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ABSTRACT

There is huge gas supply potential in the Middle East, which possesses over one third of the
world's natural gas reserves. However, marketed production represents only 6% of the world
total, demonstrating that gas resources in the Middle East are underutilized. The value of
these resources will be realized only if the gas finds a commercial outlet that guarantees a
proper return on investments for gas producers and the best possible use of this nonrenewable
resource for governments. Apart from the chemical sector, which has provided a good outlet
for natural gas, the development of natural gas resources in the region has been very limited
historically, inhibited by many factors linked to the resource itself and to the characteristics of
the region. However, natural gas in the Middle East is now at a crossroads, facing both major
challenges and significant opportunities. The region, which currently plays only a marginal
role on the world gas market, has the potential to become a leading world supplier, provided a
number of political and economic conditions are fulfilled.

This paper discusses some of the challenges that Middle Eastern countries face in trying to
develop their natural gas resources. It reviews development potential for Middle Eastern gas
reserves, whether for local use and/or exports, and it highlights future opportunities.



1. Vast resources
The gas potential of the Middle East is immense. Natural gas reserves were estimated at
45,000 Bern (about 1600 Tcf) as of January 1st, 1994, i.e. 30% of the world total. At present
production rates they could last 272 years.

However, they are unequally distributed throughout the region. Iran has the largest reserves,
just less than half of the total. Five other countries, Qatar, the UAE, Saudi Arabia, Iraq and
Kuwait, account for 50% of the region's total.

In spite of long years of exploration, the region still offers good prospects for the discovery of
new gas reserves.

Firstly, exploration has not been very intense, leaving room for further discoveries. Secondly,
exploration in the Middle East aimed at finding oil. Until recently, gas discoveries were con-
sidered unattractive and many gas wells were capped and abandoned. Gas was not considered
to be valuable due to its very low market prices, and was generally flared. This had two con-
sequences:

• Most of the gas reserves in the region are associated gas.

• Data for nonassociated gas reserves are still very imprecise and most probably
underestimated.

Furthermore, exploration for gas is relatively recent. Deep drilling — more likely to find
gas — is also relatively new in the region, thus making it almost certain that major new fields
still remain to be found.

2. Gas development
Having gas reserves is not equivalent to supplying gas. The Middle East offers a good
illustration of this. In contrast to its reserves, the Middle East's gas production is limited and
accounts for only 6% of world production. Hence the region's gas resources are greatly
underutilized.

Natural gas production in the Middle East fluctuated during the 1980's with the level of crude
oil output, since most of it was associated gas. However, the recent development of nonasso-
ciated gas production has helped the countries to boost their gas output, independently of the
amount of oil production.

Gross production increased from 95 Bern to 217 Bern between 1983 and 1993, and today
represents 8% of the world total. Marketed production grew even more, almost tripling
from 45 Bern to 121 Bern. The ratio of utilized production also rose significantly from 48%
to 67%.

In fact, natural gas in the Middle East, mainly in its associated form, was long a wasted
resource. In the seventies, nearly 60 to 70% of the region's total production was flared. The
lack of commercial outlets justified the flaring of these large quantities of gas.

Although gas is still being flared now, the practice has been drastically reduced. Only 9% of
gross production is flared, a decrease from 105 Bern in 1976 to 20 Bern in 1993.

Gas reinjection is relatively widespread in some countries, such as Iran and Yemen.
Reinjection can help to boost or maintain oil production and also preserves associated gas
resources until economically sound development can be envisaged.

A large share of gross production consists of 'other losses' resulting from the extraction of
natural gas liquids. The Iiquefiable fractions of natural gas are of prime importance in the
Middle Eastern countries, where the equivalent of 25 Bern of gross production, i.e. a fifth of
the world total, is consumed by processing plants.



3. Utilization potential: Challenges and opportunities
Although the Middle East's gas potential is enormous, it is not matched by significant
development. Several reasons explain this lack of enthusiasm for natural gas. First of all,
some countries, such as Saudi Arabia for example, are endowed v/ith particularly large oil
reserves. As a result, they have no interest in developing natural gas resources for export,
since gas is more difficult and expensive to develop and transport than oil.

However, the chief explanation for the low level of development is related to the constraints
inherent to the resource itself and to the features specific to the region.

Some challenges to be overcome

• Transport disadvantage

Natural gas has a low energy density compared to oil, which implies that it is not
transported easily or cheaply. In the world, most natural gas is consumed in the country
where it is produced, only 16% is traded internationally. Capital expenditures and
transportation costs for gas by land transmission lines are three to five times higher
than for oil for the same energy content and 10 to 20 times higher for sea transpor-
tation. Over 5000 km lies between the Middle East and its major markets. This means
extremely high transportation costs and makes it difficult to implement capital-
intensive projects in a context of low energy prices. Development costs for future
Middle East gas export projects range between $4 and $5.5/MBtu, whereas recent
international gas prices have ranged between $2.5 and $3/MBtu in Europe, and
between $3.5 and $4/MBtu for Japan and the other Far Eastern importers. In these
conditions, none of the new projects is profitable, at least not if they target Europe.

• Heavy investments

Moreover, a natural gas scheme requires heavy investments. The gas industry is in fact
highly capital-intensive, especially for LNG. An LNG project of 5 Mt/y requires
investment of about $5 billion. Similarly, a long-distance gas pipeline with a capacity
of 25 to 30 Bcm/y will require an investment of about $10 billion. However, the Middle
East is faced with a lack of investment funds, due to low oil prices and considerable
debt repayment obligations.

• Long lead time

Furthermore, it takes a long time from when a gas project is first conceived to the time
when it is finally implemented, and this increases the financial and commercial risks
associated with the project. In fact, construction of new infrastructures (gas pipelines'
and liquefaction plants) has never been initiated without first guaranteeing the
commercial outlet through long-term contracts (generally 20 to 25 years).

• Political factors

The political instability of the region has not helped to develop international trading of
natural gas.

• Low population density

Finally, the low population density in some Middle Eastern countries makes
residential/commercial market development difficult.

The above-mentioned difficulties notwithstanding, there is an increasing number of gas
developments, local utilizations and export opportunities in the Gulf.
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A region with numerous assets

Indeed, the Middle Eastern countries possess considerable assets which should help promote
the expansion of their trade.

• Huge reserves and low-cost production

The Middle East has fields with enormous reserves, such as the North Field, one of the
biggest in the world. Production costs are low on these fields — the lowest in the world
— and in most cases there is a high percentage of gas liquids. The transportation
disadvantage with Middle Eastern gas is partially offset by revenues from the
significant quantities of gas liquids recovered from wellhead fluids.

• Wide growth margin for exports

The Middle Eastern countries offer a wide growth margin for exports, even though their
domestic consumption is rising. Furthermore, even though distances between the
Middle East and Europe or Asia are long, the Middle East is the nearest large supply
source for these markets, which desperately need to diversify their gas supplies.
Moreover, LNG supplies from the Middle East should target more than one regional
market.

• Major petrochemicals producer

Further development of Middle Eastern reserves will reinforce the region's position as a
major petrochemicals producer, the higher added value achieved will also offset the
transportation disadvantage.

In conclusion, the development potential for gas in the Middle East is enormous, in spite of
the distance separating it from the main consumer markets. The implementation of new
projects as well as their start-up date will of course depend on the combined influence of the
factors listed above. They will act both to promote a widening development of Middle
Eastern gas reserves and to hinder said development for political and economic reasons.

4. Local market
The size of the potential local gas market obviously depends on many factors, such as
population, the extent of economic and industrial development, climatic conditions, etc.

From this standpoint, the Middle Eastern countries do not offer good prospects. There is
little demand for space heating and populations are mostly relatively small (except for Iran).
Industrial activity does not exist historically and has to be created.

However, natural gas is a good strategy for the region's internal market since the maximi-
zation of local use allows displacement of oil that could otherwise be exported.

Hence, the demand for natural gas has developed rapidly during the last ten years and has
almost trebled from 43 Bern in 1983 to 122 Bern in 1993. The region's natural gas consuming
sectors differ basically from those in the rest of the world since energy and power generation
sectors take most of the gas, whereas these two sectors account for only about 40% of
worldwide gas consumption. The various gas consumption sectors offer contrasting growth
prospects.

• Energy sector

The energy sector consists of production, treatment, processing and transportation of oil and
gas. It absorbs about 29% of total gas consumption, reflecting the large size of the region's oil
and gas industry. In the future, energy-related consumption should increase, thanks to the
development of large gas projects based on wet gas, such as the North Field in Qatar, where
NGL extraction is a very valuable operation.



• Power generation

Currently, more than 30% of natural gas consumption in the region goes to power generation
and desalination plants. On a worldwide level, this sector offers the most promising growth
potential for natural gas demand. Some Middle Eastern countries face regular power
shortages, particularly in the hottest summer months. As such, a large number of combined-
cycle power plants are being contemplated in Saudi Arabia, Iran, Bahrain, etc. Power
generation demand, currently about 40 Bern, could more than double by 2010 and top
100 Bern.

• Industrial sector

Natural gas utilization as fuel by the industrial sector currently represents around 26% of the
total demand in the Middle East. The foreseeable consumption figures are limited, at least in
the scantily populated and already highly developed countries of the Gulf, where local
demand for energy-intensive industries could grow very little. Iran offers better prospects,
assuming project financing problems are successfully overcome.

• Residential and commercial sector

The household and commercial share in total consumption is only 6%. This is mainly due to
the lack of transmission infrastructures and market incentives. Demand by this sector is
expected to grow, though moderately, as new high-performing technologies begin to compete
with traditional LPG equipment. However, due to the difficulty of building gas networks in
most of these sparsely populated countries, growth will be limited to some countries, mainly
Iran where gas is replacing petroleum products.

• Petrochemicals: the major outlet for gas in the Middle East

8% of total demand is consumed by the petrochemicals industry. In the last two decades, the
Middle Eastern countries have developed large ammonia and methanol capacities, based on
the availability of cheap gas as feedstock.

Despite the poor economic results of the ammonia and urea industry over the past years,
some export-oriented projects are being built in various Middle Eastern countries, including
Qatar and Oman. They are destined to supply Indian market. Qatar has recently contracted
the building of a new ammonia-urea complex, which is the only firm project for new fertilizer
capacity in the Middle East.

The methanol market is more promising and new projects are being considered in the Middle
East. In Saudi Arabia, large methanol facilities are operational at Jubail and the building of an
additional large-scale methanol plant is under consideration. Good possibilities exist in other
countries, particularly Abu Dhabi and Qatar. For instance, Qatar is contemplating building
two large-scale methanol plants.

• New outlets

In the future, new outlets are going to be developed, such as the transportation fuels market.
Transport accounts for a sizeable amount of the total energy consumed in the world.
However, the use of natural gas in this sector is practically negligible, with only 3%
compared to 50% for crude oil. However, this market is set to show considerable growth in
the future, especially for middle distillate fuels, and may provide potential new demand for
gas. Today, two processes, one developed by Mobil and the other by Shell, are used to
convert natural gas to liquid fuels. These processes are an attractive option for locations
where natural gas is relatively cheap as a feedstock and where other options such as pipeline
gas or LNG exports are too expensive.

Finally, with heavier hydrocarbon fractions (ethane. LPG, condensates) being extracted from
gas fields, natural gas should be used even further in the production of olefins and aromatics.
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As a whole, domestic demand is anticipated to more than double by the year 2010, when total
demand could reach about 270 to 300 Bern, compared to 122 Bern in 1993. Moreover, the
needs of the petroleum industry (reinjection) will be high and could amount to 100 Bern.

It is clear therefore that the resource base of the Middle East vastly exceeds the region's
needs, with the result that exports to Europe and to the Asia/Pacific area should be considered
if these substantial reserves are to be utilized.

5. Export
The development of export schemes by pipeline and/or LNG tankers is high on the agenda of
virtually all Middle Eastern Governments and their foreign partners. However, the Middle
East accounted for only a very small share of international trade in 1993, limited to LNG
exports from Abu Dhabi to Japan. In the medium-to-long term, the region should play a vital
role in the international gas market. At least four other countries could become large natural
gas exporters : Qatar, Oman, Iran and Yemen. Middle Eastern gas can find outlets in three
major gas markets: the Indian subcontinent, the Far East and Europe, which will have large
deficits after 2000.

Pipelines versus LNG transportation

The choice between LNG and pipeline depends very much on specific circumstances, such as
geographic and political considerations, but certain determining factors will always apply.

Pipeline transportation between countries or nearby continents has so far taken the lion's
share of gas trade expansion. As a reminder, LNG accounts for only 24% of the total trade
worldwide. However, rebalancing natural gas markets by means of short-distance transpor-
tation and pipeline is reaching technical, economic, and indeed political limits.

• First of all, the increasing remoteness of potential resources compared to consuming
regions acts in favor of the development of LNG at the expense of pipelines. For short
distances and under easy conditions, the pipeline option may be preferred. For remote sources
of gas. the LNG option is economically more attractive, especially if pipelines would need to
be routed through difficult areas. The final decision is, however, likely to be heavily
influenced by other factors.

• LNG technology has been fully mastered. The modular development of LNG
production trains is well suited to meet the progressive growth of new LNG markets. It
allows additional trains to be built when an increase in demand is perceived, rather than
anticipating on potential demand which may not materialize. In a context of dwindling capital
resources, this sort of modular infrastructure growth is particularly attractive.

• Moreover, LNG provides greater flexibility and security than the pipeline option. It
allows a change of delivery location according to changed circumstances and exploitation of
market opportunities. In contrast, the political uncertainties and dependence associated with
the countries crossed by international gas pipelines could slow down the development of new
pipelines to the benefit of LNG.

Thus, after the turn of the century, LNG should emerge as the necessary route for the growth
in gas trade. With nearly 200 Bern in 2010, almost tripling in the space of 20 years, it could
account for a third of the total trade. In the Middle East, economic comparison between the
two options generally favors the pipeline option, which has the lower unit cost, at least if
India and Europe are the final destination. However, crossing many territories will hamper
the development of several pipelines, adding both insecurity and transit fees to the projects
and preference could be given to LNG projects.



LNG export projects

At least five Middle Eastern countries are listed among potentially big LNG suppliers: Abu
Dhabi, Qatar, Oman, Iran and Yemen.

• Abu Dhabi invested $1 billion to double the capacity of its Das Island liquefaction unit,
which now includes three trains. Production is sold to Tokyo Electric Power Company and
spot cargoes were also recently sold to France and Belgium.

• In Qatar, four LNG export projects, involving a total sales target of 25-31 Mt/y of LNG,
were initially discussed. However, the Italian/Qatari Eurogas scheme was shelved in 1994
and very little has been heard about the proposed LNG venture between Elf Aquitaine and
Japan's Sumitomo.

Three companies are currently active on the Qatari LNG scene. The first is the Qatar Lique-
fied Gas Company (Qatargas), a joint venture between QGPC, Total, Mobil, Mitsui and
Marubeni. It has a commercial purchase agreement to supply 4 Mt/y to Japan's Chubu Elec-
tric over a 25-year period beginning in January 1997. A second deal for 2 Mt/y of additional
supply to Japanese buyers was secured in May 1994.

The second venture is Ras Laffan LNG, a partnership between QGPC and Mobil. The Ras
Laffan project is designed to export around 10 Mt/y, with initial deliveries starting in mid-
1998. Ras Laffan has a sales agreement with the South Korean firm Korea Gas Corp. for
2.4 Mt/y beginning in 1998, a memorandum of understanding with Turkish Botas for 2 Mt/y
and a letter of intent with Taiwan's Chinese Petroleum Corp. for 2.1 Mt/y. At the beginning
of 1994, the partners selected Chiyoda for front-end engineering work for the LNG plant. The
liquefaction plant will initially have two process trains, each with a capacity of 2.5 Mt/y. The
first train is scheduled for completion in mid-1998 and the second one in the first half of
1999.

The third company is Enron. In January 1995, it signed a letter of intent with QGPC to
develop a 5 Mt/y LNG scheme.

• In the sultanate of Oman, a major gas project has been launched which is slated to export
6 Mt/y by the end of the decade. Oman LNG Co., a joint venture among the government of
Oman, Shell, Total, Partex, Mitsubishi, Mitsui and Itochu was officially set up at the begin-
ning of 1994. The venture will build a 6 Mt/y liquefaction plant at Al-Ghalilah, about 120 km
southeast of Muscat and 20 km from Sur, and buy tankers to transport LNG to markets
abroad. The privileged outlets are in Southeast Asia (Japan, South Korea and Taiwan) and in
Europe (Italy, Spain, France). Oman recently allocated 7 Tcf of proved gas reserves to the
project.

• Iran's huge gas reserves have recently been upgraded to 20 000 Bern following the
discovery of the offshore South Pars gas field, which is an extension in Iranian waters of
Qatar's North Field. According to Iran's 20-year master plan for gas development, gas export
is projected at 50 Bcm/y. Among gas export options, a 4-6 Mt/y LNG scheme based in the
Persian Gulf is under study by a joint Iranian-European working group, Iran Gas Europe EIG.
The Government is also attempting to attract foreign companies to invest in free zones. For
instance, a $8-to 10-billion LNG export venture project could be set up on Qeshm Island.

• In Yemen, recent large discoveries have prompted Hunt, with Exxon and Yukong, to propo-
se a big LNG project to the government. The grouping has prepared a feasibility study for
the construction of a two-train project with an export capacity of 5 Mt/y. A competing pro-
posal is being studied by Enron. The company signed an agreement in principle for an LNG
export project in Yemen. The agreement calls for Enron to lay a 400-km gas line to the coast,
design, build and operate a 5 Mt/y liquefaction plant and market the LNG in Asia.

Although the Middle East's role in LNG trade is still negligible (3.35 Bern was exported from
Abu Dhabi to Japan in 1993), the area has great potential in the future, with six LNG green-



field projects out of a worldwide total of eighteen. Its role in future LNG trade could be very
important, with its potential export target of more than 50 Bern by 2010. Not only are many
projects flourishing there, but they are also among the most advanced. Moreover, most of the
projects planned in the region have the Far East as their destination, an area which offers the
best outlook for LNG demand. The major international oil companies are present in force in
these projects. They are tough partners (Shell, Total, Mobil, Exxon), that are innovative and
have appreciable financial means.

Pipeline export projects

The idea of exporting gas from the Middle East to Europe is not new. Since the 1970's, Iran
decided on the construction of a 56-inch pipeline to export its gas through Russia to Europe.
However, the project did not materialize. In the past few years, a number of other proposals
have been presented and studied by companies such as Chiyoda, BHP and Crescent
Petroleum as well as by Middle Eastern governments. Today, no less than sixteen pipeline
export projects are being considered in the region. They are mainly dedicated to supplying
two major consuming regions: Europe and Asia, particularly India and Pakistan. Three major
potential exporters are planning to build gas export pipelines: Iran, Qatar and Oman.

• Iran and France are jointly considering various options for a link between Iran and Europe.
Three main schemes are being considered: a gas line via either Russia or Turkey, an LNG
liquefaction plant and a combined option including a gas line either to Turkey or Egypt and
then a liquefaction plant. According to NIGC, the total investments required for the project
amount to about $20 billion (including production), leading to a unit cost for delivered gas
ranging from S3.7 to $4.2/MBtu, depending on the different options. This high cost makes the
project unfeasible at present low energy prices. However, it does have to be considered as a
long-term project.

• Qatar and Iran are separately studying possible links to Pakistan with extensions to India. In
addition. Oman and India are planning what would be the world's deepest offshore pipeline.
Both India and Pakistan badly need to import natural gas to avoid an energy shortfall.
Although the three pipelines are different projects, the two latest ones could be combined so
that a single pipeline could be built to carry both Iranian and Omani gas to India.

• In April 1994, a partnership was established to develop a common gas transmission system
from the Persian Gulf to South Asia, called the Gulf-South Asia Gas Project (GUSA). It
would have a capacity of 3.8 Bcfd. 2.4 Bcfd of which would be supplied to Pakistan.
800 Mcfd to Dubai and 400 Mcfd to the northern Emirates. The first phase of the project
would be the construction of 1600-km pipeline from Qatar to Pakistan. The project is being
developed jointly by Crescent Petroleum. TransCanada Pipelines and Brown & Root.

• In the Middle East, there are some local markets where indigenous supplies are either
restricted (Jordan. Lebanon. Kuwait, Bahrain) or nonexisting (Israel). Hence, other regional
export pipelines are being considered, such as lines linking Syria to Lebanon. Qatar to
Bahrain. Dubai and possibly Kuwait.

• The PEACE project (Pipeline Extending from Asian Countries to Europe), proposed by the
Institute for Political & International Studies (IPIS) of Teheran is based on using and
expanding the existing network currently operational in Iran and constructing additional
pipelines to connect the neighboring countries (Central Asia. Persian Gulf states, Turkey,
etc). An extension from this loop inside Iran to the east could supply Pakistan and India while
construction of a pipeline from Turkey to Europe would complement the pipeline westwards.

• Finally, ambitious projects are being contemplated, such as the Middle East Loop, by far the
most gigantic. The initial proposal by Chiyoda. ENI and UNIDO involved a pipeline carrying
gas to Europe on one side, to Asia on the other, starting and ending in Saudi Arabia. It also
included an LNG liquefaction plant to export LNG to East Asia. The proposal was dramat-



ically reduced. The study now involves only the pipeline loop through the Middle East,
looping in Iran, with an option for a gas line from Turkmenistan to the Gulf of Oman through
Iran.

Altogether, these projects represent a huge potential export volume if all are built. However,
several projects overlap and cooperation within the region will be needed to reduce
unecessary project duplications and increase the chances of finding financing for these
pipelines. Furthermore, some of these gas export schemes should be considered as highly
speculative, and above all, long-term projects. In addition to solving financing and techno-
logical difficulties, building long-distance pipelines that cross many territories needs good
relations and cooperation among the countries. It also means that the problem of natural gas
transit is solved. Some routes cross more than ten countries and this will certainly not help
the implementation of such projects, nor their economics when transit fees are added to the
already high transportation costs.

Conclusion
Many opportunities exist for Middle East gas development. In the region, natural gas is still a
young energy source which still has a good market penetration outlook. Internationally, the
markets accessible to the Middle East — the Far East. Asia and Europe — offer good
prospects, with promising new outlets such as power generation. Resources in the Middle
East are available and offer the lowest production costs in the world. Hence the region will be
called on to play a major role in future gas trade. An export target of about 20 Bern in 2000
and 80 to 100 Bern in 2010 could be achievable. LNG trade is expected to develop in two
directions, the Far East and Europe. Likewise, new pipelines could be built to supply the
Asian market. The stakes are enormous as shown by the operators present in the area.
However, the distance between the Middle Eastern countries and potential markets is far.
implying high transportation costs. Furthermore, most of the projects planned there today are
large-scale and hence run high risks. Consequently, major conditions will have to be.fulfilled
to overcome the distance penalty and reduce the risks. Firstly, new projects will be developed
only in a stable political environment and with host government support. Secondly, in a
context where fossil fuel prices remain very low, everything must be done to reduce the cost
associated with these projects, particularly LNG projects. Likewise, marketing natural gas for
higher value uses, such as power generation, will be a key requirement for these projects.
Finally, joint ventures with international partners will be a condition for project development.
The financial situation of the project's promoters and also of the importing companies will be
a determining factor. Nowadays nearly all Middle Eastern gas projects have succeeded in
finding partners with acknowledged credibility and some of them have already succeeded in
signing contracts with clients who guarantee the project's profitability. We can be confident
in the continuation of this trend even though competition is strong among potential LNG
suppliers.

1 ]



UNITS

Bern = Billion cubic metres

Tcf = Trillion cubic feet

(1 cubic metre = 35.315 cubic feet)

Mcfd = Million cubic feet per day

Bcfd = Billion cubic feet per day

Mt of LNG = Million tonnes of LNG

(1 ton of LNG = 1350 cubic metres of gas)

MBtu = Million British Thermal Unit
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