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INTRODUCTIOR

1. Jatural gas is the oreferred fuel for many industries and . feedstock
for the petrochemical industry. 32oth uses of natural gas can be expected
to increase in the 1980s and 1990s, provided natural gas is made available

for industriel uses at an atiractive price.

2. The present paper summarizes the results of a Study of the Industrisl
Uses of Associated Gasij, which UNIDO completed in April 1961 for vresen-
tation to the Second Consultation on the Petrockemical Industry convened
in Istunbul, Turkey in June 1981. The Study was prepared in co-overation
vith the Gulf Orgeanization for Indusirial Consulting (GOIC). UNIDO was
also assisted by CAPEC in the initial stages.

3. The Study was prepared in response to a recommendation of the First
UNIDO Consultation on “he Petrochemical Industry convened in Mexico City
in Msrch 1979 that:
" USIDO should make a detailed study of the associated gas
that is presently flared in cil-producing developing coun-
tries in order to give a clear picture of the advantages

of getving up economic projects to use these wasted
resources.’’

4. The UNIDO Study examines the prolects whica 18 developing countriesg/
have established to collect and utilize their associated gas and concludes
that the world should maker greater use of the associated gas available in
these developing countries to establish petrochemical plants and energy-
intensive in¢ 1stries such as aluminium and steel (by direct reduction).

In 1978, these industries used about 5 per cent of the associated gas
available in the 18 developing countries, whilst almost 50 per cent was
flared. The prorortion of ga: flared is leower today (1981) and will be
further reduced by 1985.

1/ The Industrial Uses of Asgsociated Gas; a Joint study by UNIDO in co-
operation with GNIC, 30 April 1931; Document UNIDO/PC.11.

2/ The 18 countriés are: Algeria, Bahrain, Brunei, Indonesia, Iran, Iraqg,
Kuwait, Libyan Arsb Jamahiriya, Malaysia, Mexico, ligeria, Cman, Qatar,
Saudi Arabia, Syrian Arab Repuolic, Trinidad and Tobago, United Arab
“mirates and Venezuela.
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I. PETROCHEMICAL USES OF NATURAL GAS

Components of Associated Gas

S. Associated gas can be distinguished from non-associat:d gas {almost
00 pe:s cent methane) by the significant quantities of ethane, provane

and butane which it contains. The associated gas in the Gulf appears to
be richer in these components than the associated gas available in other

countries (see Table I),

Table 1: Composition of Associated Gas in Selected Countries

(Average Volume, per cent)

l { ~ Saudi United

=T .
Country { Qatar Arabia Arab Irdonesia , Maxico
Emirates
Methane 55.5 51.0 55.7 7.9 82.0
Ethane 13. 18.5 1€.6 5.6 16.9
Propane 9.7 11.5 11.7 2.6 2.5
Butanes 5.6 b4 5.4 n/s 3.5
| |

SOURCE: Information provided to UNIDO

6. The propane and butane fractions have a significant value in alter-
pative uses either as bottled gas for use by households or for export
LPG. The UNIDO Study therefore concentrated on examining some of the
petrochemicsl uses of methane and ethane. For a mcre ccmplete list of
petrochemical products that could be made from one of the C,, C ., C

ana C& fractions of associated gs3 the reader is referced t; th; Chgrt on

vage 12,




Petrochemicals from Methane

7. Producticn of nitrogenous chemical fertilizers is probabnly the largest
industrial use of natural gas. Ammonia is procduced at lowest capital cost
and most efficiently from methane. The 15 developing countries covered by
UNIDO's Study pian to have constructed plants with a capacity of 17 million

tons per annum, Oor 15 per cent of total world caracity by 1985. (See Table II).

8. Methanol is the only other major chemical product produced from methane.
The 18 developing countries plan to have comstructed plants with a capacity
of 4.5 million tons per annum by 1385 or 18 per cent of world capacity. (See
Table II). At present. almost all of the methanol produced is for chemic-~1l
uses but from 19385 onwards the met'anol may be used on a growing scale ‘or
blending with gasoline and as a fuel; for these uses new production units

vill be constructed with specific customers in mind.

9. Natural gas supplies provide the basis for a competitive advantage

(See Table III) because feedstocks and emergy account for SO per cent of
the manufacturing cost of ammonia and methanol. Furthermore, chemical
fertilizers,” smmonia and methanol can be transported in bulk to most markets
of the world. They are easy to market because they do not require supplier

technical services to support sales.

10. Methane can be converted to synthesis gas (mixtures of carbon monoxide
and hydrogen) which is seen as a new r~oute to various chemical products as
vell as gasoline and the middle distillates. Although a plant to produce
gasoline from methanol based on natural gas is under construction in New
Zeaaland and methane has been converted to ethylene in pilot plants, these

nev processes are not yet commercially proven.gl

3/ Synthesis gas derived from coal was used for the production of Zasoline

- products in World II (Fischer-Tropsch processes). A commercial scale
plant, mainly for making gasoline (C.-C,) exists in South Africa (SASCL
orocess). I+ is claimed that hy the usé of modified catalysts, a whole
range of products with different numbers of carbon atoms can te
produced.




Petrochemicals from EZthane

1i. Ethylene has become the most important tas/c petrochemical. Tt can
be produced most efficiently and at lowest capital cost from ethane. The
18 developing countries covered by UNIDO's Study plan to have capacity o
produce almost 6 million tons of ethyleme by 1985 or 9 per cent of total

worid capacity (See Table II).

12. Although ethylene has Leen shipved across oceans, the preferred
approach is to cornvert i1t on-the-spot to derivatives wvhich are transrorted
more easily such as glycol and plastic resins or their intermediates. The
18 develcping countries covered by the UNIDO Study plan to establish capa-
cities as shown in Table II. For LDPE their planned share of world pro-
duction is about 11 per cent, but for HD E it is about 6 per cent and for
PVC about 2.5 per cent.

13. Low cost ethylene produced from ethane provides the basis for a com-
petitive advantage in the production of ethylene derivatives. Since an
expensive feedstock suclh as naphtha accounts for 60 per cent of the manu-
facturing cost of etkylene in an industrialized country, some existing
ethylene plants in industrialized countries are being modified to accept
HGL.ij But as elhr.. 3y no real alternmative uses, the competitive position

of ethylene plant: taseu -n ethane is likely to be maintained (See Table III).

14, Ethylene derivatives, particularly plactics, are less easy to market

than methanol or ammonia because they require technical services to support
sales and market development. Nawv production units aimed at export markets
are therefore likely to be estatlished when such marketing arrangements have

been assured.

Ly One forecast is that at least TS5 per cant of Western European ethylene
demand will still be derived from naphtha in 1290 compared to 83 ver
cent in 1980. In the United States in 1980, 60 per cent of ethylene
was derived from NCL and the reomainder orimarily from gas oil and a
little from naphtha. After decontrol of gas prices in the United
States (not later tham 1085), the price of ethylene in the United States
is expected to be 2.5 times the price of light Arabian Crude compared
to 2.0 to 3.1 times in Western Europe and Jaran. See SRI International
Cremical Industries Divigsion Jewsletier September 1921.




Petrochenicals from Provane and Butane-z

15. The ethylene yields are less than if ethane is used as feedstock, but
propane and butane can also be cracked to produce ethylene; propylene is
produced as a by-product. The economics of the process depend on alternative

uses for the liquids.

16. Only one of the 18 developing countries (Mexico) covered by the UNIDO
Study had plans to produce provylene in this way. This route to prooylene
may be used by other countries in the future who wish to produce a broader
range of petrochemical products (see Chart). The main use of propylene

are in gasoline. rolypropylene, acrylonitrile, propylene oxide and isopropyl-
alcohol,

17. Butadiene can be produced from n-butane. The main market for butadiene
is synthetic rubbers (mainly SBR and polybutadiene) used in the tyre industry.
Another use is in polymers like ABS resins. Butadiene is transported across
oceans, but greater value can be obtained by further processing on-the-spot.

5/ The opportunity to produce this range of cetrochemicals is not considered
in the Jjoint UNIDC/GOTC Study. The oprortunity was considered in tle
Industrial Uses of Associated Sas: Progress Report on a Joint Study, UNILO
31 May 1922Z.




II. SOME OTHER INDUSTRIAL USES OF NATURAL GAS

Aluminium from Alumina

18. Tne-. gy costs in Europe and Horth America account for about 30 cer
cent cf the cost of manufacturing aluminium from alumina. If the cost of
the alumina is excluded, energy account for almuyst 50 per cent of tne
value added in the manufacturing process. Thus lov cost natural gas can

provide a basis tor competing in world markets.

19, Consum.tion of aluminium in the world was about 20 million tons

in 1979. Consumption is expected to reach 25 million tons in 1985 and

32 million tons in 1990. The developing countries' share of total world
consumption is expected to rise from 11.5 per cent in 1979 to 1k per cent
in 1990.

20. For a long time the world market has been dominated by six trans-
national producers who produce 56 per cent of the world's alumina and

L1 per cemnt of the world's primary aluminium. Some producers sign long-
term supply contracts with one of the big six producers; another wvay it

to sign such a long-term contract with a country vhich is a large importer
such as Japan. Vor independent producers primary aluminium ingot is traded

on the London Metal Exchange. Prices, as with other commodities, fluctuate.

21. At present, demand for primary aluminium is depressed and free market
prices are low. Transnational producers are reconsidering the timing of
construction of new smelters; in particular, plans for some of the six
smelters based on low-cost energy supplies in Australia are likely to be

postponed.
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2z. Natural gas caua be used for the direct reduction of iron ore to
manufacture sponge iron which can then be converted to steel in an electric

arc furnece or used as a substitute for scrap in a traditional steel-

paking process.

23. World demand for steel was 720 million tons in 1978 and is expected
to reach 960 million tons in 1965 and 1200 million toms in 1990.

2k, The world market for steel is most buoyant in developing countries
who imported 35 million tons of steel in 1977. Plans have been made to
substantially increase capacity and many of these plans are based on the

direct reduction process.

25. The market for steel in industrialized c>untries is depressed and
capacity is beiag closed down in Western Europe in order to bring it in
line with demond, UNIDO is preparing forecasts of the future dewrand in
industrialized countries as well as in developing countries for considera-

tion by tne Third Consultation on the Iron and Steel Indusiry in 1982.

26, Energy accounts for about 10 per cent of the cost of manufacturing
sponge iron or about 2C per cent of the value added to the iron ore in the
manufacturing process. Countries with low-cost natural gas supplies there-
fore have a cost advantage, but this is not as large as for aluminium. It

is only a little higher than for an industry like cement where about 10 per cent

of the manufacturing cost is for energy supplies.éf

é/ The opportunity to oproduce cement or cement clinker in large plants
usinz natural gas as a fuel w.re considered in the Industrial Uses of
Associated Gas; Progress Revort cn a Joint Study, UNIDO 31 May 1930.




III. THE PROSPECTS FCR PETROCHEMICAL AND OTHER INDUSTRIZES
BASED ON YATURAL GAS

27. Brospects for selling ammonia and/or nitrogenous fertilizers are
ceitain because the world's growing population needs more food. World
demand for nitrogenous fertilizers is expected to incresse by between
2.0 and 2.5 million tons each year in the 1980s, rising from 57 million
tons in 1979 to 70 million %ons in 1984 and 35 million tons in 1088.
Demand in developing countries will increase frcm 22.5 millicn toms in
1979 to almost 38 million tons in 1990.7/

28. Prospects fcr selling methanol are less certain. Enough capacity
‘to supply demand for chemical uses up to 1985 has been planned. 3ut
after 1985, demand for fuel and blending with gasoline are likely to
become increasingly important. No one is sure how fast demand for these
uses will grow and how much of it will be supplied by local plants pro-

dicing methanol from coal instead of imports.

29. Prospects for selling ethylene-based derivatives and petrochemicals

in general in industrialized countries depends on 2 resumption of economic
growth. There is large excess capacity in Western Europe at present and some
ethyiene plants are likely to close down. The market in developing countries
is expected to grow much faster and the overall world market growth is fore-
cast in the UNIDO Study as follows.

World Demand for Selected Petrochemicals, 1972, 1984 and 1990

(million metric tonms)

1979 1984 1990
Ethylene 37.2 47.8 65.9
LDPE 12.1 15.6 21.9
4DPE 5.6 7.6 10.5
pPVC 12.4 16.6 23.1
Ethylene glycol 4.3 6.0 .o

7/  All measurements in terms of tons of the nutrient nitrogen.




30. The prospects for selling aluminium are yood after 1%85. There is
1ikely to be sufficient :apacity to supply world requ. —ements of aluminium
up to 1985 but betwee: 1985 and 1995 at least 60 smelters of cevacity
150,000 t/a are likely to be needed. Some of these plants could use

electric power gznerated by gas’ trbines. '

31. The prospects for selling sponge iron on wc-ld markets are less
certain. In the industrialized cou-tries the state of the steel industry and
the growth of production using electric furnaces determine the level of demand
for steel scrap or sponge iron. The energy content of steel production is not
very high. The UNIDO Study therefore suggests tkat countries consider oro-
duction of steel for local consumption and for the faste. growing markets

of developing countries.




Gas-based nroduction of petrcchemic
in 18 develoning countries

Algerla
Bahrain
Brunoi
Indonesia
Iran

Iraq
uvatt
Libya
Nalaysia
Wexico
Nigeria
Owan
Qatar
Sa:ddi Arabia
Syria

Trinided an®
Tebago

UAR
VYanecusla

I

Total

Low-density nugo.-d..;ﬁ, mc/vcu_— 7]
Etlhylone Pol,ctlylono Polyethylens or PW
140 000 48 o000 - 35 Vo0
300 000 185 0005/ 60 000 110 000
325 000 100 000 60 000 40 000
130 60 30 60 000
350 130 - -
1 945 ooo‘-‘/ff - - -
300 000 499 000 200 510 o0’
- 120 000" 60 000y 120 GO0~
280 000 140 000 70 000 -
1 606 000 640 000 171 000 454 o000
150 000 U 000 60 000 54 000
5 914 000 1 705 00O 642 000 1 443 0VO

As BDC

Uneglerle

Jor 40,000 t/a SR unit
aolc estimata

UNIDO sstimate of proposed nev unit
UNIDO eetimats of proposed expansiom
Includes some naphtha-fed, older unite
Au VCM, soma of whioch may bv exporied



TABLE IX

als, fertilizers and selected industrial products
(existing nlnnts vlus planned new capacities)
t

on/year
_ = —-=- -

Btlyrono Ammonia Urea btnmol‘/ Alumintum apon;o frun

- 991 000 218 000 100 /0 2 ooo'-'/ 800 ooo-/

- 660 - 350 000 120 000 400 000

2 17) 000 3 954 000Y 400 000 225 000Y | 2 200 00c”

Jo oooy t 106 t 180 - 110 000 6 130 0

- 994 000 | 1535 ooo 3 000Y | 120000 | 1935
320 000Y 994 000 | + 360 000 - 120 000 -

- 663 o 900 000 330 000 6o 1 000 000

- 380 328 000Y 950 000 100 000 800 ovo™
333000 | 4796 000” | v 691 000Y | 1 007 000 120 000 4 540

- 10 000 496 000Y - - -

- - - - - 400 000

- 595 0oc® 991 00 - - 800 o
2\)50005/ 520 0w 500000!’/ 1 320 000 - 800 000 |
- 300 000 346 000 - - 1 000 000> ‘

- 1 280 000/ 10 000 435 000 180 000 840 o0c®”

- 0 000 - - 135 000 800 000"

- 192 owo® 661 000 - - s 120 00r/
978 000 16 992 000 14 7% 0C) 4 621 000 1 417 000 2] 565 000 J




Table III: THE IMPORTANCE OF VARIABLE AND FIXED COSTS IN THE ESTIMATED MANUFACTURING COST OF
SELECTED PETROCHEMICALS
(1980 United States $ per ton of product)
Final Product Feedstock Feedstock Cost Variable Cosc Fixed Cost Final Product. Cost
[$ per ton of feedstock
United Pederal Aradian] United Federal Arabion [United Pederal Aradbian {nit=a Federsl Arabian
i el B il R B il - s B =
Coast Conet Coast Coast
Ammonia mcthane 228 - 17 165 - 34 53 - €1 219 - 95
" naphtha - 326 - 171 - 62 - - 233 -
Urea ammonia 219 233 95 1ho 160 63 20 23 20 169 183 86
Methanol methane 228 - 17 175 - 27 39 - 43 213 - 70 \
: naphtha - 326 - - 184 - - Ly - - 228 - b
Ethylene ethane 215 - 25 310 - 57T 112 - 127 h22 - 184 '
" naphtha - 326 - - b3k - - 192 - - 627 -
Ethylene ethylene h22 627 181 490 608 382 uh 55 52 534 753 381
Glycol
LDPE ethylene 422 627 184 492 700 231 132 15k 151 624 854 382
HDPE ethylene 422 627 18h 552 173 294 127 146 1ks 679 920 439
|

SOURCE:

and GOIC.

UNIDO/GOIC Indusirial Uses of Associated Gas Table 35 end Annex V.

Based on information provided by SRI International
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SOME_PETROCHEMICAL PRODUCTS THAT CAN BE PROTUCED FROM ASSOCIATED GAS
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