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Definitions, Abbreviations and Explanatory notes

Definitions

Associated gas Ratural gas produced in conjunction with oil
preduction.

Non-associated gas Natural gas produced from fields or domes
independent of o0il production.

Natural gas Associated plus non-associated gas including
methane, natural gas liquids and non-hydrocarbons
(water, carbon dioxide, etc.).

Flares gas Natural gas that is burned rather than utilized.

LFG Liquefied petroleum gas - propane (C3) and
butane (C 4).

LNG Liquefied natural gas excluding non-hydrocarbons;

composition depends on pretreatment to remove
LPG and/or condensates.

KCL Natural gas liquids - all natural gas components
excluding methane, ethane and non-hyérocarbons.

Condensates Heavier fractions in natural gas liquids (CS+)




Abbreviations
Organizations
UNIDO United Nations Industrial . relopment
Organization
GOIC  Gulf Organization for Industrial Consulting
QAPEC Organization of Arab Petroleur Exporting
Countries
QOECD Organization for Economic Co-operation
and Development
OPEC Organization of Petroleum Exporting Countries
ECWA Economic Commission for West Asia, United

Nations

E-onomic and commercial terms

GDP gross domestic product
GNP gross national product
R and D research and development
LC developing country

IC indurtrialized country

OFDC oil-producing developing country




Technical 2borevizticns
piilion 107 or 1,000,000,300 (sign, 3; orefix zigza)
trillion 10'2 or 1,000,000,C00,C00 (sign, T; prefix terz)
bbl barrel
b/& barrels per da»
t/é tons per anrum
cu ft cubic foot
cum cubic metre
Lcal kiloczlorie
Geal million kilocalorie
Btu British thermal unit
1 litre
1 kwh = 3,412 Btu = 360 kcal
1 bbl = 0,159 cum
1 cum = 35.3i5 cu ft

Approximate thermal eggivalentsé/

1 ton LXG = 8.9 bbl crude oil (1.2 tons)
= 2.2 cam liquid (77 cu ft, 14 bbi)
= 1400 cu m gas (50,000 cu ft)

1 billion cu m = 0.04 trillion cu ft (gas)
natural ges = 290,000 ton crude oil

= 6.56 millieca btbl crude oil

1 million cu m = 35.3 rillion cu ft (gas)
natural gas = 890 *ton crude cil
= 6,560 tbl crude oil

1 billion cu m = 100 million cu ft gas per dzy
natural gas = 17,800 bbl LG per day
per Yyear = 27,200 bbl LNG per day

1 million ca m = 14 billion cu ft gas per year
netural gas = 325,000 ton crade 0il per dav
per year = 265,000 ton LM per year

3/ assuming 2 grosa cz2lorifiz value of 600 kcal/ﬁu m for natural g
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Explanztory notes

Refererces to dollars ($) are to United States dollars.

Anncal rates of growth or change refer to annual compound rates,

unless otherwise stated.
A full stop (.) is used to indicate decimals.
A comra (,) is used to distinguish thousands and millions.

A slash (/3 is used to indicate "per", for example t/h = tons per

anrnum.

A dash tetween dates (for example 1979-1989) indicates the full period,
including the beginning and ending years.

The following notes apply only to the tables:

Three dots (...) indicate that data are not available or are

not s2parately :ported.
A dash (-) indicates that the amount is nil or negligible,
A blank indicates that the item is not applicable.

Totals may not add precisely because of rounding.

The description and classification of countries and territories
in this paper and the irTangement of the material do not imply the
expression of any opinion whatscever on the part of the secretariat of
UNIDO concerning the legal status of any country, territory, city or
area, or to its authorities, or concerning the delimitation of their
frontiers or boundaries, or regarding their economic system or degree

of development.

Mention of company names and commercial productis does not imply
the endorsement of the United Nations Industriai Development Organization
(uwIDO).
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PREFACE

The first UNIDO Consultation on the Petrochemical Industry held in
Mexico City in March 1979 noted thet many of the oil-producing developing
countries produced large quantities of associated gas and that 100 billion
cu m of this gas (equal to weil over 2 billion barrels of oil per day) vere
flared each year. The Consultation therefore recommended th:it:

UNIDO should make & detailed study of the associated gas that

is prescntly flared in oil-producing developing countries in

order to give a clear mnicture of the advantages of setting up

economic project. to use these wasted resources.

To implement the study, UNIDO worked initially with both QAPEC

and GOIC. At, their suggestion, the scope of the project was extended to
include selected energy-intensive industrial uses of associa.ed gas in
addition to fertilizer and petrochemical uses. It was further suggested
that the study examine industrial uses of natural gas in the context of an
overall plan for the optimal utilization of gas. A Progress Report was
prepared in co-operation with OAPEC and GOl1Z for presentatioz to the OAPEC
Symposium on the Ideal Utilization of Natural Gas held in Algiers in Jumne
1980.

The study wa. .upleted bty UNIDO and GOIC in April 1981 for
presentation to the Second Consultation on the Petrschemical Industry
convened by UNIDO in Istanbul, Turkey, in June 1981,

Part One of this final-report examines the present situation of
associated gas in 18 oil-producing countrieel/ that together account
for a2 major part of the natural gas that is flared.

Cnapter I looks at the availability of hydrocarbons by region and the
broad areas of utilizacion—reinjection, direct export, local industries
etc, Gas availability data is based on information collected from official
and published sources. In this connexion it should be noticed, uowever,
that the wnumbers are only approximate: associated and non-associated gas are

not always clearly distinguished in the world statistics. This is followed

1/ Algeria, Bahrain, Brunei, Indonesia, Iran, Iraq, Kuwait, Libyan Arab
Jamahiriyas, Malaysia, Mexico, Nigeria, Oman, Qatar, Saudi Arabia,
Syrian Arab Republic, Trinidad and Tobago, UUnited Arab Emirates and
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bY 2 section on gac zomposition and *he economics of g2f processing to
recover the individual components. (Gas processing is discussed in more

detail in annex I).

In chapter II the main uses of associated gas are analyzed in more
detail, focussing on applications where gas is a raw material (petrochemicals,
fertilizers, sponge iron) and where it is used an an energy
source (LNG, LPG and pover seneration for aluminium). The progress in
these product areas being made by the 38 countries is summarized, and the

individusl country reports presented in annex II.

chapter III'outl}nes the criteria used for selecting prodvets to
utilize flared gas 2mi why nine potentiazl precducts were selected for further
study: ethylene, ethylene oxide, ethylene glrcol, low-density polyethvlene
(LDPE), high-density polyethylene (HDPE), methanol, ammonia/urea, aluminium

and spouge iron.

In Part Two (chapter IV), the world market situation for the selected
products is assessed in terms of the supply and demand through to 1990.
The outlook for LNG and LPG is included at this point —L3G for
comparison as an alternative export strategy, and LPG because its recovery

and export complements the industrial uces based on methane and ethane.

Part Three examines the prospects for establishing competitive production
facilities in representative developing countries in the Middle East and
Latin America. Their comparative advantage is assessed on the basis of
production and transportation costs iuvolved in reaching markets in Eurore
and North America.

The study is concluded in Part Four with recommendations concerning
technology transfer and market access for the developing countries, and
the general need for more co-operation tetween developed and developing

countries.

The UNIDO Secretariat gratefully acknowledges the contributions and
assistance of CAPEC, in the initial stages, and GOIC in participating in the
study and in the preparaticn or the report. UNIDO alone accepts responsibility
for the final draft and any errors and comissions it may contain.
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SUMMARY AND CONCLUSIONS

1. In 1978 the global loss of associated gas in the practice of flaring
in the 18 developing countries studied, amcunted to some 400 million cu m/d.
This was equivalent to 2.62 million b/d of crude oil, i.e. over 8 per cent
of crude oil production, and worth $ 94 billion at today's prices.
Harnessing this wasted resource would have added over 40 per cent to the

combined gas production ¢f these countries.

2. Rising world gas prices and the developing countries' increasing control
over their oil and gas resources in the early 1970s lead to plans for
increasing utilization of associated ges - at first by means of liquefaction
to recover LPG or produce LNG for export, then as the rav material for petro-
chemical and energy-intensive uses. These plans tock longer than expected

to realize, but by 1985 the output in nine rroduct areas is estimated as

follows:
Per cent

Product OPDC Output (1985) _World Capacit

million t/a s
Ethylene 6.25 10,5
LDPE 1.84 9.4
HDPE 0.76 7.6
PVC 1.kk 7.6
Amonia 16-99 151“
Methanol 4,62 18.3
Aluminium 1.42 5.0
Sponge iron 27.56 2,8

Only in three product areas - ethylene, ammonia and methanol -~ will oail-producing

developing countries' output exceed 10 per cent.

3. Analyzing the individual strategies of the 18 countries, five motives

for industrialization can be identified:

- self-sufficiency in petrochemicals;

- establishment of an export-oriented industry;
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- o©0il conservation, boosting oil exports;
- diversification of income sources;

- elimination of political objections to flaring.

L, Energy export strategies relating to associuted gas emphasized LPG
rather thar LNG or pipeline gas during the 1970s. Improving world prices

for ING and pipeline gas may switch the balaace the uther way in the ruture.

5. Present plans for industrial and energy utilizatiocn will consume more
gas than = *ilable from projected oil supplies in Algeria, Bahrain, Iran,
Kuwait, the Libyan Arab .Jamshiriya, Mexico, Nigeria, Qatar, Saudi Arabia,
UAE and Venezueia. In Brunei, Oman snd Trinidad and Tobago further acticen
is needed to dispcse of a clear surplus. In many countries considerable
inv:stment in collection and treatment facilities would be needed to permit

use of associated gas in preference to non-associated supplies.

6. Mary developing country plans involve using associated gas for its
fuel value, e.g. in power stations, rather than the chemical value of its
components. This leaves corsiderable scope for further development of

petrocuemical activities based on the ethare content,

7. The global impact of present OPDC plans on world industrial capacity
through to the mid-1980s is modest-—less than 10 per cent of total
capasity in all products . :cept methanol and ammonia where it might reach
18 and 12 ner cent respectively. A4ll forecast ncreases could therefore

be absorbed without Aifficulty in world markets.

8. The world supply and demand >utlook influencing gas-based petrochemical
production indicates the need for the following plauts to be built between 1384
an? 1590: ethylene, 18 units (500,000 :/a each); LDPE, 2 wnits (200,000 t/a);
HDPE, 39 wnitz (75,000 t/a) and PYC, 2€ {250,000 t/a). Nearly half these will
have to be built to meet demand arising in the Third World itself. Given

their favourable feedstock positior there is scope for many moi2 to be built

by the oil producing developing countries in order to supply developed regions.
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Q. Methanol—selected for special study because of its impending fuel
and chemical uses—is conservatively forecast to move from a global surplus
of 900,000 t/a in 1983 to a broadly balanced vosition in 1990 with demand

in the region of 23 million t/a. To achieve this capacity build-up two
large production units (2,500 t/d) in Latin America, two in Asian developing
countries, and three in Africa/Middle East could be based on associated geas.
If fuel uses for methanol grow rapidly, however, both demand and the number

of plants required could be doubled.

10. In fertilizers, the demand analysis indicates a requirement for en
additional 12 million tons N capacity bestween 1984 and 1990. Thus the
expanding market alome is equivalent to Ll units with 1000 t/d capacity each.

11. Sponge iron demand is determined by the markct for scrap steel, which
in turn reflects the health of the steel industry in general and

the growth rate in electric furnace steel in particular. The long-term
outlook is Tavoured by reducec availability of good quality steel scrap.
In the meantime, developing countries are advised to gear both sponge iron

and steel output to cover domestic or local regional demand.

12. Primary aluminium consumption is forecast to reach 19.9 million tons in
1985, 24.6 million tons in 1990 and 29.5 million tons in 1995. Between

1985 and 1995 some S0 to 70 smelters each with a cepacity of 150,000 t/a
would be needed to meet this de~mand assuming a GNP growth of 3 per cent
annually. Civen the general reappraisal of the industry's energy position,
many of these plants could be built to use electric power from gas turbines

fuelled with low-cost associated gas.

13. LNG and LPG: LNG and pipeline ges consumption is forecast to reach

253 million ev m in the mid-1980s and 373 million cu m in 1990. Depending on
the eventual contribution of pipeline gas - which would pre-empt supplies

from Algeria, for example, demand is sufficient to justify between 20 and 32
nev LIG units each producing 7 million cu ~=/d. The outlook for LPG invuts
depends largely on price relai.ive to other energy sources. High prices will
prevent penetration of price sensitive but high growth markets in {ndustrialized
countries, )imiting exports to 34 million tons in the mid-1980s. Lower orices

could increase international Acmand to 47 million tons.
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14, 1 comparison of net production cost for eleven products - ethylene,
ethylene oxide, ethvlene glycol, HDPE, LDPE, methanol, asmmonia, urea,

sponge iron, steel, aluminium - based on essociated gas in developing
countries - and ethane, natural gas or navhtha in developed countries,
showved a1 could be manufaccurec more cheaply in Mexico and the Arabian

Gulf than irn the Unit:d States and the Federal Republic of Germany.
Inclusion of shippingz costs to deliver these products to the United States
and North and South Europe indicate that developing country production would
be able to compete with broad margins against local products in the three
developed country markets.

15. Long-term competitivity will be determined by current R and D efforts
aimed at alternative feedstocks. Projects coming to fruition in the 1990s
includs sjnthesis technology ——modern versions of Foscher-Tropsch, hydro-
formylation and carbonylation—— crude and heavy gas oil cracking, natural
gas from deep formations, and coal-based synthesis gas.
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16. In addition to basic competitiveness, a second essential ingredient
for successful entry into world markets is co-operation with developed

country partners. This could take the form of long-term supply arrange-
ments, product specialization and exchange agreements, jobbing contracts
and agency sales agreements. It is recognized that financial and fiscal
incentives ~ay be necessary to encourage such co-operation. This can

easily be justified in terms of the skills and experience acquir:d under

co-operation arrangements.

17. Such North-South co-operation has mutual adventages. Traditional
producers and consumers gain access to new supplies at reasonable costs

and with minimm disturbance to existing price and marketing arrangements,
i.e. orderly marketing is prese.-ed. The newver, gas-based producers gain
access to the best technology and can sell in traditional markets while
moving quickly up the learning curves for plant operation, business manage-

ment and intermational merketing.

18. While North-South co-operation would focus on primary and secondary
derivativz petrochemicals, for example, South-South (co-operation between
developing countries) would be needed for fertilizers, the main market for
vhich is other developing countries. OPDC co-cperation with both grouns
would be needed in the case of petrochemical end products such as plastics

and resins.
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PART ONE

THE PRESENT SITUATION

In an energy-short world any flaring of gas is already recognized
as a waste, not only for the country doing 1% but also for the major
energy-corsuming countries. Part One therefore assesses the present
situation of associated gas in developing countries in terms of the amount
produced, the pronortion wasted by flaring, and the significance of these
losses tn the individual countries. Current consumption in the form c¢f
gas for reinjection, energy exports and local consumption by the process
industries, e.g. petrochemicals, sronge iron and aluminium production,
is analyzed and current prospects are estimated. These data suggest the
need for a development strategy featuring three aspects: reinjection,
direct exports and local consumption. The main factors irfluencing these
applications are examined, current strategies of individual countries

are evaluated, aad a short list of products compiled for further study.
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Chapter I

Gas availability and current uses

Asszociate” gas: its origins and why it is flared

Associateld ges tzkes its rame from the fact that it is produced
in association with crude oil. While still underground the associated
torm remains dissolved in the surrounding oil due to pressure. Released
at the well--head when the prassure drops, it is flared there as a safety

measure, failing any alternative use.

Flared gas w#as variously known to early civilizations as the "eternal
flames™, the "leaping fiery furnace" and the "burning sprirgs". Ignited
by lightning, and burning through the centuries, natural gas seepages were
documented by the Greeks and Egyptians; in the Baku area of the USSR, gas
flares existed from pre-Christian times. As early as A.D. 200 the Chinese
trans$orted natural gas through simple pipelines made of hollowed bamboo
Jogs.

The utilization of associated gas in modern times developed most
rapidly in the United States where, following the discovery of o0il in
the early 1860s, it was used as fuel in a number of Pennsylvania towns.
By 1890 there were already 27,000 miles of gas transmission piping in the
United States. The development of welded steel pipelines in the 1920s
enabled natural gas to be distributed over still greater distances. Today
transcontirnental pipelines totaling over 50C,000 miles in length are in

. 2
operation.

In a more recent development natural gas is liquefied by refrigeration
and transported by sea. The development of LNG tankers, pioneered by the
United States and the United Kingdom in 19591/ and introduced commercially
by Algeria, France and the United Kingdom in 1963, brought to countries
with surpluses the possibility of selling natural gas to the centres of

population and industry in Europe, Japan and North America.

Transport of gas by pipeline in generally still preferred to
liquefaction where it is ecomomically and politically feasible. The
successful completion of a pipeline from Algeria to Italy under the

Mediterranean and off-shore gas pipelines elsewhere may well be followed

l/ E.N. Tiratsoo, Natural Gas, Scientific Press, London 1967.
g/"Reassessment of natural gas prospects',United Nations, E/C.7/106,
1929, p. 5.

M.H.W. Peebles, Chemical Economy and Engineering Review, April 1980,
Pe Te ‘

-
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by a grezter interest in sea-bed pipeline projects in the 13230s.

There are thus no technical barrizrs to the collection and
transportation of flared gas. The main economic bar:'ier has been the
low price of gas in international markets (in both abselute terms and
in relation to the price of 0il). Despite high transportation costs of
LNG, in order to match energy coc:s in the receiving country LNG {rom
the first liquefaction plants in Algeria was priced at 30¢/million Btu
f.o.b. This proved to be an inadequate incentive for further investment
in the expensive plant needed to collect and transport the gas.&/ Other
countries meanwhile started to separate methanc and ethane for local
conversion into petrochemicals ar * fertilizers as well as reinjection and

liquefying propane and btutane for local and export consumption as LFG.

Following large risex in the price of gas In the developed cour.ries
and the prospect that further rises will take it at least to parity with
0il, the choices are much more complex. At $6.00/nillion Btu f.o.b., LNG
projects would not only give an acceptable investment return but considerable
economic rent as well, Petrochemicals and fertilizers, on the other hand,
open the way for future earnings when revenues from oil exports for many
of the countries begin to dwindle towards the year 2000: experience
gained in the 1980s with associated gas can be capitalized on by exploiting
other resources in the 1990s, especially non-associated gas reserves when
available., Entering the sophisticated world of petrochemicals is not easy,
however, and many developing ccuntries will require considerable help if
they are to overcome ine problems of technology transfer, distribution and

marketing.

This study is therefore concerned with the possibilities and problems
posed by an indusirialization strategy based on associated gas: under
whai circumstances developing country production of pesirochemicals,
fertilizers and selected energy-intensive industries is competitive in the
0il producing developing countries, what kind cf market access problems
they face, and how industrial co-cperation can be used to improve that

access.,

4/ In 1978 when crude oil was selling at $12.70/bbl, LNG licuefaction and
regasification costs were estimated at the equivalent of $12/bbl.
M.A. Borham, QAPEC
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reason: unlike non-associated gas it cannot be left in the ground for
use by future gererations. By definition associated gas production
ievels are geared %o those of crude oil production. The more oil
produced, the more gas becomes available and it must either be utilizedi/

or flared,

Availability of hydrocarbons

In 1978 the 18 oil-producing developing countries considered
had a combined oil output averaging 32 million b/d. Their natural gas
oroduction totalled 323 billion cu m (884 million cu m/day)—the thermal
equivalent of 5.7 milliecn b/d of crude oil i.e. one sixth of crude oil
cutput. Of this, 87 per cent, equal to 4.9 million b/d, was ascociated
gas and just under one half (292 million cu m/aay, equal to 2.5 million b/a

of crude »il) was lost due to flaring.

The importance of these losses to individual developing countries is
evident from table 1 showing their reserves and production levels for oil
and gas. At present rates of oil extraction, many oil producers' reserves
are sufficient to last for only two or three decades. Failing further
discoveries, this indicates that by the year 2020 only Saudi Arabia, Kuwait
and the UAE would be left as oil suppliers.

Associated gas will follow of course the same production pattern as
crude 0il As an alternative to flaring, associated gas can: (1) substitute
for crude oil as an export earmer; (2) substitute for refined products
such as naphtha or fuel oil in the domestic economy, thereby releasing
further crude or derivatives for export; (3) assist crude oil recovery

by means of reinjection; and (4) through industrial use, pave the way

i/ In this study the term "utilization"” is used in a broad sense to include
energy export uses (LNC and pipeline gas), industrial uses (petrochemicals,
fertilizers, sponge iron and aluminium production) and reinjection in the
0il fields to assist o0il recovery ard store for industrial use in future
years.,

é/ Developing countries are not alone in wasting gas by flaring. In 1973
the United States flared 9.6 million cu m/d, 0.6 percent of oroduction. In
Europe, gas flaring increased 59 p:r cent between 1972 and 1976. See
United Nations, E/§.7/1oo, p. 15.
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Table 1

Reserves and procductiion of 0il and naiurzl zas
by country (1573)

Crade oil Jatural egas
. mzi;’es D7 z2s | Production ‘
Country i:::f:ne:;/ Product:.::; zo }:::Z;!;ps Non- jissocizted Total™/
- T producticeni """ "7 lassociated i/
billion |million billion |pilliom  [billion  [billion
barrels bbl/d rears cu o cu m/a cu ':1_/3_ ~u :1/'3
ilgeria 6.30 1.16 15 2970 15.75-“'/ 15.773/ 12,52
Bahrain 1 0.25. 0.20. 12 100 1,502/ 1,113 1,61
Srurei 148 0.25 16 220 - 12.7 12.7
Tnionesiz 10.20 1.64 17 1088 11.503/ £.71 12.21
Irsn 53.00 5.24 21 10700 | - 55.15 55415
Irzag 32.10 2.5€ 34 790 - 11.00 11.0C
Yuwait £6.20 2.1 25 1015 - 11.12 11.12
Libyzn Arzb 24.30 1.95 29 6§35 - 21.21 21.24
Jemehiriya
Yalaysia 2,80 0.21 16 473 - 1,00 2,00
¥exico 16,00 1.21 16 1723 9.6/ | 16,798/ | 25.23
Tigeria 18.20 1.90 26 1140 - 20.43 20,42
Oman 2.50 0.132 21 10G - 2.20 2.20
Qatar 4.00 0.49 22 312 Py 1.63 4,65
S2udi ..rakia | 163.70 .20 55 2000 - £3.75 23,78
Srriz 2,08 0.17 33 50 ~ 1.60 1.40
Trinidad and 0.50 0.23 5 240 - 4.50 4,50
Tobago
U.AE. 31.22 1.33 47 340 - 13.55 13.55
Tenezielz 18,00 2.17 23 1150 - 14,52 14,52
Total 4€0.53 31.59 39 (av) | 25651 43.59 221.19 322,92
12 ccuntries

:/ Source: 0il 2nd 7Tas Journal, 25 Doce"lbnr 197¢.,

'_/ Source: OPEZ, Annual Statisticzl 3ulletin, 1273

3/ Yatur~2!l g-c reserve figures ob*amed from CEDIGAZ "Quelques 4léments 3t2tis*ique
cencermen® 12 3itu=2%ion du g2z naturel dans le monde en 197Z", Pariz, L-ril 1370

27 Gempmnttion u*-.:"':‘,ion for OPZC member countries from OPZC 2p, ci%., for non-
OF“C coun*ries from CEDIGAZ op. cit.

3/ The treakdom betieen 2530ciated and nen-2ssocizted g2s preduction for Alzeria,
3zhrin, Indonesi: 2nd Yexico has been estimeted by JWIDO, b2sed on informztion
from official sources, CETIZAZ »n. cit., e%c.




s context, when non-zssociated gas is availahle, i4 may te noted
that ‘he ratio of reserves to producticn is much higher—rurning into
sereral decades even irn the case of Algeria where production is well
developed.

Table 2

Ratio proven reserves to 1973 production

in selected COuntrieSE/

oil gas
years yearsg/
Algeria 15 vA!
Bahrain 12 22
" Indonesia 17 60
Iran 3 194
Iraq 34 72
Kuwait 85 91
Mexico 36 65
Saudi Arabia 55 46
Trinidad and 'Tobago 6 953
Venezuelia 10 34

Source: Table 1

3/ Assuming present oil and total ges
production levels

3/ Includes consumption of both associated
and non-associated gas

The global loss

In an energy-short world all gas flared at the well head is a waste
of a valuable resource. The size of that wastage in each producing country
during the 1970s is evident in table 3. The developing countries' global
loss of arcund 400 million cu m/&ay as already noted was thermally equivalent
$0 2.6 million b/d of crude oil. This loss was broadly equal to removing
Iraq, in 1978 the world's second largest producer, from the market. At 1978
oil prices ($12.70/bbl) the revenue loss to these countries was over $33 billion;
at today's prices ($36.00/bbl) it would have been worth $94 billion. Comparing
these losses to individual countries' oil output(table L) = the largest

1/ On a world basis it was estimated in 1978 that gas reserves could
sustain prevailing production levels for 50 years. Higher gas prices
since then have stimulated the search for new sources, thereby
increasing the size of proven resources in some countries severalfold.
See United Wations, E/C.7/100, p. 10.
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Table 3
Atsociated gas flared, 1372 -2 1373
Propcrticu o /|
flared (billion cu m)3 oroduction (% < -
Countryv

19721973 1974 1975 1976 197 | 1973 ag7c
Saudi Arasbia) 22.0 3.2 39.% 23.2 7.4 324 vZE 74.
Iran 2t.9 23.2 T .7 22.5 27.S  24.0 59 43
Nigeria 16.3 20.5 23.4 18.2 21 .1 19.5 93 95
Algeria 2.0 12.5 9.5 7.7 10.6 11.4 58 35
Iraq £.5 7.5 £.1 8.3 8.2 9.3 86 g4
U.A.E. 1.1 14.4 14,2 13.5 16,1 12.8 91 95
Indonesia 2.3 1.2 4.6 3.9 5.3 745 24 41
Mexico 443 3.7 51 5.3 5.7 2.0 cee 7
Libyan Arab £.2 5.4 2.2 1,0 1,2 4.2 33 20
Jamahiriyz
Kuwait 1.6 9.3 6.1 2.6 4.3 4.2 57 38
Brunei 4.3 3.2 1.9 1.5 1.2 3.9 31
Qatar 2.0 4 3.8 3.2 1.2 34 75 71
Venezuela 14.5  14.9 9.8 4.3 3.9 2.5 30 7
Oman 0.3 0.9 1.0 1.1 1.2 2.4 36
Bahrain ces ces oo ces ceo 0.9 veeo 19
Trinidad and 0.3 1.2 1.5 1.7 1.6 oo eee 62
tobago
Total 143.A 163.6 163,0 129.5 150.0 140.3 63 43

Source: United Ta*iecns E/C.7/106

5/ Partly UN7SC estimates; includes 2ll g2s not marketed (direct losses,
venting, gas to Arive turbines).
t/ CEDIGAZ op. cit.

¢/ Incl. non-associated gas.
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losses are normally found with the largest oil outputs, e.g. Saudi Arsabia

with 89 million cu m/d, Iran with 66 million cu m/d and Nigeria with 53 million
cu m/d. These are also countries where oil production has expanded most
rapidly, i.e. output growth outpecad the ability of producers to fird uses

for the asscciated gas. OQuantitics of this size were almost double the
capacity of the largest LNG plarnct of the day and the combined total exceeded
the volume of gas entering 1.ternational trade by way of LNG or pipeline

shipment.

One measure of the significance of these losses in petrochemical
terms is their equivalent in tons of ammonia and ethylene. If 75 per
cent of the flared gas could be used in one or other outlets, world
ammonia capacity could be boosted by 150 niants each oroducing 1009 t/dé/
and ethylene by 10 plants each nroducine 1.500 +/4 -2/ This could
increase world production by up to 40 and 22 per cent, respectively.

Flaring losses should also be judged in relation to the oil output
from vhich they arose: had the gas been put to good use it would have
released a thermally equivalent amount of crude o0il (or refined products)
for export. In this context the heavy losers were some of the smaller oil
producers - Malaysia and Brunei with the equivalent of around 30 per cent
tabie L  Of their 0il prcduction, and Trinidad and Nigeria with nearly
20 per cent. One measure of the significance of this ratio is Saudi Arabia's
plan to invest $ L billion in a gas gathering schem 10 that could save
associated gas up to the equivulent of 7.4 per cent of the country's oil
output. By such standards the really efficient gas users in 1978 were
Venezuela and Mexico in Latin America and Kuwait, Libya and Syria in the
Middle East -~ all with flared gas losses of the equivalent of less than

S per cent of their oil output.

As evident from the trends shown in tgpje 4 many oil producing
developing countries have lcng recognized the value of these wasting
resources; between 1973 and 1978 most producers cut the ratio of flared
gas to gross oroduction substantizlly, In 1972 many orojects were in hand
that would reduce the ratio still further. Treir different strategies and
progress through to 1985 ares the subject of the next chapter. Individual

country reports are included in annex II.

8/ Assuming 50 per cent methane content.
9/ Assuming 10 per cent ethane content.

10/ See annex 1I.
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Table L
Filaredi gzn 1a~res cr nounirs
[1377)

{zs 211 | F.oportion

flared emivalent of oil
Country million 1000 cutotut

cu m/a /4 A
Saudi Arabia 88.8 582 7.0
Iran 65.7 431 8.2
Nigeria 53.4 350 18.4
UAE 35.15 230 12.6
Algeria 31.2 204 17.6
Iraq 25.5 167 6.5
Indonesia 20.5 135 8.2
Kuwait ‘1.8 75 3.5
Libyan Arab 11.5 75 3.8

Jamahiriya
Brunei 10.7 70 28.0
Malaysia 10.7 70 23,0
Qatar 9.0 59 12.1
Venezuela 6.8 45 2.1
Trinidad and 7.3 47 20.4
Tobago

Oran 6.6 43 13.5
Mexico 5.5 36 3,0
Bahrain 2.5 16 8.0
Syria 1.4 9 5.3
Total 404.0 2644 8.2 |

Sourne:

tables 1 and 2
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Current uses of associated gas

In broad terms, the outlets for associated gas are six: reinjection
to assist crude oil recovery, energy exports in the form of pipeline gas,
ING (liquefied natural gas) and LPG (liquefied petroleum gas),
local uses by the process industries (petrocheaicals, fertilizers,
sponge iron and alumirium) and others (powe>r generation, cement
manufacture, general industrial heating, domestic heating etc.). The break-
down and the amount of gas flared for each of tha 18 countries is shown .a
table S.

The accuracyll/;f the data does not permit a detailed analysis, but
the broad picture is clear:

-~ “he quantity of gas flared or vented far excceds any individual

use made of associated gas;

. the largest single use is reianjection for enhanced ~rude oil

Tecovery;

. Airect exports are relatively few in number, but the individual
volumes can be large;

* local consumption by the process industries and others is of the
same Jrder of magnitude as reinjection;

. compared to other uses, the comsumptior bv the process industries -
the main focus of this study - was small.

4 oreliminary conclusiom from these data is therefore thzt any gtratezy
for eliminating fiared gas should feature three componentz: reinjection,
direct exporté and local consumption. Reinjection and energy exvort® noiicies
should tzake ~are of the volume aspects; loc2: consumption should ke oromoted
to ensure maximum advantage going to the loczl ecoriomy in the form of raw
materials 2nd low-cost energy for industrialization., The ontirmum mix of
these three depends on the nature of the gas (see next section), “he muantit--
avz2ilz2b:.e in the long term, and ‘he staze of develormen: of thne countr-
converned., The follcwing sections show how the three strategr componenis are
influenced ty %o upstream factars—g2s composition and +ne %vre of =3

[

treatment used in the field,

11/ The data are necessary by avoroximations because of the insdegquate
distinetion between associated and non-associated sources 1 many

countries.
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Tahie S

3rezkdown o1 curren- uses far
associated zzs (1373)

J*ilization |
Erergy exports ILocal consumption | . ‘
1—’“‘1’?‘%7 E_teinf t ) Process ’ - aj-ne:imed
Country tom = |jection™ Pipeline {.“TC l??/'ETGL indus= Otner>’ | Flared
:ﬂ_ . ‘ A rtrie.ht/
million million hillion prillior~millionr=|million frillicn |million
cu mfd  |eu m/d m/d Jeu m/d Jeu m/d  feu n/d  Jeu m/d  Jeu m/2
Algeria 9.2 | 13.9 - 17.5 7.0 2.7 16.8 .2
Bahrain 12.6 N - - 2.5 2.3 2.6 2.5
3ranei 34.3 - - 20.3 - - 2.3 10.;
Indonesia 49.9 2.7 25.3 - 3.5 ces 2045
Iran 151.1 27.0 25.8 - 1.3 3.0 21.8 | 55.7
Irag 3O.1 - - - Q.d 2.6 1.3 25,5
Kuwgit 20.5 1.6 - - 15.5 1.5 cee 11.5
Libyan Arae 53.2 29.6 - 12.0 6.1 1.6 vee 11.5
Jamahiriya
Malz rsia 10.9 - - - - - 0.2 10.7
Mexico 72.5 1.9 - - 4.3 | 115 | 34.6 1.3
| ¥igeria 56.0 = - - - - C.1 35.3
Oman 70| - - - - - 1.1 £.6
Qatar 12.7 - - - 1.6 0.3 1.3 9.0
Saudi Arabia [119.3 3.7 - - 17.3 0.4 9.8 8.1
3rria 4.4 3.3 - - coe 0.1 cae ’1.4
Tr;ﬁ;:;i and 123 - - - eos 2.5 2.5 7.3
J.4.7. 37.1 - - 7.9 1.9 2.6 352
Jenezuela 94.6 47 .4 - - 1.1 13.0 23.3 6.8
Total 864.4 |145.0 25.3 36.4 63.1 €1 ces  |M4 3
100% 16.4% | 2.9% 9.7% | 7.1% 5.4% 49.1%

rlalelelele

By difference;
supplies;

Frem table 1
Source: as for table 1

United Nations E/G.7/106
UNIDO estimate assuming 1.185 million cu m/d per 1000 t/a product
Includes some non-associated gas
Includes petrochemicals, fertilizers, sponge iron and alurinium
«es indicates some sourcing from non-associated gas

includes power cement uses.
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Gas composition and possible uses

When o0il reaches the surface, the dissolved gas released comprises

a mixture of hydrocarbons rangin> from methane (C1) to butane (04) and
y H. S 2nd o

2t 59 Hy 2"
Usual oil field prac.ice is to cool the gas to separzte hydrocarbons

heavier fractions together with iwmpurities such as C0

heavier than C4 as condensates; unless facilities are installed for
recovering the other components, the remainder is either flared or

reinjected.

The composition of associated gas differs sigmnificantly from that of
non-associated gas in the higher level of heavier components——ethane,
propane and butane.w Associated gas in the Middle Bast contains only
50 to 55 per cent by volume methane compared to at least 80 per cent and
sometimes as much as 100 per cent foumd in non-associated gas. On average
(table 5), asscciated gas in the Middle East contains between 12 and 18
per cent ethane, between 9 and 12 per cent propane and about 5 per cent
butanes. In Mexico, associated gas may comtain about 82 per cent methane
and 10 per cent ethane, while in Indonesia, both are lower—methane 72

per cent, ethane 6 per cent—due to high car’:on dioxide levels.

The significance of these differences is that whereas methane—the
main component of non-associated gas—is confined to production of LN (an
export use), fertilizers and methanol (for local use or export) 2nd thermal
uses (loddl use only), ethane is a potentially valuable raw material for
local petrochemical production, and the propane/%utane fractions can te sold
locally or exported as LPG. The optimum use of associated gas therefore
depends on finding economic local and export outlets for all the main

. . . 1
components: methane, ethane, propane, butane and heavier fractions.

LL] In some areas, gas composition varies considerzbly. This can be
a particular problem for the petrochemical consumers relying on
components, See

12/ The main uses for products derived from associated gas are discussed
in chapter II. For world 3upply and demand for selected products,
see part three, chapters TV to IX.
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Table 6

Average composition of associated gas in selected countries
{Volume, per cent)
Saudi s United ia Maws
Country Qatar Arebia Srria Arab Indonesiz  Yexico
Zmirates

Composition

Methane 55 .49 51.0 54,50 95 66 71,23 32.0
Ethane 13,29 13.5 11.70 1€.63 5.62 10.0
Propane 9.65 11.5 2.90 11.65 2.57 2.5
Butanes 5.63 4.4 £.10 S.41 3.5
n-butane

C-5 and heavier 4.82 . 2.1 4.30 .31 3.59 2.0
Carbon dioxide 7.02 9.7 1.50 5450 14.51 see
Hydrogen sulphide 2.93 2.2 3.40 0.79 0.01 coe
Nitrogen 1.12 0.5 7.20 0.55 0.35

Me+thane has so far mainly teen used for fuel purpcses, e.g. power
stations and general industrial and domestic heating., Three large-scale
consumers of methane are reinjection (after LPG recovery, see nex: section)
and export as pipeline gas or L¥G. In the chemiczl industry, methare
presently serves mainly as feedstock for manufacturing ammoniz and methanol.
More attention is now being paid to technology for converting me<hzne to

synthesis gas (mixtures of carton mcnoxide and hydrogen) a2s the basis of

» . . . C o 1
new routes to chemical products, gzsoline and the middle dlstlllates.}/
Methanol is 2lso attracting attertion 23 2 potential basic petrochemical

2
building block on a par with ethyrlane fze0 iz, "), i nlan* *5 orzduce
gasoline from methanol is under constraction in New Zealand and work on

processes for converting methane to ethylene is szid %o be well advanced.

Ethane is most conveniently cracked to manufzcture ethylene; <“he
yields are high and this represents the mos* eccnomical use. The range of
petrochemical products that can be produced from ethrvlene are also shovm

in fig. 1.

L}/ S;mthesis gas derived frcem co2l w
products in World II (Fischer-Tropse
modified catalysts, 2 whole range of products with differen® numvers of
carton 2toms can te produced, 1 zommer<izl sczle nlan*, mz2inly ‘or
making gzsoline (C,~C.) erists in South Afri-a (SASOL proress) and the
use of such 2 synfﬁesfs for the production of middle dis+*illates (diesel
0il and kerosene) is now 2 commersial possibility. In 1980 the cost of
a plant producing 8,000 to 10,000 b/d of middle distillates was estimated
by FPoster Wheeler at $120 million.

s used for +he pradustion of gascline
.

2
psch proceszes), 3v *the use of

-~
v
e
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Propane can be extracted along with butane in the form of LPG and
either exported or used locally, In developed countries,
LPG's potential as a chemical feedstock is now more widely
considered. Socme crackers in the United States and Europe have been
adapted to take LPG in order to give feedstock flexibility. When propane
is cracked, it yields both ethylene and propylene, the percentage of
propylene depending on the severity of cracking. Propane can often be
cracked together with ethane and the mixture produces mostly ethylene;
only large crackers (producing 200,000 t/e ethyle e or more) produce
significant quanitities of rropylene. Thus, if large quantities of
propylene are required, it is better to crack propane alone or a butane-
propane mixture. The petrochemiczl derivatives of pronylene zre shown in

Fig. 1.

Butane is mainly consumed as LPG (see above). Chemically, it comprises
a mixture of normal- and iso-isomers, of which iso-tutzne is the more valuable
because it can be converted to iso-butylene., Iso-butylene is the precursor of
a number of products including the alkylate reguired in large quantities
for the gasoline pool. A potentieslly important use for iso-butane is to

make MTBE, a gasoline component needed to replace lead in high octane gasoline,

Pentane and heavier fractions are generally separated in the field;

the resulting liquid mixture, known as condensates, is either treated and

sold as such or mixed with reformed motor gasoline, naphtha or crude oil.
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Treatment and processing

Processing of crude gas depends ultimately on the way individual
components are to be marketed, but there are two basic approaches -
complete liquefaction to make LNG, and partial 1iquefactie§u£/to recover
LPG and possibly ethane. As noted, in either case pentane and heavier
fractions are generally separated in the field.

With the emergence of LG in developed countries as 2 high-value
feedstock as well as a fuel—substituting for increasingly expensive naphtha—
partial liquefaction is likely to increase in importance. Compared to LG
anits, LPG recovery plant (fig, 2) is low in capital cost and, in addition
to providing LPG for downstream consumption and export, provides tw)
comporents sireams for posSsible petrochemical and fertilizer use] Ethane
with some methane serves as feedstock for ethylene-based petrochemiczls.
Methane can be used for ammonia-based fertilizers ard for methanol. At
some locations, the methane-richiresiduzl gas from an LPC recovery plant

can be used for reinjection (see next section).

The operating cost characteristics for an LPG recovery plant are out-
lined in annex I. This indicates an average recovery cost of $ 80 to § 100/ton
including a 25 per cent pretax return on investment. If the ethane and
methane are assumed to have zero value, the average cost of producing the
remsainder - LPG and natural gasoline - rises to $ 130 to $ 190/tom, i.e.
still well below prevailing LPG prices of $ 300/tor.

_5/ Partial liquefaction can be carried out 4m° one or two stages. Single-
stage systems recover components by fractional cooling. Two stage designs,
used for example in Saudi Arabia, liquefy evervthing except methane
in the field, and fractionate the resulting liquids in a separate unit,
Where LPG recovery is the sole objective, associated gas can also be
treated in absorption plants where it is compressed and scrubbed with
kerosene. Such units typically recover 90 per cent of the butane but
only 35 per cent of the propane and less than 10 per cent of the ethane.
They are therefore unsuitable as precursors of petrochemical operations.

12/ For review of processes used in gas liquefaction and fractionation, see
for example E.N. Tiratsoo, Natural Gas, London 1976; M. Medici, The
Natural Gas Industry, a review of world resources and industrial
applications, Newnes-Butterworths, London, 197h.
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In practice it does cost something *to transport methane and ethane
out of a recovery plant to consuming industries., Fror the purposes of
subsequent calculations in the study;é/ ethane in 1920 is assigned an
arbitrary low value of $% 25/%on. Methane is priced at orevailing market

levels for fuel gas.

16/ See part three, chapters Y and XI.
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Chapter II

The main uses of associated gas - 1980 to 1985

As identified in Chapter I, the main uses cf associated gas are
three-—reinjection, industrial uses in the processing industry and energy
uses for export, general industry and domestic consumption. The following
sections discuss each in more detail and assess the progress being made

by the oil-producing developing countries under each heading.

Reinjection ~ possibilities and limitations

¥hen gas is reinjectedxl/ into an o0il well to maintain the pressure,
it partially mixes with the oil, lightens it and speeds or prolongs its
recovery. As an outlet for associated gas, the large volumes required
already make reinjection an attractive option: between 14 and 60 cu m of
gas can be used per barrel of oil recovered. Furthermore, the gas

reinjected may eventuzlly be recovered along with the oil.

The problem is that the effectiveness of reinjection depends on the
type of well and the type of oil. 1In certain geological formations, gas
reinjection can even be counterproductive. There is a danger of water
coning, gas loss due to too rapid increase in gas/oil ratios, and oil loss
due to pocket formation., High pressure processes, furthermore, are confined
to relatively light crudes, e.g. API gravity of 35 or over, and to reservoirs
sufficiently deep for the overlying rock to contain pressures up to 400
atmospheres. The reinjection process can also be expensive, especially in
off-shore fields.

Reinjection is nevertheless a way of storing gas underground pending
development of suitable markets. This approach might therefore be considered
a realistic solution for some countries——especially those lacking the
infrastructure and skills needed for using associated gas in industrial

projects.

11/ Gas reinjection is one of a mumber of enhanced recovery methods used in

0il production. Other approaches include thermal recovery (steam
injection or in situ combustion), miscible flooding (injection of LPG,

enriched gas, alcohol, flue gas, nitrogen, carbon dioxide) and chemical
flooding (using surfactants, polymers ani alkaline chemicals). Gas re-
injection requires either the presence or ethane, propane or butane to
make the gas miscible with oil at low pressure (100 atm.) or very

high pressures, See Scraping tte Barrel, Financial Times Management
Report, 1930.
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Tha economirs and technical limitations in reinjection combined

in fact to reduce this use of associated gas from 30 per cen? in 1972

to 26 per cent in 1976.l§/ Although this was a period when o0il prodiction
was rising rapidly, i.e. the overall quantity reinjected inc.eased in
absolute terms, the trend was to find other uses for the associated gas

produced.

Industrial uses of associated gas

gft r reinjection, the largest outlet for associated gas is direct
export in the form of pipeline gas or LNG. These are discussed ip the next
section and vere the first large-scale uses. The interest in industrial
applications as an alternative arose partly from demands for industrialization

per se, but mainly because the prices for export gas vere considered too low

to justify the invesizents involved ir liguifzction and long-distance nipelines.

The list of industrial products on which associited gas can be based
is very large, even when confining it to products in vhich gas functions as
a rav material rather than an energy source. A selection of those considered
most probable in the next two decades (table 7) divides them into four groups:
petrochemicals (olefin- and aromatics-based), fertilizers (ammonia-based),
methanol (chemical and fuel uses), and metals (sponge iron and ferrosilicon).
To this could be added a fifth group - petroprotein - initially based on
methanol, later directly on gas-consuming microbes.1 Table T shows over
100 products of which one third are end-products with many more individual

members.

The techno~cconomic and marketing aspects of a representative sample
from each group are discussed in detail in Parts Two and Three of this
study. The following comments summarize the developing country prospects

for the groups as a whole:

18/ United Fations, E/C.7/106, p. 15.

12/ Petroproteins were included in the initial studies, see Progress Report,
*The Industrial Uses of Associated Gas’, UNIDO, 31 May 1980.
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Table 7

Possible industrial uses of associated mzas

3roup I - Petrochemicals excluding methanol (see also Fig. 1)

A. Olefine based: methane, synthesis gas, vinyl acetate, PV&Q/; oxo—-zlcohols,
2-ethyl dexanol; oxo-alcohols, ethanol and derivatives (see telow);
methanola and derivatives (see below); nydrogen cyanide, zcrylonitrite
(see below); gasolines’; diesel< ; keroseneg/; acetrlene,. VCM (see below);
chloromethanes, carbon monoxode; acetic acid, oxalic acid, ethylene glyzol ~

/
(see below), oxamide; phthalic anhydride, TPA, polyester fibre<’; proteinsg’g/.

Bthane, ethyleneé/, ethyl alcohol, aootaldehyde, acetic acid, 2ldol,

n-butahol, dioctylphthalate, plastiCi:erSEJ, butadien 2 , rubbe < , ethylene
oxide™ y ethylene glycola ’ antifreezes/, polyester fi = ; Dolyester resi </,
plastic </ ethamel amines, acrylonitrile, acrylic fibr < detergent </
ethylene dichloride, vinyl chloride (vcm)é/b-/é/ s PV -/

vinylidene chloride;- trichlorethylene, solvents= s+ perchlorethylene; high-
densit~ polyethylene (HDPE)2®/, low-density polyethylene (LDFE)®, low low-

density poirethylene (LLDPE)2/; ethylene propylene copolymer.

£ s trichlorethane;

Propane, propyleneh/z/, acetone, bisphenol A, epoxy resing/, polycarbonatesz/,
methylisobutylketone, methyl methacrylate; isopropancl; propylene axide;
propylene glycol; acrolein; propylene tetramer, dodecrylbenzene, dodecyl-
benzene sulfonate; cumene, phenol; propylene dimer; isoprene; n-butyraldehyde;

polypropylenes/; tutane, n-butan L , butenes; isobutane, alkylates, 2/,

B, Aromaties basedg/: ethyl benzeneg/, styreneg/, polystyreneg/é/, ABSE/,

. SBRE/; caroon black .

Sroup II - Fertilizers

Ammoniaézs/, ureaé/, ammonium nitrates/, ammonia sulphategz DAPS/, MAPE/,

. c
complex fertilize .

Group III - Methanol
Melamine plasticsg/, formaldehyde, vinyl acetate (see above), DMTS/,

polyester fibres/, chloromethane (see above), acetic acid (see above),

gasoline,

Croup IV - Metz2ls
. aj/c . A c
Sponge 1ron;z-/, electric furnace steelg/, ferr03111con-/.

Selected for furtner study, see chaoter III.

Selected in Progress Repor* 1: "Industrial uses of associated gas",
paper at the OAPEC Conference on the Idez2l Utiliza*ion of Jatural fas,
Algiers, June 1920,

End product

Aromatics together with associzted gas derivative

Included in parallel work: 3Zenond World Wide Studvy of %he Petrochemical
Industrr, UNID0, June 1981.

N

e
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Petrochemicals: high but ravidly slowing growth rates for industrialized

country demand; opportunities for new entrants to compete both with older,
inefficient developed country units and to supply growing demand in deve-
loping countries. Petrochemical technology (patent rights and production
plant) is easily acquired, except for a few proprietary processes. Invest-
ment in petrochemicals requires, however, long lead times and large amounts
of capital. Follcwing improvements in world LNG and pipeline gas prices,
opportunity costs for associated gas in petrochemicals have risen in recent
years, making some products uneconomic and others less profitable. Compared
to energy exports, petrochemichals are a small gas consumer. The immediate
effect on local employmernt is small, but where desired, end-products such as
plastics and fibres can providé,'hovever, the basis of modern, but relatively
labour-intensive industries in the fields of textiles, plastics processing

and packaging.

Fertilizers: TForecasts of world ammonia supply and demand indicate a global
surplus through to 1983/8 %O but due to delays in bringing new capacity on
stream, this may not happen in practice. Many older liquid feedstock plants
in industrialized couniries have already shut down for good due to competing
imports from new, gas-based units. In the medium and long term, substantial
new capacity will be needed to match growing demand in both developed and
déveloping country markets. Much of this will take the form of ammonia/urea
combinations. As with petrochemicals, fertilizers are capital- rather than
labcur-intensive. Local use in agriculture would absorb some of the output,
eliminating imports, while cffering the basis of product specialization
arrangements with producers of complementary products, e.g. phosphate,

potassium or mixed fertilizers in exchange for ammonia or urea.

Methanol: The future fcr methanol is the least certain of the industrialized
uses. At worst, new metnanol outlets would not develop, in which case there
is already tos much capacity cormitted world-wide. At best, new methanol
applications in petrochemicals (see table 7), petroprotein, gasoline
additives, and fuel uses (see next section) will be realized and methanol
vould become a commodity chemical as important as ethylene. If demand
outstrips supply, metihanol prices could rise to a level where local coal-

based production is competitive in industrialized country markets.

20/ "Current World Fertilizer Situation and Outlook", FAO,Rome, January 1980.
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Metals: Demand for sponge iron relates to the supply and demand for scrap
steel suitable for electric furnace steelmaking. In twn, this depends on
the health of the world steel indusizy, which allhough depressed ai present,
can be expected to recover by the mid-1980s. Although scrap is traded
internationally, sponge iron shimment presents some technical difficulties.
In this context, therefore, developing countries should consider sponge
iron and steelmaking plant in the first instance *u satisfy local or
regional demand. Similar considerations would apply to ferrosiliconm

production.
Energzy uses

Energy cutleta for associated gas include LNG, LPG, pipeline
gas, energy-intensive products and fuel grade methanol. These are divided
between local and export uses as follovws:

Table 8
Energy uses of associated gas

Domestic/commercial Local industry Export
Pipeline gas LPG Pipeline gasgl
LFG Pipeline gas LRG2

Energy-intensive LPG/!GLE/ /
products, e.g. Methano1®
aluminium®
nagnesi
cement?.
electric pover
desalination

a/ Selected for further study (see chapters X and XI).
b/ Selected in Progress Report, op.cit.

Local use of pipeline gas for damestic and commercial heating has long
been established in industrialized countries, and many developing countries
are begiming to follow suit with urban distribution networks. This has
the advantage of both developing the local economy and releasing oil
products for export. In view >f the explosive growth of many cities in
developing couuntries, this may represent large-scale use for gas in the
long term; in the short run, however, expansion may be too slow to absord
much flared 88.8:2—1/

21/ An Egyptian example illustrates the difficulty of many developing
countries with low per capita energy comsumption. In 1978, Egypt
found that less than 7 per cent of surplus gas could be ahaorbed by
converting the residential/commercial sector from existirg fuels.

See "Co-operw.tive Energy Assossment Report"”, joint Egypt/United 3tatus
study, Cairo, November 1978.
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Usually the main immediate local use for pipeline gzs is nower gener=tion,
together with indusirial consumers such 2s the zluminum and cement ind’;stz:'.g-/
In contrast to industrizlized countries, which have generaily teen reluc:nt
to use g2s in power stations—where its premium proverties are lost,
develioping countries often need power station outlets to Justify collection
and distribution systems that allow residential/commercial uses to develop

later.

Of the four energy-intensive export markets for associated gas, LNG was
the largest in volume terms in 1978. As noted, the unfavourable prices for
LNG until the early part of 1980 switche? attention to other export projects.
Thé prospects for LNG following higher prices in recent months are much
improved. At the same time, these prices have also stimulated exvloration
for non-associated gas, especially in the United States. LNG trade would
also be influenced by large-scale productior of methanol for fuel use

(see below).

¥CL products have enjoyed a rapid increase in price due to demand
from fuel, transport and petrochemical uses. The premium over low-sulphur
residual oil in the industrialized country pover station and boiler fuel
markets may vanish, hovever, vhen all the forecast new capacities in the Middle
East came on stream by about 198S.

As wvith its chemical uses, methanol's future as a fuel is the least
certain. Demand vill be determined by the relative cost of vroduction,
shipping sand combustion compared *to LNG. These factors are discussed in
detail in chapter VI.

22/ Fer s study of cement industry applications of associat.d gas see
Progress Report, op.cit.
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Current developing countrv orojects using associa*ed x2s .

The factors determining the level and form of gas utilization in

2 particalar country are technical eccnomic and political.

Technical and techno-economic considerations include the gzs composition
digcussed previously, gas availibility 2nd forecast rate -of flow from
different gas scurces, and the minimm economic size of processing
and prcduction olant in the location concermed. Purely economic
factors are the size of the local market for products that can be made from
gas, and possibility of competing with these products in export markets.gi/
Political questions—often the most important—concern the whole national
strategy for imdustrialization, whether it should be local- or export-
oriented, whether subsidized with low-cost utilities, infrastructural
support and investment loans, and whether a large influx of foreign lzbour
is necessary or desirable to operate the plants once built. This is not
the place to discuss industrialization per sgé/ but the need,and therefore
the exploitation pattern for associated gas,will clearly be different for
a small oil-rich population such as Kuwait and its equzl oil-ricn neightour,

Iran.

A further factor explaiuing some of the differences in the progress
among the o0il producing developing countries is that exverience and abili‘y
to handle all the marketing aspects. The marketing problem faced
by LNC plant operators seeking twenty-year contracts is quite different
from those making ammonia where supnly contrzcts are +yviczlly for cnir

two or three years.

g}/ The economic viability of export-oriented gas-based petrochemical,
aluminium and steel productior is discussed in subescuent chapters.

24/ Tor two rocent examinations of industrial sirategy 2dovied by differe ¢
developing countries, see '"The rear 20CC in new persnestive”, ~z2llected
background papers, Vol. 6, UNIDO-IOD/337, 1980
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. == -ae o Y AN .1 - e = g, b -
ey 4ar'e ullielenl dagaln 1vl orogucers v
break into industrialized countries' plastics m=rke*s. 3Some ¢

problems are discussed in Pzrts Three zn3 Four of this ztyuir,

The different approaches adopted by eighteen countries in utilizing
flared gas 2re summarized in annex II. The sources are either official

or puhlished,

Country-to~country differences

In nearly all the eighteen countries considered, gas usage forms

an integral part of an overall strategy for industrialization:

Within the context of industrialization, five motives determining
the way and extent to which gas is exploited can be identified. They are
clearest in the following examples:

+ Progress towards self-sufficiency injpetrochemicals—
Indonesia, Iran, Mexico;

+ Providing the basis of export-oriented industry—Mexico,
Saudi Arabia, Kuwait, Iran, Venezuela;

+ O0il conservation, o0il release for additional export,
replacement of declining 0il reserves—Irag, Algeria,
Qatar, Szudi Arabia, Trinidad and Tobago, UAE,
Indonesia;

Diversifying income sources—Kuwait, Qatar;
Elimination of flaring as political factor per se—

Mexico.

Governments that look to direct gas exports as a way to support
export earnings while consarving oil supplies may choose between LPG and—
where sufficient gas is available—LNG operations. To date only eight
countries (table 9) have chosen to pursue this objective with LNG plants—
compared to twelve that have selected partial liquefaction route for

extract ng LFG.

25/ In several cases it should be noted that industrialization itself
has been reappraised. Algeria has scaled down industrial plans in
favor of agriculture, housing and other social goals—at the expense
of two LNG projects. In future Saudi Arabia will place more emphasis
on social goals in its planning.
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Table 9

How developing countries export enz2rgy - 1978

EEQE/ LPG Pipeline Gas !
Abu Dhabi Abu Dhab'E/ Iran )
Y, D .
Algeria Algeria Mexico
Brunei Babrain
Indonesiah/ Dubaig/
Libya Indonesia
: 1
Malaysi Iran
¢ b/
Nigeri Irag
Trinidad and hexicok/
Tobago
Oman b a/ Depending on composition, |
sztaa—/ LNG units may also export ;
LPG, ‘

Saudi Arabias/

b/ Expangion planned.
Vcnezuelab/

c/ Planned or under construction.

Two factors explain the preference for LPG: high capital cost
ard low returns on the first LNG units installed in Algeria, and the
superior marketing flexibility offered by LPG products. LG can be

readily sold both to a large number of.customers and into chemical as
well as thermal uses,

In some cases the simplicity of marketing LNG—once the basic
framework is established—may be considered more important, e.g. in
Kigeria, pending development of marketing exﬁértise in the country
concerned. For the future, however, the new factor is the relatively
high value now placed on ING as a commodity. ING at oil parity prices
or above may give better returns with higher economic rent than hitherto.
Ultimately the development of LNG trade depends on the speed at which the
distribution system grows. When ships are readily available and liquefaction
plants, terminals and regasification plants are in place, liquefaction will

gather considerable momentum.

Gasificafiongé/ of the local economy in order to release o0il products
for export usually goes hand in hand with a policy of industrialization

26/ Substitution of gas for bottle gas, heating oil and other energy forms
in local industry, commerce and domestic uses.
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to improve internal consumption. BPut as Mexico's experience illustrates,
the cost of pipelines and compressors means this is not necessarily a
cheap alternative. Under its Kational Industrial Development Plan,
Msxico's domestic use of gas will be boosted by a $1.1 billion investment
in compressors and 2,500 km of pipeline to bring gas from Cactus in the
south to San Fernmando, the northern industrial center, One side-benmefit
of this project, however, is the closure of mumber of non-associated gas

fields for later use,

The re-injection option has been pursued with most rigour tr two
countries, Libra and Venezuela, In 1978 beth re-injected more than
50 per cent of their available associated gas. This was instrumen*al
in their achievement of flaring rates below 10 per cent ¢f associated gas
produced, The only other developing country with a flaring level of
this order was Mexico. MNMexico's policy of maximum utilization of gas in
industrial projects goes hand in hand with a re-injection programme
that in late 1970s cut flaring from 17 million to 1.5 million cu n/d,
bringing the volume down to 7 per cent of production.

Choice of industrial products

The choice of products for industrial projects based on associated
gas (table 10) clearly reflects a combination of local needs and ease of
internaticnal marketing., By 1985, fifteen of the eighteen countries will
be operating ammonia plants, and seven of theas plan downstream upea units
Pourteen countries ape building or plaming direct reduction sponge iron
plants as the basis of a local steel industry. Aluminium in contrast, has
only ten adherents and one, Malaysia, may well switch into iron and steel

a8 a better basis for downstream activities.

Methanol, which like ammonia can use natural gas as feedstock without
significant pretreatment, will be produced in ten countries in 1985,

2] PFinancial Times, 26 May 1980
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Table 10

Products. aelected for gas utilizationg/

Ethylene: ﬂlgeria. Indoneaia,h/ Irnn,Bl Iraq.Bl Kuwait,h/ Libya,B/ México, Qatar, Saudi Arabia,!/ Venazuela
Low-density a b

Polyethylene: Algeria, Indonosia,-/ Iran,—/ Iraq,B/ Kuwait.B/ Libya,B/ Mexico, Qatar,kl Saudi Arabia,B/ Venezuela
High-densaity

Polyethylens: Indoneaia,k/ Iran,h/ Irlq,E/ Mexico, Qatar,E/ Saudi Arabla,B/ Venezuela
PV C: Algeria, Iran, Iraq,hl Kuwait,é/ Mexico, Venezuela
Ethylens

dichloride: Iran,k/ Saudi Arabiah/
VCM: Indonesin,h/ Mexico, Venezuela

Ethylene oxide/
ethylene glyvols Indoneaia,h/ Kuwait,!/ Saudi Arabla,k/ Mexico, )

Styreno: Mexico, Saudi Aribia,é/ Iraﬁ.g/ Kuwait?/ Libyaé/ N
)
Ethyl alcohol Saudi Arabiah/
Acetaldehyde: Mexico
. v/ Y, Y, 0 som
Ammonias Algeria, Bahrain, Indo_;sia, Iran, Iraq, Kuwait, Libya, Malaysia,~ Nigeria, Qatar, Saudi Arabia,: Syria,
Trinidad and Tobago, UAE, Venezuela
Urea: I'ndonesia, Iran, Iraq, Kuwait, Libyt,k/ Mulay-iu,s/ Nigaria,k/ Saudi Arabia,h/ Trinidad &nd Tobngo,k/ UAE,S/
Venezusla
Methanol: Algeria, Bahrain, Indonesia,é/ Naluysia,g/ Saudi Arabia,E/ Trinided and Tobngog/
/
Aluminiums: Algeria,k Bahiein, Indoneaia,k/ Iran, Iraq.E/ Kuwait,B/ Libya,k/ Me:¢dco, Trinidad and Tobago,é/ UAE (Imbai)
Sponge iron: Bahrain, Indonesia, g -/_/Iraq,!/ Libya,k/ Mnlaynia,k/ Mexico, Oman,h/ Catar, Saudi Arabia,é/ Syriu,sy
Trinidad and Tobags,~ UAE,~ Venezuela '

5/ Excludes power generation, desalination, cemunt manufacture and general gasification of the economy.

b/ Planned or under construction.
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Despite the heavy upstream investment needed for ethane recovery
igs are 2l2o embarking on natrochemical production with large
scale 2thylene crackers, In downstream plastics, high- and low-density
polyethylene, with six countries each, have the edge over PVC with four
prospective producers. Four countries are moving into ethylene oxide/
ethylene glycol, and further four will set-up styrene produaction on the
basis of locally available benzene and ethylene.

The estimated capacities for gzs-based indnstrial oroducts in oil

producing developing countries is shown in table 11.

Measured in terms of the nmumber and diversity of project, the leading
developing countries in 1985 will be Saudi Arzbiz2, Irzn, Mexico and Iraqg.
The least gas-oriented industries will ve in Oman and Syriz, both with only

limited quantities of associated ges, and Nigeria.

Por the future,gas re~injection can be expected to increase in
importance, growing at the expense of water re-injection where both
are technically feasible, Growth will be strongest in countries with
partial liquefaction facilities to extract LPG, the lean gas from which
can be returned underground,

Ceneral assessment

The data available to the secretariat permits at best a crude
quaatitative assessment of the likely posi‘tions in 1985, Apart from
realization of plans for LNG, LPG, petrochemicals, fertilizers and other
large-scale industrial uses, the reality for each country will also be
determined significantly by government decisions on o0il production rates
and re-injection volume.

Assuming oil production rates at least equal to those in 1330,
known industrialization plams will certainly bring down che quantities
of gas wasted by flaring. In Algeria, Bahrain, Iran, Kuwait, Libya,
Mexico, Nigeria, Qatar, Saudi Arabia, UAE and Venezuela resulting 23 demand
will be greater than the zvailable supply from 2ssccizted 725 sournes., Cnl:
in Brunei, Omen, and Trinidad and Tobago #ill there Ye 2 clear surnlus th2% +ill
still be flared unless some action is taken.




Table 11

Qaa-based productinn of putrociemicals, fertilizers and selected industrial producte

p—— o e o e
Algeria
Bahrain
Brunei
Indonesia
Iran

Iraq

await

Libya
Nalaysia -
Nexico
Nigeria

Oman

Qatar

Saudi Arabia
Syria

Trinidad and
Tobago

UAE
Venuszuela

— -

R —

Total

——

in developing countries {(mid-1980a estimates)

{ton/year)
Lowdensity | ingndensity |  EDC/VGr . - N
Ethylene Polyetliyylene { Polyethylune or PVC Styrene Ammonia Urea lethanol‘/ Aluminium
140 000 48 000 - 35 000 - 991 000 278 000 100 000 121 000
- = - = - 660 = 350 000 120 000
300 000% 185 000y 60 000 110 000 - 2 173 000 3 954 000 400 000 225 000
325 000 100 000 60 000 40 000 30 000” | 1106 1 180 - 110 000
130 60 30 0 60 - 994 000 1 535 000 135 00o® 120 VoK
350 130 - - 320 000Y 994 000 | 1 360 000 - 120
- - - - - 663 000 900 000 330 000 60
1 945 oooyi’/ - - - - 380 328 550 000 100 0005/
300 000% 499 000 200 oot/ 570 000¥%| 333 00 | 4 796 000> 1 691 1 007 000 120 000
- 126 ¢ 60 000 120 000 330 496 - -
280 000 140 000 70 0 - - 595 000"'/ 991 0°°y - -
1 606 000 640 000 171 000 4,4 000/ 299 000y 528 000 500 oo | 3 320 000 -
_ - - - - 300 000 346 000 - -
- - - - - 1 280 000% 10 435 000 180 000
- - - - - 330 000% - - 135 000
150 000 SO 000 60 00V 54 000 - 192 ooo'-'/ 661 000 - -
- —_— e e DY -4 ]
5 Y14 000 1 705 000 642 000 1 44) 000 YIu 0 16 992 000 4 7% 000 4 62] 000 1 417 000

As EDC

R gelge

For 40,000 4/a SBR unit
GOIC estimate

UNIDO sstimate of proposed nuw unit
UNIDO estimate of proposud expaneion
Inocludea some naphtha-fed, older unite
As VCH, mowe of whioh may bu exported

Sponge iron

800 on®
400 000

2 KX)(XXﬁ/

6 130 0()()9/

1 935 &

1 000 000%
800 000

4 540

800 000
800

1 000 000>
840 000

~
.
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Demand for gas in excess of supply will mean that some projects,
especially those for LYG, will have to draw on non-associated sources.
This will not neéessarily mean the end of flaring, however. In many
countries, e.g. Indones:a, Malaysia, Nigeria and Syria, considerable
investment would be needed to permit sole use of asscciated gas in
preference to non-associated supplies. In this context attention is
drawn to the results of a Instituto Mexicano de Petroleos' study on
economic usage of small quantity of gas flared at isolated dells?é/

Attention is also drmwm to the near universal use of the ethane
component: in associated ges streams for its fuel rather than chemical
value. At best, e.g. in Saudi Arabia, only half the available ethane
will be consumed by plants either plamned or under construction. The
remainder is extracted in LEG and LPGC facilities or consumed as fuel and
feadstock along witn methane.

In some developing countriegz/ existing uses of associated gas a5 2
‘whole, e.g. fuel for oower generation and fertilirzer use, are ziven nricritr
over possible uses of components guch 2s ethane and arapane. In particulaz;
asseeiated gas is considered suitakle for pe*rochemical production only where
other possible requirements have been met. This, however, is in contras+t 4o
the experience of major oil companies. They find that where ethane and o»cozne
are available in sufficient quantity, they can commznd sufficient premium wvziue
over other hydrocarbons to justify their sepzration even where any resuliing

shortfall in gas volume has to be made up +ith fuel o0il for sower zenera*ion.

S<-

Impact on world markets

By 1985, gas-based production in the 18 developing countries could
account for around ten per cent of world ethylene and low—density
polyethylene, and around 19 per cent of world methancl and ammonia (see
table 12). With the possible exception of methanol, for which future uses
are not yet clear, all the increases forecast could therefore be easily
absorbed in world markets, even if there were no plans for domestic comsumption.
The volume entering intermational trade in practice will be considerably
smaller,

zﬁ/ See also R. W. Rui, “Production of low~density polyethylene from ethane

and pro in associated produced in the N. ¥. of Peru", JNIDO
internal document, March 15@8.

29/ R. W. King, op. cit p.6
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Table 12

Global impact of gas-based industrial capacity in oil producing
developing countries (mid 12803)

OPDC World OPDC
Capacity Capacit Share

Product t[a t[a ﬁ
Ethylene 5 914 000 65 000 000 9.2
LDFE 1 705.000 15 554 000 10.9
HDPE 642 000 10 120 000 6.3
pVC 1 454,000 16 000 000 2.5
Ammonia 16 992 000 88 900 000 19.1
Urea 14 79_9 000 Ty XY
Methanol 4627 000 25 250 000 18.3
Aluminium 1417 000 38 000 000 5.0
Sponge iron 19 470 000 960 000 000 2.8

Source: tzble 11, annex II

a/ See Part Two

b/ A, Bokor, A. B, Domory, I. Varga, The Ecozomic Use of Aluminium,
UNIDO/108, 335, p. T.

c/ The World Iron and Steel Industry, UNIDO/ICIS. 89, Nov. 1978

The impact of plans to use flared gas in other ways—general .
) i operations
gasification of the economy, power generation, industrial heatlngyzuch
as cement manmufacture and oil refining etc.—is harder to assess. If
it were possible to recover 50 per cent of the 1978 volume for general
energy use, the yield would be an additional 70 billion cu m, around three

per cent of anticipated world gas supply.
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Selected products based on associated gas

Determining the optimum utilization of gas at a particu’ :» location
requires detailed studies to evaluate such factors as gas consumption, the
value of the products to the local economy, tneir export earnings potential
and the problems they might pose in international distribution and marketing.
Competing projects for using associated gas can be compared using either
their return on capital investment or the netback value of the gas at the
plant inlet valve after deducting a.l downstream costs from the realized
price at the point of sale;ég/’For “his study, however, a representative
group of products was pre-selected to test the economic feasibility of using
associated gas using non-economic criteria.

Criteria for selecting products

In practice, what is optimum at ome location could be far
from the best solution for another. Taking into account the plants actually
being built (table 10), the criteria for selecting products for further

study were therefore drawn up as follows:

- Products should be either petrochemical- or energy-intensive
in manufacture, thereby placing gas-based production at

maximum advant age;

- Intermediates and finished products rhould be capable of
being traded internationally as well as becoming the basis

of local transformation industries and local supplies;

- Processing should make use of individual components of
associated gas, e.g. ethane for ethylene products, methane

for ammonia and methanol;

- Products should be as far downstream as possible before being

considered for exvort;

30/ See for example G. Boafiglioli, F. Cima, Economics of Gas Utilization
in Different Fields, paper to OAPEC Symposium on the Utilization of

Natural Gas, June 1981.




- In the case of petrochemicals, products should not immediately
rely on local scurces of aromatics as co-feedstocks. Aromatics-
based products could be introduced later as they become available

from refining overations;

- Where possible, all products should be related so that all of
one family, e.g. olefin derivatives, can be produced at a single

locetion;

- Technology should be generally available but proven in world-
scale plants.

Products selected - and rejected

The list of products finally selected for detailed competitivity studies

is shown divided into four proauct areas:

Table 13
Products selected for further study

Petrochemicals Metals
Ethylene Sponge iron

Ethylene oxide Steel

Ethylene glycol AMuminium

HDPE Energy Sources

LDPE

Methanol LNG

LPG

Fertilizers Methanol
Ammonia

Urea

The world supply and demand position through the 1980s is estimated in
Part Two, and the prospects for their competitive production in developing

countries is discussed in Part Three of this report.
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In the case of petrochemicals, the list reflects az secretariat
judgement on which products will be generally competitive if bhased on
associated gas in developing countries. Many others might be equally
good or better options in particular cases. Two that were not pursued for

this final report--PVC and PP—deserve particular comment.

PVC, ethylene dichloride (EDC) and VCM would be strong candidates
for inclusion in an olefins complex. Local consumption as film and sheet
for packaging and agriculture and as pipe may justify the investment even
where intermational competitivity cannot be guaranteed. In world markets,
PVC is second to polyethylene with 25 per cent of bulk thermoplastics
applications. Growth is expected to average around 6 per cent annually
through the 1980s reaching 16.5 million t/a in 1984 and 23.1 million t/a
in 1990. Of the intermediates, EDC is easily shipped for PVC production
at other locations -— the intention in Saudi Aradiat's plan to produce
450,000 t/é in one of its projects.

The problem in producing EDC or PVC in some developing countries is the
local price of chlorine. Chlorine accounts for two thirds by weight of the
monomer (VCM) and-—dependiing or plant size and uses for co-product caustic
soda from a cblor-alkali plant——its price can vary between zero and over
3500/%on. A new 92,000 t/é unit in the Middle East, sized to supply a
medium-sized VCM plant and selling caustic soda at $185/ton would yield
cklorine at 8460/tons£/a 640,000 t/a unit in Mexico obtaining only $120 for
its caustic soda would produce chlorine at $275/ton. In this context existing
VCM producers in industrialized countries may have an overwhelming advantage:
in 1980 they were able to buy chlorine at $160 to $200/ton.

Another candidate product not considered further in this s.udy is
polypropylene. As noted in chapter II, the most favourable feedstock for
ethylene available in associated gas is ethane. Ethane, however, produces
negligible quantities of by-product propylene, the monomer for polypropylene.
If propylene is required, ethane-propane feedstock could be obtained by
chenging the operating conditions on an LPG unit to leave more propare
in the ethane stream. The problem is that, as a cracker feedstock, ethane-

propane may mean higher cost ethylene; depending on the value of by-product credit:

3V Asgsuming 85 per cent load factor and including 25 per cent ROI.




- 52 ~

Ethylene production cost (1980), S/torré/

Feedstocks Mexico Arabian Gulf
Ethane 211 187
Ethane-propane 239 256

Source: UNIDO estimates

3/ Conditions as per methodology in chapter X.
b/ Propylene valued at: Mexico, $300/ton; Arabian Culf, $400/ton.

The above example shows how a decision to make polypropylene
from associated gas feedstocks could increase ethylene costs by 13 to
36 per cent .l?-/ In practice the increase (if any) depends (a) on the
relative cost of ethane and ethane-propane, and (b) on the local value
of by-product propylene. Raising propylene prices to $400/ton in Mexico,
for example, would cut ethylene prices by $12/tom in the ethane-propane
route,

On this basis, developing countries seeking polypropylene production
should look to o0il refinery sources of propylene or, as in Libya, via
napitha cracking,

32_/ Heavier feedstocks such as butane and pentane give still better
provylene yields., The opportunity cost of these components as LPG
exports is much higher, however: §$ 300/ton compared to $ 25/ton
sgsumed for ethane and $ 90/ton for ethane-propane.




- 53 -

PART TWO

WORLD SUPPLY AND DEMAND FOR SELECTED PRODUCTS

In Part One, eleven industrial products were selected for further
investigation as examples of gas-based industrial production in developing
countries. Part Two looks at their vorld supply and demand position during
the 1980s and beyond. Tre discussion focuses on present market size, the
assumption and forecasts for the rest of the decade, the gap between supply
and demand, and the structure and pricing trends in major industrial markets.
Eech chapter concludes vith an assessment of opportunities for newv producers.

Methodology note

The diversity of industrial sectorz in Part Two poses problems concerning
both of regiomal classification and the time period covered. Ideally,
forecasts for each sector would cover the same time period, use the -ame base
year and be broken down into the same regions and subregions. But vhile such
a presentation would give international and interregional comparability, in
practice each industrial sector prefers its own typology and forecust time
periods. Such an approach better reflects the problems and characteristics of
the individual sectors.

The decision for this study was a two-tier spproach. Firstly the data
for supply and demand are presented for each sector using its own typology.
Secondly uniform supply and demand balances are developed for all the sectors
in terms of two macro-economic regicas: developed and developing countries.
This permits sectoral comparability with previous and ongoing work in the
sector, vhile addressing the main aim: an estimation of potential future
markets for gas-based industries.




Forecasts “or petrochemical end-procucts employ a combination of
methods. Future developed country demand is based on delphi forecasts
made for the OECD countries. -4 According to these estimates, annual growth
rates for all thermoplastics are 6 per cent up to 1984 and 4 per cent thereafter
up to 1990. To this is added planned demand in eastern Europe, estimates
for vhich have been cross-checked wiih announced capacity increases
(assuming 80 per cent stresam factor) and associated buy-back odbligations.
Developing country demand is built up from announced and committed plant
capacities.

Present market size

World demand for ethyleme in 19T9 reached 37.2 million tons (table 1k).
Over 93 per cent vas produced and consumed in industrialized countries.
Over 80 per cent was accounted for by three thermoplastics: PVC (33 per cent),
LDPE (33 per cent) and HDPE (15 per cent). The thermoplastics consumption
pattern is slightly dirferent between developed and developing regioms because
of HDPR's lower penetration levels in developing countries., In industrialized
countries a further 12 tc 17 per cent of ethylene is ccnsumed as eihylene oxide/.
ethylene glycols; in developing countries this use reaches only two per cent.

These differences partly reflect the developing countriea' present
production capability. The balance is dbest in PVC vaere developing countries
sccount for 13 per cemt of production and nearly 18 per cent of world demand.
In the polyecuylenes supply and demand are equally urbalanced: 9 per cent
of production versus 18 per cent of demand for LDPE and four per cent of
productior versus 12 per cent of demand for HDPE. As intermediates, ethylene
oxide and glycol are mainly captive inputs to other petrochemical units and
their supply and demand are well balanced in all regions. In developed
countries, producers convert most of their oxide to glycols - 50 per cent to
monoethylene glycol, 10 per cent to higher glycols. Other outlets for the
oxide include surfactants (13 per cent), glycol ethers (seven per cent),
ethanolamines (six per cemt). Monoethylene glycol goes 40 per cent for
sati-freeze and 4) per cent for polyester fibre.

- _3}_/ Excluding methanol for vhich see chapter VI.

34/ "Yorecas: of the Flastics Industry” - Report of the IKU-Delphi Pannel,
Aachen, Pederal Repidblic of Germany, 1979, given in Modern Plastics International,
March 1961, pp. 30-33.




Table 14
Capacity, production and demand for 0Olefins and derivatives (1979)

Developed Developing World Share of
Countries Countries Total Developing Countries
Product 1000 1000 1000
t/a t/a t/a
Ethylene Production 34.962 2 355 37 317 6.3
Demand 34 850 2 350 37 200 6.3
LDPE Production 11 094 ' 040 12 134 8.6
Demand 9 IMN 2 195 12 136 18.1
HDPE Production 5 504 229 5 733 4.0
Demand 4 867 677 5 564 12,2
PVC Production 10 793 1 618 12 411 13.0
Demand 10 171 2 216 12 .387 17.9
Ethylene Oxide Production®/ 6 685 410 7 095 5.8
Demand 5 502 an 5 840 5.7
Ethylene Glycol Productiong/ 5 785 515 6 300 8.2
Demand 4 310 527 4 837 10.9

g/ Nominal capacity.

Source: Annex 11X

- GG -
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In developing countries the pattern is radically different: 98 per cent
of the oxide goes to monoethylene glycol, one per cent to higher glycols.
Better profitability from non-glycol derivatives is now a limi%ting factor

on the quantity of oxide available for conversion tc glycols, however.

Supply and demand 4uring the 1980% .

The main factors influencing vorld demand for individual peterochemicals
in the 1980s are overall economic grovth, the sectoral demand for plastics,
fibres and organic chemicals, and a degree of substitution among competing
products such as PVC, LDPE, HDPE, polypropylene in the plastics group, and
betveen various man-made fibres.

The demand for ethylene is expected tu grow 5.1 per cent annually
through to 198% (table 15) and slightly faster, 5.5 per cent anrually thereafter as
consumption in developed countries picks up.35/ Although in 198k the
developing countries as a group will be short of ethyleme, by 1990 there will
be a clear surplus, most of it due to plants in the Middle East vith, as yet,
insufficient down-stream consuming capacity. With both demand and supply
groving at three times the rate in industrialized countries, the developing
countries will account for a growing portion of world output - reaching nearly
17 per cent by 1990. All developing countries' growth rates will fall slightly
from their high pre-198L levels except Africa and centrally planned Asia.
Africa?éj will gain its first ethylene cracker - in Nigeria in 1985/86,
China has delayed its petrochemical expansion in Peking until 1986/8T7.

The outlook for LDPE reflects developed country expectations concerning
inroads by HDPE and PP. For this reason Japan expects ze¢ro growth through
to 1984, Demard will pick up thereafter with linear lov-density PE regaining
some of LDPE's lost markets. Developing country demand will grow at double
the vorld rate, anl as a group the developing countries will still be importing
around 1.3 million t/a in 1984. Consumption amounts to 23 per cent of world
demand in 1984 and will reach nearly 30 per cent in 1990,

HDPE follows a similar pattern to LDPE. Growth rates are higher in all
regions, out developed countries' demsand will be mainly supported by Eastern

Burope where large units are due on stream in the Soviet Union and Romania.

35/ These are conservative forecasts compared to some. Predicasts
(July 1980) predicts ethylene to grow at 6.4 per cent annually through to 1995.

36 / Excluding north African countries grouped in the Middle East.




Demand balance and growth ra

Product

Ethylene -

LDPE -

HDPE -

pvC -

Ethylene -

oxide

Ethylene -
glycol

Developed Countries
Developing Countries
World Total

% Developing Countries

Developed Countries
Developing Countries
World Total

% Developing Countries

Developed Countries
Developing Countries
World Total

% Developing Countries

Developed Countries
Developing Countries
World Total

4 Developing Countries

Developed Countriea
Developing Countries
World Total

% Developing Countries

Developed Countries
Developing Countries
World Total

% Developing Countries

Source: Annex III

a/ 1979 to 1984
5/ Production less demand
c/ 1984 to 1990




Table 15

tea for selected petrochemicals (1984 and 1990)

1_984 1990
Demand Growth2 Balance!/ Demand Growth
1000 Rate 1000 1000 Rated/
t/a % t/a t/a %
42 920 4.2 140 54 880 4.3
4 850 15.6 =130 10 990 14.6
47 165 5.1 10 65 870 5.5
10.1 - - 16.7 -
11.920 J.7 1 409 15 3€0 4.3
15 550 5.1 104 21 885 5.9
23.13 - - 29,8 -
6 .340 5.4 585 8 185 4.1}
1.265 13.3 --480 2 340 10,8
7 605 6.5 105 10.525 5.6
16.6 - - 22.2 -
12 840 4.8 340 16 550 4.3
3. 710 10.8 -1.110 6 530 9.9
16 550 6.0 770 23 080 5.7
22.4 2803 -
6'795 4.3 1-415 ese LN )
507 8.9 385 ces .
7 302 4.6 1 773 s0 0 s e
6.9 - - - -
5.180 3.7 1 425 ces vee
527 902 "‘8 en e .o
S 998 4.4 eoe eee

13.6 -

-Lg_
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Developing country average annual growvth rate of 13 per cent to 198k reflects
a major Jump in centrally planned Asia, vhere plants in Peking come on stresm
in 1986/87. Africa’s first unit, also in Nigeria, wvill be in operstion in
1985; demand for its output will be built up in advance by imports.

Althougk PVC will be in world surplus in 1984, the developing country
imbalance will top 1.1 million tcas. Growth patterns are similar to LDPE.

In 198k developing countries are to account for 22 per cent of world consumption;
in 1990 it will be 28 per cent.

The outlook for ethyleme oxides/glycol turns mainly on the future for anti-~
freeze in the northern developed countries, and polyester fibre worldwide. Of the
tvo, polyester fibre will prcvide nearly all the growth; developing countries’
dependence on this particular fibre is nearly total. In line with this, the
developing countries will balance their supply and demand for ethyleme glycol
by 198k. At the same time, there could be a world surplus of 1.5 million t/a,

Market structuat?l/ ;

The petrochemical sector in industrialized country markets shows
a marked trend towards downstream integration. Pressed by external
competition, olefin producers consistently aim to raise the volume of
captive business they can control. Merchant olefins sellers have seen
their business reduced accordingly. The main exception to this trend are
the ethylene pipeline grids in rorthwest Europe and the U.S, Gulf coast.
In other areas there is a strong trend to integrate forwvard from ethylene
into all the products selected for this study.

In Europe all LDPE/HDPE and ethylene oxides/ethylene glycol is now
captive to ethylene producers. Some 13 out of 22 EDC/VCM producers are
back integrated into ethylene. The main opportunities for new ethylene
and intermediate suppliers are therefore the handful of non-integraged
companies (Hoechst, ISR, Polysar, Unifos and Monsanto) and a merchant

market that lives off the imbalances within the main compenies.

In the United States there is also a high degree of integration but
the sheer ii.e2 of the market enables a large cumber of non-integrated -
firms to stay in business. Reflecting this there is a large merchant
market in all major petrocncmi il products.

The Japanese petrochemical industry ir contrast is much more fragmented.
Only three out of the 12 olefins producers are integrated downstream into

more than two products.

37/ Por a more detailed discussion of market structure and price trends,
see the "Second vorldwide study of the petrochemical industry”, UNIDO, 1981.
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The companies involved in merchant sales are generally oil companies
that have moved into ethylene and its immediate derivatives. In addition
there are a number of ilraders, bui their invoivement in most of the petro-
chemicals considered for this study is minimal. Only in the case of ammonia

(see chapter V), ethylene glycol and methanol (chapter VI) are they a sig-
nificant factor. '

The third agency in the petrochemical market is the distributor -
a service oriented company that fulfils two purposes: 1) selling to small
consumers, 2) selling on behalf of companies that Jdo not have their own
sales force. Distributors rarely hsndle base petrochemicals, but they are
very active in polymer sales, especially LDPE, HDPE, and PVC.

Opportunities for new producers

Betweea 1984 and 1990 the following plants will be needed to
meet estimated demand at the end of this decade:

Product Plant capacity No. units .?
t/a

Ethylene 500,000 18

LDPE 200,000 Rx

HDFE 75,000 39

PVC 250,000 26

On the basis of developing country demand some 45 per cent of these units

could be in developing country regions. Given their favourable feedstock

positions developing countries with access to associated gas could justify
investment in many more to supply developed country demand.

As evident from the balance analysis (table 15), in the medium term
developed country markets as a group are either self-sufficient in the products
selected or there is a large surplus aimed at export markets. The main
exception is Japan, vhich has already made a number of arrangements to import
from plants outside, many set up as joint ventures. Developing country
strategy should therefore focus on co-operation arrangements that will pre-
empt further investment in these areas.

Faced with high feedstock costs, the Japanese market may prove the
eusiest for newcomers to enter. Given the tariff protection and the existence
of highly organized marketing/trading corporations working under supervision
of MITI, co-operation with Japanese companies is probably essential. A plus

factor would be these companies access to other sout-east Asian markets.
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The North American market is the most developed petrochemical market
vorldwide, but it is highiy structured and has substantial, aitnougn lessening
lov cost feedstock base. The market has traditionally been protected by
high tariffs, but in co-operation with existing suppliers, access for inter-

mediates could be assured and tariffs re-negotiated at government level.

Because of its integration, western Europe is the most difficult of <he -
three major markets. In addition there is still a basic unwillingness to
abandon domestic investment plans in favour of say North African or Arab Gulf
investments. Western Europe furthermore is protacted by tariffs and quotas
that the EEC would be reluctant io abandon vhere imports wvere perceived
to threaten domestic industry. As with North America, access to Western
Europe would have to proceed by way of co-operation with existing suppliers,
supported by inter-government negotiations on tariffs and quoters. Given
sufficient determination, however, the example of Eastern Europe's penetration
of West European markets shows what may be achieved.

The alternative to penetrating in industrialized country markets is
to compete with industrialized country producers in the growing developing
country markets. Although still small, these are the most dynamic and in

many cases would involve developing countries' suppliers in lowver freight

costs than their exports to developed countries.
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Fertilizers

All gas-based production of fertilizers involves ammonia. Tre prospecis
for developing countries using associated gas to penetrate these markets are
therefore determined by the supply and demand for ammonia and its nitrogen :

fertilizer derivatives.

Present market rtize

World consumption of nitrogen fertilizers reached 57.1 million tons of
nitrogen in 1979/80 according to latest figures from FAO.3§/
vas consumed in developing, 60 per cent in developed countries. Growth in
over-all demand during the 1970s averaged 6.1 per cent annually, but it vas
both unevenly distributed and subject to considerable fluctuation. The 1978/79
growth of 6.5 per cent meant a recovery of denand compared to previous years,
but it was confined to the developed countries, mainly the United States.
Developing country demand in contrast showed a marked drop from the 12 per cent
annual growth throushéut most of the 1970s to around 6 per cent in 1978/79.
Both markets recovered in the 1979/80 season.

Some 40O per cent

On the supply side production rose 6.7 per cent in 1978/79 to reach
59.6 million tons, 57.3 million of which was available for agriculture. This
increase was less than the 8.9 per cent reported for the year before but it
exceeded the 1970-77 average.

During 1978/79, the largest quantitative increases came from Western Europe
and centrally planned Asia. The West European performance reflected bdetter
plant capacity utilization enhanced by idling or shutdown of capacity in the
United States and Jepan. An absolute decline in nitrogenous capacity in Japan
vas due to a rationalization programme for ammonia and urea induced by the

rapidly rising cost of feedstocks.

38/ The two most authoritative sources of information in this sector are
FAO for past and actual figures (table 16 ) and the UNIDO/FAO Worid Bank
Working Group on Fertilizers for yearly medium-term forecasts five and 10 years
ahead. FAO is currently casting backwards its historical data base on China.
The Working Group's five-year supply and demand fcrecast represents the
harmonized result of commercial, lending and technical assistance suthorities.
The deta and trends are crosschecked vith the information supplied by individual
members in a Delphi panel of experts. From 1978 onwvards, the Group undertook
a 10-year demand forecast using trend analysis judgements to reach panzl
consensus (see table 17 ).

For a relatively recent analysis of medium-~ and long-term demand forecasts
based on the Group's records since 1976, see'Supplement to the Second World-
Wide Study on the Fertilizer Industry 1975-2000', URIDO, July 1980.
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During 1979/80, there was a substantial drop in production growth in
inea of

most regions: Africa and Eastern Europe suffered absolute decli

)
16.5 per cent and 1.2 per rent respectively. The USSR suffered setbacks due

to bad weather, shortcomings in feedstocks and other temporary technical and

logistical difficulties. Feedstock and power problems beset India, Turkey '
and the Philippines. Plant operation problems are still hindering the USSR,
India and Mexico. The Republic of Korea is reducing production due to domestic
and export market constraints brought on by the feedstock price squeeze.

Table 16 shows that the developed countries have a nitrogenous fertilizer
supply capacity well in excess of their demand, whereas the developing coun-
tries remain in a deficit situation. Comparison of total nitrogen production
with ammonia capacity for 197932/ shows that the developing countries operate
at 67.3 per cent of ammonia capacity versus 79.5 per cent for tne developed

countries.

However, in many countries there is an unusually large proportion of
new ammonia capacity not matchned by a corresponding downstream conversion
capacity to nitrogenous products: it is capacity that was primarily
intended to supply ammonia export harkets. This points to potential medium—
term difficulties that may have to be resolved through improved operating
rates for new downstream plants, additional conversion capacity and price
increases in finished fertilizers that would bring idling plants in the

developed countries back on stream.

Supply and demand in the 1980s

Table 17 shows planned increases in ammonia capacity, the supply of
nitrogenous products up to 1984 and the demand for nitrogenous products up
to 1990. From this it is clear that in quantitative terms the developing
countries are far outstripping the developed countries in adding new
ammonia capacity. In the period 1979-84, the developing countries will
roughly double the new capacity increases in the developed countries. The
only significant developed country increases are in the Soviet Union, where
the full impact of 41 plants recently built but not yet in full operation will
be evident.

%2/ After deducving China's 4.3 million tons of nitrogen carbonate, fertilizer
by-products from technical nitrogenous production and 7 per cent conversion
losses from ammonia to nitrogenocus products.




Table 16

Capncity, supply and demand for
ammoniay and nitrogenous fertilizers (1979)
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ammonia and nitrogenous fertilizers (1984 and 1990)

Table 17

Forecast capacity, supply and demand for

Ammonia Fertiligzer Fertiliger Surplus/ Fertilizer
capacity production demand deficit (-) demand
Region 1984 1984 1984 1984 1990
- million tons N million tons N]l million tons N| million tons N[ million tons N
North America 19,22 13.85 13.18 .72 15.00
Western Burope 16.86 12.57 10.87 1.70 12,30
¥astern Burope 35.91 18,02 14.88 3,14 18,00
Other developed countries 4.12 2,32 1.66 .66 1.87
Total developed countries 76.11 46.76 40,59 6.17 47 .7
Latin Amerira 6.53 2.79 3.81 -1,07 4.84
Near East 6.24 3.07 2.65 AV 3,60
Far BFa:st 11.89 7.20 8,62 -1.,42 11.25
Centrally planned Asia 8.37 12.43 14.04 -1.61 17.00
Total developing countries 34.39 26.17 29.91 -3.74 37.74
Horld total 110.50 72.93 70.50 2,43 84.91
Share developing countries, 31.1 35.9 42.4 44.4

per cent

-79-
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Comparing firmly committed projects veiveen 1976 and 1984 with actual
ammonia plant implementation, it is eviderit that although developing
countries planned to double ammonia capacity during the past four y~ars, they
could only achieve 65 per cent of their aims; the lag on target dates was
around two years. The medium-term projects to 198k/85 show that the
developing countries plan an even larger ammonia capacity increase than in
the previous pericd - despite current learning curve problems in the Far East
and Latin America.

On the demand side consumption of nitrogenous products in developing
countries is growing tvice as fast as that in developed countries through
till 1990. This reflects their low per capita consumption. Nevertheless,
the trend shows a steady decline in growth rate through the decade. This
situation may be exacerbated when the thormy problem of fertilizer subsidies
and increased food production in developing countries is settled in the
relatively near future.

Market structure and prices

In the developing countries, vhich will account for the largest share of
future sales, the nitrogenous industry is predominantly government owned
vith minor participation of local private industry, co-operatives and joint
ventures with the large chemical/oil corporations. Eastern Europe spart,
these same chemical/oil corporations dominate fertilizer production in
developed countries - again vith some minor participation by Western European
Governments and some agricultural co-operatives.

The final market in all countries is composed of a large number of small
consumers. Exvort deals are generally msde, hovever, with either a relatively
small numbe. of importers in each country or with government organizations.
Such contracts necessarily involve large quantities. The United States market
is somevhat exceptional in having an established pipeline and ammonia
distribution business: both are experienced in importing and redistriduting
ammonia in large quantities. Such deals have to be made on a long-term basis
and would not, for ezanple, be accessible via trading organizations. Traders
on the other hand could help build up spot sales to the United States
market.

The dbulk of all transactions is traded at contract prices. These prices
are generally not published but the trends in spot prices generally reflect
similar trends in the contract market.
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Despite large price fluctuations from January 1976 to January 1981,
extrapolating the longer-term trend in spot prices gives a urea price of
$30T/ton in 1984 and $213/ton for ammonis c.i.f. Western Burope. The prices
in early January 1981 were $235 and $175 respectively. The United States
Gulf Coast f.0.b. prices are about 20 per cent lover than c.i.f. *
Western Europe ones. !

Since traditional producers are suffering increases in production and
distridution costs and are no longer able to absorb them through increases in
efficiency, contract prices may undergo steeper grovth rates than spot prices
unless nev producers with substantial production cost advantages mage their
presence felt in international markets.

Opportunities for newv producers

- The difference between 1984 capacity and forecast demand in 1990
indicates a requirement for a net additional 12 million tons N of capacity ‘
in this period. This. is equivalent to 44 1000 ton/day units—many of which
could Ye advantageously built to use developing countries' associated gas.

World exports of nitrogenous fertilizers reacned 11.99 million tons of
nitrogen in 1979/80, up 1.3 per cent over the previous year (table V C). The
ratio of internmational trade in nitrogen to world consumption increased from
18.8 per cent in 1974/15 to 22.0 r:r cent in 1978/79. A fall to 21.0 per cent
in 1979/80 reflected a deterioration of regional supply. With the exception
of the Near East, all of the developing regions stagnated due to production
difficulties, thus reversing the past trend of increased regional self-
sufficiency. The situation was such that even a high-cost fertilizer producer
such as Japan could export more fertilizer than it consumed domestically;
similarly, Weastern Zurope, a high-cost producing region, became the leading
exporter. It should be noted that practically all imports by the developed
couatries represent intra~trade in that macro-regiom.

The gap anaiysis for ammonia idemtifies Forth America and “estern Europe
as areas vith both short- and long-term deficits of ammonia. In
Western Europe developing country strategy should focus on pre-empting local
investment. The main competition for both these markets will come from the
USSR.

The main opportunity for developing country producers remains, however,

other developing countries.
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Table 18

Jorld trade in nitrogenous fertilizers by region

Exnorts Imnor+s
1978/79 1979/20 1973/73 1373 /20
Rezion million miilion million =illion
tons ¥ tons T *ons Y tome ¥

North America 31.20 1.12 2.C% T.22
Wegtern Burope 4.13 2.0 2.62 2.7%
®astern Europe 2.30 2.12 0.35 2.27
Other developed 0.90 0.23 0.9 n,12

Total developed 10.53 10.48 S.14 5.32

countries

Africa - - 0.36 0.20
Near East 0.69 0.33 C.3% 1.G3
Far Zast 0.41 0.2 2e.l7 2.7
Centrally planned - - 1.53 1.5€

isia

Total developing 1.26 1.51 6.65 Z.55

countries

World totzl 11.82 11.99 11.79 Z.20
Share of developing

countries in 10.6 12.6 S€.L 52,7

world total (%)

Source: FAQ, March 1931
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These have contimued to increase their imports of nitrogenous fertilizers

over the years——geinly from the developed countries,
appear to have reached a cost benefit ceiling on fe=*ilizer prices

in relation to prices for their exported agricultural commodities.
main constraints are foreign exchange restrictions and temporary shortages
in domestic fertilizer production.

4s yet they Co not

Their
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Chapte~ VI

Metianol 40

Methanol is probably the least predictable of the 11 products selected:
although over-all world chemical uses will continue to grow at around
6 per cent annually through to 1983, forecasting fuel uses is hindered by
the present small size of that sector of the market.

Present market size

In 1979, world methanol capacity totalled 13.5 million t/a, of which
North America accounted for 31 per cent, Western Europe 27 per cent,
Eastern Europe 22 per cent and the rest of the world together 20 per cent
(table 19 ). Supply and demand followed a similar pattern so that with the
exception of Africa, regional imbalances vere five per cent of
production or less. Africa's 330,000 t/a surplus production, mainly
accounted for by Libyan output, broadly equals the world surplus. The
North American data suggest there may be significant intra-regional trade,
however: the United States deficit of 157,000 t/a could have been more than
covered by Canada‘'s 228,000 t/a surplus.

The demand analysis (table 20 ) ghows chemical uses of methanol accounting
for 55 to 75 per cent of consumption; formaldehyde production alone consames

42 per cent in the United States and 59 per cent in Europe and Japan.

Supply and demand in the 1980s

If methanol has a future of interest to developing country producers
during the present decade, it will be determined by development of its
fuel used.qé/ MTBE (methyl tertiary butyl ether) and T3A (tertiary butyl
alcohol) mixtures are already produced, and direct gasoline blending is
already practiced in Europe. All are on a limited scale at present. In addition,
synthetic gasoline, methanol as a complete automobile fuel and its use in power
generation are at the stage of technical and economic evaluation.‘iz-/ Two
viewvs - one conservative, one optimistié - show where this could lead: SRI
estimates the total demand for fuel use in the United States will reach

Q9’ Condensed from independent studies by COIC
4}/ New chemical uses are also envisaged for the 1990s;
43/ See annex IV for further details.
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Tadle 19

- « +-- - - -y
manzcits sonly 2nd dlenm

1272/1373

|-

mwd
ind

*
Czpaciter Production TAmand
Region/zountry 1000 /2 1000 +/= 10C0 3,
Tnited States 3 €00 2323 * 7L
Canada A%E 200 172
Mexiro 132 T Z:
Total North America A 223 1 2% 133
irgentinz 16
Brazil 4 1.3
Tot21l South imerica 134 123 1.3 -
dus*ria 30
Prance 400
FRG 1 285
Isaly 320
Tolliznd A60
Norwray 60
Bortugal -
Sp2in 20Q
nited Kingdom £€0 )
Total estern Europe J 665 2 750 2 210 ~£C
Bulgzriz 30
Czachoslovzkia 130
7R 250
Poland 220
Romania 250
USSR 1 650
Tugoslavia 260
Total Eastern Zurone 2 920 2 28C z 200 50
Republic of China 1C0
India z3
Irndonesia -
Japan 1 254
Republic of Xorea 375
Malaysia -
New Zealand -
China - Teiwan )
Tot2! ASia 1 9<C 1 330 1 140 -7Q
Alzeriz 10C
Ezot 10
Libyan Arab Jamahiriya 3130
South Afrieca 27
Zamria 2
Total Afriea 169 170 ) 330
Bahrain -
Saudi Ar=bi= -
Other £Q
Total Mid4le Eas¥, A0 5C c= -5
Tatal 11 14A 10 29 10 137 7

=504 on 1277 0l and demand
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Table 20
Methangl dzmand ~nzlrsis for
industrialized countrr markets (1a7%)
Jnited S*tates Yestarn Europeiwﬁr J2z2n ,

Jse ver cent Der cent ter z2nt
Formaldehyde 42.5 53.0 53.0
DMT 4.4 6.0 , 4.0
Yethyl halides 2.8 - 1.0
Yethyl amines 5.2 ...E/ 3.0
Methyl methacrylate 6.6 ...E/ 5.V:/
Acetic zcid 6.7 1.0 -
Solvents 9.0 9.0 €.0
Single cell protein - - -
Gasoline blending 2.4 - -
MTBE - 2.0 -
Power gereration -
Miscellaneous . 16.43/ 23.0 20.02/

Total demend, t/a 2 074 2 210 1 070

Source: GOIC (based on SRI 2nd Chem Srstems estima*es)

Includes glycol methyl ethers, formaldehyde inhibitors and antifreeze
Included under miscellaneonz

/ All other me*hylated chemi-als

Includes £5 for pharmaceuticals and agrochemiczls

e,

3/
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550,000 t/a in 1983 and 2.% million t/a in 1990 (1.1 million tons for gas
blending, 758,000 t/a for MTBE and 500,000 t/a for power generation;—ié/
Saam Progetti envisages a 30 to 40 per cent penetration of the West European
market giving & methanol demand exceeding 25 million t/a in 1990.44/

Among the chemical uses, formaldehyde will continue to be the main
consumer. In turn urea and phenolic resins are the main outlets for
formaldehyde and their demand depends on the fortunes of the housing sector.
In industrialized countries, demand in the period 1978 to 1983 is expected to
grov at 3 to 4 per cent annually.

The greatest growth potential in chemicals lies in acetic acid, for which
methanol is increasingly selected as the feedstock. In the United States
this use is growing at 15 to 16 per cent annually, in Western Europe and Japan
at 38 per cent annually. Despite these high growth rates, acetic acid will
account for only I per cent of demand in Europe, 7 per cent in Japan and
10 per cent in the United States.

Other chemical uses for methanol will grov at 6 to 7 per cent annually in
all markets. In addition, production of single cell protein based on methanol
is planned in Western Europe.Qé/ If this gains acceptance the resulting
outlet for methanol could be significant. One optimistic source sees wvorld-

vide methanol demand reaching 2.5 to 5 million t/a in the late 1980s.

The impact of these considerations on the regional supply and demand
position in 1983 and 1990 are shown in table 21, This shows a 6 per cent
world surplus in 1983 and a 1 per cent deficit in 1990. As at present
North America will be in surplus in 1983 with excess capacity in Canada making
up the United States' deficit. By that year South America will become a net
importer tc the tune of one-fifth of its demand, and Western Europe will be
importing 430,000 t/a - nearly 12 per cent of demand. These should easily be
covered by surpluses arising in Easternm Europe, Asia, Africa and the Middle East.
The forecast for 1990 is necessarily speculative. A large amount of new
capacity is either planned or under construction but it is uncertain if the
demand vill exist wvhen they start up. In contrast to projects like the

42/ SRI Internmational, Zurich.
4&/ Snam, Italv.
45/ For details see annex VI.
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Sabic/Japanese plant in Saudi Arabia, the majority of new producers are

banking on a major growth in fuel uses. The Chem Systems

‘ scenario for 1990
shown in table 21 assumes world demand and surnly roughly in halanse . with

demand broadly double that in 1978. Europe's deficit will have risen to

30 per cent of demand, and North America as a whole, together with Asia,

is also in deficit. They would be relying heavily on suppliers from Africa
and the Middle East to make up the difference. Altogether seven 2500 t/d
units would be required: two in Latin America, two in the Asian developing
countries, and three in the Middle East/Africa.

New ontlets for chemical methanol

———

In addition to the fuel and petroprotein uses emerging tovards the
middle and end of this decade, the 1980s may see further growth in chemical
consumption. In principle methanol can be used as the feedstock for the
following downstream chemicals:

Petrochemicals derived from methanol

Conventional technology Nev_techology
Pormaldehyde Vinyl acetate
DMT Ethanol

Methyl methacrylate Acetaldehyde
Methyl amine Ethylene glycol
Chloromethane Ethylene s/
Acetic acid Methyl acetate

Acetic anhydride s/

Source: Toyo Engineering.

a/ For further details, see amaex IV,

Market structure, E’ ces and trade

As in other petrochemicals, methanol production in the United States
and Western Europe has been dominated by large chemical companies producing
it for their downstream operations:

. In Western Europe 40 to 50 per cent of methanol demand for formaldekyde
is captively produced,;

. In the United States around 56 per cent of all uses is captive and in
the case of individual markets, e.g. formaldehyde, acetic acid,
methylamines, it is 100 per cent.




Supply and demand for methanol

Table 21

1983 and 1990

1983 19902/
v/ Surplus/ b/ Surplus/
Resion/country Production— Demand deficit (~) | Production— Demand jdeficit (=)
1000 t/a 1000 t/a 1000 t/a 1000 t/a 1000 t/a 1000 t/a
linited States 4 550 4 760 -210 S 340 8 070 -2 730
Canada 655 215 440 1 500 312 1 188
Mexico ‘60 150 10 Y ese e e
Total North America 5 365 5 125 240 6 840 8 3182 -1 542
South America 212 272 -60 1 641 578 1 063
Western Europe 3 250 A -430 4 025 5 960 -1 939
Fastern Iarope 3 000 2 800 200 5 620 5 000 620
Japan soe os e see 950 2 1?0 —1 1.10
Au:ltl‘ﬂlia' New Zealand es e s e es e 360 1?‘) 23‘)
OthP.!‘ ses XX ae s 1 130 1 087 /13
Total Asia 2 170 2 030 110 2 490 3 332 -892
Afrieca 380 70 310 b
} 2 575 100 2415
Middle East 580 80 500
Total 19 957 14 0”7 900 23 M 23 3527 -211
Sonrce: GOTC

n:/ Chem Svstems
L/ Assuming load factors:

developing countrieu, 807;

industrialized countries, 857,

-VL-
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Captive marketing thus has an estapiished nistory in the indusirialiized
country markets and it is relevant to note that a large part of the output
from the planned Sabic/Japanese plant in Saudi Arabia will also be for

captive use. ,

Nevertheless there is still a large merchant market open to competitive
producers, assuming relatively free trade continues. In addition, as the
Sabic/Japanese axample shows, it is possible, by means of long-term
co-operation arrangements, to pre-empt some of the investment needed for

captive outlets.

In this context, prospective developing country producers should note
the large price differences (table 22 ) that sxisted between the industrialized
country markets in the 1970s. The advantageous position of low feedstock prices
in the United States is clear, and this will continus to be a determining
factor. The relative energy prices in the United States are expected to rise
with decontrol of natural gas prices. New producers would therefore have gocd
chances of penetrating all the major industrialized country markets.

A substantial and growving international trade is therefore likely. By
the late 1980s this will be measured in millions of tons annually. From the
supply and demand position shown in table VI C, the flows vill be from areas
of lov cost energy - the Middle East, North Africa, Canada, Indonesia,
Australia. The buyers will be the United States, Western Europe and Japan.

In the development of this trade, the ease of transportation wif.ll be a
particularly important factor.

Market opportunities for new producers
The foregoing suggests three possible market strategies for nev methanol

producers:
. Entering existing and groving mesthanol merchant markets;
. Establishing captive use arrangements wvith user chemical companies;

. Establishing captive use arrangements wita oil and other companies
involved in methanol fuel applications.

Bearing in mind that sales tc the fuels applications market is the
ares of greatest potential, all three possibilities must be pursued in
practice. A detailed analysis wvill be required to show vhich, if any,




Tadie 22
‘ethangl nricez in industriaiizad
- -~
countrr marvets

United Ztztes Yessern Turarne Janzn
Tezr */+on *fron o .
1972 15.6 30 - 38
1974 3.5 =0 123
1575 1Mg.7 135 125
1376 121,90 120 - 135 212
1977 139.7 110 - 126 214
19732 146.3 130 -~ 146 , 271
1979 162.9 132 - 193—’/ 209
1350 222 - 265/

Source: 32T Intermational, Zurich

4

3/ 2nd muarter
3/ 154 cuarter
3/ Febrarr-

downstream alternatives - e.g. MIBE or synthetic gasoline - should be made by
methanol producers rather than in the major consuming regions of the world.

Another factor of kay importance %to the development of the world methanol
induriry is relative energy costs. There are already serious plans for pro-
ducing coal-based methanol. The extent and speed of development of coal-
based methanol should be based on its over-all economics: no doubt
political factors will also play a role.

New producers will have to judge this balance of advantage of altermative
feedstocks and plant locations to determine their target market share.

The one thing that appears certain is that meth nol demand will grow, and
that in the next decade new demand for fuel uses is likely to be far greater
than that for chemical applications. For intending new producers perhaps
the most difficult question is when new capacity will be required: ia all
probability the fuels demand will not really grow rapidly until the capacity
ias available and product is offered for sale at competitive prices. The

timing of plant investment becomes a matter of judgement involving a shrewd

assessment of future potential fuels market growtn.
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Cnapter VII

Sponge iron

Direct reduction of iron ore to make sponge iron--which in turn becomes
the rav material for electric furnace steel —is gaining ground in both
developed and developing countries. 49 With capital costs only 60 per cent
of those for traditional blast furnace-basic oxygen furnace (BF-BOF)
converter combinations, the approach is regarded as particularly suitable
for developing countries moving into steel production for the first time.
Direct reduction plants are also claimed easier to operate because they
involve no liquid metal handling, and because they avoid the infrastructure,

environmental and operating problems associated wvith blast furnsces.

Present market size

Although sponge iron is itself a marketable product, all developing
country use to date has been as rav material fcr local steel production. In
any market, however, sponge irom has to compete vith the traditional rav
material for electric furnace steel making - steel scrap.

The size of the scrap market in selected countries is indicated in
table 23, This shows the developed countries with a combined total of
229 million tons annually. The main scrap suppliers are the United States,
the Pederal Republic of Germany and France; the main importers (excluding
intra-EEC trade) are Spain, Japan and Esstern Burope. In comparison both the
internatiopal trade in scrap (kl million tons between these countries) and the
1979 world sponge iron production capecity (14.1 million t/a) wers small.

Supply and demand during the 1980s

Loocking ahead, both production and trade in scrap vill grov at a rate
permitted by the health of the steel industry as a whole. In industrialized
countries 70 to T5 per cent of scrap is either recirculatiag (:nternal to the
steel plant) or processed scrap (prime quality direct from stecl users). A
depressed steel sector therefore means reduced availability of scrap for
electric steel making.

4§/ Por a more detailed ducriptiqn ineluding the aifferent processes
available for making sponge iron, see Progress Report: Industrial utilization
of associsted zas, UN1DD, May 1980, p. 121.
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Tehle 23

Tron a2nd steel scra2p: consumntion,

trazde and apparent sunply in selected countries

1672
REGION Consumption imp:rts 7 Exports i Domestic
million t/a | million t/a| million t/a mfzgili/a

EXC 69.1 10.1 9.6 68.6 .
Japan 45.6 3.4 - 42,2

United States 70.0 1.0 10.0 79.4

Canada 8.3 1.1 1.0 8.3

Otlxex"ﬁzzl)y 15.4 4.2 - 11.2

Brasil 567 - - 57

USSR 5643 - - 563

Other Eastern Europe 23.7 0.9 - 22.8 ,

}

Source: IISI data

a/ Austria, Spain, Sweden, Yugoslavia

Table 24
Price trends in steel scr:‘.;ra-/
(3/ton, 1972 dcllars
Actual Forecast

1978 1979 1980 1984
United Kingdom 62.54 121.00 115.00 150,00
France 64451 125.74 125.00 150,00
Federal Republic of Germany 66.33 113.80 115.00 150,00
United States 72.25 112.38 115.00 150,00

S¢imnas TTorld St-rel Temamiac 107G

;/ Nemag=is ariners

M
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The outlook for sponge iron as an export product is determined by
three factors: the growth in electric furnace steel msking per se, the
supply and demand for steel and steel scrap, and certain technical problems in
shipping sponge iron in large quantities.

In practice whatever the fortunes of the steel industry as a whole, the
market for sponge iron and scrap steel should expand rapidly. The reason:
electric furnace steel making is rapidly gaining ground on all other processes.
By the year 2000 it is forecast to account for over 4O per cent of world

output.41/

Yis-d-vis scrap, the future for sponge iron depends on the price and
availability of ferrous scrap. While the expansion of electric furncce steel
is increasing demand for both scrap and sponge iron, the growing practice of
continuous castins4§/ and general improvements in rolling yields is decreasing
the amount of home scrap, thereby further increasing demand for purchased
scrap. At the same time, scrap quality is going down, partly due to increased
use of coated and alloy sheets, but also because a combination of rising
labour costs and low copper prices have made selection and classification of
ferrous scrap less attractive. This is leading to further shortages in
number one heavy melting scrap needed for electric furnace steel making.

At the same time there is groving interest in sponge iron as one of the
rav materials for blast furnace operations. Favouraoly located direct
reduction plants may therefore find markets even in areas vhere steel making
in general is plagued Ly over-capacity and vhere protectionist measures are
introduced to keep finished steel imports to a minimum.

Market prospects for sponge iron will also be determined by redeployment
trends in the worlid iron and steel industry. The number of traditional steel
makers vith excess iron ore and access to cheap fuel dwindles with every rise
in gas prices. It seems likely therefore that by 1985 a large portion of world
sponge iron output vill come from merchant plants constructed where energy
and/or iron ore are cheap. Ore will st¢ill be sold to steel makers for blast
furnace reduction with ccking coal. But for electric steel, the ore will be

47/ G.P. Mathur, Technological Profiles in the Irom and Steel Industry,
UNIDO/IOD.191, 1978, p. 11T.

48/ G.P. Mathur, op. cit., p. 141.
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shipped increasingly to producers with low-cost gas and coastal sites suitable

for deep water norts and direct reduction plants. One such plant is already
under construction at Emden in the German Federal Republic. A similar unit
to serve the Buropean market but run as a joint venture by the Arab countries

is suggested here as a subject for further study.

Market structure aud prices

One structural trend of importance to sponge iron producers is the .
growing mumber of non-integrated steel works - i.e., rolling mills without
steel or iron-making capacity. In developing countries, some of these mills
will want to integrate backwards to eliminate ingot and billet imports and to
reuse their own recirculating and processed steel rather than going all the
way to blast furnace or direct reduction plants, some will prefer to import
the raw materials -~ scrap or sponge iron. Which raw material any given
electric furnace uses depends on relative price, Sponge iron producers can
generally command some premium over No. 1 steel scrap, but the prices of
both sponge iron and steel scrap (see table 24) generally move together in

response to demand for steel generally. In periods of rising demand, increased

scrap usage provides industrialized country steel makers with a relatively
easy route to higher production rates and scrap prices therefore tend to rise.
As production moves into high gear, the supply of scrap increases, tending

to stabilize its price. In periods of slack steel demand the reverse is

true. As a rough guide scrap prices tend to be about one-third of the export
price of a common product, e.g. rebars. Fluctuations, however, may range
between 20 and 40 per cent.

In practice, the February 1981 price of United States export scrap (No. 1
heavy melting) was approximately 398 per ton f.o.b. United States East Coast.
In Antwerp, export rebar prices were quoted at $302 in Jamuary but fell to
$280 in Pebruary and 8265 in March 1981.

Prices are often much higher in the developing countries. At a time when
scrap sold for $65 per ton in Europe, Argentina and Brazil installed direct
reduction plants to avoid paying $180 to 3200/%on for imported scrap.

Opportunities for new producers -

Somewhat in contrast to the long-term optimism for sponge iron, the
outlook for finished steel exports is not encouraging. Export sales to
industrialized countries will remain difficult and, because of tariffs and

low prices, they are likely to remain uneconomically unattractive for some

time., New steel producers in developing countries are therefore advized to
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build capacity to supply domestic or regional needs. Once local steel
supplies are available, domestic consumption and the capital goods sector

generally growv rapidly.

The present depression in world steel production has been accompanied
by major doubts on the validity of medium- and long-term forecasts. Citing
the disappearance of an adequate base and the non-availability of statistical
or other tools suited to the new situation, the International Iron and Steel
Institute in Brussels has presently vithdrawn all i%s foreczasts.

There is nevertheless general agreement that wvorld demand in 1985 will
be between 960 million and 1 billion t/a, and that present over-capacity in
the industrialized countries is around 80 million t/a, i.e. 16 per cent of
their effective capacity.42/ Over-capacity is most severe in the EEC, and
although less critical in the United States, protectionist forces in that
market are stronger.

The demand trend in the developing countries is much more encouraging.
Despite rapid increases in production capacity in the past ten yaars -
bringing capacity up to 13 per cent of the world total - the Third World
imported 35 million toms of steel in 1977 compared to 15 million toms in 1967.59/
These countries are likely to remain substential net importers.

Given current reservations on long-term steel forecasting, the follovirg
estimates of wvorld demand are presented only as a general indicatiorn of a
conservative demand grovth asswming the industry emerges from its present
crisis within the next two years:

Year World demand
(villion t/a)
1985 0.960
1990 1.200
1995 1.430
2000 1.665

Source: The World Iron and Stee¢l Industry (Second Study),
UNIDO/1S1S.89, Bovember 1978.

49 / The OECD Observer, March 1980, p. 3.

50/ The OECD Observer, op. cit., p. 10.
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When considering such long-term demand one further factor must

be taken into account. In contrast to their position on petrochemicals,

most oil-producing developing countries will have to import iron ore or

pellets. If they then try to export sponge iron or finished steel they

could be subject to pressure from both ends. Their value added might

thus be determined by outsiders.
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Chapter VIII

Aluminiumﬂ:/

For the medium term, i.e. through to 1985, there are widely differing
views on world demand patterns for aluminium. These reflect different
assumptions concerning the nature, depth, timing and eventual rate of
recovery from the recession affecting the large industrialized economies—
the United States, Western Europe and Japan—vwhich are the principal

consumers of aluminium.
The longer-term forecusts through to 1990 and beyond show better agreement.

Present market size

Local world aluminium consumption in 1979 amounted to 20.1 million tonms,
the result of an average annual grovth of 5.4 per cent through the 1970s (see
table 25 ). Some threce-quarters was accounted for by primary aluminium,
the remainder by output from secondary aluminium smelters, i.e. scrap
reprocessers. Nearly 90 per cent of both total and primary aluminium
consumption was by the developed countries. Of these, six———the United States,
Japan, the Federal Republic of Germany, France, Italy and the United Kingdow—
took 58 per cent of world demand. The two largest developing country
consumers were Lhina with 530,000 t/a and Brazil with 280,000 t/a.

On the supply side (table 26) 14.8 million tons of primary aluminium
vere produced - again nearly 90 per cent in developed countries. This left
& vorld deficit of 810,000 tons to be taken from stocks, nearly all accounted
for by the developing countries'deficit of 750,000 tons. The biggest develog.ng
country producers were agein Brazil and China, but consumption in both
exceeded local supply.

Production growth through the 1970s amounted to only 1.4 per cent annually,
most of it accounted for by developed country producers.

Supply and demand in the 1980s

Factors determining fevelopments in the aluminium industry during the
19808 can be surmarized a3 follows:

5)/ Condensed from independent studies by GOIC, see "The Industrial
Uses of Associated Gas: Primary Aluminium, GOIC, November 1980.




Aluminium consumption (1979) and growth
rates in the 1970s

Table 25

Total aluminium

Primary aluminium

Country
Consumptions Growtb-b-/ Consumptionaé/ Growthbl/

1000 t/a 1000 t/a %
United States 6 577 4.5 4 999 4.1
Japan 2 230 Te3 1744 7.5
FRG 1 436 56 1 o2 4.8
France 711 4.2 552 3.3
United Kingdom 575 0.5 404 0.0
Other OECD 2 113 5.0 1 305 53
Total OECD 14 320 4.8 11 Q35 446
Eastern Eurcpe 3 720 5.6 2 838 4.8
Total developed 18 040 4.9 13 873 4.6

countries
Brazil 286 13.4 252 13,0
Arab countries 178 1.0 142 30.4
Iran 110 18.4 102 18.6

Turkey

China 580 11.1 450 10.7
Other developing countries 951 8.6 846 7.2
Total developing 2 069 10.4 1 792 10.1

countries
TOTAL WORLD 20 109 Sed 15 655 5.1

Source: GOIC

inventory

b/ Average annual growth 1970-79

y Primary production plis primary imports less primary a2xports, plus or minus
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Table 26

Primary aluminjum demand, supply, surplus and deficits in 1979

Demand Supply Supply Surplus/
Country growth deficit (-)
1000 t/a 1000 t/a 1700 t/a 1000 t/a
Tnited States i 4999 4 557 05 -442
Japan 1 744 1 010 -2 0 -734
FRG 1 0 742 15 -279
France 552 3% 01 =157
Italy 40 209 49 -141
United Kingdom 404 359 4.1 -045
Other OECD 1 905 2 992 -05 1,087
Total OECD 11 035 10 324 02 -T11
Eastern Europe 2 838 2 8065/ 17 -038
Total developed 13 873 13 124 05 749
countries
Brazil 252 230/ 15 1 -022
Arab countries 142 233b/ 14 6 091
Iren 102 40/  -04 7 -062
Turkey b
China 450 27 11 4 -175
Other developing countries 846 9530/ 9 8 107
Total developing 1792 1 731 8 4 -061
sountries
TOTAL WORLD 15 665 14 855 14 -810

Source: GOIC
5/ Average annual growth 1974 to 1979
b/ GOIC estimates
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. The persistent growvth shown over the past 15 years will continue
wvith little loss through substitution by other materials. The
industry's innovative capacity vill coatinue to yield newv products
that stimulate over-all growth rate;

« In line vith the above, a total vorld aluminium consumptiom will
increase at ar annual rate of 4.3 per cent in the period 1979 to 1995;

. Due to increasing secondary aluminium (scrap reprocessing) activity,
primary aluminium consumption vwill grow slightly less rapidly, namely
at 4 per cent annually;

« Scrap reprocessing level in indusirialized countries is assumed to
continue at 25 per cemt of total consumption. In the nevly
industrialized countries, e.g. Brazil, the corresponding figure would
be 10 per cent and in other developing countries L per cent;

. The economic projections for individual countries are controlled by

an assumed real increase in o0il prices of not more than 4 per cent;

. With the exception of Japan, the six major aluminium consuming countries
vill experience compound grovth rates of less than 3 per cent for
their GNPs. Japan is agsumed to grov at 4.6 per cemt.

With these assumptions, vorld consumption is forecast to reach
25.7 million tons in 1985, 32.8 million tons in 1990, and 39.6 million tons
in 1995 (see table 27). Average annual growth rates for the period are
L.6 per cent (for 1979 to 1990) falling to 4.0 per cent (1979 to 1995). As
in the past, comnsumption growth rates in the developing countries will
strongly outpace those in the industrialized countries (table 28),
Developing countries' share of consumption vill increase only marginally

however:
Forecast total aluminium consumption growth
rates and breakdown
Consumption Breakdown of
growth rate consumption
1990/1979 1995/1979 1979 1985 1990 1995
4 4 z 3 ) z
Developed countries 4.6 L,1 88,5 87.7 86.1 83.5
Developing countries 8.2 7.9 11.5 12.3 13.9 16.5
World total 4.6 L.3 100.0 100.0 1100.0 130.0

Source: +table VIII D.




Forecast aluminium consumption

Table 27

1985

Soureog

- r——.

1980 1990 1995
Total Primar Total Primary Total Primasy Total _Primr‘;—4
1000 t/a 1000 t/a | 1000 t/a 1000 t/a | 1000 t/a 1000 t/a | 1000 t/a 1000 t/a
United States 5 942 4 498 8 029 5 9/ 9 51 6 965 10 558 7 655
Jap: 1 2 363 1 843 2 997 .2 248 4 228 3 086 5 373 3 869
FRG 1 480 1 51 1 804 1 272 2 206 1 544 2 633 1 835
Prance 7133 567 884 672 1 066 8on 1 232 912
Tealv 696 421 849 509 1 023 611 1 191 709
United Kingdom €76 404 705 491 806 559 910 628
Other OECD 2 150 1 927 2 657 2 323 33719 2 91 4 108 3 490
Total OMCD 13 940 10 T11 17 925 13 156 22 249 16 479 26 005 19 W8
Eastern Furope 3 830 2 907 4 630 3 412 6 040 4 385 7 140 5 111
Total developed 17 770 13 618 22 55% 16 868 28 289 20 861 33 115 24 239
countries
Brazil 295 266 401 353 589 501 807 670
Arab countries 118 171 151 334 591 547 952 59
Iran 94 86 188 166 296 24? 474 165
T™arkev
China 60 4719 900 681 1 350 1013 1 940 1 445
Other developing countries 1 007 Q97 1 323 1 148 1 1M 1 174 ? 353 1 963
Potal developing 2 194 1 899 3 163 2 602 4 569 3711 6 4“6 5 302
coanmtrien
Totnl world 19 964 15 517 25 718 19 550 32 858 74 638 39 671 29 511

GOUTC
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Table 28

Forscast growth rates for aluminium average annual consumption

1990/1979 1955/1990 1995/1979
Total Primary Total Primary Total Primary
) % % % % %
United Sta‘e= 3.4 3.1 2,0 1.9 3.0 2.7
Japan 6.0 53 4.9 4.6 566 561
FRG 4.0 3.6 3.6 2.5 3.9 3e7
France ' 3.8 3.4 2.9 2.7 35 3.2
Italy 3.8 3.7 3.1 3.0 3.6 35
United Kingdoa 3ol 3.0 2.5 2.4 2.9 2.8
Other CECD 4.8 4.3 4.0 _).7 4¢5 4.1
Total OECD 4.1 3.7 342 3.0 3.8 3.5
Eastern Europe 445 4.0 3.4 3.2 4.1 3.8
Total daveloped 4¢6 4,2 3.2 3.0 4.1 3.8
countries
Brazil 7.0 6.4 6.5 6.0 6.8 6.3
Arab countries 13.4 13,0 10.0 9.4 12.3 11.9
Iran 9-4 8.0 909 806 906 8.3
Turkey
China 8.0 TeT Te5 Te4 7.9 T.6
Other developing countries| 5,7 952 6.1 59 5.8 Sed
Total developing 8.2 Te7 Te4 T«0 Te9 Te5
countries
TOTAL WORLD 4.6 4,2 3.8 3.7 4.3 4.9

Source: GOQIC
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The medium-term supply capability for primary aluminium based on known
plans through to 1985 (table 29)  fallows a siwilar pattern to demand.
World production is forecast to reach 20.2 million tons representing an
average growth rate of 5.3 per cent in the first half of the 1980s. This
would give a small over-ell surplus of nearly TOQ,000 tons. As with the
demsnd side, developing country grovth rates are spproximately double those
of the developed countries, but their over-all contribution improves only
marginally:

Forecast primary aluminium production growth
rates and breakdown
Production Breakdown of
grovth rate production
1985/1979 1979 1985
4 4 %
Developed countries 5.3 88.3 63.4
Developing countries 11.6 1.7 16.6
World total . 5.3 160.0 100.0

Source: table 29.

Although the developing country growth rates (table 29) are high,
they start from a small bagse. This stands in contrast to the expected
performance of the non-major OECD producing countries. As a group their
produciion already exceeds that of Japan, the world number tvo producer, and
their expected growvth rate is over 9 per cenmt. Australia in particular will
be making a large contribution by 1985——reaching 1.5) million t/a, compared
to 425,000 tons in 1979. The expected exports will total 1.25 million tonms.

Market structure and prices

One of the key factors allowing a greater role for nev aluminium producers
in future is the changing structure of the world aluminiwa industry.

Having long dominated world production, consumptionend distridution,
the influence of six transnational aluminium producert)g-/ is declinirg.
Neverthelese wita 56 per cent of the world's alumina output =—the smelters'’
main rav material —and bl per cent of primary aluminium production still under
their control, the influence of chese transnationals caanot be ignored for
e long time to come. Oae option taken up by many nev producerssy is to

51/ Alcan, Canada; Alcoa, United States; Kaiser Aluminium, United States;
Reynolds Matsls, United States; Pechiney-Ugine, Franze; Alusuisse,
Switzerland.

52/ Por example, Venalum in Venezuela, Dubal in the United Arab Zmirates
and Albras in Brazil.




Table 29

Forccast primary aluminium preduction

1980 1985
Surplus/ a/ Surplus/
Country/rerion DPemand Supply deficit (=) Demand Supply Growth— deficit (=)]
1000 t/a | 1000 t/a 1000 t/a | 1000 t/a 1000 t/n yA 1000 t/a

United States 4 498 4 557 59 5 941 5125 T 2.0 -816
Japan 1 813 1 080 ~T63 2 248 1 100 1.4 -1 108
FRG 1 0”1 di =321 1 272 146 0,1 50h
Pranne S67 107 -160 Y44 6,48 8.6 =74
Ttaly ™M 83 -1138 509 3 2.4 -198
United Kingdom 404 376 -28 491 320 1.4 -101
Other OECD 1 927 3513 1 586 2 323 5 040 9.1 2 1117

Potal ORCD 10 TN 10 943 232 13 456 13 360 4.8 -96
Eastern Barope 2 907 2 866 -1 3 M2 3 511 3.8 99

Total developed 13 618 13 809 191 16 868 16 8711 4.3 3

countries

Brazil 266 263 -3 353 423 10,7 70
Aral: countrien ¥R 311 113 334 484 13.0 150
iran 86 el -64 166 82 12.7 -84
‘fark )
china. a79 300 179 681 800 19.5 19
Other developing countries 897 993 96 i 148 1 557 8.5 409

Potnl developing 1 899 1 892 -1 2 682 3 346 1.6 664

countries
Total world 15 517 15 701 182 19 550 20 217 5.3 667
4

Sources GOIC

a/ 1979 to 1985

-06-
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sign long-term supply contracts either vith the hig six ¢r with international
trading houses that import into deficit markets such as Japan. Although
major producers of primary aluminium themselves, the transnationals are in
constant need of dependable additicnal supplies.

As 1 partial alternative, the London Metal Exchange (IME) has emerged
as & major commodity trading centre for primary aluminium ingot. While the
existence of this market fawvours the independent producer, there may be limits
to its benefits. If the quantities traded through the LME become too large,
it would lead to unstable aluminium product pricing downstream - vith adverse
effacts on their market development.

Ancther limitationm on using the IME &8 a main outlet for aluminium ingot
from independeut producers is the fluctuation and possidle lov level of ne
prices. In 1980 the free market price ranged between $1,500 and $2,200/toa.

In Bovember 1980 the price of $1,53C was 12 per cent down on the previous year.
e likelibood of obtaining better prices under long-term contracts to stable
export markecs is ilinstrated by the forecast price movements through to

mid 1982:

Short term price forecast for
aluminium

Year (by quarter)

lﬁ - 1981 l%
th qr. lz% qr. 2nd qr. 3rd qr. 4th qr. 1st gr. qr.

cents/ cents/ cents/ cents/ cents/ cents/ cents/
1b. 1b. 1b. id. 1b. 1b. 1v.

London Metal Exchange ™. 73.55 73.78 72.17 75.47 82.07 86.35
% zhange cm previous

-1.16 -21.05 -9.18 - 7T.3 1.h9 11.58 17.03

Alcan Export Price 79.91 79.85 80.47 81.54 .22 83.54 86.34
% change ca previous

15.03 9.h5 1.38 2.72 2.87 h.62 7.28

U8 .roducer List Price 75.9% 75.85 76.97 78.0h 78.71 £1.0b 8.3k
§$ change on previous

Year

15.k2 1h.92 6.91 8.39 3.68 6.85 9.56
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A combination of primary metal marketing at three-month contract prices
to domestic fabricators, long-term contract supplies to export markets on a
formuls pricing basis and a sxaller proportion of aluminium ingot being marketea
through metal brokers would provide the best conditions for consisteat econouic
development.

The opportunistic marketing of primary aluminium ingot in the last two
Years has probably been over-exaggerated if the over-all situation in commodity
trading — vhich has shovn very similar fluctuations in market prices for a
vide rrnge of commodities—is considered. Highly speculative marketing
pricing policies are therefore not to de substantially encouriaed for a major
oev entrant to this industry.

On the raw materials side, the International Bauxite Associstion (IBA)
is establishing guideline prices for bauxite and alumina export. The IBA
is currently atteapting to link the price of metallurgical grade alumina to
ingot prices, for cn-plcsu In addition national policies regarding mining
of beuxite and its op-site refining into alumina are designed to create
greater added value and incresse national benefits through grester foreign
currency earnings. This promotes autonomous structures within the industry
and strengthens other commercial agreements at the cxpense of more traditiomal
multinational structures. It would appear that these cananges are not resisted
by the big six transnationals, however, as they have advantsges to them as
well as to the supplying countries.

Opportunities for nev producers

As the medium-term trend makes clear, the traditional large consumers of
primary aluminium are decoming less self sufficient. The reason is partly
the changing energy base, wvhich by itself has meant a dramatic rviev of the
locstion parsmeters for primery smelters.

The gap analysis showvs that 10 nev primary smelting capecity is required
wvorld wvide beyond the present investment programme until 1985. Beyond that
comxitments have not been made, dut vith a lead time of four and a half years
for installation and commissioning, decisicns on primary metals investment for
the period 1985 to 1995 will be taken in the near future.

53/ In Bovember 1979 the IBA Council of Ministers recommended a minimum
c.i.f. price for metallurgi~al grade alumina in 1980 in the range of
14 to 16 per cent of the average American metal market list price for
99.6 per cent purity primary aluminium ingot.




The total wvorld aluminium investment requirements beyond current

commitments are as follows:

Investment requirement to 1
(million t/a)

1980 1985 1990 1995

Existing and planned smelting

capacity 17.5 21.8 21.8 21.8
Production at 92% load factor lo.1 20.1 20.1 20.1
Demand for prinary metal s/ 15.5 19.5 2k.6 29.5
Metal deficit (minus)/surplus 0.6 0.6 - k.5 - 9.k
New capacity requirements at

92% load factor - - k.9 10.2

a/ From table VIII.

This conservative viev of the aluminium industry's future indicates a
global requirement of 60 to 70 150,000 t/a smelters to meet demand through
t0 1995. If the over-all econcmic ocutlook were to improve to the extent of
S per cent annual grovih rate, demand for primary metal would be increased
by an sdditional 3.2 million tons in 1995. This would mean a further 20
saelters. Given the intensive nature of aluminium prodaction, it would seem
logical that many of these smelters be built in countries vhere energy is
inexpensive. In that scnse, the use of associated gas that would othervise be
flared would put developing countries in an advantageous position: bhovw
advantageous is shown in chapters X and XI.

Ilov cost energy for suelter pover is of course only one factor. Alumina
may bhave to0 be imported. On the other hand some developing countries, e.g. the.
Arshian Gulf region, have alumina clays that would not normally be considered
for alumina refining. It may be feasible to apply more energy-intensive
refining to such clay feedstocks, thereby avoiding the cost of shipping in
ready sfined alumina.

The biggest incentive to set up gas-based alumina production may prove,
however, to te the changing energy picture elsewhere. In the past large
industrial power consumers such as the aluminium indusivy have been able to
negu. .ate very favourable tariff rates. It is no longer accepted that this
should be at the expense of domestic and commercisl pover users and industry
faces a rising tariff burden on top of a general rise in energy charges.
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Pricing policies for alternative energy forms -~ gas, hydropower, lign.te,
etc. - in national and State planning are apparently moving through a
confused period. The utility value of these alternative energy sources is,
in many cases, calculated at the heat equivalent velue of oil. Whatever
viev is taken of the rationality of this practice, its main consequence for
the applicetion of flared gas is that the trend strongly favours the
establishment of e primary aluminium industry vhich wvill have a growving
economic advantage as time passes.

As with sponge iron, plans fer gas-based aluminium smelters in developing
countries should be tempered with the consideration that both the raw material—
vauxite and alumini-——and large parts of the market for the product are in
the hands of others. To avoid consequent external control of the value added,
some form of co-operation with raw material and downstream distributors may
be advisable (see chapter XII).
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CHAPTER IX

Energy sources - LNG, LPG, and pipeline gas

Energy exports can be considered either as an alternative to industrial
utilization of associated gas (the case with LNG) or complementary to it
{LPG). When LPG is exported, propane/butane components are extracted from
the gas, leaving an ethane-methane residual gas for petrochemical, fertilizer
and other uses. When LNG is exported, all the associated gas is liquefied,

precluding any local industrial use.

Whether either represents an optimum use for associated gas depends on
the cycle of world market prices. At present both LNG and LPG prices are
high, but the higher energy prices have yet to work their way through to
higher prices for the industrial alternatives. Thus, LNG economics are more
attractive now than at any time in the past. Furthermore, if OPEC producers
succeed in linking gas export prices to oil price levels, the natural price
swving back in favour of industrial products will be slow—possibly resisted
altogether. If they fail, the relative price of ING will drop to where it
was in the mid- to late 1970s when non-energy uses of associated gas gave

significantly better returms.

LNG

Present market size

The vorld trade in LNG and vipeline gas in 1980 totalled 230 billion e~u m.
All but 2 per cent was imported by industrialized countries. Nearly three-
quarters were supplied as vipeline gas and two-third; came from the industri-
aiized countries themselves (table 30). The five main suppliers were %nhe

Ketherlands, the Soviet Unicn, Canac-., Norway and the OPEC countries.







Cp2e Jlas
T2
e

flS

2 [liL e

O

I

Il




Table 1310

Supply and consumption of LNG and pipeline gas
(1980)

LRG Pipeline gas LNG Pipeline gas
Exporter billion cu m/a [ billion cu m/a || Importer billion cu m/a | billion cu m/a
Alaska 1.38 - United States 12.98 14.56
Canada - 14.56 Western Euiope 13.24 113.73
Netherlands - 55.95 Japan 26.94 -
North Sea - 15.59
Norway - 23,38
Total OECD 7.38 704,48 Total ORCD 53.16 128.29
countries countries
USSR - _44.%5 Eastern Burope 20.24 12.87
Total developed 1.38 148.53 Total developed 76.40 141.16
countries countries
Afghanistan - 2.96 Argeatina - 2.86
Algeria 21.17 - Brazil - 2.45
Bolivia - 531
Brunei 7.67 -
Colombia 1.53 -
Indonesia 12.78 -
Iran 9.91 9.44
Libyan Arab 3.52 -
Jamahiriya
UAE 5.1 e
Total developing 61.69 17.71 Total developing - 531
countries countries
Totail world 63.07 166.24 Total world 76.40 146.57

Source:

United Nations,E/C.7/106
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Supply and demand in the 1980s

The future supply of internctionally traded gas, shown in table 31,

is expected to reach 250 billion cu m annually in 1985 and over 370 billion

in 1990. Wiih new L% plants n.otably coming on stream in Algeria, Indoresia,
Malaysia, Australia, Trinidad, Colombia, Qatar and I~an, thr proportion of
world trade taken by LNG will rise to around 40 per ceat, i.e. around

15C billion cu a/a.

The three main marke~ts will remain Japan, Western Europe and the United
States, each taking between 40O and 60 billion cu m of LNG in addition to tke
United States' and Waste.n Ewrope's purchases of pipeline gas. The main
complications in the forecast—-—the United States government reiuctance to
permit increased LNG imnorts and Algeria's possibl; switch from LKG to
pipeline exports to Southern Europe-—are not expected to alter total trade
significently. In othér wvords gas will be liquefied o~ not, and shipped to

the United States or elsevhere dependi:g on market conditionms.

Harnd in hand with the sxpected gains for LNG is the greater role
expected of gas exporters in the oil-producing developing countries.
Compared to their 16 per cent of traded gas supplied in 1980, OPEC couatries
are exvected to reach 30 per cent in 1990.

Market structure snd orices

in most countries gas is distributed to end users by a iarge number of
small utilities. Because of terminalling and distribution facilities, imports

a-e generally handled by only a hand®ul of agencies.

Prices are a complex issue beyond the scope of this study. Firstly
tﬁey vary considerably within each major market, secondly they have been
rising raridly and there is no agreement where this should stop.

The important point for would-be gas exporters is the general acceptance
of the idea that prices should be geared to the market cost of some alternative

fuel and ~hat this can be indexed to insure prices do not fall out of line




Future supply of LNG and pipeline gas

19852/ 1990 |
billion cu m/a |billion cu m/a
Alaska 1.4 4.4
Canada 14.6 17.0
Netherlands 51.0 30.0
North Sea 23.4
Austraiia 52 14.23/
Total QECD 95.5 65.6
countries
USSR 44 .1 120.2y
Total developed m m
countries
Afghanistan 3.0 2.0}3/
Algeria 42.9 79.7
Bolivia 9563 5.0
Brunei T7 T.7
Chile - 2_52/
Col.ombia 1.5 3- o
Indonesia 20.5 26. o
Iran 9.4 12.43/
Libyan Arab 4.4 4.4
Jamaniriya
Nigeria 8.0 16. L
Qatau - 8. D
Trinidad and 5.2 ‘.S.Oy
Tobago
UAE 54 Se1
Total developing 113.2 186.8
countries
Total world 252.8 372.6

Source: industry estimates
-g// Mid 1980s.
b

All or part previously designated for t' 2 United

States; project and marke!{ now uncerta .n.




with alternative fuels .over the years. Equally important, the base prices—
vhethe= they reflect thermal parity with crude cil on an f.o.b. basis 33 some
suppliers want, or the cost of some alternative fuel in the receiving market as
the buyers prefer-——have risen. Investment in liquefaction plant, shipping,
termirials and regasification equipment therefore looks more attractive

today than three or four years ago.

Opportunities for developinz countries

The largest potential market for gas is the United States, but a major
policy change at government level is necessary if it is to be realized.
Recause of the very low reserves/production ratio some 400 billion cum
must be found or imported during the next 20 years to maintain current
production levels. In practice viat seems likely is a swit-h from gas to
coal by the United States electiicity utilities, thereby freeing gas fcr
premium uses elsewhere-at prices broadly equal to fuel oil. Since it would
cost as much as $§ 2.00/million Btu to ship LNG from the Middle East to the
United States East Coast, fuel oil varity pricing at $ 4.50/million BTU

rules out many would-be suppliers.

If btoth government policy and price levels change, there is room for
up to 178 millicn cu m/day of additional imports by the year 2000, i.e.
T tc 8 new LNG expo ¢t units.

Probably the best market for LNG in the future is Japan. The Government
has Azliberately chosen large-scale LNG impo-ts as & major energy source for
the vest of the 2eatury and already imports amount to 70 million cu m/day
from Indonesia, Brunei and Abu Dhabi. If all boiler fuel and iron anl steel
snergy needs are swi:ched to gas, consumption could rise to between 280 and
340 million cu m/day by the year 2000. Through to 1990, roughly half this
amount will be fully covered by additional esuppliers from Malaysia, Australia,
the Soviet Union and Canada. These and other countries have an opportunity
of supplying a further 156 million cu m/aiy in the 1990s. All told, this
could mean construction of 1L to 21 large-scale LNG units (25 million cu m/day)

of which two thirds could be by developing countries.
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In Western EBurope the prospects for LNG are least clear. Demand
will certainly rise steadily but the main suppliers will be the Soviet
Union in the east and North African producers in the south—both via

pipelines.

The USSR plans a 99 million cu m/d additional pipeline for Siberian
gas. By the year 2000 there could be three transmzditerranean pipelines
from Algeria and Libya. In addition gas supplies from the North Sea will
continue to bte developed. This suggests a degree of competition that
will keep LHG prices down at the levels of fuel oil.

WitLin the above limitations, demand in Western Europe is sufficient
to justify at least three 7 million cu m/da.y units in the developing

countries,

LFG

In 1979 world LPG consumption was around 85 miliion toms, equivalent to
2.65 million b/d, i.e F% of world oil corsumption. Some three quarters of
this was consured in the country where it was produced, leaving 20 milliom
tons to be traded internationally (see table 32). Forecasts indicate that
imports - mainly by the industrialized countries - could reach 34 to 47
million tons anmually by the mid 19803?-4/

In contrast to LNG, LPG is traded under short-term contracts ranging
from 1 year to 5 years, and at prices rerflecting short-term supply and ce-
mand positions. Despite this, interest in LPG increased towards the late
19708 and plans were laid in Japan and Burope for terminal and intermal
“rausportation systems to handle imports in large quantities.

The problems arcse when prices more “han doubled in 1979. Potential
consumers responded by scaling down their plans for switching to LPG; others
are still weiting for more stable market conditions to develop.

This explains the range of forecasts for the mid 1980s (table 32). Some
13 million “ons may cr may not move into intermational trade.

54/ E.K. Paridany, '"Ths international Lm/LPG trade: 1980-1990", OAPEC Symposium
on the Interpat:onal Utilization of Natural vas in the Arab World, Kuwait 1980.
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Table 32

LPG trade forecasts

1978/79 1980 1985 1990
million million million million
t/a t/a t/a t/a
4.9 6.7 17.8 12.9
2.5 5.7 14.2 13.6
0.2 2.0 5.6 6.1
0.2 0.3 0.4 0.8
- - 3.0 4.0
- - 6.0 13.0
= - 2.0 -
7.8 14.7 44.0 50..4
6.5 vee  9.8-16.2 22.0
9.7 vee 15.0-20.0 21.7
4.1 cor 8.9-10.8 13.2
20.3 ~ 3a-q0 569

aj Chem Systems estimates
b/ Ocean Phoenix Gas Transport BV, Holland




The rate of expansioa of LPG trade in the 1980s will thus be determined

. LPG competition with other energy forms in tnermal and
non-thermal applications;

. LPG price in relation ta these alternatives, given that
suprly will not become a restraint;

. The development of an orderly international trading system.

Assuming an orderly trading system evolves, the opportunities for LPC
exporters will turn on price. At high prices consumption will be confined
to the premium markets, i.e. household and commercial heating, agricultural
uses and substitute matural gas. In all the major markets the rapid growth
possibilities 1li:, however, ir the price competitive sector: automotive and

industrial uses, as a chemical feedstock, and for power generation.
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PART THREE

PRGSPECTS FOR COMPETITIVE PRODUCTION
IN DEVELOPING COUNTRIES

The products selected for further study in Part One and shown in
Part Two to have encouraging export prospects may or may not be economical
to produce in a develcping country. The answer in each case depends on a
trade off between low feedstock and energy costs from associated gas on one
sije and generally higher capital charges plus shipping costs on the other.

In the followingz two chapters the investment and production costs are
compiled for each product at four representative locations: the Arabian
Gulf and Mexico as the two developing countries, and the US Gulf{ Coast
and German Federal Republic as the two developed countries. The competi-
tivity of each product made at the two developing country locations is
determined by comparing the landed cost with the cost of making it locally

in the two developed countries.

The longer-ierm competitive prospects are assessed with a brief look

at the impact of likely technological developments in processing.
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vaapLer A

Investment ani production costs at four
represantative locations

Methodology

Production costs for the 11 products selected in Part One are built wp
from variable and semi-fixed and fixed costs as follows:

Variable costs - fzedstock, other rav materials (e.g., catalysts and

cherizals), utilities, by-product credit, maintenance msterials,

operating supplies;

Semi-fixed and fixed costs - operating labour, maintenance labour,

control laborator,, taxes and insurance, interest on working capital,
depreciation.

Together these give the net cost of production at 100 per ceant load

factor—the basis of subsequent cost comparisons for this study.
Production costs at other load factors and transfer prices including an
assumed rate of return on capita.ls 3/ can be derived if desired.

The aim with these calculations has been to use a consistent set of
rav material and feedstock prices for each process in order to ensure
comparability in the net cost of production ¢t each location. The methodology
had to be modified to suit each product but generally fullowed the following
pattern for petrochemicals.

Some generally accepted assumptions for calculating production costs in
developed courtries are shown in table 33. 1In contrast tbere are no agreed
principles on hov (if at all) such assumptions should be varied to reflect
developing country conditions. Table33 includes a secretariat viewv based
cn discussions3 with developing ~ountry planners aad plant operators, but it
should not be regarded as definitive. Attention is perticularly drawn to
three differences where lower cost and overhead requirements would offset

some of the capital cost disadvantages suffered by developing countries:

» Plant overheads (cost of shared facilities such as fire services,
security, common buildings, etc.) are 80 per cent of total labour
instead of 100 per cent;

55 In parallel work, the net cost of production at 65 and 85 per ~ent
1nad factor and at transfer prices with 5 and 25 per cent ROI were develcpea
for a range of petrochemicals, including those invegstigated in this study.
See"The Second Worldwide Study of the Petrochemical Industry, UNILO,

June 1981, p. 00
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* Taxes and insurance on fixed assets are 1 per cent instead of 2 per cent

of tixed capital; und
* Interest on working capital is 5 instead of 10 per cent.

Feedstock costs, by--product values and utility costs are either those
reported as market values or estimated by calculating the onportunity costs
56/

of local production. All developing country figures are the best available
for mid 1980; incdus*-‘alized covntry prices are list prices for large volume,
feneral purpose grade mat:rial, T.o.b. plant. In reality therefore there may

be substantial discounting.

Plant capacity ir tons/year represents annual production rate from a
plant assumed to be operating 90 per cent of the time. It is appreciated that
any plant handling large volumes of s0lid materials, e.g. sponge iion and

aluminium, may have to operate at lowver stream factors.

Investment :osts arc based on those repnrted by SRI and others for US
Gulf Coast conditions. These are adjested to different capacities by the ratio:
Cost A _ (Size A"
Cost B Size B
vhere m ranges betveen 0.6 and 0.8 depending on the process. Investment
costs are divided into battery limits and offsites. Pattery limits
include all equipment necessary to the process iacluding feed treatment,
product separation and purificition, recycle hanuiing and packaging.
Offsites include the cost of utilities generating plant, i.e. steam
boilere, water treaters, cooling towers, refrigeration plant, tankage

and general service facilities,
Total investment cost reflects the "overnight ~onstruction cost" at
mid 1980;21/ Cost excalation during construction is not specifically

foreseen, but the total investment includes a 25 per cent contingency factor.

56/ Hotional opportunity costs are the net back value of products after
decducting shipping cos%s from prices in a nearby international market. For
this study, the UNIDO estimates were taken at 75 psr ceat of notional
opportunity costs in order to represent situations where local industry
obtains locally-produced intermediates and raw materials at advantageous
prices.

57/ Por similar data projected to mid 1985, see The Second Worldwide
Study of the Petrochemical Indusiry, op. cit., p. 00.
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lssumticons ased in czalculating
petrochemical production costis
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Maintenance materialsz/
Maintenznce labours
Opefating cupplies
Control laborzt or;y
Plan* overhe=d
Taxes 274 insuransew
Depreciation
Werking capital:

Stores

Cash

Raw materizl inventory

Finishad nroduct
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Accounts receivsble

Accounts payable

Interest on working
czpital

-30 Aavs

% of ISBL per rezr
375 of IS3L per rear
10/, operating labour
20% operating labour
30% tetzl labour

1% total fixed capital

104 of fixed cost

1% of fixed capital
0.5% of fixed capital
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4C dars a2t direct
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ost plus

310 days ra2w material
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labour

i
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3% of ISBL ner vear

3% of ISBL ner vear
1.% operzating labour
20%, overzting lzbour
1C0% total latour

2 to%2l fixed capital

10% of fixed cost

0.5% of fixed capital

0.5% of fixed capitzl

5 d2vs at purchase wzlue

3%t 2irect cost »lus
overhezd

2% direct cos<s nlus
overhead

raw materizl
consumption plus 11 dars
labour

10%

Ex.ludes income taxes;
taxes on =assets.

e

Q O

For olants includinz refrigeration plant 2 further i
covers nost of insuring fix

60 davs for imnorted materiale,
Varies considerably by product and ~:ountry.

% should te added.

.

ed 2s83ets znd loazl

Por discussion see ™The Second

Worldwide Study of the Petrochemisal Industry", 9p. cit.y p. OC.

Sorce:

SRI and UNIDO estimates




Investment costs for other locations wre related to those for the
US Gulf Coast by meuns of the following location factors:

Location Location factor
US Gulf Coast 1.00
Federal Republic ¢f Germany 1.15
Arabian Gulf 1.30
Mexico 1.25

Petrochemicals snd fertilizers

The feedstock costs, by-product values and utility costs used for
calculating production costs in the petrocaemical sector are listed in
table 34. Those for the United States and the Federal Republic of Germany
vere supplied by SRI Internatioral, Zurich, togetner with these countries’
investment costs and technical coefficients. Corresponding developing
country data was either supplisd from field reports or estimatad as described
above. Prices for inﬁernediaxes in all countries were taken as the calculated
net cost of production for the upstream plant, e.g. ethylene oxide for
ethylene glycol.

Only o2ne size of plant and one process was studied for each product.
For comparison purposes, plants using ethane, ethane propane, naphtha and
gas oil wvere investigated as alternatives to ethane and methana2 feedstocksgg/
In all cases the selected size would be comsicered medium to large by world
standards. Downstream plants related to the output of a 500,700 t/a ethylene
cracker and could therefore form the core of an integrated complex at one
location. Allowing for a 90 per cent stream factor, production costs were

developed using thLe f0lli ing feedstocks and capacities:

5&/ For the cost variations possible with other processes and from
economies of scale the Tha Second Worldwide 3tudy of the
Petrochemical Industry, UNIDO, June 198Li.




ztour cos*s =i four locziicns

T Leaztion
Ffactor input TJ.3. uls MG Ar2bion Yarieo
Cozs* 1€
Primar- feedstocks: 1/ton Yfsen 2 /ton ~feom
o .2
methane 223 223 17~ 25,3~
4 -
ethane 215 .o 25~ 28
/ ’
- o3 A2/
ethane-oropane 195 ces 0=~ 30~
naphtha 220 226 ase ses
g2s 0il 22 2%0 cee cee
Intermediates: $/ton ¢ /ton */+on s M on

sthylene i23Y 6273/ 184§i/ 21034
ethylene oxide 6263/ 3202 1183/ 436/
2mmonia 219 233 95 932/

By-products: _ 3/ton 3/ton $/ten Y/ton
propylene (chemical grade) 419 441 200= 300
C--4 fraction 5di4 542 ZOE{ 200
orrolysis gasoline 238 337 1=/ 210
fuel oil 123 210 cee oo
diethviene giycol 694 752 - -

;

~/
purge ethylane 380 564 ° 387y 355~

Utilities
fuel, 3/ton-ca13/ 0.0159 0.0192 €,00119 5.,001353
cooling water, s/%ong/ 0.0113 0.0128 0.04 0.0113
steam, 3/t £ 14.11 16,20 2.25 1.5
orocess water, ?/ton 0.159 0.C£€29 0.0 0,479
alectricitr, mills/kwh5/ 12,40 42,90 10.00 24,00
inert gos, # e y/ 2.61 €.31 - -

Lzbour, $/h 15.40 17.25 10.44 £.13

€ e

l:,

-’

Market price

Calenlated price: net cost of production at 1002 local f2e*or
TWID0 estimate

M2z or low sulfur residual fuel oil with heating smlues
1000 3tu/standard cu £+ and 13,700 3+1/1b respentively
Recircglated from cooling 4owers a2t S0 psis snd at 2.7 <)
ambient wat=bulb temperatures; includes cost of cirmeulating power -nd
and trearning water make 1n
Prom £1el nil=fired hoilers; i
return *o toiler houce; includes denreciz*isn
3team sonditisn: 300 nziy, supernea~ed +o 207 C.
Pri~as “or aign wnl4nze  T0OCO =/ uca-a

~

inclndes Aistrinutisn sor+ ~cruming SO
.

A toiler (zae Affriten),
3 . .

’

2/ On=3i%te ~eneration: 0=frnn miX-ire af 70., 1., "nd rars ~ager

~y IS S 2 Lo .




Plants investizated

Product Feedstock Capacity
s 1123 I=easnooR __.¥7;_b
Ethylene Bthane 500 000
Ethylene ‘Zthane-propane 500 000
Ethylere Naphtha 500 000
Ethylene Gas o0il 500 000
Ethylene oxide Ethylene 131 Cco0
Fthylene glycol Fthylene oxide 150 000
LDPE Ethylene 75 000
LDPE Ethylene 200 000
Methanol ~ Methane 640 000
Methanol Naphtha 640 000
Ammonia Methane 430 000
Ammonia Naphtha 430 000
Urea : Anmonia 648 000

The resulting production cost breakdown for the four locations
ccasidered are tabulated in anmex V . These results are summarized in
table 35,

Sponge iron

In contrast to other product groups considered in this study, the
competitivity of sponge iron in foreign markets has to be measured against
the local price of an alien mat~rial - steel scrap - rather than the local
cost of producing sponge iron itself, Similarly, steel produced in electric
furnaces at developing couniry locations should be compared with steel from

all sources in intended export markets,

Using the same location factors as for petrochemicals, the production
cost breakdown for sponge iron and electric furnace steel are included in
annex V , The respective net production costs at the four locations
selected are shown in table 36. In view of the di’ficulty in obtaining
consistent data for current sponge iron and electric furnace steel cost
components, all figures should be regarded as indicative,

Alunminium

Depending on gecgraphy and infrastructure, there are several investment
alternatives that can be implemented to develop a primary aluminium industry.

The three most common are:




"

- 110 -
Tatle 35
Net cost of production for selected petrochemicals
and fertilizers in four locations
(1980)
U.S. Gulf FRC Arabijian Mexico
Product Coast Gulf
$/tan $/ton $/ton $/ton
Ethylene:
from ethane 422.47 183.69 210.%4
from naphtha 626.93
Ethylene oxide 025 .83 892.45 417.52 436421
Ethylene glycol 534.3< 753.67 381.44 390.13
HDPE 6?8.70 920.17 438,96 449 .81
LDPE 623.82 854.86 382.45 416.57
Methanol:
from methane 213.61 69.89 68.03
from naphtha 228.20
Ammonias
from methane 218,78 95.15 92.62
from naphtha 233.32
Urea

Source: annex V
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Table 36

Net cost of production for
sponge iron and electric furnace steel

U.5. Gulf FRG Arabian xico
Coast Galf
$/ton $/ton $/ton $/ton
Sponge iron 155.1 153.0 108.2 110.2
Electric furnace steel 423.1 452.6 369.6 301.5

Source: ammex V

. an aluminium smelter linked directly to the national grid system;

. an aluminivm smelter with (~-site power generation utilizing combined

cycle (gas/steam) turbine configurations;

. an aluminium smelter with oun-site, open cycle gas turbine power

generation with exhaust gas heat used in a water desalination plant.

Without prejudice to the other two, this study focuses on the
third option, which has the advantage of giving three products:
pover, aluminium metal and potable water., The key parameters for su~h s

conplex are presented in table 37,

The main operating cost elements for prima-y smelters in the United States,
Brazil, Australia and the Arabian Gulf States are tabulated ir annex (V) and
sumarized in table 38. .

These figures give an indication of the relative economic benefit for
the countries under consideration. As with sponge iron they should not,
howvever, be taken as anythirg more than a general guideline.
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Table 37

Invesiment and operating parameters
for an aluminiuz smelter with open cycle gas
_‘urbine power and associated desalinatiom umit
(Arabian Gulf location)

Power station:

Erergy input per ton metil 177 million Btn

Power input per ton metal = 14,500 kWh
Gas price = $ 0.25/million Btu
Power station investment = $ 158 millian

2.5% of capital cost
$ 0.012706900/kWn

Maintenance costs for power station

Electricity costs

Smelter:
Anmual metal productiom = 150,000 t/a
Canital cost = $ 525 million

$ 795.12/ton metal
2.5% of capital cost

Operating cost
Maintenance costs for smelter

Desalination unit:

50,600 gal/ton me.cl
$ 260 million

2.5% of capital cost

Water production
Capital cost
Maintenance costs for desalination unit

Table 38

Net cost of production
of primary aluminium

(1980)
Tnited Australia Arabian Brazil
States Culf
$/ton $/ton $/ton $/ton

Primary aluminium 1 452.0 1 259.0 1 299.9 1 400.4
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Chapter XI

developing countries

The main conclusion of chapter X was tkat, based on the assumptions
used, it is cheaper to produce all twelve industrial products in the two
developing countries than iIn nearby industrialized countries using
comparable units. While this immediately substantiates ‘he case for
developing country irvestment to meet local demand, other factors must
be taken into account—iransport costs, tariffs, the cost effect of non-
tariff barriers etc.—in determining the competitivity of develoning
country products in export markets.

Transvort costs

e e————————

Estimates of transportation costs assume the product is shipped from
a coastal production nlan’ in a developing country to a port in an
industrialized country market. From there, local distribution costs are
considered equal to those of local competing producerr and for cumpariscn
purposes can be ignored.

Three representative destinations are considered: New Orleans in t.»
United States, Rotterdam in north Europe and Genoa in scuth Europe.
Shipping distances and basic freight charges for different products are
shown in table 39.

landed vs. local Erice in_export markets

Combining net .:z* Jf production (tables 35, 36, 38) with freight costs
(table 34) gives the landed cost of gas-based industrial products from
developing countries in each export market. The results for products are
¢ompared (tables 40 and 41) with the cost of local production in the
United States and Western Europe.

On these admittedly simple criteria, all the selected products would
be competitive in all three industrialized country markets. Part of the
différence between landed and local production cost would be partly absorbed
or increased in several ways—differential company overhead charges, selling
costs, tariffs, discounts expected from new suppliers etc. The remainder

59/ Ir the longer term, tariffs can be considered a negotiable item; they
are therefore excluded from further study. For a more rigorous approach
applied to petrochemicals that includes the present cost of tariff
barriers see "The Second Worldwide Study of the Petrochemical Industry",

op. cit.
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Table 39
Freignt costs for shipping industrial products
to Nortn America and Europe
in standard vessel sizes
(1980)
Importer
Exporter/product United States Northern Europe Southern Europe
(New Orleans) (Rotterdam) (Genoa)
Distanrce Freight | Distance Freight | Distance Freight
km $/ton km /ton Y $/ton
Arabian Gulf:
(Dona) 9574 6365 1510
Ammonia 50.1 39.1 29.6
Ethylene 61,2 7.8 36.1
Methano®/ 29.0 21.8 16.6
Urez (bulk) 54.2 41.6 33.1
Urea (bagged) 84.6 69.2 58.4
LD 120.0 95.7 92.3
Sponge iron 12,42 8.3 5.9
Steel billets 662 4e1 269
Aluminium ingot 17.7 11,8 8.3
Mexico:
(Vera Cruz) 810 5137 5661
Ammonia 7.7 28.6 48.2
Ethylene 9.4 35.0 58.9
Methano1®/ 4.0 18.6 16.6
Urea (bulk) 115 31.9 34.8
Urea (bagged) 3147 58.0 66.1
LDPE (bagged )2/ 37.3 78.1 90.8
Sponge iron 1.0 6.7 T.4
Steel billets 0.5 3.3 3.7
Aluminium ingot 1.5 9.5 10.5

Source:

el

Valid also for HTPE
Assuming $1.30/1000

H.P. Drewry, London
Jalid also for aqueous ethylene oxide and ethylene glycol

ton-km

Assuring 65 ¢/1000 ton-km

Assuming $1.85/1000

ton-km
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Table 40

Competitivity of gas-based industirial
oroducts in the Arabian Gulf:
landed vs. local production cost
in industrialized markets

Importer
United States Northern Burope | Southern Europe
Product Erport | Landed Local? |landed Local® |landed Local®
price price Price price price price price
$/ton | $/ton 2/ton $/tza $/ton $/ton $/ton
Petrochemicals:
Ethylene 184 245 422 232 627 220 627
Ethylene oxide? 417 | 446 620 39 929 434 929
Ethylene glycol 382 411 512 404 704 399 704
HDPE 439 | 559 672 535 961 531 961
LDPE: 382 502 618 478 892 474 892
Methanol 70 99 214 92 228 87 228
PFertilizers:
Ammonia 95 145 219 134 233 125 233
Urea (bulk) 36 140 169 128 183 119 183
Metals:
Alumini 1 300 318 1 452 -l1 312 1 602 308 1 602
Sponge iron< 108 109 153 115 153 116 153
Steel< 370 Y& 423 373 452 374 452

Qe

From tables X C, D and P cost of competing product produced locally.
Aqueous solutions,
Pro-rated from U.S. estimates assuming 5C4 greater power costs.
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Table 41

Competitivity of g(as-based industrial
products from Mexico:
landed vs. local production cost
in indusirialized markets

Importer
United States j Northern Europe | Southein Europe
Export Landed Localé/ Landed Locali/ Landed Locali/
price price price price price price price
$/ton {$/ton  $/ton |$/ton $/ton $/ton $/ton
Petrochemicals:
Ethylene 21 220 422 246 527 270 627
Ethylene OIideB/ 436 440 620 455 929 453 929
Etnylene glycol 390 394 512 409 704 407 704
HDPE 450 487 672 528 961 541 961
LDPE a7 454 618 495 892 508 892
Methanol 68 72 214 87 228 85 228
Fertilizers:
Ammonia 93 101 219 122 233 | 149 233
Urea 78
Metals:
Aluminium 1 4002/ 1402 1 452 1410 1 602y 1411 1 602y
Sponge iron 110 111 153 117 153 118 153
Steel 302 204 423 3i2 452 313 452

From tables Y~ C, D and F: the cost of competing products produced locally.
Aqueous 3olution.

Equated with Brazil (table X F).

Pro-rated from U,S. estimates assuming 50% greater power costs.

el
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provides producers with their return on investment. The return for the deve-
lcping country producer is higher, and vice versa where narket prices in export

markets risc above calculated local production costs.

Technological developments in the petroleum-baced industry

In the loager term the competitivity of gas-based petrochemicals will be
affected by a number of developments that at present are still in the K and D
stage. Their aim is a new era in which petrochemicals are synthesized instead

of cracked.

In the past 30 years, the availability of inexpens.ive raw materials, the
important technolcs::2l breakthroughs, the favourable economies offered in plant
scale-up and the proliferation of new products and processes, all contributed
to the huge petrochemical and nitrogenous fertilizer industriec of present.

The basis of tanis industry, however, was cracking: decomposing large molecules
into simple ones. However, during the 1970s the rapid increases in the cost of
those raw materials, the increasing governmental regulation, the demands for
stricter pollution abatement and the on-going inflation were briging this era

to an end.

Tn the present transition pericd, the high cost of raw materials, and
toughening pollution standards mean that R and D will continue to focus on
improving over-all efficiency of existing processes, achieving better selec-
tivity, increasing yield of desirable products, and permitting flexibility with

alternative feedstocks,

But for the industry of the 1990s and beyond, researchers are already at
work creating the basis for what might be called a true synthesis industry -
starting with the basic building blocks and working upwards. It is expected
that the existing cracking-based iadustry will be inefficient and inflexible
by comparison. There a~e presently three main lines of development for syn-

thesis gas chemistry - all using C-l.starting materials:ég/

(a) Modern Pisher-Tropsch technologies, involving hydrogenation of
carbon monoxide to olefins and linear paraffins through catalysts
in slurry reactors. Clcsely ra2lated is isosynthesis in which a
synthesis gas mirture is reacted over thoria catalysts to produce

branched hydrocarbons with high content of aromatics and naphthenes.

(v) Modern hydroformylation or oxo technology for *the produc’ ion of
aldehydes and alcohols.

60/ Future work will be based on C-2 starting materials.
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Modern carbonylation, in which reaction of carton
monoxide with unsaturated and nucleophiliz compounds produces
an array of intermediate products, the morz important of

vhich are acrylates and zarvoxylic acid derivatives.

On more couventional liues, it is expected thal although currerc<

refinery cuts and gas fractions will still remain the dominant factors in

petrochemicals and fartilizers during this century, three strong contenders

will find a place in the longer temm.

(a)

(v)

(e)

Cracking of crude oil and heavy gas oil, with claimed advantages
over enhanced naphtha cracking ir terms of high feedstock
flaxibility, better olefins selectivity and lower yields for
fuel products. Costs are stated to be cheaper per ton of

ethylene than naphtha processing, despite higher initial investnentsél!

Natural gas, from deep drilled formations tevond 5,000 meters.

Recent commercial drilling proved the correctness of a long
standing seoiogical claim that large deposits of

natural gas should exist below 4,000 meters, The advent of
systzmological surveys linked to sopbisticated computers enables
cil men to accurately mep the deep devosits for the first time.
As a result, in 1980 the United States acquired more gas reserves

than it consued for the first time in thirty years.

Coal-based synthesis gas. This is being revived 2 time

when thz cheap petroleum era is over - in :-2sponse to demands
for feedstock flexibility based on indigenous resources.

To manke such plant economically feasible, it should be designed
in such scale as to supply feedstocks to several basic plants
like ammonia, methanol and in the future eventually ethyleneﬁza/

61/ "World Petroleum Congress and Trends in Cil and Petrochemical

Industries”. Chemical Economy and Engincering Review, Oct/Nov. 1979.
62/ Op. ecit..in 1, "Syuthesis gas: a rew material for industrial

chemicals", Science, 2 January 1981, "Use syngas for olefin feedstock"”,
Hydrocarbon Processing, Jan. 1981.
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PART FOUR
CONCLUSICNS AND RECOMMENDATIONS

The ability-—demonstrzted in Part III of this report—to produce
and ship petrochemicals coupetitively, is orly part »f the probleu in
exploiting associated gas. The product also has to be marketed
internationaliy. Whether justified or aot, many developing country
governments regard this as the major stumhling block in their plamning
and it is the main reason they hesitate to commit funds to petrochemicals,

fertilizers and other industrial products.

Because of the high capital outlay involved, the need t{o guarantee
outlets for product in excess of domestic requirements can only be
satisfied by one or other form of internmational co-operation. . :ther
the co-operavion is North-South or South-Soutb, the advantage~ of inter-
national co-operation can be mutual.




-
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Chapter XII
Conclusions, recommendations and

plan of action

Gas~based developing covntry producers have essentially two export options—
the spot or merchant markets, and long-term arrangements for selling under con-

tract to users or distribators.

Normally no: more than 25 per cent of plant output can be left subject
to the risk of selling in spot markets. The rest must be sold under long-term
contracts (i.e. two years or more).63 But wiaile such co—operation between
producers in developed and developing countries and among the developing countries
are still exceptional.=

Each prodi:t group requires a different type of co-operation. Fertilizers
are a deficit item in developing countries and would therefore employ South-
South co—operation. Primary oil intermediate petrochemicals, likewise alumi-
nium, would involve ro-operation with industrialized country producers that
at present have most of this production capacity. PFinal jroducts such as

plastics call for a mixture of Sm+a-South and North-South co-operation.

Logically the type of co-operation reflects the relative ease and diffi-
culty in marketing the particular product. Methanol, which is a bulk commodity,
can be sold to small numbers of consumer  at one intermationally recognized
specification. Low-density polyethylene, on the other hana, runs to huncireds
of grades and sells to several thousand plastic producers in each country.

In all cases co-operation involves one of four approaches:

- long-term supply arrangements;

- product specialization and exchange agreements;

-~ Jjobbing contracts;

- agency sales arrangements.

The arrangements can be envisaged ‘n the context of:

- Jjoint ventures for production and marketing;

-- Jjoint ventures for marketing alone;

- non-equity joint ventures;

- regional co-operation agreements;

- long-term government-to-government and enterprise-to-enterprise

co-cperation.

63/ The minimum for contracts sales varies by product depending on plant
oroduction economies.
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The need for incentives

In the long term market forces will probably redistribute production capa-
city according to the laws of comparative advantage. However, because traditional
petrochemical producers are unlikely to redepioy capacity until forced to by
feedstock shortages, the timirg of such changes 1s unlikely to conform to the
immediate needs of developiiig country producers. Developing coun*ries looking
to industrial co-operation as a means of rapid industrializztion may therefcore

offer incentives to potential foreign partners in order to speed up the process.

As oil and gas producers, oil-producing developing countries can offer
various types of incentive for industrial co-operation:

- feedstock at favour~ble prices;

- low-cost loaus;

- intermediates at favourable prices;

- access to iocal markets:

- access to other export markets;

- access to non-chemical commodities, e.g. crude oilj;

- equity investment in the foreign partner itself;

- tax incentives (e.g. tax holidays).
The OPDC producers' task is to put together a package of these incentives that
attracts the right kind of foreign par.ner without at the same time concedi-g
too mch of the economic rcxzu due }o themselves as ormers of scarce, non-

renewible resources.

The justification for providing such incentives is the sams as that for
building up the related infrastructure: the added value of the country that
uses rather than burns associated gas is comsiderable. Even more important
in the long run are the benefits of industrialization - the acquisition of skills
and know-how in preparation for the day when non-associated gas and other re-
sources have to replace income lost from declining oil productiom. In that

sen’ ;, even a hreak-even or less-making venture could be considered worthwhile.

General Conclusions

The revicw of the availability of associated gas, flaring practices and
country utilization plans (Part One) showed that although gas flaring is widely
recognized as 2 waste in principle, it will take a long time before it can Tte
brought under control in practice. At present, only five per cent of the gas
produced in the 18 countries studied was being used by the process industries

(table 4). The opportunities for using it in an export context ars summarized
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by mumber of new plants that will have to be built somewhere to satisfy world
demand in 1990:

Product No, Plants

Ethylene 1c

LDPE 32

HDPE 39 '
PVC 26 .
Methanol 7-14

ammonia 44

aluminium 60-70

LNG 20-32

0f the gas-based industrial products selected for detailed study, all
show satisfactory long-term export prospects and nearly all can be produced
economically in developing countries given suitably low prices for the gas

raw material. Inclusion of shipping costs indicates that all these products

can also ve shipped competitively with locally produced materials to Europe
and the United States.

The main problems are therefore those of market access and technology
transfer. In this connexion, it has to b. recognized that even in good times
the petrochemical world has not been beating a path to associated gas pro-
ducers' doors. Barring a handful of oil majors attracted by oil incentives,
the numbers are not :ncouraging. This may be 2 case of the cautious waiting
on the performance u4 the bold before taking action themselves, but it is Lardly
in line with the recoz~endation of the First Consultation on Petrochemicals
that new capacities be built in developing countries and that the international
petrochemical industry assist in various ways.éé/ Solving the flared gas
problem could, then be regarded as a test of will. The basic economies of
using flared gas recovered at a price of 40 cents per ~illion Biu or less are
such that if the developing countries cannot succeed in peretrating world
markets on this basis, then they will succeed in no other, In the words of
one commentator they will be condemned "to a permanent role as hewers of wood

and Grawers of water".6

64/ UNIDO WG 336/2
65/ Louis Turner, op.cite, p. 79
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Recommendations

1. Petrochemical producers in industrialized countries actively encourage
addition of new capacity and replacement of old capacities by means of invest-
ments in and long-term co-operation arrangements with developing countries

where associated gas is available.

2. Governments and producers in developing countries study ways to improve
security of supply under long-term co-operation arrangements. This should
include regional back-up in supply and shipping.

3. Governments and prodvcers in industrialized countries consider ways to
ersure orderly marketing arrangements with developing country suppliers so as

to absorb their capacity with minimum disturbance to existing world markets.

4. A further study of potential South-South co-operation based on associated
gas from OPDCs, (a) in the context of market size and mutual exchange or use of
raw materials, e.g. energy versus bauxite or alumina, and (b) in the context

of development aid to non-OPEC developirz countries, e.g. fertilizer supplies.

5. Elaboration of the procedures used in the present study to evaluate not
only the competitivity of gas based industry, but also relative profitability
in particular cases. This would take two forms: (a) an information and
evaluation package enabling developing country planners to collect and mani-
palate data on their own, and (b) a UNIDO service in which data supplied by
developing countries would be used to calculate the value added, return on

inves iment and/br net back value of the gas used for specific projects.
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ANNEX T

Recovery of liquids from associated gagé/

As an example of the cosis involved in recovering gas components—ethane,
propane and butane——from associated gas, the following cal~ulaticns apply
to a rich gz2s feedstock in Texas, Jnited States, with the composition shown
in table A.I.1. The composition is close to th=t for associated gzs in
Saudi Arabia.

There zre three possible brocesses for gas licuids recoverr:
1. Expander - cooling by means of an iso-entropic *urtine.
2. Cascade refrigeration - refrigeration on a numter of
levels.,

3. Refrigerated absorption.

Because expander type plants are generally favoured for new projects,
this technology has been assumed for the calculations. In fact, however,

tiquids recovery costs are much the same for 211 three processes.

Liquids recovery costs zre calculated assuning:

# inlet associated gas has zero value

* residue g2s (methane and ethane) has zero value

* utility values as for the petrochemical calculation
(+able 00)

* costs 25 for an Arztian Gulf location in mid-1930

#* plant size: %o treat 4.72 million cu m/d

Three cases are considered—cases A and B with an ethane recovery of
26 per cent, case 2 showing more ur-to-date (hizher) capital cosis; case

¢ with a r»covery of 50 per cent,

6§/ Contribution by GOIC based on data from SRI International, Zuri~ch.
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fzs¢ i Case 3 Case C
Ethane recovered, per cent 26 ’¢ 50
Licuids recovered, t/a 512 00C 512 700 301 700
Plant investment, $ =2illion
Battery limi*s 5§2.35 6K .50 £8.07
Offsites 19.36  25.70  15.49
69.71 92.30 59.56
Average licuids recoverr cost: 5/ton 3/4on ¢/ton
Sare cost> 40,37 =1.32 AL 4
Interest on working capital 1.08 C.39 0.32
and start-up costs (5%)
Interest on 507 of to%2l 1.3€ 4.34 1.74

fixed capital (5%)

45.31 5€.55 49 .0€
25% return on investment 313.74 44,67 37.32
Totzl 79.05 101.02 2€.35

a7 A worlé-sczle, 500,000 t/é plant requires aporoximately
625,000 t/2 of ethane a5 feedstock. Hence a much larger
plant than this example would be needed. Eowever, +wo or
three smaller plants could 2l1so be considered.

Based on cases A and €, the liguids recovery would be as follows:

Case A Case C
Ethane recovery, per cent 36 50

il tl
Ethane 625 000 525 000
Propane 388 277 631 393
Butane 208 712 350 579
C5+, z2soline 119.439 206 324
Total liquids 1.341 428 1 813 796
Gas inlet volume, 12.2 21,1

million cu m/&

It c2n be gseen that recovery cos*s zre not zreatly affected bv the
percentagze ethane recovery. Hence the nercentage recovery actually
chosen is likelr %9 be dictated br overzll marketing considera*ion—in

narticular, the sales prospects for pronane 2nd butane,
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From the above calculations, aversge liquids recovery

follows:

Case A Case B Case

COS%sS are

Q

Average liquid recoverr 79 101 36
cost, $/ton

Since these are average costs, the recoverv costs for

iiquids if ethane is assigned zero value are:

Case A Case B Case

the other

Average recovery cost for 148 139 13

CB' C, and gasoline, 3/ton

Since none of these products has an f.o0.b. value much

3300/%on, an ethane value of zero is perfectly possible,

less than

In effact

vetrochemical operations would be subsidized from LPG szles. To be

realistic, however, it costs money to transport the ethane

from *he

as

recovery plant to the petrochemicals =ite, Taking other administrative

charges into acocount, ethane in this study has been zssigned a2 minimum

value of $ 25/4on (55 ¢ /million_Btu).
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ANNEX IT

GAS UTILIZATION PLANS IN 18 DEVELOPING
COUNTRIES

ALGERIA

Produced in Algeria since the mid 19508, gas output in 1978
reached a level of 89 million cu m/d. of which 14 million cu m/day were
re-injected. With less than 5 per cent sold or consumed locally, over
60 per cent was flared.

Government policy on exploitation of natural gas reserves is
changing with new priorities assigned to national development.. An
ambitious industrialization programme ("Valhyd"-Hydrocarbon Development
Plan for Algeria, 1976-2005) is being scaled down as part of a
general shift away from heavy industry in favour of 'agriculture, housing
and other social developments. Industrialization-~the massive investment
in LNG projects in particular-is considered to be consuming an unwarranted
proportion of the country's capital resoms?l/

The impact of these changes on the gas and petrochemical sector
is twofold. Two LNG projects and a gas collection pipeline have- been
cancelied; at the same time gas exports via a new transmediterranean
pipeline are baeing promotad and a proposal to double its capacity was
due for decision by the end of 1980,

Gas-consuming industries in Algeria include petrochemicals
(ethylene, methanol and PVC), fertilizers (ammonia), iron and steel,
cement, glass and general chemicals., Counting power generations and
home use, national consumption amounted to 14.1 billiom cu m in 1978.

Under the Hydrocarbon Development Flan the revenues from oil and
gas exports were to be used to create an independent and viable infra-
structure for Algeria. The resulting steel mills, vehicle plants,
textile mills, petrochemical plar‘a and electricale mipment factories
would have further increased locai demand for gas, All these projects

as noted, are currently under review,

6]/ Mid East Markets, 26 January 1980
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The largest siagle user of gas is the LG industry. In 1978
Algeria exportad 6.4 billion cu m of gas as ING., At the time it had
export contracts for future supplies adding up to 64 billion cu m/a—52
billion cu m as ING and 12 billion cu m by pipeline. With the
abandonment of two proposed ING production units total capacity will
reaah only 42 billion cu m/a, when the third Arzew line comes fully
on stream in 1984. The diffe~ence may be nade up either by not
resuming deliveries to the United States or by doubling pi.peline
dsliveries to European customers,

With rising LPG prices, low transportation and relatively low
extraction costs compared to LNG processing, Algeria's LPG and
condansate projects are also set to become major reverme earners,
Current production at Hassi Messacud (1.28 million t/a LPG, 50,000
t/a propane and 106,000 t/a butane) and Arzew (btmtane 350,000 and
propane 600,000 t/a) is supplemented by small quantities available
from the ING uhits. New turboexpanders are being installed at Alrar,
Mereksen, Stah, Hassi-R'mel and Ehourde Nouss, LP3 will also be
produced as a by-product of the LEG II unit at Arzew,

Qverall assessment

Prior to 1978 Algeria only exported non-associated gas, reserving
most of its associated gas for re-injection. Associated gas was
scheduled to become a source of pipeline gas when production exeeded
re-injection requirements in the early 1980s.

In practice the conservation limitms placed on 0il production will
curtail associated gas availability. Nevertheless even under a
curtailed export programme, demand for ING and pipeline gas will
~onsiderably exceed the quantity available as associated gas and solving
the overal' flaring problem will become a matter of internal sdjustment,
industrial use of natural gas could therefore proceed at a pace
indicated by domestic needs rather than the need to exploit a wasting
asset, What remains uncertain is whether the ethane component of the
associated gas will find optimal uses,
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BAHRAIN

In 1978 Bahrain's aszociated gas output reached 12.6 million cu
m/day of which 2.5 million cu m (20 per cent) was flared ard 2.7 million
cu m was re-injected.

With an oil ocutput of only 57,000 b/d and reserves of 20C million
bbl, Bahrain is one of the least endowed 0il producing countries in
the Arabian Gulf. Govermment industrial strategy therefore emphasizes
cooperation with neighboring states. The gas-based joint ventures in
petrochemicals and sponge iron (see below) link Bahrain with Kuwait,
Jordan, Iraq and “audi Arabia.” 3ix Gulf states are to co-operate
in an aluminium rolling mill to be built in Bahrai ) y 2and Bahrain also
considered a stake in a Gulf project to mamufacture cement in Saudi Arabia.

Since 1979 responsibility for processin; associated gas has been
vested in the Bahrain National Gas Corporation (BANAGAS), 2 joint
venture between the Bahrain National 0il Company (75 per cent), the
Arab Petroleum Investment Corporation (12.5 per cent) and Caltex (12.5
per cent). The joint venture operates a 2.8 million cu m/day, NGL
plant producing 80,000 t/a, propane 75,000 t/a butane and 125,000 t/a
natural gasoline, all marketed by Caltex. Projected earnings are
estimated at $33 million per annum. The plant produces a residual
gas containing ethane and methane at a rate of 2.4 million cu m/day.

M2in gas users are presently Aluminium Bahrain, a power station
and an oil refinery. Between them they account for around 7 million cu m/
day. In 1980 government approval was obtained for a $350 million plant
to be built by the Arab Iron and Steel Co., a joint venture between
Bahrain, Kuwait, Iraq and Jordan. The plant will come on stream with
a capacity of 400,000 tons per annum of pelletized iron in 1983-84Z
Gas consumption is estimated at around 2,5 million cu/day.

Another Aradb joint venture in Bahrain, Gulf Petrochemical
Industries Co., plans a $400 million project to produce 100,000_%/&

each of ammonia and methanol,

68/ Mid-East Markets, 25 Augusi 1980

62/ Saudi Arabia also provides 100,000 b/day for Bahrain to procuce
in its joint venture o0il refinery with Caltex.

70/ Mid-East Markets, 1% Sune 1980
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Overall assessment

Wi1th these new plants Ior ammonia and metihznol, ihere should Ve
sufficient utilization capacity to cease flaring associated gas.
Further gas-based industrialization would therefore proceed on the
basis of Bahrain's reserve of non-associated gas. Or the other hand,
no arrangements appear to be being made to utilize the ethare content

of the associated gas for its chemical value.

BRUNEI

0il and LNG exports are the mainstay of Brunei's foreign trade,
bringing in $1.6 billion in 1978. 0il production has levelled at
230,000 and 250,000 b/d giving an associat:d gas output of around 35
million cu m/day. Of this, 11 million cu m (31 per cent) were flared,
and none re-injected.

Government policy on exploiting both associated and non-
associated gas is limited by lack of skilled manpower in a population
of only 213,000. At present there is only one project, a 6 million
t/a LNG unit whose output is dedicated under 20-year contracts to
consumption in Japane.

The plant consumes around 20 million cu m/day i.e. nearly
all the associated gas that is not being flared. Owned and operated
by Brunei-LNG Limited, in which the state now has a 33 per cent
share along with Mitsubishi and Royal Dutch-Shell, the plant buys
gas from Brunéi-Shell Petroleum Co,, a 50:50 joint venture between
the Brunei govermment and Snell group., The LNG is sold to Coldas
Trading Limited, a 50:50 joint venture between Shell and Mitsubishi,
which ships it to Japan.

Although further industrial development in the field of
petrochemicals and fertilizers was considered under the last five-year
plan, there are no projects of this nature in the present 1980-84
plans.

Overall assessment

Without further industrialization, Brunei associated gas
will continue to be flared 2t arcund the 30 per cent level.
Brunei also loses potential revenue through low contract prices;
Brunei-Shell Petroleum receives oniy 20.1 cents/million Btu for
the gas sold to the LNC plant, while the price in Japan for the
70 per cent of the deliveries is only 48.f cents/million Btu.
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are being negotiated for additional supplies; deliveries to tke
United States have yet to start. Both plants are scheduled to double
their capacity by 1985

NC1~LPG recovery plants are in operation in North Sumatra, West
Java, Bast Kalimantan, In most cases the LPG production is exported
directly, natural gas liquids are spiked into crude oil and the residual

gas is used for industrial purposes e.g. fertilizers and steel production.

Fertilizers have been produced in Indonesia since 1958 with
strong emphasis on urea. By 1979 urea capacity reached an estimated
2 million t/a and it should exceed 3 million t/a in 1983. Two recent
additions feature intermational co-operation: a unit at Kujang, West
Java was financed with a $2 million loan from Iran; a 570,000 t/a at
Aceh in North Sumatra is being built as joint venture by five ASEAN
states and partly firnanced by a 83 million low interest loan from

Japan.

Two petrochemical projects based on gas are $1.5 million complex to be
built at Aceh and a $30C million, 350,000 t/a methanol unit at Bunya Island.
The Aceh development includes an ethylene cracker (300,000 t/a),
low-density polyethylene (285,000 t/a), high-density polyethylene
(60,000 t/2), WM (110,000t/a) and ethylene glycol (70,000 t/a). The
project, which should save Indonesia from $200 million on imports
annually is being discussed on joint venture terms with Union Carbide,
Exxon, Phillips Petroleum, Cdf Chimie and Mitsuill/%bedstock prices for
these plants are understood to be somewhat about the 65 per million
Btu currently paid by domestic gas users,

Overall assessment

In principle Indonesia is well on the way to solving its flared
gas problem, In practice, however, a large amount o’ rationalization
is needed vefore industrial users can be supplied preferentially with
asgsociated gas that would otherwise be flared rather than ncn-associated
gas that could be left in the ground.

71/ Chemical Week, 19 March 1980
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The remaining 1.5 million t/a is sold at 90 cents/million Btu

i.es well below world rates.

™

A further loss is represented by the practice of re-injecting
ethane, propane and butane cumporents back into the LNG.

INDONESIA

Despite regulations to control flarin;é/ and a nmumber of gas-based
irdustrial projects, irn 1978 Indonmesia was still burning the ecuivelent
of nearly 35 per cent of its associated gas - 1”7 million cu m/day out
of a production of nearly 50 million cu m/day. Provisional data for more
recent years indicate, however, large imprevements due to greater
utilization by industries and increased re-injection. Together, this
measure miy have brought the flaring rate down to 22 per cent of
aggsociated gas production,

Government policy, embodied in Indonesia's third five-year plan
(1979 to 1984) emphasizes three changes: a) greater use of gas for
industrial and hcme needs, b) use of both associated and non-associated
gas to make Indonesia sufficient in basic petrochemicals and fertilizers
by 1985, and ¢) substitution of gas for oil in the economy to reduce
oil imports.~ This is taking concrete form in the expansion of iwo
LNC plants and a number of petrochemical projects (see below). Several
of the projects under discussion could involve co-operation with
industrialized countries and with other develoving countries. The
Indonesian partner in such cases would be Pertamina, the state oil
and gas agency.

Gas utilization projects are found at four :zitsei: North Sumatra
(NG, fertilizer, petrochemical, LPG-carbon black, power generations);
South Sumatra (fertilizers, power generations, LPG); West Java (LPG,

NCL, steel, urea, cement) and East Kalimantan (LNG, urea, NGL, and LPG).

Indonesia‘'s largest users of natural gas are the LEG plants 3t
Arun and Badak. Owned by Pertamina, they are operated by joimt companies
in which Pertamina has 55 per cent, a Japanese consortium (the ul’imate
consumer) 15 per cent, and a third partner from the United States—Ichil 0Qi:
for “run zand Huffco for Badak—*ne remaining 20 zer cent., Inder Zl-reap zalec

~ontracts, L7

—— 1

is designated “or Jaran (7.5 ~illinn 4£/2) 2ad Tnised S*oteg (2.9

million t/a). Japan currently pays $4.95/million Btu but higher prices

72/ Chemical Engineering, 12 Nov. 1973, 113.

73/ Cas flaring has becn regulated in Indonesia since 1960 under a law
requiring re-injection to be given first priority in order to maximize
0il production.

74/ Although Indonesia is a net 7il exporter, large gquantiiies are
imported because 1ocal refineries are unable to process Indonesia's
heavy crudes to provide sufficient middle distillates.
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Gas demand in 1978 assuming the LNG plants had been running at
full capacity was 50 million cu m/lda»y, i.e, close {0 Indomesia’s Lotal
gas production., By 1985, following further expansion of fertilizers
and petrochemicals production, demand will exceed 100 million cu m/day.
This will require all the available associated gas plus supplemental

supplies firom non-associated sources,

With only one major user, however, there is comsiderable room
still for plants to use the ethane component of different gas streams
for petrochemicals.

IRAN

In 1978 Iran flared 47 per cent cf its associated gas - 66 million
cu m/day out of 151 million cu m/day produced. At that time oil output
wag 5.25 million b/d making the country the world's second largest
producer. Over 27 million cu m/day were re-injected, 26 million
exported as pipeline gas to the Soviet Unio and 26 million
cu m/day used domestically.

At that time, the government had ambitious plans for industrialization
and Iran's gas resources were to have play a major role., Given the
political changes since 1978, it is unlikely that these plans will be
realized with more than a fractiom of their original scope. WNevertheless
Iran's intentions stand out as an object lesson in what may be done with
flared gas—aznd the strains they may place on the economic and social
fabric of a country if pushed too fast.

Building on existing experience, ges was to develop as a resource
of broadly equivalent importance to oil. In addition ‘7 direct exports,
utilizing it most productively meant employing gas as feedstock for
petrochemicals and as an energy source for energy intensive industries.
The overall object was to move Iran up the scale in the intermational
division of labor. Foreign partriers were welcome in relation to their
ability to provide modern technology and market access,

17 The ICAT I pipeline permitted direct export of gas at the low price
of 18.2¢/million Btu in return for Soviet assistance in constructing
a steel mill, a heavy mechinery plant, a machine tool factory and
supply of military ecuipment., The price was eventually raised to
76¢/million Btu as of Jamary 1977.

The ICAT II pipeline, originally anticipated for completion in 1930,
was part of triangular Iran-Soviet-European arrangement. Iran would
have supplied the USSR 46.5 million cu m/day for use in neighboring
Azerbaidjan, Ceorgia and Armsnia, releasing an equivalent cuantiiy
in its northern fie.ds for use in Western Europe. From a strategic
riew point it is interesting to note that the Soviet Union insisted
on 2 high calorific value in the Iran deliveries, thereby ensuring
that most of the ethane was not removed,
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Although three attempts to export gas in the form of LG foundered —

largely becarvse worlid prices were considered too low—Iran has developed
2 Substantial exnort programme based on NGL processing. Two existing
oL units, at Kharg 1sland and Bandar Ma'shur, had a combined cavacity
of 1 million t/: 6, a plant under construction at the Bandar Khomenézbé
part of Iran's joint venture with Mitsui and other Japanese companies —
would have had a capacity of 2 million t/a. In addition the Kharg
Island facility was to have had extra 750,000 t/a capacity by 1981 and
Bandar Khomeni had meamshile been selected as the site for a second
facility, adding a rurther 1.8 million t/a. If 211 these projects had
been reazlized, Iran's total LPG cavacity would have been 5.3 million
t/a by mid 1980s. This compares, however, with 10 million t/3 considered
possible, if all gas currently flared were processed in NGL unitss

In petrochemicals, resvonsibility for the $3.5 billion investment
envisaged uncer thel975-80 plan was vested in the National Petrochemicals
Corporation (NPC). NPC's partners in all cases came from industrialized
zountries: B. F. Goodrichk (PVC), Amoco (sulphur and LPG), Cabot (carbon
black), Allied Chemical (fertilizers), Nissho-BAI Mitsubishi chemical
(plasticizers) and the Mitsui group (elefins, chlorine, ethylene
dichloride, low-densiiy polyethylene, high-density polyethylene,
polypropylene, symthetic rubber, butadiene, benzene and LPG initially;
styrene. 2nd xrlenec vz*awlZ/ tomm zt¥racticn for these tartners Tt o2
teen the extremely low gas price reported: 2¢/million Btuﬁ-/

Energy-intensive industries were also being developed. In addition
to an existing 110,000 t/a2 aluminium smelter, iron and steel production
capacity was to be expanded with a 6 million t/h spenge iron complex.
Cement capacity was to be 2early doubled with an additional 2.7 million t/h.

Overall assessment
Whatever the industrializaticn policy adopted by Iran's future
Government, the key to solving the flared gas problem is the size of direct exports

as pipeline gas, and of the eventual gas-re-irjection prosramme in relation to
oil oufput. In 1978 whea.eil vroductior was over 5 million b/d, re-iniaction

76/ A further 400,000 t/a ¥a8 available from Iran's refineries.
77/ Throughout this text this facility is referred to under its current name,
78/ S. Boushahri, Kharg Chemical Co., Teheran Gas—Tech, 1978
79/ In 1979 the first phase of the mitsui joint venture was 85 to 90
per cent completed when construction stopped. Negotiations e.ther
to re-start construction work on all projects or to confine attention
to the LPC units have since broken down.
80/ Nominal well-hesd price, pre-1973. Later consideratians allowed for
prices from 2¢ up to 81.00/b1llion Btu linked to company profitapility.
See Louis Turne-, Mid-East Industrialization, Royal Institute of
National Affairs, 1975,
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accounted tor 19 per ceni assoclated gas oulpDute RETOTLIWLY

increase thisal/;— nresumably in relation to a larger oil production
rate.

Assuming that these plans will be partia'ly realized but that
future o0il production rat: will be at levels substantially below those
in the past, all associated gas could be processed in NGL units. The LPG
could be recovered for export and ‘he residual gas re-injected

to becost o0il recovery ard to stores=s for future use,

Realizaticr of earlier p.ans for petrochemicals production, while
not diminishing the toial value of flared gas significantly, would
begin to make better use of its ethane component,

pe:

In 1978 Irag produced 30 million cu m/day of associated gas in
connection with an oil output of 2.6 million b/d. At that time nore
of this gas was re-injected and some 25 million cu m/day (% per cent)
was flared. With five new oil fields opening up - bringing potential
output to 4 million b/a - the Tlaring problem could however increase

despite government plans aiming at 80 per cent utilization by 1980.

Greater reliance on gas as an energy resource to conserve oil
for industrial and domestic uses is central to Iraq's development
strategy. Processing therefore emphasizes LPG recovery for local use,
with residual gas going to industry, and only excess quantities of LPG
being exported. The Irag domestic market is considered large enough
to utilize all the estimated gas resource in the next four years, thus
ruling ocutl exports in the form of LPC.

Under the auspices of Iraqi State Organization for 0il Production
and Gas Distribution, two separate gas gathering and processing projects
are under way. In the south the network focuses on an 8 million cu m/day
g48 separation unit at Khor-Al-Zubair completed in 1978. (Utilizatiom
of residual gas from this facility is discussed below.)

81/ S. Boushahri, op. cit
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In the north an existing 285,000 t/a LPG plant near Baghdad
supplies residual ges to- a power plant and cement factory. In 1981
this will be expanded with completian of 1.5 million t/a LPG unit
harnd'ing an additiomal 20 million cu m/day of associatei gas.

Direct use of asseciatad gas in the south began in 1965 with a line
to the Basrah power statiom. Iraq's first fertilizer complex (ammonia,
60,000 t/a; urea, 56,000 t/a; ammonium sulphate, 120,000 t/a) came on
stream at Abu Flus in the early 1970s. Later expansions brought ammonia
capacity to 82,000 t/d.

Gas utilization in the south will be increased with the availability
of residual gas from the Khor-Al-Zubair ROL wnit to supply an iron and
steel complex, 3 petrodiiinical mnit and a uecand fectilizer site.

Snange iron capacity in the steel complex will eventually reach 1.25 t/h;
Iraq's first petrochemical complex will include ethylene (130,000 t/h),
low—density polyethylene (6C,000 t/a), high-density polyethylene

(30,000 t/a) and PVC (60,000 t/2). The fertilizer complex will produce
2,000 t/d ammonia and 3,000 t/day urea.

Over2ll assessment

Incomplete datz on individuzl industrizl uses preclude a fall
picture of how flariﬁg will be reduced. 4As 2 first approximation it
can be seen that tne *hree NGL units could consume up to 25 million
cu m/aav. When thev are fully lozded, *nhis mez2ns tha* the govermmen?
commitment *c 20 per cent utilization in the early 1920s will be realized,
if uses can be found for +the residual methane znd ethane., As noted,
however, gzs availability could 2t the same time rise by 55 per cent with
expanding oil output In addition, with only one relativel: small e*hvlene

crarcker in the offing, ethrlene utilization would remain ponr.
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XUWAIT

In 1973 211 of Xuwait's output of natural zas 3> million -~u m/4,
~ame in assoziation with the countrv's outout of 2,? miilion t/d of
crude oil. Including gas used for re-injection, utilization level in that
year rea~hed 62 per cent, already one of the hishest in the Middle
East. Since then, the -ompletion of a second NGL nlant has cut flzrine

to the pvractical minimum.

Development of gas, o0il refining and vetrochemicals form a major
vert of Government plans %o develop and diversify ¥uwait's sources of
income@z/ If however the hizh oil output (e.g. 2 or 3 million t/d)
cannot or should not for conservation reasons be sustained, the totzl
quantitr of gas for industrialization purnoses will be limited.
Fauture expansion will likely emphasize better t—-ves of utilization,

e.g. chemical rather than fuel use of ethare,

Although Government strategv allows for ~o-oneration with p2riners
in industrizlized ~ounzries, there are none soc far in ovetrochemical

or fertilizers in Xuwait itself. Zo-oneration with other Zdeveloning

[

ountries in join* ventures outside ¥uw2it hzs been more zus~essful,
Iith Bahrain, €for evample, it established 3Janrzin=¥i1r2it Setro~hemi~zl
Industries in 3ahrain in 1979. The first oroﬁ,ct 1s 2 1,000 /4

ammonia and 2 1,000 t/d methanol -complex at Si“ra, Bahrain using lo~z2llv
available gas. The products will zo mainiy to China 2nd the Tndiarn

8
subcontinent.'l

All new vrojects using gas as feedstock or fuel domesgti~ally are
evaluated by the Kuwait 0il #Ministrv. To nroceed ther must te annroved

by both the ¥uwait Petroleum Council and the Government's Priorities

32/ Kuwait's limited possgibilities for indus+trial and agrisultural
develooment and .ne need to prevare for the post-petroleum er2 are
the reasons for the creation of a "reserve fund for future generations",
usinz it to invegt surolus o0il rewvenues abroad. In Prarn-e Yiwziti
agsets innlude parti-ioation with £df Chemie in 2 urea nroject af
Toulouse. Further ~o-overation between the nartners is -inder discussion.
Mid Bast Markets, July 14, 1980.

8}/ Mid East Markets, August 19¢0. Kuwait is 2lso ~onsiderinz
particioation in the financing of 2n o0il refiner— at Batam, Indonesia.

Agreement in nrinciple with Indonesia and Mala-sia for a2 200,000 bé&
refinery using Xuwaiti and Indonesia ~rudes was 3zigned in 9. A

aromatic projest oroposed to other Arabian Gulf partners failed to ge:
off the ground.
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committas. Projecte are nitimately tmilt and managed hy Ruwait

Petrochemical Industries (KPIC) or Kuwait Chemical Fertilizer Company
(KCFC) .

LPG output from NCL units at Mina al-Ahmadi and Shuaiba is mostly
intended for export. Maximum capaciiy of the two units together is
6.85 million t/a but crude oil output could restrict this to around
4 million t/h. Of this, by July 1979, 1.5 million t/é had been committed

as exports, mostly to Japan, under long-term contrants.

Kuweit's first gas-based industrial complex has been making ammonia,
urea, ammonium sulphate and sulphuric acid at Shuaiba since 1966, In
1978 RCFC's ammonia output reached 523,000 t/a and urea 668,000 t/ééi(
A further 1000 t/a ammonia capacity, partly replacing an old plant, is due

on st e in 1981,

KPIC, mearwhile, is studying an ethylene complex making 350,000 t/a
ethylene together wifh a downstream units for low-density polyethrlene,
ethylene glycol and styrene. There are also plans to nearly double power
generating capacity by 1935, partly to supply a new 120,000 t/é

aluminium smelter.

QOverall assessment

After peaking at over 2 million b/ﬁ in 1979, oil production has
been reduc:d as a conservation measure to 1.5 million b/d, with a
corresponding gas output of around 23 million cu m/day. On this basis,
Kuwait is heading for a position of tight zas suooly. Flaring should
thus be maintained at the minimum necessary for o0il field operation and
increased supplemental gas surplies taken from non-associated sources in

Kuwait's offshore neutral gone,

The data are insufficient to determine if ethane will bYe fully used

in the proposed new cracker.

84/ "Arab 0il 2nd Gas Directory", 1979/1930
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LIBYA

According to official figures the Libyan .Jamahiriya already has
one of the lowest flaring rates: <14.5 million cu m/day cut of a 1978

production of 52 million cu m/d (20 per cent).

Government strategy for exploiting gas reserves explicitly gives
preference to industrial use of associated over noun-associated sources.
A gas gethering pipeline is being built linking small but scattered
fields to permit either industrial use or re-injection. The authorities
have hesitated, however, to move quickly into industrial projects -~ at one
time rejecting a mega-uethanol project in favor of re-injection. Gas
utilization ie nevertheless embodied in the General National Organization
for Industry's strategy development plan for 1980 to 2000.

According to this there will be nine major industrial areas for
chemical and petrochemicals: at Marsa el Brega {methanol, ammonia,
urea and naphtha~based sthylene); BRas Lamuf (refining, ethylene
toluene, xylene, chlorine, magnesium, methanol, VCM); Ben Jawad (paints
pesticides, plastics); Ajedabia; Surt (iron foundry and forge); Abu Khamash
(VCM); Zuara (refining and fertilizers, aluminium smelting and fabrication);
Zawaia (refining and fertilizers); Tajiura (steel fabrication, auto
industry, food productiom, light industry); Marada (orine extraction).

Despite ten years' experience in LNG production, the authorities
appear uninterested in expan?®:_ %‘hat tusiness. The plant at Marsa el
Brega processes 15 million cu m/d. of both associated and non-associated
gas to make LNG, LPG and NGL. Exports are mainly to Spain and Italy.

Over the years Libyan LNG prices have risen from 49¢/million Btu to
l.62/million Btu f.o.b. Marsa el Brega; volicy is now *o link *hem %o OPEC

0il prices.

Industrial utilization of natural gas is the responsibility of the
Libyan National 0il Corporation which runs ammonia and methanol plants
at Marsa el Brega. The ammonia plant, with a capacity of 1,000 t/d
exports to Italy, Greece and Spain pending coupletion of a 1,000 t/d
urea unit. Sales are handled by a Bermuda-based shipper.
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The methanol plant is a joint venture between Natiomal 0il Corp. of
Libya and Occidental Libya. All the output of the 1,000 t/d is exported;

mainly to Southern. Fhror_an.-gi/

Future units using natural gas include a direct reduction iron
and steel plant at Misrata, a second ammonia unit at Marsa el Brega,
a petrochemical complex at Ras Lammf using gas as a fuel, two additional
1,000 t/d4 ammonia units at Ras Lamif and possibly Misrata, and a
100,000 t/d aluminium plant at Zuara. Increzsed g2s consuwp*ion for Sower and

water desalination is alsc planned.
QOverall assessment

In line with reductions in oil cutput, Libya's associated gas
production is scheduled to decline. Estimated output will drop from
41 million cu m/day in 1980 to 30 millioa in 1985 and 22 million ‘in
1990, With the increase in demand from steel, aluminium, power generation
and general industrial plant, not only should flaring be eliminated
by 1985, but there will also be a need for nearly double the present
consumption of non-associated gas.

Bi/ Both methanol and ammonia are delivered to Greece as part of the
$4 million/year trade agreement under which Libya supplies Greece
with 1,000 t/a of ammonia, urea and methanol in exchange for
complex fertilizers, agricultural machinery, medicine and cement.
Fertilizer International, March 1979, p.1., Greece will also receive
a 3 million t7a. oil allocation and the two countries are exploring
the possibility of a joint venture ammonia plant in Libya.

ECN, 10 Jamuary 1979

Exports of 50,000 to 60,000 t/a are reported under a
negotiation with four Japanese producers to substitute or replace
their butane with natural gas—based ocutput.
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MALAYSIA

With a modest cil cutput, Malaysia produces only a small quantity
of associated gas and virtually all of its flared. In 1978 output was
around 11 million cu m/d in conjunction with a crude output of 210,000
b/d.

The Malaysian Govermment has always pursued a cautious approach into
exploiting  the country's oil and gas reserves, but under the 1981-1985
Plan, a2 mumber of petrochemicals and energy-intensive projects based on gas
are firming up. .A common feature running through them is partnership
with foreign firms in joint ventures.

An LNG plant at Bintulu in Sarawak is due on stream in 1983 with a
capacity of 6 million t/a. Output is destined for Japan under 20-year
contracts. The plant will consume 24 million cu m/d of non-associated
gas from an offshore field. Costing $2.4 billion the project is a joint
venture between the national oil agency, Petronas (65 per cent), Royal
Datch/Shell (13.5 per cent) and Mitsubishi Co. (13.5 per cent).

Using the same gas source, a joint venture 1500 t/d urea plant
is being built by members of the ASEAN group. Malaysia will hold
60 per cent, Indonesia, Thailand and Philippines, 13 per cent each and
Singapore 1 per cen‘l:a.6

Likely future projects include 1500 to 2000 t/d methanol plant using
asgociated gas from offshore fields. This may be set up as a joint
venture to take care of the exportable surplus,

Whether Malaysia uses its natural gas resources for steel or
aluminivm industry is the subject of an ongoing debate. Gas from offshore
fields at Sabah and Sarawak was earmaried for 900,000 t/a aluminium
smelter on the Island of Labuan, The project would have been a joint

8¢/ Chemical Week, 19 March 1980
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venture between Aluminium Pechiney, France {30 per cenmt), Hyundai, South
Korea (l%7per cent) and the State Gcvernmet of Sabah. It apparently
foundere on a doubts over the size of the gas fields to be used and

a desire for a more viable downstream industry. For this reason feasibility
studies on sponge iron are now being carried out as an alternative.

A second, smaller, smelter (100,000 t/a) is under consideration
2t Bintulu near the LIC and urea plaats by Reynolds Alumirmm of the .
United States.

Overall =ssessment

To date only one large project - for methanol - is slated to use
associatcd gas and there are none designed specifically to recover
gas components separately, e.g. ethane for petrochemicals, LPG for export.
Nevertheless the relatively small quantity gas being flared means that
when the LNG plant and other large users are in operation, the'ir consumption
will far exceed the flaring losses. The Malaysian problem will then
become one of the rationalization: bduilding pipelines to transport

associated gas into the larger and users to conserve other energy sources,

MEXT CO

In 1978, Mexico produced 72.5 million cu m/d of gas including that
associated with 1.21 million b/d of oil. Flaring rate was amne of the world's

lowest: around 20 per cent of associzted gzs and 7 per cent of total naturzl zzs,

Because Mexicowperhaps uniquely among the oil producing countries—
regards flared gas as a political as well as ecoromic issue, no effort
is spared to reduce this level still further, Completion of pipeline
to collect offshore gas in the Gulf of Campeche was designed to cut the
overall level to 3 per cent. Purther reductions were to follow as a result
of a case-by-case study by Instituto Mexicano de Petroleos on the most

economical way to use small quantities of gas flared at isolated wells,

87 Far Eastern Economic Review, 18 April 1980
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Faced with prospect that flaring problems could put a brake on
0il production levels, govermment strategy for continuing to utilize
the associated gas effectively plays on three options: increased domestic
consumption (incidentally releasing exportable oil products), increased
re-injection, and increased exports (via pipeline to the United States).

In March 1980 distribution by pipeline was extended to the United
States border to permit dircct export at a rate of 8.5 milliom cu m/d.
The reported price was $3.625/million Btu, to be adjusted quarterly in
line with the averags of a basket of five crude oils.

Mexico had already stepped up its re-injection programme to
reduce flaring from an estimate of 14 to 17 million cu @m/d to less than
1.5 million cu n/d?ﬁ/ Reinjection volume could be further expanded
to cope with increased associated gas flowing from higher extraction

rates.

To increase domestic consumption, $1.1 billion was spent on the
national distribution grid — primarily to bring gas from fields in
the south to the indusirial area nea: San Fernando and Monterrey in
the Nortk. Apart from p. ser generation, the two main industrial consumers

of gas from the grid are the petrochemicals and steel sectors.

The context in which gas is used for petrochemicals is a $3 billion
investment programme involving consiruction of 70 plants in period 1977 -
1982, The aim is to make Mexic. self-sufficient in petrochemicals by
1980 and dispose of a 20 per cent surplus by 1982. Responsibility for
the programme rests with the state oil agency, Petroleos de Mexicanos
(Pemex) which is required to operate monopoly rights for some 45 basic
petrochemicals - defined to include several polymers as well as monomers
~- and maintain at least a 60 per cent stake in projects in the secondary

petrochemicals sectors,

Mexico's petrochemicals plants are mainly built at two complexes
in the south-east: Cagrajera and Moratos. An entirely new complex is
plarmed in Laguna de Ostion near Villa Hermosa in Tabasco province.
Each will contain a 500,000 t/a ethylene cracker. In addition sites
at Pajaritos, a Casoleacacue and Texmelucan are being expanded.

8_8/ Petroleum Economist, March 1979
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By 1982 Mexico will havean installed capacity of 4.1 million t/a
of armornia, and 2.1 million t/a. ethylene together with additional
1.5 t/a methanol capacity. Due on stream in the mid 1980s, the
consumption of these large gas users will exceed 27 million cu m/d.
Downstream and related petrochemicals units 2-e to produce aromatics,
low—-and high-density polyethylene, styrene, VCM, acetaldehyde, ethylene
axide and acetonitriile.

For steel production, Mexic) had developed its owmn dj.rect reduc:étion,
process to convert iron ore to sponge irvm. Known as the Hvl process,
the system consumes \rcand 300 cu m/t iron. Mexico's plarned capacity of
4.54 million €/a by 1985 will therefore be used 4.5 million cu m/d.

Overall assessment

Given the strencus efforts being made to utilize associated gaus,
Mexico's problems with flared gas are simply that investment camot keep
pace with expanding o0il production rate. Facing a choice between a cutback
which would bring inflation under control and further expansion to cope
with unemployment problems, the Govermment has chosen a growth strategy?g/
Where originally only 2,2 million b/d were plammed by end 1980, remaining at that
level for two years, mid 1980 already saw 2.7 million b/d and it could
exceed 4 million b/d by 1982,

The extra reveme will pay for Mexico's industrial build-ap but
it will also nearly double the quantity of associated gas available.
To avoid flaring, Mexico will either require additional exports to the
United States or additional investment in NGL recovery, re-injection and
general distribution facilities. Given acceptable gas prices, direct
export to the United States could be stepped up to 22 million cu m/d
with the addition of new compressor stations and pipelines.

89/ Developed by Hojalatay Lamina, Mexico City
99/ Business Week, 7 July 1980, P, 83
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A 2500 million fertilizer complex at Port Harcourt will include
a 1,000 t/d 2mmonia unit,.a 1,500 t/d urea plznt and = 1,00C t/d ¥PX
unit. Two United States companies, Transcontinental Fertilizer and
International VMinerals and Chemical Corp. hzve set up 2 joint par*nership
to help with operating management and take an equity stake in the complex.
Some 40 to 50 per cent of outout will be exported, mainly %o 3razil and

other South American markets.

Chiyoda of Javan is building a §37.5 million LPZ unit with an ocutoput
of 184,000 t/2. Completion at Lagos is due in October 1981. With only
a small proportion going to bottle gas for loca2l use, the output is mostly

destined for export.

The Coverrment has approved construction of a $10 billion LNG
plant at Bonny Island with capacity building up in stages to a total
of 16 billion cu m/h. The plant could utilize all of Nigeria's oresent
flared assocated gas at full capacity, but in practice it must rely on
non-associated gas supplies as well. Plans are to export half the LG
to eizht customers in Western Burope and the other half to the United
States. Buropean customers are prepared to take all the gas if sales to
the United States are not approved by the Government. Price negotiations
are reportedly in the region of $5.50 to $6.00 c.i.f%l/

Overall assessment

The government's intention toeliminate flaring by 1984 will be
realized if re-injection, further gasification of the economy, e.g.
substitution of fuel oil with associated gas, or use of associated gas
as part of the raw material for the forthcoming Bonny ING plant, add an
additional load of around 5 million cu m/day. If restrictions on oil
extraction rates are maintained, further gas-based industrialization

would necessarily use non-associated gas.

91/ World Gas Report, 10 March 1980
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NIGERIA

In 1978, associated gas accounted for all of Nigeria's natural gas
output and 98 per cent, over 56 million cu m/&, was flared. Future
production will be linked to o0il production levels which are scheduled
to ceak at around 2.5 million b/d in 1981-1982. Under the five year plan
starting in 1981 production »f non-associated gas will also become
significant.

Close government interest in the oil and gas industry's performance
is reflected in the 1977 merger of the Nigerian National 0il Corvp. and
itw own Ministry of Petroleum Resources to form NNPC, the Nigerian
National Petroleum Corp. Restructuring plans for the NNPC include setting
up petrochemicals, gas production (including licuefaction) and marine
trancportation as separate divisions. NNPC will continue overzll respons-
ibility for exploration, marketing, processing and research, but all
policy decisions on contracts, pricing and production will be tzken by
the Govermment. On pricing, however, Nigeria bas said it will follow

market trends

The Government's long term strategy includes pushing ahead with
the Bormy LNG plant (see below) to provide expert revenue that will
erable it to conserve o0il resources without restricting earnings. The
next five vear plan is also expected to include a peirochemical complex,

part of which could be gas-based.

The major end uses of natural gas at present are desalination and
power generations. Government plans were t0 use about 15 per cent of the
agsociated gas for electricity generation by the end of 1980 and about
30 per cent by 1985,

Significant amounts of gas are already utilized as fuel for the
cement and glass industries. Plans are to expand the use of gas in these
industries and start producticn of fertilizers, petrochemicals and

steel, using natural gas br 1985,

99 UNIDO/ICIS. 73
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OMAN

Oman has only a relatively small gas output but its flaring rate
is high. In 1978, when o0il production reached 320,000 b/d, associated
gas output was nearly 8 million cu m/d and all but 1,1 million cu m ere
flared.

Govermment utilization plans center on three gas separation
plants and a distribution grid that will bring gas to the industrial
area near Mauscat. The separation plants at Soil Rol (in operation),
Yibel and Fabud (under construction) will process up to 3.7 million
cu m/d to yield nearly 8,000 b/d of gas liquids. The residual gas will
pass by pipeline to the coast to fuel existing power station and
desalination units. At a later stage it is intended to liquefy prupane
for household use at this plant,

The gas distribution line, completed in 1978, at present carries
non-associated gas to replace imported refined products in industrial
uses. This will be replaced in turn by residual associated gas when
the gas separation plants (see above) come on stream,

Although plans call for substituting gas for refined products
at other power stations irn Oman, the only new major industrial projects
on the way are 50,000 b/d refinery to be built at Miria Fahel ard a
Kuwait-Oman joint venture cement plant with a capacity of 600,000 t/a.

QOverall assessment

Existing plans for gas separatior indicate that at present
0il extraction rates, flaring should drop to around 50 per cent by
1982-83.

This would leave ample margin for one or two ammonia or methanol
units. With proven oil resources 3till rising, however, there 13 2 j3o3sitilitr
that extraction ratee will increase during the 1980s, ovening further

opportunities for large scale industrial uses of associated gas.
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GATAR

7as has been used industrially in Zotar, initially for power gzneration,
since the ez2rly 1960s. Production levels for associated gas in 1978 were
nezrly 13 million cu_h/ﬁgv. relating to 2 crude 2il outout of £90,000.b/i.
An additional 5.9 million cu m/day were taken as non-associated gas. In
relation to the associated gas 9 million cu m/day are flared, i.e. 71
ver cent. There is 2 substzntial improvement e ident in 4z2ta renorted for
1979 and further improvements are due in 1981.

Since 1975, the Gatar Government has been using o0il revernues to
finance heavy industry develooments. The aim is to build up a gas-based
industry to replace o0il revenues when they begin to decline in the late
1980s. As in Saudi Arabia, %atar gains access to technology and markets
by means of joint ventures with industrialized country vartners. Most
projects are realized in conjunction with the Zatar General Petroleum
Corp. in Doha. Their prior conception and execution are in tlte hands of
the 2Q2tar Industrial Development Centre.

Because associated gas quantities are limited b7 o0il extraction
rates, the Government recognizes the need to develop non-associated gzs
supplies. Its dilemma is that the cost will te high-—estimated %4
billion for the gas field alone. This means long term contractual
arrangements are needed to guarantee investment ret: « For this reason,
Qatar has been one of the most active in promoting an OPEC price for gas
at a level approaching parity with crude oil.

Gas utilization begins at the country's treating and fractionating
units at Fahahil, operated by Qatar Gas Co. a joint venture tetween Ratar
General Petroleum Corp and Shell Qatar. At full capacity this equipment
will supply methane-rich streams totalling 6.42 million cu m/day, leaving
1,75 million t/a KGL for separation into LPG and around 1.2 million
cu m/day of ethane—more than enough for existing and planned petro-

chemical use.,
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Apather XCL unit comes on stream in 1931, Together they will deliver
550,000 t/a propane, 400,000 t/2 butane and 260.00G t/a natural
gasoline.

Residual gas from the two NGL plants will be used as fuel for cemeni
(Q¥CU - Qatar National Cement Co.), petruchemicals (SAPCO - ZataT Petro-
chemical Co.), fertilizer (QARMCO - Gatar Fertilizer Co.), and the Dukhan
power station. In addition to fuel, GAPCO also receives the two
ethane-rich streams as feedstock for its new 250,000 t/a ethylene cracker
and downstrram low— and high-demsity polyethylens ' _.its. Other state power
plants, desalination units, and the direct reduction sponge iron plant
(9ASCO - Ratar Steel 72.) will rely meinly on supplies of non-assoziated
gas, but associated gas will be substituted where possible as a conservative

measure.

Power, cement and desalination exrluded, nearly all the large scale
industrial ntilization has been achieved in joint venture operations:

Joint venturs - Fartners
QAPCO Cdf Chimie {16%), Qatar General Petroleum Co.(84$f£/
RAFCO Norsk Evdro (20%), Catar General Petroleum Co. (80%)
SASCO Kobe Steel (209%), 4atar General Petroleum Co. (80%)

In each ~ase the foreign martner Drovides management services and or

marketing expertise.

Overall assessment

With both MCL units in operation, combined gas consumption of 18.4
million ~u m/a will permit a reduction of flaring to a practicable miﬂimum.
Nevertheless, gas throughput will still not cover demand from existing
users of methane-rich streams for feedstock and fuel. Increasing

supplements will therefore be recuired in the form of non-assosiated zas.

There is a contrasting situation in ethane, apparently. ZXthane~rirh
gas will be available in cuantities up to 1,2 million cu m/aav-nearly
twice the demand bv QAPCO for its petrochemizal complex.

93/ fatar General Petroleum and CdPF Chimie are also partners in a French
vetrochemical unit making 225,000 t/a ethrlene at Dunkirk.
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SAUDT ARABIA

In 1978 Saudi Arabia produced nearly 120 million cu m/d of associated
§Z§th a crude oil output averaging 8.3 million b/d.

Currant investments—, once aimed at raising crude o0il production to 12 million
b/ﬁ,would yield an estimated 170 million cu m/dar. To date there has been

gas in conjunction

no exploitation of the country's non-azssociated gas resources but plans
call for utilization to begin in 1932 when associated gas usage reaches 85
per cent of production. In 1978 only around 26 per cent of Saudi Arabia's
associated gas found useful application. This included the 3 per cent

used for re-injection. The remaining 74 per cent was flared.

Under Saudi Arabia's third five-year plan (1980-85) the emphasis has
shifted from large-scale industrial projects to social and educational
development. While no known petrochemical project has been affected, one
result is a reduction of the planned gas collection and treating facilities.
One NCL cen*re, at Khurais, has been cancelled and another at Safaniya, has
been deferred. This indicates that for the forseeable future, gas treating
capacity will be mzintained at 113 million cu m/&ay instead of 170 million
cu m/day as once envisaged. The Government's long-term goal remains, however,
industrialization in a form that will provide Saudi Arabia with a substitute
for o0il revermes when they begin to decline in the late 1990s. In practical
terms this is taken to mean petrochemicals, fertilizers and refined oil
products rather thar LNG.

The means * industrialization are various long-term co-operation
arrangements wiva .il, chemical and industrial groups from industrialized
countries. GCovernment policy places strong emphasis on joint ventures as
a way of ensuring that the products of industrialization reach the market

place?

94/ The Economist, 26 April, 1980 p. 56.

91/' In line with this, Petromin, Saudi Arabia's state oil company is both
increasing its share of oil output and diversifying crude oil sales away
from the Aramco companies. Direct sales to Governme:ts and oil companies
willing either to invest in petrochemical joint ventures or to process
Saudi 0il in their own refineries tu provide Saudi Arabia with refined
0il products or equivalent cish value can be expected to increase (see
Mid East Markets, 980). In 1979, petromin also announced (Mid East

Markets, May 5, 1980) a cut of 25 per cent in LPG sales to Aramco—
ar30 with a view to increased direct sales.
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It also ensures transfer of the bect available technology and that the
production plan®t is properly operated after being handed over by the

contractor.

Recognizing too that many potential partners would prefer Saudi
Arabia's energy to its manufactured products, the Government also operates
a four-point incentive policy. This offers low-cost loan capital, large-

scale infrastructurzl support, energ and feedstocks at favourable prices

and additional o0il or petrochemical feedstocks for the joint venture

partner's use elsewhercg-/ In a tvpical petrochemical project, 60 per

cent of the project capital may be provided at down to 3 per cent interest, 10
per cent would be borrowed at commercial bank rates, and joint ventures
partners would divide the rez2inder (15 per c.nt each) as equity capital.
Associated gas is initially made available at a starting price of 40¢/
million Btu but rising under a complex esczlation formula in line with net
profits?-Z Power would be offered at the prevailing grid price of 4
mills/kWh. Crude oil entitlements could be negotiated up to 50,000 b/d

per 81 billion investédgg/

In 1975 a mammoth gas-gathering and processing programme was launched
by Aramco?g/ a partnership of four United States oil majors set up to
extract Saudi oil. When completed in 1932 the projects will process 2
total of 113 million cu m/aay. Facilities for collecting, processing and
treating 26 million cu m/aay are alieady in operation at Berri, Abqig,

Ras Tannura, Abu Ali and Jubail.

A further 35 million cu m/aay of gas will be processed in two of the
world's largest NGL plants, now being completed at Shedgum and Uthmaniyah
in the Ghawaroil fields. Residue gas, around 29 million ~u m/&ay and mainly
of methane, is to be piped to an industrial complex at Jubail (see below)
for use ac fuel and feedstock. The NGL streams are fed, also by pipeline, to

fractionating units at Ju'avmah and Yanbu. In addition to propane, butane

9¢ 0il and Gas Journal, July 9, 1979

QJ/ The Aramco gas gathering system is reportedly supplying ethane to the
Jubail and Yanbu complexes at around 55¢/1000 cu ft, i.e. ahout one
fifth of prevailing werld prices— Mid E2st Markets, august 11, 1980, P.1l4

99 Shell 0il (United States) reportedly receives 200,000 b/d in connexion
with its participation in the £3 billion ethylene joint venture at Jubail
(Mid East Markets, ibid).

99/ Revised rates relfecting larger than expected Saudi oil commitments to
Aramco companies and increased investmant costs for the project,
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and natural gasoline, the Ju'aymah fractiomator produces 5.52 million

_____ hl .

7. - - - . - - ~ 3 - L4 -
cu m/day of ethane destined for peiruchemical use al Jubaii.

~—— A
VT e/

[
(5]

million cu m/aay of ethane will be available from the Yznbu' fractionator

and is earmarked for use a* the nearbv petrochemical comnler,

Responsibilitr for industrial utilization of associated gas is vested
in Sabic, the Saudi Arabia Basic Industries Corp., which is also the joint
venture. partner for international investors. TwWwoc industrial sites are being
developed on the basis of piped supplies of methane and ethane available
from the new fractionators, one at Jubail the other at Yanmbu'., Total invest-
sent in petrochemicals alome will be at least $10.5 billioni®®/

Yhen Saudi Arzbia's gas collection, processing and treating facilities
are completed in 1983, around 40 per cent of the available associated gzz2s
will be able to be exported as either LPG or condensates. The existing
plant produces 200,000 b/d (9.5 million t/a—3.5 million t/a propane, and
3 millica t/2 each of butane and natural gasoline.) The two new NGL units
at Ju'aymeh and Yanbu' will 2dd 190,000 b/d nropane, 142,000 b/d tutane
and 38,000 b/d natural gasoline.

The key investments are four or five ethane-based ethylene crackers—
up to four at Jubail, one at Yarbu', At Jubail 2 commitment-in-principal
agreement for a 656,000 t/é cracker for Saudi Pecten, a joint wventure
between Sabic and Pecten Arabia (a subsidiary of Shell 0il in the United
States) was signed in September 1980. Downstream units are to produce styrene,
ethylene dichloride, ethanol and chlorine/baustic soda. WWaiting final
aporoval, a Sabic-Dow Chemical joint venture plans to make 500,000 t/z
ethrlene to supply units for low-and high-density polyethylene and ethrlene
glvcol., Another low-densitr polyethvlene plant has been agreed for SABIC-
Exxon. Saudi-Pgcten will supply the ethylene., The fourth possible
cracker at Jubail is a SABIC-Saudi Petrochemical Development Co. joint
venture. Led bvy Mitsubishi Gas Chemical, Saudi Petrochemical is consortium
of Japanese companies and the Japanese governmment. Planned ethylene capacitx
is 450,000 t/a to feed downstream units making low~ and high-density polye-
thvlene, and ethylene glycol. The ~racker at Ya2nbu', to be operated by 2
Sabic) Mobil 0il joint venture, is also 450,000 t/é ard has the same oroduct

line up.

100/ id East Markets, v 19, 1980
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All the Saudi Arabian methane-tased joint ventures are to be located
at Jubail. Two 2,000 t/a methanol plants are assigned to the Saudi-Japanese
Methanol Co. (agreed November 1979) and a Sabic-Celanese-Texas Eastern
joint venture (awaiting final approval). At least 100,000 t/a from the
Japanese plant-will be consumed domestically, the remainder will replace
butare-~based production in Japan. The Al-Jubail Fertilizer Co., a joint
venture between Sabic and Teiwan Fertilizer Co., is building a 1000 t/d
ammonia plant and a 1600 t/d urea unit. Nearly all the urea will be

exported to Taiwan and other markets.

The other large industrial users of methane are Saudi Arabia's power,
desalination, steel and cement industries., During the third five-year
plan the Governrent is spending $3.75 billion to triple its existing 3,000
MW generating capacity; the long-term goal is 29,000 MWH. Desalination
projects, the responsibility of SWCC, the Saline Water Comnversion Corp.,
include a2 200 million gal/aay unit at Jubail (Jubail II) and another large
unit at Al-Knhobar (Al-Khobar II). The Saudi Iron and Steel Co., a joint
venture between SABIC and Korf Stahl in the Federal Republic of Germany,
is building an 800,000 t/h direct reduction sponge iron plant at Jubail to
supply steel billets to rolling mills at Jubail and Jeddah. Cement, like
steel presently imported in large quantities, will be increased from 12.5
to 10 million t/a.

Overall ascessment

At current oil production levels, gas utilization in 1985 should at
least reach the 85 per cent target set by the authorities. This would call
for an increase in re-injection to 21 million cu m/&éy leaving 113 million
for separation and fractionation. Most of the fractionator output is to
be accounted for by LPG and natural gasoline sales. Known petrochemical,
steel and cement uses add up to nearly 16 million cu m/&ay leaving 22 million
for other industrial and domestic uses. This difference can be more than

accounted for by power generation alone if all power stations are switched

t: vun on sweet gas from the fracticaators.
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SYRIZ

In 19738 Syria produced 2n estimated 4.4 million cu m/a of associated
gas in conjunction with an oil output of 175,000 b/a. Of this 1.4 million
cu m/& were flared. In the previous years an attempt was made %o use this
gas as a fael for oil field pumping stations 2nd power generation. 4ilthougn
this temporarily cut flaring to zero, the scaling problems that resulted

meant it had +o te resumed at a2 level of 100 per cent in the follcwing years,

In view of the small quantities of associated gas available,
Government strategy centers on construction of a gas gathering and
treating system. The Syrian Petroleum Co. (SPC) is building a $63 million
olant at Suwaidiyah to handle 0.3 million cu m/day producing up to
55,700 t/2 of LPG and 50,000 t/2 natural gasoline. Residual gas output
will be 0.7 million cu m/day.

In addition to power generation and oil field operations, surplus
gas from the treating plant may also be used by Syria's cement industry.
Present capacity is 2.5 million t/h, and four new units under construction

will bring this to 6 million t/a.

The main new industrial use forseen for natural gas is 1 million t/a
sponge iron plant being considered by Syria General Crganization of
Engineering Industries.,

(Syria also has a fledgling petrochemical industry but it is entirely
naphtha-based, Given the limited availability of associated gas and Syria's
relatively large refinery capaciiy—11 million t/2 i.e. higher than oil
output—naphtha will probably remair the preferred feedstock.)

Overall assessment

Although oil exploration is continuing, the anticipated falling

0il production rate will mean reduced output of associated gas in coming
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years. From 1.26 million cu m/hay in 1980, production will decline
to around 1 milliom in 1935, 0.7 million in 1990 and 0.6 million in
1995. Re-injection is scheduled to begin in 1985. In conjunction
with extraction and industrial uses, this will enable flaring to be

reduced to 0.1 million cu m/day, i.e. 13 per cent production.

Given this scenario, the present policy of developing thermal
uses for associated gas, which could be substituted by non-associated

gas when supplies run low, seems to have no alternative.

TRINIDAD AND TOBAGO

In 1978, Trinidad's output of associaced gas was 11,3 million cu m/d
in' conjunction  with 240,000 b/d of crude oil. Of this 4.9 million
cu m was used industrially, the remaining 62 per ~ent being flared.
Re-injection which in 1870 accounted for 15 per cent of gas utilizz“ion
(1.5 million cu m/&) had declined to nearly zero as production in older
fields fell off. In 2ddition to associated gas there are estimated
reserves of 240,000 million cu m of non-associated gas. In 19280 this

was being extracted at the rate of 4.8 million cu m/d.

Government strategy for exploiting natural resources recognizes
the declining level of oil procduction. By the year 2000 this will be
neglizible and gas as designated as a replacement reverue source.
Attention is therefore focused on direct export (LNGC), methane-based
netrochemicals and energy intensive allications. Most projects are
handled on the basis of joint ventures in which the Government is the
major shareholder.

The LNC project, sited at Point Lisas with a capacity of nearly 20
million cu m/&, is a joint venture between the Government (51 per cent),
Tenreco (24.5 per cent) and People's Gas of Chicago (24.5 per cent).

The output is intended for the US market, possibly entering via Canadaggl/
Plant delivery is scheduled for 1983 and the unit is designed to operate
on both associated and non-asociated feedstock. A similar 3ized project

with Occidental Petroleum has apparently been dropped.

101/ World Cas Report, 13 Nov. 1979
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Petrochemical uses for associated gas zare vresently represented br
two ammonia units operated as 2 joint venture by the Trinidad Nitrogen
Co. and W. Ge. Grace. The capecity is 705,0CC t/é regui
million cu m/d of gas. Two further units, being built as a joint venture
between Fertrin and Amoco will bring capacity up to 2.5 million t/a in

1985. The Fetrin/hmoco project will a2lso include 530,000 t/h urea unit.

Another unit under study is a 330,000 t/é methanel plant, also
projected for Point Lisas. This would be in conjunction with the

Borden Chemical Co. and is due in stream in 1982.

In metals the Iron and Steel Company of Trinidad and Tabago
expects to starc up a 550,000 t/é spongeiron and steel plant in 1981.
Direct reduction of imported ore will be used to produce sponge iron;
an associated rolling mill will prcduce steel wire, rods and profiles
for export to Carricom market and the United States. Gas conmsumption
will be approximately 1 million cu m/a. The plant is at present fully i
state owned, although equity participation by others is possible later.

Korf-Stahl AG of West Germany has a contract for management responsi-

bility and training for the first five years.

The Government is also planning a 180,000 t/2 aluminium smelter
to start up in 1983. Gas consumption would be in a region of 1.1 million
cu m/a. The other large energy us:r is Trinidad's cement industry
currently producing 250,000 t/2; this will be expanded by 300,000 t/a
in 1981,

Overall assessment

Total gas consumption for present indusirial and oil field uses
(1980) is 9.4 million cu m/d. Flaring rate has dropped to 4.2 million
cu m/d i.e. 31 per cent of all gas produced, but 48 per uent of the
associated gas portion., Improvements are in the pipeline but mostly in
the direction of using new sources of non-assoriated gas. Bv 1985
industrial use will have reached 34.3 million cu m/d. Flaring will have
dropoed to 2.8 million, 7.5 per cent of total gas production but still
38 per cent of associated gas output. Given the low ethane content of
Trinidad's associated zas (4 per cent), any votential ethrlene complex
will best be based on refinerr feedstock, of which Trinidad will continue

to have a large surplus.
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TNTTED ARAR EMTRATES

In 1978 the Emirates produced 37.1 million cu m/d of natural
gas, all associated with 1.8 million b/d of crude oil, Of this 29.5 '
million cu m/d arose in Abu Dhabi, the remaining 7.6 million in Dubai.
Overall flaring rate at the time was 62 per cent and there was no

re-injection,

The Emirates' strategy for gas utilization reflects the viaw that =with
a small population and an already established basic infrastructure,
there is no need to increase revenues by expanding output. In line
with this, investment policy aims to use gas that would otherwise te
flared, leaving non-associated gas in the ground as long as possible,
The core of this is Abu Dbabi National Oil's (ADNOC) gas gathering
programme, the Abu Dhabi Gas Liquefaction's ING plant at Das Island,
and Dubai's $400 million LPG unit at Jabel Ali.

Abuy Dhabi Cas Liquefaction is a joint venture between ADNOC

(15 per cent), the Mitsui group, BP, CFP, and Bridgestone Liquid Gas.

Its $600 million LNG plant will have a full design capacity cf 2.3 million
t/a of LNG and 1.3 million t/a LPG—all to be shipped to Japan under

a twenty year contract. Abu Dhabi has reportedly been success 102
in linking its gas prices to those of oil. In May 1980 they reached
$5.75/million Btu. The plant will consume 15.6 million cu m/d gas -
mostly associated gas but supplementied where necessary by non-associated

sources,

A 8till larger complex is now being commissioned by Abu Dhabi
Gas Industries to handle 29.6 million cu m/d of associated gas
from offshore fields at Hasa, Asab, Bab and Sahil. A joint venture
between AIWOC (68 per cent), CFP and Shell (15 per cent each) and Partex
(2 per cent), the NGL plant at Ruwais will cost $1.8 billion and produce

1oy Pinancial Times, 31 June 1980
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S million t/a of LPG and condensates. The product will be shipped under
longz term contract to Japan; residual gas as slated for eventual use

in fertilizer (see below).

In Dubai, planned gas gathering operations are more modest 1in
line with the smaller oil output (361,000 b/d) and its predicted
decline., Dubai National Gas (Dugas), a joint venture between the Dubai
Goverrment (80 per cent) and Scimitar Oils, (20 per cent) is building
a 300,000 t/a LPG plant. Gas consumption will be 4 million ca m/d.

LPG together with 150,000 t/a of gas liquids will be exported to Japan;
and 75 per cent of the residual gas and will be used by Dubal to make

aluminium (see below).

At present there are no petrochemical facilities in the Emirates
but lean gas from the Ruwais NGL plant is to be used in a 1000 t/d
amponia plant and an associated 1500 b/d urea unit. A second 1000 t/d

ammonia plant will be added later.

Apart from power generation and oil refinery use, the only large
industrial gas us2rs in the Emirates are the cement industry, with
plants at Dubai, Shargha and Fujeirah and the aluminium industry.

Dubai's aluminium producer, Dubal, was originally a joint venture
with British and United States partners, It was to become fully state-
owned by the end of 1980 as part of rearrangements giving the Government
full control over marketing the plant's 135,000 t/a design ocutput. To
this end the Dubai Aluminium Authority has been established with membership
includirg Pakistani, British and United States representativeslo3 Future
sales will be handled by Gulf Resources Corp, which is expected to resell
mostly via the spot market.

Overall assessment

Although flaring levels have been high, projects now in hand together
with restrictions on oil output will turn the Emirates into gas-short area.
The gas processing plants at full capacity will consume 49 million cu m/d

when their collection systems reach equal capacity. A project to increase

103/ Mid East Markets, 10 March 1980
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collection at Uppver Zakum will elimirate the need to use non-associated

supplies for the Das Island ING plant and provide a 22 million t/a

— e -V e O em - = - mdee -
SULDIWS UL L9780 jCCVvLVile

wWhen the Ruwais extraction plants come on stream in 1981 there mar

be a temporary surrlus of lean gas until the fertilizer comoplex is ready.
Thereafter anticipated demand from all industrial uses (power generation,
desalination, fertilizer and utilities) is estimated at 12.1 million cu m/d

and the supply will have to be supplemented from a non-associated source.

In Dubai, Dugas is already looking for additional gas source in
the neighboring Emirates and Oman.

In summary the Emirates flaring problem will soon be a thing of
the past. Future industrialization would have {0 proceed on the basis
of non-associated gas. In this connexion projects under study include

a second ING plant, a petrochemical industry and a sponge iron plant.

|
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Jith only 7.7 million ~u m/d (7 per cen:) of 1372 oroduction Zeing
flared, Tenezuelz ~an te said %o have zirezd-~ solved the flaring »roblem.
issociated z2s production in +that vear was 4.6 miilicn cu m/&; of *his
Rl

7L million cu m/i “1ere re-injested =nd i3

5 PO . /i imad mee iadasiees
Je== 2l S .2 millien 2y =/A 2Ted ny inaduscr

Government volicy on naturzl zas is determined mainly b- 2 1971 lzw
reserving exploitation o 7orocven, 2 subsidiarvy of Pestrcleos de Venezuela
(Petroven), the state oil company. The law 2lso says that only 2ssociated

2, san ce exploited. In practice z2s3 usage forms an integrzal ovart of
Sovernment sirategr ‘o build up large-scale resource-vased industries—

in particular, chemicals and steel.

Gas-based petrochemicals are produced 3y another Petroven subsidiary,
Petroquimica de Venezuela (Pecuiven). Its main complex, at El Tablazo
in Zulia, has plants for ammonia, urea, polystrrene, ethylene and
polyorooylene, VCM and PYC plants are currently being commissioned
and 2 joint venture high density polvethvlene uni4% is due on stream for
1382, PForeign participation in this unit includes CdF Chimie and the
Mitsui group. At Mordn, Pequiven operates a second ammonia plant, 2

chlorine/baustic unit 2nd a sulphuri~ acid plant. A further four -omplexes

are planned ~osting 32.3 billion, the first at Puerto dela ~ruz.
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&S 2art of 2 hational steel target of 15 million t/a in the year 2000,

Venezuela's Corporacion Venezolana de Guayana (CVG) is building up

production in the Orinoco region. In 1980 CVG's subsidiary Siderurgica -
de Orinoco (Sider) commissioned three 400,000 t/a direct reduction sponge

iron plants.

Overall assessment

The future for associated gas utilization in Venezuela depends on
the development of the country's different crude oils. 3Boththe density
and volume are at present uncertain. Low flaring levels presently
reflect very high re-injection rate. But as the older wells finally
run out, re-injection requirements may fall, leaving more gas for
industrial use. 1In the long run, availability will be determined br

the ratio of light and heavy crudes in Venezuela o0il output.

Given the aggressive industrializaticn strategy and the demand for

gas it is doubtful if flaring will ever resume in large cuantities.
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ANREX III

Petrochemical demand and supply,

1975 to 1990

Ethylene
Low-density polyethylene
High-density polyethylene

Polyvinyl chloride

Ethylene axide/glycol




Table III,1

World capacity, production and demand

for ethylene

dapaoity Production Demand
1975 1979 1984 | 1915 1919 1984 | 1915 1919 1984 1956
Region 1000 1000 1000. | 1000 1000 1000 1000 1000 1000 growth | 10C0 growth
t/a t/a t/a t/a t/a t/a t/a t/a t/a__ rate t/a _ rate %1
North America 13 324 18 346 21 546 |9 827 14 300 18 390 |9 830 14 335 [18590 5.3 [<3 520 4.0
Western Europe 12 503y14 7095/17 60024 7 910 12 358 14 100 |7 888 12 211 |13 900 2.6 17 580 4.0
Eastern Europe 2752 3932 5632 |2064 3038 4560 {2064 3038 | 4420 7.8 |6480 6.6
Other developed 5564 6604 T 099 |3673 526 6010 [3673 526 J 6010 2.7 17300 3.3
countries
Total developed 34 143 43 591 51 877 |23 474 >4 962 43 060 [23 455 34 850 |42 920 54 880
countries !
Africa - - - - - - - - - 200 o
N
Niddle East 55 230 1 140 39 80 490 39 15 490 45.5 |2 300 29.4 ,
Asia 563 978 1 628 399 880 1 465 399 880 | 1595 12.6 |3 140 12,0
Latin America 868 1586 3 306 562 950 1 940 562 950 | 1940 15.4 |3 600 10.9
Centrally planned 65 586 1 301 65 445 820 €5 445 820 13.0 |1 750 13.5
Asia
Total developing 1551 3380 7375 J1065 2355 4735 1065 2350 | 4845 TO 990
countries
World total 35 694 46 971 59 252 |24 539 37 317 47 775 {24 520 37 200 (47 765 E5 870
Share of developing
countries in world 4.3 T.2 12.4 4.3 6.3 9.9 4.3 6.3 10,1 16.7
total (%)

Sources UNIDO, compiled from Petrochemical Induatry Associations, goverament statistios, and other

published material.

g/ CEFIC figures are for effective capacity, not nominal ocapacity.
E/ Dased on comnitted/hnnounced downstream capacities in the developing countries up to 1990,




Table II1I.2

World capacity, production and demand
for low-density polyethylene

Gapacity

total (%)

Production Demand
1915 1979 1984 | 1915 1979 1984 | 1915 1919 1984 1990
Region 1000 1000 1000 | 1000 1000 1000 | 1000 1000 | 1000 growth | 1000 growth
t/a s /a t/a t/a t/a t/a t/a t/a t/a rate 4| t/a rate %
North America 3211 4193 6185 2421 31926 5139 | 2306 3 454 )] 4 400 5.0 | 5 560 4.0
Western Europe 4550 5 625 6500| 3285 4580 4900} 2600 4 000]| 4500 2.4 | 5 690 4.0
Eastern Europe 800 138 2150 600 1 130 1 760 700 i 130 ] 1 660 8,0 2 490 7.0
Other developed 1530 1770 1930} 1070 1518 1530 973 1357 | 1 360 0,0 | 1 620 3.0
countries
Total developed 10 091 12 970 16 765 | 7 376 11 094 13 329 | 6 579 9 941 |11 920 15 360
countries
Africa - - - - - - 95 150 240 10,0 445 1.0
Middle East 27 75 365 25 25 290 190 320 560 12,0 | 1100 12.0
Asia 120 375 820 108 300 135 410 690 121+ 12,0} 2150 10,0
Latin America 390 540 1 090 340 450 930 470 735 | 1 180 10,0 | 2 050 10.0
Centrally planned 34 300 420 25 265 370 68 300 440 8.0 740 9.0
Asia
Total developing 571 1 290 2 695 498 1040 2325} 1233 2195| 3 630 6 525
countries
World total 10 662 14 260 19 400 | 7 874 12 134 15654 | 7 812 12 136 | 15 550 21 865
Share of developing
countries in world 5e4 6.3 8.6 14.9 15.8 18.1 23.3 29.8

Source: UNIDO, compiled from Petrochsmical Indietry Assoclations, overnment statistics, and other
published material.
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World capacity, production and demand

Table ITI.3

for high-density polyethylene

Capacity

Production Demand
1975 1979 1984 | 1915 1979 1984 | 1915 1919 1984 7990
Region 1000 1000 1000 1000 1000 1000 1000 1000 1000 growth 100 growth
t/a t/a t/a t/a t/a t/a t/a t/a t/a rate 4| t/: rate %
North America 1 675 2 135 4 35511 257 2 559 317511 186 2 260] 2 910 5.2 3 605 4.0
Western Europe 1 720 2 360 2 6701 20C 1 770. 2 000 900 1 5201 850 4.0 2 340 4.0
Eastern Burope 180 350 930 127 280 160 143 314 710 17.7 1130 8,0
Other developed 955 1 020 1 990 409 895 990 364 713 870 2.4 1 030 3,0
countries
Total developed 4530 6475 9045[2993 5504 6925|2593 4.867}6 340 8 185
countries
Africa - - - - - - 30 54 95 12,0 16% 10,7
Middle Eant - —_ 40 - — 30 38 15 135 12.0 250 11.0
Asia 90 150 375 10 109 300 137 265 490 13,0 91 11.0
Latin America 30 190 470 25 120 340 135 243 430 12,0 76 12,7
Centrally planned - - 140 - - 115 15 40 115  23.5 250 13.8
Asia
Total developing 120 340 975 95 229 785 355 677 |1 265 2 340
countries
World total 4 650 6 815 10 020 3 088 5 733 7 710 |2 948 5 544 | 7 605 10 525
Share of developing 2.6 5.0 9.7 3.1 4,0 10.2]| 12,0 12,2 16.6 22.2
countries in world
total (%)
Source: UNIDO, compiled from Petrochemical Industry Associations, government statistics, and other

published material,

-79‘[_




World capacity, production and demand
for polyvinyl chloride

Table IIT.4

dapacity Production Demand
1975 1979 1984 1975 1979 1984 1975 1979 1984 1990
Region 1000 1000 1000 1000 1000 1000 1000 1000 1000 growth | 1000 growth
t/a t/a t/a t/a t/a t/a t/a t/a t/a rate%| t/a rate %

North America 2643 3633 485 |1 791 2973 4 050 |1 807 3 o001 4 060 6,2 5 140 4,0
Western Europe 4550 5 300 5800 |3400 4320 4700 |2800 3930 4 550 3,0 |5 760 4.0
Eastern Europe 1140 1848 2 900 855 1 560 2 320 975 1 430 200 7.0 2 850 6.0
Other developed 2105 2479 2480 |1 225 1940 2110 |1 241 1810 | 2220 4,2 |2800 4.0

countries

Total developed 00,438 13 260 16 036 |7 271 10 793 13 180 |6 823 10171 {12 840 16 550

countries
Africa _— _— — - _— — 90 166 290 12.0 540 11.0
Middle East 52 112 272 23 5 210 140 215 360 11,0 640 10,0
Asia 385 886 1 290 325 726 1 100 360 830 1 460 12,0 2 590 10.0
Latin America 334 645 1 035 267 460 830 372 575 970 11.0 1 7.0 10.0
& s sl -

Centrally planned - 103 303 22 357 46 259 430 630 8.0 1 050 9.0

Asia

Total developing 771 1 746 2 900 83 1616 2600 |1 221 2 216 3 710 6 530

countries
World lotal h1 209 15 0% 18 936 |8 106 12 411 15 780 |8 044 12 387 |16 550 23 080
Share of developing 6,9 11.6 15.3 | 10.3 13.0 16.5 | 15.1 17.9 P8, 3

countries in world

total (%)

4

Source:

published material.
I:icludes substantial PVC supplies from non-petrochemical sources,

UNIDO, compiled from Petrochemical Industry Associations, government statistics, and other

- QT -



Table IIX.5

World capacity and demand tor fthylene oxide and ethylene glycol.

Ethylene oxide Ethylene glycol
Regior. Capacity Demand Capacity Demand
1979 1984 1979 1984 1979 1984 1979 1984
11000 t/a 1000 t/a 1000 t/a 1000 t/a |1000 t/a 1000 t/a | 1000 t/a 1000 t/a
N———
North America 3 300 4 080 2 116 3 350 3.100 3 450 2 200 2 600
Western Europe 2 070 2. 400 1,700 1 970 1 535 1.670 1 115 1 260
Easte-n Europe 620 950 500 810 500 760 400 650
Cther Developed Countries 695 780 593 665 650 725 595 670
Total Developed Countries 6 685 8.210 5 509 6.795 5 785 6 605 4 310 5 180
Africa - - - - - - 20 12
Middle East - 55 - 47 - 70 52 16
Asia 232 32 182 255 290 390 240 400
Latin America 130 450 110 165 165 290 145 21s
Centrally Planned Asia 48 48 39 . 40 60 60 70 95
Total Developing Countries 410 865 i 507 515 810 527 818
World total 7 095 9 075 5.840 7 302 6 300 7 415 4 837 5 998
Share of Developing Countries
in World Total (2? 5.8 9.5 5.7 6.9 8.2 10.9 10.9 1.6
Source: UNIDO, based on published souroes and polyester fiber forecasta.

!
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ANNEX IV
pu

New uses for methanol: 04

To a very large extent the future of methanol is concerned with
potential fuel uses. These are particularly difficult to quantify.
Among a number of forecasts quoting future consumption figures, SRI
estimates total United States demand for fuel uses in 1983 to be about
550,000 t/a. A recent study by Snam Progetti envisages & 30 to LO per
cent penetration of the West European gascline market by 1990 giving a
methanol demand of over 25 million tonms.

From this it may be deduced that a substantial use of methanol for
fuel purposes will develop and that a number of very large plants will
have to be built.

Fuel uses

MTBE (Methyl Tertiary Butyl Ether)

~

The production of ATBE as a gasoline blending component is already in

progress in the United States and Europe.

With the phase out of tetra-ethyl lead in gasoline in both the United
States and Europe, the possibility of using MIBE as an octane booster is
extremely opportune. Its blending value in a gasoline pool is 109 and -
because of its low carbon monoxide exhaust emission - it has been approved

by the United States - EPA fcr use up to 7 per cent in unleaded gasoline pools.

The projected annual growth rate in the United States is 10 to 20 per
cent annually through to 1983. By then total United States capacity will
reach 1.33 million t/a; Europe will have 0.63 million and Japan 7,000 t/a.

104/ Condensed from GOIC study: "Methanoi Marketing', GOIC, Doha, November 1980.




MIBE 1s produced {rom methanol and isc-butylene. The limited svails-
bility of the latter could pose problems for the oil-producing countries
since unsaturated C;s are not present in associated gas. This could be

overcome with a butane dehydrogenation step.

Methanol - TBA (tertiary butyl alcohol) mixtures

Like MIBE, a TBA mixture is an octane imoroving agent for unleaded
gasoline blends. It was introduced in the United States in 1979 by Oxirane
under the trade name of Oxinol and its use is still at a relatively early
stage of develomment. TBA availability in the United States by 1963 could
permit up to 1.5 million tons of blending mixture. Whether this will

happen depends largely on its acceptance by oil refiners.

Synthetic gasoline

Mobil 0il has developed a process for converting methancl to gasoline.
Methanol is dehydrated to dimethyl ether and converted over a zeolite
catalyst to gasoline type hydrocarbon components. The process gives a yield
of 75 to 80 per cent gasoline per pass. Avproximately 24 per cent is in
the form of hydrocarbon gases that may be reconverted to make additional
gasoline, thus giving an overall gasoline yield of about 88 per cent on
methanol feedstock. The resulting gasoline contains 56 per cent paraffins,
33 per cent aromatics, 7 per cent olefins and 4 per cent napkthenes, i.e.

the process could also be a useful source of aromatics.

The first commercial scale plant, in New Zealand, will produce 530,000 t/a
of gasoline by the mid-~1980s. Similar projects are under development in
South Africa and the Federal Republic of Germany. It should be noted that
this techriology is equally applicable to gas or coal-based methanol; the

latter was very much in mind at time of process development and could

provide the major source in the long term.
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Methanol as an automotive fuel

In addition to blends (see below), methasnol can be used directly &s
an automotive fuel at 100 per cent concentrestion. Specially designed
engines and carburation systems are required with low air/fuel ratios and
high compression ratios. Two drawbacks are a 65 per cent larger volume
of fuel compared to gasoline and the need for dual fuel systems making
gasoline available for cold starting. Methanol has already been used

successfully for racing cars vhere these considerations are not important.

Methanol in gasoline blends

The use of methanol. in gasoline blends is under active consideration

in the United Statesz, Sweden, Norway, New Zealand and Australia.

The balance of advantages: and disadvantages may be sumnmarized as follows:

Advantages:

- high octane numbr blending at about 112;
- reduced nitrogen des emissions;

- availability fror n-oil feedstocks.
- Disadvantages:

- calorific value is only half of that of gasoline on a volume basis;

- generally higher cost than gasoline ip unit energy terms; this
will continue if the feedstocks used to produce it are linked in
price to crude oil;

- a 15 per cent blend only reduces gasoline requirements by about
8 per cent; this would have an insignificant strategic impact;

- addition of methanol increases the blend vapour pressure dis-
proportionately at concentrations up to 5 per cent; the concen-
tration of low-cost butane must be reduced to compensate;

- gasoline volatility is increased and vapour lock temperature
therefore decreased;

- cold starting is more difficult due to methanol's high latent heat;
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- air/fuel ratios must be increased considerably recuiring different
carburettors for some cars;

- methanol corrodes many materials used in automobile fuel systems
and swells plastic and rubber components; research in corrosion
inhibitors is progressing, but some change in construction
materials would probably be required;

- methanol is miscible with water, which means discontinuing the
current practice of maintaining water seals in the bottom of
gasoline tanks in filling stations as a precaution against leakage;
methanol also absorbs water from the air, and this water separates

out in the gasoline tank; this has not proved a problem in practice.

Most of these technical problems could be overcome at the automobile design
stage, but it would be difficult to use methanol blends in existing cars
without modification. Its introduction is therefore likely to be g gradual

process.

Notwithstanding these problems a number of countries are planning to
introduce methanol blends. Volkswagen estimates that the Federal Republic
of Germany alone will require 3.5 million tons of methanol capacity for

this purpose by 1992.

Power generation

Methanol has already been tested as a boiler fuel and in gas turbines.
For both it is satisfactory; due to the reduction in pollution, it could
be especially attractive at locations where pollution is a real problenm.
However until the very large methanol plants are built, methanol availability

will not be sufficient to permit the development of this market.

Chemical Uses - Ethylene

Producing olefins from methanol is similar to the process develcped by
Mobil for making synthetic gasoline. Mobil has issued two patents relating
to olefins production and BASF is reported to be building a large pilot plant.
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A recent SRI study indicates an overall ethylene yield of 21 weight
per cent on methanol. Compared to conventional gas oil cracking the
eccnomics do not look attractive: based on current cost projectionms,
methanol would not become competitive with gas cil as an ethylene feed-
stock before the 1990s.

Food Uses - Petroprotein

Animal feed protein production from hydrocarbons has yet to achieve
acceptance by both governments and the market. Adverse reactions in Italy,
for example, prevented operation of completed plants, and in Japan all
development work has ceased. BP, after many years of development based on
gas o0il and normal paraffins, has stopped pr=-duction at its two semi-

commercial plants - one in Scotland, one in France.

Work continues, hgwever, in Eastern Europe, the USSR, the Federal
Republic of Germany and the United Kingdom. ICI, for example, uses methanol
feedstock in a 1,000 t/a pilot plant commissioned in 1973 and a ful! scale
50,000 to 70,000 t/a plant that started up in 1979. ICI's programme is
favoured by relatively low cost gas from the North Sea.

Besides gaining public/govermmental acceptance, petroprotein must also
compete against soyabean meal and fish meal. These are predicted to be
adequate to meet animal feed requirements until the 1990s. The world-wide
market is of course enormous and sooner or later petroprotein or scme other
alternative will be required on a straightforward demand basis. Optimistic
sources see a world-vide methanol demand for petroproteil reaching 2.5 to
5.0 million t/a in the late 1980s.
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ANNEX V
Production cost breakdowns for

petrochemicals, fertilizers, metu&enol, sronge
iron, steel and aluminium

1. ©Ethylene *
2. Ethylene oxide

3. BEthylene glycol

4. HDPE

5. LDPE

6. Methanol
7. Ammonia
8. Urea

9; Sponge iron
10. Steel

11. Aluminium




. Product: ethylene
Feedstock: ethane

Table V.l

Investment and production costs for ethylecne

at four locationa in 1980

Plant oapacitm?/: 500,000 t/a
Daily throughputs 1500 t/d

lLocation U.S. Gulf Coast FRGQ Arabian Gulf Maxico
location factor 1.0 1.15 1.3 1.25
Inveutment costs $ million $ million $ million $ nillion
Battery limits 215,30 3p8.6g§/ 279.39 269,12
Offsites 100,00 155.79 130,00 125,00
Total 3115.30¢ 484.1m A0 .69 91,12
Working capital 31.89 14.70 16.61 18,09
SZton SZton % /ton % /ton
Feedastock cost 215.00 3?6.fX¥y/ D5 L0 56,59
Production cosats
Variable cost 30),%6ﬂ/ 414.q7f/ 56.092/ %9,942/
Fixed cost 112,61 192,36 106,10 120,40
llet production cost 122,47 626,93 133,69 210,64

SUSS

At 90f stream factor.

Naphtha feedetock.

Excludes by-product
Excludes by-product
Excludes by-product

Excludes by-product

credit of ‘7-86.

credit of ‘61 0980
credit of $10.07.
credit of $625.69.
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Table V, 2

Investment and production costs tor ethylene oxide
at four locations in 1980

Product: ethylene oxide Plant oapacity-—a/ 131,000 t/a
Feedstock: ethylene Daily throughput: 400 t/d
Location U.Se Gulf Coast FRG Arabian Gulf Mexico
Location faoctor 1.00 1.15 1.30 1.25
Investment cost: $ million $ million $ million $ million
Battery limits 81.76 94.01 106,29 102,20
Offsites 26.25 30,22 34.12 32.81
Total 108,01 124.23 140,41 135,01
Working capital 9.44 13.03 9.09 9.38
. $/ton $/ton ton $/ton
Feedstock cost 423,00 627 .00 184.00 210.00
Production cost:
Variable cost 473.01 703.93 227,55 260,57
Fixed cost 152.82 188.52 189.97 175.64
Net production ocost 625.83 892,45 417 .52 436.21

a/ At 90% stream faoctor,
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Produot: ethylene glycol
Jeedstock: ethylene oxide

Table V.3

Investment and production costs for ethylene glycol
at four locationu in 1980

Plant capacity‘.g/: 150,000 t/a
Daily thronghput: 455 t/d

o ——

- Sl -

Location U.S. Gulf Coant FRG - Arabinn Gulf Maxico
I.orcation factor 1.00 1.15 1.30 1.25
Investment costs $ million $ million $ million $ million
Bﬂttel‘y limits 18.16 20.93 23. 0 20
Offsites 11.09 12,75 14.40 13.86
Total 29.25 33,68 38,00 36,56
Working capital 10,67 14.48 8.59 8.70
_ $/ton &/ton Mton ¢/ton
Peedstork cost 626,00 892.00 418,00 436.00
Production cost:
Vuoriable cost 490.059/ 698.269-/ 328.825-1-/ .332.93
I“ix.ﬂd (‘.'Oll.lt 44.27 55042 52.62 47 20 /
llet production cost 534,32 753.67 3181.44 390,132
a/ At 90% stream faotor.
b/ Excludes by-product credit of $3.61.
c/ Excludes by-product credit of $3.54.
d/ Excludes by-product credit of $1.56.
e/ Excludes by-product credit of $2.08.
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‘Table V.4

Investment and producti-n for HDPE
at four loocationus in 1980

Produot: HDPE Plant capacitya/: 75,000 t/a
Ferdstock: Ethylene Daily throughput: 230 t/h
l.oaation U.S. Gulf Coast FRG Arabinan Gulf Mevico
Location factor 1.00 1.15 1.30 1.25
Inveatment cost: $ million $ million $ million $ miliion '
Brttery limits 23.19 26.64 30,14 28.98 s
Offsites 18.97 21,52 24465 23,71 3
Totnl 42.16 48,16 54479 52,69 \
Working capital 6.82 ' 9.71 577 5479
$/ton &/ton $/ton _.‘_‘.[_t_o_n.
Feedstock cost 423.00 627.00 186. 210,00
Production cost:
Variable cost 551 .91 1773430 294.07 322.55
Fixed cost 126,79 146.87 144.89 127.26
tlet production cost 678,70 920.17 438.96 449 .81

a/ At 90f etream factor.




Table V.5

Invertment and production costs for LDPE

at four locations in 1980

a
Produot: LDPE Plant capacity="t 200,000 t/a
Fecdstock: ethylene Daily throughput: S00 t/d
Locntion U.S. Gulf Coast ™R} - Arabinn GQulf Mexico
Location f&ctor 1 om 1 015 1 030 1 .25
Investment costi $ million 3 million $ million 3 million
-Battery limits 99.00 113.90 128,70 123,75
Offrites 39,40 45.30 51,20 49.25
Totnl 131.40 159.20 179.90 173.00
Working capital 17.04 25.15 12.73 13.62
| 8 /ton #/ton &/ton #/ton
Fe(‘flﬂtOC‘s cosat 423.00 627.00 184.“) 210,00
Procduction cost:
Variable cost 492_242/ 700_952/ 231.193/ ‘274.369/
Fixed cost 131.58 153.91 151,26 142,21
llet production cost 623.82 854,86 182.45 416.57

LU

At 90% stream factor.

Excludes by-product credit of $2,23.
Excludes by-product credit of $20.30,
Excludes by-product credit of $6.19.
Excludes by-product credit of $7.80.
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Product: methano!

Feedstock: methane

Table V06

Investment and production costs for methanol

at four locationa in 1980

Plant capaoityﬂ/: 640,000 t/a
Daily throughput: 2,000 t/d

(

Loaation U.S. Gulf Ccant FRG Arabirn uyulf Mexico
location factor 1.00 1.15 1.30 1.25
Investment cost: $ million 8% million $ million é_gllligg
Battery limits 50 99.50 112.45 108.12
Offsites 45.30 52,10 58.89 56,62
Totnl 131.30 151.60 17134 164.74
Working capital 19,40 20.74 71.78 T.35
Peedstock cost 228,00 223,00 ! 17.00 25.86
Production cost: .T
Variable cost 174.91 184.35 ) 26.57 27 .52
Fixed cost 38.70 43.85 43.32 40,51
tlet production cost 213,61 228,20 69.89 68.03

a/ At 90¥ stream factor.

_SLI.'



Product: ammonia

Feedstock: methane

Table V.7

Investment and production cogts for ~mmonia

at four locations in 1280

Plant capacityg/: 430,000 1 /a
Daily throughput: 1,300 t/d

Location U.S. (lulf Coast FRG Arabian Gulf Mexico
Location factor 1.00 1.15 1.30 1.2%
Investment cost: $ million $ million $ million $ million
Battery limits 90,20 103.70 117 .06 117.75
Of fuites 315,50 10,90 4614 A4.37
Total 12670 144 .60 1631 197.12
Porkine capital 12,27 11,19 10" 6,70
Zt SZt RZt ﬁ(t
Sl on r onig/ 4 on JA op
Feedntock cost 228,10 RER WY 17.00 AU
Production cost:
Variable cost 164,03 111.41 Y 1.9
Fixed cost H3.3y 61.74 60,94 51.14
et production cost o818 T IR R IH . 0h Dt

3/ At 90% atream factor,
t./  Naphtha feedstock.

it -
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Table V.8

Investment and production costs forurea
at four locations in 1980

Produot: urea Plant capncity,‘ﬁ/a 680,000 t/a

Meedstock: ammonia Daily throughput: 2,000 t/d

a/ At 9of stream factor.

Loacation U.S. Gulf Coant FRG Arabinn Gulf Maxico
Location factor 1.00 1.15 1.30 1.25
Investment cost: & million $ million $ million $ nillion
Bittery limits 35.61 40,91 53.41 44 .51 O
Offsites 28.00 32,22 42,00 35.00 "
Total 63.61 73.13 95.41 7905; g)
Working capital 12.37 14,46 15.89 12,89 |
_ ﬂggg SZton &/ton ®/ton
Feedstock cost 219.00 233,00 95 .00 93,00
Production cost:
Variable cost 148.78 159.71 63.20 58,76
Fixed cost 20.03 23.03 22.30 19.18
llet production cost 168.81 182.74 85,50 T7.94



S

Table V.9.

Investment and production costs for gponga iron
at four locations in 1980

al
Produot: sponte ircn Plant capucity;’: 400,000 t/h
Feedstock: iron ore pellets Daily throughputs 1,200 t/d
l.ocition : U.S. Qulf Coast FRQ Arabinn Gulf lexico
Location factor ‘ 1
Investment costs $ million $ million ‘ $ million $ million
Batte!‘y limitB eee so e X ' vee
Of\faites L N ) *0o 0 o0 ..'O ‘
_ Total _ 72434 83.2 94.0 . 90.42 o
—
Hor‘king capita] ese 208 se e oo ]
4 $/ton SZton SZton , $/ton
Feedstocg cost 36,90~ 10,88 40.38 36.9,”33
Production cost:
ad o d 0 48 I
Variable cost 118.084 124.7;1)24 7 1.16-/ so.o,f—/
Fixed coat 37.028 8.3 31.05 30,15
Het production cost 155.10 ' 153.04 108.21 110,17

a/ At 9% stream factor.
L/ Ore at 07.60. : . -

v/

~/ Ore at $24.90,

d/ Gas at $4.00/million Btu, power at 40 mills/kWh,

Gas at $0.40/rillion Btu, power at 10 mills/icWh,

Cas at $0.80/million Btu, power at 20 mills/kwh.
Includes depreciation at 105, Labour at: U.S. $14.26/h;
FRG, $15.97/h; Arabian Gulf, $16.11/h; Mexico, $9.84/h.
9.76 man-hours/ton; plant overhead $64.17/ton.

ey




Product: steel

¥Yeedntock: . iron ore

Table vy,10

Investment and production costs for electric furnace

steel at fdur locations. in 1980

Plant capacity®s 400,000 t/a
Daily throughput: 1,200 t/a

Location U,S. Gulf Coant FRG Arabinn Gulf Marico

Location factor ’

Tnveatment costs % million $ million $ million § million
Batter‘y limits e e e e cee XK
Of\f‘sites ...I LN N ) L N ] L X )

Total 149.2 171.6 193.9 186.5

Working rapital Te *ne °e ee

S)Zton $/ton f/ton . .‘.;ton
— b Y ,.b
Peedstock cost 369.?2 -/ 40, 3—/ . 8':/ o -""/
Produntion costs
wirinble cost 171 .3724 184.?79-; 94 .()99-/ 91 .382'/
Fixed cost 245 .58/ 268, 31K 275 .7 210,16
llet production cost 423,09 452.56 369.56 301.54

%4 At 90 stream factor,

__/ Ore
c Ore
H/ Gag
E/ Gas
_1_‘/ taa

at
at
at
at
at

$27.90/ton.
226.90/ton.
£4.00/miliion Btu,

power at 40 mills/kwh.
20.40/mi1lion Btu, power at 10 millnﬁtwh.
%0.30/million Btu, power at. .20 milln/fcWh,

3/ Includes depreciation at 10J. Labour att
FRG, $15.97/h; Arabian Gulf, $16.11/h; Merico, $9.84/h.

9.76 san-hours/ton;

U.S., $14.76/h;

plant overhead %64.17/ton,
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Corrigendum

Page 46, table 11, column for ethylene

The entry for Malaysia should read 300 OOOE/

The entry for Mexico -hould read 1 945 oooll/ e/

hooo
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