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INTRODUCTION






INTRODUCTION

1.1 Objectives

The objectives of this study are:

- To identify and assess the present technological capabilities in the
oil refining, petrochemical and fertilizer industries in the Arab countries;

- To review expected future developments in the technologies of these
industries in the industrially advanced countries;

- To provide a proper framework for a master plan for the development
of technological capabilities in the Arab countries.

The present report is one of three studies undertaken jointly in
1986-1987 by the Economic and Social Commission for Western Asia (ESCWA) and
the Arab Industrial Development Organization (AIDO) on the development of
technological capabilities. The studies cover the following industries:

- 0il refining, petrochemicals and fertilizers;
- Capital goods and engineering industries;
- Iron and steel.

This study incorporated and updated a study that was completed by ESCWA
in 1985 which covered the ESCWA region. The scope of the present study was
enlarged to include non-ESCWA Arab countries, in line with the terms of
reference and requirements of AIDO.

1.2 Background and justification

1.2.1 The industry

The term petrochemicals is the generic name given to all industries
which use hydrocarbons as raw materials to produce a variety of chemical
products. These are utilized, inter alia, in agriculture (fertilizers), the
textile industry (e.g. polyesters and nylons), the health care industry (e.g.
soaps and shampoos) and pharmaceuticals (e.g. aspirin and antibiotics).

The o0il refining industry in the region started in 1912 in Egypt, with
the establishment of a 2,000 b/d topping plant. 1Iraq followed in 1927 with a
5,500 b/d plant at Al-Wand.

Refining for export began in 1937 in Bahrain, with a 25,000 b/d
complex, followed in 1949 by the 25,000 b/d Ahmadi plant in Xuwait and by
Saudi Arabia's Ras Tanura plant. Currently, there are 50 refineries in the
region (established or under construction), ranging in capacity from 5,000 to
565,000 b/d (for detailed information about the refining capacity in the
region, see table 2.4).
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The petrochemical industry, which includes here the fertilizer industry
based upon natural gas, started mnuch later, in the 19¢0s, with the
establishment of an ammonia plant in Kuwait (see table 2.3). The reasons at
that time for the fact that there were no petrochemical industries despite the
abundance of cheap raw material and a potential market in the region were the
following:

(a) The price of crude oil was not significant in the manufacturing
cost of most bulk petrochemicals. Secondly, the commercial plant size was
larger than the domestic market. Thirdly, the required huge investment
capital was not available in the countries of the region. Fourthly, the
physical and human infrastructures were inadequate.

(b) Joint venture type agreements were too restrictive because of the
conditions demanded by the technology and the cost of royalties and licence
fees was considered too high to be acceptable. This situation changed
dramatically with the two oil price increases of the 1970s and the subsequent
higher costs of enerpy and feedstock.

The first generation of projects in the late 1960s was typified by
delays in commissioning and plant start-up difficulties. This fact became
less serious during the second and third generation development. Many of the
obstacles facing the refining and petrochemical projects established then were
the result of many infrastructural problems related to the initial preparation
of a project site when roads, housing utilities and port facilities had to be
built at the same time as the construction of the plant itself. lowever, the
main problem was the lack of experience and of technological capabilities
required for the identification, implementation and operation of projects of

such scale. The mastering of the required expertise and technology is a
process that needs a long period of accumulation of knowledge and practical
experience. Petroleum processing projects in the region require the

continuous development of national technological capabilities, in the form of
skilled and experienced manpower and appropriate institutions, to be able to
take full advantage of industrial development.

The refining and petrochemical industries in the region have developed
and evolved into a key element in the industrialization policies adopted since
the 1960s in the region and in the structure of world markets. This rapid
development was promoted by the desire of the petroleum-producing countries to
utilize fully the oil and gas potential available, capture the high value
~ added - component of advanced oil processing projects, diversify production and
exports and exploit the competitive advantages available because of the low
price of energy and feedstock in the region. 1f the processing of raw
matterials is carried to the manufacturing stages, it will encourage at the
same time local production of end-products, and in this way the countries not
only diversify their industrial base but also create mnew jobs, provide
training and technical experience and promote backward and forward linkages.

1.2.2 The technology

The production complexity of the petrochemical industry requires the
application of several technologies and many technical alternatives in the
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field of products, processes and raw materials. However, all large-volume
petrochemicals are synthesized from only eight basic petrochemical building
blocks, mnamely the olefins ethylene, propylene and butadiene; the aromatics
benzene, toluene and xylenes; anmonia and methanol. These can be produced
from different feedstocks such as naphta, LPG, ethane and natural gas.

There are two primary processes for the production of petrochemicals,
steamcracking of naphta for olefins and catalytic reforming for aromatics. A
third major process, steam reforming, is used to synthesize ammonia and
methanol. Furthermore, a distinction is made between intermediate and
finished products. The first group comprises products which have received
some upgrading but need further processing before they become commodities.
This group includes ethylene dichloride, ethylene oxide, VCM, ethyleneglycol,
ethylbenzene, styrene, phenol, caprolactam, DMT and TPA. The category of
finished products encompasses a group of products that require minimal
processing to be transformed into consumer goods. They include PVC, high and
low density polyethylene (HDPE/LDPE), polystyrene, SBR and various polyester
and nylon fibres.

Countries in the region have only recently begun to establish
petrochemical plants which can produce the basic petrochemicals, with a view
to optimizing the value of their crude o0il by further processing it into
refined products for specific end-users. The existence of a refinery industry
is an indispensable means for producing the feedstock; at the same time, a
refinery is needed to utilize the by-products of the petrochemical plants.
Since both refining and petrochemical processing depend to a greal extent on
similar technologies, integrated processing (refining and petrochemicals) can
benefit from trained manpower and already acquired experience in the longer
established refineries.

The investments being undertaken in the new export refineries are in
most cases in conversion refining (essentially catalytic cracking) as opposed
to reforming. This is required to produce the high quality products for the
OECD markets which have continuously increasing requirements for motor
gasoline and less for fuel oil. More refineries have to be designed therefore
to optimize high-value "white" products (such as motor gasoline). This
implies the extensive use of hydrocracking and deep desulphurization. These
are all more energy- and capital-intensive than hydro-skimming, but the
oil-producing countries of the region can benefit from the advantage of having
the available flared gas as well as capital finance.

In the petrochemical industry, with few exceptions, it is the big
international manufacturing companies that have the financial and scientific
capacity to develop new processes. It took developed countries about 30 years
to build up this industry to its present stage. To repeat that process in the
developing countries in less than 10 years is not only too ambitious a
programme but also not necessary, even with the huge financial resources
available. Therefore, a carefully planned and implemented programme, taking
into account the manpower situation in the region, would be needed to develop
the required technological capabilities to sustain, operate, and renovate
these industries to respond to the needs »of the region and their future
objectives and prospects.
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There is no doubt that the countries of the region have established and
are continuing the construction of refining and petrochemcial plants which
depend to a great extent on the procurement of equipment, engineering
expertise and technological know-how from foreign sources. Ilow far these
countries have developed their indigenous technological capability and what
are the potentials for future development are the questions that this study
attempts to analyse.

1.3 Scope of technological capabilities

The above paragraphs clearly show the complexity and wide range of the
activities required by the industry, not only for the acquisition of equipment
and process technology know-how but also to operate and maintain a complex
industrial plant. There is a need for advanced technology, which requires
fewer but highly skilled people.

The manpower required to absorb the new technology, to operate and
service the plants and to expand or modify them, should possess a wide range
of capabilities. These capabilities have been identified as follows:

- Project identification

- Pre-feasibility studies

- Feasibility studies

- Engineering and plant design
- Construction

- Supervision of plant erection
- Process design

-  Product design

- Production management

- Marketing services

- Research and development

- Plant technical services

- Customer technical services

In part three of this report, +these capabilities are assessed
separately and in-depth in various countries and for different projects.
However, it is to be noted that these capabilities cannot be easily
generalized since their scope may differ from one project to another. If a
capability to wundertake pre-feasibility or feasibility studies exists, this
may mean that for certain projects 100 per cent of the activities needed can
be performed internally, while for other projects the involvement of affiliate
offices or outside consultants in addition to internal capabilities becomes
necessary. It also depends on the type of project undertaken, whether it
involves a new plant or an extension of an existing one, whether it is a study
for a new installation or for additional equipment, whether it is for the
introduction of a new process or the improvement of an existing one, whether
it is for the installation of a new production line or modification of an
existing line, and so on.
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1.4 Methodology

In order to assess the existing technological capabilities in the Arab
world, it was necessary to collect all information pertinent to the oil
refining petrochemical and fertilizer industry. The data collection activity
was undertaken in two phases: desk-work and field-work. The first phase, the
desk-work, covered the collection and analysis of all relevant published
information at the national, regional and international levels. It included
surveying the 1literature on the subject, including technical and economic
periodicals and specialized reports. A comprehensive list of issues and
topics related to the development of technological capabilities in the oil
refining, petrochemical and fertilizer industries was prepared.

The field-work started with the preparation of different questionnaires
for each of the four groups of organizations engaged in the technological
development process relating to these industries, namely:

- Manufacturing establishments;

- Engineering design, consulting companies and contractors;
- Engineering design, consulting companies and contractors;
- Laboratories, industrial and specialized research centres;
- Universities.

The questionnaire for the manufacturing establishments solicited
specific and, whenever possible, quantified information regarding the size and
composition of the work force (by nationality, educational level, function,
etc.) as well as the capabilities of the establishment itself and other
national and foreign organizations and companies involved in its activities
(selection of technology, negotiations with foreign sources of technology,
pre-feasibility study wup to marketing and after-sale services). The
questionnaire sought to determine the major achievements of the establishments
as well as their plans for the future. In addition it sought to identify and
determine the linkages between those establishments and other organizations at
the national, regional and international levels.

The questions submitted to consultants and contractors dealt with the
relation between the branch office and mother company, sectoral activities
they were engaged in, number and composition of employees and specific
capabilities possessed.

The universities and research centres were asked to provide information
on the number and respective specializations of their graduates and staff, the
major research programmes completed, and co-operation with industry and
possible work done for the benefit of manufacturing establishments on a
commercial basis.

For each country, a list of relevant organizations was compiled, and
local consultants in a selected number of countries were recruited as focal
points. Their task was to conduct in-depth interviews with senior staff of
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the organizations selected, to prepare background papers providing information
on the existing capabilities and policies for developing them and to submit a
case-study dealing with the transfer and development of the technology process
in at least one national organization.

Pilot testing of the initial questionnaires was undertaken in the Gulf
region and a number of modifications were made subsequently, taking into
consideration the views of some leading organizations and experts.

Furthermore, a leading expert in the petrochemical field was recruited
as an overall consultant and assigned to assist in the desk-work, as well as
to participate in some of the missions, whenever required.

A number of field missions were undertaken by the consultant and/or the
team members of the project to gather unpublished data in Saudi Arabia,
Kuwait, Bahrain, Qatar, the United Arad Emirates, Jordan, the Syrian Arab
Republic, Egypt, Algeria, Tunisia and Morroco. This was done through
questionnaires and reports prepared by local experts (see annex II).

The questionnaires which were filled out and returned contained useful
and relevant information in many cases. However, the response from different
countries varied greatly. Many organizations did not respond to the
questionnaires at all. Furthermore many questionnaires were only partly
completed and most of the questions relevant to the study remained
unanswered. In several cases the meaning of the question was not properly
understood and the answer given was therefore not relevant. In addition, in
some countries, the lack of response by an entire sector of the industry made
generalization of the results of the questionnaires difficult.

For example, in Saudi Arabia no replies were received from the
petrochemical sector. In Iraq, petrochemical, fertilizers and oil refineries
did not reply. Only one questionnaire was received from Bahrain and in the
United Arab Emirates and Qatar the universities and/or research centres did
not reply. Worse yet, no North African countries completed any questionnaire
and no background papers were prepared. This lack of necessary data can be
seen in part three of the study, wherein it was not possible to assess the
status of technological capabilities in these countries.

As soon as the material collected and prepared by the local experts
{questionnaires, background paper and case-study) was received, an analysis
was made of this information, together with the documentation gathered through
desk-work. Profiles were subsequently prepared for countries, outlining the
historical development of the o0il refining and petrochemical industry, the
technological capabilities developed so far and the degree of independence
from foreign technology suppliers.

Finally, an assessment on a regional basis was made of the
technological capabilities present in the various national manufacturing
companies, consulting organizations, universities and research centres.

In conclusion the study presented a number of recommendations and
proposals for enhancing the development of technological capabilities in the
Arab world.
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Table 1.1.

Returned questionnaires

Response Questionnaires returned Background
% Mtg. Establ. Conslt. Univ. Lab/R&D papers
Bahrain 20 1 - - - -
Iraq n.a. n.a. n.a. 2 1 +
United Arab Emirates 25 1 2%% - - +
Syrian Arab Republic 82 3 2 3 1 +
Kuwait 47 2 4 1 2% +
Egypt n.a. 1 1* - +
Qatar 40 1 3 - - -
Jordan 20 - 2 1 1 +
Saudi Arabia 50 12 6 2 - -
Algeria n.a. - - - - -
Libyan Arab Jamahiriya n.a. - - - - -
Tunisia n.a. - - - - -
Morocco n.a. - - - - -
Total 21 20 9 6 -

Source: ESCWA compilation.
* Combination of several companies/organizations in one question.
**%  Including regional organizations OAPEC, GOIC and AREC.

+ Paper provided.

- Paper not provided.

1.5 Orpganization of the report

The report consists of five parts and two annexes as follows:

Part One : Introduction

Part Two : Status of the industry

Part Three : Current technological capabilities
Part Four : Future technologies

Part TFive : Conclusions and reconmendations
Annex I : Case-studies

Annex II : Field-work

Part two provides basic country data on the o0il refineries and
petrochemical industries. It includes available information on capacity,
technology and manpower of the plants as well as on the organizational set-up
and managerial responsibilities for production and expansion. In addition a
short historical overview of the industry is provided.
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Part three assesses the technological capabilities at the following
levels: project; sectoral (specialized training centres, etc.); and national
(universities, consultants, contractors, etc.). It assesses the capabilities
of regional orpganizations engaged in technological development. In addition
to examining the capabilities in each of these organizational elements and the
linkages and interactions between them, the study assesses and examines the
manufacturing establishments. The constraints and stimulants which influenced
the approach in part two of the study are also valid in this part.

Part four assesses the impact of the future technologies on the
development of these industries in the Arab countries and on the capabilities
which will be required in the future.

Part five highlights the main findings of the study and presents
proposals for strengthening and developing technological capabilities at the
various levels.

Annex I consists of case-studies and annex II is a report on the
field-work activities undertaken.
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2.1 Algeria

0il production in Algeria is mainly in the hands of the State-owned,
Sonatrach company, although there are four other oil-producing companies in
Algeria. Sonatrach is following a development programme in order to increase
0il production at Hassi Messaoud; a 350 million Algerian dinar contract was
awarded to Nuovo Pignone (of Italy) for expansion at Hassi Messaoud in 1984.

Algeria's oil production fell to 640,000 b/d in 1986 from 672,400 b/d in
1985 due to the recession in the o0il market and the collapse of prices.

2.1.1 0il refining

Algeria's o0il refining capacity has increased from 137,000 b/d to
525,000 b/d in 1978, divided among the following refineries: llassi Messaoud,
In Amenas, Arzew, El-Djazair, Arzew "Jumbo GPL" Plant, and Skikda.

(a) Hassi Messaoud is Algeria's first refinery, and was built in 1962; its
capacity is 170,000 tons/year. A second refinery was implemented at Hassi
Messaoud and started production in 1979; its capacity is 1.08 million
tons/year. The first refinery produces gpas oil, paraffin, regular gasoline
and butane. The second refinery produces super and regular gasoline, gas oil
and kerosene.

(b) In Amenas has a capacity of 7,000 b/d only and has started production
in 1981; it processes crude oil.

- (c) Arzew started production in 1972. Almost 50 per cent of the refinery
production is consumed locally while the other half is exported to Europe and
the United States. This refinery capacity is 2.79 mnmillion tons/year of
Saharan crude and 295,000 tons/year of residue crude.

(d) El-Djazair came onstream in 1973; its capacity was 2.7 mnillion
tons/year; it processes crude received from lHassi Messaoud. 1Its total output
is consumed locally except for naphtha, which is exported.

(e) The Arzew "Jumbo GPL" plant was officially launched in 1984 and has
the capacity to produce 4 million tons/year of butane and propane. The first
LPG plant in Arzew has the capacity of 2.15 million tons/year, the second LPG
plant raised Algeria's annual LPG exports from 1 million tons/year in 1983 to
over 2 million tons/year in 1984.

(f) Skikda started operating in 1980 and is known to be the largest
refinery in Algeria. The Skikda refinery processes 15 million tons/year of
Saharan crude oil and 300,000 tons/year of imported reduced crude.

(g) Other projects include the launching in 1984 of a lubricants unit
(120,000 tons/year capacity) at the Arzew refinery and a bitumen unit (145,000
tons/year capacity) which was added to the El-Djazair Refinery.
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Algeria's output increased sharply in 1982 but later declined in 1983
owing to the shut-down in the Skikda refinery. Production of motor fuel fell
to 386,000 b/d, but rose again to 407,900 b/d in 1984. 0il refinery average
annual capacity was 6,1 million tons in 1978-1981 and then rose in 1982 to
reach 6,8 million tons. 1In 1984 it reached a level of 23.1 million tons/year.

2.1.2 Petrochemicals and fertilizers

The petrochemical industry includes the Annaba complex, the Arzew methanol
and synthetic resin complex, and the refinery's aromatic units.

(a) The Annaba complex consists of four units; (i) the phosphate
fertilizer plant; (ii) the sodium tripoly phosphate unit launched in 1980
with a capacity of 40,000 tons/day of TSP. The Societe Nationale des
Industries Chimiques (SNIC) receives all the plant output for detergent
manufacture; (iii) the ammonium manufacturing unit, the production capacity of
which is 300,000 tons/year which is utilized in the nitric acid unit and the
phosphate fertilizer complex; (iv) the ammonium nitrate and nitric acid units,
the capacity of which is 300,000 tons/year of ammonium nitrate, which is used
for local agricultural purposes as well as for export.

(b) The Arzew Methanol and Synthetic Resin Complex capacity is 100,000
tons/year. The plant was launched in 1976. Most of the plant products are
for export. The complex has resin units which have been operating since
1978. Each unit has a production capacity of 500 tons of melamine resin, 600
tons of urea resin, and 600 tons of phenol resin.

(c) The Arzew Complex was constructed in 1970 and consists of four units:
a 400 tons/day urea unit, a 400 tons/day nitric acid unit, a 500 tons/day
ammonium nitrate unit and a 1,000 tons/day ammonia unit. The fertilizers are
consumed locally while most of the ammonia output is exported.

(d) In the Skikda Ethylene Complex, Snamprogetti was awarded a contract
for the construction of a polyethylene unit, which came onstream in 1978 and
produced 41,272 tons in 1979. Toyo Engineering Company (of Japan) was awarded
the contract by Sonatrach to construct an intermediate petrochemicals complex,
a VCM unit with a 40,000 tons/year capacity and a PVC unit with a capacity of
35,000 tons/year were established. In 1980 a 48,000 tons/year low-density
polythylene unit was established, as well as a chlorine wunit and a
hydrochloric acid unit with 35,000 and 10,000 tons/year capacity respectively.

(e) The Skikda Refinery's Aromatic Units have a production capacity of
90,000 tons of benzene, 247,000 tons of xylenes, 5,000 tons of toluene and
38,000 tons of paraxylenes.
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PART TWO

STATUS OF THE INDUSTRY
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2.2 Bahrain

Bahrain's oil production is expected to be maintained through the end of
the century. 1In 1980, estimated crude o0il reserves were in the range of 225
million barrels. Bahrain o0il production reached its peak in 1970 at
76,000 b/d. Since then there has been a decline in production, which dropped
in 1980 to 48,000 b/d. Crude o0il comes from the o0il field of Jabal
Al-Dukhan. Associated natural gas production started in 1938. Non-associated
natural gas production started in 1950 at the Al-Khuff formation. The total
estimated natural gas reserves of the country are 255 billion cu.m. Natural
gas production in 1980 reached 3.5 billion cu.m.

2.2.1 0il refining

Bahrain has one of the oldest refineries in the Gulf. The Awali
refinery of the Bahrain Petroleum Company (BAPCO), built in 1936, has a
current designed capacity of 12 million tons/year. The refinery was wholly
owned and operated by Caltex (American company). The Bahraini Government
became a 60 per cent shareholder of the refinery in 1980, and therefore was
obliged to supply 60 per cent of the crude oil input which was imported from
Saudi Arabia.

The average annual capacity of oil refining in Bahrain was at a standard
level of 12 million tons during the period 1978-1984. Exports of refined
products reached 192,875 b/d in 1984.

An agreement between the Bahraini Government and Caltex continues to
provide the refinery with operational expertise; this agreement was renewed in
1985 for another four-year period.

2.2.2 Petrochemicals and fertilizers

The Gulf Petrochemical Industries Company (GPIC) was established in 1979
as a joint venture between Bahrain, Kuwait and Saudi Arabia. The complex
consists of a 1,000 tons/day capacity ammonia plant, and a 1,000 tons/day
capacity methanol plant, and became fully operational in 1985.

Italy's Snamprogetti was selected to do the detailed engineering,
equipment procurement, construction and commissioning while King Wilkinson was
selected to provide technical assistance during project execution; Uhde Gmbh
of the TFederal Republic of Germany was selected to provide the basic
engineering package with Uhde being the licensor of the ammonia plant and
sublicensor of I.C.I for the methanol plant.

GPIC has prepared a comprehensive training and career development
programme for Bahrain and other Gulf nationals to provide the future
management, operational and maintenance personnel.

As well as receiving special training at technical institutes, the
company's trainee engineers have been attached temporarily to the offices of
the licensor and contractor. Additional on-the-job training has been provided
in plants and refineries in Bahrain, Kuwait and Saudi Arabia.
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GPIC has set up an ambitious recruitment and training plan for the period
1985-1990 to develop and qualify the national staff in various occupations in
order to run the operations of the plants by 1990.

GPIC has two marketing agreements, one with the Saudi Basic Industries
Company (SABIC) and the other with Petrochemical Industries Cowmpany (PIC) of
Kuwait for marketing of ammonia. The production level in GPIC was for 1985 at
104 per cent for methanol and 103 per cent for ammonia, which is higher than
the designed level.l/

2.3 Egypt

The General Egyptian Petroleum Corporation (GEPC) fully owns and manages
several companies in the refining and petrochemical sector. 1In the refining
sector there are seven plants, six of them installed and working (see table
2.1) and one under construction in Assiout. There is a petrochemical plant
which is also under construction near Alexandria and a natural gas company.
The total capital invested in these nine companies is over 1.2 billion
Egyptian pounds and the annual sales are over 5 billion pounds. The work
force in the refining and petrochemical plants reached a total of 13,500
workers in 1983; in the entire petroleum industry the total number of workers
is 42,000. The total future investment for the petroleum industry within the
1983-1987 five year development plan is 1 billion Egyptian pounds.

2.3.1 0il refining

The refining sector was established in early 1954, and completely
nationalized in 1966, when it started to export some of its production.
Petroleum consumption grew at a rapid pace during the decade 1970-1980.
Egypt's petroleum policy for the coming two decades is to rationalize energy
consumption and improve the efficiency of petroleum production and
utilization. Many steps have been taken towards that goal, including (a)
encouraging new and old foreign o0il companies to explore for oil and gas
reserves; (b) trying to achieve self-sufficiency in petroleum products and to
bring specifications up to international standards; (c) increasing o0il exports
to maintain a sufficient surplus in the o0il sector's balance of payments; (d)
enhancing the o0il and gas transport and distribution systems; (e) supporting
the scientific institutes and engineering companies in research and developing
local technical capabilities. The refining capacity increased in Egypt from
2.3 million tons in 1952 to 8.5 million tons in 1966 realizing a surplus of
about 2 million tons available for export. However, after the 1967 war, the
0il industry had serious problems. The Suez refineries, which accounted for
about 80 per cent of refining capacity at that time, were damaged during the
war.

1/ GPIC, Experience in Developing the Petrochemical Industry in Bahrain,
Paper presented to the Seminar on the Petrochemical Industry in the Arab
Countries, Bahrain, 20-22 January 1986.
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The installed crude oil refining capacity in 1983 totalled 15 million tons
as compared with 12 million tons in 1980 and 7 million tons in 1973, which
means refining capacity grew at 10.2 per cent per year after the 1973 war.
The total petroleum production amounted to 13.1 million tons in 1980, as
compared with 6.6 million tons in 1973, with an average annual growth rate for
1973-1980 of 10.3 per cent.

Utilized capacity in 1980 was 92 per cent compared with 58 per cent in
1973. The main yields were pgasoline and naphtha (15.4 per cent), kerosene
(12.8 per cent), gas and diesel oil (19.2 per cent) and fuel oil (48.9 per
cent).

The refining capacity increased after 1980, adding about 2.65 million tons
to the total.

The output of petroleum products increased over the 1970-1980 decade at an
average annual rate of 15 per cent, from 3.2 million tons in 1970 to 13
million tons in 1980, while crude production rose at 15.2 per cent.

The refined oil output in 1983 reached 18.1 million tons, out of which
560,000 tons were from the Ras Tanura terminal in Saudi Arabia; this
represented an increase of 7.9 per cent over 1982,

The total output of petroleum products in 1983, in thousand metric tons,
was:

1. Benzene/Naphtha 2,323
2. Kerosene/Turbine (Jet oil) 2,135
3. Gas oil/Diesel oil 2,862
4. Mazout (fuel o0il) 8,879
S. Asphalt 508
6. Base lubricants 122
7. Others 121
Total 16,950

Production by refinery in (thousand metric tons) was as follows:

Year/Plant Ameriyah Suez 1 Suez 2 Tanta Monstards Alex Total
1980 3,040 2,137 1,092 9,69 4,489 5,040 16,767
1983 2,913 3,282 1,142 1,005 4,895 4,907 18,144

Refining capacities are being expanded at the Alexandria refinery and the
reforming unit in the Suez refinery is being expanded; its capacity will reach
about 22 million tons in 1985. Further increases of refining capacity are
also planned, in order to reach a capacity of 38.7 million tons in 1990.
There are also plans for fuel o0il conversion of 2 million tons capacity (50
per cent by hydrocracking and 50 per cent by thermal process). The current
expansion programme includes construction of a new refinery at Asyut and
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recommissioning of the Suez refinery. Asyut is scheduled to start production
at an initial rate of 40,000 b/d by 1987. The revamped Suez refinery is to
come onstream at 112,000 b/d in late 1987. There are also plans to increase
output and expand the range of products at the Cairo, Alexandria, Tanta and
Sinai refineries.

Domestic consumption has been rising by 12 to 14 per cent per year against
an annual rise in output of no more than 7 per cent. Domestic consumption
accounted for 46.5 per cent of output in 1983/1984. 0il exports account for a
third of Egypt's foreign currency earnings. The Government's task over the
next few years is to increase and expand production of crude, gas and refined
products and at the same time make domestic use of energy more efficient.

2.3.2 Petrochemicals and Fertilizers

The only petrochemical plant established in Egypt is currently under
construction. The first stage includes the erection of 3 plants: for MVC, at
a capacity of 100,000 tons/year, for PVC at a capacity of 80,000 tons/year,
and a chlorine plant at a capacity of 160,000 tons/year. The contracts for
these plants were awarded to international companies. The plants were due to
be completed in 1985/1986. A second stage is planned for the production of
ethylene at 200,000 tons/year and low density polyethylene.

The fertilizer sector is under the authority of the Ministry of Industry.
The four plants using natural gas resources are all currently operating, the
Dekheila plant at a capacity of 500,000 tons of urea/year and 100,000
tons/year of ammonium nitrate, the Talkha I plant, opened in 1976, at a
capacity of 380,000 tons/year of nitrogenous fertilizers and Talkha II, in
operation since 1979, produces 396,000 tons/year of ammonia, which is used to
produce 570,000 tons/year of urea. The Suez plant has a 250,000 tons/year
capacity of nitrogenous fertilizers.

Future expansion plans in fertilizers includes a new plant to be
established in the Suez area, with a capacity of 1,350 tons/day of ammonium.
Part of the production, 350 tons/day, will be used in the Al Naser plant in
Suez, the rest of the capacity, 1,000 tons/day, will be used to produce 2,550
tons/day (765,000 tons/year) of ammonium nitrate. Construction of the plant
was scheduled to start in 1984-1985. Production was planned to start in
1987-1988 at 70 per cent capacity and to reach full capacity in 1990-1991.




-19-

‘fuedwon Juisseo0ad wnNeT0I3}dd zans :z zens ‘Ausdwo) wnNaT0I3dd JISEN-TH :1-zZa9ns «x

‘UOTIBWIOJUT TBUOTIFBU UO PIseq ‘YMOSH 904108

SY9LT 00€£6 STLY 0ZOT  06TT 744 00Z¢€ TEj0L

8.8 09¢ 9€T 15 8§ €11 09T §95507 pue Tong

00T  £9/9T ov0s 68YY 696 z60T LETT ov0E s3onpoad Tej0L
9°1 69z 00T - - - - 69T ITeydsy
01 o1 - - - - - XeM

€1 0ze 00T - - 09 - 09 aqn
6°8Y 6618 o0ove 18€¢ L0S 518 0501 ZveT 110 Tong
86T 9Z¢€¢ 0001 788 06T oze oty 709 110 se)
€21 L50T 009 6CS 71T 0€T zze z9¢ 3af/0aay
Al 869 - 05S - 8yt - - autyosen
T°11 7981 008 LOT ZST - 81¢ q8Yy eyjyden
8°0 veT og o¥ 9 61 LT 4 941
% 183101 EBTJIPUEXITY PIBISNH BIUBRL y7 Zons ,xﬁ zans yedAtaswuy Lasutjay sijonpoad

(suo03 000)

3dA%9 ut A31ovded uorjonpoad JuTuriead Q0861 “1°Z 2T14dEL



- 20-
2.4 1Irag

Iraq is a major oil producer with a population of approximately 15
million (1984 estimates). The first oil field was discovered in Kirkuk in
1927 and other fields were discovered in the north, centre and south of Iraq.
Iraq is known to possess about 6 per cent of the world's proven oil reserves;
its reserves were estimated (1982) at 41 billion barrels, including the new
discoveries over the past few years. The 1982 estimates for proven gas
reserves are 815 billion cu m. Both associated gas and dry (non associate)
gas are available in Iraq.

The 1Iraqi National 0il Company (INOC), established in 1964, 1is
responsible for all phases of oil exploration and field production. The State
Organization for O0Oil Refining and Gas Processing is responsible for the oil
refining sector which includes the (LPG) plants. It operates eight oil
refineries and two plants for gas production (LPG). The State Orpganization
for Petrochemical Industries has the responsibility for the petrochemical
complex in Basrah. The fertilizer industry 1is the responsibility of the
General Organization for the Fertilizer Industry. The production of crude oil
reached over 2.5 million b/d while natural gas production reached over 11
million cu m in 1980.

2.4.1 0il refining

- Al Wand Refinery: established in 1927, at a nominal capacity of
250,000 tons/year, its capacity was later increased to 500,000 tons/year.

- Haditha Refinery: established in 1949, at a capacity of 250,000
tons/year.

~ The Al-Multiya Refinery: established in 1953, at a capacity of
200,000 tons/year. This refinery was closed in 1973,

- Dorah Refinery: established in 1953, started production in 1955, at
a capacity of 1.2 million ton/year. 1Its capacity was expanded in 1960 to
reach the current capacity of 4 million tons/year.

- Basrah Refinery: established in 1974 at a capacity of 3.4 nmillion
tons/year, later expanded in 1979 to 6.8 million tons/year.

Kirkuk Refinery: at a capacity of 1.5 million tons/year.

- Samawa Refinery: at a capacity of 1 million tons/year.

Baiji Refinery: at a capacity of 1 million tons/year.

Qayyarah Refinery: at a capacity of 0.3 million tons/year.

Iraq's total refining capacity in 1980 reached approximately 15.5
million tons/year.
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The main refined products and total production in 1979

Product Thousand tons
LPG 364
Gasoline 1,258
Kerosene 975
Jet 443
Gas 0il/Diesel/0il 2,214
Fuel oil 5,404
Asphalt 1,000

Total 11,658

There are two established and operating LPG plants, with a total
designed capacity of 150 million cu.ft/d, currently producing 450,000 metric
tons/year of mixed LPG products. A third plant is planned, with a designed
capacity of 1.2 million metric tons/year.

LGP plant location and designed capacity

Designed capacity Mixed LPG products
Location million cu ft/d (000) metric tons/year
Tahji 80 ‘ 250
Zubair 70 200
Southern Iraq (1,200)
(planned)
Total 150 1,650

The French company Technic, in association with its Italian subsidiary
Technipetrol, has been awarded a $395 million contract by the State
Organization for 0il Projects, for the turnkey construction of a lubricant
plant at Baiji (this contract ended a lengthy negotiation period which started
in 1981). Designed capacity of the plant is 250,000 tons/yearear of motor
oil, asphalt and bdbitumen. It was scheduled to start operations in 1987, and
will be the third of its kind in Iraq.

2.4.2 Petrochemicals and fertilzers

The State Organization for Petrochemical Industries was established in
the late 1970s to sponsor the execution of work on a petrochemical complex in
the Zubair area and to expand into downstream petroleum activities. The
complex is designed to produce ethylene at a designed capacity of 130,000
tons/year; feedstock will be 90 million cu ft/day of natural gas.

Ethylene is to be used to produce the following final products 60,000
tons/year of PVC; 60,000 tons/year of LDPE and 30,000 tons/year of HDPE,
making up a total designed capacity of 150,000 tons/year. The complex was
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planned to start production in 1984, yet the commissioning and production were
delayed because of compelling circumstances in the area.

The manpower tequirements of the complex are 2,046 workers, including
100 engineers and 13 administrators, the majority of staff will be recruited
locally. The main contractors for the complex are a Federal Republic of
Germany-United States group, Thyssen Rheinstahl Technik and C.E. Lummus.

Technipetrol was contracted by ARADET (the Arab Detergents Chemical
Company)* in 1984 to build a 50,000 tons/year, linear alkyl benzene plant at
Baiji. The plant's construction cost was $95 million. Some of the
engineering work and equipment will be supplied by the Techno-export company,
which previously collaborated with Technipetrol on the expansion of the
Salahaddin refinery at Baiji. The new plant will use the process developed by
the American firm UOP.

The State Enterprise for Fertilizer Industries was established in 1970
to undertake the operation of the first nitrogen fertilizer project, A second
and third plant were constructed in 1976 and 1979 respectively.

The three plants are designed to produce nitrogen fertilizers (ammonia
and urea). The three plants' total capacity for ammonia was 900,000
tons/year, and the actual production nearly 461,000 tons in 1980.

A plan for a fourth plant which is included in the expansion programme
of the Enterprise was recently (1983/1984) reformulated, and the location was
changed to Baiji at the Salahaddin refinery complex. The new designed
capacity is 1,000 tons/day of ammonia and about 1,800 tons a day of Urea. The
State organization for industrial design and construction was responsible for
formulating and announcing the tenders for the construction of the plant.

A State Enterprise for Phosphates was established in 1976, to undertake
the execution and operation of the phosphate fertilizers project in Al Qaim.
This project is designed to produce:

600,000 tong/year TSP
250,000 tons/year MAP
272,000 tons/year NPK or NP

The two above-mentioned State'Enterprises are responsible only for the
production of fertilizers, while domestic sales and exports are the
responsibility of other local specialized organizations.

* ARADET was established in 1981 and based in Iraq as a joint Arabdb
venture between the Iraqi Government (32 per cent), APICORP (32 per cent),
Saudi Arabia‘'s Petromin (10 per cent), Kuwait's petrochemical industries
company (10 per cent), Jordan's Arab Mining Company (10 per cent) and AIIC (6
per cent).
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The total of estimated manpower in the fertilizer industry for the
period 1970-1980 is given below:

Year Total employees
1970 700
1975 900
1980 3,262

2.5 Jordan

Jordan is not an oil-producing country; it has no hydrocarbon
resources, nor gas reserves and it depends on oil imports to solve its energy
needs (the energy bill amounted to 11 per cent of GNP in 1980). Jordan's
recent search for oil and its decision to exploit shale o0il could reduce its
energy imports. The exploitation of known phosphate reserves, which are
estimated at 2 billion tons, and the related fertilizers and chemical sectors
constitute the major part of Jordan's chemical industry.

The lack of basic raw materials other than phosphates and Dead Sea
brines, the absence of indigenous hydrocarbons and natural gas reserves, and
the relatively small scale of domestic o0il refining capacity limits the scope
for the development of chemical industries. However, the planned development
in the petrochemicals production (ammonia, ethylene, etc.) in the neighbouring
oil-producing countries should enable Jordan to import these basic products at
competitive prices to develop the country's chemical industries.

The country's only refinery, located in Zarqa 20 km north-west of the
capital, was established and operated by the Jordan Petroleunm Refinery Company
(JOPETROL). The refinery was commissioned in 1961 with nominal capacity of
330,000 tons/year. Several extensions were subsequently carried out, bringing
nominal capacity to its present 5 million tons/year. The Zarqa refinery has
also been modernized through the construction of two conversion units: a
hydrocracking unit of 198,000 tons/year and a FCC unit of 211,000 tons/year.
It has 26,000 employees, all of whom are nationals. The refinery's actual
production in 1980 was as follows:

Products 1,000/tons
LPG 40.9
Gasoline 286.2
Jet fuel 200.0
Kerosene 169.5
Base oil/diesel oil 470.3
Fuel o1l 497 .2
Asphalt 95.9
Total 1,760.0

Thus actual production in 1980 was approximately half of the designed
capacity and exactly enough to satisfy domestic demand. In view of its
capacity, it will be able to fulfil the national requirements in the near
future.
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2.6 Kuwait

Kuwait's proven oil reserves will last for another 150 years at present
rates and techniques of extraction. In recent years there has been a major
shift in Kuwait's oil policy. 1Instead of totally relying on the sale of crude
oil, Kuwait is turning to refining, the marketing of refined products and
prospecting and producing abroad. It has embarked on oil exploration projects
in a number of countries and has acquired several refineries and marketing
outlets in (mainly) Western European countries.

The o0il industry in Xuwait is the responsibility of the Kuwait
Petroleum Corporation (KPC), set up in 1980. It reorganized the functions of
the operating oil companies as follows. The Kuwait 0il Company (KOC) became
specialized in exploration, drilling and production in all areas of Kuwait.
The Xuwait WNational Petroleum Company (KNPC) is responsible for refining,
local marketing and pgas liquefication operations, and KXuwait 0il Tankers
(KOTC) is in charge of transporting crude oil, liquefied pas, and oil products
to various world markets. The Petrochemical Industries Comapny (PIC) was set
up to develop the use of the country's hydrocarbon resources in setting up
petrochemical industries. TFinally, the marketing and selling of gas and oil
world wide is the job of the International Marketing Department in KPC.

Crude o0il and natural gas production in Kuwait during the period
1980-1983 was:

Millions b/d Millions cu ft/day

1980 1,659 847
1981 1,126 611
1982 823 466
1983 1,052 526

The three o0il refineries in Kuwait are located in Mina Abdullah,
Shuaiba and Ahmadi. They have a total of 614,000 b/d refining capacity.
Present modernization schemes will bring this to 700,000 b/d, with more
emphasis on low sulphur oil products.

2.6.1 0il refining

KNPC, which is the focus of this study, was established in 1960 with a
capital of KD 15 million of which 60 per cent was initially held by the State
and the rest by private Kuwaiti interests. 1In 1961 KNPC first took over all
local distribution of petroleum products, which it acquired from KOC. With a
view to exploring and developing relinquished areas from KOG, KNPC created in
1968 the Kuwait Spanish Petroleum Company to act as operator for KNPC. 1In
1975, the Kuwaiti Government acquired the 40 per cent share of the private
interests in KNPC, at a cost of KD 70 million. The Shuaiba refinery was the
first refinery fully owned by the Kuwait Government; the refinery was
established in 1965 and put onstream in 1968. The Shuaiba refinery has been
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considered one of the largest world refineries which mostly uses hydrogen in
its operating units to produce export-oriented high quality fuels. At its
inception, the refinery had a designed capacity of 95,000 b/d. The current
capacity was brought up to 195,000 b/d after carrying out some debottlenecking
and revamping of the vacuum distillation unit. The Shuaiba refinery comprises
now the following principal operating units:

- Atmospheric and vacuum distillation unit, capcity 195,000 b/d.
- Hydrogen production unit, capacity 220 million cu ft/d.
- WNaptha fractionator unit, capacity 41,000 b/d.

- Naphtha, kerosene, light diesel and heavy diesel hydrotreatment units,
capacity 36,000; 45,000; 18,000; and 14,000 b/d, respectively.

- Heavy gas oil hydrocracking unit, capacity 23,000 b/d.

- Heavy residue hydrocracking unit, known to be the first of its kind to
be commercially introduced, capacity 50,000 b/d.

- Naphtha platinum reforming, capacity 16,000 b/d.
- Sulphur recovery, capacity 570 tons/d.

— Lube oil blending unit, annual capacity 32,000 tons.

Before the establishment of the Shuaiba refinery, two refineries, namely
Ahmadi (established in 1949 by KOC) and Mina Abdulla (established in 1958 by
the American Independent Oil Comapny, Aminoil) represented the refining
activities undertaken in Kuwait.

The Ahmadi refinery started with a crude distillation unit (25,000 b/4d)
to produce fuels for bunkering and local marketing, gasoline, kerosene and gas
oil. The refinery later added two distillation units of 110,000 b/d each,
whose capacities were increased by revamping to reach a total capacity of
270,000 b/d. Other units, acquired by the Ahmadi refinery through its
development, include propane and liquefied gas recovery, 90,000 b/d, gasoline,
kerosene and atmospheric residue desulphurization, and naphtha platinum.

The Mina Abudulla (MAB) refinery started with a distillation unit of
30,000 b/d which was destined to process the high sulphur crude 0il from the
Walfa oil fields, which represents Kuwait's share of the neutral zone. The
capacity of the MAB refinery was increased to reach 47,000 and 110,000 b/d in
1960 and 1962 successively. Some modifications of the distillation units were
later introduced and a vacuum unit was added, culminating in a capacity
increase to 144,000 b/d. In 1968, a hydrogen unit, (38 million cu ft/d), a
heavy gas oil desulphurization unit (35,000 b/d) and a sulphur recovery unit
(325 tons/d) were added. A modernization upgrading plan for the MAB refinery
envisions the commissioning in 1986 of two atmospheric residue
desulphurization units (33,000 b/d each), two delayed coker units (30,000 b/d
each), in addition to a Xkerosene desulphurizer (16,000 b/d) and a gas oil
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desulphurizer (55,000 b/d). 1In 1978 the MAB refinery was fully taken over by
the Government from Aminoil. For the fiscal year 1982/1983, the Shuaiba,
Ahmadi and MAB refineries were reported to have processed 70.8, 80, and 22.7
million barrels respectively.

KNPC undertakes to ensure that the three refineries operate as a fully
integrated refining system whereby operations are optimized. This is achieved
through an inter-refinery transfer of intermediate and finished products.
High quality fuel oil blending stocks are optimally produced by upgrading low
quality crude bottoms.

In addition to the above-mentioned three refineries, the refining scheme
includes a gas liquefaction plant whereby pgases associated with recovered
crude oil are compressed, liquefied and fractionated. 1In this regard, it is
worthwhile pointing out that the recovery and liquefaction process of the
associated natural gases has passed through two main stages. 1In the first
stage (1960-1971) a unit for recovery of propane and butane gases (200 b/d)
was established at the Ahmadi refinery to meet domestic consumption of these
gases. This was followed later by the establishment of two units (65,000 b/d)
which process the condensate collected from oilfields. The capacity of these
two units was thereafter increased to 80,000 b/d. A propane recovery unit was
added in 1971, thus increasing the total output of propane-butane gases to
90,000 b/4.

In the second stapge, the associated natural gas resource was considered
the property of the State of Kuwait. 1In 1979, a gas liquefaction plant (1.7
billion cu ft/d) comprising three trains (575 million cu ft/d each) was
established. The liquefaction plant is fed with the associated gases in
addition to the condensate separated at the crude gathering centres at the
principal crude o0il production zones. The plant is designed to produce
100,000, 55,000 and 40,000 b/d of propane, butane and natural gasoline
respectively, in addition to 1.1 billion cu ft/d of other gases.

For the fiscal year 1982/1983, it was reported that only two trainsg of
the gas liquefaction plant (GLP) were operated. This was due to the sharp
cutback in o0il production. GLP is expected to remain underutilized until
additional gas feed is supplied or other alternative uses are developed.
Feedstock to the two trains of the GLP during the year totalled 147.3 billion
standard cu ft (BSCF) of gases and condensates. The plant produced 773,000,
653,000, 59,000 and 457,000 tons of propane,butane, pentanes and natural
gasoline respectively, in addition to 115 BSCF of lean gas. The respective
export and domestic consumption of liquefied petroleum gases (LPG) was 967,000
and 54,000 tons, for 1982/1983. Domestic power stations consumed 482,000 tons
of LPG and pentanes which were injected into the fuel gas.

According to the fourth annual report issued by KPC for the fiscal year
1983/1984, KNPC is fully owned by the State of Kuwait and has an authorized
capital of KD 260 million and a paid-up capital of KD 260 million. Its fixed
assets are approximately KD 714 million, indicating added assets due to
expansion in the same fiscal year (1983/1984). The total crude throughput to
the three refineries was 170 million barrels (an average of 464,000 b/d). The
refined products amounted to 24.2 million metric tons, distributed as follows:
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Shuaiba 46 per cent; Ahmadi 30 per cent; and MAB 24 per cent. Production was
as follows: mnaphtha, 16 per cent; automotive gasoline, 0.8 per cent;
kerosene-aviation turbine, 8 per cent; diesel, 24 per cent; furnace fuel, 50.5
per cent; and other products (bitumen and sulphur), 0.7 per cent.

The approximate feedstock for the gas liquefaction plant was 180 BSCF and
the propane-butane output amounted to 1.8 million metric tons. The
distribution of @gales of refined products, according to destination
(1983/1984) was 26.3 million barrels for the domestic market (18 per cent) and
20 million metric tons for the export market (82 per cent). The exported
quantities of LPG were estimated at 1.41 million metric tons.

A breakdown of the distribution of sales for 1980 was igsued by the
Ministry of 0il and indicated 180,000 b/d for the domestic market (37 per
cent), 22,000 b/d for the Arab market (4.5 per cent) and 286,000 b/d for other
markets (58.5 per cent).

Liquefied gas export was estimated for 1980 at 2.27 million metric tons
the distribution of which according to destination was about 66,000 tons for
the domestic market (3 per cent), about 11,000 tons for the Arab market (0.5
per cent), and about 2.2 million tong for the other markets (96.5 per cent).

Hydrocarbon exports in 1983 totalled approximately 366 million barrels,
which is distributed as follows: 200 mn b/d crude o0il (54.6 per cent); 150 mn.
b/d refined products (41 per cent); and 16 mn b/d LPG (4.4 per cent). The
total value of all hydrocarbon exports was estimated at about $US 11 billion.
The approximate values of the exported refined products (except for sulphur)
are as follows: naphtha, #$850 million; aviation fuel, #40 million; kerosene,
$400 million; diesel o0il, $1 billion; marine diesel, $20 million; furnace
fuel, #$1.7 billion; and LPG, $380 million. The approximate percentage
distribution of exported refined products is as follows: naphtha 21 per cent;
aviation fuel 0.8 per cent; Kerosene 8 per cent; diesel oil 21.2 per cent;
marine diesel oil 0.4 per cent; and furnace fuel 48.6 per cent.

It is worth noting that the implementation of the KNPC refining programme
is made through a processing agreement between KPC and the three refineries
whereby KNPC acts as a profit centre. The integration of the three refineries
enables KNPC to minimize operating costs and yield losses, maximize process
unit utilization, increase energy conservation, optimize operations and secure
maximum utilization of manpower resoruces for planning and managing its
projects.

2.6.2 Petrochemical and fertilizers

Kuwait - has a petrochemical industrialization plan with regard to
establishing ammonia and nitrogen based fertilizer plants. The objectives of
this plan are to maximize the utilization of natural gas associated with
recovered crude oil, diversify sources for national income and ensure self-
sufficiency of fertilizers which play a ecrucial role in augmenting
agricultural output for the Arab and developing countries.

To put this plan into action, the Petrochemical Industries Company (PIC)
was created in 1963 with the aim of using natural gas, considered to be
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Kuwait's second most important natural resource, as a feedstock for production
of nitrogenous fertilizers. In 1964, a joint venture between PIC and foreign
partners was established. A chemical fertilizer complex was commissioned,
which embraces a liquid ammonia plant, a sulphuric acid plant, an ammonium
sulphate plant, and a urea plant. The first three plants were put onstream in
1966. The urea plant started production in 1967.

PIC undertook later, unilaterally, to establish two plants for ammonia
production and two plants for urea; all were commissioned during the period
1971-1972. 1In 1973, PIC acquired the foreign share and the full ownership of
all assets of the chemical fertilizer establishments in the Shuaiba area,
while having retained the fertilizer company as a separate legal entity.
Later, the fertilizer company was completely merged into the parent company
(PIC) which is completely owned by the State of Kuwait. In 1974, the
ownership of the plants for production of sodium chloride and chlorine was
transferred from the Ministry of Electricity and Water to PIC. These plants
were established in 1963 with the objective of producing chlorine required for
water treatment, in addition to hydrochloric acid and sodium hypochlorite.

PIC has an authorized capital of KD 130 million, a paid-up capital of KD
100 million, and total fixed assets of KD 105 million.

(a) Design versus actual capacity

The breakdown of actual and designed production capacity for PIC
during 1983/1984 is as shown below:

(in 000 MT)
Designed Actual Percentage
capacity capacity underutilization
Ammonia 990 357 38
Urea 792 549 61
Sulphuric acid 132 4.65 3.5
Sodium chloride, chlorine
and sodium hydroxide 60 38 66

Source: ESCWA, based on national sources.

The substantially reduced capacity in production of ammonia and urea is
attributed to the sharp cutback in crude oil production as set by the ceiling
imposed by OPEC. This curtailed the supply of associated natural gas which is
the source for hydrogen production required for ammonia and urea manufacturing.

The production capacity of chlorine and sodium hydroxide was 66 per cent
of their design capacity.

i
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(b) Destination and sales value

A breakdown of the distribution of sale of products manufactured by
PIC during the period 1983-1984 indicates 70,000 MT for the domestic market
(11 per cent), 5,000 MT for the Arab market (1 per cent), and 566,000 MT for
foreign markets (88 per cent). "

The total wvalue of the manufactured products destined for local and
export markets was KD 27.5 million which was distributed according to
destination in the following order: KD 4 million for the local market (15 per
cent), KD 0.6 million for the Arab market (2 per cent) and KD 23 million for
foreign markets (83 per cent). The products that are consumed locally are
either used as feedstocks for established industries such as melamine which
uses annually 55,000 tons urea, or as a chemical agent for water treatment in
refineries and power generation stations which consume annually 8,000 tons of
chlorine, 2,000 tons of hydrochloric acid and 10,000 tons of sodium
hydroxide. About 100 tons of liquid ammonia are consumed annually by the
Kuwait Industrial Gases Company. Consumption of the above chemical products
is expected to increase to reach 20,000, 40,000 and 10,000 tons for chlorine,
hydrochloric acid and sodium hydroxide respectively.

(c) New and envisaged projects

A new anmonia plant with an annual capacity of 330,000 tons was
commissioned in the third quarter of 1984. 1In addition detailed engineering
and civil econstruction work were completed for a new plant for production of
chlorine and sodium chloride, with a daily capacity of 75 and 150 tons,
respectively. The plant was due to be completed in the first quarter of 1986.

Expansion projected for the next five years includes a unit for
production of polypropylene (60,000 ton annual capacity). Propylene produced
from catalytic cracking of gas oil and delayed coking of low sulphur heavy
residues constitutes the feedstock to the polymerization unit.

A unit for the production of ammonium diphosphate is planned (330,000 ton
annual capacity), which consumes annually 70,000 tons of ammonia. PIC is thus
implementing a policy of forward integration whereby ammonia that is produced
by upstream units is consumed for the manufacture of urea and ammonium
diphosphate in downstream operations. The backward integration is implemented
through PIC utilization of natural gas and propylene produced from upstream
refining operations for the manufacture of ammonia and polypropylene
respectively.

2.7 Libyan Arab Jamahiriya

Ccrude oil production was at its peak in 1970, at 3.3 million b/d, and
then was reduced to a level of 2 million b/d in 1980. 1In 1985, Libyan
production reached 1.1 million b/4d.

2.7.1 0il refining

The first Libyan refinery was established in Mersa El-Brega in 1970 with
a 10,000 b/d capacity. In 1977 another refinery came onstream with a
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120,000 b/d capacity at Zawia which was expanded later on to reach 180,000
b/d. A third plant was completed in 1983 with a capacity of 220,000 b/d. Two
asphalt units were installed at Benpghazi and Zawia with a 3,600 b/d capacity.
A small refining plant wasg also established with a 20,000 b/d capacity in
1985. The Libyan Arab Jamshiriya is planning to reach a total refining
capacity of 672,200 b/d in 1987, with three new refineries due to be completed.

The Ras Lanuf refinery which was due for completion in 1984 was delayed
for more than a year due to failure to conclude term contracts. The refinery
started production by mid-1985, at a capacity of 120,000 b/d. The refinery's
products are for export since the Libyan Arab Jamahiriya is already
self-sufficient with respect to refined products. Ras Lanuf processes fuel
oil, gas oil, naphtha and kerosene.

In 1985 a $US 50 million turnkey contract was awarded to Tecnimont (a
subsidiary of 1Italy's Montedison Group), for the design and construction
management of a number of new additional wunits in the refinery, including
vacuum distillation, naphtha processing, hydrocracking, coking, calcination
and viscosity reduction units, all scheduled to be completed by 1990.

At present a petroleum coke plant with a capacity of 179,000 tons/year
is to be built by Marubeni of Japan at a cost of $1.25 billion. It will also
supply materials and equipment. Daewoo of the Republic of Korea 1is
responsible for the c¢ivil works, Belleli the mechanical and electrical
machinery, and the project management will be by Foster Wheeler Italiana. The
petroleum coke plant will include a vacuum distillation wunit, an LPG
extraction unit, and a fluid catalytic cracking unit; the entire plant will
cost $300 million.

0il refining average annual production capacity was 6.8 million tons in
1978 and 1979; it rose to 7 million tons in 1980, but declined in 1981 to a
level of 6.4 million tons. In 1984 it increased once again to reach a level
of 16 million tons.

2.7.2 Petrochemicals and fertilizers

The petrochemical development programme in the Libyan Arab Jamahiriya
consists of two major petrochemical complexes. The first complex is located
in Marsa El-Brega, and the second at Ras Lanuf. The Marsa El-Brega complex
was completed in twc phases; the first phase started operation in 1981 and
comprises a 1,000 tons/day methanol plant, a 1,000 tons/day urea plant, and a
1,000 tons/day ammonia plant.

The second phase of the complex was completed in 1985 and consists of a
1,750 tons/day urea plant, a 1,000 tons/day methanol plant, and a 1,000
tons/day ammonia plant.

The first phase of the Ras Lanuf complex was planned to come onstream
in 1986; it consists of a 50,000 tons/year low-density polyethylene unit, a
50,000 tons/year high density polyethylene unit, a 50,000 tons/year high
density polyethylene unit, a 50,000 tons/year polypropylene unit, a 52,000
tons/year ethylene glycol unit, a 58,000 tons/year butadiene unit, and a
330,000 tons/year ethylene unit.
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The design, project management and co-ordination of the second phase of
the complex was awarded to Tecnimont (of Italy) under a $50 million contract.

2.8 Morocco

Morocco's crude oil production declined in 1976 to reach 9,000 tons
compared with 42,000 tons in 1973, but then showed a gradual increase to reach
16,500 tons in 1984, The fluctuation in o0il production was due to the
depletion of some of the producing fields. Morocco's demand for crude oil is
met partially by its own production and partially by imports from Saudi
Arabia, Kuwait, Iraq and the Soviet Union.

2.8.1 0il refining

Morocco's oldest refinery was built in 1940 at Sidi Kacem; its capacity
is 1.1 million tons/year. 1Its second refinery is located at Mohammedia and
was launched in 1959; the refinery's capacity was 1.3 million tons, and was
raised to 6.75 million tons/year, due to the expansions which included a
300,000 tons/year hydro-desulphurization and gas separation plant, an olefin
unit capable of producing 150,000 tons/year of ethylene, a 300,000 tons/year
ATK unit, and a 700,000 tons/year reforming unit. These expansions were
finalized in 1980; in 1984 a lube 0il complex was added to the refinery on a
turnkey basis and at a cost of $140 million by Technip (of France), and
Technipetrol (of Italy).

Morocco has been self-sufficient in its domestic needs for refined
products due to its two refineries. 1Itg oil refining average annual capacity
rose from 3.6 million tons during 1978-1981, and inecreased gradually to reach
4 million tons in 1984,

2.9 Qatar

Qatar's natural resources are o0il and natural gas and construction
materials. The proven oil reserves are 3.3 billion barrels and the proven gas
reserves of the newly discovered North field are around 150 trillion cubic
feet, its probable pas reserves estimated at over 300 trillion cubic feet.
The development of the North field was initiated in June 1984 and it is
expected to be producing in 1988. The country's total population is 200,000
(1984) with 46 per cent below 15 years, and the active population 37 per
cent. The Qatari work force increased from 8,168 in 1970 to 16,267 in 1980.
The foreign work force constitutes more than 80 per cent of the total active
population. The petroleum and manufacturing industry sectors combined have
2,387 employees which was not more than 15 per cent of the Qatari work force
in 1980.

Qatar's o0il comes from the onshore Dukhan field, and offshore (3
fields) and the Bundug field which is shared equally with Abu Dhabi. At
Qatar's monthly OPEC production rate of 300,000 b/d the oil reserves would
last 40 years. In 1981 the production of natural gas increased by 91 per cent
because of the decrease in crude o0il production set in 1981 and its effects on
the production of associated gas. In the last four years, the Qatari domestic
demand has been short of gas which is wused as (1) feedstock for its
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petrochemical, fertilizer and iron and steel plants, (2) as fuel for
industries such as iron and steel, cement plants and for power generation and
desalination of water.

Total crude oil production in 1983 was 107 million barrels, and exports
were 102 million barrels, equivalent to 280,000 barrels a day slightly below
the OPEC-set 1limit of 300,000 b/d. In addition, 377,000 metric tons of
petroleum products and 194 billion cubic feet of natural gas were produced in
the same year.

The petroleum sector is the main contributor to GDP. It alone
generated 66 to 80 per cent of GDP in the period 1980-1983. O0il revenues
represented 89 per cent of the government income.

Qatar's policy since 1971 has been to stabilize and conserve crude oil
production, a depleting source of income, to take over, expand and control all
operations of its oil resource production base and marketing services, to
diversify the sources of national income, to create a balanced economy not
totally dependent on o0il production and sales, to invest o0il revenues for
expanding the country's productive industries, to build the needed
infrastructure in transport, communication, housing, water, energy,
electricity, education and health facilities, to increase agricultural
production and to better direct the trade, finance and services sectors in
Qatar.

To accomplish this, Qatar's Government was faced with the problems of a
shortage of local managerial and skilled manpower, limited local markets and
deficient infrastructure. Thus export orientation and import substitution,
capital intensive and low labour requirements, made up the criteria by which
Qatar sought to promote its industrialization process, since it enjoyed a
comparative investment advantage in addition to cheap -energy and raw
materials, mainly petroleum and gas.

Industrial development started in Qatar on a limited scale during the
1960s, and on an individual project basis. Tor both economic and technical
infrastructural reasons, during this stage few basic industries, such as oil
refining and chemical fertilizers, were developed.

With the increase of oil prices in 1973 and the availability of funds
to finance macro-projects, a more advanced stage of industrial development

started. The pattern of development by individual projects was considered
unsatisfactory if quicker and higher rates of industrial development are to be
achieved. Therefore, the pattern of industrial development according to

strategic plans was adopted, and a more integrated relationship between
industrial projects was planned, taking into consideration the establishment
of the required infrastructure mneeded for construction, and maintenance of
industrial projects, and the development of Qatari manpower which is needed to
achieve effective national control.

The coastal Umm Said site, an industrial complex some 35 miles (56
kilometres) from Doha, has been developed as the first focal point for
diversification, particularly in the case of heavy industry. The necessary
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infrastructure is under continuing development and a deep water industrial
port is in full operation, as are power and desalination plants. Other
facilities are provided, such as housing, roads, social and cultural
facilities for workers, and there are laboratories and maintenance workshops
for the industrial projects.

The petroleum based projects (refineries, QAFCO, LNG, QAPCO) and other
heavy industries, such as the iron and steel complex and the cement plant
established at Umm Said, are all highly capital intensive which is why the
Qatari Government had to take a direct role in the establishment of these
projects. The cost of the above-mentioned projects and infrastructure as of
1984 had consumed a State investment of 8,875 Qatar riyals.

The Industrial Development Technical Centre: The State's technical and
advisory authority in industrial diversification affairs and on major
industrial projects is the Industrial Development Centre, which was created in
1973 with the task of laying down development plans for the State of Qatar and
to supervise the implementation of the major industrial projects.

IDTC has been involved in the following activities: (a) planning
and executing the nationalization of the petroleum based industries; (b)
strengthening the Qatari inclination to take a greater part in the
industrialization process of the refining and the petrochemical industries;
(c) creating and supervising the oil refining and petrochemical companies in
the form of joint ventures with foreign partners, who own the process
licences, but have a minority interest in the operations of the projects plus
management and in some cases marketing agreements; (d) implementing industrial
integration between the different oil refining/petrochemical fertilizer plants
already existing and proposed expansion or downstream industries, exchanging
information and experience between local companies and co-ordinating training
of local manpower and exchange of experience.

IDTC has built up a team of local and Arab professionals, comprising 80
full-time staff. All are experts in related specializations. They include
experienced engineers, scientists and economists, of whom 80 per cent work on
the technical side, plus support personnel (for data bank, laboratories and
maintenance units) at Umm Said. This is complemented by a team of experts
from UNIDO whose composition changes with the requirements. IDTC also has a
standing consultancy agreement with a leading international firm in
engineering consultants, plus drawing as required, on world-wide sources of
information and expertise on an assignment basis.

Organizationally the Centre is composed of activity sections, general
management, experts and consultants, working groups, administration and
finance. The experts and consultants section is divided into four
subsections: research and other studies, geology and natural resources,
laboratories, surveys and design. The working group section is composed of
three subgroups - industrial safety and security, industrial marketing,
industrial contracts; their work interlocks with six other groups for
monitoring industrial production, and maintenance, for solar and renewable
sources of energy, for documentation and information, protection of the
environment from industrial pollution and for studying light and medium sized



Y-

industries. Through these units the Centre monitors production, operation and
processing performance of all major State-owned industries including QAFCO,
QAPCO, and the LNG plants.

Two main committees were formed, one for maintenance the other for
productivity control - the maintenance committee studies the possibilities of
preventive maintenance in all major industrial sites at Umm Said. The goal of
preventive maintenance is to secure successful long-term operations of plants
and to ensure the availability of spare parts and skilled personnel to solve
problems that cause frequent stoppages. The productivity committee monitors
the production data from the major projects, and a laboratory set up by this
committee tests samples of products as a quality control and operates a mobile
laboratory to serve the different companies. The committee studies their
problems and its experts participate in co-operation with the companies
technical staff in finding solutions and working to develop productivity
measures.

An example of the IDIC role is seen in the development of the
fertilizer (QAFCO 2) expansion programme, where it undertook detailed studies
and reviewed the preparatory stage of the project's expansion programme thus
contributing to key decisions; it also acted as a "technical support system"
for the ongoing operation of plants once built. IDTC has been actively
involved in dealing with the technical problems and in implementing various
improvements. In effect, the centre has made great efforts to 1link the
imported technology with the possibilities for promoting local technological
capacities and abilities. One effect of the interaction has been seen in the
recent rapidly rising trend of production efficiency in the plants involved.

At present IDTC is keen to encourage and promote the manufacture of
finished products using the outputs from the Umm Said heavy industries, such
as the plasties plant. Therefore we can summarize by saying that IDTC has in
the past 12 years acquired experience and Xknowledge in 11 project
identifications and on that basis undertakes feasibility and pre-feasibility
studies, participates in the negotiation of technical and financial analysis
of bids and contract agreements, plus process identification and selection,
(review of engineering construction quality, commissioning) and monitoring
ongoing operations in certain cases. All these abilities go under management
services. All other technological capabilities such as basic plant design,
detailed engineering designs, procurement and erection of equipment,
preparation of plant operation and start-up is mainly under the auspices of
the foreign partner. The experience of QAFCO and QAPCO indicates the role of
IDTC and the foreign companies role in the execution process.

Qatar General Pettroleum Company (QGPC)

QGPC was established in 1974, in accordance with mnational policy
adopted in Qatar in the 1970s, to undertake the new responsibilities and
become the holder of the Government of Qatar shares in the various petroleum
companies, of exercising national control over crude o0il operations,
production and refining, undertaking direct responsibility for marketing crude
oil, mnatural gas and petroleum products and keeping a close watch on
developments in the regional and international oil and natural gas markets.




—35-

The Qatari party in all aspects of the oil industry in Qatar and abroad,
including production, refining processing, transport and storage of these
products and their derivatives, undertakes the training and development of
Qatari manpower in the o0il and gas sector in order to ensure effective
national control in the long term.

In 1983 the paid up capital of QGPC was QR 3,557 m (1.1 billion US
dollars). Up to 1984, QGPC implemented jointly with foreign partners a number
of petroleum related projects in Qatar itself and participated actively on
behalf of the State of Qatar in Arab and foreign ventures.

In 1983 the number of employees at QGPC and its subsidiaries (NODOC,
QAPGO and QAFCO) numbered 5,553. Many Qataris at QGPC occupy the
decision-making positions and most management personnel are Arabs. In 1982,
27 Qatari university graduates were employed by the company and its subsidiary
industries. In the area of training, 29 trainees had training courses in
1982. Another seven of the Qataris employed continued their higher education
abroad in the same year. A number of Qataris have been trained as computer
programmers and operators through courses in the United Kingdom and Bahrain,
preparing them to work in the computer centre. QGPC has an engineering
section which acts as a project development department. The company uses
technical research facilities of other countries on the basis of joint or
co-operative research programmes as needs develop. The company has adequate
means of maintenance in terms of trained personnel.

QGPC has an in-house training centre, which it expanded recently. The
centre was established in 1963 by Shell Qatar Company. The training centre is
organized to train both high school graduates applying for employment with the
corporation, and in-house Qatari and other workers, periodically for upgrading
their skills and developing new capabilities. For new employees the centre
organizes technical training for three years divided into four scientific
studies and one period of on-site training. Training is in the mechanics of
production, electricity, drilling and maintenance. Following graduation, the
development of their capabilities is controlled by the development section in
the organization and they have the possibility to go abroad for further
training in similar companies.

2.9.1 0il refining

The National 0il Distribution Company was established in October 1968
to perform crude oil refining operations and local distribution of oil
products in Qatar. The paid up capital of the company is QR 40 million.
NODOC is a wholly owned subsidiary of QGPC. It owns the original refinery
plant which was established in 1953 by the Qatar Petroleum Company, with a
daily production of 600 barrels of kerosene, petroleum and diesel. In January
1972, NODOC signed an agreement with J. Ray McDermott, a United State company,
to build a refinery at Umm Said, with a name plate capacity of 6,700 barrels
per day. It was commissioned in 1975, the refinery was subsequently in 1977
expanded to a capacity of 11,500 b/d because of the continuous increase in
national consumption. This enlargement brought the total refined products to
12,000 b/d which was still below the local demand by about 6,000 b/d.
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In response to the persistent deficit in national output in relation to
national demand, studies were launched in 1974 for an export oriented refinery
with a designed capacity of 50,000 b/d. This refinery was built by Technip of
France, the agreement signed in 1980, on a fixed cost basis (turnkey) cost $uUS
137 million. The consultation work for the plant was done by Kellogg
International and the structural engineering done by 1India's Dodsal. The
factory was inaugurated in TFebruary 1984, The total designed capacity
expanded to 62,000 b/d. The design of the new factory allows for further
expansion without major modification.

In 1983 the total output of refined crude products reached 377,014
tons, including butagas Xkerosene, jet fuel and diesel oil. The local
consumption exceeded production, an additional quantity of 191,425 tons was
imported that year, but in 1984 Qatar stopped all imports of jet fuel,
liquefied petroleum, gas, Xerosene, diesel and fuel oil due to surplus
production.

The refineries are at Umm Said. The second refinery was built close to
the older refinery, to which it is now linked and operated jointly as a single
unit. This has decreased the cost of operations and maintenance. The
products of the new refinery include LPG, gas oil, regular and octane
gasolines, jet fuel and kerosene.

QGPC has previously prepared with the co-operation of the refinery
management and the executing contractors Technip, a detailed training
programme for the Qatari engineers working for the project, on site and abroad
to give them the necessary skills and experience in the operation and
maintenance aspects. The first refinery had a staff of 292 in 1979. At
present the two refineries are run 100 per cent by a Qatari and Arab work-
force. ‘ ,

In March 1971 Qatar started a large QGPC project, for the processing
and export of natural gas liquids (NGL) based on the associated gas produced
at the onshore Dukhan oil field. The project was commissioned in early 1975,
NGL.1 and its products were mostly exported. A fire in early 1977 destroyed
most of the fractionation and storage facilities. It was decided to
reconstruct on the same site at Umm Said and the reconstructed plant was
commissioned in 1980. This unit has a daily production capacity of 1,290 tons
of propane, 850 tons of butane and 850 tons of condensate as natural
gasoline. 1In addition the plant has a production capacity of 350 tons per day
of ethane rich gas and 4 million cubic metres of methane rich gas. The ethane
rich gas is used in the petrochemical complex of QAPCO. Production started at
the NGL.1 factory in 1981. NGL.1 was constructed by Shell International
Petroleum Maatschappij (SIPM).

In the same period (1980), Qatar's second LNG plant was commissioned,
based on the associated gas recovered in the offshore oil fields and piped to
Umm Said on the mainland. It has a daily production capacity of 1,080 tons of
propane, 900 tons of butane, 900 tons of natural gasoline and 1,145 tons of
ethane rich gas. The second unit was built by Mitsubishi Corporation and
Chiyoda Chemical Engineering and Construction Company. The NGL.1 plant is
operated by the onshore Dukhan Service Company (DSC), and the NGL.2 by Qatar
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Shell Company. 1In 1981, only 1.1 million barrels of NGL were produced. The
total production of the NGL complex in wunits of ethane rich gas, butane,
propane and natural gasoline condensates was 0.8 million tons in 1982, 1.1
million tons in 1983, and 1.43 million tons in 1984. Local consumption in
1984 reached 638,742 tons and sales were 745,160 tons, the main market being
Japan.

To develop the enormous reserves of natural gas in Northfield, Qatar
QGPC signed in June 1984 a joint venture tripartite agreement with British
Petroleum and the Companie Francaise des Petroles (CEF Total). QGPC has 85
per cent of the shares. The two companies will participate in the development
of the field and in the marketing of LNG. The proven reserves of 150 trillion
(and probably of 300 to 400 trillion) cubic feet are estimated to make up some
10 per cent of the world's total gas reserves. The cost of the development
plan is estimated at QR 6 billion to be spent over a period of eight years.

Initially it was intended to set up offshore platfornms, drilling
facilities and pipelines for transporting raw gas from the field to shore.
The plan includes the construction of a liquefaction plant and a shipping
terminal south of Umm Said. 1In the first phase of development the plant will
produce 2.4 trillion cubic feet of petroleum products, the second will produce
6 million tons annually of LPG products for export. The first phase is
expected to be completed in 1988, and the second in 1990. BASF chemicals and
its subsidiary Winter Shell (a Federal Republic of Germany company) have
completed a feasibility study for developing the project, and the United State
company Fluor Inc. was chosen to provide consultancy work, such as detailed
facility definitions, planning and design of the NGL stripping facilities for
phase I, which was to be completed in 1985. TFlour would also provide staff to
work on the job.

2.9.2 Tertilizers

Established in Qatar in 1969, QAFCO was the first petroleum project
which was a Qatari limited liability company with the objective of building
and operating a nitrogenous (ammonia/urea) fertilizer plant, using the
associated gas from the onshore Dukhan oil field which was previously flared
and wasted.

QAFCO is a joint venture (direct investment) project, between QGPC (75
per cent share) and Norsk Hydro of Norway (25 per cent). Its present
authorized capital is QR 100 million, in addition to its paid up capital,
while its total assets are QR 1 billion.

QAFCO's first nitrogenous (ammonia/urea) plant began production in 1973
and was built at a cost of QR 360 million. The second plant, which has the
same capacity, started production in 1979. The total designed capacity of the
fertilizer complex (QAFCO, 1 and 2) is 594,000 metric tons for ammonia, and
660,000 metric tons for urea. The fertilizer complex total investment reached
QR 1,360 million (#$373.6 million). It is an export oriented project, since
the local consumption is satisfied by only 10 minutes production time (in 1983
it was 1,377 tons).
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In 1980 and 1981 actual production of both plants (QAFCO 1 and 2)
accounted for 77 per cent of designed capacity in the case of ammonia and B89
per cent in the case of urea. In 1982 QAFCO 1 achieved 85 and 91 per cent of
the designed capacity in the ammonia and urea lines respectively. The same
units of QAFCO 2 achieved 93 and 110 per cent respectively. 1In 1983 the
production in ammonia went up by 110 per cent and 3.5 per cent in urea. The
production in 1984 was 734,022 tons of urea and 631,759 tons ammonia, which
shows a great improvement in 1983 production of 683,000 urea and 586,000 of
anmonia; this is attributed to operating efficiency and appropriate supplies
of gas.

In 1984 QAFCO exported 201,589 tons of ammonia and 717,146 tons of urea
(two thirds of the ammonia produced is used in urea production). The exports
are sent to the Arab world (Jordan, Morocco, Oman) and other countries
including the United States, China and India. Though its operational
efficiency is high and all products are sold to world markets, the profits
went down from QR 174 million ($47.8 million) in 1981 to QR 138 million ($37.9
million) in 1982 and QR 120 million (#$33 million) in 1983, reflecting
world-wide depressed fertilizer prices.

Technical development in the complex was planned in 1982 to build a
$2.1 million computerized control system for the first ammonia and urea plant,
to be installed in 1985, and the QR 20 million ($5.5 million) gas sweetening
plant to remove the sulphur content from the offshore gas supplies, in order
to make associated gas more suitable for processing at the fertilizer plant.

2.9.3 Petrochemicals

The Qatar Petrochemical Company (QAPCO) was established in 1974, with
the objective of building an export-oriented plant to manufacture ethylene and
LD polyethylene from ethane rich gas, (produced by the Qatari NGL plant).
Sulphur is produced as a by-product. In 1984 QAPCO capital was $119% million.

For the establishment of QAPCO, the Qatari Government entered in June
1974 into a protocol of association with two French companies, CDF Chimie and
Gasocean. QGPC in 1975 took over the Qatar Government shares (80 per cent)
and in 1976 took over the Gasocean shares. In 1977 QAPCO entered into
commercial contracts with four prime contractors and specialized engineering
firms for the construction of the complex.

. Teching (France) the ethylene plant.

Coppee Rust (Belgium) low density polyethylene plant.

Turbo Tecnia (Italy) the steam and power plant.

Japan Gasoline Corporation (Japan) the general off-site facilities.

&N

Actual construction started in 1977 and the complex went on-stream in
January 1981. QAPCO cost was QR 2,500 million ($687 million). The designed
capacity of the plant is 280,000 tons/year ethylene and 140,000 tons/year low
density polyethylene, and 50,000 t/year sulphur.

Actual production in the period 1981-1984 was as follows:
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Ethylene(t/y) LDPE (t/y) Sulphur (t/y)
1981 112,300
1982 126,000 120,000
1983 164,000 144,000 19,000
1984 204,000 159,000 33,264

The sales in 1983 and 1984 were:

Ethylene(t/y) LDPE (t/y) Sulphur (t/v)
1983 7,000 132,000 25,000
1984 64,130 151,921 23,000

The main destinations of gales (1983) were Saudi Arabia and China for
LD polyethylene, 1Italy for ethylene and Greece for sulphur.

Since operations began in 1981, QAPCO has lost money, partly because of
falling oil production in Qatar which had reduced the amounts of gas feedstock
available and partly because of technical problems with the gas lines linking
the plant with the two LNG plants at Umm Said.

QAPCO has been producing at one half of its designed capacity in
ethylene, which is used for the production of low density polyethylene and
therefore there was no surplus ethylene for export. Because of a shortage in
feedstock resulting in a decreased output, QAPCO cancelled bids for a 70,000
t/y high density polyethylene plant.

To solve partially the problem of feedstock QAPCO awarded in February
1984 Cdr Chimie of France a QR 200 million ($55 million) contract to design,
supply and install an ethane recovery plant (a turbo expander) at the QAPCO
petrochemical complex. The new unit will increase QAPCO ethane feedstock by
500 tons/day to 1,100 tons/day upon its completion in 1985. (The plant in
1984 was running at 60 to 70 per cent of its designed capacity).

2.10 Saudi Arabia

2.10.1 General

Saudi Arabia is the world's largest oil exporter and was a founding
member of OPEC. 0il was discoverd in the country in 1938, but large-scale
development of oilfields began only after the Second World War. The country
has the largest proven oil reserves, in the world, estimated at 168.03 billion
barrels (1980).

As can be seen from the table, Saudi Arabia is gradually decreasing its
oil production, even below its sustainable capacity, which is estimated at
between 10 and 12 million b/d.

0il production figures for 1980-1984 are as follows:

1980: 10.0 million b/d
1981: 10.0 million b/d
1982: 8.5 million b/d
1983: 5.0 nillion b/d
1984: 4.2 million b/d
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Besides political and economic reasons there are also technical factors
in favour of reducing oil output. First, Saudi Arabia's proven reserves of
light o0il are being depleted more rapidly than those of the medium and heavy
varieties. The country is trying to change their 65/35 export mix to a 50/50
ratio. Such a ratio would mean a production of about 6 to 6.5 million b/d

unless plans to increase heavy o0il production were implemented. Secondly,
Saudi Arabia's Master Gas System - a $20 billion project for the gathering of
natural gas - cannot absorb associated gas output beyond approximately 7.3

million b/d of o0il output. Additional output of associated gas would have to
be flared and wasted.

The Arabian American 0il Company (ARAMCO) produces about 96 per cent of
the country's total production from its five areas of operation totalling
220,000 sq kms in the eastern area of the Kingdom. The remainder is produced
by Getty O0il and the Arabian 0il Company (offshore). Crude oil production in
1980 was divided as follows over the three existing companies:

ARAMCO 3,525.1 million barrels
Getty 0il 28.5 million barrels
Arabian 0il 69.9 million barrels
Total 3,623.5 million barrels

This constituted 16.6 per cent of world production.

The principal ARAMCO oilfields are at Abqgaiq, Ain Dar, Dammam and
Ghawar. Offshore fields are Safaniya, Aba Sa'fah and Berri.

Natural gas reserves were estimated at 3,433 billion cu m in 1983. Net
production in 1981 totalled 52,382 million cu. There is an NGL plant at
Abgaiq and an LNG plant at Ras Tanura.

The Master Gas System (MGS) 1is designed to provide fuel gas for

industry, power generation and water desalination. It will also provide
ethane as feedstock for petrochemical complexes at Al-Jubail and Yanbu and
propane, butane and natural gasoline for export. The project, which is

implemented by  ARAMCO, comprises the following gas processing and
fractionating plants:

(a) NGL centres: Berri NGL 54,000 bl

Methane 400 mn cu f

Shadqum Feed 1,500 mn cu f
NGL 160,000 bl
Ethane 780 mn cu £

Othmaniyah Feed 1,400 mn cu f
Methane 525 mn cu f
NGL 305,000 bl

(b) Fractionating plants:
Juaymah (Jubail) ethane/NGL 300,000 bl
Yanbu ethane/NGL 270,000 bl
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The development of the petroleum-based sector of the Saudi industry is
the responsibility of four organizations:

The Royal Commission for Jubail and Yanbu

The Saudi Basic Industries Corporation (SABIC)

The General Petroleum and Minerals Organization (PETROMIN)
Arabian American Oil Company (ARAMCO)

The Royal Commission is responsible for building the infrastructural
facilities in Jubail and Yanbu, the two sites selected on the east and west
coast, respectively, to locate basic industrial projects. PETROMIN will set
up a number of new o0il refineries and a cross-country pipeline to supply the
Yanbu projects with crude. SABIC is preparing and implementing a number of
petrochemical and iron and steel projects in co-operation with several foreign
firms specializing in these areas. The activities of these organizations are
briefly described in the following.

Royal Commission for Jubail and Yanbu

Its objective is to develop the two industrial cities, Jubail and
Yanbu, and to provide all the infrastructural facilities required by the
industrial projects wundertaken by SABIC and PETROMIN. The infrastructure
programme for each city includes the construction of an airport, seaports,
utilities, telecommunications, water desalination plants, a sea-water cooling
system, bulk material handling and storage facilities, site preparation for
industries, a comprehensive network for commercial facilities and permanent
community facilities such as schools and hospitals. The industrial plan
foresees the setting up of 17 primary industries, 136 secondary industries and
over 100 tertiary industries by the year 2000. Once into full operation,
these industries will create 140,000 new jobs.

The total population of Jubail is planned to be 300,000 by the year
2000 while the total population of Yanbu is expected to be 150,000 in 2006.

The two huge development projects are being managed by two different
companies, with involvement of national companies.

The Jubail programme 1is being managed by the Saudi Arabian Bechtel
Company, a joint venture between the United States Bechtel Corporation and the
local Olayan Group.

The Yanbu programme is managed by Saudi Arabian Parsons, the local
affiliate of the United States Ralph M Parsons Company. It includes an NGL
fractionation plant, domestic refinery, export refinery and a petrochemical
complex. A 400-hectare site is being prepared for secondary industries. The
feedstock for primary industries at Yanbu, 350 km north of Jeddah, is piped
across the Kingdom. For this purpose, a 1,270 km pipeline, the East-West
Crude 0il Pipeline (Petroline) links the Ghawar o0il field in the eastern
province with the port of Yanbu. Its throughput is 1.6 million b/d, which can
be upgraded to 2.3 million b/d. It was completed in 1981 by the United States
Mobil Overseas Pipe Line Co. (cost $1,600 million). Aramco has also completed
the construction of a high pressure pipeline for transporting NGL from Shedgum
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to Yanbu. The capacity of this 1,170 km long pipeline is 270,000 b/d of NGL
and ethane.

Jubail's 1,150 hectare site for secondary industries receives its
natural gas from eastern province oilfields.

Another 240 km pipeline links the Khurais field with the Riyadh
refinery. 1Its capacity is approximately 300,000 b/d.

The development of the two complexes is facilitated by very
advantageous electricity, water and land prices. For instance:

Electricity SRls 0.07 or $0.52/kWh (one fourth of generating cost)
Land SRls 0.08 or $0.03/sq m.

Water rate SRls 0.25 or $0.10/cu m.

PETROMIN

PETROMIN was set up in 1962 and is responsible for implementing and
administering public projects for petroleum and minerals; importing raw
materials needed, conducting studies; conducting petroleum and mineral
operations such as exploration, production, refining, transportation and
distribution, and co-operating with private companies in the same field. The
distribution of o0il products domestically is also controlled by Petromin.

It has also undertaken a huge project for gas gathering, treatment and
transportation (GTT) with ARAMCO being responsible for construction. This
scheme will produce the following:

Sulphur 4,000 t/d
Methane 2 bln m3/yT
Ethane 0.37 bln m3/yT
LPG 375,000 b/d

SABIC

SABIC was established by Royal Decree in 1975 to set up, operate and
market the products of basic industries, based upon local hydrocarbon and
mineral resources, as well as other downstream and supporting industries. As
an initial step it invested SRls 38,000 million (1983 prices) in a first group
of industrial projects and will require a total of about 7,000 employees of
all categories.

The oldest SABIC industry is the Saudi Arabian Fertilizer Company
(SAFCO), established in Dammam in 1964. Since 1981 it has been producing
300,000 t/y of urea. SAFCO also markets Samad output.

The first three new joint ventures coming into operation and their
investment costs were as follows:

Saudi Iron and Steel Company (Hadeed) SRls 3,196 million
Saudi Methanol Company (Ar-Razi) SRls 900 million
Al-Jubail Tertilizer Company (SAMAD) SRls 977 million
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Under construction and/or near completion are:

National Methanol Company (Ibn-Sina) SR1s 1,468 million
Saudi Petrochemical Company ( SADAT') SRls 9,963 million
Saudi Yanbu Petrochemical Co. (Yanpet) SRls 7,876 million
Arabian Petrochemical Company (Petrokemya) SRls 3,055 million
Al-Jubail Petrochemical Co. (Kemya) SR1ls 4,480 million
Eastern Petrochemical Co. (Sharq) SRls 4,936 million
National Industrial Gases Co. (GAS) SRls 415 million
National Plastic Co. (Ibn Hayyan) SRls 1,333 million

Total investments..................... SRls 38,599 million

SABIC has started preparing for a second group of industries, which are
downstream and supportive to its basic industries. They are meant to provide
feedstocks for existing national industries, or to encourage new ones to be
set up. As it is formulated in the Five Year Plan these industries are "to
provide horizontal integration in production, which will consequently serve
Saudi consumers and foreign markets with goods in high demand".

These industries include the industrial gas plant project referred to
above (GAS) and a VCM/PVC project. The latter joint venture company (Ibn
Hayyan) will start production in 1986. The feedstocks for this plant will be
ethylene dichloride and ethylene, produced by SADAF and PETROKEMYA.

SABIC has also undertaken the final economic feasiblity study for an
MTBE*, butene-1 and butadiene plant at Al-Jubail, to be built in conjunction
with Aqip (I) and Neste Oy (Finland).

The plant was established in 1985 as the Saudi European Petrochemicals
Company (Ibn Zahr). It has a 10 per cent Finnish share and its production
will be:

MTBE 500,000 tpa
Butadiene 124,000 tpa
Butene-1 80,000 tpa

Furthermore there are plans for fertilizer, metals, plastics and other
petrochemical industries, requiring an estimated capital investment of SRls 16
billion, as follows:

Petrochemical SRls 8,415 million
Metals SRls 3,000 million
Plastics SRls 2,546 million
Fertilizers SRls 1,093 million
Other products SRls 695 million
Research and development SRls 453 million
Administrative buildings SRls 200 million

Total investment SRls 16,400 million

* MTBE is an agent used to upgrade the octane level of petrol.
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The products of the first generation of SABIC industries are:

Ethylene 1,600,000 MT/y
Chenmical grade methanol 1,250,000 MI/y
Ethylene glycol 520,000 MT/y
Ethylene dichloride 454,000 MT/y
Styrene 295,000 MT/y
Ethanol 281,000 MT/y
LLDPE/HDPE 700,000 MT/y
Caustic soda 377,000 MT/y
Urea 830,000 MT/y
Rods and bars 940,000 MT/y
Oxygen 438,000 MT/y
Nitrogen 146,000 MT/y
Vinyl chloride monomer 300,000 MT/y
Polyvinylchloride 200,000 MT/y

The following table gives the name(s) of the partners of SABIC in the
joint venture:

Joint venture partner of SABIC Partner share
(percentage)
Hadeed (Jubail) Deutsche Entwicklungsgesellschatt (DEG) 5.5
Kort Stabl (FRG)
Ar-Razi (Jubail) Mitsubishi Consortium (Japan) 50
Ibn-Sina (Jubail) Celanese/Texas Eastern (USA) 50
SAMAD (Jubail) Taiwan Fertilizer Co. (Taiwan) 50
YANPET (Yanbu) Mobil 0il Corporation (USA) 50
Kemya (Jubail) Exxon Corporation (USA) 50
SADAF (Jubail) Pecten Arabia Ltd. (Shell 0il Co.) (USA) 50
PETROKEMYA (Jubail) None
SHARQ (Jubail) Mitsubishi Consortium (Japan) 50
SAFCO (Dammam) None, Saudi employees 10 per cent other
Shareholders 49 per cent
GAS (Jubail) Seven Saudi gas companies 30 %
Ibn Hayyan (Jubail) Lucky Group (Republic of Korea) 15 %

2.10.2 0il refining industry

Saudi Arabia's oil refining capacity in 1984 was put at 2,045,000 b/d
with most of it at the ARAMCO Ras Tanura Refinery (cap. 738,000 b/d). Other
refining centres are Jeddah, Mina Saudi, Khafji, Riyadh and the PETROMIN
Shell Facility at Al-Jubail.

Plans for four major new refineries are under consideration and these
will add a total of 800,000 b/d to refining capacity.

In addition a number of refineries have been expanded and modernized.
The first one was the Riyadh Refinery, which is now able to run at 6 million
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tons a year. Since this capacity is not enough to satisfy local demand, a
new refinery at Suraidah will be built, with a capacity of 7.5 million tons a
year. This refinery serves the central province. Start-up was scheduled for
1986-1987, but latest information indicates that this project has been
rescheduled.

In the western region a refinery was built at Yanbu (cap. 7.7 million
tons a year). This one will be of the hydroskinmning type in order to produce
fuel oil for bunkering services and desalination plants in the area. This
project also seems to have been postponed.

All refineries have the following basic product-mix, with slight
variations depending on the crude oil used: LPG, naphta, gasoline, kero/jet,
diesel oil, fuel oil and asphalt.

The following table gives an overview of Saudi Arabia's refineries,
with information on its capacity and labour force.

Name Location Employees Capacity
(000 b/4d)
PETROMIN-Shell Refinery Company Jubail 645 250
PETROMIN-Mobil Company Yanbu 706 150
PETROMIN Refinery Company Rabigh 515 325
Yanbu Refinery Yanbu 509 170
Riyadh 0il Refinery Riyadh 400 120
Mina Saud Neutral zone No data 55
Al Khafji Neutral zone No data 33
Buraydah No data 160
Shakaikh No data 160
Jeddah 0il Refinery Jeddah 556 100
Ras Tanara Ras Tanara No data 745

Furthermore, there are a number of lubricating oil refineries in Riyadh,
Jeddah and Al-Jubail.

The Saudi Arabian Fertilizer Company (SAFCO), established in 1965, is 41
per cent owned by SABIC. It produces urea (330,000 tpa) and sulphuric acid
(100,000 tpa); this plant had many technical problems after its establishment,
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resulting in poor performance in production output. Actual output was far
below designed output. lowever, after a thorough review of the bottlenecks in
the equipment, new investments led to a substantial increase in output and
SAFCO is now producing at over 100 per cent capacity utilization. SAFCO is
also responsible for marketing the output of SAMAD.

A new ammonia plant at Al-Jubail is planned by SABIC and SAFCO (cost $200
million to $250 million), with a capacity of 1,500 t/d. This plant will come
onstream in 1987 and engineering and feasibility studies were supposed to be
completed before the end of 1984.

Future expansions are foreseen for nitrogen phosphate potash (NPK) and
purified terephtalic acid (PTA), used in polyester manufacture.

At the end of 1984 a 20,000 tpa melamine plant began operation at the
Dammam complex. Its output is mainly for export.

The Saudi Methanol Company (Al-Razi), located in Jubail, is one of the
first SABIC plants to start operation. It has a designed capacity of 600,000
tpa of chemical grade methanol.

SAMAD, the Jubail-based Fertilizer Company, was established in 1979 and
produces 500,000 tpa of urea and 330,000 tpa of ammonia. The production of
this plant goes partly to meet the needs of the local agriculture. SAFCO is
marketing the output of SAMAD.

Plans already exist for a new 500,000 tpa ammonia plant, which will
mainly produce for the export market.

The Saudi Yanbu Petrochemical Company (YANPET) started production at the
end of 1985, and the complex comprises production units for 455,000 tpa
ethylene, 220,000 tpa ethylene glycol, 205,000 tpa LLDPE and 91,000 tpa HDPE.

The Al-Jubail Petrochemical Company (Kemya) was established in 1980, with
a designed capacity of 260,000 tpa of LLDPE. Most of its production is
intended for export, but a portion will be directed to the domestic market.

Another petrochemical company at Jubail is the Saudi Petrochemical
Company (SADAF). This is the largest SABIC project, and this complex includes
the production of:

Ethylene 656,000 tpa
Ethylene dichloride 454,000 tpa
Styrene 295,000 tpa
Ethanol 281,000 tpa
Caustic soda 377,000 tpa

Part of the ethylene production (38 per cent) will be directed to the
Kemya plant. '

A 650,000 tpa methanol plant is wunder construction as the National
Methanol Company (Ibn Sina).
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The Arabian Petrochemical Company (PETROKEMYA), is another ethylene
plant under construction. Its output will be 500,000 tpa of ethylene and
260,000 tpa of LLDPE. This will feed the SHARQ petrochemical complex. SHARQ
owns 46 per cent of the ethylene to be produced here. The remaining part is
ownedd by PETROKEMYA.

Part of the production will also be used by the nearby Ibn Hayyan
plastic plant, presently under construction. PETROKEMYA owns 50 per cent of
the ethylene glycol plant under construction at the site of the SHARQ project.

The Eastern Petrochemical Company (SHARQ) has a designed production
capacity of 300,000 tpa ethylene glycol and 130,000 tpa LLDPE.

The National Industrial Gas Company (GAS) was jointly established the
SABIC (70 per cent) and a number of Saudi companies (30 per cent), engaged in
the field of industrial gases. The plant will produce 1,200 MT of oxygen and
400 MT of nitrogen daily to meet the needs of SABIC, PETROMIN and other
industries in the Al-Jubail area.

The National Plastic Company (Ibn layyan) was established in 1983, and
its output will bde 300,000 tpa VCM and 200,000 tpa PVC. Production is
scheduled for 1986.

The feedstock ethylene comes from the PETROKEMYA plant and the ethylene
dichloride from SADAF. The output of this plant will be used as a primary
material in the manufacture of plastic, cables, artificial leather etec. VCM
will mostly be used to produce PVC; however, surplus VCM will be sold in
export markets.

2.11 Syrian Arab Republic

The Syrian Arab Republic has formulated Five-year Development Plans
since 1960. The industrial sector has always been given high priority in its
allocations, as can be seen from the following table presenting the
allocations to the manufacturing industry sector during the three consecutive
plans.

As can be seen, mnearly 20 per cent will be spent on the further
development of the o0il refining industry, besides additional investments in
new projects out of the lump sum allocation. Also the development of the
chemical industry sector has been allocated a relatively important share of 11
per cent.

2.11.1 0il refining

There are three main petroleum-based industries in the Syrian Arab
Republic. They are as follows:

(a) Homs 0il Refinery Company
(b) Banias 0il Refinery Company
(c) General Company for Fertilizers (lloms)

. 0of these organizations is described below:
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Table 2.2 Allocations for the Third, TFourth and Fifth Development Plans
in the Syrian Arab Republic

Third Plan Fourth Plan Fifth Plan
1970-1975 1975-1980 1981-1985
allocations allocations allocations
Industrial branch (Million of Syrian pounds) a%* Lt
~ Vocational training 4.4 71.0 141.7
— Industrial testing 12.6 10.1 25.6
and research
- Management development 8.1 3.0 13.6
and productivity
-~ Textiles 204.4 1,228.0 890.71
- Engineering 115.1 673.3 177.4]
~ Chemical 207.0 3,402.4 748.5]
- Food processing 70.4 163.5 79.8]
- Sugar 10.1 617.4 244.8]
— Portland cement and 150.0 2,570.6 951.2] 4,050.2
building materials
— Tractors and agricultural 97.3 1,500.0 34.5]
implements
— Flour mills and bakeries**x 66.0 361.0 1,817.3])
- Tobacco*** 37.0 136.0 79.71
- 0il refining**x* - 1,429.2 1,290.0)
6,794.8 4,050.2
a+b
TOTAL 982.4 9,386.3 10,845.0

Source: ESCWA, based on national sources.

* Allocations corresponding to the basic stage (for existing establishments
and projects under execution).

*% Lump sum allocation, to be distributed to new projects.
*%% Not under the Ministry of Industry.

(a) Homs 0il Refinery Company

This refinery was established in Homes in the late 1950s and started
production in 1959. 1Its production capacity was 1 million tons of crude oil
per year. It was designed and built by the Czechoslovak company Technoexport.

At first the crude oil was imported, but after the discovery of oil in
the country and its exploitation on a commercial basis, a mixture of the
locally produced heavy crude o0il and the lighter imported crude was fed to the
refinery.
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Under the various economic and social development plans that were
implemented in the early 1960s, the refinery underwent six expansion schenes,
whereby its capacity was increased fivefold to reach, under the present Five
Year Development Plan 1981-1985, 5.2 million tons of crude o0il per year.

Forward linkage exists between the Homs Refinery and the Fertilizers
Company, in that the former supplies the main raw material for nitrogen
fertilizer production, mnamely, naphta. However, this linkage is expected to
be interrupted in 1986, when the natural gas and associated gas exploitation
project will be completed. Thus the fertilizer company will then switch from
naphta to natural and associated gas.

(b) The Banias 0il Refinery Company

The Banias 0il Refinery was established as one of the main projects of
the Fourth Five Year Plan for Economic and Social Development, 1976-1980. The
Refinery was designed and constructed on a turnkey basis by the Rumanian
company Industrial Export. Construction work began in 1975 and trial runs
were started in 1979. The refinery entered the actual gphere of production in
1982. 1Its capacity is 6 million tons/year of crude oil. The location of the
refinery in Banias, on the Mediterranean Sea, between the ports of Tartus and
Lattakia, constitutes an asset in connection with importation of crude oil and
exportation of some final products, like benzine and fuel o0il, by maritime
transport. The sources of technology applied in the refinery are: Rumanian,
Tederal Republic of Germany and American.

2.11.2 Fertilizers

The General Tertilizer Company is located in Homs and includes the
following three plants:

(a) The calcium anmonia nitrate plant
(b) The ammonia-urea plant
(c) The triple superphosphate plant

A brief review of each plant is given below:

(a) The calcium ammonia nitrate plant

Originally this plant was to be built by the Soviet organization
Nephtechim Promexport in the early 1960s. After long negotiations with the
said organization, during which other suppliers were contacted, an agreement
was reached whereby the main units of the plant were to be furnished as
follows:

— The nitric acid unit, with a design capacity of 8,700 tons/year of
100 per cent nitric acid: supplied by Nephtechim Promexport;

— The ammonia wunit, with a design capacity of 150 tons/day or 50,000
tons/year: supplied by the Italian firm Snamprogetti, following the Casale
System;
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- The calcium ammonium nitrate unit (CAN) with a design capacity of
148,000 tons/year: supplied by the Czechoslovak establishment Technoexport.
This nitrate had a 26 per cent nitrogen concentration; in early 1984 the
nitrogen content of the nitrate was raised to 30 per cent.

Civil construction was undertaken by the General Establishment for
Execution of Industrial Projects, a Syrian public sector enterprise, with the
assistance of foreign consultants.

The project was started in 1965 and production commenced in 1972.
Plant production never reached the design capacity, and has been in the range
of 115,000 to 120,000 tons per year.

(b) The ammonia-urea plant

The Ammonia-Urea Plant was established as one of the main
jndustrial projects of the Fourth Five-Year Development Plan 1976-1980. The
project was contracted as a turnkey job to the French firm Creusot-Loire
Enterprise. The contract entered into force on 30 November 1975. The
production of the plant is as follows:

- 1,000 tons/day of ammonia by the Kellogg process, of which 60 per
cent would be consumed in urea production, thus leaving 400 tons/day of
ammonia.

- 1,050 tons/day of urea by the Stamicarbon process.

Naphtha, one of the main raw materials needed by this plant, as well as
by the Calcium Ammonia Nitrate Plant, is supplied by the Homs Oil Refinery.

As mentioned above, once the natural associated gas exploitation
project, at present under execution, is completed, nitrogen fertilizer
production will be switched from naphtha to natural and associated gas. This
was planned for 1986. The project was completed in late 1979 and production
started in late 1980.

(¢) The triple superphosphate plant

This plant was also established as one of the main projects of the
Fourth Five-Year Plan 1976-1980. The project was contracted on a turnkey
basis to the Rumanian firm Industrial Export. The contract entered into force
on 4 June 1975.

The production capacity of the plant is 450,000 tons/year of triple
superphosphate. Actual production started in late 1981; in 1984 triple
superphosphate production was 191,000 tons.

2.12 Tunisia
0il crude production reached 5.54 million tons in 1983, but fell to

5.49 million tons in 1984. El-Borma and Ashtart are the two main producing
oil fields. Output at El-Borma reached 3.4 million tons in 1984, while it




-51-

dropped in Ashtart from a peak of 2 million tons in 1979 to 1,284,000 tons in
1984, due to the failure of water injection systems in the field. Tunisia
imports crude oil mainly from Saudi Arabia.

2.12.1 0il refining

Tunisia depends mainly on the Bizerte refinery for most of its demand
for refined products. The refinery's capacity was raised from 34,000 b/d to 3
million tons/year in 1985, due to expansions that cost $20 million.

Tunisia's demand for refined products is much larger than what it can
produce locally; it imports its needs from Italy and Greece. Its refineries
output met only 53 per cent only of local demand in 1983.

Consumption decreased by 4.8 per cent due to the increase in demand of
natural gas instead of fuel oil. In 1983 the gap between supply and demand
fell to 1.1 million from 1.3 million tons.

The Government has planned to expand the capacity of the Bizerte
refinery in order to cut down on its imports. Therefore, a project for
doubling the refinery's capacity was launched in 1985, at a cost of $20
million. Production of o0il refining reached an average annual capacity of 1.7
million tons during 1978-1984.

2.13 United Arab Emirates

In view of the importance of o0il derivatives in industry in generating
electric power and in supplying fuel for various means of transportation,
thinking was focused in the early 1970s on the establishment of refineries to
cope with the mneeds of local consumption of o0il derivatives. The Abu Dhabi
National Oil Company (ADNOC) was established in November 1971 to work for the
petroleum industry in Abu Dhabi and abroad. The work included exploration of
0il and natural gas. The Company produces, refines and transports these
products and other by-products, market them, exports them and distributes them
domestically.

To extend its full control over management of the products of onshore
and offshore fields in the emirate, ADNOC established a number of local
companies to manage oil fields.

It also established specialized service companies for drilling,
construection, administration of ports and marine transportation and laying of
pipelines.

In a short time it expanded its activities to cover all stages of the
petroleum industry including studies, exploration and drilling, the execution
of many development programmes in o0il fields and resetvoirs and the
establishment of o0il refineries and gas manufacturing installations. Its
activities also covered transportation and marketing of crude o0il, gas and
petroleum products in local and international markets.

ADHOC has in fact addressed itself to this task, and by 1983 it owned
and managed two refineries for crude oil with a gross capacity of 195,000 b/d.
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This is in addition to the extension currently under construction to increase
the refining capacity of Ruwais Refinery. This extension 1is a hydrogen
fractioning unit with a capacity of 27,000 b/d.

2.13.1 0il refining

The first Umm-Al Nar refinery was established to meet the needs of Abu
Dhabi for oil derivatives. Construction of the refinery started in 1973. It
was commissioned in 1976, and was designed to a capacity of 15,000 b/d of
crude oil. The refinery comprises four main production units: distillation
unit, unit of treatment with hydrogen, improvement of benzine unit (platform)
and unit for recovery of gas. This is in addition to the units of supporting
services for production.

The designed productive capacity of the first Umm-Al Nar Refinery is
700,000 ton/year of final oil derivatives distributed as follows:

Liquefied petroleum gas 10,000 tons
Super gasoline 63,000 tons
Premium gasoline 100,000 tons
Jet fuel/kerosene 65,000 tons
Diesel (gas oil) 247,000 tons
Fuel oil 213,000 tons

During the construction of the Umm-Al Nar refinery, local demand for
0il derivatives developed at an unexpected rate. When the refinery was
commissioned, it was found to be unable to meet local demand for the emirate
of Abu Dhabi. Therefore ADNOC started preparing the necessary studies to
establish a larger refinery in order to meet the present needs of the UAE, and
to export the surplus of derivatives to outside markets. Construction of the
refinery started in 1978. The refinery was commissioned by mid-1981. The
refining capacity of the Ruwais Refinery is 120,000 b/d or 5.2 MT/y of crude
0il produced from the main onshore and offshore fields. It comprises six
units: a crude distillation unit, a naphtha desulphurizer unit, a platforming
unit, a kerosene hydroheater unit, a heavy gas oil desulphuric unit and a
sulphur recovery unit. It also has the necessary installations to produce
electric power and steam, pump sea-water and desalinate it, and to produce
compressed air and nitrogen. Adjacent to the refinery, is a farm of storage
tanks for crude oil and refined products, with a gross storage capacity of 1.2
cu m. :

The designed annual producing capacity of final oil products by the
Ruwais Refinery is about 5.2 MT/y distributed as follows:

Liquefied petroleum gas 88,000 tons
Super gasoline 420,000 tons
Premium gasoline 487,000 tons
Jet fuel/kerosene 794,000 tons
Diesel (gas oil) 1,595,000 tons
Fuel oil 1,785,000 tons

Sulphur 9,000 tons
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Unm-Al Nar second refinery

The second Umm-Al Nar Refinery was established to expand the petroleum
industry and maximize benefits from oil revenues, thus increasing their
contribution to the national income as well meeting the increasing demand for
some o0il derivatives and exporting the surplus to outside markets.

Construction of the refinery started in April 1981 adjacent to the
first refinery. The refinery was designed to refine 60,000 b/d of crude oil.
The refinery comprises the following main producing units: distillation and
desalination unit; unit to improve products by chemical catalyst; unit for
treating Kerosene with hydrogen; unit for desalination and fractionating of
gas; unit for extraction of sulphuric water; and supporting and general
services.

The designed producing capacity of the refinery to produce final oil
products is 2.8 million tons per year distributed as follows:

Liquefied petroleum gas 150,000 tons

Super gasoline 177,000 tons
Premium gasoline 333,000 tons
Jet fuel/kerosene 210,000 tons
Diesel (gas o0il) 990,000 tons
Fuel gas 810,000 tons

The refinery was commissioned on 6 August 1983,

Unit for fractionating by hydrogen

This unit is for treating low value heavy crudes left over by ADNOC
refineries and cannot be marketed and converted into light and medium
products. Work in the hydrogen fractionating unit started in 1982. It
complements the Ruwais Refinery and comprises three main subunits: a vacuum
distillation unit with a capacity of 46,000 b/d; a hydrogen fractionating unit
with a capacity of 27,000 b/d and a hydrogen production unit in addition to
general services supporting production. When designing this project a high
degree of flexibility in production was taken into consideration to meet the
needs of the market, whereby it can produce naphtha and medium oil products.
The following figures show the project's annual production capacity for
petroleum products:

Liquefied petroleum 87,000 tons
Naphtha 382,000 tons
Jet fuel/kerosene 307,000 tons
Diesel/gas oil 518,000 tons
Fuel/oil 731,000 tons
Sulphur 20,000 tons

The project is expected to be completed by mid-1985. In order to
achieve further integration in the refining industry, techno-economic
feasibility studies were prepared for exploiting heavy oil produced by
refining procesbes in the existing refineries for the purpose of producing
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basic oils and asphalt. The studies allowed for establishing a unit for
producing basic oils with a capacity of 200,000 tons per year in order to meet
the UAE's needs and export the surplus, in addition to establishing an asphalt
production unit with a production capacity of 100,000 tons/year to meet the
needs of local demand.

Studies for the establishment of a petroleum coke plant were also
completed to recycle materials left over after vrefining oil. It will have a
capacity of 140,000 tons/year which mainly will meet the needs of aluminium
plants in the region.

2.13.2 Fertilizers

FERTIL was established by decree in October 1980 as a joint venture,
with ADNOC holding 66.6 per cent of shares and the Compagnie Francaise Des
Petroles holding 33.3 per cent.

With FERTIL Abu Dhabi entered a new era of industrialization whereby
its natural resources were converted into commercially viable products. The
project ushered Abu Dhabi into the complex technology and operations involved
in the petrochemical industry.

FERTIL opted for the best in modern fertilizer processes:

— The Haldor Topsoe process for ammonia synthesis.

- The Benfield process for CO, removal.

~ The Stamicarbon process for production of urea.

By the end of 1980 a turn-key contract was signed with Chiyoda
Engineering and Construction Company of Japan for the design, detailed
engineering and erection of the plant, based on the licences and know-how of
the above process owners.

Chiyoda has a long and successful record in the construction of
petrochemical plants especially fertilizers. They have already built many
similar plants, based on the same processes, both in the Gulf region and
throughout the world.

During construction both partners in the joint venture took an active
role in supervising implementation of the contract and preparing for the

operational and marketing phase of the project.

Construction ended in July 1983, The following process plants and
related facilities were built:

~ One 1,000 million tons per day ammonia plant
~ One 1,500 million tons per day urea plant

— Bulk cargo terminal for export of refrigerated ammonia and prilled
urea in bulk or bags.
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FERTIL's management recognized the fact that highly qualified personnel
were necessary for operating the sophisticated process and control technology
used in the fertilizer plant. Recruitment has started well in advance of the
operating phase and has resulted in a multinational organization in which
every individual has a long and successful record in operating and maintaining
nitrogen fertilizer plants. The result of this policy became apparent when
the transition of the newly recruited personnel to their posts went smoothly;
they commissioning operations, carried out with ease and professionalism.

Almost all the urea output is destined for the export market with a

potential of 495,000 MT/y supplemented by an export market capacity of 30,000
MT/y of ammonia.
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Table 2.4 Capacities of existing (and under construction) refineries in the region

Country Location Start-up Designed capacity (MT/y) Remarks
Egypt Alexandria 1954 5.3
Al-Ameriyah 3.2
Mustarad 5.2
Tanta 1.02
Suez 1 1961 3.5
Suez II 1962 3.77
Asyut 1987 2.0 Under construction
Total 24.0
Iraq Al-Wand 1927 0.5
Daura 1955 4.0
Baiji 1 1978 1.0
Baiji II 1985 7.0 Under construction
Basrah 1974 6.8
Haditha 1949 0.25
Kirkuk 1973 1.5
Samawa 1978 1.0
Qayyarah 1956 1.25
Salah Al-Din 1985 6.8 Under construction
Total 0.1
Jordan Zarqa 1956 4.4
Total 4.4
Kuwait Ahmadi 1949
Mina Abdullah 1958
Shuaiba 1968
Total
Lebanon Sidon 1953
Tripoli 1943
Total
Oman Muscat 1982
Total
Qatar Umm Said 1 1974
Umm Said IX 1983
Total
Bahrain Bahrain (Al-Awali) 1936
Total
Saudi Arabia Jeddah 1968
Khafji 1966 Located in neutral

zone, owned by
Arabian 0il




-61-~

Table 2.4 (Continued)

Country Location Start-up Designed capacity (MI/y) Remarks
Mina Saud 1958 2.56 Located in neutral zone, owned by
Getty 0il
Ras Tanura 1945 20.7
Riyadh 1974 5.4 PETROMIN-- (RORC)
Yanbu I 1983 7.617 Domestic refinery
Jubail 1985 12.38
Rabigh 1986 14.65 Under construction
Yanbu II 1985 12.48
Buraydah 7.5 Postponed
Shukaikh 7.5 Postponed
Total 96.6
Syrian Banias 1980 6.0
Arab Homs 1957 5.2
Republic Total 11.2
U.A.E. Ruwais 1981 5.25
Umm Al-Nar I 1976 0.65
Unm Al-Nar II 1985 2.65
Total 8.55
PDRY Aden 1954 B.6
Total 8.6
Algeria Hassi Messaoud 1962 0.7
In Amenas 1981 0.1
Arzew 1972 2.6
El-Djazair 1973 2.5
Skikda 1980 14.7
Total ) 20.6
Libyan Mersa El-Brega 1970 0.1 bsd
Arab Zawia 1977 0.18 b/d
Jamahiriya Total 0.28 bsd
Tunisia Bizerte 1962 3.0
Morocco Sidi Kacem 1940 1.1
Mohammedia 1959 6.75
Total 7.85

Source: Compiled by ESCWA from national sources.
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PART THREE

CURRENT TECHNOLOGICAL CAPABILITIES



;




3.1.1. Uistorical development

The main capabilities discussed here are in the refining sector, since
the petrochemical plant is currently under construction, and no information is
provided in the survey on the capabilities of the ferlilizer sector. The
Ministry of Petroleum and GEPC are responsible for the development of the
refining and petrochemical sector capabilities.

Egypt has in the past two decades developed considerable experience in
the petroleum industry, which is apparent in the refineries capabilities and
in the contracting and engineering companies, in addition to the capabilities
of the petroleum research centres. There are at least 14,000 employees in
these organizations with high qualifications and long experience in refinery
operation, management, construction and quality control of products.

A survey indicates that the Egyptian refining industry is still in a
state of 1limited technological development, the interrelations between
companies and R and D are not well organized, and future development of
capabilities is dependent on availability of international expertise and
technological know-how. The research and development activities are marginal,
specially in refinery products, plant and process design.

At present there is a high percentage of international involvement
compared with the national capabilities. This has had an adverse effect on
the co-operation and promotion of capabilities within the production and
engineering companies.

In the past two decades, project implementation, has depended in most
cases on foreign sources of technology, and decision making authorities have
applied the process of "technology transfer" through the procurement of plant
and equipment, in addition to reliance on foreign expertise and know-how.
Turnkey agreements were signed for execution of new projects such as the
petrochemical plant and the expansion in the refining sector, contracts have
been awarded to international specialized organizations for process and
product  design, procurement of equipment, project construction and
management. Some projects have been executed by dividing the work load, which
is then distributed among the interested international bidders and the local
companies. The criteria that affect the decision to award contracts to either
local or foreign companies, are the time required for execution, investment
and capital control and the availability of local engineering consultancy and
contracting companies.

This policy of project execution has been very flexible in Egypt. TFor
example, after the 1967 war, the petroleum sector was completely dependent on
internal technical capabilities within the refining companies, the research
centres and among the university staff. The refinery workshops wundertook
assignments for refinery repairs, renovations and expansion and the refinery
relocated old refinery equipment to a new location, when the Suez plant was
moved to the Cairo area. i
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This experience gave the refining sector a chance to gain applied
experience and to promote new skills, in engineering and construction of
plants and to depend on internal capabilities for plant operation, management,
maintenance and manufacture of needed spare parts. This period's experience
brought about the establishment of 1local engineering and construction
companies.

Since the late 1970s, and with the adoption of the "“open door" policy,
which encourages rapid industrialization and international investment, there
has been a tendency to boost production and increase exports. International
investment and foreign producer companies have been attracted to the Egyptian
market. Currently these companies are executing new advanced petroleum
projects, such as the petrochemical complex. The refining sector is also
expanding in production capacity, renovating and rehabilitating existing
plants, adding new units and installing advanced processes (see list of
projects under construction).

Engineering and consultancy companies were established in the period
1976-1978 to execute some of the engineering and construction assignments
required in the petroleum sector and provisions have been made to provide them
with adequate manpower and resources and guarantee a percentage of engineering
workload. A clause has been inserted in contracts awarded to use local
capabilities in consultancy, engineering design and construction for at least
50 per cent of the workload, to ensure that local companies have an
opportunity to participate fully or partially in the process of project
implementation. Local companies are also assigned parts of projects directly
and not through subcontracting. Engineering companies can freely use foreign
expertise and assistance especially for training national personnel. They
have the ability to contact directly and sign agreements with international
organizations, and buy the relevant technological information and knowledge.
They also can go into joint ventures with pioneering international companies,
who can provide the technical standards and classifications, systems and
methods of project management.

3.1.2. Assessment of capabilities

The following paragraphs analyse and evaluate the capabilities in the
0il refining sector (see also table 3.1).

(a) Project identification, pre-feasibility and feasibility studies

The specialized personnel in GEPC and the concerned refining company
undertake, wusually with the help of experts and consultants in the
universities, the process of project identification and evaluation. This
preliminary stage is followed by consultations with international experts,
through contracts, to exchange views and information, then proposals and
recommendations are finalized and special committees or working groups are
formulated from GEPC and the concerned producer company to follow up the
execution and implementation procedures.

Training courses have been organized within GEPC to develop abilities in
project identification and evaluation, negotiation procedures and contracting
conditions.
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(b) Engineering, plant design, construction and supervision of erection

Refining and petrochemical projects are executed at present through
contracts with foreign companies and partial involvement from local
capabilities found in both the concerned producing companies and the petroleum
engineering companies. The participation of the producing companies (through
the engineering divisions) consists of the following:

1. Preparation of technical descriptions for equipment and machines
required for the operating plant, or for the planned units;

2. Preparation of detailed engineering designs for plant layout;

3. Preparation of detailed designs for tools, spare parts and equipment
to be manufactured by company workshops;

4., Technical evaluation of proposals for purchasing equipment for the
plant units;

5. Performing engineering changes when needed in the plants original
drawings. Successful examples of activities by these local engineering
capabilities are:

— In the period after the 1967 war, they established refining units in
Cairo and Tanta and relocated the Naphta beneficiation plant from Suez to
Cairo.

-~ They renovated the production units in Suez, which were hit by air
raids and restarted them.

~ The provided facilities for the Amiriya plant.

-~ Some companies undertook independently the erection of distillation
units, asphalt production units and petroleum lubricant units, while some also
managed to expand the production capacity of certain units.

ENPPI accomplished the following projects, among others:

- DBasic engineering design for four gas projects;

- Detailed engineering design, as a subcontractor, for 11 projects,
including PVC and VCM plants, beneficiation projects, distillation units and
butagas recapturing projects.

For some of the latter projects it was also responsible for international
procurement of equipment. It is also the main contractor of the new Asyut
refinery and together with Petroject of the petrochemical plant at Suez,

presently under construction.

(c) Plant start-up and production management

Plant start-up is usually left to the supplier of the technology and
equipment in order to ensure effective performance of plant units and
puarantee the quality of products.
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The survey indicates that the refining companies have usually required
that training of local personnel on start-up operation methods and management
is done on-the-job. After the initial stages of plant commissioning, the
foreign contractor leaves the job of operation and management of the plant to
the local personnel. At least two projects exist where local engineering and
contracting companies have successfully implemented and completed such a
project, which is mnow producing satisfactorily. As for the ongoing
refineries, operation and production management is totally controlled from
within the company.

The operation divisions in the refineries wusually prepare production
flow-sheets to follow up on production levels and productivity. They also
propose measures for increasing production and requests for unit expansions
based on the work-load of the installed units. They diagnose bottle-necks and
propose solutions, or request foreign expertise to help to solve difficulties.
They request spare parts to be manufactured by the company or request them
from foreign sources. They regulate maintenance of equipment and train
workers and continually upgrade the capabilities of the operation personnel.
However, the survey does indicate some difficulties in operation management
and stresses the need for training in this field to produce awareness of the
long preparations needed before a product emerges on the production lines and
to know the correct sequence of operations, process lines and product control.

(d) Process and product design

This activity is one of the most important technical capabilities
that should be developed within each sector in the petroleum industry. Such
capabilities are 1limited in Egypt, and the role of the research and
development centres in this activity is marginal, and needs to be developed to
complement the role of the other technological capabilities. No mention is
made of any development on product or process design in the petroleum sector,
though there are two petroleum research centres and engineering companies.
The survey does indicate that 87 patents in the refining and petrochemicals
sector were acquired in the period 1975-1985, but it is not clear with regard
to what activity or scope of work. Furthermore, the research centres do state
that they have activities in process and product design yet no particular
examples or details are given.

Co-ordination with other petroleum producing neighbouring States in this
field to exchange information on know-how and related technological
developments might open possibilities for future developments.

(e) Quality control

Product quality control is carried out by the laboratories in the
refineries and through two central research centres which operate specialized
laboratory experiments and tests on locally produced products.

The main experiments and tests are done on refined products, to test
their quality and adaptability to the local environment.
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The following functions and activities are accomplished by the central
laboratory in the refining industry:

- Undertaking research to improve the characteristics of refined
products;

—- Analysing the composition of different products;

- Preparing laboratory measurements and procedures for performance tests
and suitability, using international and locally developed standardizations;

- Following up performance of refined products with customers and agents;

- Carrying out periodical tests to guarantee the products quality using
international and locally developed standardizations;

- Training laboratory technicians for the refinery, petrochemical and
chemical industries;

- Exchanging information and experience with similar local and
international centres and industries;

- Providing performance certificates and licences to approved refined
products. It was stated that some 50 per cent of the centres financial
resources are generated by contract work for industry.

The Egyptian Organization for Standardization has formulated Egyptian
standards which can be applied to a wide range of refined products and
fertilizers. All laboratory tests conform to these standards.

(f) Research and development

Basic research in the fields of refining and petrochemicals,
including fertilizers, is performed by the specialized departments in the
producing companies. The scientific departments in the universities and the
specialized centres, such as the Petroleum Research Centre (PRC) of the
Egyptian Petroleum Company, the institute for Petroleum Research, the Plastic
Development Centre and the Engineering and Industrial Design Development
Centre (EIDDC). The survey indicates that numerous research projects related
to the petroleum sector have been undertaken by these centres in the past two
decades and cover the following:

- Studies related to identifying products suitable to the needs of local
markets;

Market studies, indicating factors to develop production capacities;

Preparation of product design according to local needs;

.

Study of suitable raw materials available locally;

— Study of suitable levels of production automation to employ larger
numbers of employees;
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~ Study of technical capabilities of local labour force and abilities to
master new technologies;

- Proposal of ways to make better use of available equipment and
training programmes to upgrade labour force capabilities.

Research undertaken by R and D departments in the petroleum companies
includes studies on bottle-necks in production units. Solutions are found
internally or through the help of specialized consultancy offices in the case
of more difficult problems. There is follow-up of production performances and
evaluation of possibilities for energy conservation, pollution problems and
safety measures.

The proposals for research on products come mainly from within the centre
while requests for quality control come from producing companies, customers
and agents. The main problem facing these centres is the limited co-operation
with producing companies and other similar centres. There is need for
developing better co-operation systems between local laboratories and the
producing industry.

The Petroleum Research Centre is specialized in research on performance
effectivity of produce through experiments in the laboratory. For this
purpose the centre has standardized test motors to test the performance of
diesel oils, produced locally, on their suitability for local conditions. The
second important area of research is in the field performance tests, in
co-operation with international manufacturers of equipment and machines and
specialized companies in diesel o0il and additives.

Other achievements include:

- Modified chemical compositions of locally produced diesel oil, so that
its performance becomes comparable with imported oils;

- Increased production of middle distillates;

- Studies on increasing the economic value of petroleum products, and
fabricating polymers from local products;

- Eighty-seven patents which were acquired within the period 1975-1985
in petroleum and petrochemicals;

~ Industrial contracts for research projects which contribute some 50
per cent to the Centre's financing. (However, it is reported that the
Centre's collaboration with industries is limited.)

The above information does not eliminate the fact that research and
development centres face problems such as:

-~ The marginal role played by R and D centres in technology development;

- Poor linkages between the R and D centres and the producing
companies. They also lack linkages with university research centres;
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- A science and technology policy at the country level concerning the
refining and petrochemical industry also seems to be lacking.

The Institute for Petroleum Research has a wider range of applied
research work covering petroleum exploration and production of wells,
assessment and analysis, refining, petroleum uses, petrochemicals and
operational development. The total number of employees in this institute is
currently over 480, out of which 125 are involved in research and
development. The range of relevant specializations of the employees covers
engineering, science, economics, agriculture and business. Some 108 employees
have post-graduate qualifications, 40 are graduates of industrial vocational
institutes and 116 are secondary school graduates, mostly from technical
schools, while 114 are labourers.

(g) Plant technical services

At present GEPC and the refineries are undertaking a study to
combine the technical capabilities in the different company workshops and
engineering sections to establish a central maintenance company to serve the
different refineries.

They are also increasing capabilities in manufacturing of equipment
(spare parts) by manufacturing independently - or through co-operation and
joint ventures with international companies - compressor gears, exchangers,
vessels, furnaces and towers.

At the same time they encourage the present equipment manufacturing
workshops to attain international standards in manufacturing and develop their
abilities to produce all the equipment needed for new projects or for
replacements and renovations. This is realized through measures such as
contracting all work to these local workshops.

(h) Customer technical services

The survey indicates that since all products are consumed locally
there is continuous feedback £from customers. Research centres regularly
collect the comments and requests of customers on performance of their
products and change product qualifications according to customer needs. They
have regular follow up of performance of products in their different fields of
use with regard to the main consuming agents,and provide direct solutions to
difficulties. They also provide energy conservation instructions for diesel
oils and fuels, in order to decrease levels of consumption. Tinally, they
study and propose effective safety measures for storing and distribution of
their products with the local agents concerned.

Table 3.1 below summarizes the above listed capabilities for a number of
projects presently under execution. In addition, an overview is given of
linkages which exist between GEPC and the local research centres, universities
or national consultancy/engineering centres (table 3.2).
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Table 3.1 Technological capabilities in projects under execution*

in Epypt

1 2 3 4 5 6 7 8 9
Pre-feasibility FC
Feasibility FC
Plant design F F r N FN F F F F
Engineering design N N N N N N N N N
Construction N F F N N F F F F
Supervision N F F N N F F F F
Process design r F F n.a T oy I I F

Production management

Marketing services

Plant technical services

Customer services

Maintenance

(All are expected to be performed by c)

Source:

Notes:

ESCWA, based on national sources.

C: Company possessing capability

N: National organization(s) possessing capability
F: Foreign capability

See list of projects following.
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List of projects established and under execution

1. Asyut Refinery
Capacity 2 million tons/year to be increased to 5 million tons/year
to start in 1987

2. Butagas Recapturing Unit (Alexandria Petroleum Company)
Capacity 2 million tons/year

3. Beneficiation complex (Al Suez Petroleum Processing Company)
Capacity 15 thousand b/d

4, Capacity expansion Suez Refinery (Al-Naser Petroleum Company)
Capacity 5 million tons/year

5. Distillation plant (Al Suez Petroleum Processing Company)
6. Aromatic Complex (Al Naser Petroleum Company)
7. Butagas Recapturing Unit (Cairo Petroleum Company)

Capacity 65 thousand tons/year

8. Hydroskimming Unit (Al Suez Petroleum Processing Company)
9. Beneficiation of 0Oils Unit (Hydrocracking) (Al Suez Petroleum Processing
Company)

10. Benzene Complex
40,000 tons/year (Al-Naser Petroleum Company)

11. Petrochemical/PVC Plant, capacity 80,000 tons/year
12. Petrochemical/MVC Plant, capacity 100,000 tons/year

13. Chlorine project, capacity 160,000 tons/year
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(i) Training

The petroleum-related industry requires highly qualified and skilled
workers and at the same time it creates many new skills and opens
opportunities for employment. Egypt does have an extensive education and
training system; e.g. in 1983-1984 some 6,000 students graduated from the
colleges and universities in the fields of science, engineering, business
administration and economics. It is also estimated that in the past five
years the total number of graduates in the above fields was some 180,000.
However, it is reported that, there is not sufficient correlation between what
is provided in the education systems and what is required by the industry.

The petroleum industry employs some 42,000 out of which 13,500 are in the
refining sector.

The refineries research centres and the engineering companies all have
local training programmes, with on-the-job training as well as through
lectures, symposia and workshops, especially for new graduates.

All contracts with international companies include the training of local
employees in all stages of implementation of new projects. This is usually
accomplished by the formation of working groups with relevant qualifications
which are required to work at the contracted international companies offices
and on the construction sites. During the stages of engineering design,
procurement of equipment and construction, these working groups are provided
with foreign experts and consultants with specialized qualifications and these
groups have authority to attend the meetings related to project implementation
and review the designs and background papers. These trained personnel usually
make up the main block of the engineering and development sections of the
company under establishment. Training of employees is also provided at
start-up, and at the commissioning stages of operation, so that there are
qualified and trained personnel who continue the operation of the plant and
accomplish all services, repairs and maintenance.

Continuous training is provided within the production companies, to
develop qualifications in new skills and upgrade existing ones in addition to
training in project management and high level operational systems, industrial
security and energy conservation. Pollution simulator facilities are used for
on-the-job training.

All the refineries' research centres and the two national engineering and
contracting companies have training programmes for their employees. One
centre indicates that 30 per cent of its employees get annual training for
periods of between four and eight months, in addition to training abroad in
production plants and in other specialized international training centres.

One engineering company 1is reported to have an extensive training
programme, especially for training employees in engineering design. A good
number of piping designers have finished training with the help of local and
foreign trainers. Another internal programme is organized with the help of
international trainers, to develop capabilities in project management and
supervision.
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Table 3.2 Technical co-ordination between GEPC and local research centres,

yniversities and consultancy centres

National consultancy/

Research centres Universities Engineering centres
Pre-feasibility X X
Feasibility X X
Engineering X
Plant design
Construction X
Supervision X
Product design
Process design
Production management X
Marketing
R and D X X
Customer services X
Maintenance X
Source: ESCWA, based on national sources.



3.2.1 Historical development

In the period 1927-1949, small-scale refineries were established. They
were planned and constructed by foreign companies, working in the petroleum
sector in Iraq. At that time local participation was limited to some
activities related to operation and maintenance, with foreign supervision.

More advanced technology was used in the establishment of the Dawra
Refinery in 1953. The construction and execution of the project was
accomplished by a foreign company. Local participation was evident in the
expansion programme of this project in 1960. The Iraqi partner (the State
organization concerned) undertook the following:

1. Prepared the study on alterations and expansion;

2. Participated with the engineering company (Kellogg) in the
engineering design of the proposed alterations;

3. Executed alterations under supervision of local and foreign engineers.

Other projects were also undertaken, such as constructing refining units,
and petroleum products, upgrading units, with similar local participation. At
the same time two lube o0il refineries were established; the first project was
executed completely by a foreign company and local participation was limited
to involvement in production operation and maintenance under foreign
supervision; the other was executed using a different process technology, with
substantial involvement of local capabilities in: preparing the specifics and
capacity of the project; participation in engineering design with the
contracted company; selecting the process technology; supervising erection,
onsite and abroad; training of nationals; and active involvement of nationals
in the operation of the plant. This participation marked a step forward in
promoting local capabilities. Since then the 1local personnel and the
concerned organizations have undertaken execution of projects and supervision
of construction with limited assistance from foreign consultancy companies or
through equal participation with foreign companies in all execution stages, up
to the signing of long-term collaboration agreements with patent owners.

In the case of chemical fertilizers, three projects were executed
starting in 1971. The first project produces ammonium sulphates and urea,
using Harder Topsoe and Chemico technology. The second produces urea, using
Topsoe technology for ammonium production and Snamprogetti know-how for urea
production. 1In this case the local participation started with the selection
of process design, engineering design and review and checking of drawings.
They intervened also in the selection of equipment and sources of procurement
and actively participated in construction and erection, and managed the
training of nationals for production operation. The third project that was
executed used the same previous technology as the latter; the Iraqi role
started with the technical preparations of specifications for the project,
negotiations with bidding companies, preparing contract documents,participation
in engineering designs, on-site supervision, committing contracted companies
to training locals and supervising start-up preparations and production
operations, plus signing collaboration agreements with patent owners to
exchange information on any future developments in the technology used.
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A petrochemical plant was also established for the production of
ethylene, LDPE, HDPE and PVC, with a total capacity of 150,000 tons/year
depending on natural gas as feedstock. 1In spite of the collaboration with a
foreign consultancy company, which determined the specifications and
capacities of the project, the final decision on the capacities and on the
selection of raw materials was with the Iraqi partner and the terms agreed
upon in the contract, which was signed after long and exhaustive negotiations,
included the following:

- Training of locals abroad to expose them to patent and plant processes;

— Active participation of locals in engineering designs, selection of
equipment and sources of procurement, in addition to their reviewing plans and
specifications and authorizing them;

— Supervision of construction by locals with no foreign assistance.

From the above it can be seen that Iraq, at an early date, attempted to
have an effective transfer of technology and to gain expertise and experience

in foreign technology from trained and qualified nations.

3.2.2. Assessment of capabilities

An overview of the capabilities involved at each stage of the
execution of these projects and the obstacles faced are described below.

(a) Pre—feasibility/feasibility (techno-economic studies) stage

Attempts to enter into this field started in the 1950s, but produced
only general or sectoral studies, undertaken mainly by foreign consultancy
organizations. More scientific and specialized studies undertaken later by
certain local institutes and departments produced some work. The main
problems are:

- Lack of basic statistics and data, plus the long-term time span
required to accomplish market studies;

— Lack of specialized centres to undertake such studies; this was
overcome later when consultancy centres were established;

— Lack of awareness on the part of the local industrialists of the
benefits of such studies;

Although many decision-making Iraqi departments still contract foreign
consultants to undertake such studies, the local capabilities have greatly
developed in this field and participation has increased. 1Iraq has prepared
with the help of a foreipn company a feasibility study for the promotion of a
consultancy centre.

(b) Preparation of documents and tenders stage

Previously all projects in Iraq were executed by foreign partners on
the basis of a turnkey project. However, currently the refining and
petrochemical sector in Irag is adopting the following steps to participate
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actively with the assistance of foreign engineering houses in certain areas in
preparing the basic designs, selecting production methods, plant and product
design, selecting patents, or directly signing agreements with patent owners,
preparing project machinery and equipment.

(c) Detailed engineering design stage
The experience gained in this stage usually leads in developing
countries to the establishment and promotion of engineering design consultancy
organizations and later engineering contracting companies. There is a lack of
appreciation locally for developing such capabilities. Great efforts need to
be made for future development of such organizations.

(d) Equipment and machinery procurement

Iraq lacks capital goods industries specialized in equipment and
machinery for the manufacturing petroleum industries. Therefore the majority
of project equipment and machinery are imported; this fact imposes
difficulties and problems in project execution. In turnkey projects, usually
the foreign contractors undertake the procurement of machinery, without local
interference. Currently the national partners participate with the contractor
in the selection of sources of equipment after participating in preparing
technical specifications. Still, this national role is limited in scope and
in benefits. 1In the directly executed projects, the nationals prepare the
technical and engineering specifics, offer tenders for equipment procurement
from international sources, review the bids and proposals and negotiate with
selected bidders and finalize procurement arrangements.

(e) Direct execution of projects/plant operation and maintenance
Direct execution of projects through government organizations and
national engineering and contracting companies, either with assistance from
foreign companies in the form of joint venture agreements which require a high
degree of compatability in inputs between foreign and local partners or
secondly through direct employment of foreign engineers and technical experts
under local authority.

Experience has shown that the latter method of operation in project
execution has limited effects in the technology transfer process, because of
difficulties arising from the different non-compatible foreign scientific and
technical backgrounds and methods of work.

Another method in direct execution is by contracting local specialized
companies under the authority of a qualified foreign major contractor, on the
condition that local companies have the prerequisites and potential to carry
out the required activities and applied methods of work.

The method applied in 1Iraq involves distributing the workload for a
certain project between the international contractor and the local sides when
available. Usually international partners undertake engineering designs for
plant processes and provide equipment and machinery, train locals on operation
management and maintenance and supervision of on-site erection, start-up and
production operations for an agreed period of time.

Table 3.3 summarizes the degree of Iraqi involvement in various projects.
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(f) Research and development

R and D capabilities in the past two years, especially in the
petroleum and petrochemical industries, have been one of the important fields
promoted in Iraq. R and D centres have been established within petroleum
organizations. Major research projects are related to production bottle-necks,
increase of production, quality control and development of technical
specifications of products in addition to study of corrosion problems.

The petrochemical industry in Iraq has not yet entered into the full
production stage. The fertilizer industry, on the other hand, has entered
into the marketing stage: the three plants started in the 1970s have developed
the R and D capabilities in the fertilizer industry and the technical
personnel have gained experience in production operations and absorbed the
technologies used in this industry.

A specialized petroleum research centre has also been established but
its activities have not been detailed (see section 3.2.3 (c) on the Scientific
Research Council).

There is a trend in 1Iraq to encourage the ministries and the
manufacturing establishments to have their own research and development
centres, and in-house quality control sections.

() Training

The technical training of national staff is one of the basic steps
in industrial development, especially within the refining and petrochemical
sectors. After the establishment of investment-intensive industrial projects
using advanced technology, there is a need to operate and maintain the plants
and to master advanced technology in order to reach and increase plant
production capacities. For this reason, two specialized training centres were
established:

- The Industrial Training Centre (under the Ministry of Industry);

- The Chemical, Petrochemical and Mining Training Centre (under the
Ministry of Heavy Industries).

Both train graduates of secondary schools requiring specializations such
as mechanics, electricity, plant operations and industrial chemistry. The
period of training is two years. 1In addition, industrial firms have annual
and long-term training programmes in-house and abroad. They usually consist
of some or all of the following:

- In-house training, done usually on site, applied and theoretical,
under the supervision of local personnel;

- In-house training supervised by foreign experts provided by the
contracted international company, as part of the contractual
conditions;
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- Central training programmes provided by other organizationg such as
the National Consulting Centre;

- Training abroad in similar plants in developed countries, under the
supervision of the contracted international company;

- Advanced training programmes for qualified personnel as part of the
participation in the basic engineering design of the projects and
with the contracted engineering company and the patent company;

- Training agreements with international organizations with relevant
programmes, such as UNIDO, or through bilateral, technical and
economic agreements with other countries.

In addition to the above, there is also an Arab Petroleum Training
Institute in Baghdad, established in 1978 by OAPEC. The Institute specializes
in the training of trainers (teachers). The Institute employs some 50 gtaff
members, distributed between the two main divisions: the training and studies
section and the administration and documentation section. The Institute has
annual training and seminar programmes, based on its member countries' needs
in training for the petroleum industry. It covers the field of exploration up
to production and maintenance of petroleum plants with the aim of promoting
technical capabilities in the petroleum industry. The participants attending
these training programmes are assigned through consultation with OAPEC member
States, national training centres and producing companies (see table 2.5).

The Institute surveys regularly the manpower capabilities available in
the regional oil-producing countries and the capabilities of national centres
in providing needed training. Upon such surveys the Institute bases its
annual programmes for training sessions in the Institute in Baghdad or in the
member States' training centres.

3.2.3 National institutions

(a) Universities and technical and vocational centres

There are six universities in Iraq, established in the period
1957-1974 and distributed among the governorates. Three are located in
Baghdad and one in each of the following regions: Mosul, Arbil and Basra.
All of them have science and engineering departments. One university located
in Baghdad is a specialized technological university and offers training in
chemical, electrical and mechanical engineering.

The universities have a number of research centres, but their main
efforts are said to be in academic research.

Vocational education in the country is under the General Organization
for Technical Institutes, which is an independent organization established in
1974. It has 22 technical institutes in all fields of vocational training.
Thus there is an annual large supply of scientists, engineers and technicians
in Iraq. The table below provides detailed information about the number of
students enrolled and the number of graduates and staff in Baghdad University
for the year 1983/1984.
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Baghdad university students, graduates and staff members (1983-1984)

Number of registered

students Number of graduates Staff

Under- Post- Under-

graduates graduates graduates Masters Ph.D Local Arabs Foreign
Administration 1,833 17 201 14 - 40 - -
Economics 958 40 165 9 - 40 - -
Science 2,557 253 486 54 - 206 1 -
Engineering 3,695 129 524 42 - 149 7 2
Civil engineering 397 59 - - - 20 - -

Total 9,440 456 1,435 99 - 455 9 2

Source: ESCWA, based on national sources.

(b) Consulting and engineering design companies

Two State organizations undertake most of the consulting and
engineering design for the petroleum projects in Iraq with the help of foreign
companies:

1. The State Organization for Industrial Design and Construction;
2. The State Organization for Petroleum Projects.

They are responsible for the construction of projects, by direct
execution or by planning and supervision of projects that are contracted to
foreign companies. In 1983-1984 the State Organization for Petroleum Projects
prepared the documents for the tenders of a turnkey contract to build a
lubricant plant at Baiji. The contract was signed with Technip and
Technipetrol.

(c) The Scientific Research Council

Established in 1963, it is a public sector organization and has a

specialized petroleum research centre. Its main activities are in the
following: quality control, process design and standardizations. These
activities originate from within the Council or are proposed by industrial and
povernment organizations. The Council’'s role in the process of technology
transfer is manifested in its activities as a local consultant and in its
efforts to plan the policy of technology transfer in Iraq. It aims at

co-ordination between existing research centres and evaluates research
activities within manufacturing centres and universities.
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It collaborates with the University of Baghdad to undertake research.
The Council hags formulated a five year scientific research plan (1980-1985),
in collaboration with the concerned povernment departments and other
institutes in the country. The main objectives of the plan are: (1) to
upgrade scientific research in the production sector, especially in the fields
of exploitation of natural resources; (2) to adapt technology transfer to
better suit local conditions; (3) to develop scientific infrastructure; (4) to
strengthen the links between the academic research done by the universities
and the applied research programme of the Council or other specialized R and D
centres in the manufacturing organizations. Another technology policy was
also formulated in 1984, with the establishment of a national committee for
technology transfer, which is directly linked to the Council.

The Council concentrates on applied research while the university
research centres limit themselves to more theoretical research.

3.3. Jordan

3.3.1 Historical development

Jordan has accumulated two decades of substantial technological
experience. Local capabilities in the refining, petrochemical and fertilizer
plants are solid and mature though limited. It should be noted that the above
three manufacturing areas are based on foreign technologies that require a
highl