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4 Pre-feasibility Study on Potential Projects

4.1 Development of Export Markets for Domestic Mineral Resources
411 Gypsum

4.1.1.1 Project description
The country has rich gypsum rescrves, which are mamly used for cement production,
with only a small portion (4,700 tons in 1992) being exported to coment mills in the UAE.

Gypsum is produced throughout the world. Although it is not a widely traded
commodity internationally, some countrics including Japan still import it in large

.quaniities.

The project is targeting to explore cxport markets focusing mainly on Japan which is
a major importer of gypsum. The project includes:
1) Construction of mining and shipping facilities of size suff1c1cnt for bulk expori‘
2) Marketing efforts to the target markets

4.1.1.2 Market aspects

(1) World Market

There is no world statistics of gypsum trade. Table Ad--1 shows the volume of
exports from Thailand, Australia, Morocco, and Mexico — major import sources for
Japanl) . In tofal, the four countries export 11.3 million tons annually to the world
market. Major importing countries are the US (3.85 million tons in total for the four
countries) and Japan (3.82 million tons), followed by Taiwan and Malaysia which
import more than 500,000 tons each. All the countries in East and Southeast Asia
including the latter two countries (not including Japan) import a combined total of 2.12
million tons. Major importers in the Middle East are Ethiopia (310,000 tons) and
Kuwait (40,000 tons).

(2) Japanese Market _
Table A4-2 shows estimated frends in gypsum supply and demand in Japan. The

1) Exports from Mexico are indicated in munetary value only, and no tonnage data are available. To estimate value
exports from Mexico to various countrics, the average export price was calculated on the basis of Japans trade
statistics and was applied to the volume of exports to other countries. Also note that trade data in varions
countries have been added without any adjustment for approximation purposes, although lalest data are available
in different years among the countries. For instance, 1985 data are latest available in Morocca.
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country's total gypsum consumption reached approximately 9.2 million tons in 1992,
Of this total, more than' 55% is useydfor gypsum boérds, and 35% for cement (as of
1990). Other applications include its use to produce calcium sulfate for sculpture, dies
for false teeth, casting molds, and porcelain molds, as well as gypsum plaster. Recent
growth of gypsum demand in Japan has been mainly driven by the mén_ufacture of
gypsum boards whose demand has been growing due to increased housing and building
construction. Such a demand increase compriscs an increase in thickness of gypsum

boards, from 9mm fo 12mm and 15mm.

Gypsum 1is classified into natural gypsum imined from the ground, and chemical
gypsum that is either synthesized chemically or produced as a by-product of the
chemical industry. Japan has no natural gypsum reserve that can be commercially
cxplored, in terms of quantity and quality, leaving it to produce only chemical gypsum.
The major type of chemical gypsum is phOSphaic gypsum, a by-product of the
phOSphorié acid production process. Its production has decreased with the decrease in
phosphoric acid production. ‘Today, desulfurized gypsum derived in the process of
recovering sulfur oxide (S0O,) from gas wasted in various industrial processes, has
exceeded phosphate gypsum in production volume.,

With the decrease in phosphatc gypsum production, on one hand, and w1th the
increase in demand for gypsum boards and other products, on the othcr gypsum
imports have increased rapidly and amounted to approximately 3.9 million tons in 1992.

The major gypsum exporter to Japan is Thailand, which ships more than 5.8 million
tons annually? . Thailand produces natural gypsum and whose output increased rapidly
in the late 1980s, from mercly 260,000 tons in 1975 to over 4.5 million tons in1988. It
will be able to maintain the current level of export in the next decade or so, and even

beyond that if the environmental problem is solved.

The size of Thailand's gypsum exports to Japan is within the r'ange of 35,000 -
40,000 tons per vessel.

Other exporting couniries are' Mexico, Australia, and Morocco (natural gypsum),

2) According to Thailand's trade statistics in 1992, pypsum exports to Japan amounted to 14.5 million tons, “On the
ofher hand, Japan's imporis totaled 33.3 million tons, suggesting some errors in the Thai statistics, The volume of
exporls (5.8 million tons) in Table 4-3 was obtained by adjusting the ongmal figures on the basis of the Japanese
sfatistics.
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and the Philippines and South Korea (chemical gypsum).

Gypsum exported by Morocco is mainly used to produce calcium sulfate (for
porcelain molds), amounting to approximately 20,000 tons. Gypsum for said purpose
requires a very high degree of whiteness. Its transport involve a 10,000~ton ship per lot.

In addition, China and Russia are considered to be potential competitors in gypsum
exports to Japan. However, they are not likely to enter the export market because
deposits are generally small in size, Jow grade, and located inland remote from coastal

areas.

(3) Market in Oman _
The production costs of gypsum is RO. 3.75/ton® at the quarrying site. However,
since the site is located far South of the country, the price at the user site in North
Oman, or Dubai, increases to RQ. 7 to 10/ton adding the transportation costs,

4.1.1.3 Technical aspects
(1) Raw Material Availability
Cman has gypsum deposits extending approximately to 500km from Shuwaimia,
focated in the northeast coast of Salalah, to Thamuraite which is 50km northwest of
Salalah, where mines are currently in operation, then further ‘extending westward,
Judging from the qualily of gypsum produced in the area and given the quality
requirements in the Japanese market, it seems suitable for gypsum board, cement, and

calcium sulfate.

In Thamuraite, two mines produce approximately 30,000 tons of gypsum annually,
which are supplied to Raysut Cement and Oman Cement.
| 1t should be noted, however, the deposits arc made of aliernate laycrs of gypsum and
dolomite, each of which is 20-30cm to 5m thick and exiends horizontally. In exploiting
gypsum, therefore, dolemite has to be removed from the mixture. Although dolomite
can be used as raw materials for stecl making, glass production or crushed stone, if
quality requiremenis are met, it is difficult to economically use the large volume of
.dolomite expected from the deposits, and thus has to be disposcd properly.
Existing gypsum reserves are estimated at approximate]y' 900 million tons. Among
them, unstripped reserves in the area closest to the coast amount to around 90 million

3) Including 5% of costs at the quastying site as the royalty
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tons.

(2) Production and loading facilitics
Analysis is made for two cases, one case is based on annual production and shipment

of 300,000 tons, and another 1 million tons.

1) Case I (Small-scale production stage)
When the shipment volume is relatively small, increasing demand can be met by

boosting production at the existing mincs.
The two mines under production are already served by access roads for shipment.

a) Mining method
The annual production capacity is assumed to be 300,000 tons. Gypsum forms
layers under limestone or dolomite, which will be first cxcavated by hydraulic
breakers, then removed by power shovels. Then, the gypsum layer will be crushed by
hydraulic breakers and will be transported by wheel loaders to mobile crushers, which

will break gypsum into finer aggregates for temporary storage in a yard.

b) Shipment : _
From the stdragc yard, the gypsum will be transported by trucks on existing roads.

¢} Export shipnent _
Gypsum to be exported will be shipped at the Raysut port by using existing
facilities and egquipment, which can only accommodate relatively small ships. Thus,
offshore loading using barges may be needed, if a ship having a desirable capacity

cannot come alongside the existing pier.

2) Case I (Expanded production stage)
a) Production facilities and equipment
At this stage, production is assumed to reach 1 million tons annually, which makes
it economically feasible o develop a new mining site near the _cdast, rather than the
existing inland site. However, the construction of loading facility is required. Here, a
new mine is assumed to be developed in and around Shuwaimia. The mining method
is the same as Case I, except for truck shipment from the mining site to the shipping
point. The gypsum mined here will be transported directly to the storégc area at the
shipping site by conveyor. Thus the similar set of equip.mcnt will be used, although
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the number of equipment will increase.

b) Export shipment :

A loading jetty is assumed to be constructed in Shuwaymiya. Gypsum mined will

be transported o the storage arca near the jetty by conveyor. From the jetty, gypsum
- will be directly shipped to an occan going vessel for export.

There is no annual wave height data in Shuwaymiyah. According to the record at
Port of Raysut, wave is ré]atively high between June and September. In July and
August, wave height reaches at least 1.5m. Since the off-shore ship loading is very
difficult during the period, any of the following measures needs to be taken: (1)
construction of a permanent loading facility withstanding the high wave season; (2)‘
construction of a large storage yard to keep gypsum for shipments immediately after
the end of the rough sea peried; or (3) efforts on the customer side to sccure
alternative import sources during the high wave period or to have a storage yard for

around 3—month stockpile .

4.1.1.4 Conclusions
(1) Project Viability
Provisional estimate indicates that initial investment requirément is approximately
RO. 1.75 million in the case of 300,000 tons/ year production, while it is around RO.
12.8 million in the case of 1 million ton production.

The result of preliminary financial evaluation based on the above assumption has
resulicd in before~tax IRR of mere 1.0% for the annual 300,000-ton case. If the freight
rate increases to US$15/ton (assumed to be US$12/ton in the baseline case; there is more
than a minimal risk of increasing o a US$15/fon level), operation on the variable cost

basis becomes infeasible.

Before~tax IRR for the 1 million—ton case is cxpected to reach 23.2%, which is
down to 13.7% if the freight ratc goes up to US$15/ton, and 2% for US$18/ton.

On the other hand, if the operating rate is less than 100% assumed for the baseline
case throughout the project period, 'namély 40% in the initial ycar, 60% in the second
year, and 80% in the third year and later, the IRR goes down to 14.4%.

Considering that the freight rate is not likely to reach US$18/ton, the evaluation
result indicates that the project is generally viable, provided that a more detailed sfudy |
related to technology and market should preferably be conducted.
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(2) Key points of further study
1) Direct and intensive marketing to potential users not only of Japan, but also of
other markets
2} Dolomite marketing
3) Storage and shipment scheduling for the rough weather season (June through
August)

3) Suggestcd measures o support program implementation
1} Support for infrastructure development
2) Support for export marketing

4.1.2 Marble

4.1.2.1 Project description

Marble is one of abundant natural resources in the couniry. Since a few years ago,
local production of marble slab has started, and it is expected to become a major export
item. Current production is estimated at 35,000m3 annually, and exports remain at a 800~
ton level (1992). Marble available in the country seems to have potentiality of becoming

high grade that can effectively compete in export markets in the future,

Adequate marketing efforts supplemented '_with government support will be essential
to tap the export potentiality of the resource in the future. This project is to strengthen the
marketing activities on the basis of analysis of market requirements,

4_1.2.2 Market aspects
(1) World Market
Italy is the largest marble producer and leads the world marble market. Table A4-3
shows the exports of marble from Ttaly. Other major producérs are Portugal, Iran,
Greece, and former Yugoslavia. And recently, Taiwan is increasing its presence in the

market.

Marble is llimcstonc or dolomitc that is crystallized by metamorphism, having
granular texture (gra_riular pattern), and show$ milky—whitc color when polished.
However, the stone industry classifies non-crystallized stones such as limestone as
marble, this being also suitable as omamental construction material; and polished
serpentine having mottled - appearance. Except for these non-marble stones, the

following five types are traded as marble:
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1} Ordinary marble
a) Rough (HS Code: 2515.11-010 and 2515.12-010)
b) Marble slab (HS Code: 68062.91-011)
©) Polished marble (HS Code: 6802.91-019)
2) Onyx: Transparent with siripe pattern.
3) Travertine: Sedimented and solidificd carbonate lime having a porous surface and a
concentric circle patiern,
4) Alabaster; White ferra alba composing of dense and finc particles, similar to marble.
5) Ecaussine (HS Code: 2515.20-000): Bluish—gray rock in the same family to marble

and iraverting, having rough surface similar to granite and containing fossil shells.

In addition, terrazzo is made from fragments of marble that arc bonded by cement,
solidified, and polished. It is used as blocks and tiles.

Marble is mainly used as materials for inferior finish and craft arts, with the former
accounting for more than 90% of total. Onyx is widely uscd for craft arts. On the other
hand, acryl based artificial marble possessing excellent heat resistance, durability, and

workability is increasingly used as ornamental construction material in recent years.

(2) The Japanese market _
Japan's marble imports and major sources are shown in Table A4-4.

Marble produced in Japan has uneven pattern with small crystals, and it is difficuli
io be mined as large slab. As a result, imported marble is used for most of construction
projects, while local products are used as raw materials for terrazzo, Most of the top-
class marble have been imported from Italy which include those that arc imported by
Italy and re—exported. The low-priced counterparts produced by other couniry sources
on the other hand, have become increasingly popular recently.

Marble is regarded as a superior class building material. More than 90% are
consumed as general construction materials for interior finish leading to a growing
demand due to its increased use as ornament for buildings. Craft work applications
include fine art works and clock frames. In addition, demand for fombstones, garden

-~ rocks, and control switchboards is also on the rise. As for the marble used as building
material which comprised the major demand for marble in Japan, customers are
pasticolar about the uniformity of color and pattern. A slight difference in the desired
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color or pattern is often the causc of rejects that are normally detected even after the

marble has been actually installed, c.g. upon its usc as a building wall,

As carlicr mentioned, the risk of marketing marble products lic on the rate of
rejection rather than on other factors such as transporfing the product, it being a high-—
priced commodity. This also explains why most importers prefer to transact business
with reliable supplierss who can respond more quickly to consur_rieg claims and
complaints. Buyers have become reluctant and conservative in 'tryi'ng to deal with
unknown suppliers for fear of having products with inferior quality. This has posed
difficulty for the entry of new suppliers because it meant overcoming related problems

that are associated in the marble trade.

Importers and dealers do not resort in advanced importation nor do they stock
marble for long duration, instead they place order only after they receive this from their

cusiomers.

Important requirernents for Oman to enter the Japanese marble market atc as

follows:

1) Quality _
2) | Prices at the consirucfion site
3) Supply stability

4) Others

Quality requirements for marble are as follows:

1) Soft joint with workability in cutting out Iérge pieces; absence of cracks on surface
2) Uniform rock quality without variation of density
3) Beautiful color tones and spots, with rich gloss after polishing

4.1.2.3 Technical aspects
(1) Raw Material Availability . -

In Oman, there is a geological unit called Oman Exotics, which offers great potential
for marble resources. Lithofacies seems to have originated in extcrnal large-scale
structural movements (not locally deposited), where limestone has been metamorphosed
under pressuré to marble.  Oman Exotics is already mined and used as raw materials for
stone, terrazzo tiles and blocks.

A4 -8



There are several companics producing marbic, including Oman Marble Co., Al
Nasr Co,, and ATT. Additional facilitics and equipment for production, shipment, and
export shipment arc not likely to be required.

(2) - Evaluation of Raw Material/Product Quality

There are two types of marble in Oman that can be classified according to the
methods of quarrying. The first type is marble processed using a boulder of marble
found on the ground. The other type is one that is quarried from the underground.

While there is much ease in obtaining the product from boulders, the stability in its
properties or quality cannot be relied at, since the colors and patterns of marble may vary
from boulder to boulder, and it is just difficult to find a product lot with homogenous
propertics. _

The second method on the other hand, can produce the desired color and paltern and
it is this type of operation that is expected to be carried out in the future, to enable Oman
to respond to existing market demand. However, quarrying in Oman have not been done

* for a long time, And, therefore, the quarrying is still mostly done near the surface where
erosion due 1o rain occurs o scaré are often existent, arising to inferior pro'perﬁes of the
product. In 'comp’arison; the more stable qualities of Italian marble may be attributed to
deep underground quarrying, a practice which it has mustered through a long history of

operation,

Therefore, the development of the industry rests on the capabi]ity to adopt deep
underground quarrying to produce export—quality marble,

4.1.2.4 Conclusions
(1) Project Viability _
There are prospects in further exploring export markets for marble, provided that

certain conditions are met.

First of all, cfforts should be made to convert an industry relying on boulder
production from the short—term perspective to a one which is willing to develop the
underground mine with a view to foster the marble industry. This way, the industry that
is characterized by small-scale operation, unstable quality, and reliance on spot orders
will have the ability to ship products having. stable quality, ultimately securing the
market with continuous transactions. The initial step of the process should focus on the
fow~priced product market, rather than the high-end product market, until marble
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deposits with stable and high quality found in a deeper layer becomes commercially
exploitable. . '

Marble tiles cut in small sizes has already captured export markets, particularly
among GCC countries. Although these arc low—priced items valued at about US$30 per
square meter, it may be considered a significant export potential from which other high-
priced items could follow.

In Japan, low-priced producis are increasingly used.

Another possibility that could be studied further is exporting to Italy which imports
marble from various sources and does some further proceésing, then re-exports the same.

The effort should be followed by the strengthening of markeling activity.

The necessity to cultivate new export markets is critical since a lot of potential
buyers are not aware of the vastness of marble resources in Oman. In this regard, there
is a pressing need for Oman to strengthen its promotional campaign in marketing its
marble because there remains to be many known countries supplying this resource which
have become established sources. Besides, customers may not be very keen in
identifying new sources because they may be satisfied in their dealings with established

ones.

“The other problem concerns quality control in the production stage and in transport
handling. Quality control is usually a concem for buyers if marble sold is uncut.
However, if it is sold in board, quality control is the responsibility of the seller and this
largely determines the continuily of future transactions. Thus, adequate measures must
be undertaken to prevent damages in the process of transporting products. Buyers\#*ould'
not bear the risk of obtaining marble in undesired quality, especially if they source from
Oman, it being a new source for them. In exploring new markeis therefore, Oman must

gain 4 good reputation as a reliable marble supplier.

Lastly, it is also important to attend to inquiries, offers or complainis immediately.
While marble is a high—priced item, the mark—up fee by importers in a transaction is not
50 much substantial varying to only approximately 3 to 5 percent. In other words, the
corresponding communication costs result in lower revenues for importers. This may be
a burden to buyers who consider arranging for an inquiry or transacting business as an
added cost, and discoﬁragmg them further to contact new sources, Exportcfs must be

acquainted in doing international transactions so as not to lose potential buyers,
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(2) Suggested supporting measures for project implementation
1) Promotional activities through exhibitions
2) Support for advertisement of the product in potential markets
3) Assistance in export marketing
4) Business/management training, especially for those not familiar in international trade.

4.1.3 Aggregate

4.1.3.1 Project description
Aggregate is produced by crushing and selecting rocks and gravels having common
physical properties according o specific quality standards, It is widely used as one of the

basic construction materials.

The country is endowed with virtually limitless rock mountains (in addition to wadis)'
suitable for quarrying, while other GCCs cxcept for the UAE and Yemen lack suitable

stone resources,

However, the crushed stone aggregate industry in the country has not grown 1o fully
~utilize available resources. Rathér, it has ‘managed to mect growing demand from
construction projocts, particularly public' works, by only collecting necessary amounts of
stories upoﬁ demand, from nearby wadis. Thus, quarry resources in the country have yet

to be developed into a fully commercial scale.

The project is desi'gned' to develop abundant quarry resources, and transform crushed
stone aggregate into a major economic resource of the country through Jarge scale quarry
projects that will develop rock mountains. _

{Note that a large-scale quarry development project is currently being implemented in
Fujairah. To avoid duplication, the following discussion will be limited to market aspects

only.)

4.1 3.2 Mariket aspects ‘
Crushed stone aggregate is generally used for road construction and concrete making.

Although accurate production data are not known, MPM estimates crushed stone
aggregate demand in 1992 as follows (Table Ad-5);
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Table Ad-5 Aggregate Demand in Oman (1892)

{m3/year) ('000ton*)
Sand . 2,767,000 4,060
Aggregate 2,875,000 4,312
Total 5,583,000 8373

(Note: * Assuming that the average specific gravity of crushed stone aggregate is 1.5),

Domestic demand is sure 1o increase in the future. However, as long as the aggregate
industry is serving only domestic demand, the present small-scale operation of producing
crushed stones from wadis would suffice, and the major expansion project contemplated

here is not required; rather, small scale operation is desirable to foster small enterprises.

. While demand for cfushed stone aggregate in GCC countries is not known?,
consumption for road construction and cement production alone seems to be fairly sizable.
Supply scurces in the region are limited to Oman and the northern border area of the UAE,
* from which crushed stone is transported by truck. An OMCD's project in Khawr Fakkan,
Fujairah, plans to transport products by using a 10,000-ton class ship.

On the other hand, there is strong demand in the country. 1In addition to road
construction and cement productmn crushed stone aggregate will be needed for a port
construction project where large quantities of lump stone will be consumed for riprap
(around 1m in diameter) laid for marine structure. Since the quarrying of crushed stone
from wadi is restricted to 1.5m~deep excavation, the need for developing quarries near the

coast should be responded to meet such demand.

4.1.3.3 Conclusions
(1) Project Viability

Based on future growth potential, large~scale quarry development projects should be
promoted vigorously.

In light of the fact that increased production will have a signific_ant im_pact on
transportation cost, therefore, the project site should be sclected near the coast where a
loading facility can be casily constructed. ' '

According to a calculation on the basis of data obtamed at the OM(,O project in

Khwar Fakkan, the initial invesiment requirement is ar{_)und RO. 2.6 mllhon, and IRR

4} OMCO estimates the consumption of aggregates in GCCat 2 to 3 tons/person/)ear total demand being around 10
million tons/year.

Ad 12



(before tax) is cstimated to be 64%, with 4 million tons of annual preduction capacity.
Bven if the capacity utilization declines by 20% (or 80% of capacity utilization in the
3rd year of operation and onwards), the IRR is expected to be 49%.

(2) Suggested supporting measures for the project implementation
1) Development of industrial standards for crushed stone aggregate
The crushed stone aggregate industry often encounters intensive competition based
on the construction demand. In particular, the presence of many small companies leads
to excessive competition, resulting in the production of low—grade aggregates. On the
other hand, it is very important for the industry to maintain a certain quality leve!
required for cxports. The consistency in quality is one of the critical factors to
effectively compete in export markets.  The development of industrial standards
covering at least the following three types of crushed stones is highly desirable:

1) Fine aggregate for concrete
2) Coarse aggregate for concrete
3) Crushed stone for road construction

2) Collection of market information
At present, there is little information on crushed stone aggregate demand available

in surrounding countries.

3} Consideration of regulatory measures for environmental preservation

Since large-scale quarrying may lead to environmental degradation, regulatory
measures should be established at the outset, and made known to the industry. A
clearly defined regulatory framework is important for effective environmental

preservation as well as for investment promotion.

4.2 Deve!op'ment of New Applications for Locally Available Resources
4.2.1 G‘ypsufn board

4214 PrO}edt description _

Oman has abundant rescrves of high-grade gypsum, which are currently used for
cement production. The production of gypsum board is the major demand for gypsum
besides cement production, in‘mo'st of the countrics in the world (for instance, 4,950,000
tons out of 9,160,000 tons of annual gypsum demand in Japan are used for gypsum board
production). This project aims to produce gypsum boards locally.
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In Oman and Middle Eastern countries, use of gypsum boards is increasing gradually
at present for constructing industrial and high-rise commercial buildings using steel
* frames, but it is not so popular for housing construction. Gypsum boards have excellent
fire resistance as well as high—-temperature resistance as insulation materials are inserted
between the board and the wall. Tt likewise improves fire resistance and safety of houses
and other buildings, while séving electricity consumption for air—conditioning. All these
features, however, have not been so significant in Oman where building owners are not
conscious about their cnergy costs since it is borne by tenants, and where construction of
buildings utilizes mostly steel bars.

Since the gypsum board production process includes the baking of natural gypsum
(CaS0,—-2H,0) into calcium sulfate (CaSO,-1/2H,0), which can be used for production
of products applicable to a variety of applications, including plaster, craft works, medical
materials, and cast, it is expected to be effective for developing the rclevant industries,
which would otherwise be hard in being established.

4.2.1.2 Market aspects _

As discussed in the previous section, the commercial use of gypsum board in Oman
has.begun only recently. There are several contractors who use imported gypsum boards
mainly for ceiling and interior partition wall finish but this has been largely limiied to the
construction of public buildings like hospitals, airport buildings, etc. where steel frame is
used. _

A confractor consurnes an estimated 24,000m? of gypsum board annually, from which
total demand is estimated at around 100,000m? assuming that the operation among
confractors is placed on the average. Potential demand seems to stand at least 1 million m?2
annually®) which will be able to support a small-scale factory operation.

However, the expected growth in this demand will be from minimal to none, because
building owners in the Middle East including Oman have no incentive to adopt encrgy
saving designs, and buildings do not use little interior matcnals hmltmg the use of
gypsum board as partmon material.

The largest demand for gypsum board in GCC is found in Abu Dhabi where a
minirmum floor number is set by law. For other GCC countrles dcmand forccasts would

) According to official statistics, the number of building permits, approximately 4,000 unils (whh all the types of
buildings being converted to housing units) are constructed annually in the country. Assuming that each housing
unit has a floor area of 400m? (20m x 20m) and is 10m high (Sm x 2 levels), the area covered by ceilings and
external walls in each unit totals 1,600m2. [If gypsum board is vsed for finishing all the houses, total potential
demand amounts to 6.4 million m? per year :
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be similar to Oman.

Most of the gypsum boards arc imported from Saudi Arabia, Countries outside the
region that also supply include, United Kingdom and Thailand, but prices are relatively
higher particularly for European sources (cif price of European sourced products is
RO.1.2/m2 while that in Saudi Arabia ranges from RO. 0.84 to RO. 1.075/m?). |

The National Gypsum Co. in Saudi Arabia has an estimated production capacity of 0.6
- 1 million m%year. On the other hand, the minimum required production capacity in
Japan is 3 million m2 per month.

4.2.1.3 Technical aspects
The general outline of the gypsum production process is as follows:

(1) Acceptance of raw material: Quality inspection of raw gypsum for acceptance,

(2) Drying: Blowing of hot air (around 100°C) to raw gypsum to remove moisture.

(3) Baking: Baking of dried raw gypsum at 170--180 °C for 3-4 hours and produce
calcium sulfate. ' _

(4:) Crushing: Crushin g calcium sulfate in a lump into fine particles.

(5) Mixing: Mixing water and other additives with the calcium sulfate powder.

(6) Forming: Shaping the mixture into a board having a specific thickness and aftix_
paper on both sides. '

(7) Hardening: Hardening of the gypsum board on a belt conveyor.

(8) Cutting: Hardening the _board into piecces having specific dimensions.

(9) Drying: Removal of moisture remaining in the boards.

(10)Inspection and packaging: Checking dimensions and quality of the boards and
package them for shipment,

Construction technology related to the gypsum board plant is mostly owned by
manufacturers. A gypsumn board maker who wins a contract to build a gypsum board plant
procures necessary machincry and equipment from various suppliers, and assembles or
install them. For this reason, it is very difficult to estimate the required plant cost without
knowing individual cquip'mént costs. 'Very rough estimates are somewhere between 6
billi_dn and 10 billion yen for a 30 million m? plant.

4.2.1.4 Conclusion
 There appears 10 be no prospects for production of gypsum board for a domestic
market because of the lack of its application in building construction in the country.
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However, the production for export has better possibilities targetting the markets in
Southeast Asia and East Asian couniries, duc to cheaper container freight rates in
supplying to these countries.

Since cost estimate for the gypsum board plant is very difficult, as mentioned above, it
can be safely said at this moment that the total production cost will be lower than a typical
cost of US$1.80/m? in Western Europe (compared to the market price of US$3.60/m?)
given the lower energy and labor costs in Oman. The container freight rate from Oman to
Japan is US$900/40£t., and if related expenses of US$123 per container are added, the total
transportation cost is US$0.62/m? (1,650m2/container). The resultant unit price upon
arrival in Japan is US$2.42/m2, compared to the Japanese market price: of US$2.5/m?,
Thus, if further saving can lower production cost, then local production of gypsum board

will become feasible. A further detailed study is recommended in this direction.

4.2.2 BRock Wool

4.2.2.1 Project descriptlon _ _

Rock wool is a mineral wool made by melting high—tcmperature resistant minerals
mainly consisting of limestone and silica in a cupo_la or an electric furnace at 1,500~
1,600°C. Tt is used as a heat/sound insulating material for both bdildings and industrial
plants, and its use for the former dominates in markets in industrialized countries.

In Oman, the use of rock wool started in building construction, side by side with the
increased use of gypsum board. . Also, its potential usc extends to industrial facilities and
equipment that require heat insulation, such as oil refinerics and petrochemical plants.

Oman has sizable reserves of rocks suitable for rock wool making, and the project
proposes production of rock wool for local consumption and the export market using these

available rock resources.

4.222 Market aspects - |

As in the case of gypsum board, the use of rock wool for building construction started
only recently in Oman. Several contractors appear to use rock wool as a cqns_truction
material. One company consumes 1,000—1,500m2/y'ear of rock wool for walls and
ceilings of industrial plants and office buildings, which is equivalent to 2.5 tons per year,
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and the total demand does not exceed 100 tons annua]ily for construction purposes® . Its
demand for industrial use was rather minimal cven at the time new construction of
industrial projecis were carried out.  Other Middle East countries utilize rock wool mainly

for industrial purposes.

Potential domestic demand for construction materials is estiinated at around 10,000
tons annually?) , if the use of rock wool is encouraged extensively for energy saving.
However, this demand may be hampered with the increasing disconcern over the need to
raise energy efficiency in buildings on the argument that energy costs are anyway paid by
tenants. In addition, there is a degree of preference in the use of polystyrene as an
insulating material due to its cheaper costs and casier handling by workers. Workers
prefer the use of polystyrene because rock wool pricks during handling, requiring it to be
conveniently packed in plastic bags in most couniries for ease in handling.

Six rock wool plants are currently operating in the Middle East region showing signs
of a rather competitive environment. There are three p]dnts located in Pakistan while there
is one each in Fujairah, Saudi Arabia and Jordan. The very substantial share of freight cost
to a total rock wool value is placed at about 35 to 40 percent indicating that a viable
market may be limited to the neighboring plant arcas. In Fujairah alone, fransportation
costs is about DH 2,000 to DH3,000 per container while the cost of production is placed
only at DH12,000 to DH15,000 per container,

Further, in industrialized countries, rock wool is mostly substituted by iron slag wool
produced as a wastage of iron production, and this is already a highly competitive market
to pencirate. Thus, the project should be complemented by stirnulating domestic demand,

rather than soiély tapping export markets.

4.2.2.3 Technical aspects
(1) Raw material Availability
The most promi_sing raw rock deposits are dolerite found in Rusayl. These deposits
are of sufficiently high grade and can be mined and transported economically.

(2} Production technology and equipment
Major operations requiring capital investment are summarized as follows;

) The import of slag wool, rock wool and similar mineral wools (HS Code 68-06-1000} in the Sultanate was 666
tons in 1992 and 20 tons in 1991, .

7) See demand projection method of gypsum board.
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1) Acceptance of raw material: Accepting and storing raw rock.

2) Melting: Mixing the raw rock with coke heated and melt the mixture in a cupola at
approximately 1,500°C.

3) Wool making: Spouting the melted mixture through' a nozzle in a fabric form, by
means of centrifugal force or jet stream.

4) Collection: Catching and collecting rock wool coming out of the wool making

process in a collection chamber.

The proposed plant will not need the following processes which are usually
incorporated in rock wool plants in industrialized countries, because rock wool in Oman

is mostly used in its raw wool form:

1) Curing: Bonding wool filaments by using synthetic resin as a binder, and shaping
them into rock wool. :

2) Cutting: Cutting the formed rock wool into pieces having specified dimensions.

3) Packaging: Packaging rock wool products for transportation and use.

The minimum economic size of rock wool production is estimated at about 7,000
tons/year. A representative example is the rock wool plant in Fujairah in which the
production capacity is 28,000 tons per year, consisting of four lines of 7,000 tons per

year.

According to an estimate made in 1994 for a rockwool production project in a
Southeastern country, the required investment cost for the plant with production capacity
of 3,000 tons per year was 600 million yen, including 30,000 m? of land acquisition
COsts.

4.2.24 Conclusions

The rock wool production becomes a venturable activity only on the basis of its
demand as an insulation material for building construction in Middle East countries where
- industrial accumulation remains to be low, and where demand for indusirial use fluctuates
yearly depending on the availability of plant construction projects. ‘The capacity
utilization rate varies significantly in the Fujairah plant for example, to a high 65% to 75%
during peak scasons, to as low as 40% on lean years like what has been experienced in
1985 and 1986. Thus, given the currert conditions, a rock wool project targetting
domestic market and neighboring countries, will hardly be viable.
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In the futare perspective however, should a new regulation on standards be instituted,
especially those pertaining to the use of building materials that arc fire resistant and energy
saving, the project's viability should be assessed again.

Nevertheless, it would be worthwhile to sfudy more in detail the promotion of the
project targeiting export market particulary Southeastern countries. The markets are
located favorably in view of container freight rates to the market from Oman, and their
current supply sources are mainly West European countries. The expected major demand
is from industrial use for such plants as oil refinery, petrochemicals, and power generation,
cte., manufacturing factories of home appliances and electronics component parts, and
high rising building; construction of these plants, factories and buildings are significantly

growing due to upward trend of economy in the region in recent years.

4.2.3 Chrome ore for refractory bricks and indefinitely shaped
refractories

4,2.3.1 Project.description

‘Refractory bricks are non-metal substance which have resistance to high temperature
of over 1,500, and arc used in a variety of industrial furnaces, including blast farnaces,
converters, electrical furnaces, cement rbtary kilns, glass melting furnaces, as well as
pottery kilns and solid waste incinerators. Indefinitely—shaped refractories are similar to
refractory bricks in material and use, but are made from powder or pzistc form applicd to
surfaces of kilns and other similar structures forming a specific shape.

Raw materials for refractory bricks and indefinitely—shaped refractories include non-
metal minerals such as alumina, chrome, and magnesia. Chrome refractories using chrome
ore are classified as a neutral refractory with high temperature resistance, and a low level
of reacﬁvity with silica refractories and magnesia refractories. Also, when combined with
magnesia clinker, chrome ore makes basic chrome—magnesite bricks which can overcome
the limitations arising from the use of chrome bricks such as, burning, shrinkage and

spalling.

Oman has reserves of chrome ore of over 2 million tons in total. However, deposits
are not geographically .conccntratecl, and the size is mostly limited to a few thousand tons.
Globally, the existence of chrome resources dominates in South Africa and the former
Soviet Union. South America produces more than 4 million tons annualy, ‘Since Oman

lacks international competitiveness in chrome production due to a relatively small scale of
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production, it is currently exporting chrome ore suitable for steelmaking. Unsuitable ore is
usually disposed.

The project is designed fo use the currently disposed chrome ore as a raw material for
refractory production. Meanwhile, many small déposits found throughout the country can
be strip mined without special cquipment. Chrome ore from these deposits is not suitable
though for steelmaking, but can be used for refractory production. Generally, chrome ore
in Oman has high alumina content and relatively low silica content, making it a very

sujtable refractory material.

’I‘odéy, refractories are made from diverse materials with wide range of shapes and
fitting according to purpose, This include bricks, tiles, powder and granular forms for
coating, In many cases, refractory bricks or indefinitcly—shapcd refractories are custom-
designed by contractors who themselves build or repair furnaces or kilns according to
specific operating requirements and conditions. For this rcason, export of final products
is not very common, except in the case where local production is difficult.

Manufacturing processes involved in the production of reﬁattory bricks and
indefinitely-shaped refractories consist of crushing raw minerals into specific grain sizes,
mixing of minerals in a desired proportion depending on the performance requirements of
each furnace, and forming the mixture ihto b_ricks and other shapes. In Oman, industries
requiring refractory structures are growing in number and size, including copper smelting,
cement production, thermal power generation, oil refining and petrochemical production.
Refractorics used by these industrial plants wear—out over the years requiring replacement
on a periodical basis (for instance, refractories for cement kilns arc replaced once a year),
so that a constant demand can be expected. Another favorable factor worth mc.ntioning is
the presence of deposits of other refractory materials, including quariz sand and dolomite.
Given all these conditions, a practical stratégy in developing the refractory industry - with
a small domestic market like Oman is to start from the production of refractory materials
and target large export markets, rather than aiming highly—customized final products in

terms of material mix and design.

Once .rcfractory materials are locally produced, existing brick works can be mobilized
to produce refractory bricks and indefinitely-shaped refractories demanded by - local
industries. This rnay be the first step of establishing the refractory industry capable, of
.mecting domestic demand. ' |
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4.2.3.2 Market aspects

As a general tendency, durability of refractories has increased significantly with the
advancement of production technologies by user industries, and the demand for improved
quality required of refractory products. This has resulted in steady declines of refractory
requirements per product unit. At the same time, the production of indefinitely shaped

refractories have been increasing, accounting for over 40% of total refractory production.

Japan exporls refractory bricks and indefinitely shaped refractories mainly to
Southeast Asia, at around 1(]0','{}(}0 tons and 60,000 tons per year, respectively (including
refractories made of materials other than chromite). Note that Japan imperis minimal
amount of refractories, while refractory materials are impbrted in large quantitics.

Japan considers shifting domestic production of refractory outside and importing from
there. This action will be faken to meet the request of its major customer, the Stecl

industry. China has been considered as a site where production base can be shifted.

Theoretically, based on cement production and refractory demand in the country, and
demand for refractories in industrialized countrigs, the demand in Oman is estimated at
800 tons and expected to grow by 2,000 tons in the future.

However, in actual practice, users in Oman are small in size and exchangcs of bricks
in their furnaces are seldom done. Even in case of exchanging bricks, they contract the
maintenance job outside the company which procures goods from forelgn sources. In this

sense, the dernand will not meet the production size.

4.2,3.3 Technical aspects

The refractory production process consists of: 1) crushing, 2) mixing, 3) forming, 4)
drying, 5) baking, and 6) inspection, packaging, and shipping. The project is primarily
comrised of two processes, thesc being; 1) crushing, and 2) inspection, packaging, and

shipping.

4.2.3.4 Concluslons _
It is difficult to expect enough demand size for production, this project seems to be

unfeasible.

424 Natural gas based industries

4.2.4.1 Project descrlptlon
Qil and natural gas are vital but limited resources in Oman thus, development of
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industrics utilizing these resources must be carefully cxamined, if the goal is to attain
higher value—added, efficiency in use and other economic cffects consequential fo

industrial development.

At preseni, an overwhelming part of crude oil produced in Oman is exported, except
for some portions being refined to pefroleum products at the existing refinery for domestic
consumption. The current exports of crude oil will continue despite the absence of
increases in domestic consumption because there are no plans of building a new refinery,

or expand the existing refinery in the coming few years.

The current domestic sales of natural gas is approximately 70,000 MMSCF per annum.
This gas is supplicd to power plants and other industrial consumers for fueling purposes
through the existing' gas supply system called the Government Gas Systemn (GGS) or the
GGS gas, as it is called.

There is a petrochcmical project which is being studied by the Ministry of Industry
and Commerce. It involves the sei~up of a petrochemical complex which will produce
ethylene and its derivatives from ethane, propane and butane, and all these can be
extracted from the GGS gas. The final products to be produced in the complex will be
polyethylene and polyprépy]éne which are typical plastic resins being widely consumed in
the world, Because the domestic demand for these products are small, this project will be
mainly geared for exports.

Aside from this petrochemical project, there are two gas—-based projects that are still
under study by the Ministry of Petroleum and Minerals, both eniailing the use of natural
gas that in turn will be produced in large volume with the development of the large non—
associated gas reserves discovered in the inferior regions. These projects are enumerated
below:

1} LNG project which will produce a large quantity of LNG for exports. This project
shall consist of setting~up 2 giant LNG complex and the construction of a trunk gas

pipeline system from gas fields to the LNG plant site,

2) Project for manufacturing' ammonia/urca fertilizer andfor chemical methanol by

using a part of natural gas supplied for the LNG project.

Tt is a common practice for a large volume of natural gas to be exported in the form of
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LNG under a long—term contract with committed importers. Therefore, the development
of new gas reserves will depend on the implementation of the LNG project which will
process a substantial amount of gas produced from the new gas ficlds that will be
developed. chce, the LNG project will be pursued as a main component of the new gas
reserve development cognizant of the government's policy outlook for the energy sector
which is beyond the scope of this study.

The manufacturing of ammonia/urea fertilizer and chemical methanol is a typical part
of the hydrocarbon chemical industry for which natural gas, particularly methane being the
main component of the gas, is used as feedstock. Since Oman has little demand for urca
fertilizer and chemical mcthahol, ammonia/urea and methanol projects must be developed

for exports.

The ammonia/urca fertilizer and methanol projects, as well as the petrochemical
project are among the significant programs that will boost the basic chemical industry.
This industry which utilizes natural gas resource in Oman  will possibly bring about
substantial growth of industrial output and non-oil exports. In this respect, the feasibility
of developing these industries may be assessed with a preliminary review of export

markets and cost competitiveness of producing in Oman.

However, since feasibility studies on these specific projects are conducted by relevant
authorities, the assessment in this study will comprise of examining the basic framework

and direction to consider the development of these industries in Oman.

4.2.4.2 Market aspacts
(1) World Market
Since the domestic demand for petrochemical products, particularly polycthylcnc
and polypropylene as well as urea and methanol are very small, their productmn should

be mainly geared for exports.

Overview of the international supply and demand trends on petrochemical products as
well as urea and chemical methanol are presented in Chapter 6. This overview indicafes
export possibilities of those praducis from Oman as follows:

(1) Polyethylene and polypropylene -

The world consumption of polycthylene combmmg LDPE (low density polyeihylcnc,
- LLDPE (linear low density polyethylene) and HDPE (high density polyethylenc)
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amounts to 31,1 million tons in 1992, in which about 10 million tons or 32% are met by
~imports. EEC is the largest importer with 4.8 million tons, followed by Asia importing
2.3 million tons,

The world consumption of polypropylenc amounts to 13.6 million tons in 1992, in
which 4.2 million tons or 31% are met by imports. Similar fo polyethylene, EEC is the
largest importer with 2.1 million tons followed by Asia importing 1.3 million tons.

It is forccasted that the world consumption of these products will increase to 38.6
million tons for polycthylene, and 17.2 million tons for polypropylenc in 1997 and
further to 46.9 million tons and 21.2 million tons, respectively by 2002. Likewise,

import requirements for these products will increase accordingly.

This large size of import requirements for polycthylene and polypropylene will
provide export opportunitics for Oman. However, it is likcly that an over supply
condition will result, as production capacities rise, inducing keen competition among

exporters in the international markets.

In view of this future outlook, possible exporis of petrochemical products from
Oman would depend largely on how Oman can produce those products at competitive
costs, enabling it to sustain competitive pressures offered by other cxporters in the

international markets.

{2) Urea fertilizer
The Indian Subcontinent, éspecialiy India is a large consumer of nitrogen fertilizer,
particularly urea. Demand forecasts in this region will reach 12.5 million tons, witha 2
million ton supply shortage. India accounts for more than two-thirds of the regional
demand, requiring remaining importation of nearly 2 million tons to be served. If Oman
can produce urea at internationally competitive costs, there is a great possibility for
Oman to export it 1o India.

(3) Chemical methanol
The world consumption of chemical methanol shows conspicuous growth boosted
with the increasing production of MTBE in recent years. In 1992 the world
consumnption of methanol reached 20.9 million tons, in which 8.4 million tons or 40%
are met by imports. Despite a continuing growth in demand, the international market
remains to bc'cxpcricncing a short sﬁppiy, and it is.Iikély that this tight supply condition
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will continue with further increases in demand. Methanol is an internationaily traded
commodity. As a market outlook, Oman may embark in the production of chemical
methanol for exports, provided that it can be produce at internationally competitive costs.

4243 Assessment of production costs
Assuming that ethylene derivatives represented by polyethylene (HDPE and LLDPE),
urea fertilizer and chemical methanol are to be produced in Oman, competitiveness in

terms of production costs must be assessed.
There are four main factors which substantially affect production costs. These are:

1) Production capacity of plants;

2) Capital costs for plants;

3)  Costs for feedstock; and

4) Capacity utilization in operation,

Process technologics in manufacturing these products are consecutive—flow-type
which are characterized in production economics as being sensitive to the "economies of
scale". Innovation of moder process technologics has cnlarged the production capacities
of manufacturing plants in these industries. Nowadays, plants at international standards

have at least attained the following capacities:

1) Ethylene plant: 300,000 tons/year (1,000 t.p.d.) | |

2} Amunonia/urea plant: 560,000 tons/year of urca (1,000 t.p.d. of ammonia and 1,700
t.p.d. of urca}

3) Methanol plant: 500,000 tons/year (1,500 t.p.d.)

Tables Ad—~6 to 10 show the production cdsis for ethylene, HDPE, 1LDPE, urea
fertilizer and chemical methanol which are estimated on the assumption that these arc
produced at plants of international standards. The given costs include 10% ROI (Return
on Investment), and take the following assumptions:

1) Value of ethane to be fed for cth'yiehe production: US$2.00/MMBTU

2} Value of natural gas to be fed for the production of ammonia/urea and methanol:
US$1.50/MMBTU

3} Operation at 100% capacity utilization
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Tables Ad4-11 to 14 show changes in the estimated costs affected by changes in value
of ethane and natural gas, and also in capacity utilization rates, which are also illustrated
with graphs in Figure Ad-1 to 4.

Tables A4-15 and 16 and Figure A4-5 and 6 show the pasf trends of international
prices of ethylene, HDPE, LLDPE, urea fertilizer and chemical methanol.

Cost competitiveness for the production of these products in Oman is assessed with

reference to estimated production costs, and international price trends given above.

(1) Ethylene derivatives (HDPE and LLDPE)

‘The estimated production costs for HDPE and LLDPE, typica! ethylene derivatives,
are given in Table A4-12, at US$755.65 per ton for HDPE and US$708.11 for LLDPE
including, 10% ROI and assuming the feed of cthane valued at US$2.00/MMBTU, and
an operating capacity utilization rate of 90%. '

The international prices of these products, as given in Table A4-15 and Figure Ad—
5, were maintained at stable prices in the range of US$948 and US$1,014 pér ton for
HDPE; and a range of US$882 and US$959 per ton for LLDPE up to 1987. Thesc
values fell to a range of US$660 and US$700 per ton for HDPE, and the range of
US$610 and US$680 per ton for LLDPE in 1992 and 1993, after a rise to a level
averaging over US$1,100 per ton for both in four years from 1988 to 1991,

~ The economic rccession in the industrialized economies depressed demand growth,
~while supply capacity has increased either through plant expansion or operation of new
ones in recent years, With this market condition, cirrent international prices followed a

downward trend.

It is predicted that the prices will rise to some extent in the coming few years with a
fair increase in demand, as industrialized cconomics recover from the economic
recession leading to further demand growth. On the other hand, however, it is foreseen

that competition among exporters becomes more intense as export production increases.

Given the future outlook, Oman should seck a plant gate cost level, including ROI
of US$750 per ton for HDPE and US$700 per ton for LLDPE. "I.‘_his_leve] of production
costs could be realized assuming ethane is supplied at US$2,00/MMBTU or lower, and
if the plant is operated at a capacity utilization of not lower than 90% on the average. In
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order to realize this supply cost for ethane, natural gas to be fed for extracling cthane,
propane and butane must be supplied at a price not higher than US$1.50/MMBTU since
ethane extraction cost is estimated as US$0.4 to 0.5/MMBTU. Lean gas remaining after
exfraction which accounts for about 76% of gross volume of natural gas fed, can be
supplicd to GGS gas consumers at the current comtmercial gas prices.

(2) Utrea fertilizer
The production cost estimate, as given in Table Ad-13, indicates that with the price
of natural gas assumed at US$ 1.50 MMBTU, and a capacity utilization rate of 90%, - the
-~ yield is US$169 per ton of urea in bulk at a plant gate cost including 10% RO

The past trends of export prices (FOB) of bagged urea from the Middle East show
sharp fall from US$160 per ton in 1991 to US$115 per ton in 1993, Although the prices
tends io rise in 1994, it is foreseen that the future .ﬁ:xPort price will not be higher than
US$120 'per ton of bagged urea, or US$110 per ton of bulk urea. Assuming this future
outlook for export prices of urea is realized, it would scem difficult for Oman to produce
urea for exports to international markets, even if the price of natural gas is supplied at an

excessively low price.

However, the production at US$160 per ton of bulk urea for the Indian market
would still be attractive because domestic production costs in India are still much higher,
not to mention the substantially lower transportation costs because of its relative
proximity to Oman. If natural gas is supplied at US$1.00/MMBTU, it would be possible

to attain the production cost level earlier mentioned.

(3) Chemical methanol

The estimated production cost for chemical methanol, as given in Table 4~13,
shows a level of US$124 per ton at a plant gate cost, including 10% ROI and assuming
the supply of natural gas at US$1.50/MMBTU, and operating at  90% capacity

utilization rate,

The import prices of chemical methanol in EEC range between US$105 to US$115
per ton at cif prices, during a four year period from 1989 to 1992. But in 1993 there was
a sharp rise to cif US$150 per ton reﬂécﬁng the tight supply prevailing in the g]obal
market, Since this tight supply condition is likely to continue in the coming few years, |
the current prices will remain for the time being, However, in order to sustain
international competitiveness, the production cost should not be higher than US$110 per
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ton. This price range can be realized if natural gas is supplied at a price not higher than
US$1.60/MMBTU. '

4.2.4.4 Considerations required for project development

As discussed in the previous sections, there are 'possihilitics for Oman to develop 1) an
olefin petrochcmical complex to produce ethylene derivatives, particularly polyethylene
for exports based on ethane, propane and butane extracted from the GGS gaé, and also 2)
an ammoniafurea fertilizer complex to produce urea fertilizer for export to India, and 3) a
chemical methanol plant to produce chemical methanol for exports by using a part of
natural gas which will be supplied for LNG when LNG project is sct up along with the
development of new non-associated gas reserves. Enumerated below are considerations

required for the development of these projects.

(1) Pricing policy for natural gas to be supplied

1) Gas price for the olefin petrochemical coimplex

The estimated production costs clearly indicate that natural gas supplied to the
proposed olefin petrochemical complex needs to be at a lower level than the current |
domestic pricc. More specifically, the proposed olefin petrochcinical complex may be
feasible if extraction of ethane, propane and butane components of the GGS gas is
priced not higher than US$1.50/MMBTU for input to the extraction unit, especially
during the initial five years. It is lower by about US$0.58/MMBTU or about 28%
compared to the current price of GGS gas priced at US$2.08 per 1,000 SCF (equivalent
to 1 MMBTU). As the volume of cthane, propanc and butane to be used for an annual
production of 300,000 tons of efhylene amounts to approximately 16.84 trillion BTU
which accounts for about 24% of gross gas volume, the reduction of gas price for the
petrochemical complex by US$0.58/MMBTU may result in reducing the annual
revenue of GGS gas by about US$9.8 million or about 7% of total GGS gas revenue.
On the other hand, howeves, a 300,000 t.p.a olefin petroéhe’fnical coniplex is expected
to generate about US$150 million of value—added including, a 10% return on
investment as well as about US$200 million of foreign exchange earnings annually.
Hence it will contribute to substantial increases in the sectoral value—added in the

manufacturing industry sector and non—oil exports.

2) Gas price for atnmonia/urea and methanol projects
The estimated productidn costs for ammonia/urea and methanol projeéts imply a
possibility for Oman to develop an ammonia/urea project for exporis to India and also a
chemical methanol project, if natural gas could be supplied at US$1.00/MMBTU.
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Assuming the production scale of urca and chemical methanol at 560,000 tons/annum
and 500,000 tons/annum respectively, an annual requirement for natural gas is
estimated as 11.37 billion SCF for the ammonia/urea project and 17.5 billion SCF for
the methanol project, totaling 28.87 billion SCF. As this volume of natural gas is not
available from the existing gas sources, these projects can be developed only when the
new gas reserves arc developed for the LNG project.

The NG project, assuming the production at ¢ million tons per ycar, will require
approximately 288 billion SCF of natural gas per annum. The gas requirement for
ammonia/urea and methanol projects, as shown above, is about one-tenth of that for
LNG. If a new gas supply system is set up for the LNG project, the gas can be supplied
to the ammonia/urea and methanol projects at a low price since almost all of the capital
costs for gas transmission can be recovered, as gas is supplicd for the LNG project. The
ammonia/urea and methanol projects are expected to generate value—added including
10% return on investment at US$69 million for urea, and UUS$58 million for methanol,
and forcign cxéhangc earnings. of US$80 million for urea and US$45 million for
methanol annually. Hence these projects will also contribute to increases in the

industrial value—added and non-oil exports.

(2) Securing the export market
~ Petrochemicals, urea and methanol arc international commeodities for exports.
Although there is an implication that Oman can produce these products for exports at
competitive costs if the natural gas is supplied at a concessively set price. However, the
international market prices for these products are subject to fluctuation.

For instance, the price of urea varies greatly to reflect various factors, especially
weather conditions in major food production areas. Price fluctuation is also amplified by
the fact that international trade of urea is mo‘;ﬂ) done through competitive tender by
supphers Unsold products have to be dlsposcd on the spot market at discount. In other
words, the success in the intcrnational market depends upon ‘whether the exporting
country can’secure long~term contracts, which would assure stable exports in terms of
quantity and price. For many importing countrics, stable supply in terms of delivery,
qudntity, and price is also important for food production.

India, as revwwcd carlier, stands as a sizable potential market for Oman, which in
turn can offer various locational advantagcs assuring stable supply. First of all, Oman is
situated outside the Gulf and is thus not directly affected by the s_moldclmg regional
conflict that is a matter of concern for the world community. Also, the couniry offers a
shorter distance of transportation to India, compared to other GCCs. Therefore, the

establishment of a long—term rclationship with India seems fo be a major strategic option
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for Oman to secure export markets for its products.

In casc of peirochemiicals and methanol, it is crucial to establish an international
marketing network, although India will be a potential export market for Omant exports
fo some extent. Hence it would be of vital importance to develop these projects with
involvement of foreign partners who have international marketing networks as well as

technical capabilities for the management of petrochemical industries.

(3) Other requirements
These complexes need to be supported with various relevant infrastructure. In many
countries including ncighboring GCC countries, those projects have been developed with
government's support for the development of relevant infrastructure. It would be
required for the government to take such considerations for the development of these
projects in Oman. |

4.2.5 Production of copper materiais

4.2.5.1 Project description
Copper is mostly used to produce electric wires and cables used for communication
lines, motors, and electrical equipment (in Japan, this application accounts for 70% of total

demand).

The next largest application is rolied copper (which accounts for 30% of total demand
in Japan). Copper or copper alloy (including brass (copper/zinc alloy), bronze (copper/tin
alloy), and nickel silver) is rolled and extruded to produce sheets, pipes, and bars. Rolled
copper products are widely used for power distribution équiment, motors, radio/TV
components and parts, lighting apparatuses, as well as components and péﬂs for
automotive engines and radiators, metal hardware, houschold goods, and construction

materials and building hardware.

Other applications include Copper. castings and coins, which are very small in volume
compared to the foregoing two. '

Electric wires and cables, and rolled c0pper products are produced from semi-
processed materials (intermediate products), such as unprocessed copper wires.

Oman smelts locally—-produced copper ore; produces and exports 99.99% gfadc
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clectrolytic copper. The smelting operation constitute a production capacity of 20,000
tons per year. However, Oman does niot produce processing materials for the manufacture
of copper products, so these have been imported.

The project is designed: 1) to producc processing materials for copper products
production thereby creating value added in producing electrolytic copper, and; 2) to supply
copper product industrics with copper materials at low prices.

42,52 Market aspects

Table Ad4~-17 shows recent trends in Oman's copper material imports, which have
grown.rapi'dly, particularly copper wires. Imports of copper wires for production of
electric wires and cables amount to an estimated 1,200 tons, accounting for a major portion

of the doméstic demand.

The domestic demand is expected to expand in the ncar future especially with the
production expansion of Oman Cable, from a present annual consumption of 250 to 300
tons, to as much as 2,000 tons for Oman Cable alore. o

There are several cable manﬁfacturer_s in GCC countries. Among them, Saudi Cable
has a copper smelter while the remaining notable ones largely resort to importations of
copper rods for their raw material. : _

Dubai imports approximately 16,000 tons of copper matcrials annually®) , This may
be attributed 1o a project of Emirates Cable in the production of wire. From this project
~ alone, an annual requirement of 12,000 tons is needed. 7
However, there is a project that caters to the production of copper rods in Dubai,
- namely, Emirates Copper. Oman will supply this entirely. Dubai Cable may benefit from
this project as it plans to purchase from Emirates Copper about 8,000 tons of copper rods
for its total yearly requirement of 15,000 tons.

Given the continued development of power distribution and communication networks
in the country, copper wire demand will grow rapidly in the future. As a result, the
demand in Oman and neighboring countries will seach to an opiimum that can
economically justify local production of copper wire.

Int the Middle East, electric wire is pr'oduccd in Iran, Iraq, and Dubai (one company).

8) Between the import volume of copper wire in 1991 and 1992, there is a significant difference.
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4.25.3 Technical aspects :

The smallest shop producing copper wire in Japan has a production capacity of 3
tons/hour, which is translated to approkimate]y 24,000 tons (per year assuming 24-hour
operation for 330 days) . On the other hand, the current copper smelﬁng capacity in Oman
is 20,000 tons pef year which is less than Japan's capacity, indicating the rather limited size
of plant operations that can be set up.

One serious obstacle though is the depletion of copper deposits currently mined
resulting to its abandonment in the future.

4.25.4 Conclusions
Saudi Arabia is currently studying a copper smelting project in cooperation with India.
The project is designed to smelt copper in Saudi Arabia where clectiicity cost is relatively
 low, and export smelted copper to India where electrolytic copper is costly due to a high
-electricity cost, If the project materializes, the copper smelting operation will be larger
than that in Oman, and becomes the first to be started in the Middle East. Nevertheless,
even without the realization of this project, an additional copper rod production seems to
be not viable in the region mainly because of market saturation and depletion of the

resource.

4.2.6 Petfood production

4.2.6.1 Project deseription _

Fishcry production in Oman is characterized by a high rate of loss after catch.
Because fishery products are all éxpurted, strict quality standards are applied to selection
of suitable products.

The project attempts to re—use and process these wastes into products for exports.

4.2.6.2 Market aspects

Pet food, particularly those for dogs and cats which constitute a sizable market, is
estimated to satisfy 60-80% of calorie requircments for these animals in the US and
Europe. In Japan, the percentage is 32% for dogs and 40% for cats, which are expected to
reach the levels in the US and Europe. o

Pet food is roughly divided into wet type and dry type. In Japan, foreign pet food
companies import both types of products from their parent companies (mﬁin]y the US).
Domestic suppliers produce the dry type locally by themselves or by their subsidiaries and
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import the wet type. This reflects the fact that the dry type requires a relatively large
production capacity io enjoy economy of scale, which is estimated at around 3 billion yen.
While some supplicr produce the wet type by domestic canners, most of them enter in a
contract with foreign makers. In the Japanese market where price competition is ficrce,
cost reduction is critical for pet food makers who are actively pursuing opportunity for
overseas production,

The Japanese pet food market and export/import data are summarized in Table A4d-18.
Of the market size of 500,000 tons annuaﬂy, the wet type for cats which mainly uses fish
amounts to approximately 90,000 tons, of which 70,000 tons are imported. Major pet food
consurning éouﬁtries are the US, Canada, Western Europe, and Japan, Recently,
consumption grows rapidly in Hong Kong and Taiwan (Table A4-19).

Major exporting counirics are major beef producers such as the US and Australia, and
Thailand which produces fish—based products. Major importers are Japan and Canada. In
particular, Japan is the largest importer of fish-based pet food, followed by the US and
Australia.

4.2.6.3 Technical aspscts
~The most adequate fish as raw matcrials for pet food may be small size sardine due to
its quantity, and ease in the mode of fish catch.

The largest fish catch in Oman is that of tuna and sardine. Tuna is caught and then,
exported by foreign fishing boats; transported to the neighboring countries; or subject to
canning. The tuna used for canning is priced. Jowest among them at US$ 1,000 to
1,200/ton.

The sardine is classified into small sized and large sized. “The large sized sardine is
cxported as frozen, while the small sized is used as camel feed, fertilizer, or simply
abandoned. The purchase price from fishermen is RO. 0.1/kg for the large sized sardine,
while RO, 0.25/kg for the large sized for frozen.

4.2.6.4 Conclusion

Judging from the sales price, the small sized sardine is worth further studying as an
export pet food. " The dried small sized sardine is sold at RO. 3, 3/kg in Japanese market,
and export would be viable e¢ven if taking into account the cost for packaging and
transportatlon
| Howcvcr 1) since the scale of fish catch is small in Oman collcctlon system of caught
sardine to fulfill the volume required is necessary, 2) provision of trading functions to
respond to small scale transaction with foreign buyers is necessary, and, 3) the technology
acquisition of drying method without reducing the value sardine is necessary.
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In the Japanese pet food market, a large number of makers have previously competed
intensively for market share. Today, many of them including a few leading suppliers have
withdrawn from the market, but fierce competition still continues, and price competition is
expected in the years to come. At supermarkets and pet shops, makers are c'ompeting to
secure a space for their products. In addition to pricing, product diversification and -
differentiation through the use of different materials, nutrients, seasoning, and- packaging
hold the key to the success in the market. Also, advertising is an important element of
marketing ‘effort. Thus, if Oman is to make a success in pet food export .busincss,
technical cooperation with foreign makers having established sales routes will be essential.

4.3 Promotion of Import Substitution
4.3.1 Giass bottles

43.1.1 Project description

Oman's imports of glass bottles have reached 18,000 tons annuallyg’)' , which is close to
the level suitable for local production. In addition, resulis of a mineral resource survey
indicate that Oman has deposits of quartz sand used as a primary material for glass
production.

The project is designed to achieve two objectives: 1) to produce glass bottles that are
otherwise imported in large quantities, by using locally available resources, and ; 2) to
export {o neighboring countries.

Local production of glass bottles may also serve to contribute to resource conservation
and environmental protection. Pending the adoption of an appropriate disposal and proper
collection system for recycling, the use of glass bottles, being a renewable resource is
desirable, especially if local production is feasible.

4.3,1.2 Market aspects _

There appears to be sufficient domestic deinah_d for glass bottles, as carbonated drinks
gain popularity. While exact demand estimates are not available, information obtained
from the beverage industry placed it within the range of 120 to 130 million bottles
annually, at the low end, to a high 200 million bottles.

9 1n 1992,
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ijossibilities for further demand growth are hinged on two factors. First, is the
continued popularity of carbonated drinks in bottles than in cans, and second, the thrust
among beverage companies to shift from canned drink production to bottled drinks. On
the other hand, the mineral water market is far from utilizing glass bottles because of the
existence of PET bottle plant operations. Notwithstanding this, Oman remains to have
sufficient domestic demand to justify local production of glass bottles.

At present, all glass bottles used in beverage production are imported. Among the
major country sources are Saudi Arabia and Turkey. Recently, imports from India have
been increasing due to a \?ery low price offcred. Information has also been gathered
regarding an ongoing construction of one glass boitle plant in the UAE. In the future, a
very stiff competition is likely to be experienced with India, as earlier cited. India is able
to produce at a very cheap FOB price of US$ 2.9 per case of 24 bottles compared to US
import price between US$89 to 90 per case.

4.3.1.3 Technlcal aspects
The manufacturing process of glass bottles may be divided into the following

steps:

(1) Mixing of raw materials: Glass is a mixture of silica acid (S8i0,) and sodium,

~ calcium, and various metal oxides. Thus, the glass manufacturing process starts from

preparing and mixing minerals and chemical products containing these constitucnts.
A typical example of material mix for glass bottle is as follows:

Quartz sand 100
Sodium carbonate (soda ash) 20
Sodium sulfate (salt cake) 17
Limestone 2
Feldspar 15

Basic 'requi:remcnfs for these raw materials include purity and grain size distribution,
¢.g., grain sizes of 0.5 - 2.0mm are desirable to account for more than 80% of quartz
sand. In addition, cu_llct; i.e. cleaned and crushed used glass, also consist the mixture
up to 70% of total. Such is also being imported.

(2) Melting: After mixing the above materials; the mixture is then placed in a furnace

lined with refractories for heating and melting. The furnace is heated to 1,200°C —
1,400°C, with the heat source usually being petroleum or gas.
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(3) Forming: The molten mixture from the furnace are then poured into molds, and
blown with air for final shaping. At present, the process is mostly done by automated

equipment.

(4) Annealing: The shaped bottles are subjccted to heat of 600°C and then cooled down
to room temperature for over 2 hours, in order to remove strain generated in the

forming process.

(5) Inspection: Checking the produced bottles for shape, dimensions, weight, strength,
and others. Again, the automatic tester is widely used.

4.3.1.4 Conclusions
The primary requirement for the project is the presence of enough demand to support
local production. If the couniry can capture the domestic market and secure neighboring

~markcts, there will be an opportunity to sustain local production on an cconomic scale.

The replacement of plastic bottles which are increasingly used as drink bottles in the
country will create another potential market for glass bottles. However, the possibility for
them to convert to glass bottle is very small since all the minerai water bottlers have their

own PET bottle manufacturing plants.

4.3.2 Production of building hardware, electrical components and parts

4.3.2.1 Project description

“The project proposes local production of building hardware, and general electrical
components and parts for household and industrial uses, including small electrical
equipment. ‘The manufacturing process consists of plastic molding, metalworking, and
assembly. In industrialized countries,. these products are generally mass produced on
 separate, customized lines. In the countrics which have small markets with diverse
demand, general purpose processes such as casting, die casting, pressing, welding, and
machining are combined to carry out ﬂéi«:iblp production.

The project aims at 'fost.cring microenterprises which have specialiied in different
processes, and have the ability to meet di_vetsé demand by developing interdependent and
cooperative production activities, instcad of the current practicc where a single company
manufactures various prodﬁcts all by itself. ' |
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Since quality requirements for building hardwarc and clectrical components vary
greatly, the effort should start from those which do not require a high level of precision.
Needless to say, mass production of low grade products is not the final objective of the
project. Rather it aims to establish small-scale horizontal inicgration. It will give
opportunity for microenterprises to improve their levels of technology in individual
processes they specialize in. Then, they gradually move to high quality products. While
an immediate target is st for import substitution, the long~term objective is to foster the
industry which can be operated on a relatively small scalc, and whose operations can
easily be diversified into other products and components. Thus, the industry will becotne a

seed for developing support industries such as machine elements.

4.3.2.2 Market aspects

_ At present, there is no company manufacturing small electrical equipment and
components in the country. As for building hardware, non-standardized and highly

customized products, such as fences, inferior fixtures, and window frames, are produced

locally, but general hardware which is suitable for standardization production is mostly

imported because of scale of economy.

4.3.2.3 Conclusion

This type of project fcquires various kinds of wol'kiilg'proccsscs. In the case of Oman,
there are no existing cbmpanics to be utilized for this pﬁrpose, requiring all processes to
be newly cstablished. The process necessary should be small enough to meet the
requirement of small sized but diversified product proccSSing. If the project is formulated
to fulfill such requiremenis, a significant support from the government will be necessary
for them to be independently operational. Thus, it is recommended 1o nurture this type of
projects in the future after a certain level of industrial accumulation is attained.

In such éase, support for cooperative production by micro enterprises will be advised.

Production of building hardware, and electrical components and paris involves a
number of manufacturing processes. By organizing manufacturers who have different and
complcmcntary processes which can subcontract part of their work to each other,
cooperative and flexible production activity becomes possxble This may take the form of
an industrial park or a cooperative where certain products or components are produced
through manufacturing processes run by different enterprises. In this arrangement, each
enterprise is expecgtcd' to satisfy certain levels of quality and specification, and the
establishment of industrial standards will be effective in promoting the move.

However, such suppOrt by the government should be undertaken after the market and
technological level is matured so that the industry will be able to sustain its growth by
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themsclves with these initial support,

4.3.3 Metalworking corporation

4.3.3.1 Project description _
1) Imports, storage, and marketing of steel and other basic materials
At present, large users (although quantity consumed is relatively Small) import basic
materials directly, and small users course it through importers. Collective imports
through the corporation will contribute o sig.niﬁcant cost reduction.

2) General processing services, including cutting, pressing, and heat treatment
To reduce the capital cost incurred by metalworking users which perform all the
required metal working processes for imported materials, the corporation will instead
undertake these basic metal working processes while providing subcontracting work on

a per contract basis.

3) Testing scrvices
To conduct standard tests for raw materials and products on a contract basis.

As generally seen in the GCCs, most of industrial development efforts face the
following difficulties: 1} the lack of related industries and heavy reliance on foreign
sources for supply of raw materials, components, parts, and services, and .; 2) the shortage
of engineers and skilled workers which necessitate the hiring of .forcign personnel,

General materials and standard pafts (includ_ing'thosc found in the export markef) can
be obtained in the local market, but prices are higher. However, those requiring special
processing or treatment are either purchased at very high pﬁces or are being replaced with
standard products affecting the competitive value of these items .

The difficulty in hiring skilled workers poses a botileneck to technology transfer and
accumulation of technological resources. These factors make manufacturing projects in
the GCCs unattractive for investment, unless special measures (such as protection of

domestic industries) are taken.
The project aims to address thesc issues and improve cost competitiveness of the

machinery and meta]wofking industry through cost reduction efforts, Also, the proposed
project eliminates the need for manufacturing processes such as the preparation of basic
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materials, and; facilitatation of planning and implementation of other projects aimed at
producing machinery and metalworking products. Finally, the above services will serve as
an opporfunity to train local engineers and skilled workers.

Many industrialized countrics and ncwly industrializing countries have successfully
achieved the industrialization process by nurturing basic indusiries, particularly the steel
industry, under the government's initiative, However, Oman's small market size makes
commercial steel production infeasible, so industrial devclopment efforts on a much

smaller scale is recommended.

4.2.3.2 Marketl aspecis

Basically, the project will serve targeted users in the country. It is difficult to secure
access 10 the UAE market since mectalworking companies are reportedly operated in Dubai.
Nevertheless, there may be processes that are not covered by these companies, which will
provide as a potential market for the project.

4.3.3.2 Technical aspecis

There are quite a number of workshop-type metalworking establishments in Oman,
mdstI}r small-scale or micro in size. The types of work they engage in include related
activitics as automotive paris repairing and small metalworking jobs that make use of
general-purpose type of metalworking machines. Examples of these machines are lathes,
boring mills, surface grinders, eic. These establishments are commonly found in a colony
where workers are primarily foreign expatriates. Some of these workshops have the

capacity to handle more complex jobs, whenever available.

The large manufacturers like PDO, ORC and OMCO own their machine shops bui the
remaihing few only have the basic metal working machines at the minimum in their
respective machine shops. This has concentrated the type of work done in these shops to
regular maintenance jobs. Shutdown mainienance on the other hand, is contracted out on a
turn—key basis. It is becoming a frend for large scale manufacturers to contract out
‘metalworking jobs, even the regular mainfenance. In most machine shops, workers are
predominantly expatriates except in PDO which employs Omani workers that have gained
significant years of working experience in the job. The workers' ages range between 45 to
50 years old. -Recently, PDO has stopped recruiting workers. for its machine shops as
most of the jobs are contracted out.

There also exist metalworking contractors aside from the workshop-type
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metalworking establishments cited earlier. These coniractors meanwhile, engage in jobs
related to the oil and building construction sector. Since the demand for these sectors are
also rather Hmited, contractors mainly do iron and steel fabrication with machining jobs
being minor. chcfthclcss, while most machining works can already be undertaken in
Oman, the scope of work are rather focused duc to consiraints in demand, There are
varying degrecs in terms of quality between these contractors but it is reported that at least

one performs at international standards.

Furthermore, stamping and iron casting factories do not exist in the country because

of the absence of any demand,

4.3.3.4 Conclusions
(1) Project Viability
No amount of promotion to upgrade the metalworking sub--sector would be effective
because of the limited demand both in Oman and in neighboring countries. This poses
as a limiting factor for the public sector to develop the skills of Omani workers,

Likewise, owing to thc meager demand, operation of iron and steel stockist
business could be ideal but transporting iron and steel in bulk appears to be not cost—
effective. In addition, there would be adverse competition on this type of operation with
existing stockist based in Dubai. Because the rele of iron and steel stockist to the
development of metal-related industries could not be underestimated, its promotion
must be linked to similar measures undertaken for the user industries.

Special attention must also be sought to improve the metalworking skills of Omani
‘workers as this is a critical deferminant of technological accumulation. Once achieved,
this may pave the way for the self-creation of merging businesses that would be of
great support to the metal-related industries.

~ Efforts must be focused in the Middle Eastern region because of its relatively weak
metal working sector that has a potential to attract assembling industries like automotive
parts and electrical product industrics.

(2) Project Requirements for Implementation
Foreseeing the future development of metal-related indusiries, the government
must institute other measures that will improve the operation of small/micro-sized

metalworking workshops. These measures include:  instituting a calibration system and
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disseminating its importance among uscrs; establishing common facilities cquipped with
advanced machincries to be used by Workshops, and adopting a system of time rental
services with technological guidance for use, and lastly; instill the philosophy of quality
control within the management engaged in metalworking business.

4.4 Promotion of Export industries Capitalizing on Locational Advantages
of Oman

4.4.1 Expori-oriented food industry

4.41.1 Project descrlption

This project is aimed at lmportmg raw materials in buik, Wthh require only simple
processing o produce end products, process or repack them into small package for
distribution, and re-export . The main objectives of this type of projects are to induce
foreign investment making most of the locational édvantagc resulting to, 1) cheaper freight
rate of sea container to Southeast, and 2) favorable investment climate in Oman providing
means to overcome difficulty of investments found in India , and coniribute to the
promotion of industrial accumulation in this country. |

The required conditions for promoting this type of project include improvement of
port facilities suitable for handling sea container in volume, and institutional improvement,
including establishment of free zone, adequate for re—export business.

The following analyzes the projects of puffed cereal snack production and repacking
of pharmaceutical products as examples for this type of projects.

(1) Puffed cereal snack food
1) Introduction - _

In the GCCs, many foreign workers, particularly those from Southwest Asian
countries consume large amounts of processed food products that are mostly imported
from India and neighboring countries. Thus, they form an appreciable market within
the GCCs. | In fact, the mérkct "area expands {o the east coast of Africa where many
Indian people are living,.

On the other hand, the food processing industry in India faces a problem of outdated
pIants and cqu1pmcnt and their products are not highly competitive in terms of quality
and packagmg The lack of financial resources and high import duties on machinery
and materials prevent them from modernizing their production facilifies and improving
product quality. Nevertheless, they still hold compelitive edges in production
tcchnology and know-how, marketing knowlcdge (partlcularly consumer taste), and

access o cxport markets,

Ad - 41



The project is designed to foster the food industry in cooperation with experienced
manufacturcts or exporters in India. It will produce and supply a variety of processed
food ‘products primarily to Southwest Asian nationals in the east coast of Africa,
Southwest Asia, and the GCCs.

Food products to be produced should be selected in consideration of the potential
market size, potential Indian partncrs and their accessible market. As an example of

potential project, the putfed cereal snack industry will be studied.

2) Market aspects :

The product puffed cereal is a rather new product in India. "The product or its
variaiions have been in existence in the western countries and also in Japan, Kellogg's
in the US is a renowned manufacturer of pu'ffed cereals from wheat.

In India similar products are available in the market today. There are other similar
"fun" snack foods available in market today, major oncs among them corn flips and
corn cutls. As a product, puffed cereal as a "fun" snack could face competition from
other products like roasted groundnut, potato chips, cashew, popcorn and so on, which
also satisfy the same basic need as a ready-to-eat snack food. These producis are
largely processed and dispensed in the unorganized sector usually in low quality
packaging or no packaging at all in unbranded form. Thus, these .pr'oducis are usually
catering to the lower and the lower middle income class of the population.

If the product is marketed as a breakfast cereal, it would face competition from
other breakfast cereals in the market today, mainly comn flakes. However, puffed cereal
would be a premium product and will be catering largely to the upper income segment.

It.is expected that about 75% of the output would be a marketed as a ready-to—eat
snack food and 25% as a breakfast cereal, though the ratio varies depending on the
market sifuation. To differentiate one product from the other, slight modifications in
formulation and different brand names are suggested,

The market for puffed cereal would 'largely be in the urban areas. The promising
segments for the snack food would be the upper middle élass and upper ihcomc groups
whereas that for the breakfast_ccreal would be the upper income gfnup,- and hotels.

Trade statistics are the most widely used source for genéralzlmarkct stﬁdy but do not
provide information much needed for detailed aﬁalysis. Such infofmaﬁon_ includes the
accuratc' market size including the distribution stage, consumer taste trends, and
consumer reactions to price and quality differentials, and can only be obtained through
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specially designed market rescarch.

Note that instant noodles and cup noodles that are popular among Asian people are
imported in large quantitics from Singapore, Malaysia, and the Philippines. Also, a
Japanese company plans to build a manufacturing plant in Saudi Arabia in order to
supply instant noodle products to the Middle East market.

(2) Repacking of Pharmaceutical Products
1) Introduction
Foreign investment in pharmaceuticals is the most cxtensive of any segment of the

chemicals industry due to the differentiation of markets and varying national
regulations and standards for pharmaceutical products. It is esiimated that foreign
direct investment accounds for twice the value of pharmaceuticals products which enter
into international trade. Most large pharmaceutical firms maintain production or
assembly facilities wherever there are markets; multinational operations have helped
pharmaceutical firms overcome obstacles to exports and recover high R&D coss.

The project aims to attract subsidiary operations of major pharmaceutical companies
to Oman, which will serve as an international marketing strategy to establish production
bases in the Middle East.

2) Market analysis -

The world pharmaceuticals market is estimated at US$17.7 billion (as of 1988,
according to OECD's estimate). Multinationals based in the US and Europe command
a large share in the world market, while Japanese companies have started to make their
way to overseas markets only recently. By country, the US is the largest producer
(US$41.3 biilion), followed by Japan (US$27.8 billion). Production in Western Europe
amounts to US$46 billion. |

The pharmaceutical scctor in the indust_rialized countries tends to be more highly
concentrated than overall chemical industry. World concentration levels are increasing
in individual product markets with growing merger and acquisition activity among the

- large drug companies. ‘T_hc pharmaceuticals sector is comprised of a relatively small
group of large muliinational companies heavily involved in research and development
and a few thousand smaller companies producing mostly generic and over-the--counter

products,
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Oman impdrts RO. 20 million (US$58 million) of pharmaceutical products (as of
1992). When combined with other GCCs, the region is expected to form a sizable
market. (Note that there are a wide range of pharmaccutical products, and market study

should be conducted for each type or field)

Efforts to establish the pharmaceuticals industry in the GCCs are not well known10} ,
Saudi Arabia has cstablished SPIMACO and looks for partners in industrialized

countries,

4.4.1.2 Concluslon
(1) Snack food production

Feasibility of this type of projects is high with the estimated IRR being as high as
449, though due consideration is necessary on the following poins.

The variable costs of this project account for 87% of total direct manufacturing costs,
indicating possibility of small size operation without being affected by a scale of
economies. Packaging material cost accounts for around 75% of the variable costs, and
therefore, whether the packaging materials are available at lower cost or not, it remains
the key factor for viability of this project (if the packaging material cost is reduced by
20%, the IRR will increase o 63%). _

The above analysis is based on the price for export to Southeast Asian markets, If
the project assumes the export to Indian market, the price is necessary to be reduced. If
the sales price is reduced by 20%, the IRR is estimated to decline to 17% Therefore, the
“project will be difficult to be materialized if the target market of India, making it more
appropriate to target the Southcast Asian countries and Australia as its major export
markets. Thus, the project is required to use quality packagihg material.

The freight rate of sea container significantly influences sales prices, and eventually
the viability of the project. The effect of change in labor costs and tax incentives will
not be significant compared to the freight rate.

(2) Repacking of pharmaceutical products

Direct investment by foreign pharmaceutical makers is a prerequisite fo the
implementation of the project, To attract such investment, Oman has to conduct
effective promotional -activitics and  develop investment climate suitable for

10).'1'1161‘;: is a joint project called Acdima (Arab Company for Drug Industries and Medical Appliances} among the
Arab nations to establish pharmaceutical companics. Under this project, the Acdima is to establish J/V for
pharmaceuticals production with the member countries, with the Acdima taking charge of marketing'in other
member countries. In 1986, Gulf Pharmaceutical Company was firstly established in UAE, but no detailed
information is available after that. '
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pharmaceutical investment, The details will be studied on the specific local condition of

Oman in the third ficld survey.

Pharmaceutical products are relatively free from local constraint because of high

unit price per weight enough to cover transportation cost.

The pharmaceuticals industry possesses advanced levels of technology and quality
control. Attraction of pharmaceutical plants and facilities to Oman, therefore, is a good
starting point in establishing its position as a regional R&D and high-tech center in the
field. '

High quality standards are onc of advantages Oman can offer to attract
pharmaceutical companies.  Another important factor which the pharmaceutical
companies considers in siting their operation is the presence of a patent system
acceptable to the international community, which demonstrates that the country protecis

their patent assets.

A detailed market study is required. Alsd, finding a good partner js important for
the success of the project.

4.4.2 Upgrading of export-oriented appare! industry

4.4,2.1 Project description
The apparel industry is one of the major non—oil export industries developed in Oman,
and thus sound growth of this industry is vital for the nation's economic growth.

In Oman there are 29 registered companies which are engaged in apparel
manufacturing for exports, which comprise 24 companies specialized for ready-made

garments and 5 companies for knitwear.

Ready-made garment manufacturers produce a variety of garments for exports using
imported woven fabrics based on designs and patterns prbvided by forcign buyers. These
are mostly low value—added products to be exporied for low or middie~class consumer
markets. The knitwear manufacturers make knitwear from imported knitted fabrics such
as low-grade underwear or low--priced T-shirts for exports, All of these factories are

comparatively small in production scale.
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Apparel production is labor—intensive, and thercfore labor costs in this industry
account for a relatively large portion of production costs with the majority of the
production costs accounted by material costs. chce, cost competitiveness of apparel
| indusiry is relatively sensitive to labor costs. In Oman, cost structure of apparel industry
broadly indicates 70/30 for material costs and processing costs including overhead. Labor
costs still account for around 65% of the processing cost or 20% of total production costs.

The apparel industry in Oman incwrs comparatively higher labor costs because of
employing expatriate workers. The wages and associated expenses paid for these workers
average around US$250 to US$300 per worker per month, It is double compared to the
Iabor cost in Thailand and Malaysia and more than threefold compared to that in
Southwest Asian co.unirics, although real cost differentials should be smaller than the
given figures because majority of expatriaic workers employed in Oman are highly skilled
and productive.

Venturing in the Omani apparcl industry, on the other hand, poses several advantages,
as fiscal incentives are provided by the government, low-cost finance; deregulated
government procedures for import and export; and other business conditions. All these
compcnsat_e to some extent, the disadvantages brought about by high labor costs.
Nevertheless, the apparel industry faces difficulty in the cxport of éppareis due to
competitive pressures arising from exports of other countries with low labor costs. Given
the existence of competition with exports from the countries with low labor costs, that
low-value apparels exported by Oman are still significantly affected by differentials in
labor costs. '

In order for Omani apparel industry to sustain its operation, it is crucial fo strengthen
international competitiveness of the industry by upgrading productivity and quality with
technology ~ intensive mechanized operation as well as diversifying products to include
higher value-added items. With these objectives, the following two projecis are sought

for promotion:
| (a) Common Service Project (CSP) for pattern grading, marking and cloth cutting for

export garments
(b) High-grade knitwear manufacturing project for exports
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(1) Common Service Project (CS?) for pattern grading, marking and cloth cutting for
export garments ' :

This project aims to set up a common service unit that will provide garment factorics

with computerized pattern grading and marking for diverse designs and; computerized

cloth cutting.

Preproject will require the following cquipment:
1) Computerized apparel pattern grading and marking machine (based on "CAD"
system): 1 set
2) Computerized automatic cloth cutting machine (based on "CAM" system): 1 set

As thesc machines require relatively large investments, it is not feasible for
individual apparel manufacturers to have these machines for own use. It is proposed to

set up a common service unit through a joint investment by apparcl manufaciurers.

In strengthening export competitiveness and sustainability, as mentioned earlier, the
Omani apparel manufacturers should undertake appropriate steps in upgrading product
quality, as well as in diversifying products toward higher valuc—-added items.

Toward this end, one essential step is to upgrade precision of pattern and cloth
cutting. The Omani manufacturers carry out pattern grading, marking and cloth cutting
by manual operation in a conventional manner. This w;iy seems economical for 'making
low—grade apparels in which buyers do not require high-standard of precision in term of
uniformity in shapes and sizes. However, for upgrading quality especially in producing
higher value—added items, the grading and marking of precision patterns and
standardized cloth cufting are essential. The foregoing computerized machines can

perform such precision work,

For making higher value-added apparcls, it is necessary to develop more
complicated patterns in a variety of sizes, and this work will increase because
diversification toward higher value-added items require a shift to the production of a
widc'vafieiy of products in cach small--quantity lot. The computerized system can well
satisfy this requirement. Another benefit from this system is o achieve optimum cutting

to minimize cufting loss.
(2) High-grade knitwear manufacturing project

The existing knitwear manufacturers, as mcntioned earlier,. pmducc low-grade,
Iow—price knitwear for exporis by using imported knitted fabrics. In order to produce
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higher value-added knitwear, the knitwcar manufacturers should likewise produce a
variety of knitted fabrics so as to meet specifications of knitwear that will be finally

produced.

Innovation has substantiaily advanced knitting technologies, and nowadays modetn
computerized knitting machines can produce a variety of high quality knitted fabrics in a
mechanized system but in a relatively small production scale. There are two types of
product lines as emmlrated below: _

a) Manufacturing of high-value T-shirts and sports wear made from high quality
single jersey or rib knitted fabrics that are produced through cbmputer—control
circular knitting machines. .

b) Manufacturing of high-value cotton sweaters made from knitted fabrics in a varicty
of designs by using computer—control flat knitting machines,

In order fo produce high—grade knitwear, it is also essential to set up a modern dying
factory which can make a variciy of high quality dying of yarns and clothes, because
high value items require a variety of colored yamns and clothes to meet specifications of
knitwear to be produced. The dying factory can be built for servicing several knitwear
manufacturing factories which individually undertake knitting and stitching in making
knitwear. '

4.4.2.2 Market aspects

‘In 1992, the EC imported 49.4 billion ECUs (US$61.8 billion) of apparcl and related
‘products, far exceeding US irnportation of US$26.7 billion. Moreover, imports from other
EC countries accounted for 55% of total. Major irﬁporters in other arcas (1989 figures) are
Turkey (US$2.1 billion), Morocco (US$900 million), Tunisia (US$8(_)0 million), India
(US$1 billion), China (US$1.4 billion), Hong Kong (US$3 billion), and South Korea
(U5$1.4 billion). The major exporter in the Middle East is Israel (US$250 million).

By item, jersey, pullover, and trouscrs account for major portions, and grow in both
volume and value. Men's shirts are gradually on the rise. On the other hand, imports of

skirts and suits remain flat

Major knitwear products cover a variety of types, inciuding sports and leisure as well
as fashionable wear, and underwear. Portugal and Greece have manufactured knitwear on
a contract basis in the EC, but they are losing compctitivcncSS partly because of the rise in
labor cost, and because manufacturers in these countries have _uutdatéd machiﬁcry. “The
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similar situation is observed in another major produccr, Turkey. As a result, an increasing
number of knitwear suppliers are shifting knitting contracts to other countrics. This
provides a major opportunity for Oman's knitwear industry to enter the EC market,

- In view of these situations, the Omani apparcl manufacturers have opportunities to
enter into EC markets both for ready-made garments and knmitwear if producls are
diversified towards higher value~added items, and if marketing activities are sirengthened.

4.4.2.3 Conclusion
To promote the proposed projects, efforts for efficient use of machines are needed in

the following arcas:

(1) Employment and traiﬁing of appropriate personnel to meet advanced technologies
The proposed projects involve modern computerized operation. Hence, it is
important to employ and train engineers and operators who can efficiently carry out the

-operation of such modern machines.

- Recruiting and education of designers and other professionals are also important, but

will be promoted as a next step.

. (2) Total quality control and process control
The increased compiexny in the manufacturing proccss entails improvements in
overall quality control and production management, in addition to conirol of product
quality, which would contribute to the enhancement of productivity and the
minimization of waste and loss. Particularly important are efforts of production
managers and engineers to establish and maintain a production systern capable of

producing a variety of high quality products in small quantities.

(3) Procurement of raw materials
To import raw materials and accessories needed in producmg high~ grade products
in a timely and economical manner, experienced staff workers will play a critical role.
Also, financial resources are important to maintain a wide range of materials as

inventory.
(4) Support by the government authorities and industrial association

It would be helpful if the government authorities and industrial association can

provide support in the following areas:
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1} Training of Omani engincers and operators to meet the foregoing requirement

2) Standardization of production control and quality control systems to meet demand
for small lot orders with quick delivery

3) Collection of market information

4} Promotion of joint efforts or integration among appare! manufacturers

4.4.3 Export-oriented wood furniture industry

4.4.3.1 Project description
. The furniture industry in Oman consists of small enterprises who manufacture
custom-made furniture, and large furniture makers/interior contractors. The latter has the
ability to producc: high~grade furniture. The project is designed to promote the export
furniture industry by providing assistance o major furniture makers in obtaining additional
expertise, in making furniture competitive in export markets.

4.4‘3.2. Market aspects

Furniture imports by Oman are very small on a value basis. Local furniture makers
are already operating in the GCC market as interior contractors.

The value of furniiure imports in the world exceeds US$14 billion annually, Major
importers are the US and Western Europe. " Japan's imports amount to US$460 million,
which is not very large in the world market. However, the country's imporis have grown
rapidly at an anmual 27% - 30% in recent.yeérs to reflect the increases in. overseas
production, and imporis due to the rise in labor cost and the shortage of wood materials in
Japan. In particular, high Qtlality hardwood is difficult to obtain in the country, and a -

supplier of hardwood furniture is in a good position fo sell them into the Japanese market.

4.4.3.3 Conclusion _ _
Oman can procure hardwood materials from héighboring countries and Africa. If
these muaterials can be processed by existing technologies and equipment to make high-
grade furniture or ifs components, Japan is a prospective market for Oman's furniture
makers. _ | :
At present, however, they procure wood materials from Southeast Asia, Obviously,
the use of these materials does not give competitiveness to Oman companies. |
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Table Ad-1 Export of Gypsum by Destination

Source:  Australia 'I‘I@anq_”l l\éorocco ____“_E'l_cxico Toal
Year: 19912 1992 1985 1992 o

Destination ~ Umit:  '000ton 000160 "00010n 0001on'®  '000doYars 000100

Total’ ' 1607 58452 1404 51831 139200 11,3204
USA 118 38378 10,307.0 3,848.8
Japan 26.0 3,326.4 200 450.9 1,211.0 3,823.3
Taiwan 666.2 666.2
Malaysia 516.0 516.0
Etyopia 306.1 822.0 306.1
Indonesia 304.6 304.6
* Korea Rep. 278.5 278.5
Colombia 162.7 437.0 162.7
Hong Kong 131.0 131.0
Ecuador 1255 337.0 125.5
Singapore 122.3 1223
New Zealand 97.2 20.5 0.0 117.7
Philippine 105.3 ' 105.3
Kuwait 400 40.6
Sri Lanka _ 240 24.0
Others 26.5 3105 1204 300.1 806.0 7575

Notes:(*1) Export to Japan was 14,544,201 tons according to the statistics of Thailand,

while import of Japan from T hailand was 3,326,400tons. "The figure for Japan
was revised accordingly, whereas those for other countries are used as it is.

(*2) No data is available for the quantity. These figures are estimated on the

basis of the imported quantity of gypsum to fapan from Mexico in
1992(450,916tons, or 1,291,556 Yen (USS 10,188).

~ Austratia: 25201000 (Gypsum; anhydcite)

~ Mexico: 25.20.10 (Yeso natural; anhidrita)

- Morecco: 25.20.10 (Gypse et Ahh)}drile)

-~ Thailand: 2520.100-105 {Gypsum)

Ad - 51



ILIN ()
§o0qIEa X [EDNSTIEIS SUta) ()
" dnozg Ansnpuy wnsdAgy (7)

Ammseary 30 Aasmy ‘sonsueig wodwy () S30mMOg
€748 50°9 1 (24 R SR oL
859 £33 & 61L SO
So6'y £8T°¢ () GBYZT soseid/preog wasd{o
0987 ¥60°C 8 LPET 188 (4 & SOLZ o SE9°T ©0 uoponpold 1wawa)

: : ol duwrnsHon)

ST 1TSS £e5's e 9509 .S0E 8T gEre . e e mey

.mwvhm 90v°C | 0 888°¢C 888°¢ 0 @ S0T'9 @ m.omd. | @o. ‘ | uononpoldg

8R9°¢ ce £€9°¢ ESP . 81 S0t £e i 0T (v EE modury
0661 £861 0861

{uo1 §og, HuUN)

uedep w wnsdAD jo uojeng vcmeﬂ pue Alddng -V algel

Ad-52



Table A4-3 Export of Marble In ltaly, 1592

Marbic

Crude Dressed Total

2515.11 2515.12

Australia 1.0 1.0
France 14.8 14.8

Hong Kong

Japan 34.5 12.7 4722
SowdiAmbia 24 24
Spain | ” 14.3 48.0 N 623
Switld

Tubisia = 1~ S 02T 202
UKin.g | |

US.A. - 8.9 8.9

Total {568

Source: Trade Statistics of Haly

Table A4-4 Import of Marbie in Japan

{Unit; ton)
1990 1992
lialy 92,044 88,371
Spain 17,453 15,281
Greece 7,925 6,728
Taiwan 7,833 6,308
Philippines 6,855 6,248
Others 20921 17,352
Total 153,031 140,788

Note: Total of CCCN2515.11~010, 2515.12-010, 6802.91-011, 6802.91-019
Source: Japan Exports & Imporls, Japan Tariff Asociation
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Table Ad-6 Estimated Production Cost at a New Plant

~Product; Ethylene—

(Assuming 100% Capacily Utilizalion)
—Production capacity: 300,000 fons/ycar
~Estimated plant cost: US$ 260 million

, Production Cost
Consumption L T
Cost Iens (per ton of Unit Price An‘nual Unit Remarks
product) (US3) Cost, Cost
(US$000) | (US$'000)
I Variable Cost
1.1 Feedstock 1,243 kg 0.89/kp 33,561 111.87|Nei calorific vatue:
(Ethane) 45,16 MMBTU/on C2
Ethane cost: US$ 2.00/MMBTU
1.2 Byproduct credit : A12351| A41.17
- Fuel gas 4,052 x 10°keal] 7.94/MMKcal | A9,651| A32.17 Valued at US$ 2.00/MMBTU
- Pyrolysis 785 kg F14.6/ton A2.7000  49.00
gasoline
1.3 Utilities 11,940 39.80 .
~ Cooling wafer 115m® | 15.7/1,000m° 54 0.18{5% of 229 m*/ion
(make-up)
~ Process water 1.9’ 210.0/1,000m’ 120 0.40
- Eleciric power 18 kwh 34.0/1,000kwh 183 0.61
- Inert gas 5.9 Nm® 17.0/1,000 Nm® 30 0.10
{nitrogen) o
- Fuel pas 4,850x103kca] 7.94/MMkecal 11,553 38.51|US$ 2.00/MMBTU
1.4 Variable 33,150 110.50
Cost-Total
Il Fixed Operating Cost _
2.1 Maintenance Cost 5,200 17.33[2% of US$ 260 mill.
2.2 Direct Labor Cost 2,700 9.001@VS$ 30,000/year x 90 persons
2.3 Fixed Operaling 7,900  26.33
Cost-Total :
III Direct Operating 4'1.,050 136.83
Cost (I+11)
IV Overhead Cosi
4.1 Plant overhead & 4,050 13.50150% of Direct Labor Cost
administrative exp. :
4.2 Depreciation 17,333{  57.77|15 yrs siraight line depreciation
. o of US$ 260 mill,
4.3 Interest on Loans 7,280 24.27|Interest at 8% p.a. on 1/2 of
70% of USE 260 mill.
4.4 Overhead 28,663 95.54
Cost-Total
V  Total Production 69,7131 23237
Cost (II+1V)
Vi ROTI (10%) 26,000 86.67[10% of US$ 260 mill.
VI Plant Gate Cost 195,713 319,04
with ROI




Table A4-7 Estimated Production Cost at a New Plant
~Product: High Density Polyethylenc~
(Assuming 100% Capacity Ulilization)
—Production capacity: 100,000 tons/year
~Estimaied plant cost: US$ 100 mitlion

Consumption Unit Pric Production Co-st
Cost [tems {per ton of e Anmual Unit Remarks
(UsH) Cost Cost
product) (US$000) | (US5'000)
1 Variable Cost
1.1 Raw materials 37,4101 374.10]
- Ethylene 1,016 kg 319/ton 32,410| 324.10}Cost for ethylene produced by
using sthane valued at US$
_ 2.00/MMBTU
- Hydrogen 19kg *1) - -
~Catalyst & 50/ton product 5,000 50.00
Chemical
12 Uiilities 2,112 2112
" - Steam (.39 ton *2) T
- Cooling water 9.5 m* 15.7/1,000m’ 15 0.15{5% of 190 m*/ton
{make-up)
- Process water 03 m’ 210.0/1,000m> 6 0.06
- Eleclric power 600kwh | 34.0/1,000kwh 2,040] 20,40
- Inest gas 30Nm® | 17.0/1,000 Nm® 51} 051
1.3 . Packaging 15/ton product 1,500 15.00
1.4 Variable 41,622) 410.22
Cnsi—'I'ola_l
Il PFixed Operating Cost : :
2.1 Mainienance Cost 2,000 20,00(2% of US$ 100 mill.
2.2 Direct Labor Cost 3,000 30.00|@US$ 30,000/year x 100 persons
2.3 Fixed Operaling 5,000f  50.00 :
Cost-Total
It Direct Operating 46,022 460.22
Cost (F+H)
1V Overhead Cost
4.1 Plant ovechead & 4,500 45.00]150% of Direct Labor Cost
admirsistrative exp. '
4.2 Deprecialion 0,067 66.07{15 yrs straight line depreciation
' ~ {of US$ 160 mill.
4.3 Inferest on Loans 2,800  28.00|Interest at 8% p.a. on 1/2 of
70% of US$ 100 mill.
44 Overhead 13,967] 139.67
Cost-Total
V Total Production 59,989 599.89
Cost (IHI+1V)
VI ROI (10%) 10,000 100.00/10% of US$ 100 mill.
VIT Plant Gate Cost 69,9801 699.89
with ROI '
‘Note:  *1) Valued at vil assuming that hydrogen praduced in the process of manufaciuring ethylene is used,

*2) Valued at vil assuniing that steam produced at the etitylene plant is used,
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Table A4-8 Estimated Production Cost at a New Plant
~Product: Lincar Low Density Polyethylene-
(Assuming 100% Capacity Utilization)
—Production capacity: 130,000 tonsfycar
~Estimated plant cost: USE 110 million

Consumpiion

Production Cost

Cost ltems {per ton of Uizgé’;x)w Agl;gf] [({!(])!sl! Remarks
product) (USS'000) | (USS'000)
1 Variable Cost
1.1 Raw materials 47,590 366,07
- Ethylene 943 kg 319/ton 39,107] 300.82Cost for cihylene produced by
using ethane valued at US$
2.00/MMBTU
- Buiene-1 Y0 kg 725/ton 8,483 65.25
- Hydrogen 0.5 kg * - -
1.2 Utilities 1,767 13.59
- Cooling water 2.6 m° 15,7/1,000m° 5 0.045% of 52 m*/ton
(make—up) _ . '
- Electric power 381 kwh 34.0/1,000kwh 1,684 12.95
- Inert gas 35Nm® | 17.0/1,000 Nm® 78 0.60
1.3 Packaging 15/ion product 1,950 15.00
1.4 Variable 51,307 394.66
Cosl-Toial
It Fixed Operating Cost _
- 2.1 Maintenance Cost 2,200 16.92{2% of US$ 110 mili,
2.2 Direct Labor Cost 4,200 32.311@US$ 30,000/year x 140 persons
2.3 Fixed Operating 6,400 4923
Cost-Total
[T Direct Operaling 57,707 443.89
Cost (I+1I)
IV Overhead Cost
4.1 Plant overhead & 6,300 48.46:150% of Direct Labor Cost
administrative exp.
4.2 Depreciation 7,333 56.41115 yrs straight linc depreciation
of US$ 110 mill.
4.3 Interest on Loans 3,080 23.69|Interest at 8% p.a. on 1/2 of
0% of US$ 100 mill,
4.4 Overhead 16,7131 128.56
Cost-Total
V- Total Production F4,4207 57245
Cost (II1+1V)
VI ROI{15%) 11,000 84.62|10% of US$ 110 mill.
VII Plant Gate Cost 85,420}  657.07
with ROI

Note: ¥ Valued at vil assuming that hydrogen produced in the process of manufacturing ethylene is used.
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Table A4-9 Estimated Production Cost at a New Plant

~Product: Urea (in bulk)-

~Production capacity: 560,000 tons/ycar
{Ammonia: 1,000 t/d, Urea: 1,700 /d)
~Estimated project cost: US$ 250 million

_Production Cost

Consumption o L ;
Cosl liemns {per ton of Unit _I"rlce Aunval U‘"“ Remarks
(US$) Cost Cost
: product) (US$'000) | (US$'000)
I Variable Cosl )
1.1 Yeedstock (NG) |20.36 MMBTU| 1.50/MMBTU 17,052 30.45 |~ NG consumption for ammmonia
~ & fuek: 35 MMBTU/ton ammonia
- Ammonia consumption for
urea: (.58 tons per ton of urea
1.2 Catalysts & 1.16/ton urea 650 1.16|US$2.00/ton of ammonia x 0.58
Chemicals : :
1.3 Cooling water 15.45 15.7/1,000m> 134 0,24~ 5% of daily corsumption:
{make-up) Ammonia: 320,000 m’
Urea: 178,500 m’
Uhility: 27,000 m*
Total: 525,500 m®
~ Daily production of urea: 1,700 tons
1.4 Boiler feed water 267w | 210.0/1,000m° 314 0.56|4.6m>/ton of ammonia x 0.58
1.5 Variable 18,150 32.41
Cost-Total
Il Fixed Operaling Cost
2.1 Maintenance Cost 5,000 8.9312% of US$ 250 mill.
2.2 Direct Labor Cost 6,000 10.71 |@US$ 30,000/year x 200 persons
2.3 Fixed Operating 11,000 19.64
Cost-Total
I Direct Operating 29,150/  52.05
Cost ([+1II)
IV Overhead Cost
4.1 Plant overhead & 9,000 16.07[150% of Dircet Labor Cost
) administrative exp.
4,2 Depreciation 16,667 29.76115 yrs straight line depreciation
_ © |of US$ 250 mill.
4.3 Interest on Loans 7,000 12.50 | Interest at 8% p.a. on 1/2 of
T0% of US$ 250 mill.
4.4 Overhead 32,667 58.33
Cost-Total
Y Toial Production 61,817 110.38
Cost (HI+1V)
Vi ROI (10%) 25,000 44.64110% of US$ 250 mill.
VII Plant Gale Cosi 86,817| 155.02

with ROl

Assuming a complex consisting of ammonia and urea plants designed for ammonia production in balance with
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Table A4—10 Estimated Productlon Cost at a New Plant

-Produoct: Chemical Methanol-

~Prodction capacity: 500,000 tons/ycar
(Methanol: 1,500 1/d)
~Estimated project cost: US$ 100 miltion

Production Cost

Consimption Ullii i < ‘ Tai
1 Tice naGa i
Cost ftems (p‘r’!;(::;l‘)) (US$) Cost Cost Remarks
P (US$'000) [(USS000)
I Variable Cost _
1.1 Feedstock (NG) 34 MMBTU | L50O/MMBTU 25,500 51.00
1.2 Electric power 59 kwh 34.0/1,000 kwh 1,005 2.01
1.3 - Cooling water 7.8 m° 15.7/1,000m’ 6O 0.12/5% of 156 m®
{make—up)
1.4 Process walcr 4.8 m* 210.0/1,000m’ 505 1.01
1.5 Catalysts & _ 5/ton product 2,500 5.00
Chemicals _
1.6 Variable 29,570|  59.14
Cost-Tolal
I Fixed Operating Cost
2.1 Maintenance Cost 2,000 4.00(2% of US$ 10_0 mill.
2.2 Direct Labor Cost 3,000 6.001@US$ 30,000/year x 100 persons
2.3 Fixed Operating 5,000 10.00
Cost-Total '
111 Direct Operating 34,570 69.14
Cosl (T+IT)
IV Overhead Cost _
4.1 Plant overhead & 4,500 9.00/150% of Direct Labor Cost
administrative exp. _
4.2 Depreciation 6,667 13.33| 15 yrs straight line depreciation
_ : - {of US$ 100 mill.
4.3 Intetest on Loans 2,800 5.60 Interest at 8% p.a. on 1/2 of
' 70% of US$ 100 mill.
4.4 Overhead 13,967 27.93
Cost-Total
V Total Produciicn 48,537 97.07
Cost (I1[+IV) _ '
VI ROI(10%) 10,000 20.00|10% of US$ 100 mill,
VIi Plant Gate Cost 58,5370 117.07

with

ROL
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Table A4-11 Estimated Production Cost (New Plant)

vs Changes In Capacity Utllization Rate
{incl. 10% ROI)

Production Cost per Ton (US$)
Product Cost Items - 100% 90% 80% -
Capacity Util. Capacity Util. Capacity Util,
1 Feedsiock (NG) T0.70 70.70 70,70
2 Other variable costs 39.80 39.80 30.80
Ethylene
3 Fixed costs 208,54 23171 260,68
4 Total costs 319.04 342,21 371.18
t  Raw malerial (ethylene) 324.10 347.68 377.14
2 Other variable costs 86.12 86.12 86.12
HDPE
3 Fixed costs 289.67 321.85 362.09
4 Total costs 699.89 755.65 825.35
I Raw material (ethylene) 300.82 322.70 350.04
2 Other variable costs 93.84 93.84 93.84
LLDPE
3  Fixed costs 262.41 291.57 328.01
4 Total cosis 657.07 T08.11 771.89

Notes:

1 Production Capacity:

Fthytene: 300,000 tons/year
HDPE: 100,000 tons/year
LLDPE: 130,000 tons/yecar

2 Ethane value for ethylene: USS 2.00/MMBTU

3 Ethylene cost:  100% capacity utilization: USS 319.0 perton

90% capacity utilization: US$ 342.2 per ion
80% capacity utilization: US3 371.2 per lon
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Table Ad-12 Estimated Production Cost (New Flant)
vs Changes in Ethane Value and Capacity Utilization Rate

{inci. 10% ROI)

Production Cost per Ton (US$)
Ethane Value Product 100% T o0 R0%
Capacity Util. Capacity Ulil. Capacity Util.
Ethylene 347.04 370.21 309.18
US$ 2.50/ )
3 4. X
MMBTU .l-IDI E 728.34 784.10 853.80
LLDPE 683.47 734.51 708.29
Ethylene 319,04 342.21 37118
USS$ 2.00/ , o
R 25.
MMBTU HDPE 699,89 755.65 825.35
LLDPE 657.07 708.11 771.89
Ethylenc 291.04 314.21 343.18
US$ 1.50/ | )
MMBTU HDPE 671.44 72120 796.90
LLDPE 630.67 681.71 74549
Ethylenc 1263.04 286.21 315.18
USS$ 1.00/ -
e R 98. .
MMBTU HD.PF 642.99 698.75 768.45
LLDPE 604.27 055.31 71509
Ethylene 235.04 25821 287.18
Us$ 0.50/ '
MMBTU HDPE 614.54 670.30 740.00 |
LLDPE 57187 628.21 692.69
Notes:

1 Citanges in production costs by changes in ethane cost at US$ 0.50/MMBTU

Ethylene cost: USS 28.00}ton
HDPE cost: - USS 28.45/ton
LLDPE cost:  US5 26.40/on

2 Production capacity

Ethylene: 300,000 tons/ycar
HDPE: 100,000 tons/year
LLDPE: 130,000 tons/year

3 Production costs for HDPE and LLDPE are estimated on the basis of the estimated ethylene

cosis given above.
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Table 4-13 Estimated Production Cost (New Plant)
vs Changas in Capacity Utllization Rate

(Incl. 10% ROI)

Production Cost per Ton (US$)

1 Production Capacity:

Product Cost ltems 100% 90% 80%
Capacity Util, Capacity Util. Capacity Util.
. Peedstock {(NG) 3045 30.45 3045
. Other variable costs 1.96 196 1.96
Urea
. Fixed cosls 122.61 136.23 153.26
. Total costs 155.02 168,64 185.67
. Feedsiock (NG) 51.00 51.06 51.00
. . Other variable cosls 8.14 8.14 8.14
Methanol
. Fixed costs 57.93 64.37 72.41
. Total costs 117.07 123,51 131.55
Notes:

Urea: 560,000 t/y (Ammonia: 1,000 t/d, Urea: 1,700 t/d)

Methanol: 500,000 t/y (1,500 t/d}

2 Natural Gas Value: US$ 1.50/MMBTU
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Table Ad4-14 Estimated Production Cost {New Plant)
vs Changes In Natural Gas Value
and Capacity Utlilzation Rate
{incl. 10% ROI)

Production Cost per Ton (US$)

Natural Gas Valoe Product 100% 90% 80%

© Capacity Util Capacity Util. Capacity Util,
Urea 175.32 188.94 205.97
US$ 2.50/MMBTU | .
Methanol - 15107 157.51 165.55
_ Ureca 165.17 178.19 195,82
USS 2.00/MMBTU
Methano! ' 134.07 146,51 148.55
. Urea 155.02 168.64 185.67
US$ 1.50/MMBTU _
Methanol 117.07 123.51 131.55
Urea T 144.87 _ 158.49 175.52
US$ 1.00/MMBTU
Methanol 100.07 106.51 114.55
‘Urea 134,72 148.34 165.37
US$ 0.50/MMEBTU
Methanol 83.07 89.51 97.55

Note: Changes in production costs by changes in natural gas value at US$ 0.50/MMBTU
Urea cost: US5 10.15/ton
Meihanol cost: USS 17.00/ton
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Table A4-15 International Prices of Ethylene, HDPE and LLDPE

. (US$/ion)
Ethylenc :
BEC Imporled *2) Us HDPE *4) LLDPE *5)
Materials *1) N.W. - Fast US East US East
N.W. Europe Europe Coast *3) Coast Coasl
(delivered) (cif) (delivered)
Low High TLow High Low High Low High Low  High
1983 551 367 na. n.a. 520 531 1,064 1,069 838 877
1984 524 537 n.a. n.a. si4 536 1,025 . 1,052 882 959
1985 456 494 351 375 485 507 948 1,014 882 959
1986 392 408 328 339 412 425 948 1,014 . 882 959
1987 405 414 415 435 362 373 048 1,014 882 959
1988 512 531 555 571 604 615 L1069 1,087 1,069 1,085
1989 596 620 537 554 668 679 1,153 1,153 1,153 1,179
1990 548 569 655 697 560 567 1,131 1,131 1,129 1,188
1991 463 475 320 333 516 518 1,036 1,19 1,058 1,213
1992 460 466 395 405 406 417 657 710 635 697
1993 398 402 273 286 470 472 661 705 617 683
19944 194 394 na na. 463 463 661 705 617 683

Note: - #Jan, — April
Source:  *1), *2) Buropean Chemical News
*3), *4), *5) Chemical Marketing Reporter
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Table 8416 International Prices of Urea and Chemlcai Methanol

(US$/ton)

Urea *1) Methanol *2) Methanol *3)

(Bagged) {EEC materials) {Imported)

Mid-East N.W. Europe N.W. Europe

{fob) (fob) (cif)

Low High Low High Low High
1983 32 139 173 181 n.a. n.a.
1984 174 182 i61 166 na. n.a.
1985 134 139 151 156 121 137
1986 85 85 100 105 86 89
1987 101 107 18 123 98 102
1988 137 142 182 186 165 171
1989 119 128 123 127 110 114
1990 138 143 136 139 115 118
1991 158 163 130 135 103 110
1992 145 150 Lid 118 102 108
1993 112 118 141 147 149 160
19944 122 127 184 189 n.a. n.a
Note: # Jan. — April

Source:  *1) Fertilizer Focus
*2}, *3} European Chemical News
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Flgure A4-1 Estimated Production Cost (New Plant)
{inct. 10% ROI)

Ethylene: 300,000 ¢y

HDPE: 100,000 iy

Cost Per Ton LLDPE: 130,000 t/y
(US$)
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Figure A4-2 Estimated Production Cost (New Plant)
' (incl. 10% ROl)

Ethylene: 300,000 t/y

HDPE: 100,000 t/y
Cost per Ton LLDPE: 130,000 vy
(US$)
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Figure A4-3 Estimated Production Cost (New Plant)

Cost per Tont
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Figure A4-4 Estimated Production Cost (New Plant)
(Incl. 10% RO)

Urea: 560,000 t/y
Methanol: 500,000 t/y
Cost per Ton
(US$)
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