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PART ONE: THE UNIDO FRAMEWORK, CONCEPTS AND METHODOLOGY

"Wnen, in 1575, the Secoud UNLIDJ Jeneral Conlerence on indust=iali-
zation established the Lima target, which stipulated that by the year 2000
the developing countries should produce at ieast 25% of the total world °
industrial output, .t was clear that one essential prerequisite for achie-
ving such a target would be the availability of energy. In early 1980
the Third General Conference of UNIDO in New Delhi devoted special atten-
tion to the energy problem and made explicit recommendations in this
regard.” Y

;".. .industry is both a consumer of energy and a producer of items
vhich require energy for their utilization. It also produces the necessa-
ry equipment for the production of eaergy, exbaustible or renewable, con-
ventional or not. The energy demand for the operation of the industrial
sector as such represents a sizeable share of the total energy demand,
i.es. about 35%. However, the energy needed for use of the capital and
consumer goods delivered by industry to the other sectors of the aconomy
amounts to another 50% of total erergy consumption. T2 other words, indus-
trial sctivity is djrectly or indirectly responsible for the use of some
85% o2 the total energy consumed in the world. Therefore, a.z}d this is a
crucia.l_point, enerzy consumption and also energy efficiency are mainly
governed by the creativity and productivitiy of tae industrial sector
through the continuoue techmological development of energy-efficient

processes and oroducts. Accordingly, I strongly velieve “hat the inter-

face ensrgy/industry should bYe at the censre of your dresent deliberations
since energy is a necessary input Por the manufzcture and use of indus-
trial products and since iaduvstry, as I already mentioned, proviles the
equipment and processes for the snergy sector itself.” 2/

"New and renewable sources of energy are called for %o play a signi-
ficant role in the transitory period to the post-oil era. They are equally
important for both the developed and the developing countries, but since
the latt-r group is starting from a very low level of energy consumption,
ve may assume that, for the developing countries, energy from new and renew-
able sources can provide 1 more immediate cpportunity and ...uld indeed

oring about some relief in terms of dependence vis-a-vis 0il. In order to

L/ Statcement by Dr. Abd-El Ralman Khane, EZxecutive
Director of UNIDO at United Nations Conference on New and Renewable Sources
of Energy (UNCNRSE), Nairobi, Kenya, 10-21 Augast 1981, para. L.

2/ Ibid., para.S.
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appreciate fully the role of these sources of energy in the developing
countries, it is necessary to devote some attentior %o the quantitative
aspects of their energr supply and demand situation for the period 1980-
2000. The developing countries will have in 1980 an estimated joint
GIiP of the order of $ 2200 bdillicn and their total energy consumption will
be about 1700 megatoms of o0il equivalent, or 34 milliom barrels/day of oil
equivaient. This includes non-commercial energy. For the year 2000, a
projection cousistent with the Lima target and the United Nations Third
Development Decade would indicate a joint GEP of $9,000 billion (at the
1980 dollar value) with a total energy consumption of the order of 6500
megatons of oil equivalent, or 130 million barrcls/day of oil equivalent.
In other words, by the end of the century the additional energy input
required would be of the order of 4800 megatons of oil equivalent, or
96 million barrels/day of oil equivalent. It will not oniy be most
desirable but imperative that at least half of this amount sho.li come
from new and renewable sources of energy.

The above figures, rough estimates as they are and optimistic as
they may be, are still of interest for purpuses of brcad long-term analysis.
The real {igures cannot turn out to be lower than two-thirds of the suggest-
ed valués and thus the order of rzagnitude of the task is staggering, varti-
cularly if one bears in mind that by the year 2000 the oil reserves will
be, as generally assumed, nearing exhaustion. In order to fill the gap,
which is foreseen, it is obvious.y »ssential to start immediately,

. to mobilise all types of smergy. As far as snergy
for industry is cohcerned, we consider Zive main sources: oil and gas,
coal, nuclear power, hydro-power and biomass. Other sources such as wind,
geothermal, etc. will be highly location- and purpose-specific. In all
cases the lead time to develop new and renewable energy resources, when
available, is quite comsiderable, aven when these are conventional renew-

, 1/
asle sources, such as nydro-power and biomass.”" =~

1/ Statement by Dr. Abd-El Rahman Khane, Executive
Director of UNIDO at the UN Ccnference on New and Renewable Sources of
Energy (UNCNFSE), Nairobi, Kenmya, 10-21 August 1981, paras. 6 and 7.
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The Lima Declaration establishes what is known as the ™.ima Targat”

-y

Lamely that the developing countries’ share in total world industrial pro-

duction, "

.... should be increased to the maximum possible extent and as
far as possible to at least 25% of total world industrial production by the
‘year 2000."L

This target already contains implicitly an energy target. The close
inter-relationship between patterns of industrial development and energy
supply vas fully recognized at the Third General Conference (of UNIDO)+,
at which it was stated that the "attaimment of the Lima target through the
accelerated establishment of industry would require adequate availability
of energy resources.” 2/

To review and analyze the present situation and the potential for
develomment and application of emergy sources in industry, it is necessary
to examine: é/. '

1. the impact of such utilization on the patterns of industrial

production in the Arab countries;

2. the requirements for equipment and services that the development
of the energy sector itself is likely to impose on the indns;rial
sector of Arab countries,

3. the human, technological and financial requirements relating to

-tbe means and facilities for rational utilization of approoriate

energy sources in industry.

1/ UNIZO Draft Zackzround Paper fir the Unitad Nations Confarcace ¢

Yew and Renewable Sources of Znargy (UNCNRSE), dccument presented at the
EZxpert Group Meeting on Iadustrial Issues and Utilization ia Transportation
and other Allied Sectors, Vienna, 12-13 January 1981, (Document UNIDO/CED.
131, 3 Marcen 1981}, ». 1.

2/ UNIDO Document ID/CONF/L/22, p. 79, para. 103, cited in "Report on
Energy-Related Industrial Develcpment Activities, with special attention to
the development and to the utilization of new and renewable sources of energy
in industry,” a document presented at tae United Nations Conference on New
aud Renev?ble Sources of Snergy, Viemna, 11 February 1981 (Document UNIDO/OED.
130, p.19).

}/4 This approach is borrowed from a mere general formulation by UNIDO.

See: "Expert Grour Meeting on Industrial Issues and Utilization in Transporta-
tion and other Allied Sectors,” UNIDO Document, OED.131 Draft Background Paper,
3 March 1981, p. 2.

(*) New Delhi, January 21- February 9, 1980.




1. Energy for Tndnstry

"When considering their energy-related problems and oppor:zunities,
there is basically only one fundamental and broad issue facing Developiag
Countries in their industrialization efforts towards the target and object-
ives set in Lima and New Delhi, namely tu develop and/or ensure the
supply of energy required to establish und operate the industries, and
related transportation and other allisd systems, needed for their accelera-
ted economic and social development und viable in terms of local conditions,
resources and capabilities.”

"UNIDO emphasizes the correlation between the pattern of available
energy and the corresponding pattern of industries that can be established.
The full development and utilisation of new and renewible sources of energy
will require an unprecedented technological, industrial, olanning and
financial effort. Indeed, it is important to identify energy efficient
industrial processes and products which best land themselves to developrcent
on the busis of such new and renewable sources of epergy, and that can lead
to oil substitution."” 2/

2. Industry for Energy

Industry is dependent on energy for "the development of the ca, ital
goods industry and of the industrial engineering services necessary for
the development of 2nergy acw'ovs ‘n general and of new and renewable
sources of energy, in particular. This implies the ievelopment of a Sull
scientific technological =2ad indcstrial capacity in the develcoping coun-
tries to handle research, design a2nd 2ngineering <o Jevelap or %o service
the large scectrun of capital goods needed by the 2nergy sector. 1t is
estimated that the total investment in the amergy sector of developing
countries, in the period 1980-2000 mav reaca 5-60C0 dillion dollars and
that, of this amcunt, the equipment Jor harmessing and application of new
and renewable sources of erergy alone, will be worth no less than 31200

billion (1980 rate). Here again, even il lower estimates are considered,

1/ UNIDO Draft Background Paper for the
and Renewable Sources of Energy (UNCNRSE),
Grogp Meeting or Industrial Issues and Util
Allied Sectors, Vienna, 12-16 January 1981

Unitad Nations Conference -n New
?ocument presented at the Expert
ization in Transportation and other
(Doc.UNIDO/OED.171, 3 Mareh 1981),p.1.

2/ Statement by Lr. Abd-El Rahman Khan i
2 . - e, Ex
at the-UN Conference on New ani Ren oirmes of

Kenys, 10-21 Av,ust 1981, para. 11.

Director of UNIDO
ewveble Sources of Energy (UNCNRSE), Nairobi,
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the corresponding effort in terms of technology, trained manpower and
ficaace will bave ugprecedeunied dimensions. Tet it is worth pointing out
that this equioment for new and renewable sources of energy would represent
ocnly 1.5% of the total accumulated GNP of developing countries between 1980
snd 2000, vhich means that although the task is enormous it is aot out of
reach.” Y

3. Energy Management

"ERergy managesent has to do with optimm development and use of
the energy, both at the macro and micro levels. This problem has become
very acute in recent years and rightly so. It deals with both national
(and even regional) energy planning and with the optimisation of plaat

energy balances, with special attention on energy conservetiof. It also
includes the optimisation of energy planning and use in urban apd rursal
areas, with special attention to requirements for transportation needs." 2/

1/ Statement by Dr. Abd-El Rahman Khaae, op. cit., para. 13.

2/ Ibia , para. 1lb.
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2. 3CW TOC TACYIE THE ZNERCY_-TINMISTRY RELATIONSHIP

S —

(Concepts_and Methodology)
From a conceptual view, one may question the relevance of the dis-

tinction commonly made (*) bLetween commercial and non-commercial energy
independently from their respective economic and social objectives and
uscs. PFurthermore, vhen considering the potential for many renewable or
non-conventional sources, this distinction may not be sufficiently opera-
tional. Pirst, it does ndt accurately siow the respective shares in the
consumption pattern of the productive and the non-productive uses; of the
subsisience snd the export sectors, and of the industrial (ineluding manu-
facturing) and othef activities.

To characterize the present energy situation and to foresee its
future development in the Arab countries, one would rather suggest thé
following conceptual framework:

L. On the side of energy vroductionm:

a. assessment would be made of the degree of upgrading of indi-

genous energy sources by distinguishing advanced 2concmic exploi-~
tation and/or primitive imsufficiently upgraded production in the
countries whe 'e one or both of tne two patterus of upgrading are
identifiable;

D. the degree of upgrading of specific domestic sources with low
energy efficiency by contrasting with the import of foreign
snergy with higher use orf efficiency.

2. On the energy 2onsumption side:

a. distinction is to be made »etween snergzy utilized %o sustain
productive activity, directly in industry and agriculture, indirect-
1y in the various Forms of social consumption which are indispen=
sable to carry out and to expand the economic development process;
while satisfying broad social needs.

b. e distinction is also to be made on the basis of sectoral
sharing and degree of optimal use of energy in production and/or
for sub:istence. In the case of energy use, a further distinction
could be made between the part of energy use in the primary pro-
duction especially when intended to export markets and that use

in manufacturing would either be home-oriented or destinated to
exports.

(®*) Notably by World Bank, World Energy Conference.
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To sum up- the definition of energy problem and of the znergy to
industry relationship in the Arab countries., it is nacesservy +z 233233
the energy present situation ard prospects inthe following terms:

- ensrgy consumption versus energy production

- energy necessary for economic and social use versus energy

vastage

- optimal energ use in production versus inadequate energy

use in production.

“Pollowing this line of thinking, one may legitimately question the
approach to energy, reduced to a problem of trade balance, as formulated
and applied by the World Bank, shadowing the essence of =pnergy problem in
the developing countries as one of the dependance on rforeign ecomomies
either through over export of oil or through overgrowing imports of foreign
oil, inseparatediy from primitive, if not absent, upgrading of indigemous
slternatives o oil and intinétaly in connection with socially selective
and narrov consumption and even aver cdnsu:ption for aon-economic sake cf
imported or domestic petroleum.

The Energy-Manufacturing Industry Relationship

Another problem vhich needs to be clarified is the relationshir of
energy consumptica and growth in manufacturing. In the developed countries,
tvs=thirds of the industry produced is consumed by the industrial sector.
Adding the transportation sector to industry the share attains 35% of the
total erergy consumption. Three main reasons coul?d explain this: (1) indus-

tries are generally concentrated in these dsveloped countries; (2) snergzy-
intensive industries are also concentrated in these countriss; (3) histori-
cally, oil-producing countries had been sntitled to an insignificant rent
for their oil; this has resulted in a world-wide productive pettern strongly
dominated by industries and transportation sectors which are intensively
consumer of oil.

In the developed countries, the rates of growth and the levels of
energy consumption are determined less by the respective levels and shares
of primary and mriufacturing activities than by the respective shares of
productive -;:tiviiiass (whether primary or manufacturing), highly or moderstely
energy-intensive and non-productive energy-consuming sector in total energy
consumption.

In most of the developing countries where industry is still hardly
existent, energy-intensive industries have been only very limitedly expanded,
but an impcrted gasoline-based transportation system was developed in urban
centres to the advantage of urban minorities. I{ follows that the relation-
ship of energy to industry and to industry and transportation, differs in
these developing countries from tpat of the developed countries as described
above. \
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In order to characterize the present situaticn and prespects of energy
and industry relationship in the Arsb countries, we suggest the following

amethodology:

1. +to characterize the resource structure and fracture particularities
as wvell as the economic and social policies of the couatries.

2. to characterize the magnitude of non-productive in total consumption
and to compare it to energy domestic production and eventual oil imports.

~. +to examine and characterize the producting structure from the point
of view of energy consumption, and to measure its energy :intensity apnd efficiency.

Such a method seems appropriate not only for Arab countries but also
for the other developing naticns faced with emergetic, industrial and deve-
lopment challenges. It follows that the presence of an important energy
consumiag, ut non-productive sector leads to serious dependence on foreign
energy supplies even in the absence of a significant manufacturing or other
industrial activities. (As ic the case for Costa Rica).

Along the same line of thinking, one can say that the presence of a
significant odroducing sector, primary or manufacturiag, but intensively
consumer of imported 2nergy results in a state of snergy dependency which
is mor» accurate than that of other developiag countries with 2 producisg
sector, primary or even mamufacturing, but less energy intensive. This
applies <o many developing countries with agricultural and aanuracturing
industries that are not.iarge consumers of energy.

A scenario was simulated and developed *o suggest a strategy of

1/

collectire self-sufficiency Sor all Arad countries.= The acnclusions

w

~egched in this scenario showed that:

~. =he Arab World would achiave a2 7igh rats of growsh in <he 0P

1s an absolute resuls of the collective factor [joint action)

n

added walue in manufac“uring industry would increase both in
size and significance, as well as per czapita.

Wizh respect to the Arab World as a whole, production of consumer
goods would represent according to this scenaris, approximately LS.7% of the
total added value in maggfacturing industry; intermediate goods representing
27% ( a general trend to'ards concentration on this category, particularly
0il products); and capital goods 26.2%.

Unfortunately, no attempt could be mude to indentify the energy-~inten—
sity of each of the three components of the simulated manufacturing pattern.

1/ The hasic assumption in this scenario is that % i

the sum of the products of each individual, but a:ta;::r:::i:eI:iggtamerely
economic 3ize guaranteeing the extra advantages of large~scale productl;:v
'?ith as a ;esult that the advantages occuring from large-scale producti 2
increase with the growth in volume. See: "Status of Arab Industry an;on
Future Concept for Arab Industrial Development up to the Year 2000 (cn

v: ?tzategy for Future Arab Iadustrialization, para.2-3)," Fiftn c°nre:§:§:
;;.1223;;;?31 Developwent Zor Arab States, 16-20 linvember 1979, Algiers,
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THE PARTICULARITY OF THE INDUSTRY FANERGY RELATTONSHIZ
IN THE DEVELGPING COUNTRIE:,

Energy industry interdependence is observable in any economy. However,

pational levels of econcmic development and country-wide industrial and
acopomic atructures diffrentiate the pattern of energy production and con-
sumption. They also determine the articulation of industry and energy in
the developed and developing countries. The problem of energy in general
and of the energy and industry interdependence cannot be seperated from the
genersl problem of ecopomic underdevelopment. Energy is but one of the
dimensions of economic and social underdevelopment. Energy-industry rela-
tionship has big implications for the energy consumption and production
pattern. Historical factors hive strongly determined the patiern of energy
rosource availability and energy cousumption in the developing countries.
Indeed, in the case of the Arab World, general underdevelopment implies
either an underdevelopment of domestic energy sources - as in the case of
all the Arab and other developing oil importing countries - or, adversely,
an overproportional growth of a specific energy source, generally petroleum
in the Arab and other OPEC member countries.

But it is on the side of consumption and demand that one can better

identify the particularities of the energy oroblsm and conditions of irdus-

trial, economic and social underdevelooment.

Energy,as well-known, is both an iaput to production and 2 consumer
commodity. In the case of Arab countries, the energ’ use pattern illustrates
the deformation of the economic structure both as a feature and as a resuls
of underdevelorment. There is an avident relation bYetween the distorted and
insuf?®iciently developed siructures c¢f 2a scomomy =2nd its pattarn =2f coasump-
tion most specifically the energy consumption. Indeed, the use and consump-

tion of energy fit into a two-sided enmerzy consumption; on the one nand,

there is a subsistent sector which gZenerally responds and ia fact, under

responds to the needs of therural population. Znergy produced -.ud used in

and for the sector falls under the category so-called non-commercial energy.

Statistics still fall short of this side of energy pattern despite recently

increasing efforts to quantify the production of this emergy and its econo-
; L/

mic effects.

1/ Tha Conservation Commission of the World Energy Conference worked out

a report in wvhich attempt was made to evaluate the supply and demand of
both commercial and non-commercial energy in the developing countries. See
in this regard the World Energy Conference, "Third World Energy Horizonms,
2000/2020", report to the Conservation Commizsion of the World Energy Conf.:-
rence, Muaich, Spetember 1980, Paris Zditions Techniques Economiques, 1981.
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On the other hand, we recognize another sector mainly oriented to

the satisfaction of private and urban transportation, residential and
productive uses of energy, basically petroleum, in the urban centres and
in same cases in mechanized and modern agriculture. In this con.ext, the
energy being used is characterized as commercial, since it consists of
petroleum (in few cases coal), a commodity which is totally jategrated in
international trade. In the countries of which tley are pruducers, its

use implies a renunciatian to export it, while in other countries which are
in doubt with petroleum, it has to import from the international market.
What is common to the two categdiries of countries is that only a small
share of this commercial energy is aimed to feed an industrial and product-
ive sector generally at its beginnings. The bigger share of the energy is
oriented to non-productive consumptic: and to limited circle of the popula-
tion. Putting differently, this energy sector has for function more to
support a consumption pattern imported and copied from the developed socie-
ties than to sustain the productive sectors in the developing cou.tries
where this pattern is being adopted.

Consequently, there is a specific imbalanced articulation of the indi-
genous and tiaditional energy which is primitively produced and used, and
the petroleum esergy which, even when locally available, intrcduced a
foreign pattern »f energy coasumption in the Arab and the other develoring

countries. To the extent, energy vattern is dominated in the developing

countries oy vetroleum locally vroduced or impo.ted so as to sustain 2

s oo
PO

vattern of unproductive and when not uneconomical consumption, it Is

fu

~

cult to acmit the argumentc that the develcoment of devaloving councrias is

as much constrained 2s jetermined by their oil-import bill, an arzument

foreworded by the World 3ank and, strangely enough, nastily accented oy
many pecovle.

In the third olace, in order to determine the articulation of petro-

leum energy mainly supporting the expansion of non-productive energy ~on-
sumption and the global energy in naticnal economy, it would be necessary to
discuss the social economic objectives both of the production of energy and
its consumption, particularly its volume and productive and non-~productive
uses.

Finally, by comsidering the allocation to production of both of local
and imported energy, jc¢ would be possible to evaluate the ecor~mical charac-
ter and degree of tha pattern of energy and of energy use. Indeed, tre
optimal utilization of energy 2as a production input is the key to the under-
standing and the sclution of the ezergy problem in any economy, more parti-
cularly in the developing econcmies.




PART TWO - ZINFRGY SAVING ACHIZVEMENTS 3Y TIS WCRLD INCUSTRY

1. EINERGY-INDUCED CHANGES TY TNDUSTRIAL TECHNOLOCY

The adjustment rises in the price of energy comparsd with <he price
increases or other inputs has changed érastically the current econcmies
of many industxial process. A recent study carried out by UNIDO.= L/ indi-
cates that in many instances, however, the current investment plans,
rationalization programmes and research programmes of leading producers
have been undertaken prior to this basic alteration. in relative prices.
Most of these programmes were formmulated with the implici” assumption that
the.relative orice of snergy in the 2arly 1980's would Iilfer 1little from
that in the s2arly 1970's. irmly commitsed to develomment »rogrammes >y
2id-1970's, such enterprises wers caught unprevarsd when this assumptioca
proved to be high'y erronecus. Many are just beginning Lo respond con-
cretely to the new set of relative prices.

Relative prices have been iiken %o a glacial drift, "imperceptible in
w2/ Stzuctural a2djustments will
be slow in ceming decause (2) escoromies naturally respond slowly to changes
in relative prices and (b) oil-product prices aave risen much less sharoly

tie short run, irresistible in the long run.

than crude prices. Recent calculations %y the Interzational Inerry igency
show that the difference Yetween stort-tarm and long-term adjustments is
considerﬁﬁle.éf

In fact, saviags ia 2nergy 5y zhe iadustrial sector iurizg the 1970s

<7oically 2xceaded theose of other 2concmic sectors. Iz 1978, when the real

Srice 97 2il was Jalling in zhe Upizad 3tates, iadustry used only Psur-Sif+shs
o) - . e b v amgq - e 4R o v e} T ~ - - = -3
2§ 7uch 2nergy Ter unist 37 tsut as 12 iié in 1372, Ia comparison, ke

vy

2ia =nergy sonsumption Jer uni

ol

22 32P dropred only 3 Derzent hetween L5373

and ’973— A similar pattern was noted ia Westera Zurope where Coverament

1ave jut 2f70rts SO spur research in 2nergzy Jia2lds and <o restrain energy con-

sumption >y z20useholids.

1/ UNIDO, "World Iadustry in 198C," 7Vienna, Unitad ¥ations, 1981. Document
UNIDO.ID/259 (Chapter IV. Inergy Requirements in “he Manufacturing Sector,
».182).

2/ ADEIMAN, M.A., "An Ageada for <he Zighties: Decisions and Research,”
°aper presented to the Internationsl Associaticn of Energy Zconomies, Cam~
bridge, 23-25 June 1980, p.3 (ecited in UNIDO, "World Imdustry in 19807).

3/ For example, a 1 percent rise in the real energy costs reduces energy
demand by only 0.15 perceat in the short run. In the long run, howvever, as
the stock of capital assets is adjusted to the new price pattern, the same
increase in the real price of energy will reduce energy demand by 0.45 percent.
(Internationsl Energy Agency =stimates presented at the XIth World Znergy Con-~
ference, Munich 8-12 September 1580).

L/ International EZnergy Agency estimated as cited in The Zconomist, Loandon,
13 September 1980.
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Various components determine the total energy requirements of a
product. One aspect of particular relevance is energy analysis in product
design. A method to calculate the total energy requirement of a product
is particularly appropriate when implying an advantageous recycling of
materials from discarded products, since it results in a lower energy
requiremeat.:

Energy is involved in many different processes:

- first, energy is needed for the production of materials from

primery and secondary rescurces;

- second, energy is required by the manufacturing processes;

- and third, it is consumed during the use of products (e.g. auto-

mobiles, refrigerators, TV sets).

It follows that analyses of these aspects of emergy consumption and
use are necessary in order to optimize the energy requirements of the in-
tended process. The final objective of the combination of “hese processes—
the production of materials and the manufacturing and the functioning of
a product - is to satisfy a certain need. The designer has an important
role to play in the mimimization of energy requirements. He sets up a list
of requirements and determines how that function can be realized. Finally,
he chuoses the materij.ls and the manufactur: \g methods to establish the
1

form of the product.=
The production of materials from scrap requires less energy than their

product from primary sources. Therefore, recycliag of materials “rom dis-

carded products is also dasirable from the point of view of enersy use.

This is shown in the following table:

Taplel. Energy Requirements for Material Production
Materisl From Ore (MJ/xg)* From Scrap (MJ/kg)*
Aluminium 327.63 1.52"
Steel 12.0° 25.56T
Cast Iron 28.82 -
Copper é1. 23 9. 'rzl‘

1/ BRAAM, J., "The Relevance of Energy Analysis in Product Desigm,"”
Applied Energy Journal, Vol.. 7, No.h, Barking, Essex, U.K., December 1980,
Applied Science Publishers, p. 263.

(#*) 1 Mega Joule (MJ) is equal to 0.278 kilowatt hour (kwh), a unit of
energy frequently applied.
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2. THE ENERGY REQUIREMENTS FOR MANUFACTURING
Manufacturing is one of the major energy-using sectors of any economy.

However, the few publications available concerning the energy requirements
of various mamufacturing processesl/ tend to be concise and not very reliable. '
Consequently. little is known in a quantitatively accurate sense about the
precise energy requirements of the vai-ious mamufacturing methods.
The energy used for manufacturieg is determined by:
a) the direct energy used by the capital equipment,
b) the energy content of machines (the more products that are made on
a machine, the lower is this input energy per product),
c) the energy : :quirements for transport and
d) indirect energy requiremsnts (for building, lighting, etc.)
’To determine the total energy required for the mapufacture of a part,
the energy use can be given per unit of manufacture; for example, the number
of joules per cubic centimeter of cut material, in the case of steel or per '

2/

kilogramme of cast product for aluminjum.=

Tt is necessary, when rating energy consumption by industrial sector,
to take into account the sectoral production pattern since this pattern
may have a significant impact on energy needs. For example the same pro-
duction value may be otained sxclusively by stee making or electronics. It
is obvious that the resuliing energy consumption auld be very different.
The first case concarms an energy-iantensive industry. Consequently, it is
necessary to adjust ratings resulting exclusively from added value according

t0 the energy intemnsity of industrial production.

1/ DECROP, M., "Dépendes d'énergie comparée dans divers procédés de reali-
sation de piéces métalliques," Hommes et Fonderies, December 1975, pp.19-2L
(in French). Also: KELLOCK, B.C., "Energy Conservation in Manufacturing,
Machinery and Production Engineering,"” July 7, 1976, pp.l3-16.

2/ Thus, energy requirements for cutting steel is estimated at 0.0126 MJ/cm3;
in the aluminium mapufacture, casting by Cupola method requires 5.148 MJI/kg. by
the Cupola Method and 10.8 MJ/kg in electric furnace. The data for casting are
corrected on the agsumptionm that the mean output for casting aluminium is 70%
product and 30% waste (mainly runners). (DECROP, M., "Dépenses d'énergie com-
parée dans divers prfcedés de réelisation de piéces métalliques,” op.cit.).
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According to available data,tne share of the non-met_a.llic products group

in energy consumption is typically about three times grestar 4<haz i%3 share
in value added of all menufacturing. Paper and iron and steel are also

relatively heavy energy users, as they are in the developed countries. The
mix of products produced by 6ne branch is obviously an iaportant determinant
of emergy consumption particularly if the branch is still at an intermediate
stage of development. This applies to chemicals ana petroleum, for example,
and would explain why the median value is less than that found for textiles,

vhich is a comparatively advenced industrial branch in many developing

countries. 1/

TABLE 2. SUMMARY OF ENERGY REQUIREMENTS FCR SELECTED COMMODITIES

COMMODITY PRIMARY PRODUCT ENERGY REQUIRED PER
YET TON OF PRODUCT

Aluminium Alluminium Ingot 2LL
Beryllium Beryllium Metal 2
Cement Portland Cement 8
Chlorine Gaseous Chlorine 18
Liquid Chlorine 21
Corper Cement Copper 8T
Refined Copper 112
Glass Glass Containers 17
Gold Gold Bars 58,855
Tron and Steel Steel Slabs 2k
Gray Iron Castings 3t
Carbon Steel Castings )
Lead Refined Lead 27
Magnesium Magnesium 358
Nitrogen Ammonia 39
Quartz Crystals Manvsactured Quartz Crystals 1,120
Silver Silver Bars 1,47k
Tin Tin Lingot 1.J
Titanium Titapnium Sponge Lo8
Titanium Dioxide 86

Uranium Uranium Oxide
by Acid Circuit 766
by Alkaline Circuit 1,123
by Resin-in-Pulp Cireuit 795
Zine Elemental Zine A5

United Nations, Vienna, 1981’, p. 196. 4 980 (Chapter IV),
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3. C{ANGE IN ENERGY CONSUMPTION IN THE MARUFACTJRING SECTOR

Information on the ectent of changes in the manufacturing industry's
energy requirements is limited. A UNIDO study recalls that, "in fact,
most Govermments began seriocusly to monitor the consumptian patterns of
individual industrial branches or of manufacturing as a whole oniy after
the rise in energy prices. The available statistics for many developing
countries are still too incomplete to permit a wide-ranging investigation.

Su:sequent changes in the manufacturing sector's energy requirements

de; nd or. a variety of factors operating at the branch level:l'-/

wl/

First, a country's industrial mix is important. Higher ratio of

energy expen’iture to value are recorded when energy-intensive branches
accon=t 10r a large or increasing orovortion of acountry's net output. This
type of industrial mix may retlect national policy decisions made in the
1960's and 1970 s or tke the composition of domestic demand for industrial
products.

Second, the rate of technological innovation has been uneven among the
various industrial branches, although, before 1976, new vroduction processes
probably tended to be epergy-using rather than energy-saving. Thus, the
pattern of energy consumption is in a state of flux as the emphasis of inno-

7ation shifts from material-saving to energy-saviag.

Third, production techrologies in any given “ranch oftien permit energy

to _be replaced by other types of iiputs and conversely. TDuring periods when

anergy was cheap relative to other inputs, various »roduce:rs may have tended

to substitute energy Tor other inputs. These procedures recorded nis -

growth in energy sxpenditures thar they now would with the present input drices.
Fourth, and perhaps most important, recent studies have suggested that

energy use may be substantially altered by changes in tasks or patterns of

consumption. 2/

The net effect of these factors, in addition to the rise in the relative

price of energy, is summarized in the following table. In every case energy
expenditures in manufacturing per unit of MVA rose between the periods 1963-
196k and 1975-1976, so that the ranking of industries according to this mea-
sure showed little change between these years. The ranking of wood products
and non-electrical machinery fell mainly owmg to modest rates of increase

in their consumption of energy per unit of value added.

1/  UNIDC Document ID/269, "World Industry in 1980, (Chapter IV: Ensrgy
Requirements in the Manufacturing Sector),” United Nations, Tienna, 1981
PP-191-192.

2/  See PETROLEUM INTELLIGENCE WEEKLY, 21 July 1981.
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TABLE 3. INCREASE IN ENERGY COSTS, BY MANUFACTURING srancE. > 1w
SELECTED DEVELOFING COUNTRIES =

cercamtags

Branch 1963-196L 1975-1976 Increase
Iron and steel 115,868 23,961 110.5
Non-ferrous metals 118,574 184,503 55.k
Non-metallic mineral products 104,619 158,391 S1.5
Paper and pap.r products 87,962 145,130 "65.C
Chemicals, refining and miscella-

necus products of petrcleum

and coal 67,664 135,901 100.8
Textiles 39,133 59,081 51.0
Rubber products 32,332 51,520 59.3
Food products 38,357 50,473 31.6
Wood and édork products Ls,16L k9,182 8.9
Plastic products 32,636 45,961 40.8
Beveragzes 26,251 41,730 59.0
Metal products 22,012 28,688 30.3
Transport equipment 17,059 28,118 64.8
Furniture and fixtures 17,887 23,428 3.0
Leather, fur products and footwear 15,24~ 23,105 51.9
Electrical machinery 15,461 122,330 k. 2
Non-electrical machinery iT,k01 21,850 25.6
Professional and scientific

equipment, photographic

and optical goods 10,080 15,393 52.7
Wearing apparel 9,399 15,090 60.5
Printing and publishing 9,908 13,848 39.8
Tobacco 7,716 13,252 .7

Note: Figures are averages over two-year periods weighted by the country’s
share in J.S. dollars in total MVA for each brarcn.

The most significant trends concern the mors =nergy-intensive bran-
ches: iron and steel; non-farrous me%als; non-metallic minteral products;
paper product: and chemicals, refining and related products. Energy con-
sumption in these five branches far exceeds the levels recorded in cther
parts of the manufacturing sector. Moreover, each branch showed very nigh
percentage increases during the period, raising from 51 to 110%. These
facts help to substantiate the opinion that changing energy costs have
altered many of the basic economic principles on which producers of steel,
chemicals or non-ferrous metals have traditionally operated.

1/ UNIDO Docwment ID/269, "World Industry in 1980," op.cit.,
Tralbe IV.4), p. 191.

2/ Countries included in the sample are Australia, Austria, Canada,
Czechoslovakia, Demmark, Finland, Creece, Ireland, Japan, New Zealand,
Norway, Portugal, Spain, Sw!dcn,‘Uhited Kingdom and United States.
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‘4, BRIEF REVIEW OF SAVING ENERGY IF IRON AND STEEL
The iron and steel industry tas long been the largest single
absorbder of energy tc developed countries. The energy intensity of
this branch, measured as inputs of energy per unit of output, is also
one of the mn. Iron and steel is the larges® single erergy-consu-
ming industry of the world. In 1973, it accounted for about 11% of the
total vorld energy consumption. Of the different stages in producing
steel from ore, the maximm energy is consumel at the ironmmaking stage. 1/
Advances achieved in saving energy in steelmaking in Japan, suggest
several meaps, including:

a) better gas recovery from the basic oxygen furnace

b) waste-heat recovery

¢) re-using energy hitherto wasted in the water-quenching of cokeg-/

Specific consumption of iron and steel per uni% of output of steel

containing manufactured goods has decressed as consequence of technological
progress and structural change in industry as well as of attempts to energy
conservation. It has been noted that comnsideration would have to be given
in the future to the use of techmnologies which are energy-saving.l/ This
trend may have negative implications as much for Arab gas-rich countries

by reducing their energy-base competitiveness, as for the other Arab coun-
tries with scarce epnergy source.

Bnergy savings of over 35% per man-ywar anticipated in the United
Z{ingdomh—/ suggest that during the 1970s,traditional steel economies under-
vent a substantial change. As in other Tields (2.z. petrochemicals), the
rariable cost of {aedstock and snergy is beccming critical. Tachnical
changes are introduced in response to a new iaput-pricing pattern. dowever,
it seems that as the iron and steel industry enters the 1980s, there will
be few radically new developments with energy-saving consequences but a per-

sistent stream of small improvements.

1/ DAS, GUPTA S., "Some Aspects of Energy Saving in Ironmaking,”
Materials Aspects of World Energy Needs, The National Research Council,
U.3. National Academy of Sciences, 1980, p. 234

-4 A coke dry-quenching CDQ system using inert gas, not water, to absorl:!
heat from the coke as soon as it is discharged from the ovens saves signifi-
cant energy. See: IRONMAKING AND STEELMAKTNG JOURNAL, No. L, 1979, p.1LS.

3y Document ID/WG.363/4, 11 February 1982 report of the Second Working
Group Meeting on Scenarios of the Iron and Steel Industry's Development,
Estoril, Portugal, 3-5 February, 1982, p. 7.

L/ U.K. Department of Industry, "A Preliminary Analysis of the Potential
for Energy Conservation in Industry,” London, United Kingdom Departient of
Industry.
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Five areas may be distinguished in which tecnclogies are expected
to change in the next five to ten yea.rs:-l-",

1. Energy Savings in Dirsct Reduction Processes

In the direct reduction process, gaseocus reductant processes,
namely the Hyl and Midrex were found to have greater industrial applica-
tion. The natwral gas consumptions heve been reduced by about 30% to 35%.
This has been achieved by using better burden materials such as pellets

instead of ore and recovery as well as utiiization of waste heaf.gl
SPONGE IRON

Direct reduction of iron ore to make sponge iron - which in turn

becomes the ruw material for electric furnace steel - is gainipg ground
3/

in both deveioped and developing countries.= With capital costs only
60% of those for traditional blas furmace - 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 alsc claimed easier to operate because
they involve no liquid metal handling, and because they avoid the iafra-
structure, euvirommental and opersting problems associated with bdlast
furnaces.

'Demand for =ponge iron relates to the suppvly and demand for scrap

steel suitable for electric furnace steelmaking. Althcugh scrap is traded
internationally, sponge iron shipment presents technical difficulties. Ia
+his context, therefore, Arab countries should comsider sponge iron and
steelmaking plant in the first instance <o satisfy local or regional demarnd.
Jowever, it seems likely that gas price rises, ‘raditicnal steel makers il
relatively lose zround and that by 1985, a large portion of world spcage

iron output will come from plants exported in rich energy and/or iron ore
countries. TFor the electric steel, the irom ore will be shipped increasiagly
£o0 producers with low-cost Zas and coastal sites suitable for deep water por:s

and direct reduction sites.

Y UNIDO Document ID/269, "World Iadustry in 1980," op. cit., p.202.

2/ _DAS GUPTA, S., "Some Aspects of Energy Saving in Irommaking,"
Matenal; Aspects of World Energy Needs, The National Research Council,
U.S. National Academy of Sciences, 1980, pp.243-2u6.

¥ For a more detailed description including the different processes
available for making sponge iron, See: UNIDO Document, "Progress Report:
Industrial Utilization of Associated Cas,” Vienna, May 1980, p. 121.
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In the blast e the limit of epergy offic e ow
been actained. Furtker savings on coke inputs could be made only by replaciag
it with fuels less alumdent then ccel. Direct redustion {OR) wil] De the muin

bope for the futyre. The name vas devised when it was thought that the pro-
cess would lead directly to steel. But it wag developed to use gar or oil
igputs a3 reducipg ageats rather than coke (using the Wiberg process of 1952)
ang is comparatively epergy-igtensive. Despite this drawback, DR is foreseen
as a major type of iromraking for the next decade. By 1990, a significant
proportion of existing irom capacity will have been retired, and some million
tons of new capacity will be ueeded world-wide. Four-fifths of the developing
countries’ effective steelmaking capacity to be added between 1978 and 1985
will be in anine countries of which two (Algeria and Saudi Arabia) are

Arab oil-producing couniries. ¥Nearly all the new capacity to be found

in oil-producing countries will be via direct reduction of ore and elec-
tric-arc furnaces. Zlsevhere, the price of ensrgy will be a major deter-
minant of the spread of DR facilities. In the longer term, from 1985 to

. IATCULS KAS K= . At 1 el by a3 8. The veye} Vole
same observers expect that this will encourage the use of nuclear power in
DR plax:ts.L

Apart from its epergy intensity, DR is attractive owing to its lower
capital costs, wvhich are some 50% below those of conventional techmiques,

chiefly because ancillary facilities such as cooling and sintering plants
are not needed.

Forty projects, representing some L0% of the capacity of 125 projects
announced by different zountries of the world which were 2nalyzed dy UNIDO,
invoived the use of direct reduction and 9C% of these trojacts are located
in countries with petroleum or 3as ;rocessing.g/

The process of direct reduction involves 40% of the world-wide pro-
lected production capacity. Ia 90% of the cases, it involves petroleum
axporting countries wi<n natursl gas at their disposa.l.;-/

It should be noted that a restricted oligopoly of industrial companies

from the developed countries possess the technical processes.

1/ At present, Japan is the only country actively pursuing a nuclear
steel making slte:mative, but evem a pilot plant will not be built before
1990. See: INDUSTRTAL WORLD, February 1979, p. 27 (cited in UNIDO Document
ID/269, "World Industry in 2000"), p. 202.

2/ UNIDO Document ID/WG. 363/2,"The Normative Scenario. Effects and Con-
ditioas of Realization,” Second Working Group Meeting on Scenarios cf the
Iron and Steel Industry's Development, Estoril, Portugal, 3-5 February 1982,
UrIDO document dated 25 January 1982, p. 6 (in English).

(The Normative scenarics is that in wheih the Resultsat tends towards
the implementation of the projects amnovunced by the developing Sountries, that
is, the installction of a new capacity of 116 milliom toms).

3y Ibid, p. 18.
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2. The Soread of Flectric Purpacesg will continue -

¥ct only capital costs for the construction of ccuventional blast
furnaces higher, but the duilt-in energy value contaized in scrap is vetier
utilized dy electric furnaces.-/ Even more econcmical will be vlasma fur-
paces, vhich can produce steel at $L00 per ton less than electric-arc furna-

ces and do not need particularly sophisticated installation or maintenance

skills. These are thought to be suitable for initial installations ip deve-
loping countries.éy

3. Further Energy Savings are anticipated by using still other
techniques -

Scrap, sponge iron and other charge mat .cials (that is, materials
entered into the furnace to create the steel itsalf) can be continucusly
melted in a shit't furance, and the liquid metal will then flow into an elec-
tric-arc furnaceé for refining (Klockner-Youngstown Steelmaking as in the

U.S.A.).
The use of turbines to collect power from tke blast furnece (let out

£0 ensure an aven a;r pressure during fcrming) can also save substantial

amounts of energy.

k. Foundries are Exceptionally Energy Intensive -
On average, a foundry uses six times the energy of a typical manufac-~

turing plant amploying the same aumber of people. Melting, material hand-
ling and neatiag air for ventilation requires energy.,and a massive effort
ia zonservation has been mounted on all these frents.=

5. Zpergy-3aving in 3lact Furmace -

Continucus casting 2lso 3srcmises malor 2nergy savings. 2 tais Drocess
iron from a dlast furaace goes into the convertor to become steel, whence it
is poured out directly as slabs ready for rolling instead of first being set
as ingots which have to be axpensively reheated 9Yefore veing made into

Zinished plate or coil. Steel thus made is about 15% cheaper than tb.t from

1/ Metal Producing, June 1979, p. 4b,
2/ Industrial World, August 1979, p. 2h.

3/ In the 1980s, computers in foundries will assist in infra-red thermogra-

phy, which shows the places in the plant where heat is escaping most. Objects
losing heat show the thermal (inrra-red) energy radiating from their surfaces.
As 30% of the heat consumed by furnaces can be lost from surfaces by radia-
tion, the cost of the device is quickly recovered. See: Foundry Management
and Technology, March 1979, p. 80 (cited in UNIDO Doc. ID/269, "World Industry
in 1980," op.cit., p. 203).
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more traditional fuels.= The 1970c marksd the turning point for the
acceptance of continucus casting as a legitimate breakthrough in steel-

making technology.g/

The coke consumption in the dlast furnaces has reduced by 25 to
55 percent between 1960 and 1976. This has been brought about by tech-
nalogical improvements such as the use of enriched ore feed, closer sizing
of burden materials, higher usage of agglomerates, higher blast tempera-
ture, oxygen enrichment of blast, auxiliary fuel injection and higher top
pressure. [Ise of pre-reduced material produced rrom plant wastes has
also helped in lowering the coke rate. Besides, iicreases in the furnace
size have also brought some savings in energy consumption by reducing the
heat losses.

Use of higher top pressure in blast furnacss requires supply of
blast at higher pjressure and this in turn resuits in increased energy
inputs. About 25 percent of the energy consumption in blovers can be
recovered from high top pressure furnaces.

Efforts in energy saving in ironmaking are coutinuing and it is
expected that by the mid-1980's coke rates of about 400 kg. per tom hut
metal may be achieved in countries like Japan compared to coke rates of
430 to 600 kg per tor/1 obtaining in the prizcipal steel »roducing coun-

3

tries of the world.=

1/ Japan appears to be the leader in this development; between 1973 and 1980.
The provortion of steel continuously cast rose from 20% to LTA%.

2/ METAL PRODUCING, June 1979, p. 58.... Jowever, UNIDO estimates that the
.’Eigh capital cost of replacing existing casting systems in steel works may limit
the rate at which casting is introduced and will tend to restrict its applica-
tion to new "greenfield" sites.

DAS, GUPTA S., "Some Aspects of Energy Saving in Ironmaking,”
Materials Aspects of World Energy Nz2eds, The National Research Council,
U.S. National Academy of Sciences, 1980, p. 2u3.

o —— S ———
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5. ALUMINTUM INDUSTRY AND ENERGY

Aluminium and energy are oclosely relsted and a2z it is well known,
large quantities of electricity are consumed in the prdocution of the
zetal. I U.S.A., discussion over govermmental stockpiling of aluminium for
strategic purposes, the point is often made that alumiiium stockpiles
represent stockpiles of energy.

As a consequence of the oil price corrections in 1973, the inter~
national aluminium iadustry has been forced to change its industrial
structure and energy conservation, in particular, has become essential.

The aluminium industry, one of the typical snergy-consuming indus-
tries, was seriously affected by this struccural change. At the same
time, 1in J’apan%/ aluminium has come tc be regarded as an effective
weapon in contributing to the Japanese econamy through resources and
energy savings. Therefore, seai and tertiary fabricating industries
increased their business operationms.

- Power sources by type for the world oprimary aluminium industry are:
hydroelectric 51 percent, coal 1b4 percent, natural gas and oil 12 percent,
nuclesr 4 percent and other sources and inforuation -not-available accounted
for 19 percent. Information of power scurces in the central ecoacmy coun~
tries is e.pecially sparse.

) In the USA, 1l percent of primary aluminium production zepacity ia
1979 used natural gas or oil, but this source accounted for 50 percent of
Asia's capacity.

Znergy sources for the aluminium iadustry In 1979 are shown In Figure 1.
Iz <he USA, 38 percent of primary airminium production capaciiy used aydro-
alaccric power, L1 percent used coal or liznite, 14 percent used natural gas
or 0il. and 7 percent nuclear power. Smel*ting accounted for 70 percent of
the aluminium industry's energy comsumption. Processing of alumina and bdauxite
accounted for 11 percent and fabricating accounted for 19 percent-a.-/

What is likely to be the patternm of power sources for the aluminium
industry 10 to 20 years in the future? Any attempt to forecast any industry
is fraught with uncertainties, but to forecast energy pattern is even more
uncertairn because of the intertwinning of numerous international, political,
economi, strategic and social variables. Nevertheless,countries like the USA

which are rich in coal and to a lesser extent in nuclear fuel resgerves, but

1/ In the Japanese smelting industry, petroleum-based thermal power accounts
Tor aboat 70 percent of its total emergy comsumption. See: NAKAYAMA, Ichiro
(President, Japan Light Metal Association), "Preseat Status of Energy-Saving in
the Aluminium Industry in Japan,” First International Aluminium Congress, Metal
Bulletin Ltd., Madrid, 1980, pp. U(1)-U(2).

AEINDL, R.A.,(U.3. Bureau of Mines)"Aluminium and Industry,” First
International Aluminium Congress, Madrid, Metal Bulletin Ltd., 1980, p.B(1).
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1/ "Pirst International Aluminium Congress,” Madrid-1980, Metal Bulletin Led,
p. B(12), Figure 2.
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wiose energy consumption is largely dependent on increesingly imported oil
znd gss, are seeking to increase their use of coal and zuclear power. In
Canads, hydropower will continue as the only significant power sowce, while
Afric:. will depend almost emtirely on hydiopower. To the contrary, in the
Arab countries largely endowed with oil and gas, such as the Untied Arab
Emirates and Dubai, associated gas will continue as the only significant
power source to the aluminium industry. In other countries endowed with
Kydropower, such as Egypt or Syria, hydroelectricity could sustain the deve-
loping of such an industry. However, one aspect of the aluminium industry is
that, depending on the geographical area, the industry may bring out ‘
its own limits. PFor example, a smelter may “e constructed in an area with
readily available hydroelectric pover {or even ga: associated with a small
or a depleting crude vil deposit). As time passes, ei*her the population
of the area increases because of the presence of the alumirium industry and
aluminium consu=iug industries, or other industries are attracted by low-
cost hydroelectric (or zas-based electricity) power. Ultimately, demand
apvroaches generating capacity.

Aluminium precduction is power-intensive. It is not lébour-intensive.

As a result, when power gemerating equipment is being used at near-
capacity; the price of power is likely %o increase and marginal increases in
powver-production capacity are used to encourage develooment orf labour-inten-
sive industries, with the result that the cost of power %o the aluminium
industry is likely to increase, or power may become upavailable. Under such
conditions, changes on energy costs can significantly affact the entire U.S.
ﬁluminium industry.

The increase in energy cost also accelerates the utilization .¢ alu-

minium as an energy saving material, and the demand for aluminium metval will
be expanded steadily from now on. The develonment of application technology

of aluminium in new fields anu. the exploitalion of new markets are becoming
more important.

Following the 1973 oil price increases, the U.S. Bureau of Mines(*)
comnissioned a study to determine the energy use patterns in metallurgical

and non-metallic mineral processing.

(*) through a cont~act with Battle Colombus Laboratories.
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TABLE L. ENERGY REQUIREMENTS OF ALUMIEIUM PRODUCTION
Units: per 10° gtu per ]
Unit net ton 10° gty nat ton
of afuminium | per unit of aluminium
Reduction
Makeup cryollte (NasAlFg) net 0.035 15%.0 S.44
Cryolite transportation ton
(300 miles by rail) net
fomrmile 10.9 0.000687 0.01
Makeup aluminium fiuoride net ton 0.02 51.4 1.02
Aluminiun fluoride transpor-tation
(300 mifes by rait) ne*
ton-mile 6.0 0.00087 0.00
Flyorspar (Can) net. ton 0-003 1.59 0.00
Electrical energy
(including ancllilary) kwh 16,C00.0 0.210% 168.00
Totai (reduction) 174.47
Total 243.90
TABLE 5. SUMMARY OF ENEF XY REQUIREMENTS OF ALUMINTUM PRODUCTION
106 BTU per Net Ton
Stage of Aluminium
1. BAUXITE MINTNG AND TRANSPORTING L.79
Share of Transporting (2.38)
2. ALUMINA PRODUCTION k2.50
Share of Digestion (21.50)
3. ELZCTRODE MANUFACTURE 22.0k4
Share of Raw Petroleum Coke (12.75)
4. ALUMINA REDUCTION 17L.47
Share of Zlectric Power (166.00)

TOTAL

Battle, in phase 8 of its report, eutitled, "Ovportunities to

Improve Energy Efficiency in Production of High-Priority Commodities
Without Major Process Changes', notes that, vhereas U.S. industry

average is around 8.0 kwh/lb. of aluminium, the more efficient U.S.

plants have reduced this to about 6.5 kwh/lb.

The pilot commercial

installation of the Alcoa Smelting Process, which came onstream in

Juiy 1976, uses less than 5 kwh/lb o? metal produced.

produces aluminium by the electrolysis of aluminium chloride. =~

The process
1/

v/

improvements are being made on the chemical segment of the plant.

Incidentally, in June 1979, ALCOA reduced the operating rate of the
plant, located at Palestine, Texas, by one-half to 7,500 + py, while

modifications are expected to take 3-L years to complete.

The
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1. ENERGY-SAVING IN SMELTING, EXTRUSION AND FOUNDRY INDUSTRIES
1.1. Smelting Industry

In the smeiting industry, dependent on expensive petrolsum-based
thermal power, reduction of unit power consumption has been the main subject
of techrnology development. Thus, in the Japanese smelting industry power
consumption at the smeliing process- has improved by 4.6 percent during the
six years 1973-7979, while oil consumption at the alumina process has im-
proved by 15.6 percent. (varall energy consumption for the production of
primary metal was improved by 6.1 vercent inthe Japanese smelting industry.

In the following table, energy consumption in a Japanese smelting,
at present and in the future is shown. The power consumption figure for the
reduction process, in particular, is reaching the practical limit of 12,500
kwh/ton of aluminium.

Table ¢, EXAMPLE OF RECENT ENERGY CONSUMPTION IN FIGURES AT SMELTING
AND ALUMINA PROCESSES 1/

I. SMELTING PROCESS (130 KA PB E-E, OPEN POJ)

YZAR 1985 REFERENCE
UNIT CONSUMPTION 1979 TARGET 1973
Sower (D.C. kwh/+ Al.) 13,600 12,800 1k,900
Anode (Net kg/+ Al.) Lso 430 500
Fluorides (kg/+ Al.) 20 20 32
Metal Purity (Al. %) 99.86 (Fe 0.10%, Si 0.0L4%)
II. ALUMINA PROCESS (360,000 Million Ton per Annum)

Caustic Soda (kg/+ A1203) 80 (*) 80 T2
Steam (xg/+ AL0,) 1,330 1,200 1,485
Bunker C 0il ( 1/+ A1203) 50 80 109
Powar (kwh/+ 31903) 130 1ko 201
Impurities (Nago 0.36)

(Sio2 0.010)

(?e203 0.005)

(*) Due to deterioration of Bauxite quality, mainly increase of reactive silica.

1.2. Sheet Rolling and Extrusion Industry

Energy sources at the sheet rolling and ext:usion industry of Japan
are electric power, Lumber C oil, kerosene, LPG and city gas, the propor-
tion being 50-55 percent for power, 45 percent for bunker C oil and kerosene
and S percent for gases. The operating rates of sheet rolling and extrusion
facilities have decreased between 1973 and 1979 after the oil increases due

1/ NAKAYAMA. Ichiro, "Present Status of Energy-Saving in the Aluminium
I dustry in Japan," op.cit., p. U (11).
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to a decline in demand. Under these deteriorating conditions, energy saving

efforts have been pushed actively. Thnergy consumption Ter ton 2f Jroduct of
”~ ”
Q
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a 12.5 percent reduction.
1.3 Foundry TSdust:y
In the foundry industry, the percentage of each energy cost to zroduc-

tion cost has risen as follows:

POWER (%) Gas (%) OIL(%) PGTAL(%)
Dle Casting 1.3 0.9 0.8 3.9
Other Casting 1.6 8] k.0 5.5

In the casting iadustry, Jjapan realized 15-17 percent energy savizg
during the three years 1978-1980.

in developed countries. Since 1973, it has been doing all-out efforts for
energy saving and for cutting down production cost. And studies on switch-

ing emergy source, 2specially from petroleum to other erergy sources, parti-

cularly coal, rydropower, nuclear, are als3o being made.

The improvement in energy requirements Zrom 3 twh/1b. of aluminium

P

L0 & + owh/15. in the U.S.A., vas the result of »oth dhysical and opera-

zional changes in the Halil/Zsroul: sgquirment ard Iracsdures. Thege -hanges

include the folilowing:

1. Incresse iz capacisty 32 Jall /Sercuis 2213 up <3 10,2C0 amperes

ard reducticn 32 current lsnzisy.

2. 32aduction 3 2rrode and sastzcde regiztance Tv more a2Pfialansw
Jaduction 37 arrade 2at2cds regizrance e 2723 3ianw

3. 2edesizn of Jushar layout “o 2izinize slisctromagretic-induced

turdulance iz the metal/ lux iztarface.
P} o

axampla, incressing conductivity Oof <he alactrolyte th add--

tions of lithium fluoride and izmproved control of temperature

4. Imvroved overational Iracedures <o increage of2isien

a3 near as possible to the liguids of the flux.
The study undertaken by Battle notes that, unfortunately the modifica-
tiopns increase capital costs narkedly. Ia fact, the costs are such that i

is not eccmomical to make such changes in axisting olants; they can only e
made in new olants or new additions to axisting olants.

Innovative technology for epergy saving has yet to be estabiished, but
the improvement of present technology of production is taking place comti-
nuously in operation control and in productiom facilities. Rising energy
costs give nigher retwrms on investment for improvement and accelerates tech-
nology development.
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2. ENERGY SAVING IN ALUMINTUM PRODUCTS
Lightweight, relatively strong, easy to fabricate, rust-free, stc.-~
these characteristics of aluminium are effective in energy saving. Recent
experience confirms great possibilities of energy saving resulting from
the use of aluminium products in railway cars ,}_/ railway cars fo: bdullet

trains, subway carral and automobiles.

2.1. Present Status of Aluminium Utilization

After the oil price increases, resources and emergy savings became
one of the biggest issues facing the autowobile industry throughout the
vorld. Regulations governing exhaust gas and noise emission were adopted
and targets of energy saving for automobiles set. Intensive efforts are
being made by the automobile manufactursrs to develop technology to meet
energy saving targets. Utilization of aluminium is one of the affective
neasure 1o reduce car weight. Aluminiun usage for typical small-size cars
wvas 29 kg in 1979 in Japan and was expected to be 37 kg in 1980. At
present, aluminium usage for cars is mainly for cast products such as engine-
related parts,and is very limited for sheet and extrusion prodmcts. But
aluminium wheel production has increased sharply in the past fsw yeers.
Demand hus increased tremendously and “urther market increase is exsected
in developed car-manufacturing countries. The other major markets in this
area are van body and flaps for trucks. Ia 1979, 83 percent of total
production of van bodies for refrigerated trucks and dry van trucks ia Japan

was made of aluminium.

wWhile the aluminium industry 22s substantial dotential fcr 2nergy
conservation, extremely high capital reacuirements ard iow returns Jrec-
lude installation of cresent best available technology. IZ best avail-
able technologies were in place today, consumption could e reduced
about 20 percent, from 109,100 Btu per ib. of aluminium <o 87,000 3tu,

according to a study published in April 1980 by the U.S. Aluminium Asso-
ciation. It is believed that a potential additional 18 percent reduction

Y]
=/

to 67,000 Btu per lb. may be achieved as techmnology advances.=

1/ Aluminium-made reilway cars first appeared in Japan in 1962: Since then,
about 1,400 aluminium railway cars had been manufactured by 1979 in Japan.

Aluminium-made cars have been actively promoted im Japan. ’mey operatg
The main purpose in the use of aluminium for weight reduction

of subway is pover consullption saving. 1% is estimated thnt the pover saving
rate is about 90 percent of weigit reduction rate. Aluminium-made cars are
very effective in reducing power consumption, but at present m_.nutu’:t\n-ing‘q.wts
of these cars are higher than for existing models. However, 's:.nce it cap Y-
assumed that the trend of power-cost increase will conffinue in the future, t
economics of using aluminium cars will i1mprove proportionately.

2/
at about 130 lkm.

/ The U.S. Aluminium Association, "Fnergy sud the Aluminium Industry,”
pril 1980.
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3. RECYCLING

While energy-saving efforts that change the nature of aluminium-

smelting technology are impressive ip their currulative impact, their

effect is slight in cdomparison with the effect om total energy use of

recycling end-broducts. Thus, the recycling of aluminium-bearing cans
saves fully 95% of the emergy used in obtaining sluminium from bauxite.l
The recycling of aluminiym scrap within the smelter process itself
also offers substantial emergy savings per unit of output. While most
of the scrap produced in an aluminium plant is recycled, the fact that
L0f of the inputs are used in creating scrap output meens that strenuous

efforts must be made to maximize the utilization of scrap. In zeneral,
“nterest in EEC countries in recycling waste and scrap is concentrated on
paper and plastics, since theproportion of aluminium in total waste is
lover than u/x the United Statec, vhere the all-aluminium beverage can is
2

ubiquitous.=

Energy requirement for secondary smelting is only 1/2Tth of that
of primary smelting. Under present circumstances, effective recycling
is very important. Establishment of aprropriate recycling channels and
recovery technology are seriously needed.

From the viewpoint of resource and energy saving, recycling of metal
is an aspecially important issue particularly for developed oil-importing
countries. Systems of recovery of market scrap and re-use of scrap metal
need be set up, but this requires resolving econcmic and techmological
juestions on scrap.

The Jotential for Altermative rocesses for Recovering Alumioiua

T™e Battle study evaluating tte 3AYER Process showed that a2lumina
production required 42.6 million 3tu Der ton of alumirnium or 21.3 million
Btu per ton of alumina. At present, with respect %o zlumina production,
neither the wet processes nor electro-thermal processes appear iikxely to

mergy-saviag alternatives to the 3AYER Process.

L R

1/  Ia 1976, the United States Buresu of Mines reported that 4 to 8 million
alminius-bearing cans had been recycled, 15% more than in 1975. See: REAY,
D.A., "Industrial FPnergy Conservation, Pergamon Press, Oxford, 1979, p. 62.

2/ In the United Kingdom, 73% of the aluminium produced is obtained from
scrap, vhereas in the United States, the aggregate figure is only 20%.

See: HENSTOCK, M.E., "Second Recycling World Congress - resources report,"”
Resources Policy, September 1979, p. 222. Also: "The Glass Container Indus-
try and the Envirormental Debate,” report by the Cas Industry Liaison Working
Party to the British Glass Manufacturing Federation, London 1977, p. 37.
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<. ENERGY CONSERVATION IN THE AMMONTIA INDUSTRY

Food and with It, fervwilizer availiapility is one of tke major
problems facing most developing couatries. Their Yitrogea demand,
estimated at 18.1 nillion tons of N in 1980 is expected to rise up
to 55 million toms in 2000. In the case of Arab countries, the Yitro-
gen industry is largely export-oriented, but has a tremendous potential
home market that is critical to structural and production reforms.

Although nitrogen in its free form is very abundart in the attos-
phere, roughly 8 G J must be spent in order to fix ‘he necessary smount
of nitrogen neaded to give 2 Zood crop on one hec?.a.re.kl
wonder that the whole  history of the ammonia industry is a history of

energy efficiency and so is its future, too.
Lespite continuing efforts to find radically new methods of rro-

ducing chemically conhinednitrogen, 0o econaomically nor technically

So it is a0

superior industrial method to chemical synthesis can be seriously said
to be in prospect yet.

The sixty-year old ammonia synthesis drocess was the Zirst indus-
trial high pressure catalytic process convertiag large amounts of erergy.
Starting from 2n overall “hermal efficiancy well below 20 persent, with
over 90 G J/ to0 ¥ through a steady and spectacular technical ievelopment,
it reeched in the f1+ies a high technical level at 66.53 3 5/ =35 I, and
an efficiency considered as very high by that time. Ia the esariy 13€0's,
a revolution In the ammonia piant design took dlace with +the Introdueticn

32 the large scal

[

sizgl> sirean igtagratad Zlousneet Witk a very nigh
dagree of anergy recovery. The snergy consumption Jall 40 Seeu3 3 5 0 3
corresponding <0 an efficiency of around 50 percent.g/

Until a3 Z=w years ago it 7as taken for ganted that 2 2odern ammonia
plant to bYe =2conomic must be as stated above: large scale, sizgle stream,
integrated with nmaximm heat recovery and based on steam reforming of
natural zas. Today, over a hundred plants all over the world aave been
built to the "classic” process scheme described and most of them with zreat
success. Nevertheless some bitter 2xperisnces e2specially in several deve-
loping countries cast a heavy shadow rver this bright picture. Arab coun-
tries benefit from the feedstock availability and transportation facilities

for their Yitrogen industries. Eowever, low-on-stream factors, operational

1/ Some 77,000 tons over every hectare of che earth's crust.

2/ HONTI, G.D. (VECYTERV, Hungary): "Energy Zonservation in Ammonia
Plants,” UNIDO, Technical Conference on Ammonia Fertilizer Techmology for
Promotion of Zconomic Cooperation among .evelcpizg Countries, Beijing, Pe
People's Republic of China, 13-28 March 1982, UNTDO Document ID/WG.364/6, p.l.
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difficulties, maintenance problems more than offset the potenmtial economic
advantages. So it seems highly interesting to examige ot only the future
improvement possibilities, but also whether the aconomic advantages of this
process scheme could be severed from its undesirable features - big size

and oversophistication .3-/

The modern ammonia process by itself is simple, eas;br controllatle
and can be implemented in any size. The economic and energetic advaittages
ol the process are largely independent of size. Only the specific invest-
Lent cost of a smaller dlant will be higher, but otherwise will not be less
efficient.

Another aspect is the whole energy recovery system. First of all,
there is a close reiationship: the higher the energetic efficiency, the
higher will be the specific investment cost -~ independently from the size
of the pl:nt. The difference is that for a big plant, even relatively small

energetic improvements will result in big sum of money. So there is a big

incentive to recover every joule. For a small plant, it will be easier to
operate at a higher-on-stream factor but accepting somewhat a lower energetic
efficiency.

Rising stream at medium pressure will only result in a higher snergy
consumption, but all the troubles with feedwater quality, boiler turbine and
expansion valve operation will be el:i—inated.

The economics of ammonia production frequently base specific energy
consumption Zigures and droduction sconomics on 330 days of uninterrupted
operation 2t full capecitr. 3ut i? Zrequent shutdowns occur, energy consump-~
tion will raise by 20 to 30 percent, a substantially anigher figure than the

whole benefit from a sophisticated heat recovery system.

3/ HONTI, G.D., op.cit., p. 1l2.
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CHANGES IN THE DEVELOPING COUNTRIES

Logically, the share of manufacturing in energy consumption varies
according to the structure of or camposition of the sector. As discussed
in this report, certain industrial branches such as chemicals, iror and
steel, non-ferrous metals and paper are shown to consume relatively high
levels of energy per uni% of value added. These branches make up a large
part of heavy industry, while less energy-intemsive branches (e.g. textiles,
clothing, wood products) fall in the categ~ry of light industry. Heavy
industry now accounts to about 50% of net manufacturing output in the deve-
loping countries, up from 33 percent in 1955.l! An accepted dictum of indus-~
trial growth is that, in developing countries, the share of heavy industry
in mamifacturing output tends to rise as indnstrializat.on progresses. As
it does, the manufacturing sector becomes more energy-intensive. Although
the use of energy is becoming more efficient, the energy requirements of the
developing countries bound to rise as structural change continucs.g!

Data on the pattern of consumption in the developing countries, at the
branch level, are ext: emely limited. Consequently, the {igures showm in the
following table shoull be regarded with caution; they are not necessarily
representative of the general pattern of =nergy consumption in developing
countries.

TABLE 7. RATIO OF ZNERGY CONSUMPTION TO VALUE %DDED 3Y MANUFACTURING 3RANCH

I¥ DEVELOPING COUNTRIES IN THE 1970s =

Sranch Yedian Value

Yon-metallic mineral products 5.38
Paper and paper products 1.50
Iron and steel 1.37
Textiles 0.91
Chemical refining and miscellaneous products

of petroleum and coal 0.76
Food products 0.69
Plastic products 0.64
Beverages 0.50
Wearing apparel 0.28
Printing and publishing 0.2k

1/ In developed countries the share of heavy industry is now around 70%.
See: UNIDO Study (United Nations, Sales No. E.79.I1I.B.3), "World Industry
since 1960: Progress and Prospects,” Unitad Nations, Vienna, 1979, p.66.

2/ UNTDO Document ID/269, "World Industry in 2000 (Chapter IV: Energy
Requirements in the Manuficturing Sector),” United Nations, Vienna, 1981,
p. 195.

3/ Tbid., (Table IV.T).
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According to recent estipates, industry (including construction
and utilities as well as zanufactiriag) as 3 rule accounts for aprroximate-

1y 50% of all snergy consumption, while tTansportation uses over 3C% and
the services and zousehold sectors consume the rema.inder.l—/ zpdustry absorhs
somewhat less than one—nalf of a country's final energy consumptiom ina lov—
income countries and a greater dortion at higher income-lsvels. .y

Most of the figures ia the following table refer specilically ta the
mamufacturing sector's ihare in total energy consumption. They suggest that
the mamufacturing secto:” accounts for the bulk of all industrial requirements
from 30% to 45% of total smergy consumption. Available estidates of the
ratios: cf energy sxpenditures to Manufacturing 7alue Added (MVA) are too few

to provide any impression of tremds in the pattern of energy consumption over
time. They indicate an extremely wide range and should be regarded withk
caution. The data suggests that several developing countries (Argentina,
Srazil, India and the Republic of Xores), with relatively large and diversi-
fied menufacturing sectors have recorded ratios no greater than those in
developed countries.d

TABLE 3. SEARE OF THE MANUFACTURLIG SECTOR IN¥ TOTAL SNFRCY CCNSUMPTICY IN
SEL=CT=D DEVELOPIYG COUNTRIZS, 7ARTOUS YEARS 3/

Relative
Frowth Rlates
counts Derczentage deriod (2nerzyiiva; ¥
Alzeria ces 2.3kL
Jordan {3,3) 43.3 1977 .
Sacdi Arabia ces 3.%0
Arazil (3 XC.5 1375 Z.2z
ZClvadeoT L2 T
Zuatamala 3.3 i irand .
India (5,1i; 5u.3 377- 1378 .3¢0z20
Jamaica 3.3 1977 ..
Maxico 41.9 3T 1.0
Qaruplic of {orea 35.7 137L 3.39
Turkey 27.7 37T ..
(a) Data refsr to all industry, which iancludes zemufacturiag, aining and
quarsying and construction. Growth rates were calculated {rom data

expressed in iWh and value added at constant oprices.

(b} ALl industry.
(e¢) 196T-1976
(d) TLectricity corsumption only.

1/ CHOE, B.J.,JUGHES, Helen and LAMBERTINI, Adrian, "Znergy Prospects for
Developing Tountries,” Paper submitted to the Symposium on Industrial Policies
for the 1980s, Madrid, May 5-9, 1980, 0.19.

2/ UNIDO Document ID/269, ™orld Tadustry in 2000 (Chapter IV)," Unitea
Vations, Vienna, 1981, ».19L.

3/  Ivid, (Table IV.3).
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PART THREE - ENERGY AND INDUSTRIAL PROSPECTS IN ARAB COUNTRIES

1. PROJECT SURVEY AND DEVELOPMENT DIRECTIONS
Analysis of industrial projects completed in recent years, now

under construction, or scheduled for completion in the near future in
the OAPEC countries, covers some 1,400 projects for a total capital
investment of 88 billion dollars.

Therefore, project analysis and additional information provide
a fairly significant ssample of the size and typology of investment under-
taken since the-middle of the 19708 in the OAPEC manmufacturing industry.y

A preliminary summary of quantitative findings (limited to the
mumber of projects and relative capital cost by country and sector) shows
that in all the QAPEC countries and especially in OAPEC 3 the largest
share of insestment is in the besic sectors (Table 9).

Basic sectors are: refining (including lube plants), gas processing,
petrochemicals and fertilizers (ethyleme, urea, methanol, phosphate ferti-
lizers), basic metallurgy (iron and steel, aluminium), and cement. These
sectors account for T73.5% of total capital investment of the whole sample.
In these sectors capital invested in the single projects is quite high,
vhile the mumber of projects is limited because of their size. 2/

Light industry projects cover a larger share of capital in OAPEC 1
countries and in Algeria. In Saudi Arabia, information on light industry
projects is much more detailed and complete than in otaer countries, cow-
ever investments in basic industry predominate.

Additional data on industrial projects have besn employed in order %o
astimate growth in production capacity for some ey bdasic products over the
1977-385 period (Table 10).

OAPEC countries' capital and operating cosiz for major basic product-
ion have been analysed and compared with similar costs in the OECD countries.
The results confirm that capital costs are much higher in the CAPEC coun-
tries (from 40% to 100%), while OECD and OAPEC albour costs are roughly
comparable. Nevertheless, the lower cost of energy imputs in OAPEC countries
is such that final proc_i.uct costs are competitive. However, the latter are
not the only efficiency parameters.

1/ " General Features of Main Industrial Projects in Arab Petroleum Export-
ing Countries,” Development through Cooperation, The Interdependence Model,
Seminar between OAPEC and South European Countries, pp. 1l49-152.

2/ Egypt is an exception. There are TT projects in the refining sgctor
for a total of approximately $1,400 million. But they concern essentially
modernization and reorganization of eidisting plants.
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TABLE 9. INVESTMENT COST AND SUMBER OF PRINCIPAL OAPEC INDUSTRIAL PROJECTS BY
SECTOR AND BY COUNTRY 1/

Refining Petrochemicals

(aillion and Gas and Basic Sub- Other
dollers) Brocessing Fertilizers Metallurgy Cement Total Manufacturing TOTAL
Algeria 2,500 1,376 500 750 5,126 5,675 10,801 ,
Bakrain ' 400 300 300 - 1,000 50 1,050
Egypt 1,392 This— 1,957 869 4,962 5,830 10,792
Ireq k,200 3,000 630 1,480 9,311 1,723 11,03k
Kumait 500 T20 - - 1,220 90 1,310
Livysn AJ 1,228 3,500 4,150 610 9,478 1,656 11,134
Qatar 8so 1,110 L23 S0 2,633 170 2,803
Saudi
Arsbia 12,495 8,575 680 1,486 23,236 6,17k 29,410

UAE 3,25 800 1,850 135 £,035 515 6,550
Total 27,238 20,581 10,5%50 6,325 64,93 23,448 38,382
(pexcent
composition}
Algeria 23.1 12.8 L.6 6.9 L7.b 52.6 100.0
Bahrain 38.1 28.6 28.6 - 95.3 L.7 100.0
Egypt 12.9 6.9 18.1 8.1 46.0 sk.0 100.0
Iraq 38.1 27.2 5.7 13.4 8k.4 15.6 100.0
Fuwait 38.2 55.Q - - 93.2 6.8 100.0
Libyan AJ 10.9 31.4 37.3 5.5 85.1 14.9 100.0
Qater 30.3 46.7 15.1 1.8 93.9 6.1 100.90
Saudi '

Arabia k2.5 29.2 2.3 5.0 79.0 21.0 100.0

Syria 12.4 15.9 - 27.0 55.3 bh,7 100.0
UAE 49.6 1z.2 28.2 2.1 92.1 7.9 100.0
Total 30.3 23.5 12.9 7.2 73.5 26.5 1¢0.3
(¥Yo. of Main Industrial Projects)
Algeria L 16 1 5 26 149 175
Bahrain 1 1 2 - L 17 21
Egyot 17 10 3 T 97 100 197
Iraq 13 L 1 1k 32 109 1b1
Kuwait 1 2 - - 3 T 10
Libyan AJ 2 12 2 5 21 36 57
Qatar 3 L 1 1 9 27 36
Saudi

Arabie 13 8 1 6 28 619 647
Syria 3 2 - 12 17 69 86
UAE 3 3 3 2 11 35 L6
Total 120 62 1k 52 2u8 1,168 1,b15

Source: ENT Estimates

1/ "General Features of Main Industrial Projects in Arab Petrolewum Exporting Countries,”
Development throvgh Cooperation, The Interdependsuce Model, Seminar between OAPEC and
South European Countries, pp. 150-151 {(Tables 1 and 2).




-36~

TABLZ 10. >RODUCTION CAPACITY “OR SOME 3ASIC 2RODUCTS : GRCWTHE SSTTIVWATSS
S— W

TAR TS A q

Refining. Etfryiene Methangl Amnenis. Uma irom - Sleel Almuisium Comern
thousand. ihousend thogsnmd thonsand. thousand houssnd hrousand thousand
Sarrels/d ony wa'y oany romvy tons/y tong/y tons/y

197> 198 1977 193 9Ty 1988 1977 1988 1977 1989 97T 1983 3 222 1963 32 1983

Algeriz: 1S 42 - 120 106 100 9% 1980 130 260 500 (300 — I30 L.'m 9,000
Bahoaie 25 250 — - - 130 - 330 - - - - 120 170

Egme 235 410 - - - 188 5% 1,400 900 1,390 1,740 2,700 100 17O 3m 9.500
Iragq 19¢ 600 32 I - - 330 1,500 500 1,600 - 1,500 — - 3,000 {2,000
Kuwait 0 T2 - - - - 660 660 300 300 - - = — 1,400 1,400
Libyan AJ 7 358 — 356 - 330 330 1,550 - 2,300 - 1,300 — 110 2500 7,000
Qatar 10 50 - 20 - -~ J0 60 330 560 40 00 - - 40 0
Saudi Arabis 703 2000 - 2060 - 1,250 220 720 400 900 - 350 - - 1.500 9.300
Syriz 100 20 — - - - - 330 - 3% - - - —- 1,500 6,000
UAE 15 13§ = -— - -— - 330 - 500 - 1,000 - 135 950 1,950
Totst 2355 5200 32 2980 100 2195 3438 9360 3,060 3,760 2,640 9,50 220 NS 17,490 57,290

Source: =INI Zstimates

7
-/

General Features of Main Industzial Prolects ia Arad Pesrolisum Zxvortizg Countries,”

’evelomem' Through ..oouerat:.on, The Im:erdenendenc~ Model , Seminar hetween TAFEC and
South Zuropesn Countries, 2. 152 (Table b).

2. THE TRON AND STEXL, 22CJZCTS

Available 3ata suggest <hat in ‘he irab 3tates ser cani<a consumntion

92 izon roasa iuriag the seriod 1970-197: “rem 32 1gs %0 55 i3s3, =hat i3 at

- -
an anmual rate of 15%. I is axpected shat <his s<rend Al sertiznue, such
4

that 2er capita tomsizoTicn ia the irap Statas ia 133

This o2te s regarded 1ow vhen icmpared wisa sae Iceswmptisa ratas iz
izdustrially adivancad »ouatries. =

Aceordizg *o the Gul? Srganizationm Sfor Iadustrial Consulsing {(32IC),
she total axisting and planned iron and steel o Ar0jects ia the Arap Jul?
States will represent only 30% o7 total regional demand astimated at agout
18.4 2illion zoms 3y 1995.% &/

Some Arab countries suck as Jordan, already have an iron and steel

industry and intend to 2xpand it Oy constructing mini-steelvorks.

On the other aand, 3ahrain, Cman, the People's Democratic Republic
of Yemen. Yorceeco and Saudi Arabia - would He aewcomers,

In the case of Qatar, Bahrain, Abu Dhabi, the projects sntail osro-

duction of soonge iron intended for sxpor.

|

1/ "Status of Arab Indlstry and Future Concept for Arab Industrial Deve-
lopmt up to the year 2000 (Chapter IV. Traads in Industrial Development up
to 1985)," Background Studies, Document 1L, 7ifth Conference on Industrial
Development fox Arab States, Algiers, 16-20 November 1979, p. 83.

2/ Statement by Dr. ALKHALAF, Ali-Abderrahman, former GOIC Secretary General
at the GOIC Seminar cn the "Strategy for the Development of Iron and Stael
Industry ia the Gulf Countries, Doha (Qatar), 17-18 March 1981.
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Seven Arsd countries are negotiating projects of more than 500,000

tons. These countrias are Algsris, Bgypt, Lidbys, Saudi Arsbis, Abu Dhebi,

Qatar and Oman. An add<tional project vhich remains to be negotiated for
a "major" capacity is in Syria.

Six Direct reduction ovrojects will be set up in the following countries:
Egypt, Bahrain, Qatar, Abu Dhabi, Oman and Iraq.

i-steelvorks ects are planned or under comstruction in
the following countries: Morocco, Bahrain, Oman, Jordan, Syria and Democratic

| Yemen.

Finally, along with these projects under negotiations, Jordan is projecting

an intermediate production capacity betveen 250,000 and 1 million conms.

TABLE 11. PLANNED CAPACITY AND TOTAL COSTS FOR IRON AND STEEL
PROJECTS UP TO 1990 1/ 2/

Total
Capacity Total Cost |
Group Country (ooot) (million US $) i
I Algeria 2050 Loso
Iraq 2050 4s00
Egypt 1565 2000
Libyan Arab Jamahiriya| 1250 3000
Morocco 1210 1180
Syrian Arab Republic 1130 2180
Saudi Arsbia 1935 750
T Sahrain %30 250 )
Jordan 402 375
Abu Dhabi 400 200
Qatar Loo 200
III Tunisia 225 250
Oman 125 75
Democratic Yemen 50 200
Dubai 35 50.
Group I Above 0.80 Mill T capacity
Group II 0.25 Mi11 T - 0.80 Mjll T capacity 1
Group ITI Below 0.25 Mill T capacity

1/ Arab Countries planning no iron and steel projects include: Lebanon,
Somalia, Sudan and Democratic Yemen, all with O T capacity.

2/ UNIDO Document ID/WG.356/4, "1990 Scenarios for the Iron and Steel
Industry, "Special Dossier” - Iron and Steel Projects versus Indebtedness,
Suvings, Exports and c:od.it-worthineu," Third Small Expert Group Meeting
on Scenarios of the Iron and Steel Industry's Development, Vienna, 26
NSovember 19681, pp. 2-4 (Tables 1, 2 and 3).
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3. PETROCHEMICASS AND ENERGY IN THE ARAB GULF

The key to the development of the petrochemical industry in the
Gulf area has been the availability of two priacipal resources required,
namely feedstocks and capital. It must be pointed oul that the past and
future petrochemical projects are all based cn methane and ethane, hydro-
carbons which would almost certainly be flared if they were not used for
petrochemicals and cther energy-intensive projects.

As a general rule, the Arabian Gulf states' juvestment selection is
based on products with the greatest emergy content and vroportionately
the lowest capital costs, since they gave the Gulf region the most compa-
rative advantages.

For three products (namely ammonia, ethylene and methanol), it can
be said that the Gulf enjoys a position in which the production is little
more than balf that of the U.S. ¥/

However, further downstream processing dilutes the economic advan-
tage since it is aimr . to obtain a mass production of general commodity
products (e.g. low—demsity polyethylene), *hat are increasingly gocing
through a process of devaluation with as$ a result, a stagnaticn or an

actual cut in prices.g/

1/ A production ¢ost analysis of the production of 43,000 m +/yr ammonia
from natural gas, indicates that the production costs of this product Zor

the Guif area, would represent 42% of zhose in the United Statas (7.07
ccmpared to 16.9 U.S. dollars). In the case of asthylene, the figures would
be 20.73 U.3. lollars in the Gull compared to 38.6L U.3. dollaxrs in the 1.3.A.
Ffor methanol, the costs would ve 5.6hk U.3. dollars in the Arab Gull and

18.53 U.S. dollars in the United States.

See: Gulf Orgamization for. Industrial Consulting (GOIC), "Constructionm,
Production and Distribution Costs of Petrochemical Projects,” Doha, Qatar,
1979 and also: ALKHALAF, Dr. Ali-Abdul Rahman (GOIC), "Comparative Economics
of Basic Industries ir the Arabian Gulf Region, OAPEC Bulletin, "uwait, July
1979y PP. 5-15.

2/ For further details, see: EL-ZAIM, Issam, "Patrochemical Manufacturing
Pattern and Intermational Division of Labour, Components and Forthcoming
Re-shaping,” A contribution to the First National Congress for Joint Arabd
Bconomic Action St categy, Baghdad, 6-12 May 1978, Secretariat Gensral of the
League of Arab States and Genersl Secretariat of the Federation of Arsb Eco-
nomists (proceedings), pp. 699-T26.

Also: EL-ZAIM, Issam, "A Re-evaluation of Petrochemical Joint-Venture
and Teclnology in Petrochemicals,” OPEC Review, Vienna, April 1978.

EL=-ZAIM, Issem, "El Fomento de la Petroquimica en Qatar Permite a la
Pequefia Compania Frances a CaP-Chimie Convertirse en une PEmpresa Multinational
A Bajo Costo, "In Estudios de Asia y AZcica (Quarterly), Vol. XIXI, No. 3,
m. n M 4 m' ), B 37"396’ (tm in Sp‘nilh).
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A joint UNIDO-GOIC study suggests that, assuming oil production
rates at least equal to to those in 1980, known industrialization plans
will certainly bring down the quanticites of gas wasted by flaring. In
Bahrain, Kuwait, Qatar, Saudi Arabia, UAE, Libya and Algeria, resulting
gas demand will be greater than the available supply from associated gas.
Only in OGman, will there be a clear surplus that will still be flared
umless some action is-taken.if

Demand for gas in excess of supply will mean that scme projects,
especially those for LNG, will hawe to draw om non-associated source. This
will not necessarily mean the end of flaring, however. In Syria, consi-
derable investment would be needed to permit sole use of assoicated gas in
preference to non-associated supplies.g/ In this context, attention is
dravn to the results of a study carried out on economic usage of small quan—
tity of gas flared at isolated wells.éj

Attention is also drawn to the near universal use of the ethane compo-—
nent in associated gas streams for its fuel rather than chemical value. At
best, e.g. in Saudi Arabi., oniy half the available ethane will be consumed
by plants eiiher planned or under construction. The remainder is extracted
in LNG and LPG facilities or consumed as fuel and rCeedstock along with

methane.
h, INDUSTRTAL USES OF ASSOCIATED CAS

After --“njection, the largest outlet for associated gas is direct

axport in Jrm of pipeline gas or LNG. The intarest in industrial
spplications as an alternative arose partly from demands Tor industriali-
zation per se, partly because the prices for export gas were considered
too low to Justify the investments involved in liquifaction and long-

4/

distance pipelines. =

1/ UNIDO/GOIC: "The Industrial Uses of Associated Gas,"” op.cit. p.4s.

2/ Instituto Mexicano de Petrolecs carried out such a study. See also:
RUI, R.W., "Production of Low Density Polyethylene from Ethane and Propane

in Associated Gas Produced in the North-West of Peru,” UNIILO 1980 (an inter-
nal document).

3/ UNIDO/GOIC, "The Industrial Uses of Associated Gas," op. cit. p. L4T.
2 D.

b/ "The Industrial Uses of Associated Gas (Chapter II. The Main Uses of

Associated Ges, 1980 to 1985)," A joint study by UNIDO and Gulf Organization

for Industrial Consulting, 30 April 1981, compi i
St i 13 991, compiled in UNIDO Document, UNIDO/
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The list of industrial products on which associated gas can be based
is very larg2, even when confining it to products ia which gas functions
as a raw naterial rather than an energy source. UlilUU suggested a seliec-
tion of these which were considered most probable in tke next two decades,
and which divides them into four groups:

1) Petrochemicals (Olefin and aromatics-based)

2) Fertilizers (ammonia-based)

3) Methanol (chemical and fuel uses)

k) Metals (sponge iron and ferrosilicon)

To this could be added a f£ifth Zroup - petro-protein - initially dased
on methanol, later directly on gas-consuming nicrobes.

TABLE 12.PRODUCTS SELECTED FOR GAS UTILIZATTON &/
Ethylene : Algeria, Qatar, (Iraq, Kuwait, Libya, Saudi Arabia )9'/
Low-density . ) ) ) ) BRY;
Polyethylene : Algeria, (Iraq, Kuwait, L;bya, Qatar, Saudi Arabia)=
High-density
Polyethylene : (Iraq, Qatar, Saudi Arab a)
PVC : Algeria, (Iraq, ruwait )2
Ethylene b/
dichloride :  (Saudi Arabiar-
Ethylene oxide/ o/
ethylene glycol : (Kuwait, Saudi Arabia )™ v/
Styrene : {Saudi Arabia, Kuwait, Libya,~
Ethyl Alcohol : (Saudi Arabia)~
Ammonia : Algeria, Ira%, Xuwait, Libyas, 3atar, (3anrain, Saudi
Arabia, UAE)-— and Syria v/
Urea : TIreq, Xuwait,(Libya, Saudi Arabiaz, UAR)=
Methanol . Algeria, 3anrain, [Saudi Aradia}<
Aluminium : Bahrain, UAE (2uzai), (Alaer-,, Iraq, Xuwaisz, uloya‘ oy
Sponge Iron : Bahrain, Jatar, 3yria, (Libya, Iraq, Cman, Saudi Arabla;

a/ Zxcludes power generation, desalination, cement manulacture and general
gasification of the economy.

b/ Planned or under comstruction.

4.1 ARAB INDUSTRIAL PRODUCTS BASED CN ASSOCIATED GAS

3y 1985, nine Arab countries will be operating ammonia plants, and

five of this downstresm user units. Eight countries are building or plan-
ning direct reduction sponge iron plants as the basis of a local steel
industry. Aluminium in contrast has six adherents.

Methajai, which like ammonia can use natural gas a feedstock without
significant(ipre-treatment, will be produced in only three countries.

Despite the heavy upstream investment needed for ethane recovery, six
rountries are also embarking on petrochemical production with large ethylene

crackers.
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In downstresm plastics, lov—density Polyethylene, in six countries and
high-density Polyethylene, in & single country, have the edge over PVC with
three prospective producers. Only two countries are moving into ethylene
oxide/ethylene glycol, and further three will set up styrene production on
the basis of locally available benzene and ethylene.

Measured in terms of the number and diversity of projects, the
leading Arab countries will be Saudi Arabia and Iraq. The least gas—
oriented industries will be in Oman and Syria, both with only limited
quantities of associated gas. The estimated capacities for gas-based

industrial products in Arab oil producing countries are shown in Table

4.2. CHARATFRIZING THE ARAB ALUMINIUM INDUSTRIES

The primary industry in the Arab area consists of three companies,
the Aluminium Company of Egypt (EGYPTAL), the Aluminium Bahrain Company
(ALBA) and the Dubai Aluminium Company (Dubai, U.A.E.). Of the three
cperations, Dubai is the only ome which is a creature of the new energy
era. It is nct Just a smelter but, through utilization of waste heat from
its gas turbines, is capable also of producing some 2k million gallons of
water per day. Y |

On the secondary front, the establishment of the primary producers
has sparked the establishment in their home countries of downstream facili-
ties for the production of czble, powder and rollad osroducts on a llittle
scale appropriate to their available ma.gets. A more widespread feature
has been the establishment of new extrusion plants throughout the ares
encouraged by the construction boom from mid 4o late seventies. In the Gul?
of Zrab States, these are now establishing multi-shift operations and moving
tovard or into profitability, although the extrusion business is not always

market-vrotected.

1/ LIVINGSTON, Ian D., (Dubai Aluminium Company Limited), "The Aluminium
Industry in the Middle East Current Position and Future Prospects,” Proceeding
of the 'First Internationad Aluminium Congress', Metal Bulletin Limited,
Madrid, 1980, p. W(2).




TABLE 13. GAS-BASED PRODUCTION OF PETROCHEMICALS, FEXTILIZERS AND SELECTED INDUSTRIAL PRODUCTS IN DEVELOPING COUNTRIESA/

(wid-1980s estimates - - ton/year)
Low~density Hihg-density EDC/VCM Sponge
Ethylene Polyethylene Polyethylene or PVC Styrene Ammonia Urea Methandl Aluminium 1Iron
Algeria 140,000 48,000 - 35,000 - 991,000 278,000 100,000 127,000 800,000
Bahrain - - - - - 660,000 - 350,000 120,000 400,000
Iraq 130,000 60,000 30,000 60,000 - 994,000 1,535,000 135,000 120,000 1,935,000
Kuwait 350,000 130,000 - - 320,000 994,000 1,360,000 - 120,000 1,935,000
Libya - - - - - 663,000 900,000 330,000 60,000 1,000,000
Oman - - - - - - - - - 400,000
Qatar 280,000 140,000 70,600 - - 595,000 991,000 - - 800,000
Saudi Arabia 1,606,000 640,000 171,000 Lsh,000 295,000 528,000 500,000 1,320,000 - 800,000
Syria - - - - - 300,000 346,000 - - 1,000,000
UAE - - - - - 330,000 - - 135,000 800,000
TCTAL £;
f
1/ "The Industrial Uses of Associated Gas (Chapter 1I. The Main Uses of Associated Gas, 1980 to 1985)," A Joint

Study by UNIDO and Gulf Organization for Industrial Consulting, 30 April 1981, compiled in UNIDO document, UNIDO/PC.11,
20 July 1981, Table 11, p. k6.
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The nost significant jevelooment -ould Je axpansicn 32 ke Srinarr
sector, 2ither oy way of expansion or axistiag smelters or 3y the asta-~
Slisbment of aew installations. All the Gull Arab States =ave the access
to energy and to finance vhich are the most significant advantages of the
area. However, they are handlipg many competing vriorities and smel<ter
development will not necessarily bde among the most pressing or attractive
of their available options. Large aev plants will not be encouraged either
by the new caution about rapid iadustrialization uncertainties. There
would be corsiderable smpbasis on nanpower afTisiency altogether, hoth for

cost reasons and also Jor political reasons. This will in <urm determine

and of i%3 comservation in tew 3rojects.

Another element emphasizaing the need to optimize the energy use ia
the future projects is the increase in investment which 7ill be necessary
to provide a significant degree of infrastructure in most places vhere zew
rojects are conceivahle.

zhe specific “uture uses of =n

Tinally, the standard of jower operatiocas ir public usilisiss in
developing countries Joes not always sncocurage iepencdance om a local id ;
and there would be 2 strong argument for smelters %0 tave their power
stations but vith appropriate coannections 20 the public system “o>r =easons
of autual benefii and protection. In the zase 37 <he irsp World, steam -ur-
Sizes are bYecoming =ore popular J3r dajcr Iastallatione Yut whers zas tuT-

Jines are used, it seems unlikely <hat <hese 7ill e ianstalled in Zutire

a2xzerisnce In Judal indicactes

vithout vaste zeat o2l.oec%ion s7stems. ITarl

intarests 2¢33isiicieg o7 =3 sy Torer 1ion <hawma®l af®?

Acsordiag =3 XIT sstinates, ~spsumorion of sotal alumisnius is Ared Zul?
sountries 7as set at .79,CCO tons yer annum {.980) of ,2CG =cns
sonsisted of 2=ixary Aumiznium,. 0IC Jorecasts Jut Arab sountries’' alu-
ainium consumptios iz 1985 av 35%,3CC :
of primary aluminium. Te forecasts for 1990 are 591,000 tomns and 547,000
tons cespectively. 3y the year 1995, consumption of total alumimium would

se of 952,000 tons ard that of primary aluminium at 359,000 toms. The

i -
forecast grovth rates for aversye annual cousumption of total and pw
spectively at 5.3% and 6.3% during the seriod

< -~ l”

- ——— " -

~ons of sotal almiaium 2and 33k,3C0

aluminium were sstizated, re

1979-1995. ' .
GOIC sizes primary aluminium demand in Arab countries iz 1980 at

171,000 tons and supply at 314,000 tons leaving a surplus of 150,000 tons
”

of primary aluminium. Between 1979 and 1985, Arab orimary aluminium Oro-
averagely at 13.0% annually, compared o 5.3% for

duction is to increase,

the total world.
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4.3 LIMITS OF ENERGY ADVANTAGES: SOME REMEDIES

' ENERGY ASPECT OF UP-STREAM INTEGRATION IN THE GULF ALUMINIUM INDUSTIY

Up-stream integration is expected %o occur following the establish-
ment in the Gulf area of a petroleum coke manufacturing fhcility.L/Indeod,
such a project is being promoted by the Gulf Organization for Industrial
Consulting. Instead of imparting petrcleum coke from the U.S.A. at about
$60.00 per ton (1980), the Gulf industry which is operating at the epi-
centre of the wvorld petroleum industry can do better by setting up a domes—
tic petrolewm ccke manufacturing facility.

The development of other mineral and chemical industries in the Gulf
and the wider Arab area will almost certainly prompt the production of aiu-
minium fluoride and cryolite. This will obviously be encouraged by any
growth in the primary sector. It is necessary therefore for Arab producers
to anticipate the set up of R and D structures in the production of alumi-
nium fluoride and cryoclite.

On a longer projection it would not take much more development of
primary capacity in the Gulf to justify the cooperative develovment of a
source of alumina, although cooperation on that scale and complexity would
probably be some half a dozen companies and govermments. At that stage
energy saving and conservation would be an important issue under such a co-
operative scheme.

The accumulation of experience will make the area progressively less
dependent upon imported technology. However, it is hoped that the Arab coun-
+ries will cooperate in the are~ of technology and in energy saving and zon-
serration. For %that they will also need %o develop new arvangsments Jor
technological zocperation and assistance with other aluminium industries, so
as to maximize the energy, finance and geographical location advantages of

the Arab aluminium smelting and manufacturing.

As_the medium-term trend makes cleer, the traditional large consu-
mers of primary aluminium are becoming less sufficient. The reason is
partly the changing energy base, which by itself has meant a dramatic
review of the location parameters for primary smelters.

Given the intensive nature of aluminium production, it seems logical
that many of the 20 smelters estimated as furtherly, needed to meet the
increasing demand for primary metal, be built in countries where energy is
abundant and gas is extracted associatedly with crude oil. In that sense,
the use of associated gas in Arab oil producing countries that would other-

wise be flared, would put them in an advantageous positionm.
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Lov—cost energy for smelier power is of course only one factor.
Alumina may have to ve imported. On the other hamd, the Arab Gulf region
. has alumina clays that would not normally be considered for alumina refining.
It may be feasible to apply more energy-intensive refining to such clay feed-
. stocks, thereby avoiding the cost of shipping in ready-refined alumina.l’
The biggest incentive to set up gas-based alumina production in Arab
countries may prove, howvever, to be the changing energy picture elsevhere.
It is no longer accepted that the international industrial power cousumers
should obtain energy at lowv rates, at the expense of domestic and commercial
pover users. On the other hand, the utility value of alternative energy
forms -~ gas, hydropower, lignite, etc. ~ is being increasingly aligned to
the heat equivalent value of oil, with as main consequance for the applica-
tion of flared gas, is that the trend strongly favours the establishment in
the Arab gas-rich countries of a primary aluminium industry which will have
a growving economic advantage as time passes.
As with sponge iron, plans for gas-based aluminium smelters in Arab
countries should be tempered with the consideration that both the raw material-
bauxite and alumina-end large parts of the market for the product are in the

kand of others .g/

To_avoid consecuent extermal control of the value added, downstreaw
cooperation will necessary reveal among Arab countries and other developing
countries. )

4.3.1. Epergy Saving by Using Aluminium in Car Manufacturing:
Tssues Sor Arab Aluminium Industry

Tnergy saviag through weight reduction ysing a2luminium for car varts

can be axpressed on the bHasis of the total of oroduction energy consumption

(sum of energies for material sroduction orocess and fabrication process)

and fuel energy consumption. Aluminium substitution for steel contributes

to a weight saving of 1.5 - 2.25 times and nigher mileage is obtained by

aluminium. Taking into consideration the recycling of aluminium varts,
usage of aluminium contributes not only to energy saving but also to

natural resource saving. The effect of weight reduction and longer life

. of cars through utilization of aluminium is becoming known among customers,
especially the characteristics of light weight, anti-corrosion anl ease of
fabrication and, therefore, further aluminium substitution for car parts

will be promoted.

1/ UNIDO/GOIC: "The Industrial Uses of Associated Gas," UNIDO Document,
UNIDO/PC.11, 20 July 1981, Vienna, p.93.

2/ UNIDO/GOIC: "The Industrial Uses of Associated Gas," op.cit., p.9h.
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Two_policy issuss oan be identifiad in this connection:

a. For the Arab Gulf aluminium-producing countries which already
envisage or are likely to later envisage expansion in aluminium dowvnstreas
operations, they need to seize the opportunity by orienting their aluminium
extensions or expansions tovards the new and growing demand resulting from
increased use of aluwinium for car parts. The fact that the Gulf and seve-
ral other countries are important car importers while exporting large quan—
tities of 0il, mainly to- developed car-mamufacturing countires, should
stimulate new deals between the two categories of countries under which
the first would supply the second not only with oil and gas, but also in
aluminium products for use. in car parts. The result could be an improvement
of the therms of trade between these countries and their oil clients and car
sippliers.

b. For the several Arab countries planning a car manufacturing

industry, usch as Iraq, Algeria, Egyot and Saudi Arsbia, it is most important
that they consider energy-saving by using aluminium wvhen adopting their final

car manufacturing projects. They need to introduce these aluminium-based
energy-saving manufacturing technologies as much as seeking to supply their

future car manufacturing plants with aluminium products from neighboring
Arab aluminium producing countries. This would contribute to reduce the
economic risks of further Arab aluminium downstream expansions, when not
enhancing their economic profitability, while increasiag the articulation
of industrial sectors and the integration o7 %he whole sconomies of 4ke Arad
countrias.

4.3.2. Epergy-Saving by Ysing Aluminium in LNG Tanks Manufacturing
One of the consequences of the price rectification and the depletion

of crude o0il is the current structuring of a world-wide gas trade. Many
Arab countries are fortunately endoved with natural and/or associated gas,
and some of them, like Algeria, have been picneer in promoting a remarkable
export-oriented gas liquification industry. Today, it is admitted that one
of the main alternative_energy sources is LNG.
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LNG stored at -162°C material for tznk construction should have high
performance characteristic at very low temperature. Aluminium {5083-0)
has been utilized together with 9 percent Ni-steel and has proved to be a
very reliable material. Since 1969, dozens of aluminium-made land LNG tanks
were constructed and quantities of aluminium used, as dozens of underground
(membrare tank) were constructed and significant quantities of aluminiux
were used in the suspension deck (roof). In order to cope with the increa-
sing L¥G demand in the future,further aluminium-made storage tank construc-
tion is expected. Efficient and safe transtortation has been possible by

LNG tankers equipped with aluminium alloy-made tanks. L

Arab countries can be considered gradually moving into aluminium-
production land LNG storage tanks as well as LNG tankers. This could justify
and stimulate expansion and diversification of the Arab gas-based aluminium

industry, while supporting the develooment of Arab LNG export activity and
ensuring better its integration with industry and national economy.

1/  From 1969 to 1980, 18 aluminium-made land LNG tanks were constructed
in Japan and about 11,00C tons aluminium used, while 23 underground (membrane
tanks) were constructed amd about 480 tocns aluminium were used in the
suspension deck (roof).
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5. THE CHALLENGE OF LONG-TERM INERGY-RELATED TECHNOLCGICAL 3REAXTHROUGHS

In so far as energy sources are concerned, it is assumed that in

the period 1580-2000, fossil fueis, in particuiar oil and ges, will con-

tinue to be the main energy source available for use in industrial deve-

lopment.
It is anticipated however that increasing consumption of petroleum-~
based energy, will stimulate in the next 20 years efforts to substitute

or add new oﬁ and gas resources to those which will be outstripped in all
the Arab oil-producing countries.

Further, the orospects of petroleum depletion in these countries and
the absence of significant resources in the other Arab countriess, will just-
ify and sustain a strong drive for substitutes, oil and gas, that will be
made available particularly hydropower, solar, nuclear and biomass as well
as coal whenever possible.

Still, there is another factor which will act to diversify while,
transforming.the global Arab patterun of energy oproduction and use during
the 1990's and beyond. Effectively, energy-related techrological breakthroughs
are actively __sought by the intermational industrv to dramatically cut
down epergy igputs ip industrial products. Although such breakthroughs are
unlikely to occur before 1990 or 1995, they should neither be excluded nor

under-estimated by Arab industrial planner when forecasting the future posi-
tion of the new or planned projects. Many of them can he Joreseen and their

impact on the economics of industrial production and con intarzational markets

It follows that Arab countries seriously need %0 plam ard Jrevare

alternative sources of energy in conmection with future industi-ial patterns

and to be very attentive to forthcoming technological breakthroughs, while

endeavoring to achieve similar inrovations in energy-related technological

breakthroughs and in their consecutive industrial orocesses and patterns.

This fundamental issue i3 as much of energy-essence as industrially-oriented.

Its magnitude and gravity call for a planned and systematic cooperation among
Arab countries in order to tackle it successfully and thus ensure the future
of forthcoming generations.

The .recent upsurge of interest stems from the establsihad advances in
catalysis that are available to chemists in playing with these base-molecules
for engineering more complex ones like hydrocarbons.
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The methanol route to olefins and high-aromatic gzasoline has

already detarmined a lot of research into zeolites for a proper exploita-
) tion of their "“shape-selectivity”.

As for other alternative chemical Ieedstocks, although chemical
enterprises are becoming increasingly interested in "life-sciences”, the
exploitation of renewable rescurces will be a long way down the road.

However biotechnologies may well develop more rapidly through fun-
damental and applied research activities concerriug "genetic enginesring”.

Quite a mmber of oil and chemical compan.es are already involved
ip it. Of course theopenings for developing revolutionary technologies
as well as the recent attainments regarding several exciting products
having high growth potential (e.g. human insulin, human g owth hormone,
interferon), largely account for such a crowd participation.

Saveral ambitious projects'aiﬁ.at engineering micro-organisms which
may well modify, selectively, specific substrates for the obtainment of
primary and secondary energy vectors ancd a large variety of organic chemi-
cals, (e.g. 32, CH), MeOH, biopolymers, food fortifiers, drugs).

These are only a few of the major challenging objectives that are
currently being guréued by international energy and chemical industries
as well as public orgspizations epitomizing the evolutionary patterm of

1/

science and technology.=

Yo major technological change seems imminent in any of the stages

of g;um;c'um Drocessing. The 3ayer orocess for aiumina nroducticn is

affici r savinzs may bhe abtained

by improving the elec ;glxgg and ,g;hggg gpaterials used. 2/

the smelting of aluminium. most

analysts expect the conventiomal fFall-deroult method to be in use at least
until the end of the century.

L/ CERNIA, Enrico (Assoreni, Italy), "New Frontiers in Science and Tech-
nology," Development Through Cooperation, Proceedings of the Seminar Bet-
ween OAPEC and South European Countries, Fourth Session, pp. 162-163.

2f Even if the proce®s were not particularly energy efficient, the fact
that bauxite is transformed into a much lighter (by half) and more readily
transported material would tend to diminish the urgency of technological
change at the 3ite of the bauxite mine itself. Only a small volume of co-
opera.nt inputs (soda, chiefly) are required at this stage. See: BRUBAKER,

S., "Trends in the World Aluminium Industry," Baltimore, 1967, John Hopkins
Press, pp. 163-1T72.
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New methods (e.g. sub-halogenizing or carbothermic smelting) are not

eccnczic.l/ Although the ALCUA Process, whnen fully operational will require

30% less anergy than the Hall-Heroult method.gj a r i £t
Alcog Process, which will require several years cdditional research, is its
small _ecopomics of gcale. Small-scale sluming importers will be able %o
grerate ecopomically.

In the long run, the use of nuclear energy, either converted to
electricity or supplied to the steelworks directly in the form of heat,
is likely to greatly iniluence steel production. In order to be fully

effective, the iron ore would have to be reduced using gas, rather than
being melted in a blast furnace. Difficulties also exist in balarcing
the demand for the heat and electricity ouput of the reactor complex;Jr
". .. Whenever tue use of new and renewable sources of energy is
dependent on highly sophisticated and non-conventional technology, the
mobilisation of such sources in the developing countries, without the
mastery of the technologies involved, will result in a greater dependence
on the suppliers of such technologies and the corresponding equirment. In
this connection, .... for the cre. ion of a centre to promote tecpggiogi-
cal development and application of new and renewable scurces of 2nergy
in developing countrias... a .. proposal was included in the UNIZO study
"Industry 2000", at the suggestion of a group of eminent personalities

when preparing for UNIDO III." 4/

1/ METAL BULLETIN {Monthly), April 1979 and GV>TCPOULCS, L. J., AZCRIDIS,
L. J. and WIDMER, T.F., "Potential Effectiveness in INdustry," Cambridge,
Mass., 3allinger 1974, p.72.

2/ METAL SULLETIN (Monthly), Juiy 1977, p.bi5.

3/ Several studies are being undertaken based mainly on the High Tempe-
rature Reactor (HTR), which uses helium as the reactor coolant, but any
applications are unlikely before 1990 and benefits are therefore of a very
long nature. One possible site layout, based on the HTR system is suggested
by the U.K. Institute of Physics for the use of nuclear heat in steelmaking
from sponge ircn produced by the gas-reducing of irom ore in metallizing
shaft furnmace. See: REAY, D.A., "Industry Energy Conservation (Chapter 3:
The Energy Intensive Industries,” Newcastle-upon-Tyre, England, 1979, p. S9.

L Statement by Dr. Abd-El Ralman Khane, Executive
irector of UNIDO at the United Nations Conference on New and Renewable
Sources of Energy (UNCNRSE), Nairobi, Kemya, 10-21 August 1981, para. 9.
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If the Arab industrial planners and decision makers want to mini-
mize the energy requirement of their potential products, they need to
obtain from the engineerirg and coustruction companies entrusted with

the design and construction of future production plants, the amount of
naterial that can be recovered from the discarded product within the

- g

design.
Industry has made progress in emergy conservation and savings

through technological innovations. At the same time, there is a clear
avidence that the demand for energy will steadily grow, largely because
of the developing countries' iadustrial aspirations. As world demand

clinmbs, the need for a more equitable internstional distribution of
supplies becomes more pressing. Under these copditions the desirability
of aﬁre rapid advances in energy comseivetion, coupled with the equally
rapid transfar of these technologies throughout the world's industrial
sectors, can hardly be denied. g/

l/ The energy saving associated with the recovery of materials in a
genra.l:.zed situation has been calculated first by Berry and Fels for
BERRY AND FELS for the manufacture of automoible from the automobile
screp, then, more r2cently by BRAAM for the comparison of energy used,
ia manufacturing hexagon head bolts by extrusion, and the energy com-
n_u.tments involved in substituting aluminium alloys for steel and cast
iron parts in automobile.

Se?: BERRY, Stephen R. and FELS, Margaret F., "The Energy Cost of
Automobiles,”" Science and Public. Affairs, 11 Dec 1973, pp.ll-17 and 58-60.

Also: BRAAM, J., "The Relcvance of Erergy Analysis in Product Design,”

Applied Energy Journmal, Vol. 7, ¥o. L4, Barking, Essex, U.K. December 1980,
Applied Science Publishcrs, PP- 263-280. ?

%nd. 181.“11)0’ "World Industry in 1980, Vienna, 1981, United Natioms, pp.182







