1 For oll-exporting countries 7 capital surplus is defined as 
revenues accruing from the production and export of discretionary oil. 
Oil can be tenned disGretionary if its supply can be reduced or 
increased without any significant consequences on the economy of the 
supplying country (World Bank, 1981, p. 1). 
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existence of a developed gas-based sector would make it easier to 

provide the energy required to utilize these resources. 

Saudi Arabia's Approach to Industrialization 

Unlike other OPEC countries, for example Algeria and Libya. who 

opted for petrochemical plants built on a turnkey basis, most of Saudi 

Arabia's projects are joint-ventures with foreign partners. A Saudi 

foreign partner is expected to hold up to 50% of the equity with 30% 

coming from its own resources. The partner can approach the country's 

Public Investment Fund for a loan covering 60% of its share of the 

investment at an interest rate of between 3% and 6% per year while the 

final 10% is raised from carmercial banks2 (Turner and Bedore, 1979, p. 

19). Several types of foreign partners are represented in the Saudi 

ventures. Three of these ventures are with multinational oil companies 

(Shell, Exxon, and Mabin, two with Japanese consortia headed by 

M1tsubishi f one with two European companies (Neste Oy of Finland and 

Enchem of Italy), one with the South Korean Lucky Goldstar Group, and 

one with a Tiawanese fertilizer company. 

Like any other, the joint-venture approach to industrialization 

has advantages and disadvantages for both partners. It 1s not the 

21hese are offered to partners of the first generation plants. 
Partners in the second generation plants are not expected to get such 
an offer. 
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intention here to discuss the motivation of the foreign partners. 3 In 

what follows. the Saudi Arabian joint-venture approach to industrial 

development is generally presented. 

Industrialization through joint ownership serves Saudi Arabia 

in several ways. First, bearing in mind that the second five-year 

development plan stressed the speed-up of industrialization (Wells, 

1916) and the third development plan emphasized the development of 

human resources (El Mallakh. 1982. p. 111), a turnkey policy would 

have meant delaying the construction of these projects until enough 

Saudi nationals were trained to operate them. Under a joint-venture 

policy. the necessary technical and managerial training is provided, 

for the most part, by the foreign partner while the plant is under 

construction and after it comes on stream. second I such an approach 

generally assures product Quality and suppliesG Joint ventures with 

prominent partners also assists the: country in marketing the export-

oriented production of these plantsG The majority of these partners 

have well-established worldwide marketing and distribution networks 

which not only gives Saudi products an instant entry into eXisting 

markets~ but also 1ncreases the prospect of introducing them into these 

3Motives of multinational companies entering joint ventures in 
the Arab oil producing countries are described by an executive of one 
of the major oil companies (Chandler. 1977, p. 140): "Equity ownership 
has not entirely disappeared and remains significant, though no longer 
dominant. • • • More important, therefore, are the variety of arrange
ments be1ng developed by individual international oil companies for 
securing continuity of crude supply-the evolution of partnerships, 
the provision of technical assistance, t;'e development of long-term 
contracts. investment in refineries or chemical plants carrying an 
entitlement to oil or national gas and concession-related purchases." 
Additional and similar motives are also found in A Guide to the saudi 
Arabian Economy (Presley. 1984. p. 143). 
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markets with minimum disruption. In these ventures, a foreign partner 

is obliged to market his 50% share of production plus any Saudi share, 

if necessary (Fesharaki and Isaak, 1983, p. 95). Finally. the coun-

try's previous experience may have played a role in choosing a particu-

lsr type of venture. On one hand, the unpleasant early experience with 

SAFCO, a turnkey fertilizer plant, reinforced the country's traditional 

caution with such operations. On the other hand, the ARAMCO experi-

ence, which has been viewed as largely successful, encouraged the 

decision makers to stay with the joint-venture fonnula (Bedore, 1984, 

p. 192). In their book Middle East Industrialization, Turner and 

Bedore (1979, p. 8) summarized the Saudi motives for adopting this 

approach: 

In one sense, this is excellent discipline for the Saudis. 
Under the turnkey formula p ' it is only too easy for inex
perienced officials to underestimate the difficulties in buying 
a reliable plant, operating it efficiently. and finding world 
markets for the product. By insisting that foreign partners 
have a financial and managerial share in the plant, the Saudis 
are attempting to write their own insurance policy. They hope 
the foreigners will have a powerful motive to ensure that a 
project in which they become involved is sound, and to dispose 
of the products within their international marketing network" 

AdVocates of a turnkey policy argue that multinational compa-

nies entering joint ventures in the Third World subjugate such proj-

ects to vetoes and delays. either through excessive caution or by their 

corporate needs in other parts of the world (Bedore. 1984, p. 192). 

others realize that. for oil prodUCing developing countries. too much 

reliance on multinat·;onal companies restricts the options open to those 

countries. For example, it can limit their export markets and output of 
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certain products and capacity expansion, which are usually classified 

in the licensing agreements (Fayad and Motamen, 1986. p. 140). 

A strict application of the joint venture formula may restrict 

the country's freedom of action; for the interest of the country and 

that of the foreign company may not always be identical. Turner and 

Bedore (1919, p. 18) stated that this is not an important issue if the 

ventures are profitable, but once it becomes clear that a project will 

not yield an adequate return on investment, the only way the country 

can get the project moving is to increase subsidies of one sort or 

another until the returns become adequate~ They. however, did not pro-

vide any economic basis for their statement and did not explain what 

happens if the project can never be profitable. Nonetheless~ any temp-

tat ion on the part of the country to subsidize production costs in 

order to maintain sales may give short-term benefits, but would be 

incompatible with the longer tenn establishment of a viable heavy 

industry base. 

The Master Gas System 

Introduction and Description 
of the System 

In the words of a fonner governor of PETROMIN. Saudi Arabia's 

General PetroleulIl and Mineral Organization, "the Master Gas System 

..... was destined to stand as a milestone in the development of the 

international gas industry .... and will make Saudi Arabia the world's 

largest exporter of NGl's by the mid 1980s" (raher, 1982b, p. 60) .. 



The Master Gas System 1s a IRBIJIIIIOth, government-sponsored, 

project that gathers and processes associated gas from most onshore 
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and sOIDe offshore 011 fields exclusively located in the eastern part of 

Saudi Arabia. launched In 1979. the first phase of the Master Gas 

System was completed in 1983 with a capacity of 96.3 .... /d (3.37 

bft3/d). The completion of a second phase in 1986-1987 was expected to 

raise its capacity to 141.6 ..... /d (4.96 bft"/d) (OAPEC Bulletin. Marcil. 

1985). Figures (16-18) and Tebles (23 and 24) show the steges of the 

Master Gas System and its links to the major industrial plants 1n 

Jubail and Vanbue A general outline of this system is provided below 

(ARAMCO. The Master Gas SYstem). 

Associated gas produced with crude oil Is collected at 98s-011 

separator plants (GOSPS), compressed, and the heavier hydrocarbon con

densate removed. The gas and condensate are piped separately to gas 

plants in the Eastern Province. At the gas plants (located in Shedg .... 

OthRan1yah, and Berril contaminants such as hydrogen sulfide are removed 

and a sweet, dry gas (methane) 1s extracted for use as an industrial 

fuel and feedstock. 

FI'OIII the gas plants at Shed9lln and uthmaniyah the re.aining 

natural gas liquids and ethane are piped to plants at Yanbu and Ju'aYllah 

for fractionation into their separate COIAponents. NGl from the Berr1 

9as plant goes to Res Tanura or Ju'a)'llBh for fractionation. 

In the fractionation plants. ethane is produced in gaseous form 

for use as fuel and as a petrochemical feedstock in the industrial com-" 

pl .. es at Vanbu and Jubal1. After removal of ethane. the HGl is further 

fractionated into propane and butane (LPG) and natural gasoline. The 
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.Figure 16. location of the Master Gas system.-Soun:e: OAPEC 
Bulletin , March, 1985, p .. 10~ 
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Figure 18. utilization of _hane and ethane gases produced 
by the Master Gas Syst .... --source: OAPEC Bulletin (March, 1985, p. 15). 
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Table 23. Production capacity of Saudi Arabia's field gas 
plants 

wet Gas Dry Gas NGl SUlphur 
Location (mft3/d) (mfts/d) (bbl/d) (tons) 

Berri 600 380 54,000 1,400 

Shedgum 1,500 700 305,000 1,400 

Uthmaniyah 1,500 700 320,000 1,200 

Total 3,600 1,780 679,000 4,000 

Source: OAPEC Bulletin (March, 1985, p. 11). 

Table 24: Production capacity of NGl in Saudi Arabi. 

Ras Tanura Ghawar Yenbu Total 

Design capacity 1,000 3,500 0 4,500 
(mf3/d) 

lNG (mt{y) ° 
Ethane (lIIt/y) ° 1,420 1,260 2,680 

Propane (mt/y) 3,500 4,550 2,628 10,678 

Butene (mt/y) 3,000 2,422 1,327 6,749 

Natural gasoline 
(lIIt/y) 3,000 2,352 216 5,568 

Total NGl (lIIt/y) 9,500 10,744 5,431 25,675 

Source: OAP~C Bulletin (March, 1985, p. 9). 
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LPG is exported from Vanbu and Ju'aymah; Berr; LPG is exported from 

Ju'aymah or Ras Tanura. Natural gasoline is exported from Yanbu and 

Ras Tanura~ 

An important component of the Master Gas System is a 1, 170-km

long gas pipeline which transports NGL from gas-processing plants in 

eastern Saudi Arabia to Yanbu on the west coast. The NGL pipeline, 

which shares the right-of-way with a parallel 1.85 million barrel per 

day crude oil pipeline, has the capacity to deliver 270,000 barrels of 

NGl per day and is designed to permit a 50% capacity expansion if 

required in the future. While some 30,000 barrels per day of the gas 

is used to fuel the crude oil pipeline, the bulk of the gas is 

processed at the Yanbu fractionation plant where the resulting ethane 

is used as a fuel and feedstock for the ethylene complex, Yanpet , and 

the remaining gas liquids are exported as propane, butane, and natural 

gasolines. Total mileage of the gas system, including the east-west 

NGL pipeline, is estimated to be about 1720 miles (Pipe line Industry, 

November 1978, pp. 50-52). 

As reported by one source, the Master Gas System is designed to 

operate on the gas associated with crude oil production of 8.5 mmbbl/d4 

4This figure seems to be based on a gas/oil ratio of 583 (4.96 
bft3 of gas/8.5 mmbbl of oil) which is in contrast to a ratio of 516 
calculated as follows: One barrel of crude oil is associated with 
14.73 m' of natural gas (OPEC Annual Report, 1983). 1.0 rna of natural 
gas equals 35 fV (OPEC Approximate Conversion Factors #41). Hence, 
1.0 barrel .of crude oil 1s associated with 516.0 ft3 of natural gas. 
Therefore, using the latter factor results in either an operable Mas
ter Gas System capacity of about 9.6 rrunbbl/d (4.96 bft3 /516) instead 
of the reported figure of 8.5 mmbbl/d or a maximum output of 4.39 bft3 

(8.5 mmbbl x 516). These differences may be due to a 583 gas/oil ratio 
being based on wet gas whi 1e that 9f 516 is based on dry gas. 
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and would require at least 7 mb/d of crude oil production to keep 

development projects supplied with the associated gas (International 

Petroleum Encyclopedia, 1984). Another source reported that the 

projects dependent on ethane and methane require the dry component of 

gas associated with crude oil production equivalent to be an uninter

rupted crude flow of 7 mmbbl/d (Financial Times, May 5, 1981. p. VII). 

A third reference suggests that to such a figure one must add the gas 

needed for electricity and water desalination plants currently under 

construction (Bedore, 1984~ p. 202) I thus. perhapsD raising the amount 

needed somewhat higher. 

Recently. the drop in Saudi Arabia's crude oil production has 

reduced the amount of associated gas available for industrial projects, 

has reduced the quantity of LPG avai lable for export, and reduced the 

quantity of dry gas available for local consumption for generation of 

electricity and for water desalination (International Petroleum Ency

clopedia. 1984). For example, the country's oil-producing Eastern 

Province was completely blacked out for 24 hours at the end of June 

1983. This sitUation was directly attributed to a shortage of asso

ciated natural gas, the requirement for which registers a sharp rise in 

the summer months largely owing to increased air conditioning demands 

(Middle East Economic Survey, August 29, 1983). In general, domestic 

requirements for associated gas necessitate a level of crude oil pro

duction above the maximum of 5 mmbbl/d allocated under the OPEC March 

1983 agreement (Quarterly Energy Review. 1984). 

- .--~~~-.---------------
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The natural gas shortage prompted short-term solutions that 

include substitution by crude oil when possibles and an increase in 

crude oil production to feed the Master Gas System. Meanwhile, the 

extra crude oil produced is being stored on land and in tankers to avoid 

undermining the oil market (Middle East Economic Survey, August 29, 

1983). 

The current OPEC quota. established December 1986, which 

restricted Saudi Arabia's crude oil production to 4.35 mmbb1/d, is even 

lower than that during which the shortage of associated gas first took 

place. Furthermore~ at that time, most of the petrochemical plants were 

being constructed so that their feedstock and fuel requirements were not 

considered in the estimation of the gas shortage. 

In the interim and for the long-run, Saudi Arabia has decided 

to start developing its nonassociated gas resources (Middle East Eco-

nomic Survey~ January 30, 1984). The most recent figure puts available 

nonassoclated gas, as a back up, at 1.2 bft3 /d of which the majority is 

supplied by the deep Kuff formation which underlies the oil-bearing 

horiZons in the Ghawar field (Oil and Gas Journal, August 24, 1987). 

However, as opposed to associated gas, nonassociated gas is available 

only at the cost of extracting it and the cost of exploring and the 

replacement quantity. This means that any amount that is used to 

5For example, the entire Eastern Province is served by an 
electricity grid system which can be operated by using either crude oil 
or gas. The flexibility of the whole industrial development program, 
including that of the various petrochemical plants, is addressed 1n 
another section of this chapter. 
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offset shortages of associated gas cannot. unless already proven,6 be 

priced at the 50 cents/..,btu ch.rged for the associ.ted type. More

over, as will be demonstrated, the different characterizations of the 

associated gas from those of nonassociated type 1mposes some technical 

constraints on some parts of the country's petrochemical production. 

As far as the cost of the Master Gas System 1 s concerned I est 1-

mates differ greatly from one source to another. For example, while the 

offici.l government figure is about $12.5 bl1lion (PETRONIN, written 

camwnicat1on, 1987) another source reported a figure of $14 billion 

(Petroleum ECOI1OIII1st, May, 1985, p. 163); yet, other sources quoted 

est1mates of $21 bl1110n and $14 bi1l10n ($10 bl1110n for the first 

phase .nd $4 b11110n for the second) (Fesh.rak1 and Isaak, 1983, p. 44, 

and Bedore, 1984, p. 90. respectively). The discrepancy of $6 billion 

presents .ny analyst with the dil ..... of choosing the proper cost 

estimate. For example, while a cost of $10 billion .. ay justify a gas 

price of 50 cents/lllllbtu, a cost of $16 billion may not. 

Another point regardi ng the oost of the Master G.s System is 

the oost of the east-West gas pipeline. Although this pipeline 1s oon-

s1dered as a camponent of the Master Gas System (ARAMCO, The Master Gas 

~), its inception may not necessarily have been based on economic 

cons1derations alone. Turner and Bedore (1979, p. 10) considered the 

establishment of the second industrial pole at Yanbu, part of which was 

'When nonassociated gas is supplemented on a large scale, the 
opportunity cost of natural gas, including that of the associated type, 
cannot still be considered at 50 cents/llllllbtu unless this price can be 
demonstrated to be obtained from the alternative to using it in the 
system, i.e. exporting it. 
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created due to gas suppl1ed by the pipeline, as desirable from both 

development and strategic points of views. From a development stand

point, the creation of two industrial centers 1s more desirable than 

locating all the new projects in one particular region and so causing an 

agglOllleratlon of a highly developed infrastructure, construction opera

tions and population density. From a strategic point of view, particu

larly for crude 011, but also for LPG exports, it reduces Saudi Arabia's 

dependence on the use of the Gulf and the strait of Hermuz. The recent 

capacity increase from 1.8 IIRbbl/d to 3.2 ambbl/d (On and Gas Journal, 

August 24, 1987) of thB transpeninsula crude 011 pipeline exemplifies 

this point of view. In any case, the strategic and development justifi

cation, in addition to any economic consideration, for the construction 

of the East-_t gas pipeline increases the level of difficulty of any 

economic analysis of the Master Gas System because these multi-objective 

factors prove difficult to quantify as simple pertial objectives. 

NonecollOlllic Constraints 

The bulk of the reported saudi Arabian gas reserves represents 

aSSOCiated gas that the Master Gas System was built to uti 1 ize. This 

creates a direct l1nksse between the level of crude 011 production and 

the ut111zation level of Master Gas System. For example, if 8.5 mmbbl/d 

is asslllled to be the crude oil production level that """ld satisfy the 

Master Gas System at 100S throughput. then a lower crude 0; 1 product 10n 

level would reduce the Master Gas System's utilization level. For exam

ple, a crude oil production level at 6 mmbbl/d ,,111 drop the _ter Gas 

System's utilization to about 71%. Although, as noted before, efforts 
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have been directed to proving up reserves of nonassociated gas, so that 

local availability of gas is not dependent on the level of crude oil 

output, it should be noted that because the chemical composition of 

natural nonassociated gas differs from that of natural associated gas 

some constraints would arise when substitution for associated gas by 

nonassociated gas takes place. Tables 25 and 26 illustrate the contrast 

between the two gases and show that the bulk of nonassociated gas is 

made up of methane (80%) with minor amounts of other components, partic

ularly ethane. AssOCiated gas on the other hand, contains less methane 

and is higher in other components, especially ethane and propane~ For 

Saudi Arabia, due to the lack of nonassociated gas data p associated gas 

from the Ghawar field (the main contributor to the Master Gas System; 

Figure 16) is compared to Qatar's nonassociated Kuff gas which is 

assumed to be from the same geologic formation as that of Saudi Arabia 

(the Saudi nonassociated gas project is labeled the Kuff gas project 

(Quarterly Energy Review, 1984». The comparison indicates that the 

same amount of both gases wi 11 not produce an equal amount of ethane. 

In other words, while the methanol, fertilizer, elec:;tric:; generation, and 

water desalination plants would benefit from the availability of nonas

sociated gas (methane is the maln feedstock for these plants), ethylene 

plants may not be better off due to the poor availability of ethane g the 

main feedstock for Saudi ethylene production, in nonassociated gas, 

i.e., a portion of associated gas has to be maintained to supply the 

ethylene plants, thus dictating a certain amount of c:;rude oil produc

t1on. This real ity is central to one of the issues confronting the 



120 

Table 25. Chemical composition of nonassoolB.ted natural gas 
frem different fields in OAPEC countries (% volume) 

UAE 
Algeria Qatar Dubai 

Component Basa Remel Bahrain Kuff Gas Syria Rashid 

Methane 83.72 80.01 79.738 78.93 78.57 

Ethane 6.76 1.65 1.250 5.73 9.24 

Propane 2.09 0.36 0.359 2.33 3.82 

lsobutane 0.32 0.07 0.105 0.53 0.62 

Norma 1 butane 0.50 0.01 0.113 0.58 1.27 

Iso-pentane 0.10 0.07 0.168 0.22 0.88 

N-pentane 0.12 

Hexane 0.15 0.08 0.030 0.47 

Heptane and 
heavier 0.05 0.084 0.68 

Carbon dioxide 0.21 6.64 4.367 7.73 3.70 

Hydrogen sulfide 0.05 0.218 1.78 0.45 

Nitrogen 5.84 10.92 13.568 2.43 0.30 

Helium 0.19 

Others 0.09 Max. 7pprn 0.10 

Total 100.00 100.00 100.00 100.00 100.00 

Source: Qunada (1981). 
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Table 26. Chemical composition of associated natural gas frOll 
different fields in OAPEC countries (:II volumel 

saudi 
Arabia 

U.A.E. Ghawar 
Component Dubai Bahrain Field Syria Iraq Qatar 

Methane 56.66 70.20 51.00 54.50 66.9 55.49 

Ethane 16.63 6.64 18.56 11.70 21.2 13.29 

Propane 11.65 4.50 11.50 8.90 5.97 9.69 

Butane 5.41 2.69 4.40 6.10 3.74 5.63 

Pentane 2.15 1.64 1.60 3.10 2.55 

Hexane O.U 0.86 0.04 0.90 1.61 1.06 

Heptane 0.91 0.45 0.20 0.30 1.21 

carbon dioxide 5.50 4.64 9.70 3.50 3.50 7.02 

Hydrogen 
sulfide 0.79 0.05 2.20 3.40 7.08 2.93 

Nitrogen 0.55 8.33 0.50 7.20 1.12 

Others 0.40 0.01 

Total 100.00 100.00 100.00 100.00 100.00 100.00 

SOurce: Qunad. (1981). 



Saudi gas utl1ization progra as discussed 1n a later section of this 

chepter. The "ini""01 crude oil production level, as imposed by the 

existing difference 1n the contents of associated and nonassoc1ated 

gases, is shown 1n the next chapter. 

The Petrochen!ical Industrv 

Introduction 
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As 01 1986, the petrochen!ical ventures in saudi Arebia totaled 

11 plants, producing basic, 1ntenaed1ate. and end-products. The c0m

bined capacity 01 these plants totals 7,638 lIillion ~y. A 500,000 

tty MTBE (methyl tart iary butyl ether) venture is scheduled to come on 

stream in 1988. The individual capacity 01 the Saudi plants are listed 

in Table 27, which also indicates the foreign partner involved and the 

year each venture becante, or will beccne, operational. In 1986 total 

output 01 these plants, at capacity, was about 1.2 _. Teble 28 lists 

the shares 01 the saudi products as percentages 01 world total in 1986. 

Figures 19-21 illustrata the integration of the ethylene, methanol and 

fertilizer plants with their prospective downstream operations. All 

but one of these plants are located in the Eastern Province. Yanpet is 

located in the Western Province. The East-West gas pipeline provides 

Yanpet with its feedstock requirement. 

Econoonic Factors 

The petrochemical industry in Saudi Arabia is influenced by 

several countervailing factors. The intention in this section is to 



rable 27. The Saudi petrochemical plants 

on 
stream Feedstock Product 

Saudi Methenol CO (AL-RAZIl. Jubaila 

1983 Methane 

Nat10nal Methanol Co .. nBN SINAl Juba; lb 

1984 Methane Chemical grade IIOthanol 

Saudi Petrochemical Co.. (SQAF1, Jubailc 

1984 Ethane; salt; 
benzene 

Ethylene 
Ethylene dichloride 
Industrial ethanol 
Styrene 
caustic soda 

AI=Jubail Petroch ... lcal CO (KENYA). Juband 

1984 Ethylene 

Saudi Yanbu PetroeheJa1eal co. 
1984 Ethane 

LLDPE 

(YANPET). YanlJuO 

Ethylene 
Ethylene glycol 
LLDPE 
HOPE 

Arabian Petrochemical CO. (PETROKEMYA). Juban' 

1985 Ethane 
Styrene 

Ethylene 
Polystyrene 
Butone-l 

Eastern Petrochemical Co, (SHARQ), Juba119 

1985 Ethylene LLDPE 
Ethylene glycol 
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capac;ty 
(DIt/y) 

600 

700 

656 
454 
281 
295 
377 

270 

455 
220 
205 

95 

500 
100 
50 

lSO 
SOD 
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Table 27.--Continued. 

On 
Stream Feedstock Product 

Capacity 
(mt/y) 

Saudi Arabia Fertilizer Co. (SArco>. Oammamh 

1970 Methane Urea 
Sulfuric acid 
Melamine 

Al-Jubsil Fertilizer Co. (SAMAO). Jubail; 

1983 Methane Urea 

National Chemical Fertilizer Co. (IBN Al-BAYTAR)' JubaiU 

1987 Methane Ammonia 

National Plastic Co. (IBN HAYVAN), Jubailk 

1986 Etylene 
Ethylene chloride 

Vinyl chloride monomer 
polyvinyl chloride 

Saudi European Petrochemical Co. (IBN ZAHR), Jubaill 

1988 

Ownership: 

Methanol; butane MTBE 

a. 
b. 
c. 
d. 
e. 
f. 

SABIC 50%; Japanese group led by Mitsuibishi 50% 
SABIC 50%; Celanese 25%; Texas Eastern 25% 
SABIC 50%; Pecten Arabian Co. 50% 
SABIC 50; EXxon 50% 
SABIC 50%; Mobil 50% 
SABIC 100% 

330 
100 
20 

50 

500 

300 
200 

500 

g. 
h. 
i. 

SABIC 50%; Japanese group led by Mitsuibishi 50% 
SABIC 41%; SAFCO employees 10%; Saudi investors 49% 
SABIC 50%; Taiwan Fen; 1 lzer company 50% 

j. 
k. 

1. 

SOurces: a. 
b. 

SABIC 50%; SAFCO 50% 
SABle 75"; lucky Goldstar Group (S. Korea) 15%; 
National Industrialization Co. 10% 
SABIC 70%; Apfoorp 10%; Neste Oy 10%; Enchem 10% 

Arab 011 and Gas Di rectory (1987) 
SABIC Ann"a 1 Report (1984) 



Table 28. Share of Saudi petrochemical output in world total 
in 1988 (m tons/v) 

Total % Share of 
Saudi World 

Product Output Capacity 

Ethylene 1,601 2.2 

LLDPE 605 2.8 

HOPE 95 1.0 

EG 520 7.2 

EOC 454 1.2 

Styrene 295 2.0 

Ethanol 281 7.0 

Methanol 1,300 8.5 

Ammonia/Urea 1,330 1.3 

Source: Arab 011 and Gas Di rectory (1987, p. 371). 
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identify and discuss the major factors which favor the establishing of 

the industry as well as those that contribute to disadvantages. 

1. Favorable Factors 

Saudi Arabia's gas-based petrochemical plants enjoy a sub

stantial advantage over similar plants in OECD and other countries 

in the fom of cheap feedstock. Dry gases (methane and ethane) are 

provided for the various ventures at a price of 50 cents per mmbtu 

(Fesharaki and Isaak, 1983, p. 207). This price represents about 10-

17% of the price charged in the industrialized countries (Conant, 

1986). As an illustrative example of gas prices in OECD countries. 

Table 29 lists prevailing gas prices in mld-1980s in various European 

locations. 

Because the raw material is considered the largest single 

element in the chemical-processing industry (described in Chapter 2), 

a sa.udi petrochemical venture would enjoy about an 83-90% feedstock 

cost advantage over similar plants in OECD countries. Moreover, the 

various gas-based plants in Saudi Arabia enjoy an additional advantage 

over naphtha-based plants in other countries since gas-based plants 

are more efficient than naphtha-based plants of equal size (see Chapter 

2). 

Advantages to Saudi plants from cheap gas feedstock, however, 

tend to be reduced when crude oil prices decline. Reduction of this 

advantage takes place on two fronts •. First, a decrease in crude oil 

price pressures products prices to decline, thus increasing the 



Table 29. European gas prices at inlet of distributors' 
transmission systems ($/mmbtu) 

Second Second 
Quarter Quarter 

1984 1985 

Netherlands to: 

Germany 3.75 3.40 
Belgium 3.75 3.35 
France 3.90 3.50 
Italy 3.90 3.50 

Soviet Union to: 

Germany 3.70-4.05 3.35 
France 3.50--3.95 3.50 
Italy 3.68 3.50 
Austria 3.58 3.40 

Norway to: 

Consortium (Ekofisk) 
cif Emden, Germany 3.75 3.60 

United Kingdom 3.50 3.00 

Consortium (Statpipe) 
cif Emden, Germany 4.90 4.40 

Algeria to: 

Italy 4.26 4.0 
Belgium 4.49 4.37 
France 4.34 4.22 
Spain 3.63 4.22 

Source: Conant (1986, p. 110). 
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competitiveness of naphtha-based plants which have an advantage 1n 

narket locations. This means that there exists a crude 011 price below 

which petrochemical products from Saudi Arabia lose their cheap 

feedstock advantage 1n certain marketsm A recent report claims that at 

a crude oil price below $25/barrel it becomes unprofitable to move 

Saudi petrochemicals to Western Europe (Middle East Economic Digest, 

June, 1987. p. 25). The report gives the following example: In late 

1985, it costs an estimated $270 a ton to produce ethylene 1n Europe, 

against $50 a ton in Saudi Arabia. This reflected tha low feedstock 

cost in Saudi Arabia which was around one-eighth the prevailing 

naphtha price in Europe. However I the 1986 oil price drop, from 

$28/barral in January to a low of S8/barrel in the SUllller, brought 

down the naphtha price7 which translated to an ethylene cost of 

$90/ton. Taking tha cost of transportation into account, the report 

concludes that saudi products became more expensive than Europe's own 

output. 8 Second, a lower crude 011 price lIay cause gas and LPG prices 

to drop, hence increasing the advantage of gas-based plants elsewhere 

oyer Saudi plants which do not benefit fl"Olll such a drop as their gas 

feedstock price is regulated at 50 cents/mOOtu (1.e. is not affected by 

fluctuation in crude oil price). 

7In 1986, the naphtha pries dropped f ..... $24.00 in January to 
$13.00 in August (OPEC Bulletin, July/August, 1986). 

8A lthough this conclusion may apply to ethylene, it contradicts 
data used by stanford Resaarch Institute (1986) for othar llaudi 
products such as ethylene glycol, high dansity polyethylene, and linear 
low density polyethylene. Market prices for thase products in Western 
Europe were 3SS. 40X t and 30¥, respectively, above total Saudi 
delivered costs for these products. 
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A second important advantage to the saudi petrochemical plants 

stems from the fact that the various joint-ventures receive low-interest 

government loans ranging between 3% to 6%9 (Turner and Bedore, 1979. p. 

19). Bearing in mind the capital intensity of this industry, such low 

interest rates contribute to a substantial cost saving and reduction in 

unit production cost, thus higher returns on equity. Turner and Bedore 

(1979, p. 79) indicated that by making use of the low Saudi interest 

rates charged to the petrochemical ventures, a foreign partner in a $1.0 

billion venture would save $8-$16 million/year in the interest payment 

of his share of the investment which would translate to an increase of 

5% to 10% return on equity_ Assuming these figures are correct. then a 

Saudi venture as a whole would also enjoy an increase of 5% to 10% on 

the basis of cheap capital a10ne. 10 

Other factors enhancing the competitiveness of the new Saudi 

petrochemical industry include: (1) Economies of scale: Being at a 

world-scale size~ the industry ensures that scale economics are fully 

captured (see discussion in Chapter 2, p_ 35). (2) Implementation of 

the latest technology: Utilization of the most advanced technological 

processes contributes not only to the quality of the products~ but also 

9From a company's point of view. this can be considered an 
advantage. Moreover, from a government standpoint it is not clear that 
it can be considered a subsidy since although an overseas investment 
could have yielded a higher rate (for example, U.S. long term treasury 
bills averaged about 11.6% between 1981 and 1985 (Federal Reserve 
Bulletin, 1980-1985». Given the fluctuating nature of inflation and 
exchange rate during construction time, an actual return on equity may 
not have been much different from 5% to 10%. 

10For comparison they use a rate of 7.5% per year which the OECD 
nations allowed each other to charge for export credits in 1919. 
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to minimizing the amount of fuel and feedstock wastage, therefore, to 

the overall efficiency of the industry (Modern Plastics, February, 1985, 

p. 10). (3) Access to a large, sophisticated, marketing natwork: The 

jo1nt venture setup allows Saudi products to use the foreign partner's 

markating channels and expertise which greatly adds to the probabtl1ty 

of success. The issue of marketing, however, necessitates further elab

oration. This 1s discussed in a separate section. Finally, the saudi 

ventures enjoy another advantage in the fonn of cheap infrastructure 

(land rent, water, electricity, roads, telecOIIIDIunicat1on system, am: 
perts)." 

2. Unfavorable Factors 

The advantages described so far are somewhat diminished by 

three lDain factors. These factors, higher construction costs, higher 

fixed operating costs than those 1n industrial1zed countries, and a 

transportation cost, are discussed below. 

High construction costs may be the most disadvantageous factor 

influencing the total production cost of petrochelllical plants in Saudi 

Arabia. Although the significance of this factor is undeniable, pub

l1shed figures regarding estimates of building cost in Saudi Arabia 

relative to those in industrialized countries are not consistent. For 

eXBAlple. depending on the source, these rangs from 25X to 1001: over the 

11Whether this is considered a subsidy or not is open to debate. 
The view adopted in this research is that of Turner and Bailore (1919, p. 
20) who argued that: "The tradition of governments heavily underwriting 
the development of infrastructure for industry 1s well establ1shed 
around the world, and if the saudis want to become an industrial force, 
an ambitious COIIIIIIitment to infrastructural development 1s acceptable." 
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cost of locating similar plants on the u.s. Gulf Coast (Looney, 1982, 

p. 184; Turner and Bedore, 1979, p. 86). Therefore, when analyzing 

this factor, one must be SOIIeWhat cautious about using one estimate 

over another for the simple reason that these differing figures may not 

represent the sBlDe things. The differences l18y be due to comparing 

similar facility costs for different years, to comparing facilities 

required in different locations to produce the sante annual quantity of 

production, or even to including some infrastructure cost. The latter 

factor would generally explain higher construction costs 1n Saudi 

Arabia. For example, whlle land and ut11 ities are provided inexpen

sively by the government, other infrastructure, such as housing. recre

ational facilities, and socio-medical services, substantially increase 

the overall cost (Modern Plastics, February, 1985, p. 10). 

In general. several factors contribute to the higher cost of 

constructfng plants fn the Mfddle East over those fn DECO countries 

(Turner and Bedore, 1979, p. 86). The extra costs cane fl"Oll ...... 

necessary redesigning for Middle Eastern conditions. These include 

heat and wind-blown sand. greater distances fran construction material 

s_liers, the lack of preexisting infrastructure (e.g. hiring equip

ment is expensive While roads and rail facilities may be primitive). 

and the need to import expensive expatriates to supervise construc

tion. Moreover, delays 1n construction completion (typically 25-30¥ 

longer than on the u.s. Gulf Coast) add to the overall cost of 

building plants in the Middle East. 

To see how the above factors affected the construction of 

petrochemical plants 1n Saudi Arabia, the following observations are 
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made. First~ as discussed earlier, a major part of the required infra

structure was undertaken 1n the second development plan which preceded 

the construction of these plants~ Second, even though the country 

lacks the skilled manpower that is needed to construct these plants, 

cheap semiski lled labor from third world countries (Egypt, Pakistan, 

and the Far East) were used to substitute for some of the high wage 

expatriates (El Mallakh, 1982, PG 418). Third, most of these plants 

were located at coastal sites (Jubal1 and Vanbu; Figure 15) I which 

allowed the use of modular prefabrication by which large parts of the 

plants were actually constructed abroad, floated in, and cemented in 

place~ This approach of building succeeded in reducing the complexity 

of onsite construction (Oil and Gas Journal, March 25, 1985, p. 73). 

F1nally~ it should be kept in mind that these plants are joint projects 

with foreigners who were generally responsible for constructing them 

and, therefore, it was to their advantage to minimize delays and other 

excessive costs. In describing the startup of his plant, the president 

of one of these ventures, who is not a Saudi, corrmented that it was 

~one of the most successful in Unipal (the process) history" (Oil and 

Gas Journal, March 25, 1985, p. 73). These factors may generally 

explain the success of bringing the first wave of the Saudi petrochemi

cal plants into production within budget and the antiCipated time 

(Philpot, 1983, p. 843). 

Given the observations above, an alternative to trying to find 

a relative construction cost factor for Saudi Arabia to compare with 

constructing similar plants in industrialized locations. is to use the 



I1Dst consistently published total cost- figure for each of the plants. 

Table 30 lists these figures es reported in energy pUb-lications. 

Another disadvantage for the Saudi projects is their n_eed-
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stock operating costs.. These are generally higher in Saudi Arabia due 

to the need to fulfill a large percentage of the work force by non

Saudis of whom a good portion are expatriates. Although subsUtution 

for these by qualified labor from third-world countries May be possi-

bla, there are limits to how fast this can be done as one would expect 

thet these state of the art plants are complex enough to limit such 

substitution in the short run. 

Saudi Arabia is a long way from the rich, world markets of North 

America, Western Europe, and Japan (western Europe uy not be far when 

shipments are made fram Vanbu). Tl'l.ls, the country's export-oriented 

ventures have to absorb transportation costs to these markets, contr1b-

uting to lover returns. The exact effect of this factor does not s .... 

as important as some lilY state for 1t has been argued that, in general, 

transportation economies matter far less for gas-based petrochelDicals 

than for crude all products (Turner and Bedore, 1979, p. 92). This is 

because for refined products, transportation costs are much higher than 

those of crude oil, while in the case of petrochemical products, trans-

portat1on costs are far less than the cost of exporting gas in the form 

of LNG (whether by pipeline or vessels); virtually any processing of gas 

can bring transportation costs per unit down below those for l1quified 

natural gas. For example, LNG costs SD1118 six to eight tillles as much to 

transport as crude 011, while 8IIIIIOn1a, LPG, and cryogenic ethylene is 



($",,) 

137 

Table 30. Construction cost of the Saudi petrochemical plants 

Company Cost 

AL-RAZI 260& 

IBN-SINA 380& 

SADAF 2,80Qb 

KVMVA 1,300b 

YANPET 2,50Gb 

PETROKEMYA 1,500· 

SHARQ 730· 

SANAD 350& 

IBN AL-BAVTAR 173c 

IBN HAYAN 40Qc 

IBN ZAHR SOQe 

a. Arab Oil Gas Directory (1987, pp. 375-379). 

b. Oil and Gas Journal (October 24, 1983, po 132). 

c. Oil and Gas Journal (OCtober 21, 1985, p. 98). 
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only three to four times as expensive as crude. In the case of the 

Middle East, Turner and Bedore (1979, p. 93) concluded that "because of 

the relative high value of chemical products compared with crude oil, 

transportation costs are unlikely to be a make-or-break factor." Table 

31 lists the cost of transporting Saudi ethylene derivatives to the 

United states, European, and Japanese markets. Figure 22 is provided 

for compari son. 

Finally, the majority of Saudi petrochemicals must absorb tariff 

costs in certain export markets. For example, Saudi producers have to 

absorb between 12.8% and 13.4% (on a product value basis) for a number 

of products exported to Western Europe once quantities of these products 

exceed their quota limits. Tariffs imposed on Saudi petrochemical 

exports to Western Europe are a currently debated issue between Saudi 

Arabia (as a member of the Gulf Cooperation Council (GCC» and the 

European Economic Community (EECL In this study, a discussion of the 

tariff issue is presented within the discussion of the subsidy issue 

which is treated in a separate section. For now, it suffices to say 

that until the tariff issue is resolved, Saudi petrochemicals will have 

to absorb an extra cost due to these regulations. 

Given the above factors, the cost of Saudi petrochemicals can, 

in general, be described as reflecting a combination of cheaper feed

stock and capital, and higher nonfeedstock operating and transportation 

costs than those of the industrialized world. However, the precise 

influence of each factor is yet to be determined. Estimates of some 

Saudi products have been published. Examples of these are provided in 

-- ----- --- ----
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Table 31. Transportation cost for Saudi petrochemicals 
U/ton)a 

Product To the U.S. To N.W. Europe To Japan 

Styrene 36 26 29 

EG 36 26 29 

EDC 36 26 29 

HDPE 83 58 49 

LLDPE 83 58 49 

VCM 69 36 45 

PVC 99 58 49 

8. Cost/ton is calculated as follows: 

Cost/ton = A $ + d $/nautical mile + C $/canal transit. 
The per mile cost element~ d, is of the order of 1.0 cent, and is a 
strong function of fuel price. The canal charge, C, is added if the 
cargo is routed via the Panama or Suez Canals-it is of the order of 
$10.0 and is slightly dependent on fuel price. The value of A is 
related to the amount of backhaul on a route and can depend on origin, 
on destination, or on both. In cases of heavy imbalance of trade, 
where a lot of containerized traffic is moving ;n the opposite 
direction, A approaches zero. This has typically been the situation 
for resin (e.g. HDPE. LLOPE. and PVC) exports from Saudi Arabia. 

Source: Stanford Research Institute (1986). 
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Tables 32-35. The most detailed cost estimate for Saudi ethylene and 

methanol are provided by Turner and Bedore (1979; Tables 32 and 33). 

These estimates, however. suffer from the fact that they were based on 

1918 data while actual production of these products started 5-7 years 

later (SABle, Annual Report, 1984). Based on their results they con

cluded that these products can be competitive provided that the Saudi 

producers accept a low rate of return. The same conclUsion is also 

reached in a study by the Organization of Economic Cooperation and 

Development (OECD, 1985), which was based on the relative cost of Saudi 

ethylene and 1 ioear low density polyethylene (LLDPE) and the delivered 

cost of LlDPE to several world markets (Tables 34 and 35). Several 

reasons, however, make it difficult to rely on such estimates to 

evaluate the entire petrochemical industry of Saudi Arabia. First, 

estimates are not usually provided for the whole range of Saudi prod

ucts, with some not specifically reported for Saudi Arabia (Tables 36 

and 31). Second, assumptions on which these estimates are based on 

are not consistent for all attempts, making them difficult to use 

without subjecting them to further calibration. Third, some of these 

estimates are generated using outdated figures, Turner and Bedore's, 

for example, which cannot be considered reliable. Fourth, some of the 

published cost figures pertain to relative cost while others to deliv

ered cost. Finally, these estimates are typically produced using a 

profit/loss framework, thus not reflecting the true cost of Saudi 

products within the country's supply/demand reqUirement. For example, 

depending on the amount of gas available to produce these products, 

utilization factors may change, thus changing these figures. 
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Table 32. Hypothetical Middle East ethylene project compared 
with u.s. Gulf ethylene: 450,000 tons/y from ethane (1978 prices) 

M.E. .... (a) (b) 

Plant _ita1: 

Battery limits 250 

Offsites 200 

Total 450 

Preoperst i ng cests 30 

WOrkin9 capital 10 

Total investment 490 
of which: 

Equity 165 
Loan 325 

Annual cost: 

Feedstock and fuel 12 12 
utilities 4 4 

other plant costs 16 16 

Interest at 5S 16 

Total cash costs 48 32 

Depreciation (15 yr) 32 32 

101: return on equity (pretax) 17 

Dasired return on investalent 25 

Total ccst plus return: .... 97 89 

$/ton 216 198 

Feedstock and fuel: 1.33 tons ethane/ton ethylene at 

Middle East: 40 cents/lllllbtu"= $19. Tlton. 
United states: .3.0/_tu = $148/ton. 

u.s. 
(c) Gulf 

180 

120 

300 

10 

20 

33 

330 

12 12 
4 2 

16 13 

32 105 

32 21 

33 

0 

64 159 

142 353 

Middle East project 1/3 Equity, 2/3 Loan; U.S. project all Equity. 

Middle East cases (a) analysis of case giving foreign partner a 101: 
Return of Equity; (b) case giving Middle Eastern authorities 51: Return 
on Investment; (c) case allowing Middle Eastern authorities to break 
even on their investmsnt (all in real tenns). 

SOurce: Turner and Bedore (1979, p. 102). 
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Table 33. Hypothetical Middle East methanol project compared 
with u.s. Gulf Methanol: 2.000 tons/d, 600,000 tons/y from methane 
(1978 prices) 

M.E. U.S. .... (a) (b) (c) (d) 

Plant capital: 

Battery l1mit 120 90 
Offsites 75 40 

Total 195 130 

Preoperat1ng costs 25 10 

Working capital 10 20 

Total investment 230 160 
of which: 

Equity 77 160 
loan 153 

Annual cost: 

Feedstock and fue 1 8 63 
Utilities 3 2 

other plant costs 13 13 13 

Interest at 5% 

Total cash costs 32 24 24 73 

Depreciation (15 yr) 14 14 14 

10% return on equity (pretax) 16 

Desired return on investment 12 

Total cost plus return: $mm 54 50 38 98 

$/ton 90 83 63 163 

Feedstock and fuel: 35 nvnbtu/ton at: 
Middle East: 40 cents/nunbtu 

United States: $3.0/ ... btu 

Middle East project 1/3 Equity, 2/3 Loan; U.S. project all Equity. 

Middle East cases (a) 10" ROE for foreign investor; (b) 5% ROI for 
Middle Eastern authorities; (e) Middle Eastern authorities break even 
(all in real terms). 

SOurce: Turner and Bedore (1979, p. 103). 
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Table 34~ Relative ethylene and LlDPE production costs (1985) 
(100 ;:: Western Europe) 

Feedstock Ethylene lLDPE 

Western Europe naphtha 100 100 

United States ethane 75 87 

saudi Arabia ethane 50 72 

Source: OECD (1985, p. 95). 

Table 35. Delivered lLOPE costs (1985) (U.S. Gulf = 100) 

Provenence From 

Saudi 
U.s. Gulf N.W. Europe Canada Arabia 

I" 2" 

U.S. Gulf 100 100 150 138 134 117 112 161 

San Francisco 117 112 157 143 123 110 115 163 

New York 116 111 147 135 136 118 109 159 

Rotterdam 139 127 116 114 146 126 108 158 

Genoa 139 128 121 117 147 126 104 155 

Venezuela 104 103 126 121 110 100 88 144 

Argentina 115 111 130 124 118 106 87 143 

Singapore 127 119 135 127 115 104 75 135 

Japan 123 116 142 132 109 99 82 140 

Middle East/Africa 136 125 151 139 138 120 96 149 

a. Cash cost. 

b. Total cost plus 25% on investment. 

Source: Steinbruechel (1983, p. 847). 



Table 36. Arab Gulf comparative advantage in petrochemical 
products (1980) 

USA 

Methanol <320.000 tons/y from Natural Gas) 

Fue l/nvntbu ($) 
Location factor ($) 
Production cost (cents/kg) 

Raw materials 
Utilities 
Other di rect costs 
Overhead and taxes 
Depreciation 

Total 

Energy and feedstock. (x) 

4.00 
1.00 

8.52 
7.16 
0.55 
0.62 

18.53 

18.53 

74.00 

Ethylene (450,000 tonsly from Ethane) 

Gulf 

0.25 
1.25 

0.67 
1.14 
0.98 
0.76 
2.09 

5.64 

16.00 

Fuel/mnbtu ($) 4.00 0.25 
Location factor ($) 1.00 1.50 
Product ion cost (cents/kg) 

Raw materials 
Utilities 
other d1 rect costs 
Overhead and taxes 
Depreciat ion 

Total 

Energy and feedstock (~) 

22.20 
9.98 
2.97 
2.62 
7.04 

38.64 

64.00 

Ammon1a (1,430,000 tons/y from Natural Gas) 

1.59 
1.91 
4.36 
3.29 

10.24 

20.73 

8.00 

Fuel/mmbtu ($) 4.00 0.25 
Location factor ($) 1.00 1.25 
Production cost (cents/kg) 

Raw materials 
Utllities 
Other di reet costs 
OVerhead and taxes 
Depreciation 

Total 

Energy and feedstock (%) 

Source: Arab Gulf Journal (1983. p. 30). 

7.60 
5.50 
0.93 
0.84 
2.03 

16.90 

74.00 

0.58 
1.63 
1.27 
1.06 
2.53 

7.07 

11.00 
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Table 37. Basic chemical prices of energy-rich and consumer 
nations """"ared ($/ton) 

Ethylene Methanal AIImonia 

Al:H 

canada 2511-350 1011-150 1311-180 

Mexico 230-270 1011-140 125-165 

Arabian Gulf 300-340 1011-150 140-180 

Indonesia 355-395 125-165 170-210 

~ 

United States 540-580 325-375 315-360 

wastern Europe 835-875" 380-420 400-440" 
J __ 

825-865" 355-395 355-470· 

a. Naphtha feedstock. 

b. ~thane to naphtha feedstock range. 

Source: united statea International Trade canm;'sion (1983, p. 32). 
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In this research, the gas utilization system is defined as the 

Master Gas System and its dependent (downstream) industries, i.e. 

petrochemical. electricity generation, water desalination, and others. 

The dependence of gas utilization on the crude oil production level in 

Saudi Arabia raises the issue of the degree of this dependence and the 

cost attached to it. Once crude oil production dips below that which 

supplies the total industrial requirement of gas, one obvious cost is 

that due to operating these projects at less than their design capac-

ities, i.e. the cost of the unused portions of these capacities~ Had 

Saudi petrochemicals been guaranteed a monopolized market, this cost 

could have been passed on to the consumers through charging higher 

prices to cover the entire amount, or at least a large portion, of 

their fixed cost. Needless to say, the country's petrochemical prod-

ucts have to compete in the international market which currently 

suffers from overcapacity, hence eliminating such a choice. Moreover, 

utility rates are subsidized in Saudi Arabia which means that until 

this policy is revoked~ a higher cost from operating the gas system 

below capacity cannot be passed on to consumers. The supplemental 

use of nonassociated gas may, indeed, eliminate or largely reduce any 

shortage that is created when operating at lower than the optimal crude 

oil/associated gas level. However, the cost of the gas used, which is 
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obviously not equal to that of associated gas, would then have to be 

considered. 12 

Assessing the "net" cost incurred from the situation described 

--a lower than needed crude oil production level and supplemental use 

of nonassociated gas--requires information regarding the Saudi petro-

chemicals' production cost structure and the cost structure of the 

Master Gas System and nonassociated gas. This infomation is to be 

examined in the next chapter~ Here, to understand the environment in 

which such substitutions would take place, the remainder of this chap-

ter 1s devoted to the discussion of the issue of efficiency of the 

Saudi gas and petrochemical sectors as they are related to the coun-

try's crude all production level and the issues of marketing, subsidy, 

and tariff as they are related to the country's petrochemical industry. 

Eff1ciency 

The issue of efficiency and Saudi Arabia's gas and petrochem-

ical sectors is significant on two levels, domestic and international. 

On the d9fll9stic level, avoidance of inefficient gas use through 

optimal allocation of this depletable resource, should be a primary 

concern. The petrochemical industry in Saudi Arabia, although a major 

user of gas, is by no means the only one. Saudi petrochemical plants 

currently share the gas produced by the Master Gas System with elec-

tric generation, water desal inatlon, and cement plants. These users 

12Jones (1987) reported that the average cost of a deep (greater 
than 15,000 ft.) gas well was more than $5 mm in 1986. 
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are reported In Tables 38 and 39 which list saudi Arabia's energy 

consumption by fuel and by sector, respectively, for the years 1983, 

1990, and 2000. Moreover, future users of gas not considered in Tables 

38 and 39 could also include metal and nonlll8tal industries and possibly 

reinjecting the gas to maintain the country's oil-field pressures18 

Therefore, even though competition among the various uses of the gas 

may not be fierce at the present time, any allocation of this gas in 

the longer run, especially at times when gas is dear, has to be based 

on returns, or value added, from these uses. This lIay not be an issue 

if the gas available were to satisfy and continue to satisfy the total 

requirement of present and future uses. However, at t1l18s when the 

quantity of associated gas available is less than the country's total 

requirement (i .e. when the crude 011 production level is below that 

which provides the total amount of gas needed), the amount of gas 

allocated to petrochemical production and other users must be economi

cally justified. 

The country's recent success in making nonassociated gas ava11-

able to reduce dependence of industrial projects on the crude oil pro

duction level (Middle East ECOnomic Survey, January 30, 1984), should 

be viewed with lIore care than just looking at it as an indefinite 

source of supplemental gas. It is possible that saudi Arabia may be 

endowed with a substantial amount of unexplored nonassociated gas, as 

'"Even though this type of use is unrelated to the energy 
content of the gas itself, it has the advantaga of being reversible 
because the gas, or a large portion of it, may be recovered at sane 
future date. At present, Saudi Arabia uses treated sea water for most 
of the reinjecting purposes (ARAMCO. The Master Gas SVste!!I). 
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Table 38. Saudi Arabia's energy consumption by fuel (1983-
2000) (mmbb 1) 

Actual Projected Estimates 
Fuel Source 1983 1990 2000 

Gasoline (land transportation) 48.0 77.0 99.0 

01ese1 (total) 88.0 87.0 97.2 
- Trucks 25.0 27.0 32.0 
- Agriculture 11.0 20.0 23.0 
- Electricity 23.0 12.0 13.0 
- Desa Hoat ion 0.6 0.0 0.0 
- Other industries 4.1 5.0 5.6 
- Construct i on 11.0 10.0 9.0 
- Ships 3.6 7.0 9.0 
- Household & COIMl. sectors 7.4 3.0 1.1 
- other Usage 2.3 4.5 

Fuel oil (total) 78.2 138.0 217.1 
- Transportation 66.0 81.5 110.5 
- Desalination 11.0 19.0 52.0 
- Electricity 0.0 36.0 52.4 
- other Industries 1.2 1.5 2.2 

Kerosene and jet fuel (total) 16.9 28.5 33.5 
COIIIIIercial and household 

sectors (kerosene) 1.4 1.5 1.5 
- Airplanes (Saudi and 

foreign airlines) 15.5 27.0 32.0 

LPG (butane and propane) 5.0 8.0 11.0 

Crude Oil (tota 1) 29.5 45.0 60.5 
- Electric power stations 24.0 39.5 54.0 
- Cement plants 5.5 6.5 

Natural Gas (total) (MBOE)a 84.7 189.0 227.6 
- Electricity 31.0 64.0 84.0 
- Desalination 8.7 30.0 35.0 
- Basic Industries (SABle). 

cement and petroleum 
industry 45.0 82.4 94.3 

- Feedstock at Jubai 1 
and Vanbu 0.0 12.6 14.3 

Asphalt 9.8 13.0 12.0 
Other Products 1.5 2.5 3.0 

a. Million barrels of oil equivalent. 

Source: Middle East Economic Survey (Supplement. Oct. 28, 1985, p. 
10). 
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Table 39. Saudi Arabia energy consllllption by sector (1983-
2000) (_1/y) 

Actual Projected Estimates 
Sector 1983 1990 2000 

Transportation Sector (total) 158.1 213.5 281.0 
a) Slllall cars (gasoline) 48.0 77.0 99.0 
b) Trucks (diesel) 25.0 21.0 32.0 
c) Airplanes (jet fuel) 15.5 21.0 31.0 
d) Ships (bunker) 66.0 81.5 110.0 
e) Ships (diesel) 3.6 1.0 9.0 

Agricultural Sector-Total (diesel) 11.0 20.0 23.0 

Industrial Sector (total) 161.8 329.2 431.1 

a) Oosal1nation (total) 20.3 48.1 87.0 

- Gas (MSOE) 8.7 30.0 35.0 
- Diesel 0.6 
- Fuel 011 11.0 18.7 52.0 

b) Electricity Sector (total) 78.0 163.5 218.0 

- Dry gas (MSOE) 31.0 64.0 84.0 
- Diesel 23.0 12.0 13.0 
- Crude 011 24.0 39.0 54.0 
- Heavy fual 011 36.0 52.0 
- Special fuel 011 12.5 15.0 

c) COnstruction Sector (diesel) 11.0 10.0 9.0 

d) other Industrial Sectors (tota1)" 52.5 101.0 123.7 

- Natural gas (_hane) (MacE) 41.7 82.4 94.3 
- Ethane (feedstock) (MBOE)b 12.6 14.3 
- Fuel 011 1.2 1.5 2.0 
- Diesel fual 4.1 5.0 5.6 
- Crude 011 5.5 5.5 1.5 

ConIIIerclal & Residential Sectors (total) 13.8 12.5 13.6 

- Kerosene 1.4 1.5 1.5 
-LPG 5.0 8.0 11.0 
- Diesel 7.4 3.0 1.1 

Total in barrels 344.1 515.2 755.3 

Ooi ly averaga ""bb1/d 0.9 1.58 2.07 

- a. cement, steel, basic industries at Juball and Yanbu, petrolewn 
and gYPSIIII. 

b. MI1110n barrels of 011 equivalent. 

Sourca: Middle East EconDlllic SUrvev (Supplement, oct. 28, 1985, p. 9). 
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in neighboring Qatar and the United Arab Emirates. But it should be 

remembered that this gas production is independent of crude oil produc-

tion which means that, unlike associated gas, the cost of developing and 

producing it is much higher. Stated differently, the quantity of nonas-

saciated gas produced reflects directly the economics of producing it. 

This is because the opportunity cost of this gas may be higher than 

that of the associated type when used in other alternatives or even when 

left 1n the ground i.e. if its present discounted value is higher than 

the 50 cents/mmbtu charged for it when used. 14 Once nonassociated gas 

is largely supplemented, the opportunity cost of associated gas should 

be adjusted to that of nonassociated gas. For example, if the 50 

cents/mmbtu charged to associated gas is the actual cost for providing 

it, and assuming that nonassociated gas costs $1.0/llmbtu, then when 

nonassociated gas is supplemented all "gas" should be casted at 

$1.0/mmbtu (marginal cost pricing). This is because the opportunity 

cost for nonas!Oociated gas, when used, changes the value of associated 

gas. An alternative to marginal cost pricing is to cost the gas at a 

price between $O.50-$1.0/mmbtu (average cost pricing) as suggested by 

Pindyck (1979). The cost calculation carried out for the Saudi gas 

utilization system (Chapter 4) is based on the latter. 

A simi1~r situation concerns the country's LPG of which a high 

percentage is targeted for exports, but which can also be used as a 

supplemental source of petrochemical feedstock. Here, it should be 

14 Rahmani and Rahmani (1986, p. 99) estimated that a net-back 
of about $1.26/mmbtu could be received by Gulf countries if they chose 
to export natural gas by pipeline to Western Europe. 
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remembered that the LPG price is set by prevailing market forces. 15 

Therefore, any amount used for petrochemical production ought to be 

casted at this price. 

The issue of efficient use of natural gas concerns the question 

of how to allocate amounts among the several users. The test comes in 

the satisfaction which this resource produces as measured by the returns 

that it earns when used in various ways. If, for example, it earns more 

in producing electricity than in producing petrochemicals, it is a sign 

that too much gas is engaged in producing petrochemicals. If a portion 

of this gas were to be transferred out of the petrochemical production 

into more electricity generation, the worth to the government of the 

extra electricity would exceed the value of the foregone petrochemicals. 

In Saudi Arabia, since electricity is subsidized, the extra worth may 

not accrue from producing extra electricity but rather from extra 

foreign exchange reVenues from the "freed for export" crude and products 

less the amount of the subsidy~ 16 The mere fact that the net-back value 

of gas is only a portion of the value of crude oil indicates that one 

extremely profitable way of using the gas is to substitute it for oil 

usage in the domestic economy.. Indeed, it is one of the principal 

15Quotations of Saudi LPG prices can be found in a number of 
publications. Examples include Petroleum Economist and Middle East 
Economic Survey. 

18Gas use in nonpetrochemica1 plants is largely confined to the 
Eastern Province. In other areas, crude and fuel oils are burnt to pro
duce electricity and desalinated water. In the Eastern Province, direct 
bu."'ning of crude oil is practiced when gas is not sufficient to meet 
total fuel requirements (PETROMIN, personal communication). 



concerns of this study to show the optimal allocation of natural gas 

based on the country's existing industrial system. 
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The allocation of this resource among the various users is not 

the only aspect of efficiency. Generally, profit rates of the various 

users may differ, not because too much of the resource is employed by 

an industry, but because it is combined or used inefficiently within 

the industry. The inefficient use of the resource by industries can 

typically take one or more of the following three forms (Caves, 1911, 

pp. 67-68). Being inefficiently small such that economies of scale are 

not fully uti Hzed, operating at lower than full capacity levels so 

that capital is wasted, and being burdened by higher costs than the 

minimum for whatever output they produce. In general, these flaws are 

considered "technical inefficiency." While the first form may not be 

of great importance to the Saudi petrochemical industry-since the 

Saudi plants are world-scale with the latest technology--the other two 

may be of considerable importance. 

As explained earlier, fixed and nonfeedstock operating costs 

of the Saudi petrochemical industry make up the major portion of the 

industry's production cost. Assuming that this portion of production 

cost is fixed in the short to medium run--since it can mainly be 

reduced through reduction of high expatriate wages which are expected 

to decline only by substitution of cheaper local or regional workers, 

and this in itself is a slow process--then the major factors that would 

directly influence the success of the Saudi industry can be reduced to 

utilization levels and the ability to market the products of this 



industry~ While the issue of marketing is covered in a separate 

section, the former factor is discussed below. 
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It has been argued that, historically, industrial plants in the 

Middle East tend to run at output/capacity ratios below equivalent ones 

in OECD countries due, partly, to the inability to market the full pro-

duct ion amount and partly to a higher proportion of technical problems 

(Turner and Bedore, 1979. p. 89). Conversely, 1t has also been stressed 

that a number of heavy industry projects in the region are operating 

successfully and making a profit: Most of these projects have had the 

inevitable start up problems and management problems ••• , but in no 

case has there been a failure to solve them. It is only to be expected 

that industrial projects incorporating advanced technology will have 

problems during the implementation stage" (Niblock~ 1980, p. 95). In 

Saudi Arabia's case, technical problems may be overcome due to the 

joint-venture nature of the industry and by "platinum-platingQ the 

plants; i.e. building in a relatively high degree of redundancy to avoid 

complete shut-downs17 (Turner and Bedore, 1979, p. 90). Under such a 

set-up-access to cheap feedstock and assurance of minimum technical 

interruptions of operation--profits become extremely sensitive to the 

industry's utilization levels. Utilization levels, on the other hand, 

are dependent on the availability of natural gas and competition from 

other uses. These are presented in the following section. 

17The latter, although may contribute to more continuous 
operation, would partly explain the higher construction cost in Saudi 
Arabia. 
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A final remark regarding the industry's efficiency on the 

domestiC level concerns the relationship between the Saudi government 

and its various joint-venture partners. When the projects are success

ful, both sides should be satisfied. On the other hand, if a venture 

turns out poorly, conflicts may arise, since the interests of the coun

try and that of the partner may not be similar. It is not the intention 

of this writer to speculate on this matter~ but in such a situation a 

foreign partner may request an even lower gas price or some other form 

of subsidy. 

On the international level, the issue of eff1cienc::y is equally 

important. As described in the previous chapter, the world petrochemi

cal industry is undergoing a major restructuring process part of which 

involves the phasing out of old, less efficient plants in OECD coun

tries. This reduction of capacity is taking place to eliminate a 

supply-demand imbalance which was mainly attributable to expansion 

based on over optimistic demand forecasts that never quite materialized 

and which, supposedly. has taken account of the new, more efficient 

gas-based plants~ As far as the Saudi petrochemical industry is con

cerned, two points are relevant.. First. if the various ventures in 

Saudi Arabia are efficient. then this would indicate that these 

projects are indeed fulfilling their role in the global restructuring 

processi i.e. they would be replacing some inefficient plants else

where, thus contributing to the enhancement of the world average 

uti lization levels. If, ·on the other hand, the Saudi projects are 

inefficient, then the opposite would be anticipated, i.e. the aggrava

tion of the global overcapacity problem. Second. a discussion of the 
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efficiency (or inefficiency) of the Saudi projects typically generates 

the subjects of subsidy and tariff. The latter 1s an action recently 

imposed on several Saudi petrochemicals by the European Economic C0m

munity and is directly based on the EEC interpretation of the meaning 

of subsidy. Although a tariff may not reduce the volume available to 

a market. it would generally raise the delivered per unit cost that 

would not only reduce the Saudi petrochemical advantage (hence, 

returns). but may also affect the ability of the Saudi products to 

compete in some regions. 

Rahmani and Rahmani (1986, pp. 101-113) showed that petroleum 

product consumption in some OPEC countries, such as Saudi Arabia, 

Indonesia, Venezuela, Algeria, and Nigeria, continues to grow at high 

rates, thus reducing their export availability (Tables 40 and 41). 

Their figures for Saudi Arabia indicate a decline in export avail

ability of 670,000 bbl/d between 1982 and 1990. To slow the growth in 

domestic crude and products consumption. or even reverse it in some 

countries, they suggest that concerted efforts ought to be directed 

toward utilizing larger volumes of natural gas to meet domestic 'needs. 

However, they use Iran's unsuccessful experience in utilizing gas for 

petrochemical production and the current petrochemical market situation 

to advocate using natural gas as a substitute fuel for crude oil and 

products. 

To closely examine how their recommendations can be addressed 

to Saudi Arabia, Tables 38 and 39 are used to make the following 

observations: 
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Tabl. 40. OPEC consumption of petroleum products (mbbl/d) 

1982 1985 1990 

Gulf Nations of which: 1,570 2,114 2~878 

Saudi Arabi a 600 771 974 
Iran 500 762 1,030 
Iraq 230 382 492 
Kuwait 130 140 159 
Un1ted Arab Em; rates 100 108 211 
Qatar 10 11 12 

Africa of which: 470 526 653 

Nigeria 210 226 259 
Libya 100 127 175 
Algeria 130 136 166 
Gabon 30 37 53 

Latin America of which: 505 534 612 

Venezuela 420 432 457 
Ecuador 85 102 155 

Far East of which: 470 516 639 

Indonesia 470 516 639 

Total OPEC 3 , 015 3,750 4,782 

Source: Rallnan1 and Rahmani (1986, p. 110). 
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Table 41. Projected OPEC export availabil ity of crude oil and 
petrol.1ID products (mnbbl/d) 

1982 1985 1990 

Gulf Nat ions of which: 15.83 15.88 18.43 

Saudi Arabia 8.20 7.73 7.53 
Iran 2.50 2.74 3.97 
Iraq 1.77 2.12 3.01 
I<uwait 1.37 1.36 1.64 
Uni ted Arab Em; rates 1.39 1.79 
Qatar 0.59 O.f4 0.49 

Afri~a of which: 4.93 4.66 4.25 

tligeria 1.99 1.87 1.74 
Libya 1.90 1.87 I.B3 
Algeria 0.87 0.76 0.53 
Gabon 0.17 0.16 0.15 

Latin America of which: 2.05 1.92 1.59 

Venezuela 1.88 1.77 1.54 
Ecuador 0.17 0.15 0.05 

Far East of which: 1.13 0.98 0.76 

Indonesia 1.13 0.98 0.76 

Total OPEC 23.94 23.44 25.03 

Source: Rahmani and Rahmani (1986, p. 112). 
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1. The percentage of gas used in petrochemical and other basic 

industries will slowly decrease from 53% in 1983 to 50% in 1990 and 48% 

in 2000 g while the use of gas for electricity and desalination purposes 

will gradually increase from 47% in 1983 to 50% in 1990 and 52% in 

2000. 

2. Fuel 011 will be the major petroleum product consumed in 1990 

and 2000. While second to diesel oil consumption in 1983 (78 .. 2 nunbb1/y 

to 88.0 nunbbl/y for diesel), fuel oil consumption is expected to be 138 

mmbbl in 1990 and 217.1 mmbbl in 2000. The increase will be absorbed 

mainly by electric generation and water desalination plants; the share 

of fuel oil in these plants will rise from 14% in 1983 to 40% in 1990. 

reaching 48% in 2000. 

3. Electric power stations are the main consumers of crude oil, 

requiring 24.0 nmbbl in 1983 (about 66,000 bbl/d) and are estimated to 

consume 54.0 mmbbl (about 148,000 bbl/d) in 2000. Other industries, 

mainly cement, consume minor amounts of crude oil ranging between 5.5 

_bl in 1983 to 6.5 mmbbl in 2000. 

4. Points 1-3 indicate that the most dynamic growth of domestic 

crude and fuel oil consumption will occur in the electricity and desal

ination sectors which will also strongly compete with the petrochemical 

industry for gas use during the next decade. 

5. While Point 1 conforms with Rahmani and Rahmani's recommen

dations for increasing the role of natural gas for fuel in the economy, 

Points 2 and 3 show a trend that does not. Possible explanations may 

be: 
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a. The growth of the electricity and desalination sector far 

exceeds the growth of available gas, thus crude and fuel 

oil must be increasingly used in these sectors to cope with 

such growth. 

b. Saudi Arabia's gas-based petrochem1cal plants are already 

in place. The majority of them are on stream. There

fore, the relevant question here 1s not whether to invest 

in petrochemical production to utilize the gas or to use 

gas as a fuel substitute. Rather, the question 1s: given 

that a huge i nvestl\ent has al ready been _e to establish 

this industry, what can be done, as far as gas 1s con

cerned, to safeguard this investment and at what cost? To 

do that, an obvious way is to ensure the continuous avail

ability of gas for the petrochemical industry even if it 

constrains other sectors' use of g88. 

c. The flexibility of electricity and desalination plants 

place another constraint on gas use. This arises because 

only some of these plants are flexible enough to be 

operated on gas and/or crude and fuel oil (for example, the 

Eastern Province electricity grid systellll, while others are 

restricted from using gas due to design limits or the 

nonexistence of a gas supply infrastructure in the areas 

where these plants are located. 
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d~ Although using gas as a fuel to replace domestic crude oil 

Marketing 

may be valid,18 using it to replace fuel oil may not be for 

two reasons. First, changes 1n the shape of the product 

demand mix since the early 1970s favor light products over 

fuel oil (Taher, 19828)4 Second, marketing petrochemical 

products may prove to be a less difficult task than 

marketing the ex.tra, "freed" fuel oil since the latter's 

demand is more suitable to seasonal fluctuations. There-

fore, an alternative to attempting to export additional 

amounts of fuel oil made available by gas substitution, 

under unfavorable market conditions. is to consume it 

internally. The moderate flexibility of the Saudi refiner

ies (Fesharaki and Yamaguchi, 1984. p.2) can then be used 

to respond to fluctuations in domestic and/or export condi-

tions. 

When feedstock is secured at an extremely low competitive price 

and technical problems and shutdowns are minimized, high utilization 

rates hinge upon the marketing ability of the ventures. If marketing 

procedures are adequate, higher utilization levels translate into 

higher returns. On the other hand, high utilization levels coupled 

with the inability to market the ventures' products would necessitate 

18 For illustrative purposes, if a price of crude oil is assumed 
to be $25/barrel in 1990 and $S5/barrel in 2000, then complete gas sub
stitution for crude oil will provide revenues of $1.13 billion in 1990 
(45 mbl x $25) and $2.12 (60.5 mbl x $35) in 2000. 
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additional cost for storage. Marketing Saudi petrochemicals can be 

viewed by examining the channels available to introduce the products to 

the export markets and the pricing policy adopted to stimulate the 

speed at which these products are discharged through these chenne1s. 

These are identified within the general aspects of the Saudi marketing 

strategy. which 1s summarized as follows (Taher. 1982b, p. 64): 

The marketing provisions in the Saudi Arabian joint venture 
agreements vary to some extent in accordance with the type of 
end product or the home or origin of the second party 
concerned. 

Basically. however, the second party, namely the foreign 
joint venture partner, is responsible for IIl8.rketing of at least 
50~ of the total production. At times, buy-back provisions for 
part or all of the other 50l1< at cotapetitive international 
market prices are part of such joint venture agreements. The 
more desirable pattern, of course. is to leave the marketing 
responsibility for the entire production with the joint COIIpany 
to be established in accordance with the joint venture 
agreements. Why the variations, one might ask? Our own 
national objectives are to establish ourselves as marketers of 
our share of the products available, either through the joint 
conpany itself, or if that is not possible, to market such 
share directly. Among the advantages of 10aving the inter
national marketing function to the joint company is the 
introduction of Saudi Arabian 011, petrochemical and mineral 
products as Saudi Arabian products per sa, and not the products 
of 'l:'fZ transnational company. The introduction of the joint 
venture company itself into the world markets gives it twice as 
much production under the Saudi Arabian label COIIpared with the 
alternative case of marketing our own share directly through 
our parent organization. Nevertheless, there are situations 
where the foreign partner cannot bo party to joint marketing 
because of anti-trust laws. This is true for all American 
cCllllpan1es. In other cases the said partner may require all or 
part of his share of the production and some or all of our 
share of the production for feeding into its intograted 
operations e1aewhere. Another advantage of marketing through 
the joint venture company some or all of the production to 
third party buyers is the competitiveness and arm's length 
character of the price. Hence, the marketing options employed 
so far require a minillUJlll share to be marketed in a truly 
competitive international IRBrket to provide am's length prices 
for application to whatever share of production 1s fed directly 



to the foreign partner's integrated operations outside Saudi 
Arabia, 
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So, a measure of an internationally competitive market 
price is always provided for in these jOint venture agreements. 
Otherwise, the transfer prices that were characteristic of most 
of the multinational companies will be the only prices 
available to the partners for tax and profit calculations. By 
their very nature, transfer prices were always meant to be in 
favor of the buying partner. Hence, a competitive measure is 
always needed to correct such situations. 

In 1982, SABle announced its intention to market its share of 

products as follows: 35% to Japan. 18% to the United States, and 13% 

to Western Europe with the remaining 34% to be marketecil in non-OECD 

nations (Petroleum Intelligence Weekly, August 31, 1981 1 pp. 2-3)~ 

Although figures regarding OECD countries were not largely disputed ii 

doubts were cast over SABIC's ability to market about one-third of its 

share in non-OECD regions. Fesharaki and Isaak (1983, p. 209) acknowl-

edged that while the developing countries may have the appetite for 

such quantities of petrochemicals, these countries nonetheless lack 

sufficient marketing channels and outlets to handle such large amounts. 

In the longer term, they contend, developing countries offer the 

greatest growth market for petrochemicals and chemicals in general, but 

in the short term most developing countries need processed products of 

the type exported by Europe, not basic and intermediate petrochemicals 

which constitute the larger portion of Saudi Arabia's production. It 

should be stressed, however, that their conclusion regarding SABle's 

marketing ability is to be distinguished from the ability to market 

Saudi petrochemicals in general. This is because marketing through 

SABle is but one of several channels available, as indicated by the 

marketing strategy cited above. In general, the policy indicates that 
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one of the possible avenues available to market the Saudi portion of 

production is through the joint venture partner on a buy-back basis; 

i.e. shifting the responsibility for marketing the full Saudi share of 

production from SABle to the joint-venture partner who pays the 

competitive international market price for it. To date, reports of 

Saudi foreign partners facing difficulty in marketing Saudi petrochemi-

eals are yet to be found. 

Fesharaki and Isaak's conclusion regarding SABle's ability to 

market its share of products may not be totally accurate. Aside from 

the fact that SABle is a new, third world corporation which is trying 

to establish itself in the international market, it is inevitable that 

it will encounter problems in a field that is definitely new to it~ 

Even new companies in the industrialized world may be subject to 

similar problems. Their conclusion deserves a closer examination. 

1. Their study was published in 1983, a year when only one meth

anol plant and one urea plant were starting up, whi le the majority of 

Saudi petrochemical plants came on stream in 1985. 

2. Their conclusion may have been based on some, but not the 

entire range of products. 's Only 1 year after becoming operational, 

Saudi fertilizers and methanol plants were able to market their prod-

ucts successfully and, more importantly. profitably. Saudi fertiliz-

ers~ for example, by the end of 1985 turned in profits as high as 

19Far example, they use ethylene as a surrogate for all petro
chemicals. At the time of their study, the prospects for ethylene and 
derivatiVes ware not as promising as that of other products. 



3()% ROI with the bulk of production being exported to China and India 

(Petroleum Economist, December, 1985, pp. 441-449). 
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3. While many third world countries lack the facilities to handle 

basic and intermediate petrochemicals, several others in the Far East 

(Singapore, South Korea, and Hong Kong) certainly cannot be included in 

this category (see Chapter 2). 

4. Recent reports indicate a worldwide upsurge in demand for 

basic and intermediate petrochemicals (Petroleum Economist. December. 

1985, p. 449; Chemical and Engineering News. December 15. 1986. p. 21) 

with expected shortages of certain products in some regions (Chemical 

and Engineering News, April 27, 1987. po 17). This can only mean a 

positive effect on marketing Saudi products. 

5. The Saudi partners are initially responsible for marketing 10-

75% of production. leaving SABle with the remaining 25-30% to market 

(Modern Plastics, February, 1985, p. 12). Using SABle's announced per

centages, this would indicate that of the total Saudi production SABle 

will market about 10.5% in Japan (35% for Japan SABle's share of 30%), 

5% in the United States, 4% in Western Europe, and 10% in non-OECD 

nations. These are small amounts and SABle should have no difficulty 

disposing them assuming none of these markets are saturated. 

6. The Middle East region consumes 54% of its own petrochemicals 

production of which SABle's share is about 78% (European Chemical News, 

November 3, 1986, p. 7). 

One of the most important aspects of any marketing strategy is 

pricing. Prices not only determine the volume of sales, but the levels 



of revenues and returns. When the Saudi petrochemicals projects were 

first announced, many existing producers feared that products from 
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these projects were destined to be dumped in their markets thus causing 

them to lose a slice of their market share (European Chemical News, 

Supplement, March 1986) Meanwhile, Saudi Arabia has maintained that 

its petrochemical products were to be introduced to the market 1n an 

orderly fashion so as to minimize any negative impact of the going 

prices20 (Modern Plastics, February, 1985, p~ 10). 

To estimate the impact of Saudi petrochemical prices on 

international markets is a task which is made difficult because of the 

1 ack of pub 1 i shed data due to the recent emergence of the Saudi 

petrochemical industry. Nonetheless. some general observations can be 

drawn from available reports. These are summarized below. 

Since the foreign partners are initially responsible for 

marketing the majority of production through existing marketing 

networks (Modern Plastics, February, 1985, p. 12)~ chances are high 

that they would make concerted efforts to minimize any negative price 

impact (Philpot, 1983). Using the American foreign partners as an 

example, Steinbruechel (1983) expected that marketing the Saudi 

products is handled in much the same way as if the new Saudi capacities 

had been built in the United States, indicating that competition would 

basically continue in the way it has in the past. He (p. 484) also 

wrote that: 

200espite the fact that many Saudi products are subjected to 
tariffs in Western Europe, this is based on volumes that exceed spe
cific quotas and not on the products' prices; i.e. charging Saudi 
producers with "dumping" was never the basis for tariff imposition. 



•.. there are many indications that customers are reluctant 
to expose too much of thei r demand to di rect suppl ies by new 
producers. In addition7 such direct sales usually fetch a 
lower price. • . . Thus the American partners in the Saudi 
plants should have a real opportunity to sell Saudi products at 
higher prices, than SABIC--and SABle has a reel interest to 
allow this to happen. All this would add up to more responsi
ble and rational pricing than if SABle and their American 
partners were to compete with each other on the world market. 
It could also prevent exercises in anti-dumping procedures. 
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Some may question the notion of Saudi products having a minimal impact 

on prices, but the fact of the matter is that same of the Saudi foreign 

partners have alreadY closed some of their old! inefficient plants to 

accommodate products from their 'joint ventures so as to dampen any 

effect on prices. (See~ for example, Japanese restructuring efforts 

discussed 1n Chapter 2.) This view has also been stressed by a Shell 

(a foreign partner in the biggest venture--SADAF) executive: "We see 

Saudi product as supplemental to our own and can fit it very comfort

ably." The SADAF project, he explained, "was done on the basis of the 

position we have in the U.S. chemical industry ••• the products 

coming out of Saudi are going to be at a price that's competitive 

wherever they are offered (European Chemical News, April 26, 1982). 

Another wrote (European Chemical News, Supplement, March 1986, p. 40): 

The hysteria and forecasts of price collapse surrounding 
Sabie's entrance into the petrochemical market have all proved 
to be exaggerated. This can be explained in several ways. 
Foremost is that substantial quantities of Sabic's products 
have headed to Asia where demand has risen and the production 
capacity for many basic materials has decreased. In addition. 
Sabic has been able to deliver a significant portion of its 
output to Gulf states and other Arab countries whose consump
tion rates are growing as much as 7% per year .•. throughout 
its media campaign, Sabie has presented itself as a fai rand 
gentlemanly competitor, keen on maintaining price stability. 
In all fairness it has proven to be. 
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In the long run, one would expect that SABle will secure an increasing 

number of contracts, hence reducing the amounts that are sold on a cash 

basis, further dempening its impact on spot prices. 

Subsidy and Tariff 

It has been argued so far that pricing gas feedstock at 50 

cents/lIIDbtu to the petrochemical plants in saudi Arabia gives these 

plants a substantial advantage over naphtha-based plants and, to a 

lesser extent~ gas-based plants 1n OECD countries. Indeed, it is a 

price that is widely quoted and used as the basis for the subsidy 

argument (Middle East Economic Disest, April, 1988) The European 

CCIIIIIIUnity contends that feeding the Saudi export-oriented industry with 

low-priced gas gives the products of this industry an "unfair" edge 1n 

the Western European IIt8rket.21 Such an interpretation of the saudi gas 

feedstock price has contributed te the recent imposition of tariffs on 

several petrochemical products exported by Saudi Arabia to Western 

Europe. The COIInun1ty, through its Council of European Industrial 

Chemical Federation (CEDIC), acted under the Generalization System of 

Preferencas (GSP) scheme which allows duty-free i_rts of products 

from developing countries up to a given level before the imposition of 

duty. Saudi Arabia falls inte this category. Table 42 lists the Saudi 

products along with the corresponding import duty. 

21The co.nun1ty also argues that low interest rate loans 
provided to the industry-estimated te ba between 3.-.6S-- are also 
considered as a subsidy. This issue is not included in this study, but 
it is of interest to note that soft loans and tax holidays are often 
made available to industries in the Western world. 



Table 42. West European quotas on Saudi petrochemicals 
(1966-1967) 

Product 1966 1987 

Methanol 3.3 5.5 

Ethylene glycol 1.09 2.5 

Urea 0.375 0.36 

Polyethylene (linear) 6.6 10.0 

Polyethylene (high density) 8.6 9.0 

Styrene 3.26 7.0 

Source: guarte[l~ Energy Review (1987). 
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Saudi Arabia, on the other hand, argues that associated gas has 

traditionally been flared and that making it available at cost not only 

brings a revenue from a hitherto wasted exhaustible resource, but helps 

in the country's industrialization (through diversification from crude 

exports). It also adds to the world's total disposable energy supplies 

(Taher, 1982b). At the products end, Saudi Arabia protests that the 

amount of the products exported to Western Europe is too small to 

injure the local industry in this market and that "this trade barrier 

is based on exaggerated data and unfounded fears" (Chemistry and Indus

ill, August 19, 1985). Additionally, Saudi spokesmen often express the 

opinion that inefficient plants in other countries should not receive 

tariff protection in order to make them competitive (Modern Plastics, 

February, 1985. p. 10). 
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Superficially, the Saudi gas price may appear to subsidize the 

most important factor of production. After all, charging a fraction of 

the price paid by the OECD industry for feedstock, which makes up about 

70% of total production cost, would negate many disadvantages facing 

the Saudi plants while if a comparable price to that in OECD countries 

were charged the majority of these plants might not be economically 

viable. In other words~ the selling prices of the Saudi products do 

not reflect thei r true costs. It may also appear that since gas is set 

at this low price~ the government is incurring a loss on its investment 

in the Master Gas System. However, the Saudi gas pricing policy is 

neither that simple nor has it typically been fully addressed when the 

topic of "subsidized feedstock" is argued. To begin, focusing on 

"cheap gas" by itself greatly distorts the general picture of the Saudi 

gas price structure. For example, the term "associated gas" is typi

cally used to refer to gas feedstock provided to the Saudi projects 

while the fact of the matter is that only two products of the country's 

associated gas, methane and ethane, make up the petrochemical produc

tion requirement. These are priced at 50 cents/mmbtu while other 

components of the associated gas, such as LPG, are priced according to 

export market forces. Occasionally, some studies refer to all the 

Master Gas System's components and acknowledge that a 50 cents/mmbtu 

price for ethane and methane is, in general, comparable with net-back 

prices that would have been obtained had these two gases been targeted 
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for exports22 (Turner and Bedore, 1979, Isaak, 1982; Rahmani and 

Rahmani, 1986). Nonetheless, even on such occasions, the impression 

one gets 1s that the gas feedstock price is still being viewed as a 

subsidy, Consider, for instance, the statement made by Turner and 

Bedore (1979, p. 10): "It was thus hoped that the liquified petroleum 

gas (LPG) exports could be used to underwrite the costs of providing 

ethane and methane to the industrialization program." Such a statement 

clearly implies that these two gases do not provide their "fair share" 

to offsetting the cost of the Master Gas System and that LPG would have 

to make up for the difference. Furthermore, such a remark ignores two 

important points, the economics of the Master Gas System and the Saudi 

gas-pricing policy. 

If under the existing pricing arrangement (LPG is exported at 

world market price while methane and ethane are priced at 50 cents/ 

mmbtu) , the economics of the Master Gas System is not jeopardized; i.e. 

the total cost of the Master Gas System plus an appropri ate rate of 

return on investment can be recovered, then the claim of a subsidized 

feedstock may not be valid. While anyone can argue that the govern

ment could obtain a higher rate of return from the Master Gas System 

22As opposed to being internally consumed in petrochemical 
product1on. 



by simply raising the price of methane and ethane, such an argument 

does not exist." 

The second point that 1s typically ignored or conveniently 

dropped ....... "cheap Sau,t; feedstock" is discussed is that of Saudi 

Arabia's gas-pricing policy. The set price of methane and ethane is 

but one element of this pol1cy. The following passages provide a 

general view of this policy (Taher, 1982b): 

To Rlake the ethane and methane gas requi red for these major 
projects available. we developed a gas agreement that virtually 
guarantees supply of the required gas for the life of the 
project· and establish a formula to calculate the cost and price 
of the said gas to the joint venture. It is a unique formula 
that lIakes such a gas available at cost during the early life 
of the joint project with prices subsequently reflecting the 
profitability of the joint venture. It has a built-in incen
tive to got the project startad and yield profits at up to 25 
per cent return on equity, at which point the price of gas 
will be increased up to an equal BTU (British The .... 1 Unit) 
value with Arabian Light crude oil fl"Olll incr_nta1 in~ on· 
top of tho said percentage. 

So, the joint venture 1s not burdened with the 1nvestlRent 
needed for infrastructure or for gas supply, which is a 
guarantaed quantity at predictable prices for the life of the 
project. This was the first attraction. To understand the 
underlying reasons for the gas supply pricing formula one needs 
to go beck to the time when most of the gas associated with the 
production of crude oi1·was flared. Presumably, since it had 
been flared, it DKlst have been worth nothing, which Is diffi
cult to accept. Nevertheless, the rules of the game at thet 
time did not take into consideration the intrinsic value of 
such gos, nor did it correct the cost of producing oil by 
adding the cost of conserving rather than flaring the said gas. 
Of course, by today's standards in an energy hungry world, 
flaring of any associated gas that can be conserved is not only 
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281he problem of pricing each of the Saudi natural gas canpo
nents can be described as a joint product pricing problem which is 
typically faced in petroleum refineries where gasol1ne prices are 
allowed to cover some of other products costs such as residual oilw 
In this case the botton line is to cover the overall cost of the 
project and not necessarily the cost of the individual product. 



an economic waste but also it represents a reduction in the 
energy available to a world that badly needs it. 

Be that as it may, in the early seventies we came up with 
the concept that associated gas has an intrinsic value at the 
well-head and that it should be dealt with as such whenever 
such value can be determined. 

The determination of the intrinsic value of associated gas 
was a brand new issue in the Saudi Arabian oil industry where 
most of such gas was dealt with simply as a flared byproduct. 
Even when certa1n fractions of such gas were utilized by 
extracting the gas liquid, such as C3~ C4 and Cs, no value was 
assigned to the feed gas that constitutes the bulk of the ulti
mate product which was exported to world markets and commanded 
remunerative prices. 

$0, instead of being arbitrary and decreeing the intrinsic 
value of gas, we went back to the accounting and economics text 
books and produced a fair and practical bookkeeping as well as 
market oriented intrinsic value determination formula~ Neces
sarily we had to use certain business criteria such as the 
rate of return on equity. Hence, our empirical solution was 
based on the premise that if the joint venture return on equity 
is less than 25 per cent in anyone year, then the intrinsic 
value of the gas utilized by the joint venture is no more than 
the cost of gathering, treatment and transportation (GT&T). 
This is considered as the minimum intrinsic value derived from 
the books kept for the Master Gas System. The maximum value on 
a BTU basis is the price of an equivalent number of BTU in 
Arabian Light crude oil. Such price will be obtained only from 
profits exceeding 25 per cent return on equity. This means 
that owing to the absence of the intrinsic value of such gas in 
the income calculation of the joint venture, the jOint venture 
makes abnormal profits that rightly belong to the original 
owner of such gas in the form of a price or royalty that does 
not exceed the market price for oil. Alternatively, should 
the joint venture be unable to make more than 25 per cent 
return on equity, it is postulated that in the market-place 
such methane and ethane gas~ which are very costly to liquify 
and export in liquid form, are not worth more than the cost of 
gathering and treatment. 

Several general aspects relate to the above stated policy: 
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1. Since the country's industrial program reflects vertical inte

gration between an upstream stage, gas processing, and a downstream 

one, petrochemical production, then the price of methane and ethane is 
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a transfer price that is charged by the state-owned Master Gas System 

to tha state-owned patrochamical industry." Acccrding to Hirshleifer 

(1956). if no ID8rket for the transferred commodity exists, the correct 

procedure is to set the transfer price at Marginal CDst or at some 

price between marginal cost and market price in the IROst general case. 

Assuming no export market exists for methane and ethane in their 

gaseous fo....-since additional investment would have to be made for 

l1quifying and exporting tha_then the same rule may be applied. 

However, it is yet to be determined that the currently charged price is 

indeed tha 118rginal cost for making these gases avanable for internal 

use. 

2. Acccrding to tha pol icy, 50 cents/anbtu reflects the cost of 

gathering and treatment. It is worth noting that some studies have 

actually reported simllar figures for gas gatharing and treetllent. 

_ani and Ralnani (1986, p. 97), for example, estimated that 

production and gathering cost for OPEC natural gas is 30 cents/ .. btu 

which is even lowar than the Saudi regulated price. 

3. When the rate of return on equity for a joint venture exceeds 

29, gas price wlll be equal to that of Arabian Light crude 011 on a 

btu basis." This means that the I18chanism by which the price of gas 

is chargad will ba .. arket determined. In othar words, rather than 

"Transfer pricing is a procedure applied by vertically 
integrated companies to cost inputs that are produced at one stage and 
used by another to produce a final product. The objective of such a 
procedure is to maximize the overall profit of the conpony. 

25Recall that in the Eastern Province direct buming of crude 
011 is implemented which may explain this basis. 



trying the difficult task of establishing the gas component price by 

attempting to define its specific cost (plus the appropriate rate of 

return), the price is set at the cost of gathering and treatment, 

letting the end product market of the gas, petrochemicals. determine 

the path of future gas pricesa 
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4. It 1s interesting to note that Saudi Arabia's gas policy. 

unlike that of some other oil producing developing countries, provides 

gas at a uniform price for export-oriented as well as for domestically 

oriented projects (Middle East Economic Survey, December 12, 1983). 

Mexico, for example, provides natural gas feedstock to its own 

petrochemical industry at "artificial" government set low prices, but 

will only sell the same feedstock to U.S. producers at the much higher 

equivalent world price of residual oil (Bower; 1986, p. 20). There

fore, to strongly argue against "a subsidized export-oriented indus

try," while ignoring the fact that domestically oriented industries are 

receiving the same treatment, considerably reduces the validity of such 

an argument. 

5 .. The Saudi gas-pricing policy, as stated above, does not 

clearly define or explain: (a) the economic or accounting basis for 

the intrinsic value of the gas nor does it provide this market oriented 

formula, (b) the basis for the 25% rate of return on equity before the 

gas price is increased, or (c) the reason for selecting Arabian Light 

crude oil (as opposed to fuel oil) as the basis for future gas pricing. 

Although the general feel of the policy is one which is 

designed to support an infant industry, it is unfortunate that the way 
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it was stated above also serves those who make the accusation of a 

subsidized gas feedstock26 

The two opposing interpretations of the Saudi gas feedstock 

price may be legitimate from each party's standpoint~ but the deadlock 

creates a dilemma for the analyst whose objective is to assess the real 

returns from the Saudi petrochemical industry for the purpose of 

optimally allocating the country's gas resourceG Had the gas price 

been agreeable to all parties, it could have then been used to evaluate 

the returns from the petrochemical industry without having the result 

of such evaluation subject to disagreement. However, a price that is 

not agreed upon requires the analyst to perform the additional step of 

obtaining the "correct price" which mayor may not confonn with that 

currently charged. 

If the calculated gas price is similar to the regulated one, 

then the subsidy notion is refuted. If, on the other hand, the 

calculated price turns out to be much higher, then subsidy may indeed 

be the case and, in turn" requires careful examination. In the short 

run. a subsidy can be justified for an infant industry, i.e. aiding a 

new industry for a short period of time until it can competitively 

stand on its own feet. Subsidies may also be used to aid a specific 

industry or group of industries during times of economic difficulty. 

This type of subsidy is not confined to third world countries. but is 

often applied by industrialized countries as well. For example, during 

the deep cyclical downturn in the world economy after the first oil 

26An infant industry subsidy is generally considered 
acceptable, at least by economists. 
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crisis 9 Sweden increased its industrial subsidy program from a "modest" 

1.3% of GDP (4.9% of value added in mining and manufacturing) in 1970 

to an "extraordinary" 3.6% of GDP (16% of value-added in mining and 

manufacturing) in 1978 (Carlsson, 1983 p. 3). However, if a subsidy is 

carried out on a large scale and over a long period of time it can have 

two consequences for the country. The first is that the continuous 

dependency of the new projects on government aid through subsidized 

factors of production, which are paid for by the country's crude 011 

export revenues, would defy the purpose of industrialization although 

these projects which were undertaken to establish diversification and 

independence from crude oil exports in the first place. The second is 

that continuous aid to these projects would create a "suction effect" 

on the rest of the economy rather than a "spillover" one. Stated dif

ferently, continuous aid to the industry would result in a dependent 

industry which competes for crude oil revenues rather than supple-

menting them. 27 These consequences can influence decisions regarding 

any future expansion of the industry. Other considerations aside, 

successful ventures will tend to justify future ones while unprofitable 

projects will usually caution against such action. Finally, long-term 

subsidies can weaken any Saudi argument for cheap feedstock which can 

27It should be noted that the mere ability to generate revenues 
cannot be envisioned as reaching the state of efficiency. For example, 
by writing off all or part of the investment and adopting marginal 
pricing, a vent.ure can generate revenues and may appear to be competi
tive, but cannot be considered efficient on the basis of rate of return 
on investment because part or all of the original investment cannot be 
recovered. 



also encourage other countries to impose trade barriers against saudi 

products. 
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In the next chapter an attempt is iliad. to calculate the cost of 

the various natural gas components when the total input requirement of 

the gas uti 1 izat ion system 1s exclusive 1y met by associated gas and 

also when nonassoc1ated gas is supplementarily used. Moreover, it is 

demonstrated that the returns from the Master Gas System basically 

depend on the level of crude oil production; i.e. the available level 

of associated gas and the IIIOUnt of nonassociated gas used by the sys

tem. This section lends itself to the conclusion that the imposition 

of tariff on saudi petrochamicals based on the claim of a subsidized 

gas feedstock cannot be justified on the grounds of each or both of the 

following: (1) the infant industry argument end (2) the absolute, 

zero-cost, Saudi gas advantage. 

su.ary and Objectives 

Throughout this chapter, the ganaral setup of Saudi Arabia's 

gas utilization system was presented. some of the major related issues 

were discussed. One of the most 1"",rtant questions that remains to be 

answered 1s thet of the real cost of this program. While the actual 

capitel expenditure on the Master Gas Syston and the petrechemical 

plants may be known, the unique dependency of this program on the 

country's crude oil production level gives rise to another particular 

cost: the cost of this ojependency. 

By adopting an industr1al ojevelopment program that makes use of 

cheap associated natural gas, the prior value of which was close to 
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zero, an increase in the value-added to each barrel of crude oil 

extracted is expected. The value added increases the opportunity cost 

of associated gas, eventually changing its positive share in the crude 

oil production decision; i.e. imposing a higher minimum crude oil 

production level. Therefore, any decision involving a crude oil 

production level below this newly imposed minimum necessitates 

consideration of any losses in this value-added. Hence, a decision 

maker whose objective is to maximize the returns from a barrel of crude 

oil would include the returns from the various new industrial ventures 

or at least the gas sale as part of any economic analysis. 

The Saudi gas utilization system was envisioned at a time when 

the country~s crude oil production was high enough to justify it. 

However, by the time the main components of the program were completed, 

Saudi Arabia's crude oil production stood at half the level needed to 

sustain these industrial projects. This led, for the first time, to 

consideration of the development of the country's nonassociated gas 

reserves. However, although the newly available nonassociated gas may 

to a degree ease the shortage produced by lower crude oi 1 product ion 

levels, supplemental use of nonassociated gas in itself imposes two 

new constraints. The first is an economic constraint imposed by the 

additional cost attached to it. Unlike associated gas, which is 

typically regarded as inexpensive, nonassociated gas can only be made 

available by allocating considerable amounts of capital for exploration 

and development. The second is a technical constraint imposed by the 

differing chemical composition of nonassociated gas from that of the 

associated type. Similar constraints also emerge when liquified 



petroleum gases are supplementarily employed. Moreover, the returns 

from the country's petrochemicals and LPG are directly related to 
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crude oil prices. This 1s because the higher the price for crude oil 

the higher the price for naphtha feedstock in DECD countries, implying 

higher overall petrochemical prices. on the other hand, given the role 

of Saudi Arabia in the international crude oil lIarket, higher crude oil 

prices imply lower Saudi crude oil production levels. Returns from LPG 

also follow the same pattern. Searing all of these factors in mind, 

this research aims to define opti.at;ty for the gas utilization system 

under different scenarios of Saudi crude oil production levels and 

crude oil prices. Reaching such an objective requires the successful 

estimation of the "true" cost of the gas program at different levels of 

crude 011 production. 

In order to quantify the cost of the gas utilization program at 

any level of crude oil production, i .8. when asSOCiated gas 1s suffici

ent and also when nonassoc1ated gas 1s supplemented, an analysis 1s 

carried out within a supply/demand framework that is based on optimal 

use of the resource. For instanc8.-rather than simply looking at each 

component of the system, i.e. profit and loss analysis, all components 

are considered together to provide a balanced scheme for the entire 

program; the profits and losses of each component. if desired. may then 

be separately evaluated. Reaching this objective requires identifica

tion of the following: 

1. 1"t-.a a.T,ou;7t of associated gas that is available at different 

crude oil production levels. This will directly depend on the saudi 

gas/crude oil ratio. 



2. The amount of associated gas needed to sustain al' the gas

dependent projects at capecity. This will result in establishing the 

corresponding crude 011 production level. 
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3. The effect of a decrease in the above established level on the 

utilization levels, ~hus returns, of the industrial projects. 

4. Nanassociated gas substitution possibilities. This necessi

tates accommodation of the economic and technical limits that these 

gases impose [1.e. availability, costs, and chemical composition con

straints] on production operations. 

5. The returns from the wOOle system at capacity and at lower 

levels of crude oil production when substitution takes place. This 

requires information regarding the production cost structure for the 

individual petrochemical products, the delivered cost to the various 

markets, and any prevailing market conditions that my affect these 

returns. 

6. If possible, the gas-methane and ethane-transfer price that 

will collectively opti"ize the returns from the Master Gas Sys_ and 

the petrochemical industry should be estimted. This will provide an 

insight into any needed correction for optimizing resource USB. 

In the next chapter, a linear progranning procedure 1s used to 

link tha several components of Saudi Arabia's gas utilization system. 

The results of such a procedure are then subjected to various 

sensitivity--post optimality-analysas to identify the points stated 

above. Furthermore, the analysis is carried out within the context of 

three different Saudi crude production scenarios to provide the policy 



makers with an insight to the returns from the gas utilization system 

at these levels. 
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CHAPTER 4 

THE EMPIRICAL MODEL 

L 1 near Programm1ng--General 

Programm1ng problems are concerned with the efficient use or 

allocation of llmited resources to meet desired objectives. These 

problems are characterized by tha large number of solutions that 

satisfy the basic conditions of each probl.... The selection of a 

particular solution as tha best solution to a problem depends on some 

aim or overall objective that is implled in the statement of the 

proble.. A solution that satisfies beth the conditions of the problem 

and the given objective is termad an optimal solution. 

Linear progr8lllBing problems are a subclass of prograJM'ling 

problems. A llnear programming problem differs from the general 

,yariety in that a I!I8themati.al model or description of the problem can 

be steted using relationships which" are called straight llne or llnear. 

The general milthematical statement of the linear programming problem is 

expressed as follcws: 

Maximize (or minimize) 

C,X, + C2Xz + •••• Cnx.. 

SUbject to the conditions 

A11X1 + Af2Xz + ~ • .• A1nXn = bt 
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A21X, + A22X2 + •••• AznXn = b2 

and 

X1,X2, ••••••••••••• >0 

where the e's are coefficients, X's are decision variables and the A's 

are constants. 

Linear programming models are based on two major axioms of 

strict proportionality and additivity. Together they imply strict 

convexity. Proportionality means that if an activity can be operated 

at its base level, 1t can also be operated at any nonnegative fraction 

or multiple of that level. with all inputs and outputs varying propor

t1onally. Additivity implies that if there are two processes utilized 

together for producing a product then the inputs required and the 

outputs produced will consist of the sum of the inputs and outputs 

corresponding to the activity level of the individual processe 

The use of linear programming techniques to solve production 

economics--resource allocation--problems has proven particularly 

suited for cases involving large numerical calculations such as those 

encountered in the petroleum and chemical processing industries. In 

particular, when applied to these industries, the techniques can aid in 

answering a wide range of questions from those involving the location 

of plants to others requiring the determination of final product-mix 
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alternatives. 1 Linear progranming has also been applied to network 

models (Williams, 1978, p. 68). Network models are those involving a 

system of lines or channels connecting different points where the 

interest is in sending some specified commodity from certain supply 

points to some demand points (for example, in a pipeline system water, 

oil, or gas may be sent from supply stations to demanding customers). 

The most common problems solved using these models are: the transpor-

tat ion problem, the assignment problem, the minimum cost flow problem, 

the shortest path problem and the maximum flow through network problem. 

Uke other models of its class, linear programming is charac-

terized by the absence of random elements and uncertainties. Random-

ness is regarded as a second-order effect and is supposedly allowed for 

by converting all parameters into "certainty equivalents." 

Introduction 

A linear Progranvning Model for Saudi 
Arabia's Gas Utilization System 

A linear programming model is developed to capture the essence 

of Saudi Arabia's gas utilization program. The model is constructed to 

reflect the interrelationships among the various components of the 

country's industrialization program. Figure 23 shows the network that 

depicts the Master Gas System, its components and their downstream 

activities, hereafter denoted the gas utilization system. The figure 

1See for example Manne and Markowitz (1963) and Moder and 
Elmagl1raby (1978). 
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is a modified combination of Figures 17 and 18 of the previous 

chapter. The network is characterized by: 

1SS 

1. Propane, butane, and natural gasoline which are mainly 

exported; methane, ethane, and hydrogen sulfide are provided to the 

petrochemical and other industries. Each of the processing steps is 

controlled by a technical material balance equation~ Additionally, 

each product output is limited by the physical capacity to produce ito 

2. Natural gas is provided to the system as an associated gas 

accompanying crude oil production or as a supplemental nonassociated 

gas as the necessary level of associated gas is decreased due to a 

decrease in the country's crude oil production level. These two types 

of natural gas differ in the yields of their constituent components. 

3. The individual product, rather than the individual company 

produc1ng that product, is represented in the model. Therefore, the 

physical capacity. to produce the product represents the total physical 

capacity of all companies produCing the particular product. For 

example, chemical grade methanol 1s produced by two companies: Saudi 

Methanol Company (Al-RAZI) with a capacity of 600,000 tons/year and 

National Methanol Company (IBN-SINA), wh1ch has a 700,000 tons/year 

capacity. The model does not different1ate between these two compa

nies, but considers the product, chemical grade methanol, as having a 

total physical capacity of 1,300,000 tons/year. A weighted average 

cost is used for each product produced by more than one company. 

4. Et:lylene and its derivatives are separated into two groups; 

those produced 1n Jubail and others produced 1n Yanbu. The reason for 

so doing is to correctly present the fact that ethane production 
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actually takes place in each of these two centers and that the physical 

capacity to produce ethane differs between the centers. Recall that 

ethane is piped from the Eastern Province to Yanbu as a component of 

NGL from which it is then extracted by fractionationo Had ethane been 

extracted 'In -t"he ~ern Province and then piped to Vanbu, the system 

would have been more flexible to shift etha.ne for the purpose of ethy

lene production from one center to another as needed. Under the exist

;119 arrangement, however. any surplus of ethane in Vanbu cannot be 

shipped back to Jubail to ease any shortage of ethane there. 

5. The representation of the two industrial sites of Jubail and 

Yanbu in the model also emphasizes that the main fuel used in Jubail is 

methane while that used in Yanbu is ethane. Therefore, it is assumed 

that in producing ethylene and its derivatives in Jubail. ethane is 

strictly used as a feedstock while production of ethylene and deriva

tives in Yanbu necessitates using ethane as both a fuel and as a 

feedstock. 

6. liquified petroleum gases (propane and butane) and natural 

gasoline, although produced at each of the two centers, are treated as 

though they were produced in one. This is because they are targeted 

mainly for export and are not integrated with any downstream activi

ties that might then have been affected by lower LPG and natural 

gasol ine production levels at the individual centers. 



The Objective FUnction 

In general, three separate objective functions are used to 

answer the questions raised in the previous chapter. The first func-
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ticR includes the objective of operating Saudi Arabia's gas utiliza

tion program at capacity.2 The inclusion of the function at this stage 

of analysis is similar to finding a solution to the "maximum flow 

through a network problem" referred to earlier. This function is 

applied in three steps. First, the fUnction is used with the assump-

ticn that only associated gas 1s available. Maximizing the function 

results in obtaining the amount of associated gas needed to operate the 

network as shown in Figure 23 at capacity. The corresponding crude oil 

production level then defines that level below which a lack of associ-

ated gas becomes a constraint on the system. Second, the function is 

used with the assumption that only nonassociated gas is available. 

Maximization results in determining the utilization level of the system 

when associated gas is not available as 1t means that no crude 011 1s 

being produced. This situation is highly unlikely. This assumption is 

imposed solely to check on the abil1ty of current nonassociated gas 

production capacity to fully supply the system.3 Finally, the function 

is used assuming both gases are aval1able, but continuously lowering 

the crude oil production level, i.e. associated gas, obtained in the 

2An alternative to using linear programming to calculate the 
optimal needed amount of natural gas is a simultaneous equations tech
nique. The preference of using linear programming here is to confine 
the analysis to one model. 

3The results of this step are used in subheading "Possible 
Future Nonassociated Gas Utilization" (p. 236). 
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first step. This results 1n defin1ng the tradeoff between the associ

ated and nonassociated gases; it indicates how much of the nonassoci

ated gas must be used at each level of reduced crude 011 production. 

Once the general picture of gas use and the tradeoff between 

the two gases is established. a second objective function 1s used to 

maximize the revenues of the whole system at sub-optimal levels of 

crude oil production. The use of this production function requires the 

introduction of each product's price in the linear program. The third 

objective function is used to maxillize the total profit of the syst_ .. 

Thls requires the introduction of each product's costs into the 

program. The general forms of these two functions are: 

and 

n 
MaxR= :E Pi Xt 

t=1 

Max P = 1:: (Pi - C;) Xi 
1=1 

where the first function is the revenue maximization and the second is 

the profit maxi.ization function. Pi and C; are the price and cost of 

the it" product and n is the total nllllber of products produced by the 

system as considered. The constraints for these equations are those 

used with the first objective function. 

While the first objective function 1s used to establish the 

optimal amount of gas used by the system, the introduction of both 

revenue maximization and profit maximization functions 1s intended to 



provide the policy maker with more than one standard for comparing 

benefits. 

Constrai nts 
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Two types of constraints are used in the linear progrSEing 

model presented. The first is the set of technical relationships. 

which are also referred to as the materials balance equations. These 

constraints involve the actual aJAOUnts of 1nput(s) required to produce 

a certain product; the ratios (tons of input(s)/ton of output) for all 

the processes shown in Figure 23. The second type of constraint is the 

set of all the physical capacities for each of the products in the 

system. Equations for all constraints are provided 1n subhead1ng "The 

Linear Programming Model-Specified" (p. 209). 

Data 

To calculate the required amount of associated gas, hence, that 

level of crude oil production which maximizes the total systelll's 

products, and also to calculate the utilization level of the individual 

products 1f only nonassoc1ated gas were available, the following 

information is required: 

1. Associated gas analysis: Table 43 provides the main ccnponents 

of associated natural gas: methane, ethane, propane, butane, natu.ral 

gasoline, and hydrogen sulfide. The typ1ca1 volumes (volume X) for the 

saudi Arabian associated gas component is provided in C01U11n 1. The 

following co1u..,s in the table show the steps needed to calculate the 

actual amounts (in tons) of the several COIIponents contained in one 

barrel and in one million barrels Qf crude oil. 
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Table 43. Associated gas analysis 

Per- ton/ft' tonI 
cent ft'/ ft,-/ ton/ft' of gas bbl' toni 

Component Vol.a lb" tone (10-5) (10-') (10-6) mmbbl 

Methane .510 23.65 52,139 1.92 9.78 5.042 5,042 

Ethane .185 12.62 27,882 3.59 6.65 3.428 3,428 

Propane .115 8.61 18,973 5.27 6.06 3.124 3,124 

Butane .040 6.53 14,394 6.95 2.78 1.433 1,433 

Pentane9 .016 5.26 11,596 8.62 1.38 0.711 

Hexanee .004 4.40 9,709 10.30 0.41 0.212 1,046' 

Heptane9 .002 3.79 8,349 12.00 0.24 0.124 

H-sulfide .022 11.14 24,559 4.07 0.90 0.426 462 

a. Qunad. (1981). 

b. Ikoku (1980). 

c. One (1.0) metric ton = 2204.6 lb. 

d. One (1.0) bbl of average Saudi crude oil is associated with 
14.73 rn9 of natural gas (OAPEC Annual Report, 1981). One (1.0 rna of 
natural gas = 35 ftS of natural gas. Therefore, 1.0 bbl of Saudi crude 
ls associated with 515.55 ft3. 

e. Natural gasoline. 

f. Average natural gasoline. 



2. Nonassociated gas analysis: Table 44 illustrates the steps 

needed to calculate the amounts (in tons) of the nonassoclated gas 

components per billion cubic feet (bft3). 

3. Material balance equations: Table 45 lists the quantities 

of each input (in tons) per ton of product. 
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4. Fuel gas requirements: Because the fuel requirement for each 

process is only available in fuel oil equivalents (FOE) ~ conversion 

factors are used to estimate these amounts in fuel gas equivalents 

(FGE). The reason for doing this is to include that quantity of gas 

used as a fuel (along with that used as a feedstock) in the calcula

tion of the total amount needed in the system. Appendix A contains 

the calculation of conversion factors for fuel oil equivalent to 

methane and ethane gas equivalent. These are then used to estimate 

the quantity of gas needed as a fuel for the production of each 

product (Table 46). Note that all products use methane as a fuel 

e)(cept those that are produced at the Yanbu site~ where ethane is the 

fuel used. 

5. Physical capacities: Table 47 lists the total design physical 

capacity to produce each product. This table is mainly obtained from 

Tables 24 and 27 in the previous chapter and from information provided 

by SABIC. 
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Table 44. Nonassociated gas analysis 

ton/ft' 
Percenta fV/ fV/ ton/ft' of gas toni ton/ 

component volume lbb tone (10- 5 ) (10- 0 ) bft> 1.2bft'· 

Methane .797 23.65 52,139 1.92 15.300 15,300 16,360 

Ethane .013 12.62 27,662 3.59 0.467 467 560 

Propane .004 6.61 18,973 5.27 0.211 211 253 

Butane .002 6.53 14,394 6.95 0.139 139 167 

Pentaneo .002 5.26 11,596 6.62 0.172 172 

Hexanee .000 4.40 9,709 10.30 0.000 000 350' 

Heptanee .001 3.79 8,349 12.00 0.120 120 

H-sulflde .002 11.14 24,559 4.07 0.061 81 96 

a. Qunada (1981). 

b. Ikoku (1980). 

c. One (1.0) metric ton = 2204.6 lb. 

d. Reported Saudi nonassociated gas capacity. 

e. Natural gasoline. 

f. Average natural gasoline. 
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Table 45. Material balance equations (ton/ton) 

Input Output 

1.30 Ethane 1.0 Ethylene 

0.75 Ethylene 1.0 Ethanol 

0.31 Ethylene 1.0 Styrene 

0.36 Ethylene 1.0 Ethylene dichloride 

1.03 Ethylene 1.0 Linear low density polyethylene 

1.02 Ethylene 1.0 High density polyethylene 

0.51 Ethylene 1.0 Ethylene glycol 

1.66 Ethylene dichloride 1.0 Vi nyl chloride monomer 

1.03 Vinyl chloride monomer 1.0 Polyvinyl chloride 

0.49 Methane 1.0 Methanol 

0.42 Methane 1.0 Ammonia 

0.57 Ammonia 1.0 Urea 

1.00 Hydrogen sulfide 1.0 Sulfur 

0.33 Sulfur 1.0 Sulfuric Acid 

Source: Rudd et al. (1981). 
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Table 46. Petrochemical fuel uses (ton/ton) 

Fuel Gas Process Fuel 011a Fuel Gas 

Methaneb Methane--Methano 1 .42 .37 
Methane--Ammonia .45 .40 
Anunonia--Urea .07 .06 
Ethane--Ethylene .73 .65 
Ethylene--Ethanol .73 .65 
Ethylene--Styrene .35 .30 
Ethylene--lLOPE .25 .22 
Ethylene--EG .60 .53 
Ethylene--EDC .10 .09 
Ethylene--VCH .17 .15 
VCH--PVC .30 .27 

Ethaneb Ethane-Ethylene .76 .71 
Ethylene--LLDPE .26 .24 
Ethylene--HDPE .19 .18 
Ethylene--EG .66 .61 

a. Rudd et al. (1981). 

b. COnversion factors: methane (in Jubail) = .89 and ethane 
(In Vanbu) = .93 (Appendix A). 



Table 47. Maximum physical capac1ties (tons) 

Component 

Ethane 
Ethane-Juba; lb 
Ethane-Yanbub 

Ethylene-Jubai I 
Ethylene-Yanbu 
Ethanol 
Styrene 
EDC 
llDPE-Jubai I 
LlDPE-Vanbu 
HDPE 
EG-Jubail 
EG-Yanbu 
VCM 
PVC 
Methanec 
Methanol 
Ammonia 
Urea 
Propaneb 

Butaneb 

Natural gasolineb 

Hydrogen sulfide<' 
Pelletized sulfur 
Sulfuric acid 
Nonassociated gase 
Associated gas/crude of If' 

Yearly 

2,680,000 
1,420,000 
1,260,000 
1,156,000 

455,000 
281,000 
295,000 
454,000 
400,000 
205,000 

91,000 
300,000 
220,000 
300,000 
200,000 

12,474,240 
1,300,000 
1,160,000 

830,000 
10,678,000 
6,749,000 
5,568,000 

n.a. 
n.a. 

100,000 

a. Assuming 365 days/year. 

b. Table 24. 
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Da11ya 

7,342 
3,980 
3,452 
3,167 
1,247 

770 
808 

1,244 
1,096 

562 
249 
822 
603 
822 
548 

34,176 
3,562 
3,178 
2,274 

29,255 
18,490 
15,255 
4,000 
4,000 

274 
1.2 bft' 
8.5 ... bbl 

c. Table 23 and Table 43, Column 4 (1.92 x 10-' • 1,780.000). 

d. HzS production is a byproduct of the system, reaching a 
maximum when the system operates at full capacity. 

e. Reported existing daily capacity. 

f. Reported design capacity of the Master Gas System. 



To calculate the maximum revenue and/or profit of the system 

the following data are used: 

10 The price of methane and ethane gases is the government set 

price of 50 cents per mmbtu. This price is converted to dollars per 

ton for each of the gases. 4 

2. The price of liquified petroleum gases and natural gasoline 

are the spot prices as quoted in energy economics publications. 

3. Fertilizers, petrochemicals, and sulfur prices are mid-1986 

spot prices in the three main markets of the United States, north-
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western Europe, and Japan. Furthermore, prices for Japan are used as 

surrogates for the whole Far East region. 

4. The cost for each individual product of the Master Gas System, 

with the exception of sulfur (i.e. methane I ethane, propane, butane, 

and natural gasoline) is that calculated in Appendix B and summarized 

in Table 48. 

5~ The production costs for the Saudi petrochemical products are 

those estimated by prominent international consulting houses such as 

Stanford Research Institute of the United States and Chem Systems 

International ltd. of England. Table 49 lists the total costs of these 

products. 

4from Appendix A: 

One (1~O)·ton of methane contains 47.4 nmbtu and 
One (1.0) ton of ethane contains 45.0 IMlbtu 
Therefore: 
the price of 1.0 ton of methane = $23.7 and 
the price of 1.0 ton of ethane = $22.5 



Table 48a Natural gas components· costs at different crude 
011 production levels 

Scenario NURlber 

(1) (2) (3) 

Crude 011 level (ambbl/d) 6.78 4.35 2.00 

Price of crude 011 ($/bbl) 11.00 18.00 25.00 

Methane ($/ton) 15 33 61 

Ethane (S/ton) 66 67 77 

propane ($Iton) 46 50 60 

Butane (S/ton) 40 44 53 

Natural gasoline ($/ton) 32 36 45 

Source: Appendix B. 
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Table 49. Saudi petrochemicals: production cost ($/ton) 

Product Production Cost 

Ethylenea 209 

Ethanol 238b 

Styrene 320c 

EG 287c 

HOPE 438c 

lLOPEa 451C 

EOC 233c 

VCH 329c 

PVC 463c 

Methanola 74d 

Anmoniaa 80 

UreaB 77 

a. Weighted average of all plants producing the same product. 

b. Stanford Research Institute (1979). 

c. Chem Systems (1987). 

d. Chem Systems (1983). 
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6. Actual rnid-1986 spot prices for petrochemicals in the United 

States, Western Europe, and Japan are used_ Because the model is dis

cussed within the context of three different Saudi crude oil production 

scenarios (see below). and as each scenario corresponds to a different 

market price for crude oil which, 1n turn, alters the market prices for 

the various products considered in the model, these prices are adjusted 

for each scenario. Appendix C provides sample calculations of petro

chemical prices under each scenario and Table 50 l1sts the actual and 

calculated petrochemical prices in the U.S., West European, and 

Japanese markets. 

Assumptions 

1. The State of the Gas Utilization System: An Emphasis 

Aside from the fact that a redUction of Saudi Arabia's crude 

oil export sales results in a decrease of the country's revenues, the 

gas uti llzation system is affected in the fom of higher costs. As 

previously argued, in order for the petrochemical industry to maximize 

profits the industry should be assigned its full requirements of gas. 

When the crude oil production level dips below that which produces the 

optimal amount of gas needed by the whole system, nonpetroch<e/nical uses 

of gas (1.e. water desalination, power generation, and other indus

tries) must accept less than their needed gas input requirement. The 

supplemental use of nonassociated gas will help maintain the total 

quantity of gas required for these uses given a specif~c lower level 

of crude oil production. Below this level, total fuel input needs 

for the nonpetrachernlcal industries will have to be achieved by 
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Table 50. Actual (1986) and estimated products' prices in the 
United States, Western Europe, and Japan 

Eth:llene and DeriVatives 

Crude EG ($/ton) Styrene ($/ton) 
Oil 
Price Ethylene Ethanola 
($/bbl) ($lton) ($/ton) U.S. tI.E. J. U.S. W.E. J. 

-------
11.00 171 530 441 470 719 442 340 898 
18.00 277 65 557 593 908 590 455 1,202 
25.00 383 786 671 715 1,094 733 565 1,492 

HOPE ($ton) LLOPE ($/ton) 

U.S. W.E. J. U.S. W.E. J. 

11.00 573 553 1,258 694 585 1,132 
18.00 773 708 1,610 941 793 1,535 
25.00 892 861 1,960 1,188 1,002 1,938 

VeN ($/ton) PVC ($/ton) 

U.S. W.E. J. U.S. W.E. J. 

11.00 335 334 454 661 575 922 
18.00 404 403 547 751 654 1,048 
25.00 472 470 639 849 739 1,184 

Natural Methanol b 

Gas (llton) 
Price Amlon1aa Urea-

($/nmbtu) ($/ton) ($/ton) U.S. W.E. 

11.00 1.88 191 220 212 226 
18.00 3.08 245 416 217 289 
25.00 4.28 299 480 331 353 

LPG & Nat. Gas Sulfuric Acid Sulfur 
($I ... btu) ($/ton) 

($/ton) 

11.00 100 89 133 
18.00 1.50 89 133 
25.00 200 89 133 
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Table 50-Conti nued. 

Notes: 

- Ethylene prices at $l1/bbl and $25/bbl: Chem Systems, 1987. 

- Ethylene price at $18/bbl is estillated. 

- Ethylene derivatives' prices are calculated based on the 
assumption that they increase fl"Cal the base year by the same ¥ increase 
of ethylene input cost. Price of VCM and PVC are calculated using the 
estimated price for EOC (for YCM) and YeN (for PVC)--1988 prices f ..... 
Stanford Research Institute (1986). 

- Prices for lIlethanol, ammonia, and urea are based on $/mmbtu 
corresponding to each crude oi 1 price. EuroP98.n Chemica] News (July 
21, 1986). 

- LPG and natural gasoline prices are based on an average FOB price 
during periods when the prevalling crude all prices were COIIIperable with 
the three prices considered in the model. 

- Prices for sulfur and sulfuric acid assuned constant. SUlfuric 
acid: Chemical Marketing Reporter (July 21, 1986). SUlfur: European 
Chemical News (July 21, 1986). 

- All prices are netback prices, i.e. price 1n I18rket minus 
freight, tariff and distribution costs. 

a. U.S.-based price only. 

b. U.S. and Nestern Europe-based prices. 
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gas utilization system are made up of the cost of (1) nonassociated 

gas that is supplemented plus (2) that of crude oil, as used. 

Although under these conditions the petrochemical industry is not 

affected by a reduction in the amount of gas produced in association 

with crude oil, its returns are influenced by the market price for 

crude oil. As the market price for crude oil rises, so too does the 

price of naphtha, which is the major petrochemical feedstock for the 

Saudi competitors in OECD countries. Consequently, the Saudi petro-

chemical producers, provided with inexpensive gas feedstock, would 

supplementing with crude 0; 1. Therefore, the higher costs accruing to 

the increase their cost advantage over OECD producers. Conversely~ 

this advantage diminishes as the market price for crude oil decreaseso 

Since Saudi Arabia is the world's largest crude 011 exporter, 

its crude oil production level, hence, exports greatly influences the 

international crude oil price. A high Saudi crude oil production level 

is associated with a reduced market price for crude oil. The most 

obvious example is the situation encountered during 1985/1986 when 

saudi Arabia increased its production from 2.2 mmbb1/d to 5.4 nmbb1/d 

between August 1985 and July 1986 (Middle East Economic survey, November 

4. 1985; Middle East Economic Survey, August 4, 1986), coincident with 

the price decline from $27.50/bbl to $8.63/bbl over the same period. 5 

The preceding discussion points to the need to examine the Saudi 

petrochemical industry within the context of the country's overall gas 

5Although the crude oil price crash was the result of market 
reaction to total OPEC production increases from 15.005 nvnbbl/d to 
20.000 mmbb1/d for the same period, Saudi Arabia's share of this 
increase was about 61%. 
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uti 1 lzation system and under its long-term policy of crude all 

production. 

2. Crude on Production Scenarios 

To apply the linear programming model constructed for the Saudi 

gas utilization system, three scenarios of crude oil production level 

wera selected.' These are: (1) the May 1988 4.35 .... bb1/d OPEC qucta 

for Saudi Arabia, (2) the crude all production level that sustains the 

gas utilization system at full capacity, and (3) an arbitrarily low 

crude 011 prcduction level of 2.0 .... bbl/d. Determining the interna-

tional crude oil prices under these scenarios necessitates considera

tion of Rlmerous interrelated factors, some of which may not be 

econ0lll1c. Moreover I the results of such a study may not be fruitful. 

Obtaining the precise ralation between Saudi Arabia's crude oil pro-

duct10n and world crude 011 prices 1s, therefore, beyond the scope of 

this study. Rather, sillple asSUAPt10ns regarding the corresponding 

price for each scenario are made and defined below. 

A crude oil production level of 4.35 _b1/d was the qucta set 

for Saudi Arabia by the December 1986 OPEC agreement. The same agree-

lnent also endorsed crude oil prices based on a reference price of 

,18/bbl. According to published reports OPEC ... mbars also agreed to 

extend this pricing policy to at least the end of 1988 (Middle East 

EconQ!lic Survev, December 21/28, 1987). Fr!l!I saudi Arabia's point of 

view, the ,18/bbl price is "an appropriate price to help OPEC countries 

to regain a share in world oil trade consistent with their production 

SA crude 011 production level is defined as domestic consump
tion plus exports. 
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capacities and large reS6,l/9S e •• and should also provide a satis

factory basis for resolving structural problems in the world economy 

and permit it to grow at a more than 3% annually over the next few 

years (Middle East Economic Survey, November 16, 1987). The thrust of 

such a message would appear to be that Saudi Arabia regards $18/bbl as 

a sort of consensus price that would serve to stimulate demand for oil 

in general and OPEC oil in particular. Therefore, for this scenario an 

$18/bbl price level is assumed. 

A scenario for a crude oil production level dictated by 

operating the gas utilization system at capacity; one which only uses 

associated gas (i .e. supplemental nonassociated gas use is zero) is 

analogous to a Saudi crude oil production policy inconsistent with any 

OPEC agreement restricting it below this level. To obtain a rough 

estimate of the crude oil price level under this scenario, note that 

this scenario is similar to the situation encountered during the first 

half of 1986 when most OPEC members headed by Saudi Arabia adopted an 

open policy to increase their market share. The result was an average 

price of about $l1/bbl during the second/third quarters of 1986. 

Assuming competitive conditions in the crude oil market, some studies 

point to an even lower price for crude oil. For example, Adelman 

(1986) concluded that the competitive floor to world oil prices is 

$8/bbl in the short-run and $5/bbl in the long-run. Griffin and Jones 

(1986) obtained even lower short-run prices, in the range of ($2 -

$5)/bbl& Such low prices. however, have either been disputed 



(Wilkinson, 1986)1 or argued to be 1n the neighborhood of $10/bbl 

(Scanlan, 1986),8 

Therefore, for the Saudi crude oil production level assumed 

under this scenario, 1n this study a crude oil price level of $11/bbl 

1s adopted in 1 ine with the views of Wilkinson and Scanlan, and for 

two reasons. First, this price was the result of a situation that, 

although it lasted for a short period of time, may resemble that 
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closest to a competitive crude oil market. Second, based on this price. 

a corresponding set of prices for petrochemical products has alreadY 

been established, and which can be used to estimate petrochemicals 

prices under other crude oil production scenarios. 

A crude 011 production level of 2.0 mnbbl/d represents a see-

nario in which Saudi Arabia resumes its role as a swing producer within 

OPEC. The general purpose of playing this role would be to maintain a 

'"high" price for crude oil. Under this scenario, a crude oil price 

level of $25/bbl is adopted which is the lowest "high" price suggested 

by a survey of government, academic, and industry experts (Hawdon, 

1985). 

3. Market Shares 

In estimating revenues and profits, it is assumed that the 

Saudi petrochemical products sold 1n the U.S., Western European, and 

Japanese markets maintain their 1986 shares in these markets for the 

7Wilk1nson (1986) questioned Adelman's assumption of a 
competitive international crude oil market. 

8Scanlan (1986) questioned Adelman's assi.imption of competitive
ness and his notion that oil reserves are "irrelevant." 

---------------------~ 



three scenarios considered. There are two reasons for doing this: 

(1) The Saudi petrocl1emicals are newcomers Into the world market and 
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as yet data reflecting the response of Saudi product shares to changing 

prices in these markets do not exist. (2) As stated earlier, the 

majority of the Saudi products constitute less than 3X of the world's 

total output. It has also been explalnad that a large percentege of 

the Saudi output Is being marketed by the foreign partners through 

their distribution channels. Therefore, no mojor shift In the Saudi 

market shares is expected. Consider. for example, crude industrial 

ethanol which is produced In Ssudl Arabia In conjunction with Shell Oil 

company. Shell buys and markets the entire output In the United States, 

which constituted half the 1986 U.S. consumption (Arab Oil and Gas 

~, 1987, p. 376). It Is, therefore, unlikely that Shell will 

attempt to market this product elsewhere unless a drop in the U.S. 

demand for the product occurs. Appendix D provides the 1986 percent

ages of saudi petrochemical exports to world markets. 

The Linear Progr .... lng Model-Speclfled 

Here the linear prog ...... lng model, eo uBed "Ith each of the 

three objective functions, Is presentad. Table 61 contelns an 

explanation of the terms used. 

To calculate the amount of eosoclated sea thet Is needad to 

operate the gas utilization system at capacity the fo11owlng objective 

function is used: 

Maximize Z = ASGAS 



Table 51. 

Decision Variable 

NASGAS 
ASGAS 
HTWOS 
STKPl 
SULFP 
SULFA 
SULFPE 
HETHNE 
METHNEF 
HTNOL 
AMONA 
UREA 
AMONAE 
OUSESJ 
SYSTUF 
ETHNE 
ETHNEJ 
ETHNEFJ 
ETHYlJ 
ETHYLJE 
ETNOL 
STYNE 
EOC 
LLOPEJ 

EGJ 
VCN 
EOCE 
PVC 
VCME 
ETHNEV 
ETHNEFY 
ETHYLY 
ETHVLYE 
OUSESY 
LLDPEY 

HOPEV 
EGY 
PROPE 
BUrNE 
GASOL 

Model '5 terminology 

Explanation 

Nonassociated gas 
Associated gas = crude oil level 
Hydrogen sulfide 
Sulfur stockpiled 
Pelletized sulfur 
Sulfuric acid 
Exported pelletized sulfur 
Total methane produced 
Total methane used as a fuel 
Total chemical grade methanol produced 
Total ammonia produced 
Total urea produced 
Exported ammonia 
t4onpetrochemical methane uses in Jubail 
Interna 11 y used ethane 
Total ethane produced 
Share of ethane in Juba;l 
Ethane used as a fuel in Jubail 
Ethylene produced in Juba;l 
Exported ethylene from Juba; 1 
Total crude industrial ethanol produced 
Total styrene produced 
Total ethylene dichloride produced 
Linear low density polyethylene produced in 

Jubail 
Ethylene glycol produced in Jubai 1 
Total vinyl chloride monomer produced 
Exported ethylene dichloride 
Total polyvinyl chloride produced 
Exported vinyl chloride 
Share of ethane in Vanbu 
Ethane used as fuel in Yanbu 
Ethylene produced in Vanbu 
Exported ethylene from Vanbu 
Nonpetrochemical ethane use in Vanbu 
linear low density polyethylene produced in 

Vanbu 
High density polyethylene produced in Vanbu 
Ethylene glycol produced in Vanbu 
Total propane produced 
Total butane produced 
Total natural gasoline produced 
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The constraints used with this objective function are: 

1~ Material balance equations (specified in tons of input/ton of 

output): 

4619 ASGAS - "TWOS = 0 (1) 

5042 ASGAS - METHE = 0 (2) 

3428 ASGAS - ETHNE-SYSTUF = 0 (3) 

3124 ASGAS - PROPE = 0 (4) 

1433 ASGAS - BurNE = 0 (5) 

1046 ASGAS - GASOL = 0 (6) 

These equat ions speci fy the amount of each component of natu ra 1 gas 

produced 1n association with 1~O mmbbl of crude oil. The coefficients 

appearing in the equations are tt)ose calculated for associated gas as 

shown in Table 43. The term SYSTUF represents the amount of fuel inter

nally consumed to operate the Master Gas System. As shown in the next 

section, the percentage of this variable is approximately equivalent to 

that indicated by PETROMIN to operate the system. Had the amount of gas 

needed to operate the system at each level of crude oil production been 

known, it would have been in~luded as a separate constraint rather than 

combined with ethane, as in equation (3). 

other equations included in this category are: 

HTWOS - SULFP - .33 SULFA - STKPL = 0 

This equation relates the amounts of sulfur pelletized for export, the 

amount of sulfuric acid that is produced, and the amount of sulfur 

stockpi led to the total amount of hydrogen sulfide produced at any 

level of associated gas produced (i.e. at any level of crude oil 

production). 



METHNE - .86 MINOl - .82 AMaNA - METHNEF = 0 
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(8) 

This equation specifies the amount of methane needed to produce 1.0 ton 

of chemical grade methanol and 1.0 ton of ammonia, .86 and .82 tons, 

respectively and accommodates the fact that the remaining methane is 

left to be used as a fuel. Note that the coefficients of MTNOl and 

AMONA represent the amount of feedstock and fuel used in the production 

of these two products. For example, Table 45 indicates that .42 tons 

of methane are needed as a feedstock to produce 1.0 ton of ammonia, 

while Table 46 indicates that .40 tons of methane are used as a fuel in 

the production of 1.0 ton of ammonia. Hence, a total of .82 tons of 

methane is :'leaded to produce 1.0 ton of ammonia .. 

AMONA - .57 UREA - AMONAE = 0 (9) 

This equation represents the amount of ammonia input in the production 

of 1.0 ton of urea (Table 45)0 The remaining anunonia, i.e. the surplus 

after satisfying the capacity of urea, is exported. The assumption 

here is that before any amount of anunonia can be exported, total urea 

capacity is utilized. 

.53 ETHNE - ETHNEJ = 0 

.47 ETHNE - ETHNEY = 0 

(10) 

(11) 

These two equations indicate the split of the total ethane capacity 

between the two industrial sites of Jubail and Vanbu. Recall that 

ethane capacity at Jubail is .53 of the total ethane extraction capac

ity of the Master Gas System while that at the Vanbu site is .47 (Table 

47). 

ETHNEJ - 1.3 ETHYLJ - ETHNEFJ = 0 (12) 



213 

This equation indicates the amount of ethane needed to produce 1.0 ton 

of ethylene in Jubail~ Table 45, and specifies that the remaining 

amount, if any, is to be used as a fuel. 

ETHYLJ - .75 ETNOL - .31 STYNE - .36 EDC 

- 1.03 LlOPEJ - .51 EGJ - ETHYLJE = 0 (13) 

This equation provides the amount of ethylene needed in the production 

of 1.0 ton each of crude industrial ethanol, styrene, ethylene dichlor

ide, linear low density polyethylene, and ethylene glycol in Jubail. 

The remaining ethylene can then be exported. Again, the assumption is 

that all of these products' capacities are to be utilized before 

ethylene can be exported from Jubai1. 

EDC - 1.66 VCM - EDCE = 0 (14) 

This equation relates the amount of ethylene dlchloride used as a 

feedstock to produce 1.0 ton of vinyl chloride monomer, Table 45, while 

the remaining amount of ethylene dichloride, if any, can then be 

exported. 

VCM - 1.03 PVC - VCME = 0 (15) 

This equation relates the amount of vinyl chloride monomer that is 

required to produce 1.0 ton of polyvinyl chloride, Table 45, while the 

unused amount of vinyl chloride monomer can then be exported. 

METHNEF - .06 UREA - .65 ETHYLJ - .65 ETNOL 

- .3 STYNE - .09 EDC - .22 LLDPEJ - .56 EGJ 

- 1.5 VCM - .27 PVC - OUSESJ = 0 (16) 
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This equation specifies the amount of methane that is used as a fuel at 

the Jubail site (Table 46)g Once each product obtains its needed 

methane fuel, the remaining methane can then be provided to other users 

(OUSESJ) such as electric generating and water desalination plants as 

well as to ARAMCO and PETROMIN. 

ETHNEV - 2.01 ETHYL - ETHNEFY = 0 (17) 

This equation specifies the amount of ethane used in Yanbu to produce 

1.0 ton of ethylene. Recall that since methane is not available at 

thi s s 1 te, ethane is used as both fue 1 and feedstock. Therefore, the 

amount of ethane used to produce ethylene is higher than that needed 1n 

Jubail (2.01 VS. 1.3). The 2.01 tons of ethane needed to produce LO 

ton of ethane in Vanbu actually represents the total amount of feed

stock (1.3 in Table 45) and fuel (.71 in Table 46). The unused amount 

of ethane is then used as a fuel in the production of other products. 

ETHYLY - 1.03 llOPEY - 1.02 HOPEY 

- .51 EGY - ETHYLY = 0 (18) 

This equation specifies the amounts of ethylene that are needed to 

produce 1.0 ton of linear low density polyethylene, 1.0 ton of high 

densi"ty polyethylene and LO ton of ethylene glycol in Yanbu (Table 45) 

and indicates that the unused ethylene can then be exported. Note that 

the amounts of ethylene required to produce linear low density polyeth

ylene and ethylene glycol (1.03 and .517 respectively), are the same 

amoul1ts used to produce these two products in Jubail, equation 13. 

ETHNEFY - .24 lLOPEY - • 18 HOEY 

- .61 EGY - OUSESY = 0 (19) 
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The calculated amount of ethane fuel ne.eded to produce 1.0 ton of 

linear low density polyethylene, 1.0 ton of high density polyethylene 

and 1.0 ton of ethylene glycol, Table 46. are provided in this 

equation. The unused ethane can then be provided to other users of 

ethane at the Vanbu industrial site. 

For the preceding constraints the follow1ng assumption is made: 

The input requirement of a downstream product must be fulfilled before 

any amount of the input is exported as a product. This condition is 

imposed for the purpose of calculating the ultimate amount of gas 

needed by the system. However, the assumption is relaxed once each 

product's pr1ce and cost are introduced 1nto the program; maximizing 

revenue (i.e. using products' prices) or maximizing profits (i.e. using 

products 1 prices and costs) may not call for producing the downstream 

product at capacity, in which case the extra f unused, input may either 

be used in another downstream process or exported. 

2. Physical capacity constraints. These constraints are based on 

the maximum daily capacities shown in Table 47. 

ASGAS .s. 8.5 (20) 

ETHNE .s. 7,342 (21) 

ETHNEJ ~ 3,980 (22) 

ETHNEY i 3 f 452 (23) 

ETNOL i 770 (24) 

STYNE ~ 808 (25) 

EDC i 1,244 (26) 

LLDPEJ ~ 1,096 (27) 

LLDPEY i 562 (28) 
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HOPEY 5249 (29) 

EGJ 5 822 (30) 

EGY 5 603 (31) 

VCM 5 822 (32) 

PVC 5548 (33) 

METHNE .i 34,176 (34) 

METHNOL .i 3,562 (35) 

AMONA .i 3,178 (36) 

UREA i 2,274 (37) 

PROPE i 29,255 (38) 

BUTNE S. 18,490 (39) 

GASOl i 15~255 (40) 

SULFA 5274 (41) 

Note that hydrogen sulfide capacity need not be included as it is a 

byproduct of the system, reaching its maximum output when the system is 

fully operated. Note also that nonassociated gas capacity has not yet 

been introduced to the system; the objective at this stage of the anal

ysis is only to calculate the crude oil production level that provides 

the system with the sufficient amount of associated g8S. The results 

of this run (hereafter denoted as the first run) are presented and 

discussed in the following section. 

To calculate the utilization level of each component of the 

system shown 1n Figu("e 23 with the assUIlpt10n that only nonassociated 

gas is aval1able7 the decision variable denoting associated gas in 



the objective function, ASGAS, 1s replaced by another which denotes 

nonassociated gas, NASGAS. The objective function becomes: 

Maximize Z = NASGAS 

Two choices emerge when only nonassociated gas is util ized. 
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One is to provide the gas to the whole system, but risk the possibility 

of reducing the overall pressure of the system. This can result in the 

inability to provide the gas on a continuous basis. A batch (pulse) 

supply may then be the procedure to pursue. The other choice is to 

shut off part of the system in order to maintain a higher pressure for 

the open portion. The first choice is similar to supplying the gas to 

the two industrial sites, while the second 1s similar to using the gas 

only at the Juba,l site. In this analysis, both scenarios are examined~ 

COnstraints for testing them are provided below: 

1. Fi rst scenario constraints: 

81 NAGAS - HTWOS = 0 

15300 NAGAS - METHNE = 0 

467 NASGAS - ETHNE = 0 

211 NASGAS - PROPE = 0 

139 NASGAS - BUTNE = 0 

292 NASGAS - GASOL = 0 

These equations are similar to Equations 1-6 in the first run. They 

specify the amount of each natural gas component provided by 1.0 bft3 

of natural gas. The coefficients in the equations are those calculated 

for the nonassociated gas shown in Table 44. The rest of the 

constraints are Equations 7-41, with the exception of Equation 20, 

ASGAS i 8.5, 



which is replaced by a constraint for the nonassociated gas capacity, 

NASGAS i 1.2. 

2. Second scenario constraints: 
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These are similar to Constraints 1-6 in the first scenario and 

the rest of the constraints from the first run. However, those con

straints pertaining to the Yanbu site are eliminated, i.e. Constraints 

11, 17, 18, and 19. Equation 10 is adjusted to indicate that 100% of 

the ethane extracted is to be used in Jubail; total ethane capacity is 

equal to the ethane extraction capacity in Jubail. The results of this 

run are presented and analyzed in the following section. 

Finally~ the first objective function is used to define the 

tradeoff between the associated and the nonassoc1ated gases when the 

assumption is that nonassociated gas is used, lJP to its existing capac

ity~ to supplement any shortage of associated gas. In this case, 

capacity constraints for both gases are included~ However, the maximum 

amount of associated gas that has been determined in the first run is 

continuously lowered to allow for the introduction of increasing 

amounts of nonassociated gas in the system. The results of this run 

(the third run) are presented and discussed in the following section. 

Maximizing the revenue of the gas utilization system neces

sitates the assigning of a price for each product of the system under 

each of the three scenarios considered. Table 50, which is based on 

the assumptions and calculations presented in Appendix C, contains the 

projected prices for the U.S., Western European, and Japanese markets. 

Due to the lack of data specifying the demand for each Saudi product in 
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these markets, the 1986 Saudi product exports to these markets are 

asstJDed for all scenarios. Moreover, prices of methane and ethane 

gases that are used by nonpetrochelll1cal users in Jubail and Yanbu 

(OUSESJ and OUSESV, respectively) are fixed at the $23.7/ton and 

$22.5/ton, respectively, based on the equivalent of 50 cents/onbtu (see 

Appendix A). 

When the objective is profit maximization, products' costs are 

introduced into the model. Note that in the previous, revenue maxi

mizing, objective the individual product price diffors under each sce

nario, reflecting the adjustment of the product's aarket price to ~ 

changes in the level of· the crude 011 price. Sinco the Saudi petro

chemical industry obtains its gas input at the regulated 50 centsl 

nanbtu, i.e. its cost does not react to crude 011 price fluctuations, 

the individual product's cost is assuEd constant under all three sce

narios. This also means that the revenue obtained fran the dOllestic 

sales of the gases is constant. However, the same asswnpt10n cannot be 

applied to the costs of the gases produced by the Master Gas System 

(methane, ethane, lPG, and natural gasoline) since their costs react 

to the leyel of utilization of nonassociated gas: When nonassociated 

gas is a suppl .... nt (i.e. the 4.35 _l/d and 2.0 nnbbl/d seanarios), 

the cost of these gases will differ from thet established when the 

system is totally supplied with associated gas (Tabl. 48). 
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Empirical Results and Explanation 

Crude Oil/Associated Gas Level 

Results from the first run indicate that the optimal crude oil 

production level needed to operate the gas utilization system at its 

current capacity' is 6.78 mmbbl/d. Table 52 lists the amounts of each 

product of the system as daily crude oil production is steadily 

lowered from the optimal level to the 2.00 mmbbl level. Several 

observations are obtained from the table: 

1. The current methane capacity of 34,176 tons is a major factor 

in processing of any associated gas produced by levels higher than 6.78 

mmbbl/d of crude oil. This is obvious since LPG and natural gaso11ne 

capacities, which are consequently produced, are not reached. 

2. Methane-dependent petrochemical products (chemical grade meth-

anol, ammonia, and urea) are totally unaffected throughout the range of 

crude 011 production levels considered (6.78-2.00 mmbb1). 

3. As the crude oil production level is steadily reduced, so too 

is the amount of methane avai lable as a fuel for electric generat1on, 

water desalination, and other plants, declining from 24,609 tons at the 

6.78 RVIIbblld level to 651 tons at the 2.00 mmbbl/d level. This implies 

that larger and larger quantities of crude oil are to be used instead 

of gas 1n these plants. Crude oil and methane substitution in these 

plants are presented in a separate section. 

9Current capacity of the Master Gas System is shown in Tables 
23 and 24 and the current capacities of petrochemical products listed 
in Table 47. 



221 

Table 52. System's components at different crude oil produc-
tion levels (associated gas only) 

Crude Level 

Product 6.78 6.50 6.00 5.50 5.00 4.50 

HTWOS 3132 3003 2772 2541 2310 2079 
STKPl 0 0 0 0 0 0 
SUlFP 3041 2923 2682 2451 2220 1989 
SULFA 274 274 274 274 274 274 
METHE 34176 32773 30252 27731 25210 22689 
METHEF 28507 27104 24583 22062 19541 17020 
MTOOl 3562 3562 3562 3562 3562 3562 
AMONA 3178 3178 3178 3178 3178 3178 
UREA 2274 2274 2274 2274 2274 2274 
AMONAE 1882 1882 1882 1882 1882 1882 
OUSESJ 24609 23206 20685 18164 15643 13123 
SYSTUF 15896 14942 13228 11514 9800 8086 
ETIINE 7340 7340 7340 7340 7340 7340 
ETHNEJ 3890 3890 3890 3890 3890 3890 
ETHNEFJ 0 0 0 0 0 0 
ETHYlJ 2992 2992 2992 2992 2992 2992 
ETHYlJE 168 168 168 168 168 168 
ETHNOl 770 770 770 770 770 770 
STYNE 808 808 808 808 808 808 
EDC 1244 1244 1244 1244 1244 1244 
llDPEJ 1096 1096 1096 1096 1096 1096 
EGJ 822 822 822 822 822 822 
V~ 749 749 749 749 749 749 
EDCE a 0 0 a 0 a 
PVC 548 548 548 548 548 548 
V~E 185 185 185 185 185 185 
ETHNEY 3450 3450 3450 3450 3450 3450 
ETHNEFY 943 943 943 943 943 943 
ETHYlY 1247 1247 1247 1247 1247 1247 
ETHYlVE 107 107 107 107 107 107 
OUSESY 2902 2902 2902 2902 2902 2902 
llDPEY 562 562 562 562 562 562 
HDPEY 249 249 249 249 249 249 
EGY 603 603 603 603 603 603 
MOPE 21175 20306 18744 17182 15620 14058 
BUTNE 9713 9315 8598 7882 7165 6449 
GASOl 7090 6799 6276 5753 5230 4707 

(COntinued) 
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Table 52--Continued. 

Crude Level 

Product 4.35 4.00 3.50 3.00 2.50 2.00 

HTWOS 2010 1848 1617 1386 1155 924 
STKPL 0 0 0 0 0 0 
SULFP 1919 1758 1527 1300 1065 836 
SULFA 274 274 274 274 274 274 
METHE 21933 20168 17647 15126 12605 10084 
METHEF 16263 14499 11978 9457 6936 4415 
MTNOL 3562 3562 3562 3562 3562 3562 
AMONA 3178 3178 3178 3178 3178 3178 
UREA 2274 2274 2274 2274 2274 2274 
AHONAE 1882 1882 1882 1882 1882 1882 
OUSESJ 12365 10601 8080 5559 3038 651 
SVSTUF 7572 6372 4658 2944 1230 0 
ETHNE 7340 7340 7340 7340 7340 6856 
ETHNEJ 3890 3890 3890 3890 3890 3634 
ETHNEFJ 0 0 0 0 0 0 
ETHVlJ 2992 2992 2992 2992 2992 2795 
ETHVLJE 168 168 168 168 168 0 
ETNOL 770 770 770 170 770 770 
STVNE 808 808 808 808 808 808 
EDC 1244 1244 1244 1244 1244 1244 
LLDPEJ 1096 1096 1096 1096 1096 1096 
EGJ 822 822 822 822 822 822 
VCM 749 749 749 749 749 749 
EDCE 0 0 0 0 0 0 
PVC 548 548 548 548 548 548 
VCME 185 185 185 185 185 185 
ETHNEV 3450 3450 3450 3450 3450 3222 
ETHNEFV 943 943 943 943 943 716 
ETHVLY 1247 1247 1247 1247 1247 1247 
ETHVLVE 107 107 107 107 107 107 
OUSESV 2902 2902 2902 2902 2902 2675 
llDPEV 562 562 562 562 562 562 
HDPEV 249 249 249 249 249 249 
EGY 603 603 603 603 603 603 
PROPE 13589 12496 10934 9372 7810 6248 
BUTNE 6234 5732 5016 4299 3583 2866 
GASOl 4550 4184 3661 3138 2615 2092 
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4. The system's ethane capacity of 7,340 tons/d is still fully 

utilized at tha 2.50 ... bbl production level, but is reduced by 71, to 

6,856 tons/d, at the 2.00 IDIDbbl/d level. As a result, the Jubail 

industrial site gets 3,634 tons/d instead of 3,890 tons/d and the Yanbu 

area gets 3,222 tons/d instead of 3,450 tons/d. The reduction of 254 

ton/d of ethane produced at the 2.00 "",bbl/d level results in el1mi

nating the 168 tons/d of ethylene available for export from Juba1l at 

higher associated gas levels. At Vanbu, reduction of ethane results 

only 1n decreasing the amount of gas that is avallable to nonpetro

chemical users (OUSESV) fl"Oll 2,902 tons/d to 2,675 tons/d. 

5. Ethane extraction capacity in the Eastern Province (3,890 

tons/d) is not currently capable of meeting the total ethylene produc

tion capacity in Juba1l (3,167 tons/d). Since each ton of ethylene 

requires 1.3 tons of ethane as a feedstock, the 3,167 tons/d of 

ethylene capacity, from SADAF and PETROKEMVA plants, requires 4,117 

(3,167 x 1.3) tons of ethane. In other words, the ethane extraction 

capacity in the Eastern Province should be expanded by 228 tons/d in 

order to supply the 175 (3,167-2,992) tons of unfulfilled ethylene 

capacity. Note that as the current ethylene capacity 1n Jubail pro

vides the needed quantity to produce ethylene derivatives. any expan

sion in ethane capacity to operate ethylene plants at capacity only 

results in increasing the amount of ethylene available for exports. 

6. The percentage of etha .. used to fuel tha Master Gas System 

(SVSTUF) agrees with that of 13.5% reported by PETROMIN (personal c:ona

municatlon) for 1986. In 1986 aver_ da1ly production of crude 011 

was 4.88 aunbbl (Quarterly Energy Review, 1987). Note that the 
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percentage of SYSTUF to total gas (METHE + svsrUF + ETHNE + PROPE + 

BUTNE + GASOl) ranges between 12 .. 9% at the 4.50 mmbbl/d level and 13.9% 

at the 5.00 mmbbl/d level. 

Nonassociated Gas 

Results from the two scenarios of the second run are presented 

in Table 53 from which the following observations are obtained: 

1. Only four products reach their design capacities under the two 

scenarios. These are sulfuric acid, chemical grade methanol, ammonia 

and urea. 

2. Several other products maintain their levels under both 

scenarios. These are pelletized sulfur, methane, LPG and natural 

gasoline .. 

3. While operating under the second scenario improves the utili

zation factor for some ethylene derivatives, only polyvinyl chloride 

capacity is fully utilized. 

4G Supplying Yanbu with nonassociated gas results in producing 

ethylene at only 11% of capacity, which 1s used in total to produce 43% 

of the ethylene glycol capacity at this site. Linear low density poly

ethylene and high density polyethylene are fiat Pi'(j~'i:lced at the site 

under this scenario. 

In sum, drastic under-utilization occurs in two portions of the 

network when nonassociated is the only source of input to the system: 

the LPG and natural gasoline and the ethylene-based portions. Those 

utilizing methane maintain their upper-level capacities. 



225 

Table 53. System's component utilization when nonassociated 
gas is the only input 

Utlliz. Utiliz. 
Product 2-sites % 1-site % 

NASGAS 1.2 1.0 1.2 1.0 
HTWOS 97 .003 97 .003 
STKPl 0 0.0 0 0.0 
SUlFP 97 .041 97 .041 
SULFA 274 1.0 274 1.0 
SUlFPE 7 .002 7 .002 
METHE 18360 .054 18360 .054 
METHEF 12671 .450 12691 .045 
MTNOl 3562 1.0 3562 1.0 
AMaNA 3178 1.0 3178 1.0 
UREA 2274 1.0 2274 1.0 
AMONAE 1882 1.0 1882 1.0 
OUSESJ 12191 .050 11910 .048 
SYSTUF 0 0.0 0 0.0 
ETHNE 560 .076 
ETHNEJ 297 .076 560 .014 
ETHNEFJ 0 0.0 0 0.0 
ETHYlJ 228 .076 431 .014 
ETHYlJE 0 0.0 0 0.0 
ETNOl 0 0.0 0 0.0 
STYNE 0 0.0 0 0.0 
EDC 635 .510 1197 .096 
llOPEJ 0 0.0 0 0.0 
EGJ 0 0.0 0 0.0 
YCN 382 .510 721 .096 
EDCE 0 0.0 0 0.0 
pvc 371 .677 546 1.0 
VCME 0 0.0 175 .649 
ETHNEY 263 .672 
ETHNEfY 0 0.0 
ETHYlY 131 .011 
ETHYlYE 0 0.0 
OUSESY 107 .004 
llDPEY 0 0.0 
HOPEY 0 0.0 
EGY 257 .425 
PROPE 253 .001 253 .001 
BurNE 167 .002 167 .002 
GASOl 350 .005 350 .005 
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The results of the third run (which allows the introduction of 

nonassociated gas as a supplement when associated gas dips below the 

level obtained by the first run) are contained in Table 54. The 

following observations are extracted from the table: 

1. Nonassociated gas capacity of 1.2 bft3 is totally used when 

crude 0; 1 production decreases to the 3.00 mmbbl/d level. 

2. The introduction of nonassociated gas helps maintain the amount 

of methane at capacity (34,176 tons/d) down to the 3.50 mmbb/d level. 

Below this level, methane capacity starts to dec1ine~ reaching 28,444 

tons/d at the 2.00 mmbbl/d level. 

3. The continuing decline in methane capacity utilization results 

in reducing the amount of methane that is available as a fuel for 

petrochemical uses (from 24,609 tons/d that is available at the deter

mined optimal level to 18,877 tons/d at the 2.00 mmbbl level). HeRce~ 

supplemental nORgas fuel will be needed between the 3.50 mmbbl/d, and 

the 2.00 mmbbl/d levels. On the other hand, the amount of methane that 

is used to fuel the petrochemical plants is totally Unaffected at all 

levels. Had this amount been reduced, so too would the amount of the 

various petrochemical products that use methane as a fuel. 

4. Ethane dependent products are fully produced throughout the 

crude 011 product ion range considered. 
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Table 54. Associated/nonassoc1ated gas tradeoff 

Crude all 

Pnlduct 6.78 6.50 6.00 5.50 5.00 4.50 

NASGAS 0 917 2565 4212 5860 7508 
HTIIOS 3132 3010 2702 2575 2357 2140 
STI<PL 0 0 0 0 0 0 
SULFP 3041 2920 2702 2485 2267 2049 
SULFA 274 274 274 274 274 274 
METHE 34176 34176 34176 34176 34176 34176 
ME7HEF 28507 28507 28507 28507 28507 28607 
M7NOL 3562 3562 3562 3562 3562 3662 
AHONA 3178 3178 3178 3178 3178 3178 
UREA 2274 2274 2274 2274 2274 2274 
AMONAE 1882 1882 1882 1882 1882 1882 
OUSESJ 24809 24809 24809 24809 24809 24809 
SYSTUF 15896 14985 13348 11711 10074 8437 
E7HNE 7340 7340 7340 7340 7340 7340 
E7HNEJ 3890 3890 3890 3890 3890 3890 
E7HNEFJ 0 0 0 0 0 0 
ETHVLJ 2992 2992 2992 2992 2992 2992 
E7HVLJE 168 168 168 168 168 168 
E7NOL 770 770 770 710 770 
STVNE 808 808 808 808 808 808 
EOC 1244 1244 1244 1244 1244 1244 
LLDPEJ 1096 1096 1096 1096 1096 1096 
EGJ 822 822 822 822 822 822 
VCN 749 749 749 749 749 749 
EOCE 0 0 0 0 0 0 
PVC 648 548 548 548 548 548 
VCNE 185 185 185 185 185 185 
E7HNEV 3460 3450 3450 3450 3450 3450 
E7HNEFV 943 943 943 943 943 943 
ETHVLV 1247 1247 1247 1247 1247 1247 
E7HVLVE 107 107 107 107 107 107 
OUSESY 2902 2902 2902 2902 2902 2902 
LLDPEV 562 562 662 562 562 662 
HIlPEV 249 249 249 249 249 249 
EBV 603 603 603 803 803 603 
PROPE 21175 20326 18798 17271 15744 14216 
BurNE 9713 9327 8634 7940 7247 6553 
GASUL 7090 6826 6351 5876 6401 4926 

(ContInued) 
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Table 54-Cont1nued. 

Crude Level 

Product 4.35 4.00 3.50 3.00 2.50 2.00 

NASGAS 8002 9156 10803 1200 1200 1200 
HTWOS 2075 1922 1705 1463 1252 1021 
STKPl 0 0 0 0 0 0 
SUlFP 1984 1832 1614 1393 1162 931 
SULFA 274 274 274 274 274 274 
METHE 34176 34176 34176 33486 30965 28444 
METHEF 28507 28507 28507 27817 25296 22715 
MTNOl 3562 3562 3562 3562 3562 3562 
AMONA 3178 3178 3178 3178 3178 3178 
UREA 2274 2274 2274 2274 2274 2274 
AMONAE 1882 1882 1882 1882 1882 1882 
OUSESJ 24609 24609 24609 23919 21398 18877 
SYSTUF 7946 6800 5163 3509 1791 77 
ETHNE 7340 7340 7340 7340 7340 7340 
ETHNEJ 3890 3890 3890 3890 3890 3890 
ETHNEFJ 0 0 0 0 0 0 
ETHYlJ 2992 2992 2992 2992 2992 2992 
ETHYlJE 168 168 168 168 168 168 
ETNOl 710 770 770 770 770 770 
SrYNE 808 608 808 808 808 808 
EOC 1244 1244 1244 1244 1244 1244 
LOPEJ 1096 1096 1096 1096 1096 1096 
EGJ 822 822 822 822 822 822 
VCM 749 749 749 749 749 749 
EOCE 0 0 0 0 0 0 
PVC 548 548 548 548 548 548 
VCME 185 185 185 185 185 185 
ETHNEY 3450 3450 3450 3450 3450 3450 
ETHNEFY 943 943 943 943 943 943 
ETHYlY 1247 1247 1247 1247 1247 1247 
ETHYlVE 107 107 107 107 107 107 
OUSESY 2902 2902 2902 2902 2902 2902 
LOPEY 562 562 562 562 562 562 
HOPEY 249 249 249 249 249 249 
EGY 603 603 603 603 603 603 
PROPE 13758 12689 11162 9625 8063 6501 
BurNE 6345 5859 5166 4466 3750 3033 
GASOL 4784 4451 3976 3488 2965 2442 
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General Observations 

Using the maxi ..... flow through the network objective function 

with different levels of crude oil production. nonassociated gas and 

gas COIIIPonents, yields the following observations: 

1. Since the current 34,176 tonsld methane capacity has proved to 

be limiting the processing of any extra gas that becomes available at 

higher than 6.78 nmbbl/d (p. 220). relaxing methane c_city and fixing 

crude oil production at 8.50 ambbl/d (which is the often repcrted ma.i

IIUM capacity of the Master Gas System indicates a required methane 

capacity of 42,857 tonsld, i.e. expanding the current c_city by 2SZ. 

2. LPG and natural gasoline capacities cannot all be reached at 

the. same time. For example, at 9.36 mmbbl/d of crude 011, propane 

capacity 1s lISt while only 13% of butane and 64% of natural gasoline 

capacity 1s satisfied, a signal that the latter capacity may have to 

ba adjusted. This IIIII8IIS that if the desire is to siowltsneously reach 

the capacities of propane, butane and natural gasoline, their relative 

capacities should be adjusted. 

3. Ethane capacity of 3,890 tans in Juba;] barely satisfies the 

existing ethylene producing capacity. Therefore, any future plans 

to expand ethylene capacity will necessitate expanding the current 

ethane extraction capacity accordingly. The situation for Vanbu is 

less pressing since extra ethane that is ava11able at the present time 

for nonpetrochelDical users I18Y be redirected. ethylene markets allow

ing. 
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Revenues and Profits 

The results of the revenue maximization and profit maximization 

objective functions for the three scenarios are presented in Table 55~ 

They Indicate the following: 

1. As crude all production 1s lowered frcJm the model's determined 

level of 6.78 ... bbl/d to that imposed by OPEC, the system's total 

revenue increases by 19.1 from $9.5 IIUD to $11.2 11m. However, while 

revenue from petrochellllcals Increase by 38X (from $5.04 OlD to $6.96 

mm), revenue from NGL's (LPG + natural gasoline) decrease by 2%; 

revenues from nonpetrochemical gas users (power I water I and others) 

show no chsngo. This Is because petrochemical products have higher 

prices In the 4.35 nmbbl/d scenario than those In the 6.78 .... bbl/d 

scenario. Revenues from LPG and natural gasoline despite their higher 

price In this scenario than the 6.78 nOObl/d scenario are reduced 

because lesser quantities are aval1able at this crude oil production 

levels. Nonpetroche.1cal gas users do not show any change in their 

revenues because the quantities used at 4.35 nmbbl/d are almost the 

same as those as those at 6.78 nmbbl/d due to supplemental non .. soci

ated gas USB. 

2. As crude 011 production levels decrease from 4.35 IIII1Ibbl/d to 

2.00 mnbbl/d revenues from petrochelllicals increase from $6.96 om to 

$8.43 OlD (211:) while those from NGL's and nonpetrochemica1 gas users 

decline by 36X and 211:, respect1vely. resuiting in a Ilere .9% increase 

1n total revenues" fran the previous level. Th1s 1s due to two reasons: 

(a) lesser amounts of NGL's are available for sale at this level due to 
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Table 65. The Saudi sa. utilization sys_: Revenues and 
profit. of the main component. under different crude oil production 
scenarios 

Level S X 
Clllllbbl/d) 6.76 4.35 Chanse 2.00 Change 

Revenues (Idl 

Petrochemicals 5,038,754 6,961,868 +38 8,433,145 +21 

LPG + NO 3,797,800 3,733,050 - 2 2,395,200 -36 

others 647,064 646,747 513,320 -21 

Total 9,483,618 11,238,945 +19 11,341,665 + .9 

Profits (lid} 

Petrochellical. 2,468,469 4,262,636 +73 5,595,353 + 31 

LPG + NG 2,166.000 2,600,091 +20 1,734,501 - 33 

others 106,902 -350,383 -428 -882,182 -200 

Total 4.141,371 6,512,344 +37 6,447.672 - 1 



increasing the use of nonassociated gas which is deficient in these 

components and (b) a lesser amount of methane is available for 

nonpetrochemical users (note: OUSESJ is 24,609 tons at the 6.78 

mmbbl/d and 4.35 mmbb1/d levels but decreases to 18,877 tons at the 

2.00 nunbbl/d level, Table 54). 
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3. The results from the profit maximization objective function 

exhibit a similar pattern to that obtained from the revenue maximiza

tion objective function. Total profit increases by 37% at 4.35 mmbbl/d 

compared to that at the 6.78 mmbbl/d level and declines by 1% at the 

2.00 mmbbl/d as compared to that at 4.35 mmbbl/d. 

4~ Although revenues from LPG and natural gasoline sales decline 

by 2% at the 4.35 mmbbl/d level. their profits increase by 20%. The 

reason for this is that the increase in their price fram $100/ton at 

6.78 mmbbl/d to $150/ton at 4.35 rnmbbl/d more than compensates for 

their lesser quantities and higher costs at this level compared to the 

previous level. At 2.00 mmbbl/d, even though their price is the high

est anDng all scenarios, which more than compensates for their higher 

costs than in other scenarios, their available quantities become a 

limiting factor. Propane, butane and natural gasoline decline from 

13,758 tons, 6,345 tons and 4,784 tons, respectively. at 4.35 IMIbbl/d 

to 6,501 tons, 3,033 tons and 2,442 tons, respectively at 2.00 mmbbl/d. 

The result is a 36% drop in revenue and 33% drop in profits. 

5. Nonpetrochemical gas users prove to be a major burden on the 

system's profits. Except at the 6.78 rnmbbl/d level J where they show a 

very modest profit of about $107,OOO/d (compared to other portions of 

the system), they have a negative impact at the 4.35 mmbbl/d ($350,383) 
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and 2.00 ""bbl/d ($882,182) levels. This is because they. like the 

petrochemical users, obtain their gas at 50 cents/l1'Illbtu, but unlike the 

petrochemical users, this is their only contribution. At high crude 

oil output levels, the difference between the actual cost of gases and 

the regulated price 1s smaller than at lower crude oil levels~ In the 

case of methane it is even profitable (at 6.78 mmbbl/d, where cost 

equals $15/ton while revenue is $23.7/ton). 

6. When profits from all scenarios are examined together the shape 

of the resultant profit function does not show linearity which is con

ditional to linear programming. The reasons for this are: (1) each of 

the three static scenarios is separately imposed on the model~ (2) the 

system is assumed to operate at capacity under each scenario, and 

(3) the proportions of associ:ated and nonassociated gases differ among 

the scenarios i.e. different input mix for each scenario.. This results 

in a more conventional profit function where profits vary, hence, the 

nonlinearity of the profit function. 

Examination of the shadow prices that are associated with the 

profit maximization function,10 Table 56, further highlights the 

discussion above. The shadow price for associated gas is zero for the 

two highest crude oil production scenarios, increasing profits to 

$678,478 when operating at 2.00 IIIl1bb1/d. This means that at this 

level, if crude oil production were to increase by one million barrels 

10Those associated with the revenue maximizing objective 
function are useful only in showing the additional contribution to 
total revenue when the constraint(s) is relaxed. Shadow prices 
associated with the profit maximization objective function, on the 
other hand, reflect the costing of decision variables. 



Table 56. Model '5 shadow prices for associated and 
nonassociated gases 

Crude 0; 1 Level (nmbbl/d) 

6.78 4.35 
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2.00 

Associ ated gasa ($) 678,478 

Nonassociated gas ($) -1,106.213 -1,881,537 -479,984 

8. Per one (1.0) mmbb1/d of crude oil. 

(about 516 rom ft3 of associated gas), the total profit of the system 

would increase by the amount of $678,478. This result is meaningful 

slnce gas associated with 2.00 mmbbl is dearer than at higher crude 011 

production levels~ reflecting higher competition among the system's 

various users (thus, higher price) at this level than at the other two 

levels which produce more g8S. Table 56 indicates that 1n all three 

scenarios, the shadow price for nonassociated gas is negative which 

means that any attempt to increase nonassociated gas in the system will 

only reduce the system's total profit. 

The shadow prices do not reveal any systematic changes among 

their values. While differences in crude oil quantities and prices 

between the scenarios are linear (a drop of about 2.35 mmbbl of crude 

production causes an increase of $7 in the crude oil price), differ-

ences in input gas cost do not exhibit a simple relation among the 

scenarios (see Table 48)0 To clarify this point, start by observing 
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the cost of input gases at each level. At 6.78 nvnbbl/d the system's 

input requirement is fully satisfied with associated gas. Therefore 

any attempt to replace associated gss by nonassoc1ated gas in the 

system would result in some associated gas being wasted (hence, the 

zero shadow price for associated gas at this level) while incurring the 

additional cost of nonassociated gas (hence, the negative contribution 

to total profits). At 4.35 mmbblld, 800 mmfV of nonassoc1ated gas 1s 

used (see Table 54) and the system adjusts not only to the higher cost 

of nonassociated 9a5 2 but also to the even higher revenues generated by 

the sale of LPG and natural gasoline at higher prices than in the 

previous scenario. Since the amount of gas associated with crude 011 

production at this level has to be produced anyway (hence the zero 

shadow price for this gas), the burden on nonassoc1ated gas is reduced 

and is indicated by a higher penalty on total prof1ts~ At the 2~OO 

nvnbbl/d level, the total amount of nonassociated gas capacity is 

utilized by the system and the shadow price for associated gas becanes 

positive. This is due to the fact that LPG and natural gasoline prices 

increase, but the additional use of nonassociated gas does not ~ncrease 

the amount of these products since it is deficient in these components 

(see Table 44). 

Several conclusions regarding Saudi Arabia's gss utilization 

system are drawn using the results presented 1n this section.. The 

contribution of the petrochemical industry, whether measured as 

revenues or profits, to the system increases as the market priCe for 

crude 011 rises. In general. operating at 2.00 mmbbl/d satisfies the 

industry's gas requirement and generates the highest returns. LPG and 



236 

natural gasoline also positively contr1bute to profits. Nonetheless, 

their profit level is negatively affected when the 8IROunt of nonassoci

ated gas introduced into the system increases, particularly in moving 

fran the 4.35 mnbbl/d level to 2.00 _lId level. Nonpetrochemical 

gas users' portions of the gas utilization system are demonstrated to 

be a burden on the system, especially at lower crude oil production 

levels. Because of these two opposing effects on returns, a 4.35 

IUlIbbl/d becOlllOS the optimal level of oparation. 

Possible Future Nonassoc1ated 
Gas Utl1izat1on 

It has been 111ustrated, using the model, that when unassoci

ated _ is the only available source of input only the methane portion 

of the gas utilization systell operates at capacity whHe other portions 

experience a drastic drop in utilization (see Table 53). This is 

because canpared to associated gas, nonassociated is richer in methane 

at the expense of the other CCllponent (see Tables 25 and 26) which 

makes nonmethane portions worse off than when associated gBS is used, 

or even supplemented. With this in .. ind, if the ai. were to greatly 

reduce the dependence of the gas utl1ization system on associated 

_/crude 011 production by exclusively using nonassociated gas then 

future expans ion of the gas network ought to be concentrated on the 

onethane-based portion. 

Methane is utilized by the petroch .. ical industry in the 

production of meU.anol, IIIIIIIOnia and urea and by other indUstrial plants 

l18inly for the production of desalinized water and electricity. 
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Assuming the current 4.35 nmbb1/d scenario as a base. the model is used 

to investigate possible expansion situations. 

1. When 4.35 mmbbl/d is imposed, the amount of 800 mm ftl of 

nonassaciated gas is called for to supplement the system. Keeping this 

balance between the two input 9ases~ charging fuel at 50 cents/mmbtu 

and doubling the capacities for methane-based petrochemical products 

results in a decrease of 5,806 tons/d of gas available for nonpetro

chemical plants (from 24.718 tons/d to 18,912 tons/d). To eliminate 

this deficiency, 6,380 bb1/d of crude 011 (at $18/bbl) have to be 

provided to nonpetrochemical users at a cost of $114,844/d. Total 

profit is $7.82 mm/d. 

2. When the current capacities ·for methane-based petrochemical 

are rna; ntai ned but the real cost of the gas components (see Table 48) 

is charged, nonpetrochemical users still get the same amount as in the 

previous case but total profit decreases to $6.86 rnm/d. This amount is 

between that obtained for the current Saudi OPEC quota--$6.67 nvn/d 

(see Table 55) and that obtained for the case above. Thus, it may 

appear that a more profitable situation can be reached by doubling the 

existing methane-based petrochemical capacity while supplementing crude 

oil in nonpetrochemical plants. However, suppose that world demand for 

methane-based petrochemicals increases and Saudi Arabia decides to 

expand its current methane-based petrochemical capacity to capture a 

portion of this growth. Unless the current methane producing facility 

(34,176 tons/d) is expanded to allow the introdUction of a greater 

amount of nonassociated gas into the network (1.e. higher than 800 mm 

ft3 /d), a larger amount of methane may have to be directed to meet this 



238 

expansion at the expense of nonpetrochemical users. Note that even if 

nOrJpetrochemical methane users were charged the calculated cost of gas 

(as in Appendix B) thei r profit contribution would be zero. Note also 

that methane-based petrochemicals positively contribute to the system's 

profits so that it makes sense to decrease the amount of methane to 

nonpetrochemical users. On the other hand, this would mean increasing 

the amount of crude 011 supplement to nonpetrochemical users. In other 

words, nonpetrochemical gas users jeopardize either the expansion of 

petrochemical capacity when their total gas requirement is met or extra 

crude oil revenues when supplemented by crude oil. In the following 

two cases, possible use of nanassociated gas is explored based on (a) 

the calculated cost of fuel gas and (b) increasing the current gas use 

through expansion of (aa) the methane handling facility and (bb) the 

daily available nonassaciated gas capacity. 

Two situations yield higher profits than those discussed above. 

One utilizes the full 1.20 bft3 /d of available nonassociated gas capac

ity and the other calls for an expansion of this capacity by abo:.lt 

400 IMI fV. It 1s assumed, in both cases, that the market allows the 

tripling of methanol, ammonia and urea capacities and that methane 

capaCity is adjusted accordingly to accommodate such expansion. These 

cases are presented in Table 57 and discussed below. 

3. When the full amount of nonassociated gas capacity 1s utilized 

so that the additional capacities are fully utilized, nonpetrochemical 

methane users ha.ve to supplement their input requirement with crude oil 

resulting in total profit of $8.61 mm/d. 
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Table 57~ Possible nonassociated gas utilization schemes 

Nonassociated gas (bft3/d) 1.2 1.6 

Crude oil level (nunbbl/d) 4.35 4.35 

Methane 40,293 45,788 

Methanol (toos/d) 10,686 10,686 

_00;0 (tons/d) 9,534 9,534 

Urea (tons/d) 6,822 6,822 

Nonpetrochemical uses (tons/d) 19,223 24,609 

Total profit ($nm/d) 8.61 9.42 
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4. When the objective is to supply nonpetrochemical methane users 

with their full requirement of gas, the total nonassociated gas capac

ity has to be expanded by 400 mm ft3 /d to 1.6 bft3/d. Total profit of 

the system is $9.42 mm/d. 

The above two nonassociated utilization possibilities indicate 

that the system's total profit can be increased by more than $800,OOO/d 

if the current nonassociated gas capacity is expanded by 400 ftl/d. 

Moreover, if the purpose, as frequently stated. is to reduce the gas 

utilization system's dependence on crude on/associated gas production, 

then the latter case may be used to meet this objective as nonassoci

ated gas capacity is sufficient to satisfy the total gas requirement 

of nonpetrochemical users without having to supplement with crude 

oil. 

5. Finally. assuming a crude oil production level of 4.35 mmbb1/d, 

the madel is used to estimate the nonassociated gas capacity that sat

isfies the 1990 and 2000 gas and crude oil demand forecast (see Table 

38). In methane equivalence p these amount to 22~502 tons/d and 36,028 

tons/d, respectively. in addition to the current methane capacity of 

34,176 tons/d. This requires a total methane capacity of 56,678 tons/d 

in 1990 and 70,204 tons/d in 2000. The results are included in Table 

56. They 1nd;cate that 2.27 bft3/d and 3.15 bfS/d of nonassoc;ated gas 

capacity are needed to meet the 1990 and 2000 goals, respectively. 

Using the calculated gas costs, net profits of the system amount to 

$7.00 mm/d far both years. Note that profits in 1990 and 2000 appear 

to be lower than that of Case 4 ($7.00 mm compared to $9.42). However I 

consider the following: Case 4 only considers meeting the optimal 



Table 58. Future nonassociated gas requirement 

Nonassociated gas capacity (bfta /d) 

Methane capacity (tons/d) 

Crude oil level (mmbbl/d) 

Profits (mm) 

1990 

2.27 

56,678 

4.35 

6.98 

Year 
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2000 

3.15 

70,204 

4.35 

7.05 

nonpetrochemical gas requirement as determined by the 6.78 mmbbl/d 

level (24,609 tons/d) and involves only those plants that are equipped 

with dual fuel burning capability. In other words, those which use 

only crude oil were not included. On the other hand, the latter case 

which considers the forecast demand accounts for the total industrial 

requirement of gas and crude oil; i.e. complete elimination of crude 

oil burning. More importantly, the freed crude oil can either be 

conserved or sold. Revenues from the sale of the crude a.'r,ount to 

about $2.2 mm/d in 1990 and $3.0 ... /d 1n 2000 (45 mmbbl in 1990 and 60 

nunbbl in 2000 at $18.0/bbl). Therefore. the actual profits in Case 5 

are much higher than those in Case 4. 
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CHAPTER 5 

DISCUSSION AND SUMMARY 

The major issue analyzed in this research is Whether fluctua

tions in saudi Arabia's crude 011 production jeopardizes the country's 

gas uti11zation system, which 1s considered the basis for the nation's 

industrial development program. A related issue is the cost of the 

country's edherence to the current 4.35 mmbbl/d OPEC quota. The gas 

utllization program is defined in this study to consist of the Nastar 

Gas System and its d.p.ndant-downstre ....... industries. The Master Gas 

System processes associated natural gas and produces methane and 

ethane for local consumption and l1quified petroleum gases and natural 

gaso11ne ... inly for .~port purposes. The domestic use of onethone and 

.thane is directed to the newly established world-scal. petrocheelieal 

plants which sell IIOst of thair products on the international ... rket. 

Another important use of these gases is to fuel Rl8hY of the nation's 

electric power, water desalination, and tit.."", ... ," industrial plants. The 

gas utilization system was envisioned in the .. id- to late 1970s when 

Saudi Arabia's crud. all production was high and prices of crude all 

and petrel .... and petrochem1cal products were also high. The gas 

utilization system became almost fully operational in the .. 1d-1980s 

at a time when the country's crude on production was at about half 

that anticipated when the system was planned. Moreover, crude 011 and 
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petrole ... product prices declined tc their lowest levels in the ten 

years or so thet it took tc build the system. Low crude 011 prices not 

only reduced the country's revenues from crude oil sales, but almost 

COIIPletely eliminated the particular cost advantage of saudi patro

chemicals that are sold internationally. Low petroleum product prices, 

particularly that of naphtha which is the main feedstock for the Saudi 

patrocheaical cmpetitcrs, COIIIbined with the ongoing restructuring of 

the traditional petrochell1cal industry in the industrialized nations 

effectively reduced the variable cost COIIIPOnents of noany petroclleonicals 

and increased competition worldwide. 

A linear prograamill9 model was constructed tc evaluate the 

state of saudi Arabia's gas utilization sys_ under these changed 

conditions, i.e. lower saudi crude 011 production and lower prices for 

crude 011, and petroleum and petrochemical products. The year 1986 was 

chosen as the base year for the lIodel for two reasons. First, it is 

the year when RIOSt of the COIIponents of the systa _ fully opera

tional. Second, it is the year with the lowest prices for the products 

considered in the model, thus, serving as a worst case scenario fran 

which there is room for imprc>V8lllOnt. In order to examine the implica

tions of the changed econamic conditions, three Saudi Arabian crude 0; 1 

production scenarios were considered. These scenarios represent gener

alized cases in which: (1) the country adheres tc the current OPEC 

imposed quota of 4.35 nnbbl/d, (2) the country decides tc abandon any 

quota below its needad crude oil production level as determined by 

associated gas requi rements, and (3) the country decides to res ..... the 

role of the swing producer which calls for a long-run 2.00 ... bbl/d 
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production level. By using the model within the context of these 

scenarios, returns froll the gas utilization system were obtained which 

were analyzed to provide the policy makers with an estimate of the most 

advantageous among these scenarios. 

Using the Saudi crude 011/9as ratio, the capacities of the 

various components and the technical relationships of the processes 

within the gas utilization system, the amount of associated gas 

required for satisfying the system was determined to occur at a crude 

oil production level of 6.18 mmbbl/d. Total associated gas input to 

the petrochemical industry alone was estimated to be about 1.03 ft3/d 

which is equivalent to the gas produced with 2.00 mmbbl of crude oil. 

Moreover, the tradeoff between associated and nonassociated gases was 

analyzed at a 500.000 bbl/d increments to indicate the amount of 

nonassQciated gas required as a supplement when crude oil production 

decreases. 

By applying the model to the three preselected crude oil 

production seenar,ios for Saudi Arabia and by introducing each compo

nent's cost and price (at each 1eve1). revenues and profits were 

obtained. In general, revenues rise as crude oil production is lowered 

from the highest to the middle crude oil level then sharply declines 

between the middle and lowest levels. The system's profits also follow 

a similar pattern. The decline in revenues and profits is due exclu

sively to a decrease in the amounts of LPG and natural gaso1 ine 

procluced when "the associated gas/crude oil production level is low, 

even when nonassoc1ated gas is supplemented because, compared to 

aSSOCiated gas, nonassociated gas is deficient in these elements. 
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Furthemore, the contribution from nonpetrochemical gas users, 

particularly at low crude 011 production level declines. The reason 

for this 1s that the products of the main nonpetrochemical users, 

electric power, and water desa11nation plants, are subsidized by the 

government. A higher contribUtion by these methane users, in the form 

of higher price than the 50 cents/nunbtu, will affect the system's total 

returns positively. However, this IIB.Y mean redUCing or even lifting 

government aid to these industries and: their customers. Because of 

tMs, a 4.35 mmbbl/d of crude production becomes opti,..1 for the whole 

'gas utilizing system. 

The 4.35 IlIlIIbbl/d scenario i8 also the most desirable as far as 

revenues and profits generated fnn the sale of crude oil are concerned. 

Table 59 shows these figures. The table is based on the assumed crude 

Table 59. Revenues ond profits fran crude 011 sale 

Crude 01\ Crude 01\ 
Level Price Revenues Profits· 

(nnnbbl/d) ($/bbl) Ul ($) 

6.78 11.00 74,580,000 71,190,000 

4.35 18.00 78,300,000 76,125,000 

2.00 25.00 50,000,000 49,900,000 

a. AsslIIIing a 50 cents/bbl for production cost. 
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oil prices for the three scenarios considered in the model~ In calcu

lating profits, a production cost of $0.50/bbl is assumed. Although a 

lower production cost of $0.33/bbl has recantly baen reported for Saudi 

Arabia (Insisht, August 4, 1986, p. 45), a $0.50/bbl figure can be 

considered as an average cost of producing one barrel of Saudt crude 

since a high production leyel may illlPly expanding production by operat

ing higher cast fields. Combining figures fram this table with those 

of Table 55 (revenues and profits of the gBS utilization system), and 

sdjusting for the cost of suppl8llOntal crude used in nonpetrochemical 

plants at the 2.00 _bl/d. level, reyeals the totals contained in Table 

60. Recall that at the 2.00 ... bb1/d level, the entire ayailable capac

ityof nonassociated gas, 1.2 ft0/d, is used. Also recall that at 

2.00 IIInbb1/d and 1.2 bft3 /d of nonassociated gas, nonpetrochemical 

gas usera' requirements fall short of that available to theon at the 

optimal level of 6.78 mbb1/d (see OUSESJ in Table 54). At 6.78 

_b1/d, they obtain 24,609 tons/d of IIOthano while at 2.00 lIIlIbb1/d 

they are only supplied with 18,877 tons/d. The difference, 5,732 

tans/d, is made up with crude oil. This is equivalent to 6,305 tons/d 

of crude oil (= 46,469 bb1/d. Appendix A). Charging $25/bbl which is 

tho assumed price under the 2.00 nnlJb1/d scenario results in reducing 

the systeol's revenues and profits by $1,161,725/d. 

Having doIIIonstrated that the current saudi OPEC quota is the 

mast desirable level both fl"Olll the point of view of the gas utilization 

system and of crude 011 sales, the model "1s used to investigate the 

possibility of future nonassociated gas utilization using the current 

level as a basis: for analysis. To do this, the calculated costs for 
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Table 60. Revenues and prof1ts from the gas ut1l1zat1on 
system and crude oil sales 

Revenues ($) 

Crude 011 level (nwbbl/d) 6.78 4.35 2.00 

Nonassoc1ated gas (bft'/d) 0.0 0.8 1.2 

Gas utll1zat10n system" 9,483,618 11,238,945 11,341,665 

- Supplemental crude oil 0 1,161,725 

+ Crude oil 74,580,000 78,300,000 50,000,000 

Net Revenue 84,063,618 89,583,945 60,179,940 

Profits ell 

Crude 011 level (mmbbl/d) 6.78 4.35 2.00 

Nonassociated gas (bft'/d) 0.0 0.8 1.2 

Gas utll1zat1on system" 4,;"41,371 6,512,344 6,447,672 

- Supp lementa 1 crude oil 0 0 1,161,725 

+ Crude oil 71,190,000 76,125,000 49,900,000 

Net Prof1t 76,931,371 82,637,344 55,185,947 

a. Includes ethane, methane, lPG, natural gasoline, sulfur, 
sulfuric acid, and petrochemicals sales. 
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the various natural gas components were used, i.e. nonpetrochemical 

methane users to pay at least the cost of methane~ Two possible 

utilization schemes that call for the expansion of the current methane

based petrochemical capacity and yield the same level of profits were 

presented. The first utilizes the total available nonassociated gas 

but requires supplementing crude oil in nonpetrochem1cal uses~ The 

second requires the addition of 400 mmft3/d of nonassociated gas the 

various natural gas components were used, i.e. nonpetrochem1cal 

methane users to pay at least the cost of methane. Two possible 

utilization schemes that,call for the expansion of the current methane

based petrochemical capacity and yield the same level of profits were 

presented~ The first utilizes the total available nonassQciated gas 

but requires supplementing crude oil in nonpetrochemical uses~ The 

second requires the addition of 400 mmft3/d of nonassociated gas 

capacity if supplemental crude oil is not desirable. Oepending on 

other factors not pursued 1n this research, such as the government's 

revenue targets and its subsidized utilities' pol1cy, a consideration 

to adopt either choice ultimately rests in the hand of the policy 

makers. Finally, the possibility of meeting the forecast gas and crude 

oil demand (the latter is that to be used in power generation and water 

desal ination plants) in 1990 and 2000 was explored. By converting the 

forecast amounts into methane equivalent (note that methane is the 

major component of non8ssociated 98S)7 these were calculated to be 

56,678 tons/d in 1990 and 70,204 tons/d of methane. Specifying these 

amounts into the model revealed the need to expand the current nonasso

ciated gas capacity, 1.2 bft'/d, by 1.07 bft'/d (to 2.7 bfts/d) in 1990 
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and 1.95 bft3 /d (to 3.15 bft3 /d) by 2,000. Expanding nonassociated 

gas capacity to these levels results in complete elimination of future 

crude oil use in electricity generation and water desalination plants 

while satisfying the country~s future gas requirement. 



APPENDIX A 

CONVERSION FACTORS 

Conversion of Fuel 011 to Methane Equivalent 

Fuel Oil: 

IIIIIIbtu/bbl = 6.39 
ton/bbl = 0.1508 

= 6.63 bbl/ton 

Therefore, 1.0 ton of fuel oil = 6.39 mmbtu/bbl * 6.63 bbl 

Methane: 

Therefore, 

From (a) and (b): 

From (1) and (2): 

= 42.0 ",btu (1) 

mnbtu/fto = 0.000911 

Density (lb/ft') = 0.04235 
= 23.61 ft'/lb 

23.61 ft3flb • 2204.6 lb/ton 
= 52,057 ft3/ton 

52,057 ft3/ton *0.000911 nvnbtu/ft3 
=47.42 ... btu/ton (2) 

1.0 ton of fuel oil = 42.0/47.4 
= 0.89 ton of methane 
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(a) 

(b) 
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Convers1on of Fuel Oil to Ethane Equivalent 

Ethane: 

Therefore, 

From (c) and (d): 

From (1) and (2): 

mnbtu/ft3 = 0.00163 

Density (lb/ft') = 0.0799 
= 12.52 ft'/lb 

12.52 ft'/lb' 2204.6 lb/ton 
= 27,602 ft' /ton 

27,602 ft'/ton • 0.00163 ""btu/ft' 
= 45.01 nmbtu/ten (3) 

1.0 ten of fuel 011 = 42.0/45.0 
= 0.93 ton of ethane 

(c) 

(d) 

Conversion of Crude Oil to Methane EQuivalent 

Crude oil: 

Therefore, 

From (1) and (2): 

... btu/bbl = 6.84 
ten/bbl = 0.1356 

= 7.37 bb1/ten 

1.0 ten of crude 011 = 5.84 OIIlIbtu/bbl • 7.37 bbl 
= 43.0 ... btu (1) 

1.0 ton of methane = 47.4 ... btu/ten (2) 

1.0 ton of crude 011 = 43.0/47.4 
= 0.91 ten of llethane 



APPENDIX B 

COST CALCULATIONS 

This appendix provides cost calculation of the Saudi natural 
gas elements. 

Calculation of Total Variable Cost 

This calculation is based on a procedure out1 ined by Pace 
Petrochemical Service (1987). In their calculetion they assume the 
following: 

L 250 nunft3 dry gas input unit 

2. Shrinkage/fuel based on average U .. S. wellhead price 
= $1.13/"",btu 
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3. All cost allocated to individual NGL 9 s based on 35% ethane, 32% 
ethane, 32% propane, 19% butane and 17% natural gaso1 ine 

4. NGL recovery = 1.5 gallon/mftl a 

These assumptions are adjusted for Saudi Arabia as follows: 

1. 375 rnmft3/d dry gas input un1tb 

2. Shrinkage/fuel based on gas wellhead price = $O.5/mmbtu c 

3. Percentages of gas elements as: 51% ethane, 31% propane, 
12% butane, and 6% natural gasoline 

4. NGl recovery = 1.5 gallon/mft3 a 

B. Pace Petrochemical Service (1987)evaluated alternate cases 
with different liquid content and recovery lev.els and concluded that 
final results do not change. 

b. Purvin and Gertz, Inc. (1986) 

c. This figure should not be v1ewed as a subsidy s1nce at the 
wellhead the alternat1ve is to flare it. The subsidy issue only 
concerns products produced as a result of processing the wellhead gas. 
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Table 8-1. Natural gas liquids costs (cents/gallon).--Basis: 
Equal allocation of costs on volume basis 

United States Saudi Arabia 

Wellhead gas price ($/mmbtu) 1.13 0.50 

Extraction plant fuel 0.81 0.45 

Fractionation 3.50 1.94 

Other operating costs 1.00 0.55 

Pipe1 ine/termina l/storage 2.00 1.10 

Total operating cost 7.3 4.04 

Shrinkage 

Ethane 7.46 2.52a 
Propane 10.29 2.12-
Butaneb 11.18 1.53a 
Natural g8s01ine 13.45 0.54a 

Total costs 

Ethane 14.77 6.56 
Propane 17.60 6.16 
Butane 18.49 5.57 
Natural gasoline 20.77 4.58 

a. Adjusted for Saudi plant size, gas price, and percentage 
volume. 

b. Total of normal butanes and iso-butanes. 
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Calculation of Total Fixed Cost 

The calculation of the fixed costs are based on the following 
assumpt ions: 

1. Cost of the Master Gas System--$12.5 bl111on.a 

2. Life of the project::; 25 year.Q 

3. At full capacity, the system requ1 res gas associated with a 
daily crude oil production of 6.78 mmbb1. b 

4. 515.55 fts of gas is associated with 1 .. 0 bbl of crude oil. 

5. Saudi associated gas contents as in Table 25, and Saudi 
nonassociated gas contents as 1n Table 26 (Qatar)~ 

6, Associated gas = 50 cents/mmbtu at the wellhead. 

7. Nonasscciated gas is delivered to the system at $1.50/mmbtu.c 

8. At less than optimal capacity (1.e. at 4.35 mmbbl/d and 2.00 
mmbbl/d) methane price U/taR) is calculated as a weighted 
average of the amounts obtained from associated and 
nonassoci ated gases. 

9. Based on (1) and (2), the system's daily depreciation 
is $1,369,863 and is used to calculate deprec1at10n/rrmbtu. 

10. Daily mmbtu produced is based on Table 8-2. 

8. PETROMIN, personal conununicat1on, 1987 G 

b. Determined by the model (Chapter 4). 

c. (Jones, 1987) and assuming nonassociated gas field adjacent to 
the pipeline network of the Master Gas System (Figure 16) so that no 
transportation cost is requ1 red. 
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Table B-2. Total btu's in 1.0 ft3 of Saudi natural gas 

Natural 
Gas 
Component btu/ftl % volume btu/ft' 

Associated Gas 

Methane 911 0.510 464.61 

Ethane 1,631 0.185 301.74 

Propane 2,372 0.115 272.78 

Butane 3,098 0.040 123.92 

Pentane 3,699 0.016 59.18 

Hex.ane 4,404 0.004 17.62 

Heptane 5,101 0.002 10.20 

Total 1,250.05 

Nonassociated Gas 

Methane 911 0.797 726.43 

Ethane 1,631 0.013 20.38 

Propane 2,372 0.004 8.50 

Butane 3,098 0.002 3.38 

Pentane 3,699 0.002 7.40 

Hexane 4,404 0.001 4.40 

Heptane 5,101 0.002 10.20 

Total 780.69 



At 6.78 IIInbblld: 

- Total associated gas produced = 6.78 x lOS • 515.55 
= 3.50 X 10' <t3 • 

- Total nnbtu's produced = 3.50 x 109 • 1250.05 x lOS 
= 4.37 x 10 •• 

- Fixed cost/""btu = dally depreciation/total dally lIInbtu's 
produced 

At 4.35 ... bblld: 

= $1,369,863/4.37 x 10 .... btu 
= $.31/ ... btu 
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- 800.2 mmft3 of nonassociated gas is supplemented. This corre-
sponds to 0.62471 x 100 mmbtu (800.20 x 100 • 780.69 x 10·.). 

- 4.35 IIlIlIbb1/d of crude 011 is associated with 2.803 x 10. of gas. 

- Total nUllber of ""btu equals 3.4217 x 10. nnbtu. 

- Fixed cost = $.40/lmlbtu. 

At 2.00 OIIIbblld: 

- 1.20 bft3 of nonassoc1ated gas is supplemented.. This corre-
sponds to 0.93683 x 10. nnbtu (1.20 x 10 •• 780.69 x 10-0). 

- 2.00 IIIIIbbl/d of crude oil Is associated with 1.289 x 100 of gas. 

- Tot.l number of nllbtu equals 2.2258 x 10 •• 

- Fixed cost = $.62/lIIIlbtu. 
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Total Cost 

Tables 8-3 through 8-5 11st the total cost of Saud1 natural gas 
components for each scenario. Total ccst 1s made up of total variable 
cost and total f1xed cost. 

Table 8-3. Total cost at 6.78 nnbbl/d ($/ton) 

F1xad Variable 
Cost Cost 

"",btu! per per 
ft' ft' 1IIIIbtu/ Gallon Gallon 

COIIIponent (10-8)a Gall_ Gallo .. (cents) (cents) 

Methane 911 59.00 0.053749 1.66 0.00 

Ethane 1,631 37.50 0.061163 1.90 5.56 

Propane 2,372 34.40 0.086341 2.71 6.16 

Butane 3,098 31.23 0.096751 3.03 5.57 

Penta ... 3,699 27.08 0.100169 
Hexaneb 4.404 24.38 0.107370 3.33c 4.58 
Heptan" 5,101 21.73 0.110845 

Total 
Cost 
per Total 
Gallon Gallon/ COst 
(cents) Gall_ Gallon/lb ton ($/too) 

Methane 1.66 2.500 0.4D00 882 15 

Ethane 7.46 2.962 0.3376 744 56 

Propane 8.87 4.223 0.2368 522 46 

Butane 8.60 4.776 0.2094 462 40 

Pentane 
Hexane 7.91c 5.464 0.1830 403 32 
HePtsne 

a. lkoku (1980). 

b. Natural gasol1ne. 

c. Average natural gasoline. 
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Table 8-4. Total cost at 4.35 IIIIIbbl/d (t/tan) 

Fixed Variable 
COSt COSt 

IIIIlbtU/ per per 
fts ft" anbtu/ Gallon Gallon 

component <10-0 )a Gallon" Gallon" (cents) (cents) 

Methane 911 59.00 0.053749 2.15 1.55 

Ethane 1,631 37.60 0.061163 2.45 6.66 

Propane 2,372 34.40 0.086341 3.46 6.16 

Butane 3,098 31.23 0.096761 3.87 5.57 

Pentaneb 3,699 27.08 0.100169 
Hexaneb 4,404 24.38 0.107370 4.25c 4.58 
Heptaneb 5,101 21.73 0.110845 

Total 
cost 
per Total 
Gallon Gallon/ Gallon! cost 
(cents) Gallon& lb ton ($/ton) 

Methane 3.70 2.500 0.4000 882 33 

Ethane 7.48 2.962 0.3376 744 67 

Propene 8.87 4.223 0.2368 522 50 

Butane 9.44 4.776 0.2094 462 44 

Pentane 
Hexane 8.83c 5.464 0.1830 403 36 
Heptane 

a. lkoku (1980). 

b. Natural gaso11ne. 

c. Average natural gasoline. 
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Table 8-5. Total cost at 2.00 nmbbl/d ($/ton) 

Fixed Variable 
COst Cost 

",btu/ per per 
ft· ft' mmbtu/ Gallon Gallon 

Component (10. 6 )< Gallona Gallona (cents) (cents) 

Methane 911 59.00 0.053749 3.32 3.60 

Ethane 1,631 37.50 0.061163 3.79 6.56 

Propane 2,372 34.40 0.086341 5.35 6.16 

Butane 3,098 31.23 0.096751 6.00 5.57 

Pentaneb 3,699 27.08 0.100169 
Hexaneb 4,404 24.38 0.107370 6.60c 4.58 
Heptaneb 5,101 21.73 0.110845 

Total 
COst 
per Total 
Gallon Gallon/ Gallon/ Cost 
(cents) Gallona lb ton ($/ton) 

Methane 6.92 2.500 0.4000 882 61 

Ethane 10.35 2.962 0.3376 744 77 

Propane 11.51 4.223 0.2368 522 60 

Butane 11.57 4.776 0.2094 462 53 

Pentane 
Hexane 11.18c 5.464 0.1830 403 45 
Heptane 

a. Ikoku (1980). 

b. Natural gasoline. 

c. Average natural gasoline. 



APPENDIX C 

SAMPLE CALCULATION OF PETROCHEMICAL PRICES 

The following represents a sample calculation for ethanol: 

Crude Base 
Oil Ethylene Price % Increase 
Price Price (1986) From Price 
($/bbll ($/ton) U/ton) Base Vear (= cost) 

11.0 171 530 

18.00 271 24.3 659 

25.00 383 48.3 786 

Assumpt ions 

1. Price increases by the same percentage as input (ethylene) 
cost. 

2. Fixed costs and other variable prices remain constant. 

3. No price discounting by producers. 

Typical product cost profiles are those used in List (1986). 
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APPENDIX D 

PERCENTAGES OF SAUDI PETROCHEMICAL 
EXPORTS TO WORLD MARKETS 
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The following are estimated percentages of Saudi petrochemical 
products which were exported to the U.S •• Western European, and 
Japanese markets in 1986. The same percentages are used with the 
design capacities to calculate Quantities exported to each market. 

1. Ethanol: 100% to the United States (Arab Oil and Gas 
Directory, 1987). 

2. Styrene: 30% to Western Europe (European Chemical News, 
February 16, 1987). 70% to Japan (European Chemical News, 
March, 1986, Supplement). 

3. Ene: 100% to Japan (European Chemical News, March, 1986, 
Supplement). 

4. EG: 20% to Western Europe; 14% to the United States, and 
66% to Japan (European Chemical News, April v 1981, Supplement). 

5. llDPE: 88% to Japan, 7% to the United States, and 5% to 
Western Europe (European Chemical News, April, 1987, 
Supp lement). 

6. HOPE: Assumed: 25% local consumption and 85% to the Far East. 

7. VCM/PVC: Assumed: 25% local consumption and 75% to the Far 
East. 

8. Methano 1 : 38% to Japan and the Far East (Arab Oil and Gas 
Directory, 1987), 32% to Western Europe (European Chemical 
News, November 21, 1986), and the remaining 40:t; assumed to be 
exported to the United States. 

9. Ethylene: Excess production not required as an input is 
assumed to be exported to Western Europe. 

10. Sulfuric Acid: 100% local consumption (Arab Oil and Gas 
Directory, 1987). 

11. Ammonia/Urea: 100% exported, FOB-basis. 
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